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PREFACE

The need for a building Code related to specific conditions which
prevail in the Caribbean has long been recognised. A start is now
being made to meet this need with the release of Part 1, Part 2
(except Section 5), and Part 3, of the Caribbean Uniform Building
Code (CUBIC). It is planned to publish Parts 4 and 5 of the Code at
a later stage. The Code has emerged from the implementation of a
major project, involving inter alia, a process of comprehensive and
wide ranging consultation among Caribbean experts, acting as
consultants and resource persons, and as representatives of
governments of Member States of the Caribbean Community, as well as
of the full range of non-governmental interests concerned with
building standards in the Caribbean.

While relevant concerns and standards of similar Codes in existence
elsewhere have been incorporated into the exercise, the Code is
uniquely Caribbean in that it speaks directly to the particular
requirements of the Caribbean environment, taking special account,
for example, of the Region's susceptibility to hurricanes and
earthquakes.

Minimum standards for safety of buildings are proposed, and detailed
suggestions set out on what should comprise the respective
responsibilties of building owners, contractors, and administrative
authorities. In order that we in the Caribbean might satisfy these
standards and discharge these responsibilities, the Code sets out
suggested design criteria, administrative and enforcement
requirements relating to materials, and requirements relating to
construction practice, occupancy levels, fire safety, and public
health. '

. The Code reflects current knowledge and state of the art. It can
thus be anticipated that revisions will periodically be required, as
technology changes, and as the results of research efforts become
available. It will be a continuing challenge to our commitment to
regional cooperation in this field, in the Caribbean, to keep
abreast of such developments in future years.

The Code has emerged from concerted collaborative efforts over a
number of years among Caribbean experts in the field of building
standards, belonging to such organisations as the council of
Caribbean Engineering Organisations, the University of the West
Indies, the Caribbean Meteorologicl Institute, and the Caribbean
Development Bank. Dr. Myron Chin of the University of the West
Indies has, as Project Manager, ably directed the exercise to this
successful conclusion,

The Project from which this Code is the outcome was funded jointly
by the Caribbean Development Bank and the United States Agency for
International Development. The Caribbean Community is extremely
grateful for this support.



On behalf of the Caribbean Community, I acknowledge the contribu-
tions and services of all organisations and individuals whose
resources and expertise have combined to give us a Caribbean Uniform
Building Code.

Member States of CARICOM now have the benefit of this invaluable
tool on which they can draw in formulating or revising their
respective national system, as they continue to pursue the goal of
improving the standards of environtmental care for the people of the
Community.

SO G Lo

RODERICK RAINFORD
SECRETARY-GENERAL
CARIBBEAN COMMUNITY SECRETARIAT

April 22, 1986
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FOREWORD

The purpose of Building Codes is to set out minimum requirements for
safety in buildings. The successful implementation of the Codes
depends on the acceptance of and the compliance with the require-
ments and the establishment of suitable machinery for administration
and enforcement. Part I of the Caribbean Uniform Building Code
deals with the administration and enforcement of the requirements of
the Code.

Most Commonwealth Caribbean countries have administering and
enforcing systems for planning laws in force, and it is not antici-
pated that the provisions of this part of the Code will be in
conflict with any of those systems. Included in this part of the
Code are the general application of the Code, the limited applica-
tion situations and prohibitions, and the identification of the
responsibilities of building owners, constructors, and administering
authorities. The powers of the administering authorities are
stated, and the procedures to provide for the smooth processing of
appllcatlons have been set out.

Unlike other parts of the Code which will be influenced by the
advancement of technology, revisions to this part would depend on
the need of the Governments to exercise control of the development
process. However, the refinement of administration and enforcement
should be examined continuously since it is a significant aspect in
the implementation of the National Building Code.



NUMBERING SYSTEM
For this part of the Code, the numbering system is as follows:

The first number indicates the Part of the Code, the first diqit
in the second number indicates the Section in the Part, the second
and third digits in the second number indicate the Subsection in the
Section, and the third number indicates the Article in the Subsec-
tion. These are illustrated as follows:

2 ~ Part 2

2.500 - Part 2, Section 5

2.506 - Part 2, Section 5, Subsection 6

2.506.3 - Part 2, Section 5, Subsection 6, Article 3
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PART I

ADMINISTRATION AND ENFORCEMENT
Scope

APPLICATION - These requirements apply to the design,
construction and occupancy of new buildings, and the
alteration, reconstruction, demolition, removal,
relocation, maintenance and occupancy of existing
buildings except as such matters are otherwise provided
for in other written laws or in the rules and regulations
for promulgation under the provisions of this Code.

The requirements of the Caribbean Uniform Building Code
shall apply to all work falling within the jurisdiction
of these regulations.

LIMITED APPLICATION TO EXISTING BUILDINGS - Where a
building or any part thereof is altered, these require-
ments apply to the parts of the building that are
altered.

These requirements apply where the whole or any part of a
building is relocated either within or into the state.

When the whole or any part of a building is demolished,
these requirements apply to the work involved in the
demolition and to work required to any parts remaining
after demolition to the extent that deficiencies remain-
ing after demolition are corrected.

When a building is damaged by fire, earthquake or other
cause, the requirements and the appropriate regulations
in the Fire Prevention Bylaw or, in the absence of a Fire
Prevention Bylaw, the Building Code apply to the work
necessary to reconstruct damaged portions of the
building.

When an unsafe condition exists in or about a building,
these requirements and the appropriate requlations in the
Fire Prevention Bylaw or, in the absence of a Fire
Prevention Bylaw, the Building Code apply to the work
necessary to correct the unsafe condition.

Where the use of a building or any part thereof is
changed, these requirements apply to all parts of the
building affected by the change.

EXEMPTIONS - These requirements do not apply to

(a) public works located on a street or on a public
transit right of way,
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(b) public utility towers and poles, television and

radio or other communciation aerials and towers,
except for loads resulting from those located on or
attached to buildings,

(c) flood control and hydroelectric dams and structures,

(d) mechanical or other equipment and appliances not
specifically requlated in these requirements,

(e) accessory buildings not greater than 10 square
metres in building area provided they do not create
a hazard,

(F) farm buildings of 93 square metres or less other
than those used as residences, and

(g) special development projects.

MATTERS NOT PROVIDED FOR - Any requirement essential for
structural, fire or sanitary safety of any existing or
proposed building or structure, or essential for the
safety of its occupants thereof, and of which is not
specifically covered by this Code shall be determined by
the authority having jurisdiction.

Prohibitions

Any persan who fails to comply with any order or notice
issued by an authority having jurisdiction, or who allows
a violation of this Code to continue, contravenes the
provisions of this Code.

No person shall work or authorize or allow work to
proceed on a project for which a permit is required
unless a valid permit exists for the work to be done.

No person shall deviate from the approved plans and
specifications forming a part of the building permit, or
omit or fail to complete, prior to occupancy, work
required by the said approved plans and specifications,
without first having obtained in writing the approval of
the authority having jurisdiction to do so.

No person shall occupy or allow the occupancy of any
building, or part thereof, unless the owner has obtained
an occupancy certificate from the authority having
jurisdiction.

No person having authority in the construction, recon-
struction, demolition, alteration, removal, relocation or
occupancy of a building shall cause, allow or maintain
any unsafe condition.
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No person shall excavate or undertake work on, over or
under public property, or erect or place any construction
or work or store any materials thereon without approval
having first been obtained in writing from the appropri-
ate Government Authority.

No person shall allow the property boundaries of a
building lot to be so changed as to place a building or
part thereof in contravention of this Code.

No person shall knowingly submit false or misleading
information.

Responsibilities of the Owners

Every owner shall allow the authority having jurisdiction
to enter any building or premises at any reasonable time
for the purpose of administering and enforcing this Code.

Every owner shall obtain all permits or approvals
required in connection with proposed work, prior to com-
mencing or continuing the work to which they relate.

Every owner shall ensure that the plans and specifica-
tions on which the issuance of the building permit was
based are continuously available at the site of the work
for inspection during work hours, by the authority having
Jurisdiction, and the permit, or true copy thereof, is
posted conspicuously on the site during the entire exe-
cution of the work.

Every owner shall give notice to the authority having
jurisdiction of the date on which the owner intends to
begin work, not less than two working days prior to
commencing work on the building site.

Every owner shall give notice in writing to the authority
having jurisdiction, listing

(a) prior to commencing the work, the name, address and
telephone number of

(1) the constructor or other person in charge of
the work,

(ii) the engineer or architect reviewing the work,
and

(iii) any inspection or testing agency engaged to
monitor the work, and

(b) any change in or termination of employment of such
persons during the course of the construction
immediately that such change or termination occurs.
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Every owner shall give notice to the authority having
Jurisdiction

(a) of intent to do work that has been ordered inspected
during construction,

(b) of intent to cover work that has been ordered to be
inspected prior to covering, and

(c) when work has been completed so that a final inspec-
tion can be made.

Every owner shall give notice in writing to the authority
having jurisdiction

(a) immediately that any change in ownership or change
in the address of the owner occurs prior to the
issuance of an occupancy permit, and

(b) prior to occupying any portion of the building if it
is to be occupied in stages.

Every owner shall give such other notice to the authority
having jurisdiction as may be required by the provisions
of this Code.

Every owner shall make or have made at the owner's
expense tests or inspection as necessary to prove compli-
ance with this Code and shall promptly file a copy of all
such tests or inspection reports with the authority
having jurisdiction.

Every owner shall provide an up-to-date survey of the
building site when and as required by the authority
having jurisdiction.

When required by the authority having jurisdiction, every
owner shall uncover and replace at the owner's expense
any work that has been covered contrary to an order
issued by the authority having jurisdiction.

Every owner is responsible for the cost of repair of any
damage to public property or work located thereon that
may occur as a result of undertaking work for which a
permit is required.

No owner shall deviate from this Code or from the condi-
tions of the permit to omit work required by this Code or
the conditions of the permit without first obtaining from
the authority having jurisdiction permission in writing
to do so.

Every owner shall obtain an occupancy certificate from
the authority having jurisdiction prior to any
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(a) occupancy of a building or part thereof after
construction, partial demolition or alteration of
the building, or

(b) change in the occupancy of any building or part
thereof.

Every owner shall ensure that no unsafe condition exists
or will exist because of the work being undertaken or not
completed should occupancy occur prior to the completion
of any work being undertaken that requires a permit.

When required by the authority having jurisdiction, every
owner shall provide a letter to certify compliance with
this Code and of any permits required.

The granting of a permit, the approval of the plans and
specifications or inspections carried out by the author-
ity having jurisdiction shall not in any way relieve the
owner of a building from full responsibility for carrying
out the work or having the work carried out in accordance
with this Code, including ensuring that the occupancy of
the building, or any part thereof, is in accordance with
the terms of the occupancy certificate, and including
compliance with any special conditions made under the
provisions of 1.106.6.

When a building or part thereof is in an unsafe condi-
tion, the owner shall forthwith take all necessary action
to put the building in a safe condition.

Responsibilities of the Constructor

Every constructor shall ensure that all construction
safety requirements of this Code are complied with.

Every constructor is responsible for ensuring that no
excavation or other work is wundertaken on public
property, and that no building is erected or materials
stored in whole or in part thereon without approval first
having been obtained in writing from the appropriate
government authority.

Every constructor is responsible jointly and severally
with the owners for any work actually undertaken.

Responsibilities of the Authority having Jurisdiction

The authority having jurisdiction is responsible for the
administration and enforcement of this Code.

The authority having jurisdiction shall keep copies of
all applications received, permits and orders issued,
inspections and tests made and of all papers and docu-
ments connected with the administration of this Code for
such time as other regulations require.
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The authority having jurisdiction shall accept any
construction or condition that lawfully existed within
the area of jurisdiction prior to the effective date of
this Code provided that such construction or condition
does not constitute an unsafe condition.

The authority having jurisdiction shall issue in writing
such notices or orders as may be necessary to inform the
owner where a contravention of this Code has been
observed.

The authority having jurisdiction shall answer such rele-
vant questions as may be reasonable with respect to the
provisions of this Code when requested to do so but,
except for standard design aids, shall refrain from
assisting in the laying out of any work and from acting
in the capacity of a consultant.

The authority having jurisdiction shall issue a permit to
the owner when, to the best of his knowledge, the appli-
cable conditions as set forth in this Code have been met.

Powers of the Authority having Jurisdiction

The authority having jurisdiction may enter any building
or premises at any reasonable time for the purpose of
administering or enforcing this Code.

The authority having jurisdiction is empowered to order

(a) a person who contravenes this Code to comply with it
within the period specified,

(b) work to stop on the building or any part thereof if
such work is proceeding in contravention of this
Code, or if there is deemed to be an unsafe
condition,

(c) the removal of any unauthorized encroachment on
public property, '

(d) the removal of any building or part thereof
constructed in contravention of this Code,

(e) the cessation of any occupancy in contravention of
this Code,

(f) the cessation of any occupancy if any unsafe
condition exists because of work being undertaken or

not completed, and

(g) the correction of any unsafe condition.

Y2020 0993309992229y ’y
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The authority having jurisdiction may direct that tests
of materials, equipment, devices, construction methods,
structural assemblies or foundation conditions be made,
or sufficient evidence or proof be submitted at the
expense of the owner, where such evidence or proof is
necessary to determine whether the material, equipment,
device, construction or foundation condition satisfies
this Code.

The authority having jurisdiction may require any owner
to submit an up-to-date plan or survey prepared by a
registered land surveyor which shall contain sufficient
information regarding the site and the location of any
building

(a) to establish before construction begins that all the
requirements of this Code in relation to this infor-
mation will be complied with, and

(b) to verify upon completion of the work that all such
requirements of this Code have been complied with.

When site conditions, size or complexity of the work
warrant, the authority having jurisdiction may require
that all plans and specifications or any part therof be
certified, and the construction or alteration of any
building or part thereof be generally reviewed during
construction, by a professionally qualified architect or
engineer.

The authority having jurisdiction may, subject to condi-
tions, issue a permit when in his opinion it is warranted
with respect to a building or occupancy in which existing
construction is not in complete compliance with this
Code.

The authority having jurisdiction may issue a permit at
the risk of the owner, with conditions if necessary to
ensure compliance with this Code and any other applicable
regulations, to excavate or to construct a portion of a
building before the entire plans of the whole project
have been submitted op accepted.

The authority having jurisdiction may issue a permit for
the entire project conditional upon the submission, prior
to commencing work thereon, of additional information not
available at the time of issuance, if such data are of
secondary importance and are of such nature that the
withholding of the permit until its availability would
unreasonably delay the work.

The authority having jurisdiction may refuse to issue any
permit
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(a) whenever information submitted is inadequate to-

determine compliance with the provisions of this
Code,

(b) whenever incorrect information is submitted,

(c) that would authorize any building work or occupancy
that would not be permitted by this Code, or

(d) that would be prohibited by any other regulation.
The authority having jurisdiction may revoke a permit if

(a) there is a contravention of any condition under
which the permit was issued,

(b) the permit was issued in error, or

(c) the permit was issued on the basis of incorrect
information.

The authority having jurisdiction may issue a temporary
occupancy certificate, subject to compliance with provi-
sions to safeqguard persons in or about the premises, to
allow the occupancy of a building or a part thereof for
the accepted use, prior to commencement or completion of
the construction or demolition work.

When any building, construction or excavation or part
thereof is in an unsafe condition as a result of being
open or unguarded, or because of danger from fire or risk
of accident because of its ruinous or dilapidated state,
faulty construction, abandonment or otherwise, and when
due notice to correct such condition has not been
complied with, the authority having jurisdiction may

(a) demolish, remove or make safe such building,
construction, excavation or part thereof at the
expense of the owner and may recover such expense in
like manner as municipal taxes, and ‘

(b) take such other measures as it may consider
necessary to protect the public.

When immediate measures must be taken to avoid an immin-
ent danger of fire or risk of accident, the authority
having jurisdiction may take such action as is appropri-
ate, without notice, and at the expense of the owner.

Before issuing an occupancy permit, the authority having
Jurisdiction may require the owner to provide letters to
certify that the requirements of this and the necessary
permits have been met.

(
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1.106.15 The authority having jurisdiction shall issue the owner
an order or notice in writing to correct any unsafe
condition observed in any building.

1.106.16 The authority having jurisdiction shall provide in writ-
ing, when requested to do so, all reasons for refusal to
grant a permit.

1.106.17 Where any failure occurs which causes or has the poten-
tial to cause injury or loss of life, the authority
having jurisdiction may -require the owner or occupier to
submit a report stating

(a) the name and address of the owner of the building,

(b) the address or location of the building involved in
the failure,

L )

(c) the name and address of the constructor, and
(d) the nature of the failure.
1.107 Permits and Permit Fees

1.107.1 PERMITS - A permit is required whenever work regulated by
this Code is to be undertaken.

1.107.2 Permits, in addition to the permits required in 1.107.1
with respect to building components and services, may be
required by the authority having jurisdiction.

1.107.3 An occupancy certificate is required

(a) to allow the occupancy of a building or part
thereof, or

(b) when the occupancy of a building or part thereof is
changed.

1.107.4 APPLICATION FOR A PERMIT - To obtain a permit the owner
shall file an application in writing on a prescribed
form.

1.107.5 Except as otherwise allowed by the authority having
jurisdiction, every application shall

(a) identify and describe in detail the work and occu-
pancy to be covered by the permit for which
application is made,

(b) describe the land on which the work is to be done by
a description that will readily identify and locate
the building lot,
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(¢) include plans and specifications, unless otherwise
accepted by the authority having jurisdiction, and
show the occupancy of all parts of the building,

(d) be accompanied by the required fee, and

(e) state the names, addresses and telephone numbers of
the owner, architect, engineer or other designer and
constructor.

An application for a permit may be deemed to have been
abandoned 6 months after the date of filing, unless such
application is being actively pursued by the applicant.

APPROVAL IN PART - Where in order to expedite work,
approval of a portion of the building is desired prior to
the issuance of a permit for the whole project, applica-
tion shall be made for the complete project, and detailed
plans and specifications covering the portion of the work
for which immediate approval is desired shall be filed
with the authority having jurisdiction.

Should a permit be issued for part of a building, the
holder of such permit may proceed without assurance that
the permit for the entire building will be granted.

After issuance of the permit, application may be made for
revision of the permit, and such application shall be
made in the same manner as for the original permit.

A permit shall expire and the right of an owner under the
permit shall terminate if

(a) the work authorized by the permit is not commenced
within 24 months from the date of issuance of the
permit and actively carried out thereafter, or

(b) work is suspended for a period of 24 months.

Permit fees and all procedures and conditions applicable
thereto shall be as established by the authority having
jurisdiction.

PERMIT FOR A TEMPORARY BUILDING - Notwithstanding
anything contained elsewhere in this Code, a permit for a
temporary building may be issued by the authority having
Jurisdiction, authorizing for a limited time only the
erection and existence of a building or part thereof for
an occupancy which because of its nature will exist for a
short time under circumstances which warrant only selec-
tive compliance with the requirements.

{
|

Y2203 0220030020309 0202309909330 3339393933)93)3)))2)3)))r))))



)

) ) ) ) )

)

1.107.13

1.107.14

1.107.15

1.107.16

1.107.17

1.107.18

1.108

1.108.1

1.108.2

1.108.3

1.109

1.109.1

1.110

1.110.1

11

A permit for a temporary building shall state the date
after which and the conditions under which the permit is
no longer valid.

A permit for a temporary building may be extended
provided permission in writing is granted by the author-
ity having jurisdiction.

A permit for a temporary building shall be posted on the
building.

TENTS AND AIR-SUPPORTED STRUCTURES - Except where permit-
ted by the authority having jurisdiction, a tent or air-
supported structure shall not be erected unless a
certificate of occupancy has been obtained.

The authority having jurisdiction shall issue a certifi-
cate of occupancy when it is satisfied that a tent or
air-supported structure complies with the Caribbean
Uniform Building Code.

The certificate of occupancy for a tent or air-supported
structure is renewable every 12 months provided the tent
or air-supported structure complies with all laws and
regulations in effect at the time of request for renewal.

Inspection

The designer shall make copies of all inspection and
review reports available to the authority having juris-
diction upon request.

The peréon responsible for foundation review shall pre-
pare and sign a report of each review and send the report
as soon as practical to the authority having jurisdic-
tion.

The authority having jurisdiction shall be notified and
given an opportunity to inspect the site before excava-
tion, before a foundation is placed and before a super-
structure is placed on a foundation.

Environmental Factors

The environmental factors which are to be taken into
consideration in the design of buildings are stated in
Part 2 of the Code - "Structural Design Requirements".

Board of Appeal

Unless legislation provides for a Board of Appeal, the
authority having jurisdiction may create such a board,
and if created the Board shall have the following
establishment and terms of reference.
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The Board of Appeal shall consist of at least 7 members,
including a Chairman and Vice-Chairman, who are qualified
by experience and training to consider matters pertaining
to building design and construction.

The members of the Board of Appeal shall be app01nted for
such periods as may be deemed appropriate.

In the absence of the Chairman and Vice-Chairman at any
meeting, the members shall elect a Chairman from among
those present to preside.

A Secretary without voting privileges shall be appointed
and be responsible for maintaining records, correspon-
dence and keeping minutes of the Board meetings.

Three members of the Board constitute a quorum.

The Board shall hear appeals from decisions of the desig-
nated official pertaining to this Code and shall confirm,
alter or reject such decisions in accordance with the
intent of this Code.

An appeal against a decision of the designated official
may be submitted to the Board of Appeal by a person who

(a) has applied under the provisions of this Code for a
permit which has not been granted,

(b) has had a permit revoked, or

(c) feels himself adversely affected by a decision of
the designated official.

The appellant shall file with the Secretary of the Board
of Appeal a statement in writing in such detail as will
enable the Board properly to consider the appeal,
addressed to the Board of Appeal and setting out

(a) the nature and subject matter of the appeal,

(b) the address of the building affected by the appeal,
and

(c) the sections of these requirements applicable to the
appeal.

The Board shall meet as often as it deems necessary to
conduct work of the Board in an expeditious manner.

The Board shall consider any appeal filed with the
Secretary within 15 calendar days after a decision of the
designated official and need not consider any appeal
filed thereafter.

f
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The Board shall meet to hear an appeal within 45 calendar
days after the appeal has been filed, or such lesser time
as may be designated in the notice creating the Board.

The Board shall communicate its decision in writing to
the person making the appeal within 5 working days after
the decision has been reached and shall form part of the
public records.

The appellant and the designated official or their
respective representatives may attend the meeting of the
Board and may make representations concerning the matter
under appeal.

The Board in making its decisions may inform itself in
any manner it deems appropriate and which it considers
necessary to arrive at a decision.

The Board shall inform the appellant and designated
official of any additional information considered and
shall provide an opportunity for either party to respond.

The decisions of a majority of the members of the Board
present at a hearing shall be the decision of the Board,
whose decision shall not be subject to further appeal.

A person who appeals in accordance with the provisions of
this section shall not be relieved of complying with the
requirements pending a decision on the appeal, nor shall
the authority having jurisdiction be precluded from
enforcing the provisions of the requirements during such
period.

Effective Date

These requirements shall come into effect when proclaimed
by the authority having jurisdiction.

Any person who carries out work under terms of these
requirements after its adoption but before its effective
date may do so, but all such work shall comply entirely
with this Code.

The requirements of this Code or any amendments shall not
affect the rights of an owner under a permit issued prior
to the effective date of this Code or such amendment
provided the owner has commenced work within 24 months of
the date of issuance of the permit and has actively
carried out work thereafter.
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FOREWORD

The unit weights of basic materials vary from territory to territory
in the Commonwealth Caribbean and therefore when they are used in
calculating dead loads they must be properly substantiated. Ranges
of unit weights for aggregate timber and concrete are provided in
Part 2 Sections 6 and 8 of this Code and these should be carefully
noted.

In cases where unit weights of materials cannot be adequately
substantiated this section stipulates that the latest edition of
British Standard 648, "Schedule of Weights of building Materials" or
other equivalent authoritative standard be used.

The appropriate loads for different uses of parts of a building or
structure are fully detailed in this section. All conceivable uses
have been listed but recommendations have been made for consi-
deration to be given in the design where crowded conditions are
likely to occur such as in living rooms during Caribbean-style
parties, and structures adjacent to sports grounds where there is
access to the roof.



NUMBERING SYSTEM
For this part of the Code, the numbering system is as follows:

The first number indicates the Part of the Code, the first digit in
the second number indicates the Section in the Part, the second and
third digits in the second number indicate the sub-section in the
Section, and the third number indicates the Article in the
sub-section. These are illustrated as follows:

2 -~ Part 2

2.500 - Part 2, Section 5 ‘

2.506 -~ Part 2, Section 5, sub-section 6

2.506.3 ~ Part 2, Section 5, sub-section 6, Article 3



PART 1

PART 2

PART 3

PART 4

PART 5

ARRANGEMENT OF SECTIONS

CARIBBEAN UNIFORM BUILDING CODE

ADMINISTRATION OF THE CODE

STRUCTURAL DESIGN REQUIREMENTS

Section
Section
Section
Section
Section
Section
Section
Section

C~JON VB W

Dead Load and Gravity Live Load

Wind Load

Earthquake Load

Block Masonry

Foundations (Not included)
Reinforced and Pre-stressed Concrete
Structural Steel

Structural Timber

OCCUPANCY, FIRE SAFETY AND PUBLIC HEALTH REQUIREMENTS

Section
Section
Section
Section

£ W

Section
Section
Section
Section

@~ O\

Occupancy and Construction Classification
General Building Limitations

Special Use and Occupancy Requirements
Light, Ventilation and Sound Transmission
Controls

Means of Egress

Fire-resistive Construction Requirements
Fire Protection Systems

Safety Requirements During Building
Construction and Signs

SERVICES, EQUIPMENT AND SYSTEMS (Not included)

Section 1
Section 2
Section 3

Section 4
Section 5

Chimneys, Flues and Vent Pipes
Electrical Wiring and Equipment
Elevators, Escalators, Dumbwaiters and
Conveyor Equipment (Installation and
Maintenance)

Plumbing and Drainage Systems

Energy Conservation

SMALL BUILDINGS AND PRE~-FABRICATED CONSTRUCTION
{Not included)

Section 1
Section 2

Small Buildings (Single and 2 storey)
Pre-fabricated Construction
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2.100

2.101

2.101.1

2.101.2

2.101.3

2.102

2.102.1

2.103.1

2.103.1

2.103.2

PART 2

SECTION 1

DEAD LOAD AND GRAVITY LIVE LOAD
Scope

This section of the Caribbean Uniform Code gives
recommended minimum dead and gravity live loads for the
design of buildings.

Special cases of loading due to vibration, moving
equipment or temporary construction loading are not dealt
with in this section.

This section does not include recommendations for wind
load, and earthquake loads, which are dealt with in Part
2, Sections 2 and 3.

Definitions

For the purpose of this section the following definitions
shall apply:

Dead Load means the weight of all walls, partitions,
floors, roofs and finishes including all other permanent
construction.

Gravity Live Load means all loads other than dead loads,
wind loads and earthquake loads.

Mass means the quantity of matter contained in a body.

The Newton is the SI unit of force. The weight of a body
of mass m kg is m x 9.80 Nﬁwtons, taking the acceleration
due to gravity as 9.80 m/s”.

Weight means the force due to gravity acting on or
through any part of a building.

Dead Loads

The wunit weights of basic materials used in the
calculation of dead loads shall preferably be based on
properly substantiated information. Where this is not
available, the values given in the latest edition of
British Standard 648, "Schedule of Weights of Building
Materials", or an equivalent authoritative standard shall
be used.

In the case of aggregate, concrete and timber, the unit
weights of which are known to vary between different
territories in the Caribbean, special note shall be taken
of the range of unit weight of these building materials
as given in Part 2 Sections 6 and 8.



2.103.3

2.103.4

2.103.5

2.104

2.104.1

2.104.2

2.104.3

The unit weight of reinforced concrete will vary from
that of plain concrete depending on percentage of
reinforcing steel. :

Where partitions are shown on the plans, their actual
weights shall be included in the dead load. To provided
partitions where their positions are not shown on the
plans, the beams and floor slabs where these are capable
of effective lateral distribution of the load, shall be
designed to carry in addition to other loads, distributed
load per square metre not less than one-third of the
weight per metre run of the,finished partitions and for

offices not less than 1 kN/mz.

The weight of tanks and other receptacles, and their
contents, shall be considered as dead load; account shall
be taken of the load conditions when a tank or receptacle
is full and when it is empty.

Imposed Floor Loads

Table 2.104.1 gives the loads appropriate for the
different uses to which the parts of a building or
structure may be put. The distributed loads are the
equivalent uniformly distributed static loads per square
metre of plan area and provide for the normal effects of
impact and acceleration, but not for any special
concentrated loads. :

All floor slabs shall be designed to «carry the
appropriate distributed or concentrated imposed load as
given in Table 2.104.1 whichever produces the greater
stresses given in the part of the floor slab under
consideration.

In the design of floor slabs, concentrated loads shall be
considered to be applied in the positions which produce
the maximum stresses, and where deflection is the design
criterion, in the positions which produce maximum
deflections. The concentrated imposed load need not be
considered where the floor slabs are capable of effective
lateral distribution of this load.

Note 1 - Consideration should be given in the design of
living rooms where crowded conditions are likely
to occur during Caribbean-type fetes or parties.

Note 2 - Consideration should be given in the design of
structures adjacent to sports grounds for crowd
loads where there is a possible access to the
roof.

Note 3 - The designer should consider higher access
corridor loading than specified in Table 2.104.1
where deemed necessary.
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TABLE 2.104.1
USES AND LOADS

Concentrated load
to be applied over
any square with a

Use to which building ) Intensity of 300 mm side, unless
or structure is to be put distributed load otherwise stated
kN/m2 kN
1-1 ART GALLERY
(See Museum Floors)
1-2 ASSEMBLY BUILDINGS
such as public halls and theatres,
but excluding drill halls, places
of worship, public lounges,
schools and toilet room:
with fixed seating 4.0
without fixed seating* 5.0 3.6
1-3 BALCONIES Same as the rooms 1.5 per metre run
(See also Residential Buildings) to which they give concentrated at the
' access edge
1-4 BANKING HALLS 3.0 -
1-5 BEDROOMS:
Domestic buildings (see also Resi- 1.5 1.4
dential Buildings)
Hotels and motels 2.0 1.8
Institutional buildings 1.5 1.8
1-6 BILLIARD ROOMS 2.0 2.7
1-7 BOILER ROOMS 7.5 4.5
1-8 BGOKSTORES 2.4 for each metre 7.0
of storage height
1-9 BROADCASTING STUDIOS:
Corridors
(See Corridors)
Dressing rooms 2.0 1.8
Fly galleries 4.5 kN per metre run
uniformly distributed
over the width
Grids 2.5 -
Stages 7.5 4.5
Studios 4.0 -
Toilet rooms 2.0 -
1-10 BUNGALOWS 1.5 1.4
1-11 CATWALKS Concentrated loads 1.0 at 1.0 m centres
only
1-12 CHAPELS AND CHURCHES 3.0 2.7
1-13 CINEMAS

(See Assembly Buildings and
Broadcasting Studios)

* Fixed seating implies that the removal of the seating and the use of the
space for other purposes is improbable.

NOTE

- Load/m2
1 pascal (Pa)

force m2 unit of which is pascal
1 N/m
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TABLE 2.104.1 (Continued)

Concentrated load
to be applied over
any square with a

Use to which building Intensity of 300 mm side, unless
or structure is to be put distributed load otherwise stated
kN/m? kN
1-14 CLASS-ROOMS 3.0 2.7
Where class-rooms may be used as
places of assembly the values
shown under Colleges shall be used
1-15 CLUBS
Assembly areas with fixed seating* 4.0 -
Assembly areas without 5.0 3.6
fixed seating
Bedrooms 1.5 1.8
Billiard Rooms 2.0 2.7
Corridors
(See Corridors)
Dining rooms 2.0 2.7
Kitchens to be determined, but
not less than 3.0 4.5
Lounges 2.0 2.7
Laundries 3.0 4.5
Toilet rooms 2.0 -
1-16 COLD STORAGE 5.0 9.0
for each metre of
storage height with
a minimum of 15.0
1-17 COLLEGES:
Assembly areas with
fixed seating* 4.0 -
Assembly areas without
fixed seating* 5.0 3.6
Bedrooms 1.5 1.8
Class~-rooms 3.0 2.7
Corridors
(See Corridors)
Dining rooms 2.0 2.7
Dormitories 1.5 1.8
Gymnasia 5.0 3.6
Kitchens to be determined, but
not less than 3.0 4.5
Laboratories to be determined, but
including equipment not less than 3.0 4.5
Stages 5.0 3.6
Toilet rooms 2.0 -

* Fixed seating implies that the removal of the seating and the use of the

space for other purposes is improbable.

IR

Y)Y D)) ) ) )

)

) ) ) )

)

| ER R RN R I I I I I I I B

| AR AR R AR IR I I i I I I I I I I

)

Y)Y )2y



5

TABLE 2.104.1 (Continued)

Use to which building
or structure is to be put

Intensity of
distributed load

Concentrated load
to be applied over
any square with a
300 mm side, unless
otherwise stated

kN/m2 kN
1-18 CORRIDORS, HALLWAYS,
PASSAGEWAYS, AISLES,
PUBLIC SPACES AND
FOOTBRIDGES BETWEEN
BUILDINGS:
Buildings subject to
crowd loading, except
grandstands; 4.0 4.5
Buildings subject to loads to be determined, to be determined,
greater than from crowds but not less than but not less than
including wheeled vehicles 5.0 4.5
trolleys and the like
All other buildings Same as the rooms Same as the rooms
to which they give to which they give
access access
1-19 DANCE HALLS 5.0 3.6
1-20 DEPARTMENTAL STORES '
Ship floors for the
display and sale of
merchandise 4.0 3.6
1-21 DORMITORIES 1.5 1.8
1-22 DRILL ROOMS AND DRILL 5.0 to be determined,
HALLS but not less than
9.0
1-23 DRIVEWAYS AND VEHICLE to be determined, to be determined,
RAMP S but not less than but not less than
Other than in garages 5.0 9.0
for the parking only of
passenger vehicles and light
vans not exceeding 2 1/2 tonnes
(2,500 kg) gross weight
1-24 DWELLINGS 1.5 1.4
1-25 FACTORIES AND SIMILAR 5.0 4.5
BUILDINGS 7.5 or 6.7
10.0 9.0
as appropriate
1-26 FILE ROOMS IN OFFICES to be determined, to be determined
but not less than
5.0
1-27 FLATS 1.5 1.4
1-28 FOOTPATHS, TERRACES AND
PLAZAS leading from
ground level:
No obstruction to
vehicular traffic 5.0 9.0
Used only for
pedestrian traffic 4.0 4.5
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TABLE 2.104.1 (Continued)

)

)

)

)

)

)

Concentrated load
to be applied over
any square with a

Use to which building Intensity of 300 mm side, unless
or structure is to be put distributed load otherwise stated
kN/m? kN
1-29 FOUNDRIES to be determined, but
not less than 20.0 -
1.30 GARAGES:

Car parking only, for
passenger vehicles and
light vans not
exceeding 2 1/2 tonnes
(2,500 kg) gross weight,

including driveways and ramps 2.5 9.0
All repair workshops for
all types of vehicles
and parking for vehicles
exceeding 2 1/2 tonnes,
(2,500 kg) gross weight,
including driveways and ramps 5.0 -
1-31 GRANDSTANDS:
Assembly areas with
fixed seating* 4.0 -
Assembly areas without
fixed seating 5.0 3.6
Corridors and
passageways 5.0 4.5
Toilet rooms 2.0 -
1-32 GYMNASIA 5.0 3.6
1-33 HALLS:
Corridors, Hallways and
Passageways
(See Corridors)
Dressing rooms 2.0 1.8
Fly galleries 4.5 kN -
per metre run
uniformly distributed
over the width
Grids 2.5 -
Projection rooms 5.0 -
Stages 5.0 3.6
Toilet rooms 2.0
1-34 HOSPITALS:
Bedrooms and wards 2.0 1.8
Corridors, Hallways and
Passageways
(See Corridors)
Dining rooms 2.0 2,7
Kitchens to be determined, but
not less than 3.0 4.5

* Fixed seating implies that the removal of the seating and the use of the
space for other purposes is improbable.

)2 222322 IDINYIDIININIININDINIINIIDN>DINIIINIIIII>III»II))

)

)



7

TABLE 2.104.1 (Continued)

Concentrated load
to be applied over
any square with a

Use to which building Intensity of 300 mm side, unless

or structure is to be put distributed load otherwise stated
KN/m2 kN

HOSPITALS (continued)

Laundries 3.0 4.5

Toilet rooms 2.0 -

Utility rooms 2.0 4.5

X-ray rooms and operating

theatres 2.0 4.5

1-35 HOTELS AND MOTELS:

Bars and vestibules 5.0 -

Bedrooms 2.0 1.8

Corridors, Hallways and

Passageways

(See Corridors)

Dining rooms 2.0 2.7

1-38

Kitchens

Laundries

Lounges

Toilet rooms

HOUSES

INDOOR SPORTING
FACILITIES:

Areas for equipment

Assembly areas with fixed
seating*

Assembly areas without
fixed seating

Corridors

(See Corridors)

Dressing rooms

"Gymnasia

Toilet rooms
INSTITUTIONALS BUILDINGS
Bedrooms

Communal Kitchens

Corridors, Hallways
and Passageways
(See Corridors)
Dining rooms
Dormitories

to be determined, but

not less than 3.0 4.5
3.0 4.5
2.0 2.7
2.0 -
1.5 1.4

to be determined, but

not less than 2.0
4.0 -
5.0 3.6
2.0 1.8
5.0 3.6
2'0 -
1.5 1.8

to be determined, but

not less than 3.0 4.5
2.0 2.7
1.5 1.8

* Fixed seating implies that the removal of the seating and the use of the
space for other purposes is improbable.
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TABLE 2.104.1 (Continued)

Concentrated load
to be applied over
any square with a

Use to which building Intensity of 300 mm side, unless
or structure is to be put distributed load otherwise stated
KN/m? KN

INSTITUTIONAL BUILDINGS

(continued)
Laundries 3.0 4.5
Lounges 2.0 2.7
Toilet rooms 2.0 -
1-39 KITCHENS
Other than in domestic to be determined, but
buildings including not less than
normal equipment 3.0 4.5
1-40 LABORATORIES
including equipment 3.0 4.5
1-41 LANDINGS* Same as the floor Same as the floor
to which they give to which they give
access access
1-42 LAUNDRIES
Other than in domestic to be determined, but
buildings excluding not less than 3.0 4.5

equipment
1-43 LIBRARIES:

Reading rooms without

book storage 2.5 4.5

Rooms with book storage

(e.g. public lending

libraries) 4.0 4.5

Stack rooms 2.4 for each metre 7.0
of stack height with
a minimum of 6.5

Dense mobile stacking

on mobile trucks 4.8 for each metre 7.0
of stack height with
a minimum of 9.6 -

Corridors 4.0 4.5

Toilet rooms 2.0 -
1-44 MACHINERY HALLS

Circulation spaces therein 4.0 4.5
1-45 MAISONETTES 1.5 1.4

1-46 MOSQUES
(See places of worship)
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TABLE 2.104.1 (Continued)

Use to which building
or structure is to be put

Intensity of
distributed load

Concentrated load
to be applied over
any square with a
300 mm side, unless
otherwise stated

kN/m? kN
1-47 MOTOR ROOMS, FAN ROOMS
and the like, including to be determined, but
weight of machinery not less than 7.5 -
1-48 MUSEUM FLOORS AND ART
GALLERIES to be determined, but
for exhibition not less than 4.0 4.5
purposes
1-49 OFFICES:
Corridors and public
spaces
(See Corridors)
Filing and storage spaces 5.0 4.5
Offices for general use 2.5 2.7
Offices with computing, data
processing and similar
equipment ' 3.5 4.5
Toilet rooms 2.0 -
1-50 PAVEMENT LIGHTS to be determined, 1 1/2 times the
but not less than wheel load but not
5.0 less than 9.0
1-51 PLACES OF WORSHIP
Without fixed seating* 4.0 -
with fixed seating 3.0 2.7
1-52 PRINTING PLANTS:
Paper storage to be determined,but
not less than 4.0 9.0
for each metre of
storage height
Type storage and to be determined, but
other areas not less than 12.5 9.0
1-53 PUBLIC HALLS
(See Halls)
1-54 PUBLIC LOUNGES 2.0 2.7
1-55 RESIDENTIAL BUILDINGS
Such as apartment houses,
boarding houses, guest houses,
hostels, lodging houses and
residential clubs, but
excluding hotels and motels:
Bedrooms 1.5 1.8
Communal kitchens to be determined, but
not less than 3.0 4.5

* Fixed seating implies that the removal of the seating and the use of the

space for other purposes is improbable.
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TABLE 2.104.1 (Continued)

Use to which building
or structure is to be put

Concentrated load
to be applied over
any square with a
300 mm side, unless
otherwise stated

Intensity of
distributed load

KN/m2 KN

1-56

1-57

1-58

1-59

1-60

1-61

1-62

1-63

RESIDENTIAL BUILDINGS
(continued)
Corridors, hallways and
Passageways

(See Corridors)
Dining rooms and
public rooms
Dormitories

Laundries

Toilet rooms

In all spaces normally used
for entertainment
SCHOOLS

(See Colleges)

SHOP FLOORS

For the display and
sale of merchandise
STAIRS:

Dwellings not over
3-storey

All other buildings

STATIONERY STORES

STORAGE

(Other than types listed
separately under book
stores, cold storage,
departmental stores, file
rooms, stock rooms)
TELEVISION STUDIOS

(See Broadcasting Studios)
TEMPLE

(See Places of Worship)
THEATRES

(See Assembly Building and
Broadcasting Studios)

[ el NV
L]
oo ~d

4.0 3.6

1.5 1.8
same as the floors same as the floors
to which they give to which they give
access but not access
less than 3.0 and
not more than 5.0

4.0 for each metre 9.0
of storage height :

to be determined but

not less than 2.4 7.0
for each metre of

storage height
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TABLE 2.104.1 (Continued)

Concentrated load
to be applied over
any square with a

Use to which building Intensity of ‘300 mm side, unless
or structure is to be put distributed load otherwise stated
kN/m2 kN
1-64 UNIVERSITIES
(See Colleges and Libraries)
1-65 WAREHOUSES (See Storage)
1-66 WORKROQMS, LIGHT
without storage 2.5 1.8
1-67 WORKSHOPS

(See Factories)
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2.105.1
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Reduction in Total Imposed Floor Loads

Except as provided for in clauses 2.105.1 and 2.105.2 the
reductions in assumed total imposed floor loads given in
Table 2.105 may be taken in designing columns, piers,
walls, their supports and foundations. For the purposes
of clauses 2.105.1 to 2.105.3, a roof may be regarded as
floor. For factories and workshops designed for 5 kN/m

or more, the reductions shown in Table 2.105 may be taken
provided that the loading assumed is not less than it
woulg have been if all floors had been designed for 5
kN/m“ with no reductions.

TABLE 2.105

REDUCTION IN TOTAL DISTRIBUTED IMPOSED FLOOR LDADS

Reduction in total

Number of floors distributed imposed
including the roof load on all floors
carried by member carried by the member
under consideration under consideration

% (Percentage)
1 0
2 10
3 20
4 30
5 to 10 40
Over 10 50

2.105.2

2.105.3

2.106

2.106.1

In the design of a beam or girder, where a sing%e span of
the beam or girder supports not less than 46 m“ of floor
at one general level, t9e imposed load may be reduced by
5> percent for each 46 m“ supported, subject to a maximum
reduction of 25 percent. This reduction or that given in
Table 2.105, whichever is greater, may be taken into
account in the design of columns or other types of
members supporting such beams.

No reduction shall be made for any plant or machinery
which is specifically allowed for, or for buildings for
storage purposes, warehouses, garages and those office
areas which are used for storage and filing purposes.

Imposed Roof Loads Other Than Wind Loads

INTERPRETATION - In clauses 2.106.2 to 2.106.11
inclusive, all roof slopes are measured from the
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2.106.2

2.106.3

2.106.4

2.106.5

2.106.6

2.106.7

2.106.8

13

horizontal, all loads are applied vertically and the 125
mm or 300 mm squares are measured on the roof slope.

‘FLAT ROOFS - On flat roofs and roofs not more than 10

degrees, where access is provided to the roof (other than
for cleaning or repairs) and for all concrete roofs (with
or without accesi) allowance shall be made for imposed
load of 1.5 kN/m“ measured on plan or a load of 1.8 kN
concentrated on a square with 300 mm side.

On flat roofs and roofs not more than 10 degrees and of
light weight construction where no access is provided to
the roof (other than for cleaning and repairs),.allowance
shall be made for an imposed load of 0.75 kN/m~ measured
on plan, or a load of 0.9 kN concentrated on a square
with a 300 mm side whichever produces the greater stress.

- SLOPING ROOFS - On roofs with slope greater than 10

degrees where no access is provided (except for cleaning
and repair) the following imposed loads shall be allowed:

(a) for a roof-slope of 30 degrees or less, 0.75 kN/m2
measured on plan or a vertical load of 0.9 kN
concentrated on a square with a 300 mm side,
whichever produces the greater stress;

(b) for a roof-slope of 75 degrees or more, no allow-
ances are necessary;

(c) for roof-slopes between 30 degrees and 75 degrees,
the imposed load to be allowed for may bE obtained
by linear imterpolation between 0.75 kN/m” for a 30
degree roof-slope and zero imposed load for a 75
degree roof-slope.

CURVED ROOFS - The imposed load on a curved roof shall be
calculated by dividing the roof into not less than five
equal segments and then calculating the load on each,
appropriate to its mean slope, in accordance with 2.106.2
to 2.106.4.

SPECIAL PURPOSE ROOFS AND ROOFS PROVIDING VANTAGE POINTS
FOR CROWDS

When used for incidental promenade purposes, or when
likely to be used as a vantage point (for example,
adjacent to sports grounds and processional routes) rgofs
shall be designed for a minimum live load of 3.0 kN/m”.

When designed for roof—gag?en or assembly uses minimum
live load shall be 5.0 kN/m“.
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Roofs to be used for other special purposes shall be
designed for appropriate loads as directed or approved by
the Building Official or competent authority.

LOAD REDUCTION ON ROOFS - Imposed, loads on members with
tributary areas exceeding 46 m~ may be reduced in
accordance with clause 2.105.2. :

ROOF COVERINGS - To provide for loads incidental to
maintenance, all coverings (other than glazing) at a
slope of less than 45 degrees shall be capable of
carrying a load of 0.9 kN concentrated on any square with
a 125 mm side.

Dynamic Loading

Where loads arising from machinery, runways, cranes,
fork-1ift trucks and other plants producing dynamic
effects are supported by or communicated to the
framework, allowance shall be made for these dynamic
effects, including impact, by increasing the dead weight
values by an adequate amount. In order to ensure due
economy in design, the appropriate dynamic increase for
all members affected shall be ascertained as accurately
as possible.

For crane gantry girders, the following allowances shall
be deemed to cover all forces set up by vibration, shock
from slipping of slings, kinetic action of acceleration
and retardation and impact of wheel loads:

(a) For loads acting vertically, the maximum static
wheel loads shall be increased by:
(1) 25% for an electric overhead crane; or
(2) 10% for a hand-operated crane.

(b) The horizontal force acting transverse to the rails
shall be taken as the following percentage of the
combined weight of the cab and the load lifted:

(1) 10% for an electric overhead crane; or

(2) 5% for a hand-operated crane.

This force shall be taken into account when
considering the lateral rigidity of the rails and
their fastenings.

(c) Horizontal forces acting along the rails shall be
taken as 5 per cent of the static wheel loads which
can occur on the rails, for overhead cranes whether
electric or hand-operated.

The forces specified in either clause 2.107.2(b) or
2.107.2(c) shall be considered as acting at the rail
level and being appropriately transmitted to the
supporting systems.
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2.107.4 Gantry girders and their vertical supports shall be
designed on the assumption that either of the horizontal
forces in clause 2.107.2(b) or 2.107.2(c) may act at the
same time as the vertical load.

2,107.5 2.107.2 applies only to single crane operation and to
simple forms of crane gantry construction. For heavy
cranes, high-speed operation cranes, or multiple cranes
on a single-gantry, special arrangements shall be made.

2.108 Parapets, Balustrades and Ornamental Projections

2.108.1 PARAPETS AND BALUSTRADES - Parapets and balustrades shall
be designed for the minimum loads given in Table 2.108.
These are expressed as horizontal forces acting at
handrail or coping level.

2.108.2 ORNAMENTAL PROJECTIONS - Ornamental projections shall be
designed for a minimum load of 0.30 kN/m. See Table
2.108 which is expressed as a vertical force acting at
the extremity of such projections.

TABLE 2.108

LOADS ON PARAPETS, BALUSTRADES AND ORNAMENTAL PROJECTIONS

Intensity of Intensity of
Use Horizontal Loads Vertical Loads
kN/m run kN/m

LLight access stairs, gangways and

the like not more than 600 mm wide 0.220

Light access stairs, gangways and the

like, more than 600 mm wide, stairways, :

landings and balconies, private and domestic 0.360

All other stairways, landings and balconies,

and all paraptets and handrails to roof 0.740

Panic barriers 0.30

Ornamental projections 0.30
2.109 Vehicle Barriers for Car Park

2.109.1 Where a barrier to withstand the force of a vehicle is

required for a car park, it shall be designed in
accordance with the following clauses:
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2.109.3

2.109.4

2.109.5

2.109.6

2.109.7

2.109.8
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The barrier shall withstand a force F uniformly
distributed over any length of 1.5 m where
(1/2 mv®)

F kN3

) (c + b)

mass of vehicle in kg;

velocity in m/s;

deflexion of the vehicle in mm; and
deflexion of the barrier in mm.

o0 < 3
o ouon

where the car park has been designed on the basis that
vehicles using it will not exceed 2500 kg the following

values shall be used to determine the force F:

1500 kg*

4.47 m/s; and
100 mm unless better evidence is available.

0 <3
" ounu

For a rigid barrier the force appropriate to vehicles up
to 2500 kg shall be taken as 150 kN.

where the car park has been designed for vehicles
exceeding 2500 kg the following values shall be used to

determine the force Fs

m = the actual mass of the vehicle for which the car park

is designed in kg;

v = 4.47 m/s; and
c = 100 mm unless better evidence is available.

The impact force provided under clauses 2.109.2 to
2.109.4 shall be considered to act at bumper height. In
the case of car parks intended for motor cars not
exceeding 2500 kg this shall be taken as 375 mm above the

floor level.

Barriers to access ramps of car parks shall be designed
to withstand one-half** of the force determined 1in
clauses 2.109.2 to 2.109.4 acting at a height of 610 mm

above the ramp.

Where a straight ramp for downward travel is more than 20
m in length, the barrier opposite the lower end of the
ramp shall be designed to withstand twice the force
determined as in clauses 2.109.2 to 2.109.4 acting at a

height of 610 mm above the ramp surface.

The recommendations in clauses 2.109.2 to 2.109.4 may be
used to form the basis of design either within or beyond
the usual service ability limits of water.

) 2 I I I R R I I R I I B
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* The mass of 1500 kg is taken as being more represen-
tative of the vehicle population than the extreme value
of 2500 kg. '

** The force recommended in clause 2.109.6 is only half
of that recommended in clauses 2.109.2 to 2.109.4 because
although the speed of vehicles may be greater the angle
of impact is likely to be less. At the ends of straight
ramps however, not only is the speed likely to be greater
but the angle of impact will also be greater, so that the
barrier must withstand a greater force, and the force
recommended in clause 2.109.6 is therefore double that
given in clauses 2.109.2 to 2.109.4.



FACTORS FOR CONVERTING IMPERIAL

LENGTH

Feet (ft) x 0.3048*
Inches (in) x 0.0254%
Miles (mi) x 1609.34
Miles (mi) x 1.60934
Nautical Miles x 1852.0%
Yards (yd) x 0.9144%

AREA

Feet? (Ft2) x 0.0929030
Acreszx 4046.86
Miles® (mi%) x 2.58999

VOLUME

Feetg (ftg) x 0.02831685
Feet’ (ft 3 x 28.31685
Yards” (yd”) x 0.764555
Acre feet x 1233.48
Gallons (gal) x 0.00454609
Gallons (gal) x 4.54609

VELOCITY

Feet per second (ft/s) x 0.3048%
Miles per hour (mi/hr) x 0.44704%
Miles per hour (mi/hr) x 1.60934
Knots x 0.514444

Knots x 1.852%

DISCHARGE

Feet® per second (Ft>/s) x 0.02831685
Millions of gallons per day (mgd)

x 0.0526167
Acre-feet per day x 0.0142764
Gallons per minute (gal/min)

x 0.0000757680

FORCE

Pounds (1b) x 0.453592
Pounds (1lb) x 453.592

Pounds (1b) x 4.44822

Tons x 0.907185

wu n o g

UNITS TO SI UNITS

Meters (m)
Meters (m)
Meters {(m)
Kilometers (km)
Meters (m)
Meters (m)

Meters? (mg)
Meters“ (m%)

Kilometers (ka)

Meters3 (m3)
Liters**
MetersB(m %
Meters; (m
Meters® (m
Liters™**

)
%)

second (m/s)
second (m/s)
per hour (km/hr)
second (m/s)
per hour (km/hr)

Meters per
Meters per
Kilometers
Meters per
Kilometers

Meters® per second (m3/s)
second (m>/s)

second (m’/s)

Meters3
Meters

per

per
3

second (m”/s)

Meters3 per

Kilogyrams force (kgf)
Grams (g)

Newtons** (N)

Metric tons**



PRESSURE

Newtons per meter’ (N/mz)2
Kilogr?ms force per meter
(kgf/m") 2
Newtons per meter? (N/m?)

Pounds per Footg (lb/th) x 47.8803
Pounds per foot® (1lb/ft“) x 4.88243

Pounds per inch? (lb/in%) x 6894.76
Pounds per inch® (1b/in®)
0.00689476 x 10

Newton per millimeter2
(N/mm*)

Megapascal (MPa)
Killogfams force per meter
(kgf/m") 9 2
Newtons per meter® (N/m°)

Pounds per inch2 (lb/inz) x 703.070

Millibars (mb) x 100.0*

UNIT WEIGHT

Newtons per meter” (N/m3)3
Kilogrgms force per meter
(kgf/m”) 3 3
Grams per centimeter’ (g/cm”)

Pounds per foot; (lb/ft;) x 157.0876
Pounds per foot” (1lb/ft”) x 16.0185

3

Pounds per Foot> (1b/ft>) x 0.0160185

MASS AND DENSITY

Slugs x 14.593 Kilograms (kg)

Slugs per foot” x 515.379 = Kilograms per meter3 (kg/m3)
VISCOSITY
Pound-seconds per foot? (lb—s/ftz) or 2
slugs per foot second x 47.8803 = Newtogs seconds per meter
2 2 (Ns/m™J 2
Feet® per second (ft“/s) x 0.092903 = Meters”® per second (m“/s)

*  Exact values 3

** Liters x 1000.0 = cemtigeters
Liters x 0.001 = meters
Metric tons x 1000.0 = kilograms force
Kilograms force x 9.80665 = newtons
Newtons x 100,000.0 = dyges
Newton seconds per meter® x 0.1 = poises



SI PREFIXES AND MEANINGS

Prefix

(abbreviation) Meaning
Mega- (M) 1,000,000.
Kilo- (k) 1,000.
Hecto- (h) 100.
Deka- (da) 10.
Deci- (d) 0.1
Centi- (c) 0.01
Milli- (m) ‘ 0.001

Micro- (#) 0.000001
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FOREWORD

Natural disasters such as earthquakes and hurricanes cause considerable
damage in the West Indies each year. Recognizing this, in 1969 a seismic
code committee of the Association of Professional Engineers of Trinidad and
Tobago (APETT) was formed to develop a suitable code of practice for earth-
quake resistant design of structures and in February 1970 a preliminary
report was published for comment. Subsequent work of the committee resul-
ted in the conclusion that the entire Caribbean region stretching from
Trinidad and Tobago in the south to Jamaica in the north and including all
the other Eastern Caribbean Islands all corresponded and in terms of fre-
quency of events per century of MM intensity equal or greater than VI, to
the highest risk zone (Zone 3) of California, U.S.A.

In their final draft code of practice therefore the then Seismic Code
Committee recommended that t design of all buildings in the Caribbean
should be based on the "Recomjended Lateral Force Requirements and Commen-
tary" of the Seismology Commiftee of the Structural Engineers Association,
California 1968 (known as SEAGE Code).

At about the same time practjsing engineers in the Caribbean region were
giving much attention to the|development of a regional unified building
code for use within the varioup West Indian islands. Towards this end, two
regional symposia sponsored by| the Council of Caribbean Engineering Organi-
zations (CCEO) were held if 1973 and 1974 in Jamaica with the main
objective of finalizing such code. At the 1973 symposium, some progress
was made towards this goal whpn certain codes of practice were adopted by
the CCEQ for regional use amonpst which was the draft seismic code prepared
by APETT in July 1972. It wa¢ intended that these codes of practice would
eventually be incorporated irjto the proposed regional Caribbean Uniform
Building Code (CUBiC) under 4 grant agreement between USAID and CARICOM
Secretariat.

However, since the 1968 editiof of the the SEAOC code, there have been many
changes culminating in the ]975 edition which included several major
changes in the base shear forfnula V = ZIKCSW. The two main coefficients
are the I and S coefficients which take into account the importance of the
structure and the site structyre resonance respectively. The implications
of these changes, in general,) were to produce increases in the required
lateral forces with a consequent increase in the construction cost of
buildings. In view of these changes, practising engineers in the Caribbean
felt it was opportune to re-exgmine the whole question of seismic design in
the West Indies and in this cpnnection, the first Caribbean Conference on
Earthquake Engineering was he from January 9-12th 1978 in Trinidad with
the main objectives of obtaiding a consensus of what levels of lateral
forces should be used in the jdesign of structures in the West Indies and
hence of producing a revised| code of practice for earthquake resistant
design.

One of the main recommendatiohs arising out of the Conference was that a

Seismic Code Drafting Committeq should be formed to review the main points
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of the Conference and to undertake the task of finalizing the revision of
the draft seismic code. Such a committee was formed shortly after the
conference and at their first meeting held in Barbados on June 30, 1978, it
was recommended that the "Recommended Lateral Force Requirements and
Commentary" of the Structural Engineers Association of California 1975
Edition (SEAOC 1975) should be adopted in principle to form the basis of
the revised West Indian Seismic Code and values of the Zonal coefficient Z

in the base shear formula V = ZIKCSW were given for various West Indian
islands.

A follow-up seminar was held in February 1983 and a review of the Z values
was undertaken in the light of more recent seismic data.

In November 1983, the Short Term Consultant Principia Mechanica of London,
England, reviewed these zonal coefficients and also reviewed the seismic
codes of various countries in order to develop appropriate clauses for
CUBiC. It was concluded that some sections of SEAOC, UBC, ATC and New
Zealand Codes were relevant and appropriate to CUBiC. Accordingly, the
seismic code provisions of CUBiC are based essentially on SEAOC but with
appropriate sections from UBC, ATC, and New Zealand Codes.

It must be stressed that the recommendations given herein are based on
current knowledge of the seismicity in the Caribbean and that the clauses

should be continually reviewed in the light of any further research in this
field.
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NUMBERING SYSTEM

For this part of the Code, the numbering system is as follows:

The first number indicates the Part of the Code, the first digit in the
second number indicates the Section in the Part, the second and third
digits in the second number indicate the sub-section in the Section, and
the third number indicates the Article in the sub-section. These are
illustrated as follows:

2 Part 2

2.500 Part 2, Section 5

2.506 Part 2, Section 5, sub-section 6 »
2.506.3 Part 2, Section 5, sub-section 6, Article 3
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PART 1

PART 2

PART 3

PART 4

PART 5

ARRANGEMENT OF SECTIONS

CARIBBEAN UNIFORM BUILDING CODE

ADMINISTRATION OF THE CODE
STRUCTURAL DESIGN REQUIREMENTS

Seétion

1 Dead Load and Gravity Live Load
Section 2 Wind Load
Section 3 Earthquake Load
Section 4 Block Masonry
Section 5 Foundations (not included)
Section 6 Reinforced and Pre-stressed Concrete
Section 7 Structural Steel
Section 8 Structural Timber

OCCUPANCY, FIRE SAFETY AND PUBLIC HEALTH REQUIREMENTS

Section 1 Occupancy and Construction Classification

Section 2 General Building Limitations

Section 3 Special Use and Occupancy Requirements

Section 4 Light, Ventilation and Sound Transmission
Controls

Section 5 Means of Egress

Section 6 Fire-resistive Construction Requirements

Section 7 Fire Protection Systems

Section 8 Safety Requirements During Building

Construction and Signs

SERVICES, EQUIPMENT AND SYSTEMS (not included)

Section 1 Chimneys, Flues and Vent Pipes

Section 2 Electrical Wiring and Equipment

Section 3 Elevators, Escalators, Dumbwaiters and
Conveyor Equipment (Installation and
Maintenance)

Section ¢4 Plumbing and Drainage Systems

Section 5 Energy Conservation

SMALL BUILDINGS AND PRE-FABRICATED CONSTRUCTION (not
included)

Section 1 Small Buildings (Single and 2 storey)
Section 2 Pre-fabricated Construction
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2.300

2.301

2.301.1

2.302

1
PART 2

SECTION 3

EARTHQUAKE LOAD
Scope

This Code contains Seismic Design provisions recommended
for use in the Design and Construction of buildings in
the West Indies. These provisions establish requirements
for the Design and Construction of new buildings to
resist the effects of earthquake motions.

These provisions do not cover requirements for Design and
Construction of special structures including, but not
limited to, bridges, transmission towers, industrial
towers and equipment, piers and wharves, hydraulic
structures, off-shore structures and nuclear reactors.
These special structures require special consideration of
their response characteristics and environment which is

.beyond the scope of these provisions.

Definitions

Base is the level at which the earthquake motions are
considered to be imparted to the structure or the level
at which the structure as a dynamic vibrator is
supported. ’

Box System is a structural system without a complete
vertical load carrying space frame. In this system, the
required lateral forces are resisted by shear walls or
braced frames as hereinafter defined.

Braced Frame is a truss system or its equivalent which is
provided to resist lateral forces in the frame system and
in which the members are subjected primarily to axial
stresses.

Ductile Moment Resisting Space Frame is a moment
resisting space frame complying with the requirements
given in clauses 2.307.4 and 2.307.6.

Essential Facilities are those structures which must be
functional for emergency post earthquake operations.

Lateral Force Resisting System is that part of the
structural system assigned to resist the lateral forces

prescribed in clause 2.305.3.

Moment Resisting Space Frame is a vertical load carrying
space frame in which the members and joints are capable
of resisting forces primarily by flexure.



2.303

2

Shear Wall is a wall designed to resist lateral forces
parallel to the plane of the wall.

Space Fframe is a three dimensional structural system,
without bearing walls, composed of interconnected members
laterally supported as to function as a complete
self-contained unit with or without the aid of horizontal
diaphragms or floor bracing systems.

Vertical Load Carrying Space Frame is a space frame
designed to carry all vertical loads.

Symbols and Notations

The following symbols and notations apply to the
provisions of this Section:

C Numerical —coefficient as specified in
Section 2.305.5

C Numerical coefficient as specified in
P Section 2.305.15 and as set forth in Table
2.305.3
D The dimension of the building in feet, in a
direction parallel to the applied forces
61 5n Deflections at levels i and n respectively,
relative to the base, due to applied lateral
forces. ’
Fi’Fn’Fx Lateral force applied to level i,n, or x,
respectively.
F ‘ Lateral forces on a part of the structure
P and in the direction under consideration.
F The portion of the seismic base shear, V
Xm . m
induced at level x.
Ft That portion of V considered concentrated at
the top of the structure in addition to Fn'
g Acceleration due to gravity.
hiyhshy Height in feet above the base to level i,n,
or x respectively.
I Occupancy importance coefficient as set
forth in Section 2.305.6.
K Numerical coefficient as set forth in Table

2.305.2.

”
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2.304

2.304.1

2.304.2

Level i

Level n

Level x

3

Level of the structure referred to by the
subscript i. i = 1 designates the first
level above the base.

That level which is uppermost in the main
portion of the structure.

That level which is under design consider-
ation. x = 1 designates the first level
above the base.

The total number of stories above the base
to level n.

Numerical coefficient for site-structure
resonance.

Fundamental elastic period of vibration of
the structure in seconds in the direction
under consideration.

The modal period of vibration of the mth
mode of the building. '

Characteristic site period.

The total lateral force or shear at the
base. ’

The total dead load and applicable portions
of other loads.

That portion of W which is located at or is
assigned to level i or x respectively.

The weight of the diaphragm and the elements
tributary thereto at level x, including 25
percent of the floor live load in storage
and warehouse occupancies.

The weight of a portion of a structure.
Numerical coefficient related to the

seismicity of a region as set forth in Table
2.305.1.

Methods of Analysis

Buildings shall be analysed by the equivalent static
force method specified in sub-section 2.305 or by dynamic
analysis, specified in sub-section 2.306.

Buildings

which have highly irregular shapes, large

differences in lateral resistance or stiffness between



2.304.3

2.305

2.305.1

2.305.2

2.305.3

2.305.4

2.305.5

4

adjacent storeys, or other wunusual features shall be
analysed by dynamic methods. In particular, buildings
classified in Importance Groups I and II (refer to clause
3.205.6) shall be analysed by dynamic methods when:

(a) the seismic force resisting system does not have the
same configuration in all storeys and in all floors.

(b) The floor masses differ by more than 30% in adjacent
floors.

(c) The cross-sectional areas and moments of inertia of
structural members differ by more than 30% in
adjacent stories.

Nothing in these recommendations shall be deemed to
prohibit the submission of properly substantiated
technical data for establishing the lateral design forces
and distribution by dynamic analysis.

Equivalent Static Force Analysis

GENERAL - The horizontal seismic forces specified in this
section shall be applied simultaneously at each floor and
roof level.

For buildings symmetrical about at least one axis and for
buildings with seismic resistance elements located along
two perpendicular directions, the specified force may be
assumed to act separately along each of these two
horizontal directions. For other buildings, different
directions of application of the specified forces shall
be considered so as to produce the most unfavourable
effect in any structural element.

EQUIVALENT STATIC FORCES ~ Except as provided in clauses
2.304.2 and 2.304.3, any structure shall be designed and
constructed to resist minimum total 1lateral seismic
forces assumed to act nonconcurrently in the direction of
the main axis of the structure in accordance with the
formula:

V = ZCIKSW (1)

The value of the zonal coefficient, Z, shall be given in
Table 2.305.1.

The value of C shall be 'determined in accordance with the
formula:

N (2)
T 1SVT

where C need not exceed 0.12.

)
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2.305.6

_formula:

5

The period T shall be established using the structural
properties and deformational characteristics of resisting
elements in a properly substantiated analysis such as the

i 1wié§

- = (3)

g ?i% fié&

i=1

in}

where the values of f. represent the lateral force
distribution in accordante with clause 2.305.11. In the
absence of a period determination as indicated above, the
value of T for buildings may be determined by one of the
following formulae:

For moment resisting structures where the frames are not
enclosed or adjoined by more rigid components tending to
prevent the frames from deflecting when subjected to
seismic forces:

_ 3/4
T =Cih (4)
where: CT = 0.35 for steel frames
CT = 0.025 for concrete frames

h_. = the height in feet above the base to
fhe highest level of the building.

For all other buildings:

1= 0.05h (5)
I
where: L = the overall length (in feet) of the

building at the base in the direction
under consideration.

The importance factor, I, shall be determined as follows:
Class I Buildings: I = 1.5

These are essential facilities required for use in the
aftermath of a major earthquake, e.g. hospitals, fire
stations, communication centres etc.

Class II Buildings: I = 1.2
These are public buildings and buildings which

accommodate large numbers of people, e.g. cinemas,
theatres, schools, defence establishments etc.



2.305.7

2.305.8

2.305.9

2.305.10

2.305.11

Class III Buildings: I = 1.0

All other buildings not included in Class I or Class II
above.

The structural behaviour factor shall not be less than
that given in Table 2,305.2

The value of the soil factor, S, shall be determined by
the following formulae but shall not be less than 1.0:

For T = 1.0 or less, S -1.0+ 1 -10.5 _T_ 2 (6)
Ts Ts Ts
For T greater than 1.0,
Ts
S=1.2+0.671-0.3 1 2 (7)
Ts Ts

T shall be established by a properly substantiated
analysis but T shall not be taken as less than 0.3
seconds.

The range of values of TS may be established from
properly substantiated geological data, except that T
shall not be taken as less than 0.5 seconds nor more than
2.5 seconds. T_ shall be that value within the range of
site periods as Betermined above, that is nearest to T.

Where T has been established by a properly substantiated
analysis and exceeds 2.5 seconds, the value of S may be
determined by assuming a value of 2.5 seconds for TS-

W is the total gravity load of the buildings. W shall be
taken equal to the total weight of the structure and
applicable portions of other components, including but
not limited to, the following:

(a) Partitions and permanent equipment including
operating contents.

(b) For storage and warehouse structures, a minimum of
25% of the floor live load.

The product CS need not exceed 0.14.

VERTICAL DISTRIBUTION OF LATERAL FORCES - The lateral
seismic shear force, Fx’ induced at any level, shall be
determined in accordance with the following formula:

Fe= G (8)

)

)

Y H o
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2.305.12

2.305.13

2.305.14

2.305.15

7

k
where C = X (9)

VX I —

n

X
}E: K
w.h.
i=1 Y

J

w h

k is an exponent related to the building period as
follows:

For buildings having a period of 0.5 seconds or less,

k =1

For buildings having a period of 2.5 seconds or more,

k = 2 :

For buildings have a period between 0.5 and 2.5
seconds,

k may be 2

w., w = the portion of W located at or assigned to level
J X J or x.

§? hx = the height above the base at level j or x.

OVERTURNING MOMENTS - The seismic overturning moments
shall be derived from the distribution of the horizontal
seismic forces according to clause 2.305.11 without
reduction. ’

DISTRIBUTION OF HORIZONTAL SHEAR - Total shear in any
horizontal plane shall be distributed to the various
elements of the lateral force resisting system in
proportion to their rigidities, considering the rigidity
of the horizontal bracing system or diaphragm. Rigid
elements that are assumed not to be part of the lateral
force-resisting system may be incorporated into buildings
provided that their effect on the action of the system is
considered and provided for in the design.

HORIZONTAL TORSIONAL MOMENT - Provisions shall be made
for the increase in shear resulting from the horizontal
torsion due to an eccentricity between the centre of mass
and the centre of rigidity. Negative torsional shears
shall be neglected. Where the vertiecal resisting
elements depend on diaphragm action for shear distri-
bution at any level, the shear resisting elements shall
be capable of resisting a torsional moment assumed to be
equivalent to the storey shear acting with an eccentri-
city of not less than five percent of the maximum
dimension at that level.

LATERAL FORCE ON ELEMENTS OF STRUCTURES - Parts or
portions of structures and their anchorage to the main
structural system shall be designed for lateral forces in
accordance with the formula:

F = ZIC W (10)
p PP
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The values of Cp are set forth in Table 2.305.2. The
value of the I coefficient shall be the value used for
the building; except when considering life safety systems
in which case I shall be taken as 1.5.

DRIFT PROVISIONS - Lateral deflections or drift of a
storey relative to its adjacent stories shall not exceed
0.005 times the storey height wunless it can be
demonstrated that greater drift can be tolerated. The
displacement calculated from the application of the
required lateral forces shall be multiplied by 1.0/K to
obtain the drift. The ratio 1.0/K shall not be less than
1.0.

Dynamic Analysis

GENERAL - Dynamic analysis shall be performed for
buildings which do not satisfy the conditions for the
application of equivalent static methods (refer to
sub-section 2.304).

Dynamic analysis may be any standard procedure including
modal analysis and direct integration.

When direct integration methods are wused, special
attention shall be given to the selection of the time-
step of integration in accordance with recommendations
given in standard textbooks.

When modal response spectrum analysis is used, the
recommendations given in clauses 2.306.5 to 2.306.13
shall be followed.

MODAL ANALYSIS PROCEDURE - The building may be modelled
as a system of masses lumped at the floor levels, with
each mass having one degree of freedom, that of lateral
displacement in the direction under consideration.

The analysis shall include, for each of two mutually
perpendicular axes, at least the lowest three modes of
vibration with periods greater than 0.4 seconds,
whichever is greater, except that for structures less

than three stories in height, the number of modes shall

equal the number of stories.

The required period and mode shapes of the building in
the direction under consideration shall be calculated by
established methods of mechanics for the fixed base
condition using the masses and elastic stiffness of the
seismic resisting system.

)
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The portion of the base shear contributed by the mth
mode, V_, shall be determined in accordance with the
formulas

)
m

ZC KISW (11)

where C = (12)

1
m - ——
lS/T;
the subscript, m, refers to the mth mode. T_ shall be
computed in accordance with clause 2.306.7. W is the

effective modal gravity load determined in accordance
with the following formula:

W = (13)

. = the displacement amplitude at the ith

v
1§§e1 of the building when vibrating in its
m mode.

where

The product CmS need not exceed 0.14.

The modal force at each level, F

n? shall be determined
in accordance with the formula:

Fxm = Cvxmvm (14)
Yy Vxm (15)
where Cvxm = n
"iVim
i=1

The modal drift in each storey shall be determined from
the modal displacement Uym? which shall be given by:
2

9T, Fom (16)

U =
Xm a2 W,

The shear forces and overturning moments in walls and
braced frames at each level shall be determined using
linear static methods with the seismic forces and
displacements as determined from clauses 2.306.9 and
2.306.10.
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The design value for base shear, each of the storey
shear, moment and drift quantities and the deflection at
each level shall be determined by combining their modal
values. The combination shall be carried out by taking
the square root of the sum of the squares of each of the
modal values. If two or more modal periods are within
10% of each other, these modes shall be summed absolutely
and the resultant added to the other modes using the
square root of the sum of the square procedure.

The base shear computed from the modal combination
procedure shall not be less than 75% of the value
computed by the equivalent static method.

Design Principles

SYMMETRY - The main elements of a building that resist
seismic forces shall, as nearly as is practicable, be
located symmetrically about the centre of mass of the
building.

DUCTILITY - The building as a whole, and all of its
elements that resist seismic forces or moments, or that
in case of failure are a risk to life, shall be designed
to possess ductility.

Structural systems intended to dissipate seismic energy
by ductile flexural yielding shall have all primary
elements resisting seismic forces detailed in accordance
with special requirements for ductile detailing in the
appropriate material code.

In Seismic Zones No. 2, No. 3 and No. 4, all concrete
space frames required by design to be part of the lateral
force-resisting system and all concrete frames located in
the perimeter line of vertical support shall be ductile
moment resisting space frames.

EXCEPTION: Frames in the perimeter line of the vertical
support of the buildings designed with shear
walls taking 100 percent of the design
lateral forces need only conform with clause
2.307.5.

In Seismic Zones No. 2, No. 3 and No. 4, all framing
elements not required by design to be part of the lateral
force-resisting system shall be investigated and shown to
be adequate for vertical load-carrying capacity and
induced moment due to 3/K times the distortions resulting
from the code-required lateral forces. The rigidity of
other elements shall be considered in accordance with
clause 2.305.13.

)

)

YD)y



DX DXDXDDDD DD DD DD DD DD DD DD DD DYDY D))

) )y ) )

)

2.307.6

2.307.7

2.307.8

2.307.9

2.307.10

2.307.11

2.307.12

11

Moment-resisting space frames and ductile moment-
resisting space frames may be enclosed by or adjoined by
more rigid elements which would tend to prevent the space
frame from resisting lateral forces where it can be shown
that the action or failure of the more rigid elements
will not impair the vertical and lateral load resisting
ability of the space frame.

Buildings designed for flexural ductile yielding, or for
yielding in diagonal braces, shall be the subject of
capacity design. In the capacity design of earthquake
resistant structures, energy dissipating elements or
mechanisms are chosen and suitably designed and detailed,
and all other structural elements are then provided with
sufficient reserve strength capacity to ensure that the
chosen energy-dissipating mechanisms are maintained
throughout the deformations that may occur.

Columns or walls, including their joints and foundations,
which are part of a two-way horizontal force resisting
system, shall be designed for the concurrent effects
resulting from the simultaneous yielding of all beams or
diagonal braces framing into the column or wall from all
directions at the level under consideration and as
appropriate at other levels.

Ductile frames shall be capable of dissipating seismic
energy in a flexural mode at a significant number of beam
hinges, except that dissipation of seismic energy in
column hinges is permitted for buildings which comply
with clauses 2.307.13 and 2.307.14.

Non-ductile failure in beams shall be avoided. The yeild
capacities of beams shall be assessed for the actual
material quantities in the beam and any adjacent portions
of slabs that are likely to be strained simultaneously.

Failure of beam-column junction zones and the formation
of plastic hinges in beam-column junction zones shall be
avoided.

Non-ductile failure of columns shall be avoided. Columns
shall be designed to have adequate over-capacity to avoid
the formation of hinges and column hinge mechanisms,
except as permitted by clauses 2.307.13 and 2.307.14.
Column capacities shall be sufficient to allow for the
following:

(a) Inelastic effects leading to a distribution
of beam capacity moments into columns
different from the distribution derived from
elastic analysis;

(b) Column axial loads appropriate to the
simultaneous formation of beam hinges in
several storeys.
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In 'adequately redundant' structures the formation of a
column hinge because of bending moment and axial tension,
or bending moment and 1low axial compression, is
permissible proided the sear capacity of the column is
maintained. For the purposes of this clause a structure
may be considered 'adequately redundant' if for every
column with a potential plastic hinge at least three
other columns of the main horizontal load resisting
system, interconnected by a rigid diaphragm and within
the same storey height, can be shown to remain elastic
under the capacity design horizontal load.

In single or two-storey structures and in the top storey
of a multi-storey building, column hinge mechanisms are
permitted.

For ductile coupled shear walls, the requirements for
clause 2.307.17, regarding height to width ratio and
minimum width may be departed from provided the vertical
members are detailed as required for the columns of
ductile frames.

For ductile complex shear walls, the design shall be such
that the coupling beams yield before the walls do, and
the coupling beams shall be so proportioned as to
dissipate a significant proportion of seismic energy.

Ductile cantilever shear walls shall be suitably designed
and detailed to ensure that energy dissipation will be by
ductile flexural yielding and that the wall will not fail
prematurely in a non-ductile manner. The height to width
ratio shall not be less than Z, and the width shall no be
less than 5 feet, and any openings shall be such as not
to have a significant effect on the behaviour of the wall
under earthquake attack.

Shear walls not designed for ductile flexural yielding
but having the ability to dissipate a signifcant amount
of seismic energy shall be suitably detailed to ensure:

(a) Adequate confinement of concrete at potential hinges
to provide limited ductile flexural yielding, and

(b) That in walls, with height to width ratio less than
or equal to 2, under earthquake attack a distributed
system of cracking of controlled width will form so
as to preclude premature shear failure.

REINFORCED MASONRY AND CONCRETE - All elements within
structures located in Seismic Zones No. 2, No. 3 and No.
4 which are of masonry or concrete shall be reinforced so
as to qualify as reinforced masonry or concrete.
Principal reinforcement in masonry shall be spaced 2 feet
maximum on centre in buildings using a moment-resisting
space frame,

> ) )
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ANCHORAGE OF CONCRETE OR MASONRY WALLS - Concrete or
masonry walls shall be anchored to all floors and roofs
which provide lateral support for the wall. Such
anchorage shall provide a positive direct connection
capable of resisting the horizontal forces specified in'*
this chapter or a minimum force of 200 pounds per lineal
foot of wall, whichever is greater. Walls shall be
designed to resist bending between anchors where the
anchor spacing exceeds 4 feet. Required anchors in
masonry walls of. hollow units or cavity walls shall be
embedded in a reinforced grouted structural element of
the wall.

WOOD DIAPHRAGMING PROVIDING LATERAL SUPPORT FOR CONCRETE
AND MASONRY WALLS - Where wood diaphragms are used to
laterally support concrete or masonry walls, the
anchorage shall conform to clause 2.307.20. In Zones No.
2, No. 3 and No. 4, anchorage shall not be accomplished
by the use of toenails or nails subjected to withdrawals,
nor shall wood framing be used in cross-grain bending or
cross-grain tension.

PILE CAPS AND CAISSONS - Individual pile caps and
caissons of every building shall be interconnected by
ties, each of which can carry by tension and compression
a minimum horizontal force equal to 10 percent of the
larger pile cap or caisson loading, unless it can be
demonstrated that equivalent restraint can be provided by
other approved methods.

EXTERIOR ELEMENTS - Precast or prefabricated nonbearing,
non-sear wall panels or similar elements which are
attached to or enclose the exterior shall be designed to
resist the forces determined from Formula 10 in clause
2.305.15 and shall accomodate movements of the structure
resulting from lateral forces or temperature changes.
The concrete panels or other similar elements shall be
supported by means of cast—in—place concrete or
mechanical connections and Fasteners in accordance with
the following provisions:

Connections and panel joints shall allow for a
relative movement between storeys of not less than
two times storey drift caused by wind or (3.0/K)
times the calculated elastic storey displacement
caused by required seismic forces, of 1/2 inch,
whichever 1is greater. Connections to permit
movement in the plane of the panel for storey drift
shall be properly designed sliding connections using
slotted or oversized holes or may be connections
which permit movement by bending of steel or other
connections providing equivalent sliding and
ductility capacity.
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Bodies of connectors shall have sufficient ductility
and rotation capacity so as to preclude fracture of
the concrete of brittle failures at or near welds.
The body of the connector shall be desgined for
one-and-one-third times the force determined by
Formula 10 in clause 2.305.15. Fasteners attaching
the connector to the panel or the structure such as
bolts, 1inserts, welds, dowels etc., shall be
designed to insure ductile behaviour of the
connector or shall be designed for four times the
load determined from Formula 10.

Fasteners embedded in concrete shall be attached to
or hooked around reinforcing steel or otherwise
terminated so as to effectively transfer forces to
the reinforcing steel.

The value of the coefficient I shall be 1.0 for the
entire connector assembly in Formula 10.

)
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TABLE 2.305.1
Z VALUES

Territory

Jamaica

Antigua

St. Kitts-Nevis

Montserrat

Dominica

St. Lucia

St. Vincent

Grenada

Barbados

NW Trinidad

Rest of Trinidad

Tobago

Guyana Essequibo

Rest of Guyana

Belize - areas within 100 km of
southern border i.e.
including San Antonio
and Punta Gorda but
excluding Middlesex,
Pomona and Stann Crecil

- Rest of Belize

Z Value

.75
.75
.75
.75
.75
.75
.50
.50
.375
.75
.50
.50
.25
.00

75
.50
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TABLE 2.305.2
RECOMMENDED K FACTOR

A. VALVES FOR STEEL AND CONCRETE

Item Description K*
1 Ductile frames with an ade- 0.8
quate number of possible
plastic beam hinges
2 Ductile frames with an inade- 1.0
quate number of possible
plastic beam hinges
3 Ductile coupled shear walls 0.8
4 Two or more parallel and 1.0
approximately symmetrically
arranged cantilever shear walls
5 Single ductile cantilever shear 1.2
walls
6 Shear walls not designed for 1.6
ductile flexural yielding but
having the ability to dissipate
a significant amount of seismic
energy
7 Buildings with diagonal bracing
capable of plastic deformation
in tension only
a) Single storey 2.0
b) Two or three storeys 2.5 or
by special study
c) More than three storeys by special study
8 a) Buildings in which part of 1.6 or
the horizontal load is by special study
resisted by item 7 bracing
and part by an item 1 or
item 2 frame
8 b) Buildings with diagonal 1.6 or
bracing capable of plastic by special study
deformation in both tension
and compression
9 Small tanks on the ground 2.0
For steel these values to be multiplied by 0.8
For prestressed concrete these values to be multiplied by 1.2
For reinforced masonry these values to be multiplied by 1.2

)
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TABLE 2.305.2 (continued)

B. VALUES FOR TIMBER

Description

Bl

B2

B3

Shear walls or diaphragm

(a) Ductile

(b) Ductile and stiffened
with elastomeric adhesive

(c) Limited ductility fixed
with elastomeric adhesive

Moment resisting frames

(a) Ductile with an adequate
number of possible plastic
beam hinges

(b) Ductile with an inadequate
number of possible plastic
beam hinges

(c) As for item B2(a) but with
connections of limited
ductility

(d) As for item B2(b) but with
connections of limited
ductility

(e) Non-ductile

Diagonally braced with timber
members capable of acting as
struts or ties:

(a) With ductile end connections
(b) With end connections having
limited ductility

1.2

1.5

1.5

1.7,

2.4
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TABLE 2.305.3

HORIZUNTAL FORCE FACTOR "Cp" FOR ELEMENTS OF STRUCTURES

Horizontal
Direction of Value of

Part or Portion of Buildings Force Cp (1)
Cantilevered Elements Normal to
a. Parapets flat surfaces

.8
b. Chimneys of stacks Any direction
All other walls, partitions and Any direction .3
similar elements
Exterior and interior ornamentations Any direction .8
and appendages
When connected to, part of, or Any direction .3(2)(4)
housed within a building:
a. Penthouses, anchorage and supports

for tenks including contents,
chimneys and stacks

b. Storage racks plus contents
c. Suspended ceilings (3)
d. All equipment or machinery
Connections for prefabricated ' Any direction .3(4)

structural elements other than
walls, with force applied at
center of gravity of assembly

(1) Cp for elements laterally self supported only at ground level
may be 2/3 of the value shown.

(2)

(3)

(4)

For flexible and flexibly mounted equipment and machinery, the
appropriate values of Cp shall be determined with consideration
given to both the dynamic properties of the equipment and
machinery and to the building or structure in which it is placed
but shall not be less than the listed values. The design of the
equipment and machinery and their anchorage is an integral part
of the design and specification of such equipment and machinery.

For Essential Facilities and life safety systems, the design and
detailing of equipment which must remain in place and be

functional following a major earthquake shall consider the
effect of drift.

Ceiling weight shall include all light fixtures and other
equipment or partitions which are laterally supported by the

ceiling.

For purposes of determining the lateral force, a

ceiling weight of not less than 4 pounds per sguare foot shall

be used.

The force shall be resisted by positive anchorage and not by

friction.
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Reference Publications

This Code refers to the following publications:

l.

"Recommended Lateral Force Requirements and Commentary" of
the Structural Engineers Association of California. Latest
Edition (SEAOC). :

Uniform Building Code. Latest Edition.

Tentative Provisions for the Development of Seismic
Regulations for Buildings. Applied Technology Council
(ATC) Publications ATC3-06 NBS-SP-510.

Code of Practice for the Design of Concrete Structures.
Standards Association of New Zealand NZS 3101. Part 1,
1982.

NZ5 4203: 1976 - Code of Practice for general Structural
Design and Design loadings for buildings. Standards
Association of New Zealand.
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FACTORS FOR CONVERTING IMPERIAL

LENGTH

Feet (ft) x 0.3048*

Inches (in) x 0.0254*

Miles (mi) x 1609.34

Miles (mi) x 1.60934

Nautical Miles x 1852.0*
~ Yards (yd) x 0.9144*

AREA

Feet? (Ft2) x 0.0929030
Acreszx 4046 .86
Miles® (mi®) x 2.58999

VOLUME

Feetg (ft;) x 0.02831685
Feet 3(f‘t g x 28.31685
Yards”™ (yd”) x 0.764555
Acre feet x 1233.48
Gallons (gal) x 0.00454609
Gallons (gal) x 4.54609

VELOCITY

Feet per second (ft/s) x 0.3048%
Miles per hour (mi/hr) x 0.44704*
Miles per hour (mi/hr) x 1.60934
Knots x 0.514444

Knots x 1.852*%

DISCHARGE

Feet® per second (Ft>/s) x 0.02831685

Millions of gallons per day (mgd)
x 0.0526167
Acre-feet per day x 0.0142764
Gallons per minute (gal/min)
x 0.0000757680

FORCE

Pounds (1b) x 0.453592
Pounds (1lb) x 453.592

Pounds (lb) x 4.44822

Tons x 0.907185

UNITS TO SI UNITS

Meters (m)
Meters (m)
Meters (m)
Kilometers (km)
Meters (m)
Meters (m)

Metersé (mg)
Meters® (m3)

Kilometers (ka)

Meters’ (m3)
Liters** 3
MetersB(m %
Meters (m3)
Meters” (m”)
Liters**

Meters per second (m/s)
Meters per second (m/s)
Kilometers per hour (km/hr)
Meters per second (m/s)
Kilometers per hour (km/hr)

Meters- per second (mj/s)

Metersi per second (m;/s)
Meters”’ per second (m”/s)

Meters® per second (m3/s)

Kilogyrams force (kgf)
Grams (g)

Newtons** (N)

Metric tons**
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PRESSURE

Newtons per meter? (N/m?)
Kilogrims force per meter
(kgf/m“) 2 2

Newtons per meter” (N/m~)

Pounds per Footg (lb/th) x 47.8803
Pounds per foot® (lb/ft“) x 4.88243

Pounds per inch% (lb/in%) X 6894.76
Pounds per inch® (lb/in®)

0.00689476 x 10

Newtogs per millimeter2
(N/mm*)
Megapascal (MPa)

Pounds per inch? (1b/in?) x 703.070 Killogpams force per meter
(kgf/m") 2 2
Millibars (mb) x 100.0% = Newtons per meter” (N/m“)
UNIT WEIGHT
Pounds per Foot} (lb/ft;) x 157.0876 = Newtons per meter” (N/mj)3
Pounds per foot” (1lb/ft”) x 16.0185 = Kilogrgms force per meter
3 3 (kgf/m”) 3 3
Pounds per foot” (lb/ft”) x 0.0160185 = Grams per centimeter’ (g/cm’)

MASS AND DENSITY

Slugs x 14.593; Kilograms (kg)

Slugs per foot” x 515.379 = Kilograms per meter3 (kg/m3)
VISCOSITY
Pound-seconds per foot? (lb-s/ftz) or 2
slugs per foot second x 47.8803 = Newton seconds per meter
2 2 (Ns/m" Jx* 2
Feet® per second (ft“/s) x 0.092903 = Meters® per second (m“/s)

*  Exact values 3

** Liters x 1000.0 = cemtigeters
Liters x 0.001 = meters
Metric tons x 1000.0 = kilograms force
Kilograms force x 9.80665 = newtons’
Newtons x 100,000.0 = dypes
Newton seconds per meter® x 0.1 = poises
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Prefix
(abbreviation)

Mega- (M)
Kilo- (k)
Hecto- (h)
Deka- (da)
Deci- (d)
Centi-~ (c)
Milli- (m)

Micro- (/,D

SI PREFIXES AND MEANINGS

Meaning

1,000,000.
1,000.
100.
10.
0.1
0.01
0.001
0.000001
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FOREWORD

In developing this Section 4 on "Requirements for Masonry Building
Design and Construction", a decision was made that earlier
contributions by Caribbean engineers towards the development of
CUBiC would be improved and incorporated.

"Tentative Recommendations for Design and Construction of Load
Bearing Concrete Blockwork", 1975, produced by the Jamaica
Institution of Engineers for the Council of Caribbean Engineering
Organisations, was used as the basis of Section 4A. This Section
deals with concrete blockwork subjected to moderate to heavy working
stresses in areas of moderate to low seismicity. However, although
it is proposed for use with Part 2 Section 3 - "Earthquake Loads"
for earthquake resistant design, it does not include recommendations
for construction standards to cover other ranges of seismicities.

"Tentative Provisions for the Development of Seismic Regulations for
Buildings: (ATC-3) published by Applied Technology Council, U.S.A.,
was used as the basis for Section 4B, which provides a rational
method of varying earthquake resistant provisions in buildings, in
accordance with the varying seismicities of different countries in
the region. This latter document represents the latest Code
recommendations on the subject in the U.S5.A. and it has therefore
not yet gained universal acceptance in that country. Its
methodology was selected for Section 4 because it proved to be
uniquely appropriate for masonry design in the scattered islands of
the Caribbean.

The results of '"shaking table" studies done at the University of
California, and Guidelines for One Storey Masonry Houses in Seismic
Zone 2 by ATC have encouraged the appeal by the region's engineers
and housing officials, to reduce the minimum percentages of
reinforcement recommended by Codes. Section 4C has used this work,
along with subsequent Caribbean adaptations, to present recommenda-
tions for single storey reinforced masonry buildings, with light
roofs and for other buildings in areas of low seismicity. Variuous
other types of traditional construction, particularly those using
indigenous materials, are dealt with in Appendix 1 which permits the
user to bypass the more complex Sections, 4A and 4B entirely, for
appropriate categories of buildings. Model Regulations for Small
Buildings in Earthquake and Hurricane areas by the Building Research
Station, UK have been used as a basis for this aspect.

Acknowledgement is made of many other reference sources which are
listed in Appendix 3.
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SCOPE AND GUIDE TO USE OF SECTION 4

These provisions for the Design of Concrete Masonry are divided into
the following:

Section 4A
Section 4B
Section 4C
Appendix 1

The various sections are used for different seismic performance
categories* of buildings as follows:

SECTION 4A - provides basic design requirements which are considered
appropriate for masonry subjected to moderate to heavy working
stresses in areas of low to moderate seismicity. It is specifically
recommended for use in designing buildings:

(a) Over 10.5 m high in Seismic Performance category A.

(b) In category B, provided that the special material and
construction limitations in sub-section 2.426 Section
4B are considered.

The Section is appropriate for design for allowable stresses,
assuming elastic behaviour, and using seismic forces derived from
the recommendations of Part 2 Section 3 for earthquake considera-
tions.

Alternatively, where ultimate loads are considered (e.g. factored
Part 2, Section 3 loads or loads derived from Section 4B), Strength
Design Methods, may be used, with ﬂ factors as set out in Section
4B.

SECTION 4B - provides additional requirements for buildings in
seismic categories B, C and D over and above those of Section 4B.

¢ factors are given for strength design and material strengths are
based on 2.5 times the allowable stresses set out in Section 4A.

SECTION 4C - gives requirements for:
(a) single storey buildings with light roofs in all
territories (i.e. seismic performances categories A

to C) except for the case of essential facilities.

(b) buildings up to 10.6 m high in seismic performance
category A (i.e. areas of low seismicity).

TABLE 2.4.1 - Illustrates the applicability of the Sections after
the initial determinations of seismic performance categories.

* For derivation see sub-section 2.424 Section 4B
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APPENDIX 1 - gives brief guidance for walls other than hollow unit
masonry e.g. brick, stone.

TABLE 2.4.1
SECTIONS OF THIS MASONRY CODE TO BE USED FOR DESIGN
OF DIFFERENT CATEGORIES OF BUILDINGS

Seismic Seismic Seismic
Performance Performance Performance
Category A Category B Category C
Other Other
All Bldgs* Bldgs* Bldgs* Bldgs Bldgs* Bldgs
under over Single under over |Single under over
10.64m 10.64m [ Storey 10.64m 10.64 | Storey 10.64m 10.64m
Hollow Units:
Structural 4C 4A 4C 4A 4B 4C 4B 4B
Non-Struc-
tural 4C 4C 4C 4c 4A 4C 4C 4A
Other Masonry APPENDIX I

* Note that the Sections named provide the main basis for design in
each case but that especially in the case of 4A and 4B some cross
referencing is inevitable.
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NUMBERING SYSTEM

For this part of the Code, the numbering system is as follows:

The first number indicates the Part of the Code, the first digit in
the second number indicates the Section in the Part, the second and
third digits in the second number indicate the sub-section in the
Section, and the third number indicates the Article 1in the
sub-section. These are illustrated as follows:

2 Part 2

2.500 Part 2, Section 5

2.506 Part 2, Section 5, sub-section 6

2.506.3 Part 2, Section 5, sub-section 6, Article 3
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PART 1

PART 2

PART 3

PART 4

PART 5

ARRANGEMENT OF SECTIONS

CARIBBEAN UNIFORM BUILDING CODE

ADMINISTRATION OF THE CODE

STRUCTURAL DESIGN REQUIREMENTS

~ Section 1 Dead Load and Gravity Live Load
Section 2 Wind Load
Section 3 Earthquake Load
Section 4 Block Masonry
Section 5 Foundations (not included)
Section 6 Reinforced and Pre-stressed Concrete
Section 7 Structural Steel
Section 8 Structural Timber

OCCUPANCY, FIRE SAFETY AND PUBLIC HEALTH REQUIREMENTS

Section 1 Occupancy and Construction Classification

Section 2 General Building Limitations

Section 3 Special Use and Occupancy Requirements

Section 4 Light, Ventilation and Sound Transmission
Controls v

Section 5 Means of Egress

Section 6 Fire-resistive Construction Requirements

Section 7 Fire Protection Systems

Section 8 Safety Requirements During Building

Construction and Signs

SERVICES, EQUIPMENT AND SYSTEMS (not included)

Section 1 Chimneys, Flues and Vent Pipes

Section 2 Electrical Wiring and Equipment

Section 3 Elevators, Escalators, Dumbwaiters and
Conveyor Equipment (Installation and
Maintenance)

Section 4 Plumbing and Drainage Systems -/

Section 5 Energy Conservation

SMALL BUILDINGS AND PRE-FABRICATED CONSTRUCTION (not
included) ‘

Section 1 Small Buildings (Single and 2 storey) J
Section 2 Pre-fabricated Construction
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DEFINITIONS

The following definitions provide the meaning of terms used in this
Section 4.

Area, Gross Cross-sectional - The total area face-to face of masonry
including cells or cavities of a section perpendicular to the
vertical direction of loading.

Area, Net Bedded - The actual area of masonry units that bear on
the mortar bed with deductions for rakes and similar joint
treatments. In grouted construction the continuous vertical filled
grout cores or grout spaces are included.

Area, Net Cross-sectional of Hollow Unit - The gross cross-section
area of a section minus the average area of ungrouted cores or
cellular and other spaces.

Area, Net Vertical Shear - The minimum gross cross-sectional area of
a plane of hollow units less their ungrouted cores or the mortar
contact areas at head joints, whichever is less.

Blocks (Hollow) - A block with cavities passing through the block so
that the remaining solid material is between 50% and 75% of the
total volume of the blocks based on overall dimensions. Blocks for
use in load-bearing walls shall have a proportion of solid material
between 50% and 60%.

Bond, Running - When in a wythe, at least 75% of the units in any
transverse vertical plane lap the ends of the units above and below
a distance not less than 40 mm or one-half the height of the units.
whichever is greater; the wythe, for the purpose of this document,
shall be considered to be laid in running bond. (Note that for the
purpose of this definition center bond or half bond is not
necessarily required to obtain running bond). Where corners and
wall intersections are constructed in a similar fashion, they shall
be considered to be laid in running bond.

Bond, Stacked - All conditions of head joints not qualifying as
running bond and all continous vertical joints (excepting true
Joints such as expansion and contraction joints) shall be considered
to be stacked bond construction.

Dimensions - Qverall dimensions for masonry units and walls are
nominal; actual dimensions of unit masonry may not be decreased by
more than 40 mm from the nominal dimensions of grout spaces,
clearances and cover given are actual.

Effective Eccentricity - The actual eccentricity of the applied
vertical load including that caused by member deflections and
thermal or other movements of connected members plus the additional
eccentricity which would produce a moment equal in magnitude to that
produced by lateral loads.



Effective Peak Acceleration (Aa) - A value related to anticipated
ground motion

Importance Factor - A factor which depends on the essential nature
of the facility for post earthquake recovery, or the likely number
or relative mobility of its occupants.

Joint Bed - The horizontal layer or mortar on or in which a masonry
unit is laid.

Joint Head - The vertical mortar joint between ends of masonry
units.

Joint Shoved - Produced by placing a masonry unit on a mortar bed
and then immediately shoving it a fraction to effect solid, tight
joints.

Load Bearing - Synonymous with Structural.

Masonry Unit - Block conforming to the requirement specified in this
Section.

Non-load Bearing - Synonymous with Non-structural.

Non-structural - This term refers to components or systems which do
not serve in providing resistance to loads or forces other than
induced by their own weight. Walls that enclose a building or
structure's interior are structural components.

Partially Reinforced Masonry - Masonry construction conforming to
Section 4C and other applicable provisions of this Section.

Reinforced Masonry - Grouted masonry construction conforming to
Section 4B of these requirements.

Reinforcement Ratio -~ This is the ratio of the areas of reinforce-
ment to the gross cross-sectional area of the masonry perpendicular
to the reinforcement.

Seismic Performance Category - Categories ascribed to building by
use of the letters A,B,C, and D and derived from the importance
factor assigned to the building and the effective Peak Acceleration
assigned to the ground on which the building is sited.

Shear Wall - Is a vertical component resisting lateral forces by
in-lane shear and flexure. Nominally all load bearing walls in
masonry buildings shall also be checked for the effect of induced
lateral loads.

Structural - This term refers to a system or component which serves
in providing resistance to loads or forces other than induced by the
weight of the element itself. All portions of the seismic resisting
system are structural, but not all structural components need be
part of the seismic resisting system. Bracing components, bracing
systems, and all walls that enclose a building or structure's
exterior are structural elements.

{ AR T T T
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SYMBOLS AND NOTATIONS

A
a

cc

effective peak acceleration

area of concrete in compression

coefficient representing effective peak velocity-

related acceleration

width or thickness of wall
deflection amplification factor
seismic design coefficient

depth or length of wall

storey distance in feet
eccentricity

applied axial compressive stress
allowable compressive stress
applied flexural stress

allowable flexural stress

combined maximum compressive stress due to
load and bending

ultimate compressive strength value
seismic force

permissible tensile stress in steel
lateral seismic shear force

height

importance factor

coefficient

kilogram

overall length of building

metre (square metre, cubic metre)
millilitre

millimetre (square millimetre)
Newton

load

total deflection

response modification factor

site coefficient

axial



PXDXDDIDDDI DD DD RN DD DD I DD DD RN Y DYDY DD DYDY ) )

spacing of stirrups
fundamental period of building
thickness of wall
capacity reduction factor
stability coefficient
shear load

seismic shear force

shear stress

total gravity load

zone factor

design storey drift

allowable storey drift
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PART 2
STRUCTURAL DESIGN REQUIREMENTS

SECTION 4A
GENERAL REQUIREMENTS FOR BLOCK MASONRY
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2.400
2.401

2.401.1

2.401.2

2.401.3

2.401.4

2.401.5

2.402

2.402.1

2.402.2

1

PART 2
SECTION 4A

BLOCK MASONRY - GENERAL
Background to Section 4A

Section 4A is the basic Section around which the provi-
sions for hollow unit masonry are developed.

It is appropriate for blockwork subjected to moderate to
heavy working stresses or in areas of low to moderate
seismicity, e.g. low buildings in Seismic Performance
Category C, or multi-storey construction for buildings in
Seismic Performance Category A.

It represents typical construction practices in the
region and is largely based on work done by the Jamaica
Institution of Engineers in 1974, ratified by the Council
of Caribbean Engineering Organisation in 1975, for
inclusion in the then proposed Caribbean Uniform Building
Code.

Areas not covered in that document were:

(a) Detailed provisions for seismic design. Reference
was made to the SEAOC Code* which makes no provision
for varying construction quality with seismicity or
performance category.

(b) Special reduced provisions for lightly stressed
walls (e.g. single-storey masonry buildings), which
are widely used in the 'region for low cost
residential construction.

Section 4A provides for general requirements for
materials and for designs for gravity loads whereas
Sections 4B and 4C deal with items (a) and (b) above
respectively.

Scope

These requirements in Section 4A cover the use of hollow
concrete blocks from Portland Cement, water and natural
aggregates and used in loadbearing walls. Reference must
be made to Section 4B for additional seismic requirements
for seismic performance category B-D and buildings over
10.5 metres high in seismic performance Category A.

Sections 4A and 4B may be by-passed completely for
buildings or elements falling in the categories assigned
to Section 4C as indicated in Table 2.4.1

SEAQOC Code - Recommended Lateral Force Requirements by
Structural Engineers Association of California.



2.403

2.403.1

2.403.2

2.403.3

2.403.4

2.403.5

2.403.6

2.403.7

2.403.8

2.403.9

Block Units

DIMENSIONS AND TOLERANCES - Concrete blocks shall be
standard nominal sizes 400 mm long x 200 mm high.

Standard nominal thickness shall be 100 mm, 150 mm or 200
mm. Tolerances shall be + 3 mm.

Other sizes of blocks may be used provided that they
conform with one of the standards listed in this clause.

CAVITIES - Blocks shall be 2 hole pattern and shall have
a net cross-sectionsl area not less than 50 percent and
not greater than 60 percent of the gross section.
Minimum face shell and web thickness shall be 25 mm.

Where open-ended units are used, minimum web thickness
shall be 35 mm.

MANUFACTURE AND PHYSICAL REQUIREMENTS - blocks used for
construction in accordance with this section shall be
hollow concrete blocks. Sizes, manufacture and physical
requirements of hollow concrete blocks shall be in
accordance with one of the following Standards:

a) J5.35:1975 Jamaican Standard Specification for
Standard Hollow Concrete Blocks - Jamaica Bureau of
Standards.

b) ASTM C90 - Hollow Load Bearing Concrete Masonry
Units.

c) ASTM Cl40 - Method of Test for Concrete Masonry
Units. (American Society for Testing and
Materials).

d) BS 2028, 1362:1968 - British Standard for Precast
Concrete Blocks.

e) The corresponding local standard for the relevant
Caribbean country.

The manufacturer shall state the standard to which blocks
are supplied, but in any case, special requirements
stated in this section shall teke precedence over the
above listed standards.

ABSORPTION - Maximum absorption of water shall not exceed
208 kg/m” of normal weight concrete for Grade A blocks
when tested in accordance with ASTM C140.

DRYING SHRINKAGE - Concrete masonry units wused for
structural purposes shall have a maximum linear shrinkage
of 0.065 percent from the saturated to the oven-dry
condition.

) )Y )y )y ) ))
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2.403.10

2.403.11

Block Type

3

COMPRESSION TEST - Test for compression strength of
blocks shall be made with cells vetical and shall be made
at 28 days in accordance with teh corresponding standard
listed at clause 2.403.11. Stress at failure is based on
gross area of section of the specimen. For consignments
of over 10,000 blocks, a test shall be carried out for
every 10,000 blocks or part thereof. The size of sample
for each test shall conform with the applicable material
standard but shall in no case be less than 10 randomly
selected blocks. For consignments of less than 10,000
blocks, a test shall be carried out for each 5,000 blocks
or part thereof. In this latter case, each test shall
consist of 5 blocks.

Listed below in Table 2.403.1 - are some suggested
designations and required strengths for hollow load-
bearing concrete masonry units.

TABLE 2.403.1
SUGGESTED STRENGTHS FOR HOLLOW
CONCRETE MASONRY UNITS

Minimum Compressive Strengths
on Gross Cross Sectional Area-N/mm

Designation* Average of Lowest Individual

10 Blocks Block

A (14)

14 11

A (10.5) 10.5 8.4

A (7)

B (5)

7 5.6

4.9 4.2

* Grade A
Grade B

2.403.12

2.404

2.404.1

- For general use exterior and interior load bearing and
non-load-bearing purposes.
- For general use non-load-bearing purposes only.

MOISTURE CONTENT ON DELIVERY - Moisture content of blocks
on delivery to site shall not exceed 35 percent of the
maximum absorption specified in this clause.

Mortar

MIXES AND STRENGTHS - Mortar for block joints shall be
proportioned with parts by volume of cement:lime:sand, as
follows.
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TABLE 2.404.1
MORTAR MIXES

Minimum Compressive
Strength on 50 mm
Cubei at 28 Days

Block Type Mortar Mix N/mm

A 14 1:0:3 22.4
A 10.5 1:0-1/2:3 16.8
A7 1:0-1/2:4 11.2
B 1:0-1/2:6 -

In each case, the lime fraction is optional. Where ordinary cement
with a plasticiser is used, the lime fraction of the mix shall be

omitted. Mortar shall otherwise be in accordance with ASTM476.

2.404.2 MATERIAL STANDARD FOR MORTAR AND IN-FILL - Material
standards for cement, lime and fine aggregate for mortar
and concrete in-fill shall be from the following clauses
as applicable.

2.405 Concrete In-fill Cavities

2.405.1 NORMAL CONCRETE IN-FILL - Concrete for filling block
cavities shall be a nominal mix of parts by volume of
cement: fine aggregate: coarse aggregate or of
compressive strength as shown in Table 2.405.1.

TABLE 2.405.1
PROPERTIES OF CONCRETE IN-FILL
Minimum Compressive Concrete
Strength on 150 mm Mix for
Cube§ at 28 Days Cavity
Block Type N/mm In-fill
A (7) 15.8 1:3:6*
A (10.5) 21 1:2:4%
A (14) 21 1:2:4*

2.405.2 Maximum aggregate size shall be 19 mm but in no case
greater than one-quarter times the minimum dimension of
the cavity.

2.405.3 Water cement ratio may exceed conventional ratios for
normal concrete provided that slumps specified in clause
2.405.9 are not exceeded.

¥*

Where in-fill height exceeds 600 mm, coarse grout shall
be used.



A N T T

2.405.4

2.405.5

2.405.6

2.405.7

2.405.8

2.405.9

2.406

2.406.1

2.407

2.407.1

2.408

2.408.1

2.408.2
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Material standards shall be as listed in this sub-
section. Alternative in-fill concrete may be propor-
tioned in accordance with the rules in Part 2 Section 6
for normal reinforced concrete provided that the required
strengths are achieved.

COARSE GROUT - When aggregates are selected in accordance
with ASTM C404 the following shall govern:

For in-fill coarse grout, to be used where, the filled
cavity is not less than 76 mm in width and 70 sq. cm. in
area.

For grout space between multi-wythe construction, the
minimum space must be 50 mm between wythes.

Coarse grout in-fill shall be composed by volume of one
part, to which may be added not more than 1/10 part
hydrated lime, two to three parts sand and one to two
parts gravel. Larger proportions of gravel may be used
in larger grout spaces.

Grout shall have a consistency to fill all spaces
considering the method of consolidation but slumps shall
be between 115 mm and 230 mm.

Reinforcing Steel

Reinforcing steel shall be steel to any of the following
standards.

American Standard for Testing and Materials - ASTM A615

American Standard for Testing and Materials - ASTM A616
American Standard for Testing and Materials - ASTM A617
American Standard for Testing and Materials - ASTM A706
British Standards Institution - BS 4449
Jamaica Bureau of Standards - JS:33/1974

Water

Water for mixing concrete or mortar shall be from the
mains and otherwise shall be clean and free from
injurious amounts of oil, acid, alkali, organic matter or
other harmful substances.

Storage and Protection

STACKING OF BLOCKS - Blocks shall be stacked and stored
in a dry place which is not in contact with dirt.

Exposed stacks shall be covered from rain by protective
material to prevent increase in moisture content.
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2.409.1

2.409.2

2.409.3

2.409.4

2.409.5

2.409.6

2.409.7

2.409.8
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STORAGE OF OTHER MATERIALS - Cement and lime shall be
stored at least 150 mm above ground in a dry place and

under cover at all times. Aggregate shall be piled on a
clean, hard surface.

Construction

LAYING AND BOND - Blocks shall be laid with mortar across
all webs and face shells and in vertical joints. Blocks
shall generally be laid in stretcher or running bond.

In special cases where stack bond is used in load-bearing
walls special horizontal reinforcement is required as
defined in clause 2.416.9. All defined load-bearing
walls shall intersect and end on poured reinforced
concrete stiffeners except as indicated below. Stiffener
columns at the intersection and ends of load-bearing
walls may be omitted for the conditions set out in
sub~-section 2.413.

Inclusive of the provision at ends and intersections,
wall panels shall be provided with concrete stiffener
columns and belt beams as specified in sub-sections 2.413
and 2.414 Section 4A of these recommendations with
exceptions as stated.

Half-blocks shall be provided at junctions with stiff-
eners to complete bond courses.

Alternatively, blocks shall be cut to a neat vertical
line such as that made by a mechanical saw. Where blocks
are cut, at least two webs shall be left intact.

RATE OF CONSTRUCTION - Units shall be placed while mortar
is still soft and plastic. Mortar shall be discarded if
not used before lapse of the following times.

Where cement:lime ratio is 2.0 or less - 2 hrs.
Where cement:lime ratio is greater than 2.0 - 1 hr.

The minimum period which shall elapse before loads other
than own-weight loads are applied to a newly constructed
blockwall shall be determined from the design loading
conditions. This shall in no case be less than four
days.

INSERTION OF REINFORCING BARS - Blocks shall be 'strung
over verical reinforcing bars in place, or bars shall be
inserted into the cavities of blocks ensuring adequate
lap. Alternatively, where precast open-ended blocks are
used or where end webs are provided with '"knock-out"
recesses, head joints shall be fully grouted.
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2.409.16

2.409.17
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SEALING UNFILLED CAVITIES - Precautions shall be taken to
seal specified unfilled cavities to prevent loss of
concrete from belt beams during casting.

CASTING STIFFENER COLUMNS AND BELT BEAMS - Stiffener
columns and belt beams shall be cast after adjacent
blockwalls have been built up to beam level. Stiffener
columns shall be poured and vibrated in 1lifts not
exceeding 1.8 m. If necessary, openings shall be
provided in full height forms to facilitate this.

The concrete in belt beams shall be placed to bond to the
masonry units and shall not be separated there from by
wood, felt or any other material which may prevent bond.

REINFORCEMENT - Reinforcement shall be established in
accordance with Section 4B - Design. Laps and anchorage
to bars shall be in accordance with sub-section 2.412
Section 4A.

Bars shall be continous through, or fully anchored in
belt beams and stiffener columns where they intersect
with these members. Bars shall be free of rust, grease,
dirt, bhardened grout and other deleterious substances
prior to casting.

CASTING OF FOUNDATION CONCRETE - All walls shall be
provided with foundations and starter bars shall be
embedded therein. Size and depth of foundations shall be
as designed to restrict ground pressures to safe values
and to restrict settlement to acceptable limits.

Top of foundations shall be kept clean and free of loose
concrete and deleterious substances prior to commencement
of erection of blockwalls.

Top of foundation concrete shall be finished with at
least 3 mm amplitude to provide bond with first course.

CONCRETING CAVITIES - Concreting of block cavities shall
proceed at intervals not exceeding 600 mm height, or
three courses, whichever is greater. Concrete poured in
these cavities shall be thoroughly rammed and consoli-
dated using a 16 mm diameter rod or similar device. FEach
lift shall be terminated at least 12 mm below the top of
the block to ensure a lateral key. Where "coarse grout"
as defined by sub-section 2.404 is wused "low-lift"
grouting to a maximum height of 1.3 m is acceptable.
"High-1ift" grouting exceeding the above heights may be
used in accordance with ATC-3*, provided that concrete
mix proportions and aggregate size are varied accordingly
to the approval of the Regulatory Authority.

Applied Technology Council ATC-3.06 - Seismie Regulations
for Buildings. .
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MORTAR JOINTS - Mortar joint thickness shall be 10 mm.
Tolerance shall be 3 mm subject to a minimum thickness
equal to the diameter of any horizontal reinforcement.

MINIMUM LINTEL SEATING - Lintel seating in blockwalls
shall be a minimum of 200 mm.

REINFORCEMENT AROUND OPENINGS - Where no reinforced
concrete stiffeners are adjacent to openings, block
cavities adjoining these openings shall be provided with
a vertical bar of 12 mm minimum diameter and the cavities
shall be filled with concrete.

A minimum of 12 mm diameter horizontal bar or equivalent
area of smaller bars shall be provided in the mortar
Jjoint adjacent to the sill for all openings and shall
extend not less than 600 mm beyond the edge of the
opening. 12 mm diameter bar shall be permitted where
bond beams are used or where the bed surface of webs are
provided with an appropriate recess.

TEMPORARY BRACING TO HIGH WALLS - Under high wind
conditions, concrete block walls shall be adequately
braced against overturning.

Under normal conditions up to wind speeds of say 50
kilometres per hour, the unbraced heights of walls
exposed to wind pressure during construction shall not
exceed the following:

For 200 mm walls - 4 m
For 150 mm walls - 2.5 m
For 100 mm walls - 1 m

EMBEDDED PIPES AND CONDUIT - For the quality of
blockwalls covered by these recommendations, no
horizontal or diagonal chases for pipes and conduits
shall be permitted without the approval of the Engineer.

Any vertical pipes or conduits to be inserted, shall
preferably be 1installed within the wall during
construction, thus avoiding any cutting or damage to wall
material.

In unavoidable circumstances, vertical chases may be cut
for pipes or conduits not exceeding 12 mm in diameter,

provided that:

a) The maximum dimension of the chase does not exceed
40 mm,

b) Minimum concrete cover to pipes or conduit is 12 mm.

)
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c) Where a chase is cut into the face shell of an
unfilled cavity, the pipe or conduit shall be
inserted into the cavity and the cavity filled with
concrete.

Field Testing

FIELD TEST FOR CONCRETE IN-FILL TO CAVITIES - Tests for
compressive strength of concrete in-fill shall be carried
out as follows:

Each test sample shall consist of three 150 mm cubes
taken from a representative batch of the in-fill
concrete. Sampling and testing of these cubes shall be
in accordance with BS 1881. At least one test shall be
made for each 450 sq. m. or wall or part thereof or for
each storey height.

For each test, the average compressive strength of the
three cubes shall not be less than the average
compressive strengths specified in sub-section 2.405
Section 4A, of these recommendations.

In addition, the lowest individual strength result shall
not be more than 20% below the average value.

FIELD TEST FOR MORTAR - Tests for compressive strength of
mortar shall be carried out as follows:

Each test sample shall consist of three 50 mm cubes taken
from a representative batch of the mortar.

Sampling and testing of the mortar shall be in accordance
with Tentative Specifications for Mortar for Unit Masonry
ASTM C270. At least one test shall be made for each 450
sg. m of wall or part thereof or for each storey height.

For each test, the average compressive strength of the
three cubes shall not be 1less than the minimum
compressive strengths specified in sub-section 2.404
Section 4A of these recommendations. In addition, the
lowest individual strength result shall not be more than
20% below the average value.

PRISM TEST
a) Number of Specimens:

Testing shall include tests in advance of beginning
operations and at least one field test during construc-
tion for each 450 sq. m of wall area. Each prism test
shall consist of at least three specimens.
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b) Size of Specimen:

The thickness of a specimen shall be the same as the
thickness of the wall in the structure. The length of a
specimen shall be equal to or greater than the thickness.
The height of a speciment shall be at least twice the
thickness of the specimen and a minimum of 380 mm. (See
Fig. 2.410.1). Prisms shall preferably be 3 units high
with two mortar joints but shall in any case be a minimum
of two units high.

FIGURE 2.410.1
PRISM TEST SPECIMEN

c) Construction of Specimen:

Each test specimen shall be built by the masonry
contractor using the materials and workmanship to be used
in the structure. The workmanship to be used in the
structure for the mortar bedding, the thickness and
tooling of joints, the grouting, the condition of the
units and the bonding arrangement shall be included in
the specimen.

Where walls are to be single wythe using units 250 mm or
more in length, the specimen shall be built in stacked
bond.

Where specimens are made during construction, they shall
be built at the job site by the masons in a place where
they will not be disturbed for 48 hours and subjected to
air conditions similar to that in the masonry structure.

d) Handling and Curing Conditions:

After 48 hours, each specimen built at the job site shall
have a 20 mm plywood board the same size as the specimen
placed top and bottom and tightly wrapped with 2 wire
ties to keep the joints from being distrubed and then be
transported under the direction of the testing laboratory
to the curing room.

)
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e) Capping and Testing:

Each specimen shall be capped and tested in compression
in accordance with the applicable procedure set forth in
ASTM Cl40.

f)  Caleculating Test Results:

The value of f ' shall be the average of all specimens
tested but shall not be more than 125 percent of the
value of the lowest individual test specimen. The value
of f ' shall be computed by dividing the ultimate load by
the ‘net cross-sectional area of the specimen. The net
area in this case shall include concrete in-fill
portions, only where the specimen is grouted to represent
cases where all cavities in the finished wall are to be
solidly grouted.

Prism correction factors for height of prism shall be as
follows:

Ratio of h/d

1.5
Correction Factor 0.8

6

Loads

Structures shall be designed for the most severe
combination of dead, live and wind or earthquake loads.

a) Dead and Live Loads:

Dead and live loads shall be determined in accordance
with Part 2 Section 1 of this Code.

b) Wind Loads:

Wind loads shall be determined in accordance with: Part
2 Section 2 of this Code.

c) Earthquake Loads:

Earthquake loads shall be determined in accordance with:
Section 4B sub-sections 2.431 through 2.438 of this Code.

Minimum Wall Thicknesses and Reinforcement
Walls shall be designed to meet the stress restrictions
set out hereafter but in any case shall meet the

following additional requirements.

MINIMUM WALL THICKNESS - Exterior walls and fire walls
shall be a minimum of 150 mm nominal thickness,
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Interior non-load bearing walls shall be a minimum of 100
mm nominal thickness subject to requirements for grouted
and reinforced joints and cavities.

The ratio of height between effective restraints to
thickness shall not exceed 25 for any wall.

For the special case of single storey warehouse walls,
these values may be exceeded where the compression stress
from vertical design loads does not exceed 0.04 f ' and
. . . e s m
where ultimate design analysis, wutilising properly
substantiated slender-wall design  procedures are
submitted and approved by the Regulatory Agency.

MINIMUM REINFORCEMENT - The minimum area of reinforcement
in both the horizontal and vertical directions shall be
0.07 percent of the gross cross-sectional area of the
wall, and the sum of gross in both directions shall be at
least 0.2 percent. The maximum spacing for reinforcing
bars shall be 1.2 m. Minimum bar size shall be 10 mm.

Provisions for Stiffener Columns

SPACING OF STIFFENER COLUMNS - Spacing of stiffener
columns shall be required in walls of unit masonry as
follows:

a) The maximum area of wall panels of 150 mm or 200 mm
thick unit masonry, as measured between the concrete
members which frame the panels, such as the beams
and stiffener columns shall not exceed 23 sg. m.

b) At intervals not exceeding 6 m between columns.
c) At corners and junctions of load-bearing walls.
d) At the end of load-bearing walls.

The foregoing requirements (a) and (d) above may be
omitted for the following conditions:

a) Walls for single storey buildings with light roofs
in all seismic performance categories. (See Section
4C for provisions for such buildings).

B) Single and two-family residential buildings of two
storeys designed and constructed in accordance with
all other requirements of this section and provided
with vertical reinforcing, links and concrete in-
fill to cavities at all intersections as described
for single-storey units in Section 4C.

c) All buildings in seismic performance Category A.

)

| 20 I I I I |

)

)




YDXDXDI XD BDIDDDNI NI DINDDDIDDD DN EIDNNDIDNIDIIDNDD NN DX 22D D D)

2.413.3

2.413.4

2.413.5

2.413.6

2.413.7

2.413.8

2.413.9

2.413.10

2.413.11

2.414

2.414,1

2.414.2

2.414.3

13

Concrete stiffener columns shall also be required
adjacent to any corner opening or any opening if the
omission of the columns would result in stresses in the
blockwork greater than that permitted under sub-section
2.416.

Structurally designed columns may be substituted for the
stiffener columns herein required.

In any section of a masonry wall where openings are
arranged, to leave a load bearing section of wall less
than 400 mm wide, such section shall be of steel or
reinforced concrete.

SIZE OF STIFFENER COLUMNS - Stiffener columns shall be
not less than 300 mm in width and of a minimum thickness
not less than that of the wall.

REINFORCEMENT OF STIFFENER COLUMNS - Stiffener columns
shall be reinforced with a minimum of 4 No bars of
minimum 12 mm diameter mild steel or of area not less
than 0.010 times the gross cross-sectional area of the
concrete, tied with 6 mm minimum diameter 1links spaced
not more than 3 mm apart.

The spacing of links less than 450 mm distant from or 1/6
clear space between beams intersecting with the columns,
shall be reduced to 150 mm.

Ends of stirrup bars shall bend 135° around longitudinal
bars and extend 100 mm beyond.

Vertical reinforcement shall be anchored to the footing
and splices shall be lapped 30 bar diameters, for
deformed bars and 40 diameters for plain bars.

The cover to the vertical reinforcement shall be 25 mm
minimum.

Provisions for Belt Beams

SPACING OF BELT BEAMS - Belt beams of reinforced concrete
shall be placed in all walls of unit masonry, at each
floor or roof level and at such intermediate levels as
may be required to limit the vertical height of the
masonry panel to 5 m.

Bond beams may be used in lieu of poured concrete belt
beams.

SIZE AND REINFORCEMENT OF BELT BEAMS - A belt beam shall
be not less in dimension or reinforcement than required
for the conditions of loading nor less than the following
minimums.
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SIZE AND REINFORCEMENT OF BELT BEAMS - The width of a
belt beam shall be not less than the thickness of the
wall supporting it. The depth of such a beam shall be
not less than 200 mm. It shall be reinforced with not
less than 4 No 12 mm diameter mild steel reinforcing bars
placed two at the top and two at the bottom of the beam,
or as otherwise required for the condition of loading.

Stirrups shall be not less than 6 mm diameter mild steel
bars at 300 mm centres or the depth of the beam whichever
is less. Stirrup bars shall have 135° bend and 100 mm
extension.

Wall bars shall be continous through or be fully anchored
within the belt beam.

CONTINUITY OF BELT BEAMS - The belt beam shall be
continous. Continuity of the reinforcement in straight
runs shall be provided by lapped splices not less than 30
diameters long for deformed bars or 40 diameters for
plain mild steel bars. Continuity at columns shall be
ensured at wall ends and corners by providing positive
anchorage to the main reinforcement.

Continuity at columns shall be provided by horizontal
reinforcement into the columns a distance of 30
diameters. Any change in level of a belt beam shall be
made at a column. A belt beam may follow the rake of a
gable or shed end.

Ultimate Compression Strength

VALUES OF f_' - The value of f ' shall be either as
established in accordance with the Prism Test (clause
2.410.9 Section 4A) or as set out in Table 2.415.1
hereunder.

a) Walls with filled cavities where no prism test made.

Table 2.415.1 expresses recommended values of fm'
based on the least compressive strength of block
units, in-fill concrete and mortar proposed in
sub-section 2.403, 2.404 and 2.405 respectively.

For this consideration recommended crushing
strengths of blocks from sub-section 2.403 are
adjusted from gross to net values by use of a factor
1.67.

f ' is taken equal to 0.7 times the least of the
three strength values mentioned above.
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TABLE 2.415.1

ULTIMATE COMPRESSIVE STRENGTHS VALUES OF fm'

Assumed Compressive
Strength fm' on Net

Units Based on Gross Areazof Masonry
Cross-sectional Area N/mm

7.0 N/mm2 (A7)
10.5 N/mm2
14.0 N/mm* (Al4)

2 (Al0.5)

—
£SO
oo

2.416

2.416.1

b)

Walls with some cavities unfilled or where adequate
supervision is not available.

For walls with some cavities unfilled, assumed net

compressive strength of masonry f_' shall be taken
m

to be the lesser of

0.7 x mortar strength

or

0.7 x the net compressive strength of the block
units.

Where cavities are filled, but adequate supervision
is not available, walls shall be designed as if
cavities were unfilled.

Allowable Stresses

MASONRY STRESSES - GENERAL - The allowable stresses shall
not exceed the weakest of the combination of units and
mortars, unless fm' is determined by tests.
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TABLE 2.416.1
ALLOWABLE STRESSES IN REINFORCED

MASONRY

Where "Special Inspection
Procedures Required" as
Appendix 2

"Special Inspection

Type of Related to Procedures" not
Stress Fm' Maximum required
COMPRESSIVE
See Clause 2.416.3 One-half of the
AXIAL values permitted
under Cl. 2.416.3
2 0.166 f ' but th
FLEXURAL 0.33 f ' 7.0 N/mm exceed 3.5 N/mm
SHEAR*
Masonry takes
shear:
Flexural 1.1\ 0.35 N/mm? 0.17 N/mm?
Members
Shear Walls 0.9 /Jf 0.28 N/mm? 0.14 N/mm?
M/vd 2 1
f 2 2
- ¥* ]
M/vd = 0.25 2 Fm 0.35 N/mm 0.17 N/mm
Reinforcement
taking entire
shear:
Flexural 3 ,/Fm' 1.06 N/mm2 0.35 N/mm2
Members
Shear Walls 1.25ff 0.53 N/mm? 0.24 N/mm’
M/vd 2 1
2 2
- ]
M/Vd = 0.25% 2 ,/fm 0.84 N/mm 0.42 N/mm

)

) )Y Y )
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TABLE 2.416.1 (continued)

BEARING 0.25 f ' 3 N/mm? 0.125 f ' but
m not to eéceed
2.8 N/mm
MODULUS OF 600 Fm' 14000 N/mm2 500 f ' but
ELASTICITY not to excegd
10,500 N/mm
MODULUS OF 240 Fm' 5600 N/mm2 200 fm' but
RIGIDITY not to eered
4200 N/mm

* The allowable stress shall be the stress related to F ' but not

to exce

ed the maximum stress listed here.

Interpolate by straight line for M/Vd values between 0.25 and 1.

M is the Maximum bending moment occurring simultaneously with
the shear load V at the section under consideration.

2.416.3

2.416.4

FORMULA FOR ALLOWABLE AXIAL STRESSES - The allowable
compressive stress for axial loads based on the net
horizontal cross section of the wall shall be:

Fy =020 F ' |1 {n¥Y Eqn 2.416.3.1
40t

Where:

h = Effective or unsupported height of the wall and

t = Nominal thickness of wall

f ' = Masonry compressive strength (on net area) as

determined by sub-gection 2.415. The value of f.' shall
not exceed 21 N/mm“.
Where "Special Inspection Procedures" as Appendix 2 are
not required, Fm' shall be taken as half the value
obtained from Eqn. 2.416.3.1

COMBINED STRESSES - Where members are subject to combined
axial and flexural stresses, the condition shall be dealt
with as follows:
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a) Where the eccentricity e is less than q0? the
effects of eccentricity may be ignored
b) where e is less than or equal to _t ,
f f 6
—a +_m shall not exceed 1
F F
a m
Fa = Applied axial compressive stress
Fa = Allowable compressive stress
fm = Applied flexural stress
Fo = Allowable flexural stress

c) Where e, is between _t and _t

6 3
. 1 + 1 1
0.5 fam = = <
a m
Where f m. = the combined maximum compressive stress due
to axial"load and bending.
f shall be calculated using the assumption that no

tension is permitted in the material and using the
reduced bearing surface resulting.

Fam shall be calculated as follows:

If P = load/mm run of wall and acts as indicated in
Figure 2.416.1

fam = 2P or 2P
3x 3(_;_ - e)
2

FIGURE 2.416.1
TYPICAL LOADING FOR AXIAL AND FLEXURAL STRESSES

NO STRESS
HERE '
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d) Where the vertical eccentricity exceeds t/3, or a
value which would produce tension in the reinforce-
ment, the allowable load shall be determined on the
basis of a transformed section and linear stress
distribution. Reinforcement in compression shall be
neglected. The compressive stress in the wall shall
not exceed the flexural compressive stress e

Consideration shall be given to placing tension
steel near to the tension face of the wall.

e) In the case where the virtual eccentricity exceeds
t/3 or a value which would produce tension in the
reinforcement, but where the actual compression
stress f_, does not exceed 0.1 x the allowable axial
stress F_ or 0.1 flexural compressive stress f_, the

. . . ..m? .
section may be designed for bending only, ignoring
the effect of axial compression.

For this case, tension steel shall be positioned as
close to the tension face of the wall as possible.

REINFORCEMENT  STRESSES - The stresses in steel
reinforcement used in masonry where bending predominates
as defined in clause 2.416.4 (d) and (e) should not
exceed the following limits:

(a) Mild steel (or ASTM Grade 40) Bars - 150 N/mm2
(b) High Yield Steel (ASTM Grade 60) - 168 N/mm

STRESSES DUE TO WIND AND EARTHQUAKE FORCES - Wall panels
shall be designed to resist all forces due to the effects
of wind and earthquake. For stresses due to wind or
earthquake forces combined with dead and live loads, the
allowable stresses may be increased by 33 1/3 percent,
provided that the strength resulting is not less than
that required for combined dead and live loads.

An exception is in the case of High Yield s&eel to BS4449
which should not be stressed above 252 N/mm

Where earthquake or wind forces are expressed as ultimate
loads for design, strength design methods shall be used,
assuming strength reduction factors as set out in
sub-section 2.430 and load factors as set out in
sub-section 2.438.
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EFFECTS OF STIFFENER COLUMNS ON WALL STRENGTH - Stiffener
columns shall be provided as specified in sub-section
2.413. The presence of poured concrete stiffener columns
shall be dealt with as follows:

(a) Where the spacing of stiffener columns is less than
or equal to 24 t, the contribution of the masonry
wall and the stiffener columns shall be caleulated
separately using the expression,

Safe Load = F_ x A
a cc
Where Fa = Allowable axial compressive stress from
Table 2.416.1
ACc = Area of concrete in compression.

For concrete in the stiffener columns, fm' shall be
taken to be 0.7 x 28-day cube strength.

(b) Where the spacing of stiffener columns is greater
than 24t, the strength of the wall panel shall be
based on the assumption that the wall is constructed
of masonry only.

Shear Bond and Anchorage
SHEAR STRESS - The nominal shear stress as a measure of

diagonal tension in reinforced concrete masonry members
shall be computed by:

v=_V_
bd

Where V = shear force
b = width or thickness of wall
d = depth or length of wall.

For design, the maximum shear shall be considered as that
at the section a distance 'd' from the face of the
support, except in the case of short cantilevers and
brackets which shall be given special consideration.

Where applicable, effects of torsion shall be added and
effects of inclined flexural compression in variable
depth members shall be included. For beam with an I or T
section, b' shall be be substituted for b. :

b is flange width
b! is web thickness

REQUIRED WEB REINFORCEMENT - Web reinforcement shall be
provided to carry the entire shear in any of the
following conditions:
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(a) Where the computed shearing stress exceeds that
allowed for masonry with no shear reinforcement.

(b) Where the compression member is subjected to
reversal of stresses.

(e) For the case of masonry "bond" beams, in the portion
of the length of a member where negative reinforce-
ment is required and for minimum distance of 1/16
clear span beyond inflection point.

(d) In flexural members, where longitudinal reinforce-
ment is designed to act in compression.

TYPES OF WEB REINFORCEMENT - Web reinforcement may
consist of:

(a) Bars or stirrups perpendicular to the longitudinal
reinforcement.

(b) Bars or stirrups welded or otherwise rigidly
attached to the lqygitudinal reinforcement and
making an angle of 45~ or more thereto.

(c) Combination of (a) and (b).
STIRRUPS DESIGN - The area of steel required in stirrups

placed perpendicular to the longitudinal reinforcement,
shall be computed by:

Av = VS/FVd
fv = permissible tensile stress in steel,
s = spacing of stirrups.

SPACING OF WEB REINFORCEMENT - Where web reinforcement is
required, it shall be spaced so that every 45% line
(representing a potential crack) extending towards the
reaction from mid-depth (d/2) of the member to the
longitudinal tension bars should be crossed by at least
one line of web reinforcement.

Where web reinforcement is required, its area should not
be less than 0.10 percent of the area 'bs' computed as
the product of the width of the wall and the spacing of
the web reinforcement along the longitudinal axis of the
member.

STRESS RESTRICTIONS - Web reinforcement stresses, bond
stress and masonry shear stress, shall not exceed those
set forth in Table 2.416.1
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Shear stresses shall be zero at a control joint and at
continuous vertical joints in stacked bond unless
specific elements are designed to transmit shear across
the joint.

COMPUTATION OF BOND STRESS - In flexural member in which
the tension reinforcement is parallel to the compression
face, the flexural bond stress at any cross-section
should be computed by:

u = v

E:ojd
where Zo = Sum of perimeters of tensile reinforcing
bars.

Lateral Stability

Where load-bearing block walls are used as a lateral
load-resisting system to resist wind and earthquake
loads, care shall be taken to provide adequate resistance
along both major axes of the building.

For example, in the case of cross wall type buildings
where there may be inadequate provision of longitudinal
walls, some other lateral load-bearing system shall be
provided. This might take the form of columns and floor
beams behaving as a reinforced concrete frame in this
direction.

Full consideration shall also be given to the need for
stability of all buildings against overturning and the
increased masonry stresses that will result from such
overturning.

Shear Walls

Shear walls shall be those walls selected to resist all
lateral forces on the building. Such walls shall be
designed and reinforced in accordance with all the
foregoing Section 4A.

Other walls, not so selected, may be designed for dead
and gravity live loads only, and shall be provided with
minimum reinforcement appropriate to "Non-Structural
walls from the appropriate Section of this Code as
indicated in Table 2.4.1 in "Guide to Use of Section 4".
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PART 2
SECTION 4B

Background to Section 4B

The masonry design and construction procedures given in
this Code are considered necessary for providing the
performance levels implicit in the selection of factors
used for seismic forces in these provisions.

Single storey buildings with light roofs and certain
other categories of buildings listed in Table 2.4.1 in
"Guide to Use of Section 4" have been excepted from these
provisions and are dealt with in Section 4C.

The quality and testing of masonry and steel materials
and the design and construction of masonry and reinforced
masonry components which resist seismic forces shall
conform to the requirements of the preceding Section 4A
and the references listed therin except as modified by
the provisions of this Section.

This Section 4B defines the various seismic performance
categories of buildings and presents the special
provisions to be made in design and construction for each
category over and above the provisions stated in Section
4A.

Seismic Performance

For the purpose of these provisions all buildings shall
be assigned to a Seismic Performance Category.

Any method of analysis or type of construction required
for a higher Seismic Performance Category may be used for
a lower Seismic Performance Category.

For the purpose of this Caribbean Uniform Building Code,
Seismic Performance Category of any building shall be
determined by first considering,

(a) the importance factor, which depends on the
essential nature of the facility for post earthquake
recovery, or the likely number or relative mobility
of its occupants

(b) its effective peak acceleration, A
Importance factors for Buildings, I
Factors used shall be 1.5, 1.2 or 1.0. Examples for the

three classes of buildings are listed below in Table
2.422.1.
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TABLE 2.422.1

I1=1.2 I

BUILDINGS

= 1.0

Fire suppression facili-
ties.

Police facilities.

Structure housing medical
facilities having surgery
and emergency treatment
areas.

Emergency preparedness
centres.

Power stations or other

utilities required as

emergency back-up facil-
ities.

Communication facilities.

Public assembly for
100 or more persons.
as I =
Open-air stands for I-=
2,000 or more persons.

Day-care centres.
Colleges.

Retai% stores with
465 m~ floor area

per floor or more
than 10.7 m in height.

Shopping centres with
covered,malls, over
2,800 m~ per floor.

Hotels over 4 storeys
in height.

Apartment houses over
4 storeys in height.

Emergency vehicle
garages.

Ambulatory health
facilities.

Hospital facilities
other than those
assigned I = 1.5.

Wholesale stores over
4 storeys in height.

Printing plants over 4
storeys in height.

Hazardous occupancies
consisting of flam-
mable or toxic liquids
including storage fa-
cilities for same.

All buildings not
classified herein

1.5 or
1.2
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I = 1.5 1is assigned to buildings having essential
facilities which are necessary for post-earthquake
recovery. Such buildings shall be designed with accesses
protected from adjacent structures or falling hazards
during and after earthquakes.

I = 1.2 is assigned to buildings having a large number of
occupants or buildings in which the occupants movements
are restricted or their mobility impaired.

Effective Peak Acceleration, Aa

The following values have been proposed for A . Value Aa
is related to the anticipated ground motion.

TABLE 2.423.1

EFFECTIVE PEAK ACCELERATION Ay FOR THE CARIBBEAN TERRITORIES

Territory A

a
Jamaica 0.3
Antigua 0.3
St. Kitts, Nevis 0.3
Montserrat 0.3
Dominica 0.3
North West Trinidad 0.3
St. Lucia 0.3
St. Vincent 0.2
Grenada 0.2
Rest of Trinidad and Tobago 0.2
Barbados 0.15
Guyana 0.1
Belize N.A.

2.424

2.424.1

2.424.2

Seismic Performance Categories

Seismic performance categories can be assiged to
buildings in the various Caribbean Territories by use of
Table 2.424.1 below.

These categories are related to the importance factor of
the building and the effective peak acceleration assigned
to the territory and may be either Category A,B,C, or D.
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TABLE 2.424.1
SEISMIC PERFORMANCE CATEGORIES

Effective Peak , Importance Factor

I
Aceleration I=1.5 I=1.2 1I=1.0
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As an approximate conversion from the zone factor format
of Part 2 Section 3 to Aa values for use in Table
2.424.2, the following values can be used:

TABLE 2.424.2
APPROXIMATE EQUIVALENTS FOR ZONE FACTOR AND Aa

Z Factor Approximate A Equivalent

2.425

2.425.1

2.426

2.426.1

The following describes the requirements of the various
seismic performance categories A to D.

Construction and Material Limitations for Seismic
Performance Category A

Buildings assigned to Category A may be of any
construction permitted in Section 4A for general load
bearing masonry construction.

Exception: The reinforcement provisions of Section 4A
need not apply to walls falling in the
category designated in Section 4C; that is,
walls for single storey buildings with light
roofs. '

Construction and Material Limitations for Seismic
Performance Category B

Buildings assigned to Category B shall conform to all
requirements for Category A and to the additional
requirements and limitations of this Section.
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Exception: The reinforcement provisions of Section 4A
need not apply to walls falling in the
category designated in Section 4C; that is,
walls for single storey buildings with light
roofs.

CONSTRUCTION LIMITATIONS CATEGORY B - Masonry components
shall be constructed to conform to the limitations of
this Section.

(a) Height Limitations:

Components of the seismic resisting system in buildings
under 10.7 m in height shall be reinforced in accordance
with Section 4A of this document.

Components of the seismic resisting system in buildings
over 10.7 m in height shall be reinforced masonry in
accordance with Section 4A, along with the additional
requirements for Category B set out in this Section 4B.

(b) Ties:

In addition to the requirements of Section 4A, additional
ties shall be provided around anchor bolts which are set
in the top of a column or pilaster. Such ties shall be
located within the top 100 mm of the member and shall
consist of not less than two 12 mm dia or three 10 mm.

(c) Shear Walls:

Shear walls shall conform to the general requirements of
load bearing walls in Section 4A.

(d) Non-structural Components:

Non-structural walls, partitions, components shall be
designed to support themselves and to resist seismic
forces induced by their own weight. Holes and openings
shall be suitably stiffened and strengthened.

Non-structural walls and partitions shall be in
accordance with the requirements of Section 4C.

Material Limitations Category B - The following materials
shall not be used unreinforced for any structural masonry

in Category B, apart from exceptions described in Section
4C.

Unburned clay masonry (e.g. oil stabilised clay)

Structural Clay Load-bearing Tile
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Construction and Material Limitations for Seismic
Performance Category C

Buildings assigned to Category C shall conform to all the
requirements for Category B and to the additional
requirements and limitations of this Section.

Exception: See Section 4C for requirements for single
storey buildings.

Construction Limitations Category C - Masonry components
shall be constructed to conform to the limitations of
this Section.

(a) Reinforcement:

All masonry shall be reinforced in accordance with
Section 4A.

(b) Tie Anchorages:

In addition to the requirements of Clause 2.426.2 (b) for
Category B a minimum of 135 degrees plus an extension of
at least 6 tie diameters but not less than 100 mm at the
tie shall be provided.

Such ties shall be located within the top 100 mm of the
member and shall consist of not less than 12 mm diameter
or three 10 mm ties.

(c) Reinforced Columns:

In addition to the requirements of Section 4A,
sub-section 2.413 for stiffener columns or reinforced
masonry columns, no longitudinal bar shall be farther
than 150 mm from a laterally supported bar.

Except at corner bars, ties providing lateral support may
be in the form of cross-ties engaging bars at opposite
sides of the column.

The tie spacing shall be not greater than 16 bar
diameters or 200 mm for the full height of masonry shear
wall boundary columns and all other columns stressed by
tensile or compressive axial over-turning forces due to
seismic effects and for the tops and bottoms of all other
columns for a distance of 1/6 of clear height but not
less than 450 mm nor the maximum column dimension. The
spacing for the remaining column height shall be not
greater than 16 bar diameters, 48 tie diameters or the
least column dimension, but not more than 450 mm.
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(d) Shear Walls and Shear Wall Boundary Elements:

Shear walls and boundary elements shall conform to the
requirments of sub-section 2.429.

As applicable, boundary members shall also conform to one
of the following:

1. Part 2 Sections 6 or 7.

When of reinforced concrete or structural steel.
2. Part 2 Section 4A sub-section 2.413,

When of masonry.
(e) Joint Reinforcement (Special Masonry Type)

Longitudinal masonry joint reinforcement may be used in
reinforced grouted masonry and reinforced hollow unit
masonry only to fulfill minimum reinforcement rations but
shall not be considered in the determination of the
strength of the member.

(F) Stacked Bond Construction:

The minimum ratio of horizontal reinforcement shall be
0.0015 for structural walls of stacked bond construction.

Units shall have at least one end open and shall be fully
grouted at the head joint.

Except for cases falling under Section 4C, the maximum
spacing of horizontal reinforecing shall not exceed 600
mm. Where reinforced hollow unit construction forms part
of the seismic resisting system, the construction shall
be grouted solid and all head joints shall be made
through the use of open-end units.

(g) Non-structural Components:

Non-structural walls, partitions and components shall be
designed to support themselves and to resist seismic
forces induced by their own weight.

Holes and openings shall be suitably stiffened and
strengthened. Non-structural walls and partitions shall
be anchored in accordance with the requirements of
Section 4A.

MATERIALS LIMITATIONS - The following materials shall not
be used unreinforced for any non-structural purpose apart

from the exceptions proposed in Section 4C or Part 5 of
this Code.
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MATERIALS STANDARD DESIGNATION
(Unreinforced) (Uniform Building Code USA
Unburned clay masonry Standard 24-15)

(e.g. stabilised soil)

(Unreinforced) ASTM C34, C212
Structural clay

Load-bearing wall

Tile

The following materials shall not be used unreinforced
for any structural purpose apart from the exceptions
shown in Section 4C and Part 5.

MATERIALS STANDARD DESIGNATION

Hollow load-bearing ASTM C90
concrete masonry

units or with mortar

of compressive streggth

less than 12.6 N/mm

Building brick and ASTM C62, C216, C652
hollow brick made from
clay or shale of Grade NW

Construction and Material Limitations for Seismic
Performance Category D

Buildings assigned to Category D shall conform to all of
the requirements for Category C and to the additional
requirements and limitations of this Section.

CONSTRUCTION LIMITATIONS CATEGORY D - Materials for
mortar and grout for structural masonry shall be measured
in suitable calibrated devices. Shovel measurements are
not acceptable. Where considerable shrinkage is
anticipated an approved admixture of a type that reduces
early water loss and produces a net expansion action
shall be used for grout for structural masonry. The
thickness of the grout between masonry units and
reinforcing shall be a minimum of 12 mm for structural
masonry .

(a) Reinforced Hollow Unit Masonry:

Structural reinforced hollow unit masonry shall conform
to requirements below:

l. Wythes and elements shall be at least 200 mm in
nominal thickness with clear, unobstructed
continuous vertical cells, without offsets, large
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enough to enclose a circle of at least 99 mm in
diameter and with a minimum area of 9,700 mm".

2. All grout shall be coarse grout. Consolidation
shall be by mechanical vibration only. All grout
shall be reconsolidated after excess moisture has
been absorbed but before work-ability has been lost.

NOTE: Concrete of minimum crushing strength 15 N/mm2
is acceptable with conventional water cement ratios,
(e.g. 0.50 - 0.6) and compacted manually, provided
that cavities are filled at intervals not exceeding
600 mm in height.

3. Vertical reinforcement shall be securely held in
position at tops, bottoms, splices, and at intervals
not exceeding 112 bar diameters. Horizontal wall
reinforcement shall be securely tied to the vertical
reinforcement or held in place during grouting by
equivalent means.

4, Minimum nominal column dimension shall be 300 mm.
(b) Stack Bond Construction:

Horizontal reinforcement shall be 0.0015 of wall
cross-sectional area for non-structural and 0.0025
for structural masonry. Maximum spacing of bars
shall be 600 mm and 400 mm respectively.

MATERIAL LIMITATIONS - The following materials shall not
be used for any structural or non-structural masonry
apart from those exceptions set out in Section 4C:

(1) All materials listed in this Section for
Categories B AND C.
(ii) Hollow non-load-bearing concrete masonry units to

ASTM C129 shall not be used.
(iii) Sand-lime building brick to ASTM C73 shall not be
used for any structural masonry.

SPECIAL INSPECTION - Special inspection in accordance
with Appendix 2 shall be provided for all structural
masonry .

Shear Wall Requirements

Shear walls shall comply with the requirements of this
Section. ,

REINFORCEMENT - The minimum ratio of reinforcement for
shear walls shall be 0.0015 in each direction. The
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maximum spacing of reinforcement in each direction shall
be the smaller of the following dimensions: one-third of
the length and height of the element but not more than
800 mm. The area and spacing of reinforcement
perpendicular to the shear reinforcement shall be at
least equal to that of the required shear reinforcement.
The portion of the reinforcement required to resist shear
shall be uniformly spaced.

Exception: For shear walls constructed using running
bond, the ratio of reinforcement may be
decreased to 0.0007 provided that all shear
is resisted by the reinforcement. The sum
of the ratios of horizontal and vertical
reinforcement shall not be less than 0.002.

BOUNDARY MEMBERS - Where cross walls or boundary members
form a part of the shear wall system, the intersections
shall be constructed as required for the walls
themselves. Connections to concrete shall conform to
Section 4A.

Where boundary members are of structural steel, the shear
transfer between the walls and the boundary member shall
be developed by fully encasing the element in grout,
dowels, bolts, or shear lugs, or by similar approved
methods.

When the structural system, as described in Part 2
Section 3 of this Code is a Building Frame System or a
Dual System, (i.e. involving both frames and walls)
boundary members shall be provided at each end of the
wall. In such cases members shall be of the same
construction as the frame columns.

Where the frame is a ductile moment resisting frame,
those columns shall conform to the requirements for such
members in Part 2 Section 3 and 6 or 7 of this Code as
applicable.

Shear walls in buildings with a bearing wall system
having design compressive stresses in excess of 0.2 f_',
as calculated, for any 1load combination including
earthquake effects, shall have vertical boundary members
along the wall edges as described in Part 2 Section 3.

The required vertical boundary members and such other
similar vertical elements as may be required shall be
designed to carry all the vertical forces resulting from
the wall loads, the tributary dead and live loads, and
the seismic forces prescribed in these provisions.



DX DI DD DI DI DDDI DRI DI NI DD I DI DD N I Yy

2.429.9

2.429.10

2.429.11

2.430

2.430.1

33

Horizontal reinforcing in the walls shall be anchored to
the vertical elements. Where the boundary element is
structural steel this shall be accomplished by welding or
by extension, with bends if required, into grout fully
surrounding the column.

COMPRESSIVE STRESSES - For loading combinations including
in-plane seismic forces, allowable compression stresses
at any point shall not exceed those allowed for axial
compression. The allowable working stress values for
reinforced masonry shall be the allowable working
stresses given in Table 2.416.1 and applicable reductions
for slenderness effects shall apply. The minimum
horizontal distance between lateral supports may be
considered for walls as well as the minimum vertical
distance.

Exception: For pier type wall elements that do not
extend from floor to floor compression
stresses under combined loading at any point
may be limited to those allowed for flexural
compression provided that Formula in clause
2.416.4 is also satisfied.

HORIZONTAL COMPONENTS - When shear reinforcing is
required for loads that include seismic effects and
diagonal bars are not provided, reinforcement approxi-
mately perpendicular to the required shear reinforcement
shall be provided equal in amount and spaced not further
apart than is required for shear reinforcing. Horizontal
reinforcing shall anchor into or be continous through the
pier elements. Horizontal components may be separated
from the shear wall system by means of true joints. The
Joints shall provide for building movement determined in
accordance with Part 2 Section 3. The horizontal
components shall be anchored to the building and
designed as otherwise required by these provisions.

Strength of Members and Connections

The strength of members and connections subjected to
seismic forces acting alone or in combination with other
prescribed loads shall be determined using a capacity
reduction factor @, and material strength of 2.5 times
the allowable working stresses of Table 2.416.1 in
Section 4A. The value of @ shall be as follows:

ﬂ = 1.0 When considering axial or flexural
compression and bearing stresses in the
masonry.

¢ = 0.8 for reinforcement stresses except when

considering shear.
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.
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0.6 When considering shear carried by shear
reinforcement and blocks.

¢ = 0.6 When considering masonry tension parallel to
the bed joints i.e. horizontally in normal
construction.

f =0.4 When considering shear carried by the
masonry.

¢ = Zero When considering masonry tension perpendi-
cular to the bed joints, i.e. normal
construction.

Structural Design Requirements
Design Basis

The requirements for sub-sections 2.431 through 2.438
shall control the selection of the seismic analysis
procedures to be used in the design of buildings and
their components. The design seismic forces, and their
distribution over the height of the building, shall be
established in accordance with the procedures in
sub-section 2.439 or an approved alternate procedure.
The internal forces in the members of the building shall
be determined using a linearly elastic model. Individual
members shall be sized for the shears, axial forces, and
moments determined in accordance with these provisions,
and connections shall develop the strength of the
connected members or the forces indicated above. The
deformation of the building shall not exceed the
prescribed limits when the building is subjected to the
design seismic forces.

A continous load path, or paths with adequate strength
and stiffness, shall be provided, which will transfer all
forces from the point of application to the final point
of resistance. The foundation shall be designed to
accommodate the forces developed or the movements
imparted to the building by the design ground motions.
In the determination of the foundation design criteria,
special recognition shall be given to the dynamic nature
of the forces, the expected ground motions, and design
basis for strength and ductility of the structure.

Site Effects

Soil types and site coefficient, S, are given in this
sub-section.

SOIL PROFILE TYPES - The effects of site conditions on
building response shall be established based on soil
profile types defined as follows:
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(a) Soil Profile §; - is a profile with:

Rock of any characteristic, either shale-like or
crystalline in nature. Such material may be
characterized by a shear wave velocity greater than
760 metres/second or other approved means of
classification, or

Still soil conditions where the soil depth is less
than 60 metres and the soil types overlying rock are
stable deposits of sands, gravels, or stiff clays.

(b) Soil Profile Type S, - is a profile with:

Deep cohesionless or stiff clay conditions,
including sites where the soil depth exceeds 60m and
the soil types overlying rock are stable deposits of
sands, gravels, or stiff clays.

(c) Soil Profile Type S, - is a profile with:

3
Soft-to-medium-stiff clays and sands, characterized
by 9m or more of soft-to-medium-stiff clays without
intervening layers of sand or other cohesionless
soils.

In locations where the soil properties are not known
in sufficient detail to determine the soil profile
type or where the profile does not fit any of the
three types, Soil Profile S, shall be used.

SITE COEFFICIENT - S is a coefficient for the effects of
the site conditions on building response and is given in
Table 2.438.1

Framing Systems

Three types of general framing systems utilising masonary
walls are recognized for purposes of these provisions as
shown in Table 2.438.2, FEach type is subdivided by the
types of vertical elements used to resist lateral seismic
forces. Special framing requirements are given in
sub-section 2.437 and in Section 4B for buildings
assigned to the various seismic preformance cateqgories.

CLASSIFICATION OF FRAMING SYSTEMS - Each building, or

_portion thereof, shall be classified as one of the three

general framing system - types of Table 2.438.2 utilising
masonry walls. The response modification factor, R, and
the deflection amplification factor, C,, are given in
Table 2.438.2 and are used in determining the base shear
and the design storey drift.
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COMBINATIONS OF FRAMING SYSTEMS - Where combinations of
framing systems are incorporated into the same building
the following requirements shall be fulfilled:

(a) R Value: The value of R in the direction under
consideration at any level shall not exceed the
lowest value of R obtained from Table 2.438.2 for
the seismic resisting system in the same direction
considered above that level.

Exception: This requirement need not apply to supported
systems with a weight equal to or less than
10 percent of the weight of the building.

(b) Detailing Requirements:

For components common to systems having different R
values, the detailing requirements which are
required by the higher R value shall be used.

FRAMING SYSTEMS FOR SEISMIC PERFORMANCE CATEGORY A

AND B - Any type of building framing system permitted in
these provisions may be used for buildings assigned to
Categories A and B.

FRAMING SYSTEMS FOR SEISMIC PERFORMANCE CATEGORY C -
Buildings assigned to Category C shall conform to the
framing system requirements for Category B and to the
additional requirements and limitations of this Section.

(a) Seismic Resisting Systems for Performance Category
C: Seismic resisting systems in building over 49m
in height shall be one of the following :

1. Moment resisting system with Special Moment Frames.
2. A Dual System

3. A system with structural steel or cast-in-place
concrete braced frames or shear walls so arranged
that braced frames or walls in any plane resist no
more than 33 percent of the seismic design force
including torsional effects; this system is limited
to buildings not over 73m in height.

(b) Interaction Effects:

Moment resisting space frames which are enclosed by,
or adjoined by, more rigid elements not considered
to be part of the seismic resisting system shall be
designed so that the action or failure of those
elements will not impair the vertical load and
seismic-force-resisting capability of the space
frame. The design shall consider and provide for
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the effect of these rigid elements on the structural
system at building deformations corresponding to the
design storey drift Zx as determined by sub-section
2.444,

(c) Deformation Compatibility:

All structural elements not considered in the design
to be part of the seismic resisting system shall be
investigated and shown to be adequate for the verti-
cal load-carrying capacity and the induced moments
resulting from the design storey drift as
determined in accordance with sub-section 2.444.

(d) Special Moment Frames:

A Special Moment Frame which is used, but not
required by these provisions, may be discontinued
and supported by a more rigid system with a lower R
value subject to the requirements in sub-section
2.437.

A Special Moment Frame which is required by these
provisions shall be continued down to the
foundation.

FRAMING SYSTEMS FOR SEISMIC PERFORMANCE CATEGORY D - The
framing systems of buildings assigned to Category D shall
conform to the requirements and limitations of this
Section.

The height limitations of clause 2.434.5 shall be reduced
from 49m to 30m and for braced frame or shear wall

systems the maximum height shall be reduced from 73m to
49m.

Building Configuration

For purposes of seismic design, buildings shall be
classified as regular or irregular as specified in this
Section. Both plan and vertical configurations of a
building shall be considered when determining whether a
building is to be classified as reqular or irregular.

Buildings which have an approximately symmetrical
geometric configuration and which have the building mass
and seismic resisting system nearly coincident shall be
classified as regular.

PLAN  CONFIGURATION - For ©purposes of determining
diaphragm component forces and distribution of seismic
forces to vertical components of the seismic resisting
system, a building shall be classified as irregular when
any of the following occurs:
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(a) The building does not have an approximately
symmetrical geometric confiquration or has
re-entrant corners with significant dimensions.

(b) There is the potential for large torsional moments
because there is significant eccentricity between
the seismic resisting system and the mass tributary
to any level.

(c) The diaphragm at any single level has significant
changes in strength or stiffness.

VERTICAL CONFIGURATION ~For purposes of selecting an
analysis procedure for determining seismic forces and the
distribution of these forces, a building shall be
classified as irregular when any of the following occurs:

(a) The building does not have an approximately
symmetrical geometric configuration about the
vertical axes or has horizontal offsets with
significant dimensions.

(b) The mass-stiffness ratios between adjacent stories
varies significantly.

Analysis Procedures

This  sub-section prescribes the wminimum analysis
procedure to be followed. A more rigorous generally
accepted procedure may be used in lieu of the minimum
applicable procedure. In no case shall the alternate
procedure use fundamental building periods greater than
permitted in sub-sections 2.439 through 2.440.

ANALYSIS PROCEDURES FOR SEISMIC PERFORMANCE CATEGORY -
Regular or irregular buildings assigned to Category A
need not be analyzed for seismic forces for the building
as a whole. The provisions of sub-section 2.437 shall
apply to the components indicated therein.

ANALYSIS PROCEDURES FOR SEISMIC PERFORMANCE CATEGORY B -
Regular or irregular buildings assigned to Category B
shall be as a minimum analyzed in sub-sections 2.439
through 2.444.

Exception: In buildings assigned to Category B the
design seismic forces may be applied
separately in each of the two orthogonal
directions.

ANALYSIS PROCEDURES FOR SEISMIC PERFORMANCE CATEGORY C
AND D - Buildings classified as regular and assigned to
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Category C or D shall, as a minimum, be analyzed in
accordance with the procedures given in sub-sections
2.439 through 2.444, Buildings classified as irregular,
should be avoided, if at all possible. Where unavoidable
they shall be analyzed with special consideration for the
dynamic characteristics of the building.

Design and Detailing Requirements

The design and detailing of comoponents of the seismic
resisting system and of other structural and
nonstructural components shall be as specified in this
sub-section.

DESIGN AND DETAILING REQUIREMENTS FOR SEISMIC PERFORMANCE
CATEGORY A - Buildings assigned to Category A may be
constructed using any material permitted in Section 4B.
These buildings need only comply with the minimum seismic
force requirements of clauses 2.438.6 through 2.438.9
requiring adequate ties, continuity and anchorage for all
portions of the building. They shall also comply with
Part 2 Section 5 - Foundations.

DESIGN AND DETAILING REQUIREMENTS FOR SEISMIC PERFORMANCE
CATEGORY B - Buildings assigned to Category B shall
conform to the requirements and limitations.

(a) Components: Components of the seismic and other
structural components shall conform to the
requirements of sub-section 2.438 (except clause -
2.438.13) concerning ties, continuity and anchorage
and to Part 2 Section 5 Concerning Foundation
Requirements.

(b) Materials: The materials, and the systems composed
of  those materials, shall conform to the
requirements and limitations in sub-section 2.426
for Category B.

(c) Openings: Where openings occur in shear walls or
diaphragms or other plate-like elements, chords
shall be provided at the edges of the openings to
resist the local stress created by the opening.
These chords shall extend into the body of the wall
or diaphragm a distance sufficient to develop and
distribute the stress of the chord member.

DESIGN  AND DETAILING REQUIREMENTS FOR SEISMIC PERFOR-
MANCE CATEGORY C - Buildings assigned to Category C shall
conform to the requirements for Category B and to the
following requirements and limitations.
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(a) Components: Components of the seismic resisting
system and other structural components shall also
conform to the requirements of Clause 2.438.15 Part
2 Section 5 regarding Foundations.

(b) Materials: The materials and systems composed of
these materials, shall conform to the requirements
and limitations in sub-sections 2.421 through 2.430
for Category C.

DESIGN AND DETAILING REQUIREMENTS FOR SEISMIC PERFORMANCE
CATEGORY D - Buildings assigned to Category D shall
conform to the following requirements and limitations.

The materials, and the systems composed of those
materials, shall conform to the requirements and
limitations of Part 2 Section 5 concerning Foundations
and sub-sections 2.421 through  2.430 concerning
construction and materials for Category D.

Structural Component Load Effects

All building components shall be provided with strengths
sufficient to resist the effects of the seismic forces
prescribed herein and the effects of gravity loadings
from dead and live loads. The direction of application
of seismic forces used in design shall be that which will
produce the most critical load effect in each component.
The second order effects shall be included where
applicable.

COMBINATION OF LOAD EFFECTS - The effects on the building
and its components due to gravity loads and seismic
forces shall be combined in accordance with Formula
2.438.2.1 or, as applicable, 2.438.2.2 or 2.438.2.3.
Combination of load effects =

1.2 QD + 1.0 QL-i 1.0 QE 2.438.2.1
Combination of load effects =

O.BQL + 1.0 QE 2.438.2.2
For partial penetration welded steel column splices or
for wunreinforced masonry and other brittle materials,
systems, and connections:
Combination of load effects =

0.5 QD + 1.0 QE 2.438.2.3
ORTHOGONAL EFFECTS - The critical load effect due to

direction of application of seismic forces on the
building may be assumed to be satisfied if components and
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their foundations are desgined for the following
combination of prescribed loads: 100 percent of the
forces for one direction plus 30 percent of the forces
for the perpendicular direction. The combination
requiring the maximum component strength shall be used.

DISCONTINUITIES IN STRENGTH OF VERTICAL RESISTING SYSTEM
- The design of a building shall consider the potentially
adverse effect when the ratio of the strength provided in
any storey to the strength required is significantly less
than that ratio for the storey immediately above and the
strengths shall be adjusted to compensate for this
effect. .

NON-REDUNDANT SYSTEMS - The design of a building shall
consider the potentially adverse effect that the failure
of a single member, connection, or component would have
on the stability of the building and appropriate design
modifications shall be made to mitigate this effect.

TIES AND CONTINUITY - All parts of the building shall be
interconnected and the connections shall be capable of
transmitting the seismic force F_ induced by the parts
being connected. As a minimum, ‘any smaller portion of
the building shall be tied to the remainder of the
building with elements having at least a strength to
resist A _/3* times the weigth of the smaller portion but
not less than 5 percent of the portion's weight.

As a minimum a positive connection for resisting a
horizontal force shall be provided for each beam, girder,
or truss to its support which shall have a minumum
strength acting along the span of the member equal to 5
percent of the dead and live load reaction.

CONCRETE OR MASONRY WALL ANCHORAGE - Concrete and masonry
walls shall be anchored to the roof and all floors which
provide lateral support for the wall. The anchorage
shall provide a direct connection between the walls and
the roof or floor construction. The connections shall be
capable of resisting a seismic lateral force, F_, induced
by the wall but not less than a force of 1,d%o N/m of
wall. Walls shall be designed to resist bending between
anchors where the anchor spacing exceeds 1.2 m.

ANCHORAGE OF NON-STRUCTURAL SYSTEMS - When required by
Part 2 Section 3 all portions or components of the
building shall be anchored, for the seismic force,
prescribed therein.

For the purpose of this Section, Av can be taken equal to
Aa from Table 2.424.1.
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COLLECTOR ELEMENTS - Collector elements shall be provided
which are capable of transferring the seismic forces
originating in other portions of the building to the
element providing the resistance to those forces.

DIAPHRAGMS -~ The deflection in the plane of the
diaphragm, as determined by engineering analysis, shall
not exceed the permissible deflection of the attached
elements. Permissible deflection shall be that
deflection which will permit the attached element to
maintain its structural integrity under the individual
loading and continue to support the prescribed loads
without endangering the occupants of the building.

Floor and roof diaphragms shall be designed to resist the
seismic forces determined as follows:

A minimum force equal to 0.5 A * times the weight of the
diaphragm and other elements of the building attached
thereto plus the portion of the V_ required to be trans-
ferred to the components of “the vertical seismic
resisting system because of offsets or changes in stiff-
ness of the vertical components above and below the
diaphragm.

Bearing Walls - Exterior and interior walls and their

anchorage shall be designed for a force * A We normal to
the flat surface with a minimum of 0.1 WC.

Interconnection of dependent wall elements and connect-
ions to supporting framing systems shall have sufficient
ductility or rotational capacity, or have sufficient
strength to resist shrinkage, thermal changes, and
differential foundation settlement when combined with
seismic forces.

INVERTED PENDULUM-TYPE STRUCTURES - Inverted pendulum-
type structures where the seismic resisting system acts
essentially as an isolated cantilever(s). Supporting
columns or piers of inverted pendulum-type structures
shall be designed for the bending moment calculated at
the base determined using the procedures given in Sub-
section 2.440 and varying uniformly to a moment at the
top equal to one half the calculated bending moment at
the base.

For the purpose of this Section A can be taken equal to
A, from Table 2.424.1. v
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2.438.15> VERTICAL SEISMIC MOTIONS FOR BUILDINGS ASSIGNED TO
CATEGORIES C AND D - The vertical component of earthquake
motion shall be considered in the design of horizontal
cantilever and horizontal prestressed components. For
horizontal cantilever components, these effects may be
satisfied by designing for a net upward force of 0.2Q..
For other horizontal components employing prestressing
these effects may be satisfied by Formula 2.438.2.3

2.438.16 DEFLECTION AND DRIFT LIMITS - All portions of the
building shall be designed and constructed to act as an
integral unit in resisting seismic forces unless sepa-
rated structurally by a distance sufficient to avoid
damaging contact under total deflection, Q_ (as deter-
mined in sub-section 2.444), corresponding to the seismic
design forces.

2.438.17 The design storey drift,Zx, as determined in sub-section
2.444 shall not exceed the allowable storey driFt,Zxa ’
obtained from Table 2.438.3 for any storey.

TABLE 2.438.1
SOIL PROFILE COEFFICIENT
Soil Profile Type: Sl 52 53
Soil Profile coefficient (S): 1.0 1.2 1.5
TABLE 2.438.2
RESPONSE MODIFICAIIDN
COEFFICIENTS
Coefficients

Type of Structural Vertical Seismic éﬂ 09

System Resisting System Cd

Bearing Wall System: Light framed walls

A structural system with with shear panels 6 1/2 4

bearing walls providing

support for all, or major

portions of, the vertical

loads.

Seismic force resistance Shear Walls:

is provided by shear Reinforced concrete 4 1/2 4

walls or braced frames. Reinforced masonry 3 3

Braced frames 4 31/2
Unreinforced and

partially reinforce

masonry shear walls 11/4 11/4
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Dual System: Shear Walls:

A structural system with Reinforced concrete 8 6 1/2
an essentially complete

space frame providing Reinforced masonry 6 1/2 5 1/2

support for vertical loads

A special moment frame Wood sheathed shear

shall be provided which panels 8 5
shall be capable of resist-

ing at least 25 percent

of the prescribed seismic

forces

The total seismic Braced 6 5
force resistance is

proveded by the combi-

nation of the Special

Moment Frame and shear

walls or braced frames

in proportion to their

relative rigidities

l.

These values are based on the Draft ATC 3. They are the best
data available at the time of writing but will need to be
reviewed periodically.

Unreinforced masonry is not permitted for portions of buildings
assigned to Category B. Unreinforced or partially reinforced
masonry is not permitted for buildings assigned to Categories C
and D; see Section 4B, sub-sections 2.425 through 2.430.
Exceptions to these rules are as set out in Section 4C for
single storey buildings.

R 1is coefficient for wuse in Formula 2.440.2 and 2.440.3
sub-section 2.440.

Cd is coefficient for use in Formula 2.444.1.
TABLE 2.438.3
ALLOWABLE STOREY DRIFT Aa

IMPORTANCE FACTORS

Importance Factors: 1.5 1.2 1.0

Aa: ©0.010 h_ 0.015 h_, 0.015 h_,

Where there are no brittle-type finishes in buildings
three storeys or less in height, these limits may be
increased one-third,
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Equivalent Lateral Force Procedure

GENERAL - The requirements of sub-sections 2.439 through
2.444 shall control the seismic analysis of buildings
prescribed in sub-sections 2.431 through 2.438.

Seismic Base Shear

The building, considered to be fixed at the base, shall
be designed to resist the lateral seismic base shear, V,
in the direction being analysed as determined in accord-
ance with the following formula:

V = CSW 2.440.1
where: CS = the seismic design coefficient.

W = the total gravity load of the building. W shall be
taken equal to the total weight of the structure
and applicable portions of other components
including, but not limited to, the following:

(a) Partitions and permanent equipment including
operating contents.

(b) For storage and warehouse structures, a minimum
of 25 percent of the floor live load.

The value of C_ may be determined in accordance with
Formula 2.440.2% or 2.440.3. Formula 2.440.2 requires
calculation of the fundamental period of the building as
specified in Cl. 2.440.6. If the period of the building
is not calculated, Cs shall be determined using Formula
2.440.3 or 2.440.4 as appropriate.

CALCULATION OF SEISMIC COEFFICIENT - When the period of

the building is computed, the seismic coefficient Cq
shall be determined with the following formulas

Cqy = l.2AvS 2.440.2
RT 2/3
where:

AV = the coefficient representing effective peak
velocity related acceleration. For the
purposes of this Section, Av can be taken
equal to the values for A_ in Table 2.424.2,

S = the coefficient for the soil profile

characteristics of the site as given in
Table 2.438.1.
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R = the response modification factor as given in
Table 2.438.2

T = the fundamental period of the buildign as
determined in Clause 2.440.6.

C need not be taken as greater than the value given by
FSrmula 2.440.3 and 2.440.4.

For the design of a building where the period is not
calculated the value of CS shall be determined in
accordance with the following formula:

Cs = 2.5 Aa/R 2.440.3
where:
A = the seismic coefficient representing the

effecitive peak acceleration as indicated in
Table 2.424.2.

Exception: For soil profile type S, in areas where A_ =
0.30, C shall be determined in accordance
with thé following formula:

Ci =2 Aa/R 2.440.4

PERIOD DETERMINATION - The fundamental period of the
building, T, in Formula 2.440.2 may be determined based
on the properties of the seismic resisting system in the
direction being analysed and the use of established
methods of mechanics assuming the base of the building to
be fixed but shall not exceed 1.2 T_. Alternatively the
value of T may be taken equal to the approximate
fundamental period of the building, T_, used to establish
a minimum seismic base shear for the building and
determined in accordance with one of the following
formulas.

For moment-resisting structures where the frames are not
enclosed or adjoined by more rigid components tending to
prevent the frames from deflecting when subjected to
seismic forces:

T.=  Ch 3/4 2.440.5
where

CT = 0.035 for steel frames

CT = 0.025 for concrete frames

hn = the height in feet above the base to the

highest level of the building.

For all other buildings: e.g. masonry buildings as
covered by this Section:
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T = 0.05h 2.440.6
a n
[ L
where L = the overall length of the building at the

base in the direction under consideration.
Vertical Distribution of Seismic Forces
The lateral seismic shear force, Fer induced at any

level, shall be determined in accordance with the
following formula:

F = cC Vv 2.441.1
X VX
where
W hk
C = X X 2.441.2
VX —_—
n k
Z wihi
i=1

k is a coefficient related to the building period as
follows:

For buildings having a period of 0.5 seconds or less, k =
1.

For buildings having a period of 2.5 seconds or more,
k = 2.

For buildings having a period between "0.5 and 2.5

seconds, k may be taken as 2 or may be determined by

linear interpolation between 1 and 2.

WisW, = the portion of w located at or assigned to level
i or x.

hi’hx = the height above the base level i or x.

i’

Horizontal Shear Distribution and Torsion

The seismic shear force at any level, V_, shall be
determined in accordance with the following formula:

n
v o= Z Fy 2.442.1
1=X

The force, V_, and the associated torsional forces shall
be distributdd to the various vertical components of the
seismic resisting system in the storey below level x with
due consideration given to the relative stiffnesses of
the vertical components and the diaphragm.
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The design shall provide for the torsional moment M
resulting from the location of the building masses plus
the torsional moments M, caused by assumed displacement
of the mass each way *%om its actual location by a
distance equal to 5 percent of the dimension of the
building perpendicular to the direction of the applied
forces.

Overturning

Every building shall be designed to resist overturning
effects caused by the seismic forces. At any level, the
increment of overturning moment in the storey under
consideration shall be distributed to the various walls
or frames in the same proportion as the distribution of
the horizontal shears to those walls or frames.

The overturning moments shall be determined by the
application of the prescribed forces as follows:

n

Mx = Kz: Fi (hi - hx) 2.443.1
i=x

where:

K = 1.0 for the top 10 stories

K = 0.8 for the 20th storey from the top and below.

K = a value between 1.0 and 0.8 determined by a straight
line interpolation for stories between the 20th and
10th stories below the top.

The foundations of buildings, except inverted pendulum
structures, may be designed for the foundation over-
turning design moments M., at the Ffoundation-soil
interface determined using H;rmula 2.443.6 with K = 0.75
for all building heights. The resultant seismic forces
and vertical loads at the foundation-soil interface shall
not fall outside the middle one-half of the base of the
component(s) resisting the overturning.

Drift Determination And P-Delta Effects

Storey drifts and, where required, member forces and
moments due to P-delta effects shall be determined in
accordance with this sub-section.

STOREY DRIFT DETERMINATION - The design storey drift,
Z& » shall be computed as the difference of the
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deflections, (S , at the top and bottom of the storey
under consideration. The deflections,(s shall be
evaluated in accordance with the following formula:

« = C40xe 2.444.1

where

Cd = the deflection amplification factor as given in
Table 2.438.2

6xe = the deflections determined by an elastic analysis.
The elastic analysis of the seismic resisting
system shall be made using the prescribed seismic
design forces (See sub-section 2.441) and
considering the building fixed at the base.

For determining compliance with the storey drift
limitation of clause 2.438.17, the deflections may be
calculated as above, but the seismic resisting system and
the design forces corresponding to the fundamental period
of the building, T, calculated without the limit specifi-
ed in clauses 2.440.6 to 2.440.8.

Where applicableICXshall be increased by the incremental
factor relating to the P-delta effects as determined in
clauses 2.444.5 and 2.444.6 below.

P - DELTA EFFECTS - P-Delta effects on storey shears and
moments, the resulting member forces and moments, and the
storey drifts induced by these effects need not be con-
sidered when the stability coefficient, 8, as determined
in accordance with Formula 2.444.2, is equal to or less
than 0.10.

8 = PXA

Vh C 2.444 .2
x sx d

>

the design storey drift.

<<
1]

the seismic shear force acting between level x

X
and x - 1,
hSX = the storey height below level x.
n
1
P = W total gravity load at and above level x
i=x
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When 8 is greater than 0.10, the incremental factor
related to P-delta effects, a,, shall be determined by
rational analysis. The design storey drift determined in
clause 2.444.2 shall be multiplied by the factor (l+a)
to obtain the storey drift including P-delta effects.
The increase in storey shears and moments resulting from
the increase in storey drift shall be added to the cor-
responding quantities determined without consideration of
the P~delta effect.
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PART 2
STRUCTURAL DESIGN REQUIREMENTS

SECTION 4C
MINIMUM PROVISIONS FOR SINGLE STOREY
HOLLOW UNIT MASONRY BUILDINGS WITH
LIGHT ROOFS (AND FOR OTHER BUILDINGS
OF SEISMIC PERFORMANCE CATEGORY A)
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Background To Section 4C

Economic pressures in the Commonwealth Caribbean have
caused frequent questioning of minimum reinforcement
provisions, i.e. reinforcement provided where calculated
stresses indicate that no steel is necessary.

Previous Caribbean Code efforts have followed SEAOC
methods which require substantial minimum reinforcing.

However, these requirements were challenged for the
following reasons:-

(a) SEAOC appears not to contemplate very lightly loaded
walls.

(b) A few areas in the Caribbean were felt to have very
low seismic Categories as defined in Section 4A.

(c) Requirements in various international codes vary
considerably but research work in the United States
of America suggests that minimum reinforcement
requirements can be reduced.

(d) The great need for low cost housing in the Caribbean
has elicited requests from policy makers that
priority be placed on safety against collapse, in
preference to the prevention or reduction of
cracking. Section 4C is a response to the above.

Basis

Recommendations in this Section for Seismic Performance
Categories A and B are largely based on Guidelines for
One-Storey Masonry Houses in Seismic Zone 2 by Applied
Technology Council-3 and US Department Housing and Urban
Development.

Recommendations for Seismic Category C are derived from
Draft Report of the Caribbean Seismic Code Committee 197
by "Caribbean Council of Engineering Organizations", and
"Recommendations for Minimum Reinforcement for Single
Storey Reinforced Concrete Block Walls Supporting Light
Roofs": Jamaica Institution of Engineers, 197.

Scope And Applicability Of Section 4C

This section sets out recommendations for minimum
reinforcement provisions for:

(a) Single storey single-family, residential, hollow
concrete block or clay masonry buildings with light
roofs.
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(b) Single and two storey, single family residential
buildings in hollow concrete block or clay masonry
construction for Buildings in Seismic Category Type
A (with respect to wall construction only).

(c) Buildings other than residential to a maximum height
of 10.64 m in hollow concrete block or clay masonry
construction for Buildings in Seismic Performance
Category A (with respect to wall construction).

Reduced requirements for belt beams and stiffener columns
are also described.

In all other respects not specifically mentioned, re-
quirements shall be set out in Section 4A.

These minimum provisions will apply only where calculated
reinforcement from a structural design in accordance with
Subsections 2.431 through 2.438 produces even less steel.

It is expected that for walls fitting the description
above such reinforcement can be provided without the need
for structural calculations and Sections 4A and 4B can be
by-passed.

It can be expected that these provisions will provide
protection from structural failure but not from cracks
and other damage and it should be noted that the walls
will be more susceptible to cracks from shrinkage and
minor foundation movement, than would be the case with
walls designed in accordance with Section 4A and 4B.

Other Requirements For Applicability

The Section is applicable only to nominal dimension 150
mm wide, masonry units and to houses that are '"regular"
in plan and meet the following requirements.

Other limitations of this section are:

(a) The grea under the roof must not be greater than
230 m™,

(b) The total weight of the roofing, ceiling,
insulation, and other materials supported direct%y
by the trusses or rafters must not exceed 1.0 kN/m".

(c) All masonry walls must be constructed with a
concrete or masonry stem wall on a concrete
foundation. ‘

(d) The unsupported height of any wall above the floor
must be not greater than 2.5 m and the height of any
parapet above the roof must be no greater than 1 m.

)

)

) ) )
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(e) The roof must be adequately braced or sarked to
resist lateral forces without undue distortion and
must be nailed or otherwise firmly fixed to the wood
framing members (trusses or rafters).

(f) ‘Roof trusses bearing on top of the masonry walls
must not have a clear span greater 9.7 m.

(g) Roof rafters or trusses supported by a ledger bolted
to the face of the masonry wall must not have a
clear span greater than 5 m,

(h) Where sloping rafters are not supported by internal
walls, horizontal thrust at eaves shall be resisted
by ceiling ties or by other means such as belt-beams
restrained by abutting interior walls.

Seismic Performance Categories

Seismic Performance Categories are defined in Section 4B
sub-section 2.421.

Shear Panels

A Shear Panel is a portion or section of an exterior wall
that performs the function of resisting lateral
earthquakes or wind forces. At least one shear panel, a
minimum of 1.8 m long and with no openings or penetrat-
ions, must be provided on each exterior wall of every
house. All projecting garages or projecting wings must
also have at least one shear panel on each exterior wall.

An unreinforced shear panel has no vertical reinforcing
requirements.

A reinforced shear panel must have a 12 mm vertical bar
in a solid grouted cell at each end of the panel. A 12mm
straight dowel must be provided from the grouted cell
into the stem wall at each end, and 12 mm hooked dowel
must be provided from the stem wall into the foundation.
Fig. 2.449.1 1illustrates shear panels in a typical
building.

Minimum Requirements - Single Storey Buildings For
Seismic Performance Category A

Houses with total roof weights (including roofing,
ceiling, insulaton and other materials suppoeFed by the
trusses) less than or. equal to 0.6 kN/m” may use
reinforced shear panels on each elevation.

Houses with total roof weights,greater than 0.6 kN/m2 but
less than or equal to 1.0 kN/m® must use reinforced shear
panels on each elevation.
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Except for verticals and dowels at jambs of large
openings and reinforces shear panels, no vertical wall
reinforcement is required. In lieu of reinforced belt
beams, continuous horizontal joint reinforcement, No. 9
gauge wire, truss or ladder type, may be provided at the
top two courses of all walls.

Figures 2.451.1 end 2.451.2 illustrate typical example
plans and elevations and wall details in SPC 'A’.

These plans are illustrative only. They are intended to
display the concept of shear panel size and layout.

Minimum Requirements - Single Storey Buildings in Seismic
Performance Category B

Reinforced shear panels must be used on each elevation of
every house.

Except for verticals and dowels at jambs of large
openings and reinforced shear panels, no vertical wall
reinforcement is required. In lieu of reinforced belt
beams continuous horizontal joint reinformceement, No. 9
gauge wire truss or ladder type, may be provided at the
top two courses of all walls.

Figures 2.452.1 and 2.452.2 illustrate typical example
plans and elevations and wall details in SPC 'B'.

These plans are illustrative only. They are intended to
display the concept of shear panel size and layout.

Minimum Requirements - Single Storey Buildings - Seismic
Performance Category C

For Single storey hollow concrete or clay block masonry
walls with light roofs of dead loading less than 1.0KN/m
(e.g. timber framed roofs with clear roof spans not
exceeding say 5 m or with trussed roofs not exceeding 10
m and with no horizontal thrust exerted from the roof to
the walls) the following minimum provisions shall be met:

Shear Panels - 3.0 mor 2 No 2.0m long to each
exterior wall.

Vertical Steel -~ 12 mm at 800 mm crs minimum.

Horizontal Steel - Omitted if wall does not exceed

2.7 m height between foundations
and eaves, otherwise, 10 mm at
800 mm.

Openings and ends - 12 mm bar in end cavities to
jambs and sills.

)

)

) ) ) )



A A A I I A A A A L A A AR A A A AR B A BN B RN BN DN AN AN AN AN 2 I I B B I B T D I 2 I D DN D D I DN RN DN DN DN RN N BN |

) )

)

2.454

2.454.1

56

Foundations - Top and bottom longitudinal
reinforcement minimum 2-12 mm
diameter pfm 2-10 mm dia top.

Corners - If properly bonded, 3-12 mm
diameter bars in corner cavities
linked with 6 mm diameter bars at
400 mm crs. Otherwise provide
stiffener - column in accordance
with Section 4A.

Belt Beams at Top - Minimum 200 mm deep poured

of Wall concrete or bond-beam 4 No
12 mm dia bars - 10 mm links at
200 mm crs.

Hurricane Resistance

Where high winds are a consideration, separate attention
must be given to lateral wind pressure and shear on walls
and uplift on roofs for buildings in hurricane prone
areas. Vertical dowel reinforcement from roof to
foundation shall be not less than one 12 mm diameter bar
fully grouted at 1.2 m centres, not withstanding any
minimum provisions stated in the foregoing. Roofs shall
be tied to the top of walls by a minimum 12 mm diameter
mild steel bolts at no greater than 1.2 m centres.
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RECOMMENDATIONS FOR SINGLE STOREY WALLS WITH LIGHT ROOFS
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SPECIAL REQUIREMENTS FOR MASONRY
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GENERAL

Masonry other than hollow unit masonry shall be designed
generally in accordance with all the foregoing Sections
4A, 4B and 4C except for the special requirements set out
in this Appendix.

For the special case of small one and two-storey
buildings in SPC 'A' or small one-storey buildings in
other SPC's this Appendix may be used without reference
to other sections. A future Part 5 will be added to this

Code to deal in greater detail with this category of
buildings.

MATERIALS
Reference Documents

The following standards apply to masonry materials and to
the testing thereof:

MATERIALS AND DESIGN STANDARD DESIGNATION

Building and Facing Brick

Clay and Shale ASTM Cé62, C216, C652
Sand-Lime ASTM C73
Method of Test ASMT Cé67

Concrete Masonry Units

Hollow Load-Bearing ASTM C90
Solid Load-Bearing ASTM Cl145
Hollow Non-Load-Bearing ASTM C129
Brick ASTM C55
Method of Test ASTM Cl40

Structural Clay Tile

For Walls - Load-Bearing ASTM C34, C212

For Walls - Non-Bearing ASTM C56

For Floors ASTM C57

Cast Stone ' ACI 704

Unburned Clay Uniform Building Code
USA Standard 24-15

Cement

Blended Hydraulic Cement *ASTM C595

Portland Cement and
Air-Entraining Portland
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Cement

Masonry Cement

Portland Cement

(Ordinary or Rapid Hardening)
Portland Blast furnace

Jamaican Standard Specification
for Portland Cement

Lime

Quicklime

Aggregates for Mortar

Aggregates for Grout

Hydrated Lime for Masonry Purposes

Aggreqates

Aggregates for Mortar
Aggregates for Grout

Aggregates from Natural Sources
for Concrete

Mortar

Other than Gypsum
Aggregates for Mortar
Field Tests for Mortar

Grout

Aggregates for Grout
Field Tests for Grout

* ASTM - American Society for Testing and Materials

BS - British Standards

JS - Jamaican Standard - Jamaica Bureau of Standards
For local equivalent refer to local Bureau of

Standards

ASTM €150
ASTM C91

*BS 12
BS 146

JS32/1974

ASTM C5

ASTM Cl44
ASTM C404
ASTM C207

ASTM Cl44
ASTM C404

BS 882

ASTM C270
ASTM Cla4

ASTM C404
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Criteria for Masonry Units

Masonry units shall be of a type, quality, and grade
consistent with the applicable provisions and intent of
the referenced documents considering:

(i) The intended usage such as structural or
non-structural.

(ii) The surrounding environment, such as the presence of
water, contact with the ground, exposure to the
weather and/or enclosure within a building.

Type, quality, grade and any similar additional special
requirements of this Appendix or Section 4A for masonry
units, all as applicable, shall be indicated on the
design documents.

Initial Rate of Absorption

At the time of laying, burned clay units and sandlime
units shall have a rate of absorption not exceeding 0.12
ml per square centimeter during a period of one minute.
Test procedures shall be in accordance with ASTM C67-73.
In the absorption test the surface of the unit shall be
held 3 mm below the surface of the water. Water content
shall be that of the units to be laid, i.e., the units
shall not be dried.

Brick Masonry Unit Surfaces for Grouted Masonry

Masonry units for reinforced and unreinforced grouted
masonry shall have all surfaces to which grout is to be
applied capable of adhering to grout with sufficient
tenacity to resist ‘a shearing stress of 0.7 N/mm” after
curing 28 days. Tests, when required, shall conform to
Section 4A.

Re-use of Masonry Units

Masonry units may be re-used when clean, whole, and in
conformance with the requirements of this Section and
those of the applicable reference documents. Conformance
must be established by tests of representative samples.

Cast Stone

Every cast stone unit more than 460 mm in any dimension
shall conform to the requirements for concrete in Section
4A.

Natural Stone

Natural stone shall be sound, clean and in conformity
with other provisions of the Section 4.
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Shrinkage of Concrete Units

Concrete masonry untis used for structural purposes shall
have a maximum linear shrinkage of 0.065 percent from the
saturated to the oven-dry condition.

TYPES OF CONSTRUCTION

The types of masonry construction described in Clause
Al02.1 may be used for structural or non-structural
purposes and the type of masonry construction in Al02.2
may be wused for non-structural purposes subject to
requirements of Section 4A and 4B.

Unburned Clay Masonry

Unburned clay masonry is that form of construction with
unburned clay stabilized with emulsified asphalt. Such
units shall not be used in any building more than one
storey in height. All footing walls which support
masonry of wunburned clay units shall extend to an
elevation not less than 150 mm above the adjacent ground
at all points.

Stone Masonry

Stone masonry 1is that form of construction made with
natural or cast stone with all joints thoroughly filled.
In ashlar masonry, bond stones uniformly distibuted shall
be provided to the extent of not less than 10 percent of
the area exposed faces.

Rubble stone masonry 600 mm or less in thickness shall
have bond stones with a maximum spacing of 1 m vertically
and 1 m horizontally, and if the masonry is of greater
thickgess than 600 mm, shall have one bond stone for each
0.6 m~ of wall surface on both sides.

Solid Masonry

Solid masonry shall be solid concrete or clay masonry
units laid contiquously in mortar. The bonding of
adjacent wythes in bearing and non-bearing walls shall
conform to one of the following methods:

Headers:

The facing and backing shall be bonded so that not less
than 4 percent of the exposed face area is composed of
solid headers extending not less than 75 mm into the
backing. The distance between adjacent full length
headers shall not exceed 600 mm vertically or horizon-
tally. Where backing consists of two or more wythes, the

) )
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headers shall extend not less than 75 mm into the most
distant wythe or the backing wytes shall be bonded
together with separate headers whose area and spacing
conform to this clause.

Metal Ties;

The facing and backing shall be bonded with corrosion-
resistant unit metal ties or cross wires or approved
Jjoint reinforcement for cavity walls. Unit ties shall be
of sufficient length to engage all wythes, with ends
embedded not less than 25 mm in mortar, or shall consist
of two lengths, the inner embedded ends of which are
hooked and lapped not less than 50 mm.

Where the space between metal tied wythes is solidly
filled with mortar the allowable stresses and other
provisions for masonry bonded walls shall apply.

Grouted Masonry - Multi-wythe Walls

Grouted masonry is that form of construction made with
brick or solid concrete units in which interior joints of
masonry are filled by pouring grout therein as the work
progresses. 0Only Type M or Type S mortar shall be used.
When reinforced in accordance with Section 4A, masonry
shall be classified as reinforced grouted masonry.

Grouting procedures for the space between wythes shall
conform to the requirements given in sub-section 2.409.
Coarse grout may be used in grout spaces 50 mm or more in
width. Coarse grout shall be used where the least
dimension of the grout space exceeds 125 mm.
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TABLE A102-1
MAXIMUM RATIO OF HEIGHT TO THICKNESS AND MINIMUM
THICKNESS OF MASONRY WALLS

Maximum ratio of Minimum
unsupported height nominal
or length to thickness
Type of Masonry thickness (1),(6)  (mm)(3)
STRUCTURAL WALLS:
Unburned Clay Masonry 10 400
Stone Masonry 14 400
Hollow Unit Masonry
(See Section 4A) 20 200
Solid Masonry 20 200
Grouted Masonry 20 (2) 150
Reinforced Grouted Masonry
(See Section 4A) 25 (2) 150
Reinforced Hollow Unit
Masonry (See Section 4A) 25 (2) 150
NON-STRUCTURAL AND PARTITIONS:(4) 30 100

(1) For cantilever walls, the actual height or length, as
applicable, used to compute the actual thickness ratio shall be
doubled.

(2) The minimum thickness requirements of Clause Al102.0 shall also
be satisfied.

(3) The thickness of plaster coatings may be considered in
satisfying thickness ratios and minimum thickness requirements
but shall not be used to take stresses.

(4) The maximum ratio of height or length may be increased and the
minimum thickness may be decreased when justified by substan-
tiating data.

(5) Nominal 100 mm loadbearing reinforced hollow clay unit masonry
walls with a maximum unsupported height or length to thickness
of 27 may, be permitted provided net area unit strength exceeds

5.6 N/mmz, units are laid in running bond, bar sizes do not
exceed 12 mm with no more than two bars or one splice in a cell
and joints are flushed cut, concave or a protruding v-section.
Minimum bar covering where exposed to weather may be 40 mm.

(6) These thicknesses may be reduced to 150 mm for grouted walls and
200 mm for solid masonry walls in one-storey buildings when the

wall is not over 2.75 m in total height, provided that when
gable construction is used an additional 1.8 m in height is
permitted to the peak of the gable.

)

)
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- TABLE A102-2
- ALLOWABLE WORKING STRESSES IN UNREINFORCED MASONRY
-_
- N/mm2
- Mortar Type
-
- M S Mor S N
- Shear or Shear or
- Tenslion In Tension in Tenslon In
-~ Material (6) Compression Compression Flexure (2,3) Flexure (3,4,8) Compression (1) Flexural (2,3,8)
-~
Special Inspection
- required No No Yes No Yes No No Yes No
-
“ Solld Brick Masonry
- > 31.6 N/mm_ (7) 1.75 1.57 0.14 0.07 0.28 0.14 1.40 0.10 0.05
- 17.6 = 31.5 N/mm2 (N 1.22 1412 0.14 0.07 0.28 0.14 0.98 0.10 0.05
- 105 = 17.5 N/mm~ (7) 0.87 0.80 0.14 0.07 0.28 0.14 0.70 0.10 0.05
- Solid Concrete Masonry
- Grade N 1.22 112 0.08 0.04 0.17 0.08 0.08 0.04
- Grade S 0.87 0.80 0.08 0.04 0.17 0.08 0.08 0.04
-
= Grouted Masonry
- >31.6 N/mm2 ()] 2.45 1.92 0.17 '0.09 0.35 0.17
o 176 = 315 N/mm_ (7) 1.92 1.50 0.17 0.09 0.35 0.17
105 = 17.5 N/mm~ (7) 1.57 1.22 0.17 0.09 0.35 0.17
-
“ Hollow Unit Masonry (5) 1.19 1.05 0.08 0.04 0.17 0.08 0.98 0.07 0.03
-
=~ Cavity Wall Masonry
- Solid Units 55)
- >17.5 N/mm 0.98 0.91 0.08 0.04 0.21 0.10 0.77 0.07 0.03
10.5 = 17.5 N/mm2 0.70 0.63 0.08 0.04 0.21 0.10 0.56 0.07 0.03
- Hollow Units 0.50 0.42 0.08 0.04 0.21 0.10 0.35 0.07 0.03
-
- Stone Masonry
- Cast Stone 2.80 2.52 0.06 0.03 2.24 0.06 0.03
- Natural Stone 0.98 0.84 0.06 0.03 0.70 0.06 0.03
-
- Unburned Clay Masonry 0.21 0.21 0.06 0.03
“~1 Allowable axlal or flexural compressive stresses In N/mm2 on gross cross-sectional area (except as
- noted). The allowable working stresses In bearing directly under concentrated loads may be 50 percent
- greater than these values. Allowable axlal stresses are only appilcable if the maximum thickness
- ratios of Table A102-1 are not excesded. Reduce these values by 20 percent when designing columns.
= 2 This value of tension Is based on tension across a bed Joint, t.e., vertically in the normat masonry
WOrk.
=3 N tension allowed in stacked bond across head Joints.
-~ 4 The values shown here are for tension In masonry in the direction of the bond, I.e. horizontally
- between supports.
-5 Net bedded area or net cross-sectionat area, whichever Is more critical.
-~ 6 Strengths listed in this column are +hose of masonry unitg.
= / When the required strengths of the units exceed 17.5 N/mm » compression tests of the units conforming
- to the applicable reference documents shall be made. This shall not be required 1f certification

acceptable to the Regulatory Agency accompany the unlits.
=8 Allowable shear and tension stresses where |ightweight concrete units are used are limited +o 85
percent of the tabulated values.
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TABLE Al102-3
ASSUMED COMPRESSIVE STRENGTH OF MASONRY

f'm
Compressive (N/mmz)
Strength of
Units, N/mm Type N Type S Type M

Type of Unit or Grade Mortar Mortar Mortar

Solid Clay 98.0 N/mm? gross 1 30.1297 37125 44,12

and Net Area  84.0 N/mm® gross 1  26.627° 32,220 3g.5%9°

of Hollow Clay 70.0 N/mm? gross 1 23.125°  28.025°  32.227°
56.0 N/mm® gross ©  18.9%7°  23.12°  26.6%27°
42.0 N/mm?® gross 1 15.4° 18.2°  21.0°
28.0 N/mm® gross 11.2 13.3 15.4°
14.0 N/mm? gross 1 7.7 8.4 9.1

Solid Concrete 42.0 N/mm® gross 9.5 16.8 16.8

and Net Areas 28.0 N/mm2 gross 8.8 14.0 14.0

of Hollow 17.5 N/mm2 gross 7.7 10.9 10.9

Concrete 10.5 N/mm? gross 6.1 8.1 8.1

7.0 N/mm® gross 4.9 6.3 6.3

1 Whenzthe required strength of the units exceeds 21.0
N/mm“ compression tests of the units conforming to the
application reference documents shall be made.

2 When the assumed f'_exceeds 18.2 N/mm2 prism tests
conforming to clause 2.410.9 shall be provided during
construction. Certification of the wunits 1is not
acceptable in lieu of tests.

3 Intermediate values may be interpolated.

4

Where grouted construction is used, the value 'of f'
shall not exceed the compressive strength of the grou@
unless prism tests are provided during construction.

)
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MINIMUM REQUIREMENTS FOR WALLS OF BRICK OR STONE MASONRY

The following provisions are largely based on work by the
Tropical Divsion of the Building Research Station U.K.

Lateral Supports - Slenderness - Openings

(a)

(b)

{c)

Every wall shall be supportd at right angles to the
wall face by means of other walls, piers or
buttresses.

The distances between such lateral supports for
walls shall not exceed:

(1) for loadbearing walls - 20 times the walls
thickness for bricks, 14 times for stone.

(ii)  for non-loadbearing walls - 30 times the wall
thickness.

For the purposes of this clause Al103.1 the wall
thickness shall be taken to be the thickness of the
wall excluding any surface finish or rendering.

In any unframed building other than a garage:

(i) the total width of openings in any wall shall
not exceed one half the length of that wall

(ii)  the total width of openings in the external
walls of any storey shall not exceed one-
third of the length of the external walls of
that storey

(iii) the horizontal distance between openings in a
wall shall be not less than:

(a) twice the thickness of that wall or

(b) one third the width of the wider
opening or

(¢)  500mm
whichever is the greater
(iv) The horizontal distance bean opening in a
load bearing wall and any corner of a wall or
wall intersection shall not be less than :
(a)  Twice the thickness of the wall or

(b)  500mm

whichever is the greater.
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Walls in Minor Seismic Areas With Average To Good Ground
(Or Seismic Performance Category A)

(A) General Requirements

Single Storey Walls:

External walls and other load bearing walls not more than
3m high measured to the underside of the belt-beam
required in Clause Al03.6 shall be constructed of either:

Stone:

(i) Masonry set in mortar, and not less than 400 mm
thick or

(ii) Burnt clay bricks set in mortar and not less than
210mm thick; or

Two Storey Walls:

External walls and other load bearing walls two storeys
high shall have the upper storey constructed to comply
with requirements for walls not exceeding 2.75m high as
set out above. The lower storey walls shall be construc-
ted of:

(i) Masonry set in mortar and not less than 450 mm
thick; or

(ii) Burnt clay bricks set in mortar and not less than
210mm thick. ’

(B) Construction Details - Stone Masonry

(i) The part of the building on which the wall stands is
roughened and cleaned to provide a good bond;

(ii) The stones are set in mortar not weaker than mix 1:4
cement to sand.

(iii)All joints are completely filled with mortar and all
mortar is used within 25 minutes of water being

added to dry mix;

(iv) Therg is not less than one through stone to every
0.6m" of wall;

(v) All stones are wetted before being laid;

(vi) A1l walls are plumb and all walls, piers, corners
and intersections are correctly bonded;

)
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(C) Construction Details - Brick Walls

(1) The bricks are well burnt, sound, square edged and
correct to shape and size within a tolerance of +
6mm

(ii) The blocks or bricks are set in mortar not weaker
than mix and all joints are completely filled with
mortar; the mortar is used within 25 minutes of
water being added to the dry mix

(iii)Expanded metal or purpose made reinforcement
extending the whole width of the wall less 25mm
cover on each side

(iv) Is tied or otherwise securely fixed to the vertical
reinforcement at each end.

(v) Has an overlap of not less than 300 mm at laps.

Walls In Moderate Seismic Areas With Average To Good
Ground (Or Seismic Performance Category B)

(A) General Requirements

External walls and other load bearing walls not more than
3 m high measured to the underside of the belt-beam in
Section 4A sub-section 2.414.

(i) Be of masonry set in mortar and not less stone than
400 mm thick or

(ii) Be of burnt clay bricks set in mortar and not less
than 210 mm thick or

(iii)Have every wall at every corner or wall intersection
suitable vertical reinforcement connecting the
ring-beam with the foundation or solid floor; and

(iv) Have suitable horizontal reinforcement in courses
not more than 450 mm apart: this reinforcement
shall tie the walling to the vertical reinforcement
provided to comply with sub-clause (iii) above

(B) Construction Details - Stone Masonry

(i) The part of the building on which the wall stands is
roughened and cleaned to provide a good bond;

(i1) The stones are set in mortar not weaker than 1:4
cement :sand
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(iii)All joints are completely filled with mortar and all
mortar is used within 25 minutes of water being
added to the dry mix;

(iv) There is not less than one through stone to every
0.6m" of wall;

(v) All stones are wetted before being laid;

(vi) All walls are plumb and intersections are correctly
bonded;

(vii)The horizontal reinforcement for a load bearing
wall:

(a) Consists of three bars each 6 mm diameter set
one in the middle of the wall and one about 50
mm in from each side of the wall; or

(b) Expanded metal or purpose made reinforcement
extending the whole of the wall less 25 mm
cover on each side.

(c) In any case is tied or otherwise securely
fixed to the vertical reinforcement at each
end; and

(d) Has an overlap of not less than 300 mm
The horizontal reinforcement for a wall which carries no
load other than its own weight complies with B (vii) of
these clauses except that only one bar is required set in

the middle of the wall.

(C) Construction Details - Brick Walls

(1) The bricks are well burnt, sound, square edged and
correct to shape and size within a tolerance of 6 mm

(2) The bricks are set in mortar not weaker than mix l:4
cement and sand and all joints are completely filled
with mortar; the mortar is used within 25 minutes of
water being added to the dry mix.

(3) The part of the building on which the wall stands is
roughened and cleaned to provide a good bond and all
blocks and bricks are wetted before being laid;

(4) All walls are plumb and all walls, piers, corners
and intersections are correctly bonded.

(5) The vertical reinforcement at each corner or wall
intersection consists of two bars each at least 12
mm diameter and bent through a right angle at top
and bottom and welded or tied to:

| 700 Y T T O T I T D B B
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(a) The reinforcement in the belt-beam and
(b)  The reinforcement in the foundation
The horizontal reinforcement

(a) Consists of two bars each 6 mm diameter each
set 25 mm in form a side of the wall; or

(b)  Expanded metal or purpose made reinforcement
extending the whole width of the wall less 25
mm cover on each side.

(c) Has an overlap of not less than 300 mm at
laps.

Walls In Major Seismic Areas With Average To Good Ground
(Seismic Performance Category C)

(A)

(1)

(8)
(i)

(ii)

General Requirements

External walls and other load bearing walls not more
than 3 m high measured to the underside of the
beam-belt required in Clause Al103.6 shall:

Be of burnt clay bricks set in mortar and not less
than 210 mm thick.

Construction Details - Brick Walls

The bricks are well burnt, sound, square edged and
correct to shape and size within a tolerance of 6
mm.

The blocks or bricks are set in mortar not weaker
than mix 1:4 cement to sand and all Jjoints are
completely filled with mortar: the mortar is used
within 25 minutes of water being added to the dry
mix.

(iii)The part of the building on which the wall stands is

(iv)

(v)

roughened and cleaned to provide a good bond and all
blocks and bricks are wetted before being laid.

All walls are plumb and all walls, piers, corners
and intersections are correctly bonded.

The vertical reinforcement at corners, wall
intersections and the sides of doors or windows
consists of two bars each at least 12 mm diameter
and bent through a right angle at top and bottom and
welded or tied to:
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(a) The reinforcement in the belt-beam, and -
(b)  The reinforcement in the lintel, and -
(¢) The reinforcement in the foundation -
(vi) The horizontal reinforcement - -
(a) Consists of two bars each 6 mm diameter each -
set 25 mm in from a side of the wall or -
(b) Expanded metal or purpose made reinforcement -
extending the whole width of the wall less 25 -
mm cover on each side. -
(¢) Is tied or otherwise securely fixed to the -
vertical reinforcement at each end. -
(d) Has an overlap of not less than 300 mm at :
joints.
Belt Beams -
(A) General Requirements -
(i) This Regulation shall apply to all walls constructed :
of stone masonry or bricks other than infilling walls or
curtain walls in framed buildings. -
(ii) There shall be a suitable continuously reinforced -
concrete belt-beam on top of each wall. -
(iii)There shall be another belt-beam at the level of -
each floor which is suspended above ground level; -
provided that where the floor is of reinforced
concrete the belt-beam may be designed as part of -
the floor. -
(iv) Each belt-beam shall be suitably connected to the -
walls or any other parts of the building on which it -
rests or which rests on it. -
(v) Each belt-beam shall extend over the full width of -
the wall. -

(B) Belt Beams in Minor Seismic Areas With Average To
Good Ground (SPC "A") '

(i) The beam is at least 150 mm deep.

(ii) It is reinforced with four bars each 12 mm in
diameter held together with stirrups not more than
380 mm apart.
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(iii)Each beam is fixed to any part of the building on

(C)

(1)

(ii)

which it rests or which rests on it by dowels; these
dowels penetrate at least 100 mm into the beam to
the start of the bend 230 mm into the other part of
the building, and are made of 12 mm diameter bars.

Belt Beams In Moderate Seismic Areas With Average To

Good Ground (SPC "B")

The beam is at least 200 mm deep

It is reinforced with four bars each 12 mm diameter
held together with stirrups not more than 250 mm
apart.

(iii)Each beam is fixed to any part of the building on

(D)

(i)
(ii)

which it rests or which rests on it by dowels: these
dowels penetrate at least 100 mm into the beam to
the start of the bend 230 mm into the other part of
the building, and are made of 12 mm diameter bar set
not more than 1.3 m apart measured along the walls.

Belt Beams In Major Seismic Areas With Average To

Good Ground (SPC "C")

The beam is at least 200 mm deep

It is reinforced with four bars each 16 mm diameter
held together with stirrups not more than 250 mm
apart.

(iii)Each beam is fixed to any part of the building on

which it rests or which rests on it by dowels: these
dowels penetrate at least 100 mm into the beam to
the point where the bar bends and 230 mm into the
other part of the building, and are made of 12 mm
diameter bars set not more than 1.3 m apart measured
along the walls.
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SPECIAL INSPECTIONS AND TESTS
The following special inspections and tests are required
to qualify for higher allowable stresses listed in
Section 4A Table 2.416.1 and for buildings in seismic

performance category D.

(A) Special Inspection

Special inspection shall be provided as follows:

For the examination of materials and/or certification of
materials for compliance.

For the observation of measurement and mixing of field-
mixed mortar and grout including checks on consistency.

For the determination of the moisture conditions of the
masonry units at the time of laying.

For periodic observations of the laying of masonry units
with special attention to joints including preparations
prior to buttering, portions to be filled, shoving, etc.

For observation of the bonding of units in the walls
between wythes and at corners and intersections.

For the proper placement of reinforcement including
splices, clearances, and support.

For observation of the construction of chases, recesses,

and the placement of pipes, conduits, and other weakening
elements.

For inspection of grout spaces immediately prior to
grouting including the removal of mortar fins as
required, removal of dirt and debris, and the conditions
at the bottom of the grout space. For high lift work
this shall be done prior to the closing of cleanouts and
shall also include the proper sealing of cleanouts.

For preparation, or supervision of preparation, of
required samples such as mortar, grout, and prisms.

For the observation of grout placement with special
attention to procedures to obtain filling of required
spaces, the avoidance of segregation, and proper
consolidiation and reconsolidation.

(B) Tests and/or Certifications

Tests and/or certifications shall be performed and/or
supplied as follows:
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For mortar, grout, and prisms. One prism test series
shall be made for each 460 square metres of wall.
Alternatively, a series of both mortar and grout tests
shall be made on the first three consecutive days of the
week and on each third day thereafter.

In addition, when f_' is equal to or greater than 18.2
N/mm~ or when f ' "is to be established by tests, a
minimum of three prism test series shall be made during
the progress of the work. When f ' is to be established
by tests there shall be an initial prism test series
prior to the start of construction.

The requirements for numbers of test series apply
separately for each variation of type of masonry
construction except for the total number for a building.

For masonry units. When shipments of masonry units are
not identified and accompanied by certification, one
series of tests for strength, absorption, saturation,
moisture content, shrinkage, and modulus of rupture shall
be made for each 460 square metres of wall or equivalent.
When the reference document or standard for the units has
no acceptance or rejection limits for a test, the tests
need not be made.

Grouted masonry, seismic performance Category D. One
series of core tests for shear bond shall be made for
each 480 square metres of wall or equivalent.

For cement used for mortar and grout, certification
acceptable to the Regulatory Agency shall accompany the
cement when the required volume of cement exceeds 500
sacks.

For reinforcement. One tensile and bend test shall be
made for each 2 1/2 tons of fraction thereof of each size
of reinforcing. Testing is not required if the
reinforcement is identified by heat number and is
accompanied with a certified report of the mill analysis.

For other tests, performance shall be as indicated in
Section 4A and the relevant material standards.

Where the number of tests series is not defined, one test
or test series, as applicable, shall be made for each 480
square metres of wall or equivalent.

Load Tests

When a load test is required the member or portion of the
structure under consideration shall be subject to a
superimposed load equal to twice the specified live load
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plus 1/2 of the dead load. This load shall be left in
position for a period of 24 hours before removal. 1If,
during the test or upon removal of the load, the member
or portion of the structure shows evidence of failure,
such changes or modifications as are necessary to make
the structure adequate for the rated capacity shall be
made; or where lawful, a lower rating shall be
established. A flexural member shall be considered to
have passed the test if the maximum deflection "D" at the
end of 24 hours period neither exceeds:

D=_L

200

nor D = L2
4000 t

and the beams and slabs show a recovery of at least 75
percent of the observed deflection within 24 hours after
removal of the load where:

span of the member in feet

L
t = thickness or depth of the member in feet.

Test Criteria

Masonry prisms, mortar and grout samples, and masonry
cores shall be prepared and tested in accordance with the
procedures in this Section 4.
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FACTORS FOR CONVERTING IMPERIAL

LENGTH

Feet (ft) x 0.3048*
Inches (in) x 0.0254*
Miles (mi) x 1609.34
Miles (mi) x 1.60934
Nautical Miles x 1852.0*
Yards (yd) x 0.9144*

AREA

Feet? (Ft2) x 0.0929030
Acreszx 4046 .86
Miles™ (mi“) x 2.58999

VOLUME

Feetg (Ft2) x 0.02831685
Feet>,(Ft>) x 28.31685
Yards® (yd”) x 0.764555
Acre feet x 1233.48
Gallons (gal) x 0.00454609
Gallons (gal) x 4.54609

VELOCITY

Feet per second (ft/s) x 0.3048*
Miles per hour (mi/hr) x 0.44704*
Miles per hour (mi/hr) x 1.60934
Knots x 0.514444

Knots x 1.852*%

DISCHARGE

Feet’ per second (Ft3/s) x 0.02831685
Millions of gallons per day (mgd)

UNITS TO SI UNITS

Meters (m)
Meters (m)
Meters (m)
Kilometers (km)
Meters {(m)
Meters (m)

Metersg (mg)
Meters® (m%)

Kilometers (ka)

Meters3 (m3)
Liters**
Meters., (m %
Meters3 (m3)
Meters” (m”)
Liters**

Meters per second (m/s)
Meters per second (m/s)
Kilometers per hour (km/hr)
Meters per second (m/s)
Kilometers per hour (km/hr)

Meters3 per second (m3/s)

Meters: per second (m3/s)
Meters® per second (m”/s)

x 0.0526167
Acre-feet per day x 0.0142764
Gallons per minute (gal/min)
x 0.0000757680

Meters per second (mj/s)

FORCE

Pounds (1b) x 0.453592
Pounds (1b) x 453.592
Pounds (1lb) x 4.44822
Tons x 0.907185

Kilogyrams force (kgf)
Grams (g)

Newtons** (N)

Metric tong**

o non



PRESSURE

Newtons per meter? (N/mz)2
Kilograms force per meter
(kgf/m") 2 2
Newtons per meter® (N/m<)

Pounds per Footg (lb/th) x 47.8803
Pounds per foot® (1b/ft“) x 4.88243

Pounds per inch? (1b/in?) x 6894.76

Pounds per inch (lb/inz) 2
0.00689476 x 10 = NewtoEs per millimeter
(N/mm*)
_ ) 5 = Megapascal (MPa)
Pounds per inch® (1b/in“) x 703.070 = Killoggams force per meter

(kgf/m")

Millibars (mb) x 100.0%* Newtons per meter? (N/m?)

UNIT WEIGHT

Newtons per meter” (N/m3)3
Kilogrgms force per meter
(kgf/m”) 3 3
Grams per centimeter’ (g/cm”)

Pounds per Foot} (lb/th) x 157.0876
Pounds per foot” (lb/ft”) x 16.0185
)

Pounds per foot® (1b/ft>) x 0.0160185

MASS AND DENSITY

Slugs x 14.593 Kilograms (kg)

Slugs per foot” x 515.379 = Kilograms per meter3 (kg/mB)
VISCOSITY
Pound-seconds per foot? (lb-s/th) or 2
slugs per foot second x 47.8803 = NewtoEs seconds per meter
2 2 (Ns/m" Jxx 2
Feet® per second (ft“/s) x 0.092903 = Meters” per second (m“/s)

*  Exact values 3

*¥* |liters x 1000.0 = cemtigeters
Liters x 0.001 = meters
Metric tons x 1000.0 = kilograms force
Kilograms force x 9.80665 = newtons’
Newtons x 100,000.0 = dyges
Newton seconds per meter® x 0.1 = poises



)

Y » ) ) )y Y )y ) )

)

Prefix
(abbreviation)

Mega- (M)
Kilo- (k)
Hecto- (h)
Deka- (da)
Deci- (d)
Centi- (c)
Milli- (m)

Micro- (:LD

SI PREFIXES AND MEANINGS

Meaning

1,000,000.
1,000.
100.
10.
0.1
0.01
0.001
0.000001
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FOREWORD

The objective of drafting this section 2.600 of the Caribbean
Uniform Building Code is to provide the minimum requirements for the
design construction and material properties of reinforced and
prestressed concrete.

ACI-318-M (1983) was chosen as the "Base Code" for section 2.600 of
the Caribbean Uniform Building Code. The main reasons for the
selection of ACI-318 were as follows:

(i) The provision of recommendations of the design of
earthquake resistant structures (outlined in
Appendix A of ACI-318) was the most significant
factor influencing the choice of ACI-318 as the
Base Code.

(i1) While BS CP110-1972 is used today in conjunction
with the "SEAOC" Code it is generally felt that
the compatibility of this combination is
questionable. The "SEAOC" Code 1is cross-
referenced to ACI-318.

The "Base code'" ACI-318 has been augmented to include the following
provisions in section 2.600.

(i) Servicibility requirements for the calculation of
long-term deflections and calculation of crack-
widths section, 9.5/9.6.

(ii)  General provision of cantilevered shear walls and
coupled shear walls, Appendix A section A.10
(BASED ON NZS 3101 and NZS 4203).

(iii) Detailing recommendations for Fire-Resistance to
RC/Pre-stressed Beams, Floors, Slabs, Columns and
Walls bhave been included in Appendix E. These
recommendations are based on BS CP110-1972.

In addition, recommendations for the use of structural concrete
(that is provisions regarding the use of aggregates in the Caricom
Countries of Barbados, Dominica, Grenada, Guyana, St. Lucia, St.
Vincent and Trinidad and Tobago have been included in Appendix F.
Recommendations regarding the use of aggregates in other Caricom
Countries not mentioned here will be included as data becomes
available.

Finally all reinforcement used in section 2.600 shall be in
accordance with any of the following standards BS 4449, BS 4461 or
ASTM 706.
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NUMBERING SYSTEM

For this part of the Code, the numbering system is as
follows:

The number and digit corresponding to the Part and
Section in the Part (2.6) have been omitted. The numbers that
remain correspond to the sub-sections and articles. Therefore, the
number 3.2 corresponds to Part 2, Section 6, sub-section 3, Article
2 (2.603.2).
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PART 1

PART 2

PART 3

PART 4

PART 5

ARRANGEMENT OF SECTIONS

CARIBBEAN UNIFORM BUILDING CODE

ADMINISTRATION OF THE CODE

STRUCTURAL DESIGN REQUIREMENTS

Section 1 Dead Load and Gravity Live Load
Section 2 Wind Load

Section 3 Earthquake toad

Section 4 Block Masonry

Section 5 Foundations (Not included)

Section 6 Reinforced and Pre-stressed Concrete
Section 7 Structural Steel

Section 8 Structural Timber

OCCUPANCY, FIRE SAFETY AND PUBLIC HEALTH REQUIREMENTS

Section 1 Occupancy and Construction Classification

Section 2 General Building Limitations

Section 3 Special Use and Occupancy Requirements

Section 4 Light, Ventilation and Sound Transmission
Controls

Section 5 Means of Egress

Section 6 Fire-resistive Construction Requirements

Section 7 Fire Protection Systems

Section 8 Safety Requirements During Building

Construction and Signs

SERVICES, EQUIPMENT AND SYSTEMS (Not included)

Section 1 Chimneys, Flues and Vent Pipes

Section 2 Electrical Wiring and Equipment

Section 3 Elevators, Escalators, Dumbwaiters and
Conveyor Equipment (Installation and
Maintenance)

Section 4 Plumbing and Drainage Systems

Section 5 Energy Conservation

SMALL BUILDINGS AND PRE-FABRICATED CONSTRUCTION
(Not included)

Section 1 Small Buildings (Single and 2 storey)
Section 2 Pre-fabricated Construction
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PART 2

STRUCTURAL DESIGN REQUIREMENTS

SECTION 6A

REINFORCED AND PRE-STRESSED CONCRETE

GENERAL
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PART 2

SECTION 6 A

SUB-SECTION 1 - GENERAL REQUIREMENTS

l.1

l.1.1

1.1.2

1.1.3

1.1.4

1.1.5

l.1.6

1.1.7

1.1.7.1

1.1.7.2

l1.1.7.3

1.2

l1.2.1

Scope

This Code provides minimum requirements for the design
and construction of reinforced concrete structural
elements of any structure erected under the requirements
of the General Building Code of which this Code forms a
part.

This Code supplements the General Building Code and shall
govern in all matters pertaining to design and
construction wherever this Code is in conflict with
requirements in the General Building Code.

This Code shall govern in all matters pertaining to
design, construction and material properties whenever
this Code is in conflict with requirements contained in
other specifications referenced in this Code.

For special structures, such as arches, tanks,
reservoirs, bins and silos, blast-resistant structures,
and chimneys, provisions of this Code shall govern where
applicable.

This Code does not govern the design and installation of
portions of concrete piles and drilled piers embedded in
ground.

Use of plain concrete for structural members shall be in
accordance with ACI standard "Building Code Requirements
for Structural Plain Concrete (ACI 318.1M)"

SPECIAL PROVISIONS FOR EARTHQUAKE RESISTANCE

In regions of low seismic risk, provisions of Appendix A
shall not apply.

In regions of moderate or high seismic risk, provisions
of Appendix A shall be satisfied. See Article A.2.1.

The seismic risk level of a region shall be regulated by
the general Building Code of which this Code forms a
part, or determined by Local Authority.

Permits and Drawings

Copies of design drawings, typical details, and
specifications for all reinforced concrete constructions



1.2.2

1.2.3

1.3

10301

1.3.2
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shall bear the seal of a registered engineer or architect
and shall be filed with the Building Department as a
permanent record before a permit to construct such work
will be issued. These drawings, details, and specifi-
cations shall show:

(a) Name and date of issue of Code and supplement to
which design conforms

(b) Live load and other loads used in design

(c) Specified compressive strength of concrete at stated
ages or stages of construction for which each part
of structure is designed

(d) Specified strength or grade of reinforcement

(e) Size and location of all structural elements and
reinforcement

(f) Provision for dimensional changes resulting from
creep, shrinkage, and temperature

(g) Magnitude and location of pre-stressing forces
(h) Type and location of splices of reinforcement

Calculations pertinent to design shall be filed with the
drawings when required by the Building 0Official. When
automatic data processing is used, design assumptions and
identified input and output data may be submitted in lieu
of calculations. Calculations may be supplemented by
model analysis.

Building Official means the officer or other designated
authority charged with the administration and enforcement
of this Code, or his duly authorized representative.

Inspection

Concrete construction shall be inspected throughout the
various work stages by a competent engineer or architect,
or by a competent representative responsible to that
engineer or architect.

The Inspector shall require compliance with design
drawings and specifications and keep a record that shall
cover:

(a) Quality and proportions of concrete materials
(b) Construction and removal of forms, re-shoring
(e) Placing of reinforcement

(d) Mixing, placing and curing of concrete

)
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1.3.3

“1.3.4

1.4
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(e) Sequence of erection and connection of precast
members

(f) Tensioning of pre-stressing tendons

(g) Any significant construction loading on completed
floors, members, or walls

(h) General progress of work.

When the ambient temperature falls below s°C or rises
above 35°C, a complete record shall be kept of concrete
temperatures and of protection given to concrete during
placement and curing.

Records of inspection required in Articles 1.3.2 and
1.3.3 shall be kept available to the Building 0fficial
during progress of work and for 2 years after completion
of the project and shall be preserved by inspecting
engineer or architect for that purpose.

Approval of Special Systems of Design or Construction

Sponsors of any system of design or construciton within
the scope of this Code, the adequacy of which has been
shown by successful use or by analysis or test, but which
does not conform to or is not covered by this Code, shall
have the right to present the data so submitted , to
require tests, and to formulate rules governing design
and construction of such systems to meet the intent of
this Code. When approved by the Building Official and
promulgated (these rules) shall be of the same force and
effect as the provisions of this Code.

SUB~SECTION 2 - DEFINITIONS

2.1

Admixture

Aggregate

Aggregate,
low-density

Anchorage

The following terms are defined for general use in this
Code. Specialized definitions appear in individual
chapters.

Material other than water, aggregate, or
hydraulic cement, wused as an ingredient of
concrete and added to concrete before or during
its mixing to modify its properties.

Granular material, such as sand, gravel crushed
stone, and iron blast-furnace slag, used with a
cementing medium to form a hydraulic-cement
concrete or mortar.

Aggregate with a dry, loose weight of 1100 kg/m3
or less.

In post-tensioning, a device wused to anchor
tendon to concrete member; in pre-tensioning, a
device used to anchor tendon during hardening of
concrete.



Bonded tendon
Building Official

Column

Composite concrete
flexural members

Concrete

Concrete, speci-
ified compressive
strength OF,(F'C)

Concrete, struc-
tural low-density

Curvature friction

Deformed rein-
forcement

Development length

Effective depth
of section (d)

Effective pre-
stress

4

Pre-stressing tendon that is bonded to concrete
either directly or through grouting.

See Article 1.2.3

Member with a ratio of height-to-least-lateral
dimension of 3 or greater used primarily to
support axial compressive load.

Concrete flexural members of precast and/or
cast-in-place concrete elements constructed in
separate placements but so interconnected that
all elements respond to loads as a unit.

Mixture of portland cement or any other hydraulic
cement, fine aggregate, coarse aggregate and
water, with or without admixtures.

Compressive strength of concrete used in design
and evaluated in accordance with provisions of
Sub-section 4, expressed in megapascals (MPa).

Whenever the quantity f'_ is under a radical

sign, square root of numérical value only is
%ntended, and result has units of megapascals
MPa).

Concrete containing low-density aggregate that
conforms to Article 3.3 and has an air-dry unit
mass as determined by "Test Method for Unit
Weight of Structural Lightweighi Concrete" (ASTM
C 567), not exceeding 1900 kg/m”. In this Code,
a low-density concrete without natural sand is
termed "all-low-density concrete" and low-density
concrete in which all of the fine aggregate
consists of normal density sand 1is termed
"sand-low density concrete".

Friction resulting from bends or curves in the
specified pre-stressing tendon profile.

Deformed reinforcing bars, bar mats, deformed
wire, welded smooth wire fabric, and welded
deformed wire fabric conforming to Article 3.5.3

Length of embedded reinforcement required to
develop the design strength of reinforcement at a
critical section. See Article 9.3.3

Distance measured from extreme compression fiber
to centroid of tension reinforcement.

Stress remaining in pre-stressing tendons after
all losses have occurred, excluding effects of
dead load and superimposed load.



> )y )y ) ) )

)

Embedment length

Jacking force

Load, dead

Load, factored

Load, live

L oad, service

Modulus of
of elasticity

Pedestal

Plain concrete
Plain rein-
forcement

Post-tensioning

Precast concrete

Pre-stressed con-
crete

Pretensioning

Reinforced
concrete

5

Length of embedded reinforcement provided beyond
a critical section.

In pre-stressed concrete, temporary force exerted
by device that introduces tension into pre-
stressing tendons.

Dead weight supported by a member, as defined by
General Building Code of which this Code forms a
part (without load factors).

Load, multiplied by appropriate load factors,
used to proportion members by the strength design
method of this Code. See Articles 8.1.1 and 9.2.

Live load specified by General Building Code of
which this Code forms a part (without load
factors).

Load specified by General Building Code of which
this Code forms a part (without load factors).

Ratio of normal stress to corresponding strain
for tensile or compressive stresses below
proportional limit of material. See Article 8.5

Upright compression member with a ratio of
unsupported height to average least lateral
dimension of less than 3.

Concrete that does not conform to definition of
reinforced concrete.

Reinforcement that does not conform to definition
of deformed reinforcement. See Article 3.5.4

Method of pre-stressing in which tendons are
tensioned after concrete has hardened.

Plain or reinforced concrete element cast
elsewhere than its final position in the
structure.

Reinforced concrete in which internal stresses
have been introduced to reduce potential tensile
stresses in concrete resulting from loads.

Method of pre-stressing in which tendons are
tensioned before concrete is placed.

Concrete reinforced with no less than the minimum
amount required by this Code, pre-stressed or
non-pre-stressed, and designed on the assumption
that the two materials act together in resisting
forces.



Reinforcement

Span length

Spiral rein-

forcement

Splitting

Stirrup

tensile

Strength, design

Strength, nominal

Strength,

Stress

Tendon

Tie

Transfer

Wall

required

6

Material that conforms to Article 3.5, excluding
pre-stressing tendons unless specifically
included.

See Article 8.7

Continuously wound reinforcement in the form of a
cylindrical helix.

Tensile strength of concrete detemined in
strength (fc ) accordance with "Specification for
Lightweight “Aggregates for Structural Concrete"
(ASTM € 330). See Article 4.1.4.

Reinforcement used to resist shear and torsion
stresses in a structural member; typically bars,
wires, or welded wore fabric (smooth or deformed)
either single leg or bent into L, U, or
rectangular shapes and located perpendicular to
or at an angle to longitudinal reinforcement.
(The term ‘'"stirrups" is wusually applied to
lateral reinforcement in flexural members and the
term "ties" to those in compression members).
See also Tie.

Nominal strength multiplied by a strength
reduction factor . See Article 9.3.

Strength of a member or cross-section calculated
in accordance with provisions and assumptions of
the strength design method of this Code before
application of any strength reduction factors.
See Article 9.3.1.

Strength of a member or cross-section required to
resist factored loads or related internal moments
and forces in such combinations as are stipulated
in this Code. See Article 9.1.1.

Intensity of force per unit area.

Steel element such as wire, cable, bar, rod, or
strand, or a bundle of such elements, used to
impart prestress to concrete.

Loop of reinforcing bar or wire enclosing
longitudinal reinforcement. See also "stirrup".

Act of transferring stress in pre-stressing
tendons from jacks or pretensioning bed to
concrete member.

Member, usually vertical, used to enclose or
separate spaces.
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Wobble friction

Yield strength

7

In pre-stressed concrete, friction caused by
unintended deviation of pre-stressing sheath or
duct from its specified profile.

Specified minimum yield strength or yield point
of reinforcement in megapascals. Yield strength
or yield point shall be determined in tension
according to applicable ASTM specifications as
modified by Article 3.5 of this Code.
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PART 2
STRUCTURAL DESIGN REQUIREMENTS
SECTION 6B

REINFORCED AND PRE-STRESSED CONCRETE

STANDARDS FOR TESTS AND MATERIALS
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PART 2
SECTION 6 B

SUB-SECTION 3 - MATERIALS

3.1

3.1.1

3.1.2

3.1.3

3.2

3.2.1

3.2.2

3.3

3.3.1

Tests of Materials

Building Official shall have the right to order testing
of any materials used in concrete construction to
determine if materials are of quality specified.

Tests of materials and of concrete shall be made in
accordance with standards of the American Society for
Testing and Materials, listed in Article 3.8.1.

A complete record of tests of materials and of concrete
shall be available for inspection during progress of work
and for 2 years after completion of the project, and
shall be preserved by inspecting engineer or architect
for that purpose.

Cements

Cement shall conform to one of the following specifi-
cations for portland cement:

(a) "Specification for Portland Cement" (ASTM C 150).

(b) "Specification for Blended Hydraulic Cements" (ASTM
C 595), excluding Types S and SA which are not
intended as principal cementing constituents of
structural concrete.

Cement used in the work shall correspond to that on which

selection of concrete proportions was based. See Article
4.2,

Aggregates

Concrete aggregates shall conform to one of the following
specifications:

(a) "Specification for Concrete Aggregates" (ASTM C 33)
(b) "Specification for Lightweight Aggregates for
Structural Concrete" (ASTM C 330)



3.3.2

3.3.3

3.4

3.4.1

3.4.2

3.4.3

3.4.3.1

3.4.3.2
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Aggregates failing to meet the specifications listed in
Article 3.3.1, but which have been shown by special test
or actual service to produce concrete of adequate
strength and durability may be used where authorized by
the Building Official.

Nominal maximum size of coarse aggregate shall be not
larger than:

(a) 1/5 the narrowest dimension between sides of forms,
nor

(b) 1/3 the depth of slabs, nor

(c) 3/4 the minimum clear spacing between individual
reinforcing bars or wires, bundles of bars, or
pre-stressing tendons or ducts.

These limitations may be waived if, in the judgment of
the Engineer, workability and methods of consolidation
are such that concrete can be placed without honeycomb or
voids.

Water

Water used in mixing concrete shall be clean and free
fron injurious amounts of oils, acids, alkalis, salts,
organic materials, or other substances that may be
deleterious to concrete or reinforcement.

Mixing water for pre-stressed concrete or for concrete
that will contain aluminum embedments, including that
portion of mixing water contributed in the form of free
moisture on aggregates, shall not contain deleterious
amounts of chloride ion. See Article 4.5.4.

Non-potable water shall not be used in concrete unless
the following are satisfied:

Selection of concrete proportions shall be based on
concrete mixes using water from the same source.

Mortar test cubes made with non-potable mixing water
shall have 7-day and 28-day strengths equal to at least
90 percent of strengths of similar specimens made with
potable water. Strength test comparison shall be made on
mortars, identical except for the mixing water, prepared
and tested in accordance with "Test Method for
Compressive Strength of Hydraulic Cement Mortars (Using
2-inch or 50-mm Cube Specimens)" (ASTM C 109).
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3.5.1

3.5.2

3.5.3

3.5.3.1

3.5.3.2

3.5.3.3

3.5.3.4

11
Metal Reinforcement

Reinforcement shall be deformed reinforcement, except
that plain reinforcement may be used for spirals or
tendons; and reinforcement consisting of structural
steel, steel pipe, or steel tubing may be used as
specified in this Code.

Reinforcing bars to be welded shall be indicated on the
drawings and welding procedure to be used shall be
specified. ASTM reinforcing bar specifications, except
for ASTM A706, shall be supplemented to require a report
of material properties necessary to conform to welding
procedures specified in "Structural Welding Code -
Reinforcing Steel" (AWS D1.4) of the American Welding
Society.

DEFORMED REINFORCEMENT

Deformed reinforcing bars shall conform to the following
specifications:

"Specification for Low-Alloy Steel Deformed Bars for
Concrete Reinforcement” (ASTM A 706).

Deformed reinforcing bars with a specified yield strength
f., exceeding 400 MPa may be used, provided f_ shall be
tfe stress corresponding to a strain of 0.35 B%rcent and
the bars otherwise conform to one of the ASTM specifi-
cations listed in Article 3.5.3.1. See Article 9.4

Bar mats for concrete reinforcement shall conform to
"Specification for Fabricated Deformed Steel Bar Mats for
Concrete Reinforcement" (ASTM A 184). Reinforcing bars
used in bar mats shall conform to one of the specifi-
cations listed in Article 3.5.3.1

Deformed wire for concrete reinforcement shall conform to
"Specification for Deformed Steel Wire for Concrete
Reinforcement" (ASTM A 496), except that wire shall not
be smaller than size D4 and for wire with a specified
yield strength f_ exceeding 400 MPa, f_ shall be the
stress correspondfﬁg to a strain of 0.35 a%rcent.



3.5.3.5

3.5.3.6

3.5.3.7

3.5.4

3.5.401

3.5.4.2

3.5.5

3.5.5.1
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Welded smooth wire fabric for concrete reinforcement
shall conform to "Specification for Welded Steel Wire
Fabric for Concrete Reinforcement” (ASTM A 185), except
that for wire with a specified yield strength f

exceeding 400 MPa, f_ shall be the stress correspondin

to a strain of 0.35 percent. Welded intersections shall
not be spaced farther apart than 310 mm in direction of
calculated stress, except for wire fabric used as
stirrups in accordance with Article 12.13.2.

Welded deformed wire fabric to concrete reinforcement
shall conform to "Specification for Welded Deformed Steel
Wire Fabric for Concrete Reinforcement" (ASTM A 497),
except that for wire with a specified yield strength f

exceeding 400 MPa, f_ shall be the stress correspondin

to a strain of 0.35 a%rcent. Welded intersections shall
not be spaced farther apart than 400 mm in direction of
calculated stress, except for wire fabric used as
stirrups in accordance with Article 12.13.2.

Reinforcing bars may be galvanized or epoxy coated in
accordance  with "Specification for Zinc  Coated
(Galvanized) Steel Bars for Concrete Reinforcement" (ASTM
A 767) or "Specification for Epoxy Coated Reinforcing
Steel Bars" (ASTM A 775). Zinc or epoxy-coated
reinforcing bars shall conform to one of the specifi-
cations listed in Article 3.5.3.1.

PLAIN REINFORCEMENT

Plain bars for spiral reinforcement shall conform to the
specification listed in Article 3.5.3.1 (a), (b) or (c).

Smooth wire for spiral reinforcement shall conform to
"Specification for Cold-Drawn Steel Wire for Concrete
Reinforcement" (ASTM A 82), except that for wire with a
specified yield strength f_ exceeding 400 MPa, f_ shall
be the stress corresponding’ to a strain of 0.35 pé%cent.

PRE~-STRESSING TENDGONS

Tendons for pre-stressed reinforcement shall conform to
one of the following specifications:

(a) Wire conforming to "Specifications for Uncoated
Stress-Relieved Steel Wire for Pre-stressed Concrete"
(ASTM A 421).



3.5.5.2

3.5.6

3.5.6.1

3.5.6.2
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(b) Low-relaxation wire conforming to "Specification for
Uncoated Stress-Relieved Steel Wire for Pre-stressed
Concrete" including Supplement '"Low-Relaxation Wire"
(ASTM A 421).

(c) Strand conforming to "Specification for Uncoated
Seven-Wire Stress-Relieved Steel Strand for Pre-stressed
Concrete” (ASTM A 416).

(d) Low-relaxation strand conforming to "Specification
for Uncoated Seven-Wire Stress-Relieved Steel Strand for
Pre-stressed Concrete" including Supplement "Low-Relaxa-
tion Strands" (ASTM A 416).

(e) Bar conforming to "Specification for Uncoated
High-Strength Steel Bar for Pre-stressed Concrete" (ASTM
A 722).

Wire, strands, and bars not specifically listed in ASTM A
421, A 416, or A 722 may be used provided they conform to
minimum requirements of these specifications and do not
have properties that make them less satisfactory than
those listed in ASTM A 421, A 416, or A 722.

STRUCTURAL STEEL, STEEL PIPE, OR TUBING.

Structural steel used with reinforcing bars in composite
compression members meeting requirements of Article
10.14.7 or 10.14.8 shall conform to one of the following
specifications:

(a) ™"Specification for Structural Steel" (ASTM A 36).

(b) "Specification for High-Strength Low-Alloy
Structural Steel" (ASTM A 242).

(c) "Specification for High-Strength Low-Alloy
Structural Manganese Vanadium Steel™ (ASTM A 441).

(d) "Specification for High-Strength Low-Alloy
Columbium-Vanadium Steels of Structural Quality"
(ASTM A 572).

(e) "Specification for High-Strength Low-Alloy
Structural Steel with 50,000 psi Minimum Yield Point
to 4 in. Thick" (ASTM A 588).

Steel pipe or tubing for composite compression members
composed of a steel encased concrete core meeting
requirements of Article 10.14.6 shall conform to one of
the following specifications:

(a) Grade B of "Specification for Pipe, Steel, Black and
Hot-Dipped, Zinc-Coated Welded and Seamless" (ASTM A 53).

(b) "Specification for Cold-Formed Welded and Seamless
Carbon Steel Structural Tubing in Rounds and Shapes"
(ASTM A 500).



3.6

3.6.1

3.6.2

3.6.3

3.6.4

3.6.5

3.7

3.7.1

3.7.2

3.8

3.8.1
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(c) "Specification for Hot-Formed Welded and Seamless
Carbon Steel Structural Tubing" (ASTM A 501).

Admixtures

Admixtures to be used in concrete shall be subject to
prior approval by the Engineer.

An admixture shall be shown capable of maintaining
essentially the same composition and performance
throughout the work as the product used in establishing
concrete proportions in accordance with Article 4.2.

Calcium chloride or admixtures containing chloride from
impurities other than from admixture ingredients shall
not be wused in pre-stressed concrete, in concrete
containing embedded aluminum, or in concrete cast against
stay-in-place galvanized metal forms. See Articles
4.5.3.1 and 4.5.4.

Air-entraining admixtures shall conform to "Specification
for Air-Entraining Admixtures for Concrete" (ASTM C 260).

Water-reducing admixtures, retarding admixtures,
accelerating admixtures, water-reducing and accelerating
admixtures shall conform to "Specification for Fly Ash
and Raw or Calcined Natural Pozzolan for Use as a Mineral
Admixture in Portland Cement Concrete" (ASTM C 618).

Storage of materials.

Cement and aggregates shall be stored in such manner as
to prevent deterioration or intrusion of foreign matter.

Any material that has deteriorated or has been
contaminated shall not be used for concrete.

Standards cited in this Code.

Standards fo the American Society for Testing and
Materials referred to in this Code are listed below with
their serial designations, including year of adoption or
revision, and are declared to be part of this Code as if
fully set forth herein:

A36-8la Standard Specification for Structural Steel

A53-82 Standard Specification for Pipe, Steel,
Black and Hot-Dipped, Zinc-Coated Welded and
Seamless

A82-79 Standard Specification for Cold-Drawn Steel
Wire for Concrete Reinformcement

Al84-79 Standard Specification for Fabricated
Deformed Steel Bar Mats for Concrete
Reinforcement

)

) )



)

Y )y ) ) )

)

)

)

) ) ) )

Al185-79

A242-81

A416-80

A421-80

A441-81

A496-78

A497-79

A500-82a

A501-81

A572-82

A588-82

A615M-82
(s1)

A616-82a

A617-82a

A706-82a
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Standard Specification for Welded Steel Wire
Fabric for Concrete Reinforcement

Standard Specification for High-Strength
Low-Alloy Structural Steel

Standard Specification for Uncoated
Seven-Wire Stress-Relieved Steel Strand for
Pre-stressed Concrete

Standard Specification for Uncoated
Stress-Relieved Steel Wire for Pre-stressed
Concrete

Standard Specification for High-Strength
Low-Alloy Structural Manganese Vanadium
Steel

Standard Specification for Welded Deformed
Steel Wire Fabric for Concrete Reinforcement

Standard Specification for Welded Deformed
Steel Wire Fabric for Concrete Reinforcement

Standard Specification for Cold-Formed
Welded and Seamless Carbon Steel Structural
Tubing in Rounds and Shapes

Standard Specification for Hot-Formed Welded
and Seamless Carbon Steel Structural Tubing

Standard Specification for High-Strength
Low-Alloy Columbium-Vanadium Steels of
Structural Quality

Standard Specidication for High-Strength
Low-Alloy Structural Steel with 50,000 psi
Minimum Yield Point to 4 in. Thick

Standard Specification for Deformed and
Plain Billet-Steel Bars for  Concrete
Reinforcement (Metric) including Supplemen-
tary Requirements (S1)

Standard Specification for Rail-Steel
Deformed and Plain Bars for Concrete
Reinforcement

Standard Specification for Axle-Steel
Deformed and Plain Bars for Concrete
Reinforcement

Standard Specification for Low-Alloy Steel
Deformed Bars for Concrete Reinforcement



A722-75
(1981)

A767-79

A775-81
C31-69
(1980)
£33-82
£39-81
C42-77

C94-81

C109-80

Cl44-81

C150-81

Cl172-82

C192-81

C260-77

C330-80

C494-81

C496-71

(1979)

C567-80
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Standard Specification for Uncoated High-
Strength  Steel Bar for Pre-stressing
Concrete

Standard Specification for Zinc-Coated
(Galvanized) Steel Bars for Concrete
Reinforcement

Standard Specification for Epoxy-Coated
Reinforcing Steel Bars

Standard Method of Making and Curing
Concrete Test Specimens in the Field

Standard Specification for Concrete
Aggregates

Standard Test Method for Compressive
Strength of Cylindrical Concrete Specimens

Standard Method of Obtaining and Testing
Drilled Cores and Sawed Beams of Concrete

Standard Specification for Ready-Mixed
Concrete

Standard Test Method for Compressive
Strength of Hydraulic Cement Mortars (Using
2-inch or 500 mm Cube Specimens)

Standard Specification for Aggregate for
Masonry Mortar

Standard Specification for Portland Cement

Standard Method of Sampling Freshly Mixed
Concrete

Standard Method of Making and Curing
Concrete Test Specimens in the Laboratory

Standard Specification for Air-Entraining
Admixtures for Concrete

Standard Specification for Lightweight
Aggregates for Structural Concrete

Standard Specification for Chemical
Admixtures for Concrete

Standard Test Method for Splitting Tensile
Strength of Cylindrical Concrete Specimens

Standard Test Method for Unit Weight of
Structural Lightweight Concrete



3.8.2

3.8.3

C595-82

C618-80

C685-81
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Standard Specification for Blended Hydraulic
Cements

Standard Specification for Fly Ash and Raw
or Calcined Natural Pozzolan for Use as a
Mineral Admixture in Portland Cement
Concrete

Standard Specification for Concrete made by
Volumetric Batching and Continuous Mixing

"Structural Welding Code - Reinforcing Steel™ (AWS
D1.4-79) of the American Welding Society is declared to
be part of this Code as if fully set forth herein.

"Building Code Requirements for Structural Plain Concrete
(ACI 318.1M-83)" is declared to be part of this Code as
if fully set forth herein.
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SECTION 6C

REINFORCED AND PRE-STRESSED CONCRETE

CONSTRUCTION REQUIREMENTS
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PART 2
SECTION 6C

SUB-SECTION 4 - CONCRETE QUALITY

4.1

4.1.1

4.1.2

4.1.3

4.1.4

4.1.5

4.2

4.2.1

4.2.2

4.2.3

General

Concrete shall be proportioned to provide an average
compressive strength as prescribed in Article 4.3.2.
Concrete shall be produced to minimize frequency of
strengths below F'C as prescribed in Article 4.7.2.3.

Requirements for f'c shall be based on tests of cylinders
made and tested as prescribed in Article 4.7.2.

Unless otherwise specified, F'c shall be based on 28-day
tests. If other than 28 days, test age for f'_ shall be
as indicated in design drawings or specifications.

Where design criteria in Articles 9.5.2.3, 11.2 and
12.2.3.3 provide for use of a splitting tensile strength
value of concrete, laboratory tests shall be made in
accordance with  "Specification for Light weight
Aggregates for Structural Concrete" (ASTM C330) to
establish value of fct corresponding to specified value
of f' .

c

Splitting tensile strength tests shall not be used as a
basis for field acceptance of concrete.

Selection of Concrete Proportions

Proportions of materials for concrete shall be
established to provide:

(a) Workability and consistency to permit concrete to be
worked readily into forms and around reinforcement under
conditions of placement to be employed, without
segregation or excessive bleeding.

(b) Resistance to special exposures as required by
Article 4.5.

(c) Conformance with strength test requirements of
Article 4.7.

Where different materials are to be used for different
portions of proposed work, each combination shall be
evaluated.

Concrete proportions, including water-cement ratio,
shall be established on the basis of field experience
and/or trial mixtures with materials to be employed
(Article 4.3), except as permitted in Article 4.4 or
required by Article 4.5.
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Proportioning on the Basis of Field Experience and/or
Trial Mixtures

STANDARD DEVIATION

Where a concrete production facility has test records, a
standard deviation shall be established. Test records
from which a standard deviation is calculated:

(a) shall represent  materials, quality control
procedures, and conditions similar to those expected, and
changes in materials and proportions within the test
records shall not have been more restricted than those
for proposed work.

(b) shall represent concrete produced to meet a

specified strength or strengths fle within 7 MPa of that
specified for proposed work.

(¢) shall consist of at least 30 consecutive tests or
two groups of consecutive tests totalling at least 30
tests as defined in Article 4.7.1.4, except as provided
in Article 4.3.1.2.

Where a concrete production facilty does not have test
records meeting requirements of Article 4.3.1.1, but does
have a record based on 15 to 29 consecutive tests, a
standard deviation may be established as the product of
the calculated standard deviation and modification factor
of Table 4.3.1.2. To be acceptable, the test record must
meet requirements (a) and (b) of Article 4.3.1.1, and
represent only a single record of consecutive tests that
span a period of not less than 45 calendar days.

TABLE 4.3.1.2

MODIFICATION FACTOR FOR STANDARD DEVIATION WHEN LESS THAN 30 TESTS

ARE AVAILABLE

Modification factor for

No. of tests* standard deviation**
less than 15 Use table 4.3.2.2
15 1.16
20 1.08
25 1.03
30 or more 1.00
* Interpolate for intermediate numbers of tests

¥*%

Modified standard deviation to be used to determine required

average strength F'cr from Article 4.3.2.1

)

)
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REQUIRED AVERAGE STRENGTH

Required average compressive strength F'cr used as the
basis for selection of concrete propositions shall be the
larger of Eq. (4-1) or (4-2) using a standard deviation
calculated in accordance with Article 4.3.1.1 or Article
4.3.1.2.

f‘l
cr

f-"
cr

fly + 1.34s (4-1)
or

fly + 2.33s - 3.5 (4-1)

When a concrete production facility does not have field
strength test records for calculation of standard
deviation meeting requirements of Article 4.3.1.1 or
Article 4.3.1.1, required average strength F'C shall be
determined from Table 4.3.2.2 and documeRtation of
average strength shall be in accordance with requirements
of Article 4.3.3.

TABLE 4.3.2.2

REQUIRED AVERAGE COMPRESSIVE STRENGTH WHEN DATA ARE NOT AVAILABLE TO

ESTABLISH A STANDARD DEVIATION

Specified compressive Required average
strength compressive strength
f'o MPa L MPa
Less than 20 MPa F'C + 7.0
20 - 35 F'c + 8.5
Over 35 f'c + 10.0

4.3.3

4.3.3.1

DOCUMENTATION OF AVERAGE STRENGTH

Documentation that proposed concrete proportions will
produce an average compressive strength equal to or
greater than required average compressive strength
(Article 4.3.2) may consist of a field strength test
record, several strength test records, or trial mixtures.

When test records are used to demonstrate that proposed
concrete proportions will produce the required average

strength f'__ (Article 4.3.2), such records shall
represent materials and conditions similar to those
expected. Changes 1in materials, conditions, and

proportions within the test records shall not have been
more restricted than those for proposed work. Ffor the
purpose of documenting average strength potential, test
records consisting of less than 30 but not less than 10
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consecutive tests may be used provided test records
encompass a period of time not less than 45 days.
Required concrete proportions may be established by
interpolation between the strengths and proportions of
two or more test records each of which meets other
requirements of this section.

When an acceptable record of field test results is not
available, concrete proportions may be established based
on trial mixtures meeting the following restrictions.

(a) Combination of materials shall be those for proposed
work.

(b) Trial mixtures having proportions and consistencies
required for proposed work shall be made using at least
three different water-cement ratios or cement contents
that will produce a range of strengths encompassing the
required average strength f'cr'
(c) Trial mixtures shall be designed to produce a slump
within + 20 mm of maximum permitted, and for air-en-
trained concrete, within + 0.5 percent of maximum
allowable air content.

(d) For each water-cement ratio or cement content, at
least three test cylinders for each test age shall be
made and cured in accordance with '"Method of Making and
Curing Concrete Test Specimens in the Laboratory" (ASTM C
192). Cylinders shall be tested at 28 days or at test
age designated for determination of F'C-

(e) From results of cylinder tests a curve shall be
plotted showing relationship between water-cement ratio
or cement content and compressive strength at designated
test age.

(f) Maximum water-cement ratio or minimum cement content
for concrete to be used in proposed work shall be that
shown by the curve to produce the average strength
required by Article 4.3.2, unless a lower water-cement
ratio of higher strength is required by Article 4.5.

Proportioning by water-cement ratio
If data required by Article 4.3 are not available,

permission may be granted to base concrete proportions on
water-cement ratio limits in Table 4.4.

) )
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TABLE 4.4

MAXIMUM PERMISSIBLE WATER-CEMENT RATIOS FOR CONCRETE WHEN STRENGTH
DATA FROM FIELD EXPERIENCE OR TRIAL MIXTURES ARE NOT AVAILABLE

Spec
compr

stre

f'C

ified Absolute water-cement ratio by mass
essive

ngth Non-air-entrained Air-entrained
MPa* concrete concrete

17
20
25
30
35

0.66 0.54
0.60 0.49
0.50 0.39
0.40 **

¥* % *%

*%

4.4.,2

4.4.3

4.5

4.5.1
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-day strength. With most materials, water-cement ratios

shown will provide average strengths greater than indicated
in Article 4.3.2 as being required.

For strengths above 30 MPa (non-air-entrained concrete) and

35

MPa (air-entrained concrete), concrete proportions shall

be established by methods of Article 4.3.

Table 4.4 shall be used only for concrete to be made with
cements meeting strength requirements for Types I, IA,
11, IIA, III, IIIA, or V of "Speculation for Portland
Cement” (ASTM C 150), or Types IS5, IS-A, IS(MS),
IS-A(MS), 1I(SM), I(SM)-A, IP, 1IP-A, I(PM), I(PM)-A,
IP(MS), IP-A(MS), or P of "Speculation for Blended
Hydraulic Cements" (ASTM C 595), and shall not be applied
to concrete containing low-density aggregates or
admixtures other than those for entraining air.

Concrete proportioned according to water-cement ratio
limits prescribed in Table 4.4 shall also conform to the
special exposure requirements of Article 4.5 and to the
compressive strength test criteria of Article 4.7.

Special exposure requirements

Normal density and low-density concrete exposed to
freezing and thawing or de-icer chemicals shall be air
entrained with air content indicated in Table 4.5.1.
Tolerance on air content as delivered shall be + 1.5
percent. For specified compressive strength f'C greater
than 35 MPa, air content indicated in Table 4.5.1 may be
reduced 1 percent.
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TABLE 4.5.1

TOTAL AIR CONTENT FOR FROST-RESISTANT CONCRETE

Air content, percent

Nominal maximum

aggregate size Severe Moderate
mm* exposure exposure
9.5 71/2 6
12.5 7 51/2
19.0 6 5
25.0 6 4 1/2
37.5 51/2 4 1/2
50%* 5 4
75%* 4 1/2 31/2

¥* %

See ASTM C 33 for tolerances on oversize for various
nominal maximum size designations.

These air contents apply to total mix, as for the
preceding aggregate sizes. When testing these concretes,
however, aggregate larger than 37.5 mm is removed by
handpicking or sieving and air content is determined on
the minus 37.5 mm fraction of mix. (Tolerance on air
content as delivered applies to this value). Air content
of total mix is computed from value determined on the
minus 37.5 mm fraction.

)
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TABLE 4.5.2

REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS

Maximum
water-cement Minimum F'C
ratio, normal low-density
density aggre- aggregate
Exposure condition gate concrete concrete, MPa
Concrete intended to be water-
tight:
(a) Concrete exposed to fresh
water 0.50 25
(b) Concrete exposed to brackish
water or seawater 0.45 30
Concrete exposed to freezing
and thawing in a moist condition:
(a) Curbs, gutters, guardrails
or thin sections 0.45 30
(b) Other elements 0.50 25
(c) In presence of de-icing
chemicals 0.45 30
For corrosion protection for
reinforced concrete exposed to
de-icing salts, brackish water,
seawater or spray from these
sources 0.40% 33
*

If minimum concrete cover required by Article 7.7 is increased

by 10 mm, water-cement ratio may be increased to 0.45 for

normal density concrete, or F'C reduced to 30 MPa for low-density

concrete.

4.5.2 Concrete that is intended to be watertight or concrete
that will be subject to freezing and thawing in a moist
condition shall conform to requirements of Table 4.5.2.

4.5.3 Concrete to be exposed to sulfate-containing solutions
shall conform to requirements of Table 4.5.3 or be made
with a cement that provides sulfate resistance and used
in concrete with maximum water-cement ratio or minimum
compressive strength from Table 4.5.3.

4.5.3.1 Calcium chloride as an admixture shall not be used in

concrete to be exposed to severe or very severe
sulfate-containing solutions, as defined in Table 4.5.3
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TABLE 4.5.3

REQUIREMENTS FOR CONCRETE EXPOSED TO SULFATE-CONTAINING SOLUTIONS

Water Normal density Low density
soluble aggregate aggregate
sulfate cancrete concrete
(s0,)in Sulfate Maximum Minimum
Sulfate soil percent (S0,) in Cement water-cement  compressive
exposure by mass water, ppm type ratio, by mass* F'C MPa*
Negli. 0.00-0.10 0-150 - - -
Mod. ** 0.10-0.20 150-1500 II,IP(MS),
IS(MS) 0.50 25
Severe 0.20-2.00 1500-10000 v 0.45 30
Very Over 2.00 Over 10000 V plus 0.45 30
* A lower water-cement ratio of higher strength may be required for

watertightness or for protection against corrosion of embedded items or

freezing and thawing (Table 4.5.2)
**  Seawater

*¥* Pozzolan that has been determined by test or service record to improve
sulfate resistance when used in concrete containing Type V cement.
4.5.4 For corrosion protection, maximum water soluble chloride

ion concentrations in hardened concrete at an age of 28
days contributed from the ingredients including water,
aggregates, cementitious materials and admixtures shall

not exceed limits of Table 4.5.4.

TABLE 4.5.4

MAXIMUM CHLORIDE ION CONTENT FOR CORROSION PROTECTION

Type of member

Maximum water soluble

chloride ion (C17) in

concrete, percent by
mass of cement

Pre-stressed concrete
Reinforced concrete exposed to
chloride in service
Reinforced concrete that will be dry
or protected from moisture in service
Other reinforced concrete construction

0.06

)

2 T T I R T N N I I O A

) Yy )y ) )

)

)

) Y)Y ) )

) ) )

)



> )y )y ) )

)

)

)

Y Yy ) ) ) )

)

)

b))

Y} ) ) ) )

)

)

4.5.5

4.6

4.7
4.7.1

4.7.1.1

4.7.1.2

4,7.1.3

4.7.1.4

27

When reinforced concrete will be exposed to de-icing
salts, brackish water, seawater, or spray from these
sources, requirements of Table 4.5.2 for water-cement
ratio or concrete strength and minimum concrete cover
requirements of Article 7.7 shall be satisfied.

Average strength reduction

As data become available during construction, amount by

which value of f' must exceed specified value of F'c
may be reduced, prdvided:

(a) 30 or more test results are available and the
average of test results exceeds that required by Article
4.3.2.1 using a standard deviation calculated in
accordance with Article 4.3,1.1, or

(b) 15 to 29 test resuls are available and the average
of test results exceeds that required by Article 4.3.2.1
using a standard deviation calculated in accordance with
Article 4.3.1.2, and

(e) the special exposure requirements of Article 4.5 are
met.

Evaluation and acceptance of concrete
FREQUENCY OF TESTING

Samples for strength tests of each class of concrete
placed each day shall be taken nog less that once a day,
nor less than once for eafh 120 m” of concrete, nor less
than once for each 500 m“ of surface area for slabs or
walls.

On a given project, if total volume of concrete is such
that frequency of testing required by Article 4.7.1.1
would provide less than five strength tests for a given
class of concrete, tests shall be made from at least five
randomly selected batches or from each batch if fewer
than five batches are used.

When the total guantity of a given class of concrete is
less than 40 m”, strength tests may be waived by the
Building O0fficial, if in his judgment evidence of
satisfactory strength is provided.

A strength test shall be the average of the strengths of
two cylinders made from the same sample of concrete and
tested at 28 days or at a test age designated for
determination of F'C.
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LABORATORY-CURED SPECIMENS

Samples for strength tests shall be taken in accordance
with "Method of Sampling Freshly Mixed Concrete" (ASTM C
172).

Cylinders for strength tests shall be moulded and
laboratory-cured in accordance with "Method of Making and
Curing Concrete Test Specimens in the Field" (ASTM C 31)
and tested 1in accordance with "Test Method for
Compressive Strength of Cylindrical Concrete Specimens"
(ASTM C 39).

Strength level of an individual class of concrete shall
be considered satisfactory if both of the following
requirements are met:

(a) Average of all sets of three consecutive strength
tests equal or exceed f'c.

(b) No individual strength test (average of two
cylinders) falls below f', by more than 3.5 MPa.

If either of the requirements of Article 4.7.2.3 are not
met, steps shall be taken to increase the average of
subsequent strength test results. Requirements of
Article 4.7.4 shall be observed if requirement of Article
4.7.2.3(b) is not met.

FIELD-CURED SPECIMENS

The Building Official may require strength tests of
cylinders cured under field conditions to check adequacy
of curing and protection of concrete in the structure.

Field-cured cylinders shall be cured wunder field
conditions in accordance with Article 7.4 of "Method of
Making and Curing Concrete Test Specimens in the Field"
(ASTM C 31).

Field-cured test cylinders shall be moulded at the same
time and from the same samples as laboratory-cured test
cylinders.

Procedures for the protecting and curing concrete shall
be improved when strength of field-cured cylinders at
test age designated for determination of f' is less than
85 percent of that of companion lagoratory-cured
cylinders. The 85 percent may be waived if field-cured
strength exceeds f'c by more than 3.5 MPa.

INVESTIGATION OF LOW-STRENGTH TEST RESULTS
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If any strength test (Article 4.7.1.4) of laboratory-
cured cylinders falls below specified value of f' by
more than 3.5 MPa (Article 4.7.2.3(b)) or if test§ of
field-cured cylinders indicate deficiencies in protection
and curing (Article 4.7.3.4), steps shall be taken to
assure that load-carrying capacity of the structure is
not jeopardized.

If the likelihood of low-strength concrete is confirmed
and computations indicate that load-carrying capacity may
have been significantly reduced, tests of cores drilled
from the area in question may be required in accordance
with "Method of O0Obtaining and Testing Drilled Cores and
Sawed Beams of Concrete" (ASTM C 42). In such case,
three cores shall be taken for each strength test more
than 3.5 MPa below specified value of f'c

If concrete in the structure will be dry under service
conditons, cores shall be air dried (temperture 15 to 30
C, relative humidity less than 60 percent) for 7 days
before test and shall be tested dry. If concrete in the
structure will be more than superficially wet under
service conditions, cores shall be immersed in water for
at least 40 hr and be tested wet.

Concrete in an area represented by core tests shall be
considered structurally adequate if the average of three
cores 1is equal to at least 85 percent of f'_  and if no
single core is less than 75 percent of f'c. To check
testing accuracy, locations represented by erratic core
strengths may be retested.

If criteria of Article 4.7.4.4 are not met, and if
structural adequacy remains in doubt, the responsible
authority may order load tests as outlined in sub-section
20 for the questionable portion of the structure, or take
other appropriate action.

SUB-SECTION 5  MIXING AND PLACING CONCRETE

5.1

5.1.1

Preparation of equipment and place of deposit

Preparation before concrete placement shall include the
following:

(a) All equipment for mixing and transporting concrete
shall be clean.

(b) All debris and ice shall be removed from spaces to
be occupied by concrete.

(c) Forms shall be properly coated.

(d) Masonry filler units that will be in contact with
concrete shall be well drenched.

(e) Reinforcement shall be thoroughly clean of ice or
other deleterious coatings.

(f) Water shall be removed from place of deposit before
concrete is placed unless a tremie is to be used or
unless otherwise permitted by the Building Official.
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(g) All laitance and other unsound material shall be
removed before additonal concrete is placed against
hardened concrete.

Mixing

All concrete shall be mixed until there is a uniform
distribution of materials and shall be discharged
completely before mixer is recharged.

Ready-mixed concrete shall be mixed and delivered in
accordance with requirements of "Specification for
Ready-Mixed Concrete" (ASTM C 94) or "Specification for
Concrete Made by Volumetric Batching and Continuous
Mixing" (ASTM C 685).

Job-mixed concrete shall be mixed in accordance with the
following:

(a) Mixing shall be done in a batch mixer of approved
type.

(b) Mixer shall be rotated at a speed recommended by the
manufacturer.

(c) Mixing shall be continued for at least 1.5 min
after all materials are in the drum, unless a shorter
time is shown to be satisfactory by the mixing uniformity
tests of "Specification for Ready-Mixed Concrete" (ASTM C
94).

(d) Materials handling, batching, and mixing shall
conform to applicable provisions of "Specification for
Ready-Mixed Concrete" (ASTM C 94).

(e) A detailed record shall be kep to identify:

(1) number of batches produced;

(2) proportions of materials used;

(3) approximate location of final deposit in
structure;

(4) time and date of mixing and placing.

Conveying

Concrete shall be conveyed from mixer to place of final
deposit by methods that will prevent separation or loss
of materials.

Conveying equipment shall be capable of providing a
supply of concrete at site of placement without
separation of ingredients and without interruptions
sufficient to permit loss of plasticity between
successive increments.
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Depositing

Concrete shall be deposited as nearly as practicable in
its final position to avoid segregation due to rehandling
or flowing.

Concreting shall be carried on at such a rate that
concrete is at all times plastic and flows readily into
spaces between reinforcement.

Concrete that has partially hardened or been contaminated
by foreign materials shall not be deposited in the
structure.

Re~tempered concrete or concrete that has been remixed
after initial set shall not be used unless approved by
the Engineer.

After concreting is started, it shall be carried on as a
continuous operation until placing of a panel or section,
as defined by its boundaries or predetermined joints, is
completed except as permitted or prohibited by Article
6.4,

Top surfaces of vertically formed 1lifts shall be
generally level.

When construction joints are required, joints shall be
made in accordance with Article 6.4.

All concrete shall be thoroughly consolidated by suitable
means during placement and shall be thoroughly worked
around reinforcement and embedded fixtures and into
corners of forms.

Curing

Concrete (other than high-early-strength) shall be
maintained above 10 C and in a moist condition for at
least the first 7 days after placement, except when cured
in accordance with Article 5.5.3.

High-early-strength concrete shall be maintained above 10
C and in a moist condition for at least the first 3 days,
except when cured in accordance with Article 5.5.3.

ACCELERATED CURING

Curing by high pressure steam, steam at atmospheric
pressure, heat and moisture, or other accepted processes,
may be employed to accelerate strength gain and reduce
time of curing,



5.5.3.2

5.5.3.3

5.5.4

5.6

5.6.1

5.6.2

5.6.3

5.7

32

Accelerated curing shall provide a compressive strength
of the concrete at the load stage considered at least
equal to required design strength at that load stage.

Curing process shall be such as to produce concrete with
a durability at least equivalent to the curing method of
Article 5.5.1 or 5.5.2.

Supplementary strength tests in accordance with Article
4.7.3 may be required to assure that curing is
satisfactory.

Cold Weather Requirements

Adequate equipment shall be provided for heating concrete
materials and protecting concrete during freezing or
near-freezing weather.

All concrete materials and all reinforcement, forms,
fillers, and ground with which concrete is to come in
contact shall be free from frost.

Frozen materials or materials containing ice shall not be
used.

Hot weather requirements

During hot weather, proper attention shall be given to
ingredients, production methods, handling, placing,
protection, and curing to prevent excessive concrete
temperatures of water evaporation that may impair
required strength or serviceability of the member or
structure.

SUB-SECTION 6 - FORMWORK, EMBEDDED PIPES, AND CONSTRUCTION JOINTS

6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Design of formwork

Forms shall result in a final structure that conforms to
shapes, lines and dimensions of the members as required
by the design drawings and specifications.

Forms shall be substantial and sufficiently tight to
prevent leakage of mortar.

Forms shall be properly braced or tied together to
maintain position and shape.

Forms and their supports shall be designed so as not to
maintain position and shape. ‘

Design of formwork shall include consideration of the
following factors:
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(a) Rate and method of placing concrete

(b) Construction loads, including vertical, horizontal,
and impact loads

(c) Special form requirements for construction of
shells, folded plates, domes, architectural concrete, or
similar types of elements.

Forms for pre-stressed concrete members shall be designed
and constructed to permit movement of the member without
damage during application of pre-stressing force.

Removal of forms and shores

No construction loads shall be supported on, nor any
shoring removed from, any part of the structure under
construction except when that portion of the structure in
combination with remaining forming and shoring system has
sufficient strength to safely support its weight and
loads placed thereon.

Sufficient strength shall be demonstrated by structural
analysis considering proposed loads, strength of forming
and shoring system, and concrete strength data. Concrete
strength data may be based on tests of field-cured
cylinders or, when approved by the Building Official, on
other procedures to  evaluate concrete  strength.
Structural analysis and concrete strength test data shall
be furnished to the Building Official when so required.

No construction loads exceeding the combination of
superimposed dead load plus specified live load shall be
supported on any unshored portion of the structure under
construction, unless analysis indicates adequate strength
to support such additional loads.

Forms shall be removed in such manner as not to impair
safety and serviceability of the structure. All concrete
to be exposed by form removal shall have sufficient
strength not be to damaged thereby.

Form supports for pre-stressed concrete members may be
removed when sufficient pre-stressing has been applied to
enable pre-stressed members to carry their dead load and
anticipated construction loads.

Conduits and Pipes Embedded in Concrete

Conduits, pipes and sleeves of any material not harmful
to concrete and within limitations of Article 6.3 may be
embedded in concrete with approval of the Engineer,
provided they are not considered to replace structurally
the displaced concrete.
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Conduits and pipes of aluminum shall not be embedded in
structural concrete unless effectively coated or covered
to prevent aluminum-concrete reaction or electrolytic
action between aluminum and steel.

Conduits, pipes and sleeves passing through a slab, wall
or beam shall not significantly impair the strength of
the construction.

Conduits and pipes, with their fittings, embedded within
a column shall not displace more than 4 percent of the
area of cross-section on which strength is calculated or
which is required for fire protection.

Except when plans for conduits and pipes are approved by
the Structural Engineer, conduits and pipes embedded
within a slab, wall or beam (other than those merely
passng through) shall satisfy the following:

They shall not be larger in outside dimension that 1/3
the overall thickness of slab, wall or beam in which they
are embedded.

They shall not be spaced closer than 3 diameters or
widths on center.

They shall not significantly impair the strength of the
construction.

Conduits, pipes, and sleeves may be considered as
structurally replacing in compression the displaced
concrete provided:

They are not exposed to rusting or other deterioration.

They are of uncoated or galvanized iron or steel not
thinner than standard Schedule 40 steel pipe.

They have a nominal inside diameter not over 50 mm and
are spaced not less than 3 diameters on centers.

In addition to other requirements of Article 6.3, pipes
that contain liquid, gas or vapor may be embedded in
structural concrete under the following conditions:

Pipes and fittings shall be designated to resist effects
of the material, pressure, and temperature to which they
will be subjected.

Te%perature of liquid, gas, or vapor shall not exceed
70~ C.

Maximum pressure to which any piping or fittings shall be
subjected shall not exceed 1.5 MPa above atmospheric
pressure.
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All pipings and fittings except as provided in Article
6.3.7.5 shall be tested as a unit for leaks before
concrete placement. Testing pressure above atmopspheric
pressure shall be 50 percent in excess of pressure to
which pipings and fittings may be subjected, but minimum
testing pressure shall not be less than 1 MPa above
atmospheric pressure. Pressure test shall be held for 4
hr with no drop in pressure except that which may be
cuased by air temperature.

Drain pipes and other piping designed for pressures of
not more than 10 kPa above atmospheric pressure need not
be tested as required in Article 6.3.7.4.

Pipes carrying liquid, gas, or vapor that is explosive or
injurious to health shall be tested again as specified in
Article 6.3.7.4 after concrete has hardened.

No liquid, gas, or vapor except water not exceeding 30 C
nor 0.3 MPa pressure, shall be placed in the pipes until
the concrete has attained its design strength.

In solid slabs, piping, unless it is for radiant heating
or snow melting, shall be placed between top and bottom
reinforcement.

Concrete cover for pipes and fittings shall not be less
than 40 mm for concrete exposed to earth or weather, or
20 mm for concrete not exposed to weather or in contact
with ground.

Reinforcement with an area not less than 0.002 times area
of concrete section shall be provided normal to piping.

Piping and fittings shall be assembled by welding,
brazing, solder-sweating, or other equally satisfactory
method. Screw connections shall not be permitted.
Piping shall be so fabricated and installed that cutting,
bending, or displacement of reinforcement from its proper
location will not be required.

Construction Joints

Surface of concrete constructions joints shall be cleaned
and laitance removed.

Immediately before new concrete is placed, all
construction joints shall be wetted and standing water
removed.
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Constructions joints shall be so made and located as not
to impair the strength of the structure. Provision shall
be made for transfer of shear and other forces through
construction joints. See Article 11.7.9.

Construction joints in floors shall be located within the
middle third of spans of slabs, beams, and girders.
Joints in girders shall be offset a minimum distance of
two times the width of intersecting beams

Beams, girders, or slabs supported by columns or walls
shall not be cast or erected until concrete in the
verticl support members in no longer plastic.

Beams, girders, haunches, drop panels and capitals shall
be placed momolithically as part of a slab system unless
otherwise shown in design drawings or specifications.

SUB-SECTION 7 - DETAILS OF REINFORCEMENT

7.1

7.1.1

7.1.2

7.1.3

Standard Hooks

The term "Standard hook" is used in this Code shall mean
one of the following:

180-deg bend plus 4db extension, but not less than 60 mm
at free end of bar.

90-deg bend plus lZdb extension, at free end of bar.
For stirrup and tie hooks*

(a) 15 bar and smaller,90-deg bend plus 6db extension at
free end of bar, or

(b) 20 and 25 bar 90-deg bend plus 12d, extension at free
end of bar, or

(c) 25 bar and smaller, 135-deqg bend plus 6db extension
free end of bar.

* For closed ties defined as hoops in Appendix A, a
135-deg bend plus an extension of at least 10db (see
section A.l.).
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Minimum bend diameters

Diameter of bend measured on the inside of the bar, other
than for stirrups and ties in sizes 10 through 15, shall
not be less than the values in Table 7.2.

Inside diameter of bend for stirrups and ties shall not
be less thn 4d_ for 15 bar and smaller, For bar larger
than 15, diame%er of bend shall be in accordance with
Table 7.2.

Inside diameter of bend in welded wire fabric (smooth or
deformed) for stirrups and ties shall not be less than
4d, for deformed wire larger than D6 and 2d,_ for all
other wires. Bends with inside diameter of less than 8d
shall not be 1less than 4db from nearest weldeg
intersection.

TABLE 7.2
MINIMUM DIAMETERS OF BEND

Bar Size Minimum Diameter
No. 10 through No. 25 6db
No. 30 and No. 35 8db
No. 45 and No. 55 lDdb
Bending

All reinforcement shall be bent cold, unless otherwise
permitted by the Engineer.

Reinforcement partially embedded in concrete shall not be
field bent, except as shown on the design drawings or
permitted by the Engineer.

Surface conditions of reinforcement

At the time concrete is placed, metal reinforcement
shall be free from mud, o0il, or other non-metalic
coatings that adversely effect bonding capacity.

Metal reinforcement, except pre-stressing tendons, with
rust, mill scale, or a combination of both shall be
conidered satisfatory, provided the minimum dimensions
(including height of deformations) and weight of a
hand-wire-brushed test specimen are not less than
applicable ATSM specification requirements.

Pre-stressing tendons shall be clean and free of oil,
dirt, scale, pitting and excessive rust. A light oxide
is permissible.
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Placing reinforcement

Reinforcement, pre-stressing tendons, and ducts shall be
accurately placed and adequately supported before
concrete is placed, and shall be secured against

displacement within tolerances permitted in Article
7.5.2.

Unless otherwise specified by the Engineer, reinforce-
ment, pre-stressing tendons, and pre-stressing ducts
shall be placed ithin the following tolerances:

Tolerance for depth d, and minimum concrete cover in
flexural members, walls and compression members shall be
as follows:

Tolerance on
Tolerance on minimum
d concrete cover

7.5.2.2

7.5.3

7.5.4

7.6

7.6.1

7.6.2

d £ 200 mm +10 mm =10 mm
d > 200 mm +12 mm =12 mm

Except that tolerance for the clear distance to formed
soffits shall be minus 6 mm and tolerance for cover shall
not exceed minus 1/3 the minimum concrete cover required
in the design drawings or specifications.

Tolerance for longitudinal loccation of bends and ends of
reinforcement shall be %50 mm except at discontinuous
ends of members where tolerance shall be *12 mm.

Welded wire fabric (with wire size not greater that W5 or
D5) used in slabs not exceeding 3 m in span may be curved
from a point near the top of slab at midspan, provided
such reinforcement is either continuous over, or securely
anchored at support.

Welding of crossing bars shall not be permitted for
assembly of reinforcement unless authorized by the
Engineer.

Spacing limits for reinforcement

Clear distance between parallel bars in a layer shall be
not less than db nor 25 mm. See also Article 3.3.3.

Where parallel reinforcement is placed in two or more
layers, bars in the upper layers shall be placed directly
above bars in the bottom layer with clear distance
between layers not less than 25 mm.
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In spirally reinforced or tied reinforced compression
members, clear distance between longitudinal bars shall
be not less than l.5db nor 40 mm. See also Article
3.3.3.

Clear distance limitation between bars shall apply also
to the clear distance between a contact lap splice and
adjacent splices or bars.

In walls and slabs other than concrete joist construc-
tion, primary flexural reinforcement shall be spaced not
farther apart than three times the wall or slab
thickness, nor 500 mm.

BUNDLED BARS

Groups of parallel reinforcing bars bundled in contact to
act as a unit shall be limited to four in any one bundle.

Bundled bars shall be enclosed within stirrups or ties.
Bars larger than 35 shall not be bundled in beams.

Individual bars within a bundle terminated within the
span of flexural members shall terminate at different
points with at least 40 db stagger.

Where spacing limitations and minimum concrete cover are
based on bar diameter d_, a unit of bundled bars shall be
treated as a single bar of a diameter derived from the
equivalent area.

PRE-STRESSING TENDONS AND DUCTS

Clear distance between pretensioning tendons at each end
of a member shall be not less than 4d, for wire, nor 3d

for strands. See also Article 3.3.3. Closer vertica

spacing and bundling to tendons may be permitted in the
middle portion of the span.

Post-tendoning ducts may be bundled if shown that
concrete can be satisfactorily placed and if provision is
made to prevent the tendons, when tensioned, from
breaking through the duct.
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CAST-IN-PLACE CONCRETE (NON-PRE-STRESSED)

The following minimum concrete cover shall be provided

for reinforcement:

(a)

(b)

(c)

PRECAST CONCRETE (MANUFACTURED UNDER

Concrete cast against and
permanently exposed to
earth.

Concrete exposed to
earth or weather:

No. 20 through No. 55 bars
No. 15 bar, W31 or D31 wire,
and smaller

Concrete not exposed to
weather or in contact with
ground:

Slabs, walls, joists:
No. 45 and No. 55
No. 35 bar or smaller

Beams, columns:
Primary reinforcement, ties
stirrups, spirals

Shells, folded plate members:
No. 20 bar and larger

No. 15 bar, W31 or D31 wire,
and smaller

CONDITIONS)

The following minimum concrete cover shall be provided

for reinforcement:

(a)

Concrete exposed to earth or
weather:

Wall panels:

No. 45 and No. 55 bars

Minimum
cover,

70

50

40

40
20

40

20

15

PLANT CONTROL

Minimum
cover,

40

mm

mm
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No. 35 bar and smaller 20
Other members:

No. 45 and No. 55 bars 50
No. 20 through No. 35 bars 40
No. 15 bar, W31 or D31 wire,

and smaller 30

(b) Concrete not exposed to
weather or in contact with

ground:

Slabs, walls, joists:

No. 45 and No. 55 bars 30

No. 35 bar and smaller 15

Beams, columns:

Primary reinforcement db but not less
than 15 and
need not
exceed 40

Ties, stirrups, spirals 10

Shells, folded plate

members:
No. 20 bar and larger 15
No. 15 bar, W31 or D31 wire,
and smaller 10
7.7.3 PRE-STRESSED CONCRETE
7.7.3.1 The following minimum concrete cover shall be provided

for pre-stressed and non-pre-stressed reinforcement,
ducts, and end fittings, except as provided in Articles
7.7.3.2 and 7.7.3.3:

Minimum
Cover, mm
(a) Concrete cast against
and permanently exposed to
earth 70
(b) Concrete exposed to earth
or weather:
Wall panels, slabs, joists 30
Other members 40
(c) Concrete not exposed to
weather or in contact
with ground:
Slabs, walls, joists 20
Beams, columns:
Primary reinforcement 40

Ties, stirrups, spirals 20
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Shells, folded plate members:
15 bar, W31 or D31 wire,

and smaller 10
Other reinforcement db
but not less
than 20

For pre-stressed concrete members exposed to earth,
weather, or corrosive environments, and in which
permissable tensile stress of Article 18.4.2(b) is
exceeded, minimum cover shall be increased 50 percent.

For pre-stressed concrete members manufactured under
plant control conditions, minimum concrete cover for
non-pre-stressed reinforcement shall be as required in
Article 7.7.2.

BUNDLED BARS

For bundled bars, minimum concrete cover shall be equal
to the equivalent diameter of the bundle, but need not be
greater than 50 mm; except for concrete cast against and
permanently exposed to earth, minimum cover shall be 70
mm.,

CORROSIVE ENVIRONMENTS

In corrosive environments or other severe exposure
conditions, the amount of concrete protection shall be
suitably increased, and denseness and non-porosity of
protecting concrete shal be considered, or other
protection shall be provided.

FUTURE EXTENSIONS

Exposed reinforcement, inserts, and plates intended for
bonding with future extensions shall be protected from
corrosion.

FIRE PROTECTION

When the General Building Code (of which this Code forms
part) requires a thickness of cover for fire protection
greater than the minimum concrete cover specified in
Article 7.7, such greater thicknesses shall be used.
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Special reinforcing details for columns
OFFSET BARS

Offset bent longitudinal bars shall conform to the
following:

Slope of inclined portion of an offset bar with axis of
column shall not exceed 1 in 6.

Horizontal support at offset bends shall be provided by
lateral ties, spirals, or parts of the floor construc-
tion. Horizontal support provided shall be designed to
resist 1-1/2 times the horizontal component of the
computed force in the inclined portion of an offset bar.
Lateral ties or spirals, if used, shall be placed not
more than 150 mm from points of bend.

Portions of bar above and below an offset shall be
parallel to axis of column.

Offset bars shall be bent before placement in the forms
See Article 7.3.

Where a column face is offset 80 mm or greater,
longitudinal bars shall not be offset bent. Separate
dowels, lap spliced with the longitudinal bars adjacent
to the offset column faces, shall be provided, Lap
splices shall conform to Article 12.17.

STEEL CORES

Load transfer in structural steel cores of composite
compression members shall be provided by the following:

Ends of structural steel cores shall be accurately
finished to bear at end bearing splices, with positive
provision for alignment of one core above the other in
concentric contact.

At end bearing splices, bearing shall be considered
effective to transfer not more than 50 percent of the
total compressive stress in the steel core.

Transfer of stress between column base and footing shall
be designed in accordance with Article 15.8.

Base of structural steel section shall be designed to
transfer the total load from the entire composite member
to the footing; or, the base may be designed to transfer
the load from the steel core only, provided ample
concrete section is available for transfer of the portion
of the total load carried by the reinforced concrete

section to the footing by compression in the concrete and
by reinforcement. .
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Connections

At connections of principal framing elements (such as
beams and columns) enclosure shall be provided for
splices of continuing reinforcement and for anchorage of
reinforcement terminating in such connections.

Enclosure at connections may consist of external concrete
or internal closed ties, spirals, or stirrups.

Lateral reinforcement for compression chambers.

Lateral reinforcement for compression members shall
conform to the provisions of Articles 7.10.4 and 7.10.5
and, here shear or torsion reinforcement in required,
shall also conform to provisions of Sub-section 11.

Lateral reinforcement requirements for composite
compression members shall conform to Article 10.14.
Lateral reinforcement requirements for pre-stressing
tendons shall conform to Article 18.11.

Lateral reinforcement requirements of Articles 7.10,
10.14, and 18.11 may be waived where tests and structural
analysis show adequate strength and feasability of
construction.

SPIRALS

Spiral reinforcement for compression members shall
conform to Article 10.9.3 and to the following:

Spirals shall consist of evenly spaced continuous bar or
wire of such size and so assembled to permit handling and
placing without distortion from designed dimensions.

For cast-in-place construction, size of spirals shall not
be less than 10 mm diameter.

Clear spacing between spirals shall not exceed 80 mm nor
be less than 25 mm. See also Article 3.3.3.

Anchorage of spiral reinforcement shall be provided by
1-1/2 extra turns of spiral bar or wire at each end of a
spiral unit

Splices in spiral reinforcement shall be lap splices of
48db but not less than 300 mm, or welded.

Spirals shall extend from top of footing or slab in any
story to level of lowest horizontal reinforcement in
members supported above.
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Where beams or brackets do not frame into all sides of a
column, ties shall extend above termination of spiral to
bottom of slab or drop panel.

In columns with capitals, spirals shall extend to a level
at which the diameter or width of capital is two times
that of the column.

Spirals shall be held firmly in place and true to line by
vertical spacers.

For spiral bar or wire smaller than 16 mm diameter, a
minimum of two spacers shall be used for spirals less
than 500 mm in diameter, three spacers for spirals 600 mm
or less in diameter, and four spacers for spirals greater
than 800 mm in diameter.

For spiral bar or wire 16 mm diameter or larger, a
minimum of three spacers shall be used for spirals 600 mm
or less in diameter, and four spacers for spirals greater
than 600 mm in diameter.

TIES

Tie reinforcement for compression members shall conform
to the following:

All non-pre-stressed bars shall be enclosed by lateral
ties, at least 10 in size. Deformed wire or welded wire
fabric of equivalent area may be used.

Vertical spacing of ties shall not exceed 16 longitudinal
bar diameters, 48 tie bar or wire diameters, or least
dimension of the compression member.

Ties shall be arranged such that every corner and
alternate longitudinal bar shall have lateral support
provided by the corner of a tie with an included angle of
not more than 135 deg and no bar shall be farther than
150 mm clear on each side along the tie from such a
laterally supported bar. Where longitudinal bars are
located around the perimeter of a circle, a complete
circular tie may be used.

Ties shall be located vertically not more than 1/2 a tie
spacing above the top of footing or slab in any story,
and shall be spaced as provided herein to not more than
1/2 a tie spacing below the lowest horizontal reinforce-
ment in slab or drop panel abaove.
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Where beams or brackets frame from four directions into a
column, ties may be terminated not more than 80 mm below
lowest reinforcement in shallowest of such beams or
brackets.

Lateral reinforcement for flexural members

Compression reinforcement in beams shall be enclosed by
ties or stirrups satisfying the size and spacing
limitations in Article 7.10.5 or by welded wire fabric of
equivalent area. Such ties or stirrups shall be provided
throughout the distance where compression reinforcement
is required.

Lateral reinforcement for flexural framing members
subject to stress reversals or to torsion at supports
shall consist of closed ties, closed stirrups, or spirals
extending around the flexural reinforcement.

Closed ties or stirrups may be formed in one piece by
overlapping standard stirrup or tie end hooks around a
longitudinal bar, or formed in one or two pieces lap

spliced with a Class C splice (lap of 1.7 ld), or anchord
in accordance with Article 12.13.

Shrinkage and temperature reinforcement

Reinforcement for shrinkage and temperature stresses
normal to flexural reinforcement shall be provided in
structural slabs where the flexural reinforcement extends
in one direction only.

Shrinkage and temperature reinforcement shall be provided
in accordance with Article 7.12.1 or 7.12.3.

Deformed reinforcement conforming to Article 3.5.3 used
for shrinkage and temperature reinforcement shall be
provided in accordance with the following:

Area of shrinkage and temperature reinforcement shall
provide at least the following ratios of reinforcement
area to gross concrete area, but not less than 0.0014:

(a) Slabs where Grade 300
deformed bars are used 0.0020

(b) Slabs where Grade 400
deformed bars or welded
wire fabric (smooth or
deformed) are used 0.0018
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(¢) Slabs where reinforcement
with yield stress exceeding
400 MPa measured at a
yield strain of 0.35
percent is used 0.0018 X 400

f‘
y

Shrinkage and temperature reinforcements shall be spaced
not farther apart than five times the slab thickness, nor
500 mm.

At all sections where required, reinforcement for
shrinkage and temperature stresses shall develop the
specified yield strength f in tension in accordance with
Sub-section 12. y

Pre-stressing tendons conforming to Article 3.5.5 used
for shrinkage and temperature reinforcement shall be
provided in accordance with the following:

Tendons shall be proportioned to provide a minimum
average compressive stress of 1.0 MPa on gross concrete
area wusing effective prestress, after losses, in
accordance with Article 18.6.

Spacing of tendons shall not exceed 2 m.

When spacing of tendons exceeds 1.4 m, additional bonded
shrinkage and temperature reinforcement conforming to
Article 7.12.2 shall be provided between the tendons at
slab edges extending from the slab edge for a distance
equal to the tendon spacing.
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PART 2
SECTION 6 D

SUB-SECTION 8 ~ ANALYSIS AND DESIGN - GENERAL CONSIDERATIONS

8.1

8.1.1

8.1.2

8.2

8.2.1

8.2.2

8.2.3

8.2.4

8.3

8.3.1

Design methods

In design of reinforced concrete structures, members
shall be proportioned for adequate strength in accordance
with provision of this Code, using load factors and
strength reduction factors § specified in Sub-section 9.

Alternatively, non-pre-stressed reinforced concrete
members may be designed using service loads stresses in
accordance with provisions of Appendix B - Alternate
Design Method.

Loading*

Design provisions of this Code are based on the
assumption that structures shall be designed to resist
all applicable loads.

Service loads shall be in accordance with the General
Building Code of which this Code forms a part, with such
live load reductions as are permitted in the General
Building Code.

In design for wind and earthquake loads, integral
structural parts shall be designed to resist the total
lateral loads.*¥*

Consideration shall be given to effects of forces due to
pre-stressing, crane loads, vibration, impact, shrinkage,
temperature changes, creep, and unequal settlement of
supports.

*Provisions in this Code are suitable for live, wind, and
earthquake loads, such as those recommended in "Minimum
Design Loads in Building and Other Structures."  ANSI
A-58.1 of the American National Standards Institute.

**Special provisions for seismic design are given in
Appendix A.

Methods of analysis

All members of frames or continuous construction shall be
designed for the maximum effects of factored loads as
determined by the theory of elastic analysis, except as
modified according to Article 8.4. Simplifying
assumptions of Article 8.6 through 8.9 may be used.
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Except for pre-stressed concrete, approximate methods of
frame analysis may be used for buildings of usual types
of construction, spans and story heights.

In lieu of a more accurate method of frame analysis, the
following approximate moments and shears may be used in
design of continuous beams and one-way slabs (slabs
reinforced to resist flexural stresses in only one
direction), provided:

(a) There are two or more spans,

(b) Spans are approximtely equal, with the larger of two
ad jacent spans not greater than the shorter by more
than 20 percent.

(c) Loads are uniformly distributed.

(d) Unit live load does not exceed three times unit dead
load, and

(e) Members are prismatic.

Positive Moment

End Spans
Discontinuous end 2
unrestrained Wwi1l°“/11
Discontinued end integral Y n2
with support wi1l°%/14
. u'n
Interior spans wuln2/16

Negative moment at exterior face
of first interior support

Two spans wu1n2/9

More than two spans Wulnz/lO

Negative moment at other faces of 2
interior supports W,l,7/11

Negative moment at face of all
supports for:

Slabs with spans not

exceeding 3 m; and

Beams where ratio of

sum of column stiff-

nesses to beam stiff-

ness exceeds eight at 2
each end of the span Wl /12
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Negative moment at interior face
of exterior support for mem-
bers build integrally with

supports
Where support is a spandrel 2
beam Wi, /24
Where support is a column wulnz/lé

Shear in end members at face of
first interior support 1.15 Wuln/z

Shear at face of all other
supports Wuln/Z

Redistribution of negative moments in continuous
non-pre-stressed flexural members*

Except where approximate values for moments are used,
negative moments calculated by elastic theory at supports
of continuous flexural members for any assumed loading
arrangement may each be increased or decreased by not
more than
20(1—-p p) percent
Po

The modified negative moments shall be used for
calculating moments at sections within the spans.

Redistribution of negative moments shall be made only
when the section at which moment is reduced is so

designed that 0 or O -Q' is not greater than 0.500,,
where

0858, f. 600 (8-1)
f, 600+ f,

Po

Modulus of elasticity

MOTUEFS of elasticity E_ for concrete may be taken as
W_ "7 0.043/f' . (Gin MPa) for values of W_ between
1500 and 2500 ka/m . _For normal density cogbrete, £
may be taken as 4700+/f' . ©

Modulus of elasticity E_ for non-pre-stressed reinforce-
ment may be taken as ZOGiDDO MPa.

Modulus of elasticity E_ for pre-stressing tendons shall
be determined by tests ot supplied by the manufacturer.

* for criteria on moment redistribution for
pre-stressed concreta members, see Article 18,10.4
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Stiffness

Any reasonable assumptions may be adopted for computing
relative flexural and torsional stiffnesses of columns,
walls, floors, and roof systems. Assumptions shall be
consistent throughout analysis.

Effect of haunches shall be considered both . in
determining moments and in design of members.

Span length

Span length of members not built integrally with supports
shall be considered the clear span plus depth of member
but need not exceed distance between centers of supports.

In analysis of frames or continuous construction for
determination of moments, span length shall be taken as
the distance center-to-center of supports.

For beams built integrally with supports, moments at
faces of support may be used for design.

Solid or ribbed slabs built integrally with supports,
with clear spans not more than 3 m, may be analysed as
continuous slabs on knife edge supports with spans equal
to the clear spans of the slab and width of beams
otherwise neglected.

Columns

Columns shall be designed to resist the axial forces from
factored loads on all floors or roof and the maximum
moment from factored loads on a single adjacent span of
the floor or roof under consideration. Loading condition
giving the maximum ratio of moment to axial load shall
also be considered.

In frames or continuous construction, consideration shall
be given to the effect of unbalanced floor or roof loads
on both exterior and interior columns and of eccentric
loading due to other causes.

In computing moments in columns due to gravity loading,
far ends of columns built integrally with the structure
may be considered fixed.

Resistance to moments at any floor or roof level shall be

)

2000 2 20 2 2 I NN O IO DN RO N RO N DR IS T BN DN B 2N B I BN

)

)



8.9

8.9.1

8.9.2

8.10

8.10.1

8.10.2

8.10.3

8.10.4

8.10.5

53

provided by distributing the moment between columns
immediatey above and below the given floor in proportion
to the relative column stiffnesses and conditions of
restraint.

Arrangement of live load

Live load may be considered to be applied only to the
floor or roof under consideration, and far ends of
columns built integrally with the structure may be
considered fixed.

Arrangement of live load may be limited to combinations
of:

(a) Factored dead load on all spans with full factored
live load on two adjacent spans, and

(b) Factored dead load on all spans with full factored
live load on alternate spans.

T-beam construction

In T-beam construction, the flange and web shall be built
integrally or otherwise effectively bonded together.

Width of slab effective as a T-beam flange shall not
exceed one-quarter the span length of the beam, and the
effective overhanging flange width on each side of the
web shall not exceed:

(a) eight times the slab thickness, nor
(b) one-half the clear distance to the next web.

For beams with a slab on one side only, the effective
overhanging flange width shall not exceed:

(a) one-twelfth the span length of the beam,
(b) six times the slab thickness, nor
(c) one-half the clear distance to the next web.

Isolated beams, in which the T-shape is used to provide a
flange for additional compresssion area, shall have a
flange thickness not less than one-half the width of the
web and an effective flange width not more than four
times the width of the web.

Where primary flexural reinforcement in a slab that is
considered as a T-beam flange (excluding joist
construction) is parallel to the beam, reinforcement
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perpendicular to the beam shall be provided in the top of
the slab in accordance with the following:

Transverse reinforcement shall be designed to carry the
factored load on the overhanging slab width, assumes to
act as a cantiliver. For isolated beams, the full width
of overhanging flange shall be considered. For oather
T-beams, only the effective overhanging slab width need
be considered.

Transverse reinforcement shall be spaced not farther
apart than five times the slab thickness, nor 500 mm.

Joist construction

Joist construction consists of a monolithic combination
of reqguarly spaced ribs and a top slab arranged to span
in one direction or two orthogonal directions.

Ribs shall be not less than 100 mm in width; and shall
have a depth of not more than 3-1/2 times the minimum
width of rib.

Clear spacing between the ribs shall not exceed 800 mm.

Joist construction not meeting the limitations of
Articles 8.11.1 through 8.11.3 shall be designed as slabs
and beams.

When permanent burned clay or concrete tile fillers of
material having a unit compressive strength at least
equal to that of the specified strength of concrete in
the joists are used:

Vertical shells of fillers in contact with the ribs may
be included in strength computations for shear and
negative moment. Other portions of fillers shall not be
included in strength computations.

Slab thickness over permanent fillers shall not be less
than one-twelfth the clear distance between ribs, nor
less than 40 mm.

In one-way joists, reinforcement normal to the ribs shall
be provided in the slab as required by Article 7.12.

When removable forms or fillers not complying with
Article 8.11.5 are used:

Slab thickness shall not be less than one-twelfth the
clear distance between ribs, nor less than 50 mm.

Reinforcement normal to the ribs shall be provided in the
slab as required for flexure, considering load
concentrations, if any, but not less than required by
Article 7.12.
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Where conduits or pipes as permitted by Article 6.3 are
embedded within the slab, slab thickness shall be at
least 25 mm greater than the total overall depth of the
conduits or pipes at any point. Conduits or pipes shall
not impair significantly the strength of the construc-
tion.

Shear strength provided by concrete Vc for the ribs may
be taken as 10 percent greater than provided in Chapter
11. Shear strength may be increased by use of shear
reinforcement or by widening the ends of the ribs.

Separate floor finish

A floor finish shall not be included as part of a
structural member unless placed monolithically with the
floor slab or designed in accordance with requirements of
Chapter 17.

All concrete floor finishes may be considered as part of
the required cover or total thickness for non-structural
considerations.

SUB-SECTION 9 - STRENGTH AND SERVICEABILITY REQUIREMENTS

9.1

9.1.1

9.1.2

9.2

9.2.1

9.2.2

General

Structures and structural members shall be designed to
have design strengths at all sections at least equal to
the required strengths calculated for the factored loads

and forces in such combinations as are stipulated in this
Code.

Members also shall meet all other requirements of this
Code to insure adequate performance at service load
levels. ‘

Required strength

Required strength U to resist dead load D and live load L
shall be at least equal to

U=1.4D + 1.7L (9-1)

If resistance to structural effects of a specified wind
load W are included in design, the following combinations
of D, L, and W shall be investigated to determine the
greatest required strength U

U= 0.75(1.4D + 1.7L + 1.7W) (9-2)
where load combinations shall include both full value and

zero value of L to determine the more severe condition,
and
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U=20.90 + 1.3W (9-3)

but for any combination of D,L, and W, required strength
U shall not be less that Eq. (9-1).

If resistance to specified earthquake loads or forces E
are included in design, load combinations of Article
9.2.2 shall apply, except that 1.1E shall be substituted
for W.

If resistance to earth pressure H is included in design,
required strength U shall be at least equal to

U=1.4D+ 1.7L + 1.7H (9-4)

except that where D or L reduce the effect of H, 0.9D
shall be substituted for 1.4D and zero value of L shall
be used to determine the greatest required strength U.
For any combination of D, L and H, required strength U
shall not be less than Eq. (9-1).

If resistance to loadings due to weight and pressure of
fluids with well-defined densities and controlled maximum
heights F is included in design, such loading shall have
a load factor of 1.4 and be added to all loading
combinations that include live load.

If resistance to impact effects is taken into account in
design, such effects shall be included with live load L.

Where structural effects of T or differential settlement,
creep, shrinkage, or temperature change may be

significant in design, required strength U shall be at

least equal to
U=0.75(1.4D + 1.4T7 + 1.7L) (9-5)
but required strength U shall not be less than
U=1.4D+T) (9-6)

Estimations of differential settlement, creep, shrinkage,
or temperature change shall be based on a realistic
assessment of such effects occurring in service.

Design strength

Design strength provided by a member, its connections to
other members, and its cross-sections, in terms of
flexure, axial load, shear and torsion, shall be taken as
the nominal strength calculated in accordance with
requirements and assumptions of this Code, multiplied by
a strength reduction factor

)
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Strength reduction factor ﬂ shall be as follows:
Flexure, without axial load ...ccecee...0.90

Axial load, and axial load with flexure. (For axial load
with flexure, both axial load and moment, nominal
strength shall be multiplied by appropriate single value
of § ).

(a) Axial tension, and axial tension with
fleXUre .ccceeseeecesssssacccanneesal.90

(b) Axial compression, and axial compression with
flexure:
Members with spiral reinforcement
conforming to Article 10.9.3 ......0.75
Other reinforced members...........0.70

except that for low values of axial compression may be
increased in accordance with the following:

For members in which f_, does not exceed 400 MPa with
symmetric reinforcement,” and with (h - d'- d_)/h not less
than 0.70, ¢ may be increased linearly to 0.50 as ¢Pn de~-

creases from O.IOF'CAg to zero.

For other reinforced members, may be increased
linearly to 0.90 as @P_ decreases from O.lDF'CA or
OPb whichever is smaller, to zero. 9
Shear and torsion ....eeeeeeceeecanees..0.85

Bearing on concrete
(See also Article 18.13) v.vevvvveeess..0.70

Development lengths specified in Chapter 12 do not
require a 0 factor.

Design strength for reinforcement

Designs shall not be based on a yield strength of
reinforcement f  in excess of 550 MPa, except for
pre-stressing tendons.

Control of deflections

Reinforced concrete members subject to flexure shall be
designed to have adequate stiffness to limit deflections
or any deformations that may adversely affect strength or
serviceability of a structure at service loads.

One-way construction (non-pre-stressed)

Minimum thickness stipulated in Table 9.5(a) shall apply
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for one-way construction not supporting or attached to
partitions or other construction likely to be damaged by
large deflections, unless computation of deflection
indicates a lesser thickness may be used without adverse
effects.

9.5.2.2 Where deflections are to be computed, deflections that
occur immediately on application of load shall be
computed by wusual methods or formulas for elastic
deflections, considering effects of cracking and
reinforcement on member stiffness.

TABLE 9.5(A)

MINIMUM THICKNESS OF NON-PRE~STRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE COMPUTED*

Minimum thickness, h

One-end Both-ends
Simply con- con- Canti-
Supported tinuous tinuous lever
Member Members not supporting or attached to

partitions or other construction likely to be
damaged by large deflections.

Solid one-

way slabs 1/20 1/24 1/28 1/10
Beams or

ribbed one-

way slabs 1/16 1/18.5 1/21 1/8

*Span length 1 is in millimeters.

Values given shall be usgg directly for members with normal density
concrete (w_ = 2300 kg/m”) and Grade 400 reinforcement. For other
conditions, the values shall be modified as follows:

(a) For structunal low-density concrete having masses in the range
1500 - 2000 kg/m”, the values shall be multiplied by (1.65 5 0.005
w_) but not less than 1.09, where w. is the unit mass in kg/m”.

() For f other than 400 MPa the values shall be multiplied by
(0.4 + ry/7éo).

9.5.2.3 Unless stiffness values are obtained by a more
comprehensive analysis, immediate deflection shall be
computed with the modulus of elasticity E_ for concrete
as specified in Article 8.5.1. (normal dénsity or low
density concrete) and with the effective moment of

inertia as follows, but not greater than Ig'

R e
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where
A (9-8)
M, =—
34
and for normal density concrete
f,=0.7VT. | (9-9)

When low-dénsity aggregate concrete is used, one of the
following modifications shall apply:

(a) When f is specified and concrete is proportioned
in accordance with Article 4.2, f_ shall be modified by
substituting 1.8f for ‘/F'c bu€ the value of l.8fCt

shall not exceed ot

(b) When f_, is not specified, f_ shall be multiplied by
0.75 for C'tall-low-density" coﬁcrete, and 0.85 for
"sand-low density" concrete. Linear interpolation may be
used when partial sand replacement is used.

For continuous members, effectve moment of inertia may be
taken as the average of values obtained from Eq. (9-7)
for the critical positive and negative moment sections.
For prismatic members, effective moment of inertia may be
taken as the value obtained from Eg. (9-7) at mid-span
for simple and continuous spans, and at support for
cantilevers.

Unless values are obtained by a more comprehensive
analysis, additional long-time deflection resulting from
creep and shrinkage of flexural members (normal density
or low-density concrete) shall be determined by
multiplying the immediate deflection caused by the
sustained load considered, by the factor

A= & (9-10)
1+50p’

where ﬁ)'shall be the value at midspan for simple and
continuous span, and at support for cantilevers.
Time-dependent factor g'for sustained loads may be taken
equal to

5 years or more 2.0
12 months 1.4
6 months 1.2
3 months 1.0

Deflection computed in accordance with Articles 9.5.2.2
through 9.5.2.5 shall not exceed limits stipulated in
Table 9.5(b).
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TWO-WAY CONSTRUCTION (NON-PRE-STRESSED)

Minimum thickness of slabs or other two-way construction
designed in accordance with provisions of Chapter 13, and
having a ratio of long to short span not exceeding 2,
shall be governed by Eq. (9-11), (9-12) and (9-13) and
the other provisions of Article 9.5.3.

b £,(800 + £,/1.5)

36,000 + 5000[3[«1,,, - 0.5(1 = 8,) (1 + 1)} (9-11)
but not less than A

_ €800 + £,/1.5)
36,000 + 50008(1 + B,) (9-12)

and need not be more than

€,(800 + £,/1.5)
36,000 (9-13)

however, the thickness shall not be 1less than the
following values:

(a) Slabs without beams or

drop panels. . .. . . . . 120 mm
(b) Slabs without beams,

but with drop panels

conforming to

Article 9.5.3.2. . . . . . 100 mm
(c) Slabs with beams,

on all four edges

with a value of

at least equal to

200 « ¢ o 000 . 90 mm

)
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TABLE 9.5(B)

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be Deflection
considered limitation
Flat roofs not supporting Immediate deflection due *
or attached to nonstructural | to live load L 1l
elements likely to be 180
damaged by large
deflections
Floors not supported or Immediate deflection due
attached to nonstructural to live load L. 1
elements likely to be 360
damaged by large
deflections.
Roof or floor construction That part of the total %
supporting or attached to deflection occurring after |1
nonstructural elements attachment of nonstructural | 480
likely to be damaged by elements (sum of the long-
large deflections time deflection due to
all sustained loads and
the immediate deflection
due to any additional live
load.) ***
Roof or floor construction A
supporting or attached 1l
to nonstructural elements 240
not likely to be damaged by
large deflections.

* Limit not intended to safeguard against ponding.

Ponding

should be checked by suitable calculations of deflection,

including edded deflections due to ponded water,

and

considering long-time effects of all sustained loads,
construction tolerances and reliability of provisions for

drainage.

*¥%

Limit may be exceeded if adequate measures are taken to

prevent damage to supported or attached elements.

¥* %%

*E%%

Long-time deflection shall be determined in accordance
with Article 9.5.2.5 or 9.5.4.2 but may be reduced by
amount of deflection calculated to occur before
attachment of nonstructural elements. This amount shall
be determined on basis of accepted engineering data
relating to time-deflection characteristics of members
similar to those being considered.

But not greater than tolerance provided for nonstructural
elements. Limit may be exceeded if camber is provided so
that total deflection minus camber does not exceed limit.
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For slabs without beams, but with drop panels extending
in each direction from centreline of support a distance
of not less than one-sixth the span length in that
direction measured centre-to-centre of supports, and a
projection below the slab at least one-quarter the slab
thickness beyond the drop, thickness required by
£q.(9-11), (9-12) or (9-13) may be reduced by 10 percent.

At discontinuous edges, an edge beam shall be provided
with stiffness ratio not less than 0.80; or the
minimum thickness required by Eq.(9-11), (9-12), (9-13)
or Article 9.5.3.2 shall be increased by at least 10
percent in the panel with a discontinuous edge.

Slab thickness less than the minimum thickness required
by Articles 9.5.3.1, 9.5.3.2, and 9.5.3.3 may be used if
shown by computation that deflection will not exceed the
limits stipulated in Table 9.5(b). Deflections shall be
computed taking into account size and shape of panel,
conditions of support, and nature of restraints at panel
edges. For deflection computations, modulus of
elasticity Ec for concrete shall be as specified in
Article 8.5.1. Effective moment of inertia shall be that
given by Eq. (9-7); other values may be used if computed
deflection is in reasonabe agreement with results of
comprehensive tests. Additional long-time deflection
shall be computed in accordance with Article 9.5.2.5.

PRE-STRESSED CONCRETE CONSTRUCTION

For flexural members designed 1in accordance with
provision of Chapter 18, immediate deflection shall be
computed by wusual methods or formulas for elastic
deflections, and the moment of inertia of the gross
concrete section may be used for uncracked sections.

Additional long-time deflection of pre-stressed concrete
members shall be computed taking into account stresses in
concrete and steel under sustained load and including
effects of creep and shrinkage of concrete and relaxation
of steel.

Deflection computed in accordance with Articles 9.5.4.1
and 9.5.4.2 shall not exceed limits stipulated in Table
9.5(b).
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COMPOSITE CONSTRUCTION
Shored construction

If composite flexural members are supported during
construction so that, after removal of temporary
supports, deal load is resisted by the full composite
section, the composite member may be considered
equivalent to a monolithically —cast member for
computation of deflection. For non-pre-stressed members,
the portion of the member in compression shall determine
whether values in Table 9.5(a) for normal density or
low-density concrete shall apply. If deflection is
computed, account should be taken of curvatures resulting
from differential shrinkage of precast and cast-in-place
components, and of axial creep effects in a pre-stressed
concrete member.

If the thickness of a non-pre-stressed precast flexural
member meets the requirements of Table 9.5(a), deflection
occurring after the member becomes composite need not be
computed, but the long-time deflection of the precast
member should be investigated for magnitude and duration
of load prior to beginning of effective composite action.

Deflection computed in accordance with Articles 9.5.5.1
and 9.5.5.2 shall not exceed limits stipulated in Table
9.5(b).

LONG-TERM DEFLECTIONS

Deflections are calculated from curvature of sections
under appropriate moments The deflection a, at any point
on a mgmber is calculated by the equation

a = Kl¢x l/rb where

1 = effective span of the member
-1

r = curvature of the member at mid-span or for
cantilevers at the support section

K = constant which depends on the shape of the
bending moment diagram.
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diagrams are tabulated

below:
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Calculation of curvatures

The total long term curvature of a section can be
assessed as follows:

(a) Calculate the instantaneous curvature under the
total load and under permanent load.

(b) Calculate the long term curvature under permanent
load.

(c) Add to the long term curvature under permanent load
the difference between the instantaneous curvature under
the total and permanent load.

(d) Add to this curvature the shrinkage curvature.

Calculation of curvatures

The curvature of any section may be calculated by
employing whichever of the following sets of assumptions
(A) or (B) gives the larger value. (A) corresponds to
the case where the section is cracked under the loading
considered, (B) applies to an uncracked section.

(A) (1) Strains are calculated on the assumption that
plane sections remain plane.

(2) The reinforcement, whether in tension or in
compression, is assumed to be elastic. Its modulus of
elasticity may be taken as 200 kN/mm”.

(3) The concrete in compression is assumed to be
elastic. Under short term loading, the modulus of
elasticity may be taken as that given in 8.5.1. Under
long term loading, an effective modulus may be taken
having a value of l/(l-+q9) times the short term modulus
where {0 is the appropriate creep coefficient.

(4) Stresses in the concrete in tension may be
calculated on the assumption the stress distribution is
triangular, having a value of zero at the neutral axis
and a xalue at the centroid of the tension iteel of
1 N/mm“ instantaneously, reducing to 0.55 N/mm® in the
long term.

(B) The concrete and the steel are both considered to be
fully elastic in tension and in compression. The elastic
modulus of the steel may be taken as 200 kN/mm“ and the
elastic modulus of the concrete is as specified in (3)
above both in compression and in tension.
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Creep coefficient({9 and stress in
level:

steel

Duration of

load days

10
100
1000

9.5.6.2‘2

.39

1.92
3.08
3.85

14

0
33

1.65
2.64
3.30

Shrinkage curvature

The shrinkage curvature

Age at loading

28

.27
1.37
2.20
2.75

.23
1.37
1.87
2.34

concrete at tensile

100 tensile stres
(N/mm

19

1.17
1.54
1.93

Pseudo-cracked

f
(o}

K

1.00

.95
.96
.64
.55

is calculated from the formula

the shrinkage curvature and ec
strain in the assessment of which allowance is made for
the shape of the section as follows:

2)

in the free shrinkage

Sections less than 250 mm thick € cs T 300 x 10—6
Sections thicker than 250 mm € cs = 250 x 1070
Values of g, for calculation of shrinkage curvatures
values of values of ¢’

@ 0.00 0.25 0.5 0.75 1.00 1.25 1.50 1.75 2.00
0.25 0.44 0.31 0.26 0.22 0.20 0.18 0.17 0.16 0.15
0.50 0.6 0.31 0.26 0.22 0.20 0.18 0.17 0.16 0.15
0.75 0.64 0.45 0.26 0.22 0.20 0.18 0.17 0.16 0.15
1.00 0.70 0.55 0.39 0.22 0.20 0.18 0.17 0.16 0.15
1.50 0.80 0.69 0.57 0.45 0.32 0.18 0.17 0.16 0.15
2.00 0.88 0.79 0.69 0.60 0.49 0.35 0.28 0.16 0.15
2.50 0.95 0.87 0.79 0.70 0.62 0.53 0.44 0.35 0.25
3.00 1.00 0.94 0.86 0.79 0.72 0.64 0.57 0.49 0.40
3.50 1.00 1.00 0.93 0.87 0.8 0.74 0.67 0.60 0.52
4.00 1.00 1.00 1.00 0.93 0.87 0.81 _0.75 0.69 0.62
Percentage shrinkage occurring up to a given age:

Age days 10 28 100 365 1000 oo
% 10 30 50 70 80 100

)
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Crackwidths

The widths of flexural cracks at a particular point on
the surface of a member depends primarily on three (3)
factors:

(a) the proximity to the point considered of the
reinforcing bar perpendicular to the cracks;

(b) the proximity of the neutral axis to the point
considered;

(c) the average strain at the point considered.

Crackwidth evaluation

One simplification based on a structural study of test
datas of several investigators is the

) 3
W= 0.0110 Brs d_A

where Wmax = crackwidth in units of 0.001 mm

®

(h-c)/(dC -c) = depth factor average value = 1.20

thickness of cover to the centre of the first

layer of bars (mm)

f = maximum stress in N/mm“ in the steel at service

beds with 0.6 f to be used if no computations

are available

A = area of congrete in tension divided by the number
of bars (mm“) = b /b where b_ is defined as

the number of bars ag the tension side.

(=N
1"

PERMISSIBLE CRACKWIDTHS

The maximum crackwidth that a structural element should
be permitted to develop depends on the particular
function of the element and the environmental conditions
to which the structure is liable to be subjected. ACI
Committee 224 recommends the following:

Permissible Crackwidths
Exposure Conditions Tolerable crackwidths

Dry air or protective
membrane 0.41 mm

Humidity, moist air,
soil 0.30 mm
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Seawater, and
seawater spray 0.15 mm
Wetting and drying

Water-retaining

structures

(excluding non-pressure

pipes) 0.10 mm

SUB-SECTION 10 - FLEXURE AND AXIAL LOADS

10.1

10.2

10.2.1

10.2.2

10.2.3

lO .2 .4

10.2.5

10.2.6

10.2.7

Scope

Provisions of Chapter 10 shall apply for design of
members subject to flexure or axial loads or to combined
flexure and axial loads.

Design assumptions

Strength design of members for flexure and axial loads
shall be based on assumptions given in Articles 10.2.2
through 10.2.7 and on satisfaction of applicable
conditions of equilibrium and compatibility of strains.

Strain in reinforcement and concrete shall be assumed
directly proportional to the distance from the neutral
axis, except for deep flexural members with overall depth
to clear span ratios greater than 2/5 for continuous
spans and 4/5 for simple spans, a non-linear distribution
of strain shall be considered. See Article 10.7.

Maximum wusable strain at extreme concrete compression
fibre shall be assumed equal to 0.003.

Stress in reinforced below specified yield strength f

for grade of reinforcement used shall be taken as E

times steel strain. For strains greater than that
correspondig to f_, stress in reinforcement shall be
considered indepena%nt of strain and equal to fy.

Tensile strength of concrete shall be neglected in
flexural calculations of reinforced concrete, except when
meeting requirements of Article 18.4.

Relationship between concrete compressive stress
distribution and concrete strain may be assumed to be
rectangular, trapezoidal, parabolic, or any other shape
that results in prediction of strength in substantial
agreement with results of comprehensive tests.

Requirements of Article 10.2.6 may be considered
satisfied by an equivalent rectangular concrete stress
distribution defined by the following:

)

)
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Concrete stress of 0.85f'_ shall be assumed uniformly
distributed over an equivalent compression zone bounded
by edges of the cross section and a straight line located
parallel to the neutral axis at a distance a =ﬁglc from
the fibre of maximum compressive strain.

Distance ¢ from fibre of maximum strain to the neutral
axis shall be measured in a direction perpendicular to
that axis.

Factorfg shall be taken as 0.85 for concrete strengths
f'C up to and including 30 MPa. For strengths above 30
MPa,ﬁ§) shall be reduced continuously at a rate of 0.008
for 'each 1 MPa of strength in excess of 30 MPa, bUtﬁgl
shall not be taken less than 0.65.

General priniciples and requirements

Design of cross section subject to flexure or axial loads
or to combined flexure and axial loads shall be based on
stress and strain compatibility using assumptions in
Article 10.2.

Balanced strain conditions exist at a cross-section when
tension reinforcement reaches the strain corresponding to
its specified yield strength f_, just as concrete in
compression reaches its assumed uPtimate strain of 0.003.

For flexural members, and for members subject to combined
flexure and compressive axial load when the design axial
load strength @PP_ is less than the smaller of 0.10f' A

or P _, the ratio of reinforcement provided shall Ro?
exceeJ)0.75 of the ratio[) that would produce balanced
strain conditions for the section under flexure without
axial load. For members with compression reinforcement,
the portion of [)b equalized by compression reinforcement
need not be reduced by the 0.75 factor.

Compression reinforcement in conjunction with additional
tension reinforcement may be wused to increase the
strength of flexural members.

Design axial load strength @Pn of compression members
shall not be taken greater than the following:

For non-pre-stressed members with spiral reinforcement

conforming to Article 7.10.4 or composite members
conforming to Article 10.14.

OP-imar, = 0.850(0.8514(Ag — Ag) = 1Ay (10-1)

For non-pre-stressed members with tie reinforcement
conforming to Article 7.10.5:

P = 0.800[0.85F (A, — Ay) ~ f,A] (10-2)
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For pre-stressed members, design axial load strength
pp_ shall not be taken greater than 0.85 (for members
with spiral reinforcement) or 0.80 (for members with tie
reinforcement) of the design axial load strength at zero
eccentricity ¢PO.

Members subject to compressive axial load shal be
designed for the maximum moment that can accompany the

axial load. The factored axial load P at given
eccentricity shall not exceed that givenuin Article
10.3.5. The maximun factored moment M shall be

magnified for slenderness effects in accotdance with
Article 10.10.

Distance between lateral supports of flexural members

Spacing of lateral supports for a beam shall not exceed
50 times the least width b of compression flange or face.

Effects of lateral eccentricity of load shall be taken
into account in determining spacing of lateral supports.

Minimum reinforcement of flexural members
At any section of a flexural member, except as provided
in Articles 10.5.2 and 10.5.3, where positive

reinforcement is required by analysis, the ratio
provided shall not be less than that given by

1.

H»

(10-3)

Pmin

‘<"‘|

in T-beams and joists where the web is in tension, the
ratioﬁ)shall be computed for this purpose using width of
web.

Alternatively, the area of reinforcement provided at
every section, positive or negative, shall be at least
one-third greater that that required by analysis.

For structural slabs of uniform thickness, the minimum
area and maximum spacing of reinforcement in the
direction of the span shall be as required for shrinkage
and temperature according to Article 7.12.

Distribution of flexural reinforcement in beams and
one-way slabs

This section prescribes rules for distribution of
flexural reinforcement to control flexural cracking in
beams and in one-way slabs (slabs reinforce to resist
flexural stresses in only one direction).
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Distribution of flexural reinforcement shall be well
distributed within maximum flexural tension zones of a
member cross-section as required by Article 10.6.4.

Flexural tension reinforcement shall be well distributed
within maximum flexural tension zones of a member cross-
section as required by Article 10.6.4.

When design yield strength f_ for tension reinforcement
exceeds 300 MPa, cross sectidns of maximum positive and
negative moment shall be so proportioned that the
quantity given by

z=ftVd.A (10-4)

does not exceed 30 MN/m for interior exposure and 20 MN/m
for exterior exposure. Calculated stress in reinforce-
ment at service load f_ (MPa) shall be computed as the
moment divided by the 6%oduct of steel area and internal

moment arm. In lieu of such computations, f_ may be
taken as 60 percent of specified yield strength

Provisions of Article 10.6.4 may not be sufficient for
structures subject to very aggressive exposure or
designed to be watertight. For such structures special
investigations and precautions are required.

Where flanges of T-beam construction are in tension, part
of the flexural tension reinforcement shall be
distributed over an effective flange width as defined in
Article 8.10, or a width equal to 1/10 the span,
whichever is smaller, if the effective flange width
exceeds 1/10 the span, some longitudinal reinforcement
shall be provided in the outer portions of the flange.

If the depth of a web exceeds 900 mm, longitudinal
reinforcement having a total area equal to at least 10
percent of the area of the flexural tension reinforcement
shall be placed near the side faces of the web and
distributed in the zone of flexural tension with a
spacing not more than the web width,nor 300 mm. Such
reinforcement may be included in strength computations
only if a strain compatibility analysis is made to
determine stresses in the individual bars or wires.

Deep flexural members

Flexural members with overall depth to clear span ratios
greater than 2/5 for continuous spans, or 4/5 for simple
spans, shall be designed as deep flexural members taking
into account non-linear distribution of strain and
lateral buckling. (See also Article 12.10.6).
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Shear strength of deep flexural members shall be in
accordance with Article 11.8.

Minimum flexural tension reinforcement shall conform to
Article 10.5.

Mipimum horizontal and vertical reinforcement in the side
faces of deep flexural members shall be the greater of

the requirements of Articles 11.8.8 and 11.8.9 or
Articles 14.3.2 and 14.3.3.

Design dimensions for compression members
Isolated compression member with compression members

Outer limits of the effective cross-section of a
compression member with two or more interlocking spirals
shall be taken at a distance outside the extreme limits
of the spirals equal to the minimum concrete cover
required by Article 7.7.

COMPRESSION MEMBER BUILT MONGCLITHICALLY WITH WALL

Outer limits of the effective cross-section of a spirally
reinforced or tied reinforced compression member built
monolithically with a concrete wall or pier shall be
taken not greater than 40 mm outside the spiral or tie
reinforcement

EQUIVALENT CIRCULAR COMPRESSION MEMBER

In lieu of wusing full gross area for design, a
compression member with a square octagonal, or other
shaped cross-section may be considered as a circular
section with a diameter equal to the least lateral
dimension of the actual shape. Gross area considered,
required percentage of reinforcement and design strength
shall be based on that circular section.

LIMITS OF SECTION

For a compression member with a larger cross-section than
required by considerations of loading, a reduced
effective area A_ not less than one-half the total area
may be used to determine minimum reinforcement and design
strength.

Limits for reinforcement of compression members
Area of longitudinal reinforcement for non-composite

compression members shall be not less than 0.01 nor more
than 0.08 times gross area Ag of section.
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Minimum number of longitudinal bars in compression
members shall be 4 for bars within rectangular or
circular ties, 3 for bars within triangular ties, and 6

for bars enclosed by spirals conforming to Article
10.9.3.

Ratio of spiral reinforcement ;33 shall be not less than
the value given by

b = 0.45 (A_a_ 1)1% (10-5)
T A f:

c y

where f is the specified yield strength of spiral
reinforcément but not more than 400 MPa.

Slenderness effects in compression members

Design of compression members shall be based on forces
and moments determined from analysis of the structure.
Such analysis shall take into account influence of axial
loads and variable moment of inertia on member stiffness
and fixed-end moments, effect of deflections on moments
and forces, and the effects of duration of loads.

In lieu of the procedure described in Article 10.10.1,
slenderness effects in compression members may be
evaluated in accordance with the approximate procedure
presented in Article 10.11.

The detailed requirements of Article 10.1 need not be
applied if slenderness effects in compression members are
evaluated in accordance with Article 10.10.1.

Approximate evaluation of slenderness effects
UNSUPPORTED LENGTH OF COMPRESSION MEMBERS

Unsupported length 1, of a compression member shall be
taken as the clear distance between floor slabs, beams,
or other members, capable of providing lateral support
for that compression member.

Where column capitals or haunches are present,
unsupported length shall be measured to the lower
extremity of capital or haunch in the plane considered.

EFFECTIVE LENGTH OF COMPRESSION MEMBERS
For compression members braced against sidesway,

effective length factor k shall be taken as 1.0 unless
analysis shows that a lower value may be used.
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For compression members not braced against sidesway,
effective length factor k shall be determined with due
consideration of effects of cracking and reinforcement on
relative stiffness, and shall be greater than 1.0.

RADIUS OF GYRATION

Radius of gyration r may be taken equal to 0.30 times the
overall dimension in the direction stability is being
considered for rectangular compression members, and 0.25
times the diameter for circular compression members. For
other shapes, r may be computed for the gross concrete
section.

CONSIDERATION OF SLENDERNESS EFFECTS

For compression members braced against sidesway, effects
of slenderness may be neglected when klu/r is less than
34-12Mlb/M2b.

For compression members not braced against sidesway,

effects of slenderness may be neglected when k1l /r is
u
less than 22.

For all compression members with kl /r greater than 100,
an analysis as defined in Article 10710.1 shall be made.

MOMENT MAGNIFICATION
Compression members shall be designed using the factored

axial load P~ from a conventional frame analysis and a
magnified factored moment MC defined by

Mc= 5t:;A/12b+ 5sM25 (10'6)
where
(10-7)
5 Cr =1.0
b—1 PU = 1.
®P,
) --——;L——->
*TT_3A, =10 (10-8)
dZP,
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and m2El (10-9)

E:P and Z:P are the summations for all columns in a
stoﬂi. For frames not braced against sidesway, both

and ég shall be computed. For frames braced against
31desway,(5 shall be taken as 1.0 in calculation of P_,
k shall be computed according to Article 10.11.2.1 Foréfb
and according to Article 10.11.2.2 For5s-

In lieu of a more accurate calculation circulation, EI in
Eq (10-9) may be taken either as

g (Ech/S) + Eil, (10-10)
1+ By
or conservatively
E.l,/2.
g = Eclo/2:5 (10-11)
T+ By

In Eq. (10-7) for members braced against sidesway and

without transverse loads between supports, Cp, may be
taken as

C,=06-04 M (10-12)

2b
but not less than 0.4.
For all other cases, Cm may be taken as 1.0.

If computations show that there is no moment at both ends
of a braced compression member or that computed end
eccentricities are less than (15 + 0.03h) mm, M, in Eg.
(10-6) shall be based on a minimum eccentricity“ef (15 +
0.03h) mm about each principal axis separately. Ratio

M b/M2 in Eq. (10-12) shall be determined by either of
t%e fo?lowing:

(a) When computed end eccentricities are less than
(15 + 0.03h)mm, computed end moments may be used to
evaluate Mlb/MZb in Eq. (10-12)

(b) If computations show that there is essentially no
moment at both ends of a compression member, the ratio
Mlb/MZb shall be taken equal to one.
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If computations show that there is no moment at both ends
of a compression member not braced against sidesway or
that computed end eccentricities are less than
(15 + 0.03h)mm, M,  in Eq. (10-6) shall be based on a
minimum eccentricify of (15 + 0.03h)mm about each
principal axis separately.

MOMENT MAGNIFICATION FOR FLEXURAL MEMBERS

In frames not braced against sidesway, flexural members
shall be designated for the total magnified end moments
of the compression members of the joint.

MOMENT MAGNIFIER 5 FOR BI-AXIAL BENDING

For compression members subject to bending about both
pripcipal axis, moment about each axis shall be magnified
by O ,computed from corresponding conditions of restraint
about that axis.

Axially loaded members supporting slab system

Axially loaded members supporting a slab system included
within the scope of Article 13.1 shall be designed as
provided in Chapter 10 and in accordance with the
additional requirements of Chapter 13.

Transmission of column loads through floor system

When the specified compressive strength of concrete in a
column is greater than 1.4 times that specified for a
floor system, transmission of load through the floor
system shall be provided by one of the following:

Concrete of strength specified for the column shall be
placed in the floor at the column location. Top surface
of the column concrete shall extend 600 mm into the slab
from face to column. Column concrete shall be well
integrated with floor concrete, and shall be placed in
accordance with Articles 6.4.5 and 6.4.6.

Strength of a column through a floor system shall be
based on the lower value of concrete strength with
vertical dowels and spirals as required.

For columns laterally supported on four sides by beams of
approximately equal depth or by slabs, strength of the
column may be based on an assumed concrete strength in
the column joint egual to 75 percent of column concrete
strength plus 35 percent of foor concrete strength.
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Composite compression members

Composite compression members shall include all such
members reinforced longitudinally with structural steel
shapes, pipe,or tubing with or without longitudinal bars.

Strength of a composite member shall be computed for the
same limiting conditions applicable to ordinary
reinforced concrete members.

Any axial 1load strength assigned to concrete of
composite member shall be developed by direct connection
to the structural steel shape, pipe, or tube.

All axial load strength not assigned to concrete of a
composite member shall be developed by direct connection
to the structural steel shape, pipe, or tube.

For evaluation of slenderness effects, radius of gyration

of a composite section shall be not greater than the
value given by

. \/ (Eclg/5) + Esl

. (EAg/5) + EA (10-13)
iﬁ lieu of a more accurate calculation EI in Eq (10-9)
may be taken either as Eq. (10-11) or

E.l,/5
El = (Ecly/9) Eshy

1+ By (10-14)
STRUCTURAL STEEL ENCASED CONCRETE CORE

For a composite member with concrete core enclosed by
structural steel, thickness of the steel encasement shall
be not less than

b for each face of width b

-
3k’

nor

/

h\/é%? , for circular sections of diamter h
s
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Longitudinal bars located within the encased concrete
core may be considered in computing At and It.

SPIRAL REINFORCEMENT AROUND STRUCTURAL STEEL CORE

A composite member with spirally reinforced concrete
around a structural steel core shall conform to the
following.

Specified compressive strength of concrete f'c shall be
not less than 17 MPa.

Design yield strength of structural steel core shall be
the specified minimum yield strength for grade of
structural steel used but not to exceed 350 MPa.

Spiral reinforcement shall conform to Article 10.9.3.

Longitudinal bars located within the spiral shall be not
less than 0.01 nor more than 0.08 times net area of
concrete section.

Longitudinal bars located within the spiral may be
considered in computing At and It.

TIE REINFORCEMENT AROUND STRUCTURAL STEEL CORE

A composite member with laterally tied concrete around a
structural steel core shall conform to the following.

Specified compressive strength of concrete f'_ shall be
not less than 17 MPa.

Design yield strength of structural steel core shall be
the specified minimum yield strength for grade of
structural steel used but not to exceed 350 MPa.

Lateral ties shall extend completely around the
structural steel core.
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Lateral ties shall have a diameter not less than 1/50
times the greatest side dimension of composite member,
except that ties shall not be smaller than no. 10 and
need not be larger than no. 15. Welded wire fabric of
equivalent area may be used.

Vertical spacing of lateral ties shall not exceed 16
longitudinal bar diameters, 48 tie bar diameters, or 1/2
times the least side dimension of the composite member.

Longitudinal bars located within the ties shall be not
less than 0.01 nor more than 0.08 times net area of
concrete section.

A longitudinal bar shall be located at every corner of a
rectangular cross-section, with other longitudinal bars
spaced not farther apart than one-half the least side
dimension of the composite member.

Longitudinal bars located within the ties may be
considered in computing A, for strength but not in
computing It for evaluation of slenderness effects.

Bearing strength

Design bearing strength on concrete shall not exceed
ﬂ(U.BSF'CAl), except as follows.

When the supporting surface is wider on all sides than
the loaded area, design bearing strength on the loaded
area may be multiplied by ’/AZ/Al’ but not more than 2.

When the supporting surface is sloped or stepped, A, may
be taken as the area of the lower base of the largest
frustum of a right pyramid or cone contained wholly
within the support and having for its upper base the
loaded area, and having side slopes of 1 vertical to 2
horizontal.

Article 10.15 does not apply to post-tensioning
anchorages.
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SUB-SECTION 11 SHEAR AND TORSION

11.1

11.1.1

11.1.1.1

11.1.1.2

11.1.2

11.1.2.1

11.1.2.2

Shear strength

Design of cross-sections subject to shear shall be based
on

Vo<gy
“ n (11-1)

where V 1s factored shear force at section considered
and V_ is nominal shear strength computed by

n
Vo = Vo + Vg
(11-2)

where V is nominal shear strength provided by concrete
in accordance with Article 11.3 or 11.4 and V_ is nominal
shear strength provided by shear reinforcement in
accordance with Article 11.5.6.

In determining shear strength V_, effect of any openings
in members shall be considered.

In determining shear strength V_, whenever applicable,
effects of axial tension due to ‘creep and shrinkage in
restrained members shall be considered and effects of
inclined flexural compression in variable-depth members
may be included.

Maximum factored shear force VU at supports may be
computed in accordance with Article 11.1.2.1 or 11.1.2.2
when both of the following conditions are satisfied:

(a) Support reaction in correction of applied shear,
introduces compression into the end regions of member,
and

(b) No concentrated load occurs between face of support
and location of critical section defined in Article
11.1.2.1 or 11.1.2.2

For non-pre-stressed members, sections located less than
distance d from face of support may be designed for the
same shear Vu as that computed at a distance d.

For pre-stressed members, sections located less than a
distance h/2 from face of support may be designed for the
same shear V, as that computed at a distance h/2.
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For deep flexural members, brackets and corbels, walls
and slabs and footings, the special provisions of Article
11.8 through 11.11 shall apply.

Low density concrete

Provisions for shear strength Vo and torsional moment
strength Tc apply to normal density concrete. When
low-density ~ aggregate concrete is used, one of the
following modifications shall apply:

When Fct is specfied and concrete is prportioned is
accordance with Section 4.2, provisions for V__and T
shall be modified by substituting 1.8 f' t:f"or .7F'C, but
the value of l.8f'ct shall not exceed _[f c*
When f is not specified, all values of v/f affecting
Vo, T., and M_, shall be multiplied by 0.75 for "all
low-density" concrete, and 0.85 for "sand-low-density"
concrete. Linear interpolation may be used when partial
sand replacement is used.

Shear strength provided by concrete for non-pre-stressed
members

Shear strength, V_ shall be computed by provisions of
Article 11.3.1.1. %hrough 11.3.1.4 unless a more detailed
calculation is made in accordance with Article 11.3.2.

For members subject to shear and flexure only,

V, = (Vfi/8)b.d

(11-3)
For members subject to axial compression,
v—@+ M)m@mmm
° 144, °
(11-4)

Quantity Nu/Ag shall be expressed in MPa.
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For members subject to significant axial tension, shear
reinforcement shall be designed to carry total shear.

At sections where factored torsional moment Tu exceeds

¢( f'c/ZO) x2y

(VF./6)b,d

[+ Tu Pl
1 + 2.5 C'——'
Vu

Shear strength V_ may be computed by the more detailed
calculation of Arficle 11.3.2.1 through 11.3.2.3

(11-5)

For members subject to shear and flexure only,

V.d
m={@ﬁ}+mwwM>+7de

u

(11-6)

but not greater than O.B\k b d quantity V d/M shall not
be taken greater than 1.0 $n"computing V “by ‘q. (11-6)
where M is factored moment occurring siméﬁtaneously with
Vu at section considered.

For members subject to axial compression, Eq. (11-6) may
be used to compute V_ with Mm substituted for Mu and
Vud/Mu not then limiteS to 1.0 where

4h -
M,=M, - AQ( 9)
(11-7)
However, V. shall not be taken greater than
0.3N,
w=am@mdw1+A
? (11-8)

Quantity Nu/A shall be expressed in MPa. When M, as
computed by Ed. (11-7) is negative, V_ shall be cmputed
by Eq. (11-8)
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For members subject to significant axial tension,

0.3N
Ve= ( ' ”)(x/f‘;/s)bwd
g

(11-9)

where N is negative for tension. Quantity NU/A shall
: g
be expressed in MPa,

Shear strength provided by concrete for pre-stressed
members

For members with effective pre-stress force not less than
40 percent of the tensile strength of flexural
reinforcement, unless a more detailed calculation is made
in accordance with Article 11.4.2.

Vi V4
= +5—|b,d
& (20 5Mu> ,

(11-10)

but V_ need not be taken less than (‘Vf”c/s) b,d nor
shall”V_ be taken greater than 0.4./f b d rior the value

given in Article 11.4.3 or 11.4.4. Tﬁgwﬁuantity V. d/M
shall not be taken greater than 1.0 where M is factored

moment occurring simultaneously with V ° at section
considered. When applying Eq. (11-10), d in the term
Vud/M shall be the distance from extreme compression
fibre to centroid of pre-stressed reinforcement.

Shear strength Vo may be computed in accordance with
Articles 11.4.2.17 and 11.4.2.2, where VC shall be the

lesser of VCi or Vcw'

Shear strength VCi shall be computed by

Vi MC!'

V= (\Vf/20)b,d + Vy+

max

(11-11)
but V_; need not be taken less than{ F'C/7)bwd, where

Mcr = (l/yt) [(\/—ﬁ:/z) + fps - fd]
(11-12)

and values of M and V. shall be computed from the load
; ; ma i,

combination causing maximum moment to occur at the

section.



ll ‘4.2 .2

11.4.2.3

11.4.3

11.4.4

84
Shear strength VCw shall be computed by
Vow = 0.3(VFL + f)bud + V,
(11-13)

Alternatively, Vc may be computed as the shear force
corresponding to dead load plus live load that results in
a principal tensile stress of 4/f' /3 at centroidal axis
of member, or at intersectio of flange and web when
centroidal axis is in the flange and web when centroidal
axis is in the flange. In composite members, principal
tensile stress shall be computed using the cross-section
that resists live load.

In Eq. (11-11) and (11-13) d shall be the distance from
extreme compression fibre to centroid of pre-stressed
reinforcement or 0.08h, whichever is greater.

In a pre-stressed member in which the section at a
distance h/2 from face of support is closer to end of
member than the transfer length of the pre-stressing
tendons, the reduced pre-stress shall be considered when
computing Vow: This value of V_ shall also be taken as
the maximum“limit for Eq. (11-1F". Pre-stress force may
be assumed to vary linearly from zero at end of tendon to
a maximum at a distance from end of tendon egual to the
transfer length, assuming to be 50 diameters for strand
and 100 diameters for single wire.

In a pretensioned member where bonding of some tendons
does not extend to end of member, a reduced pre-stress
shall be considered when computing V_ in accordance with
Articles 11.4.1 or 11.4.2. Value of V_ calculated using
the reduced pre-stress shall also be talen as the maximum
limit for Eq. (11-10). Pre-stress force due to tendons
for which bonding does not extend to end of member, may
be assumed to vary linearly from zero at the point at
which bonding commences to a maximum at a distance from
this point equal to the transfer length, assumed to be 50
diameters for strand and 100 diameters for single wire.
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Shear strength provided by shear reinforcement
TYPES OF SHEAR REINFORCEMENT
Shear reinforcement may consist of':

(a) Stirrups perpendicular to axis of member
(b) Welded wire fabric with wires located
perpendicular to axis of member.

For non-pre-stressed members, shear reinforcement may
also consist of:

(a) Stirrups making an angle of 45 deg or more with
longitudinal tension reinforcement

(b) Longitudinal reinforcement with bent portion
making an angle of 30 deg or more with the
longitudinal tension reinforcement

(c) Combinations of stirrups and bent longitudinal
reinforcement

(d) Spirals

Design yield strength of shear reinforcement shall not
exceed 400 MPa.

Stirrups and other bars or wires used as shear
reinforcement shall extend to a distance d from extreme
compression fibre and shall be anchored at both ends
according to Article 12.13 to develop the design yield
strength of reinforcement.

SPACING LIMITS FOR SHEAR REINFORCEMENT

Spacing of shear reinforcement placed perpendicular to
axis of member shall not exceed d/2 in non-pre-stressed
members and (3/4)h in pre-stressed members, nor 600 mm.

Inclined stirrups and bent longitudinal reinforcement
shall be so spaced that every 45 deg line, extending
toward the reaction from mid-depth of member d/2 to
longitudinal tension reinforcement, shall be crossed by
at least one line of shear reinforcement.

1
When V_ exceeds (VY f /3)bwd, maximum spacings given in
Articles 11.5.4.1 and 1175.4.2 shall be reduced by
one-half.,

MINIMUM SHEAR REINFORCEMENT

A minimum area of shear reinforcement shall be provided
in all reinforced concrete flexural members (pre-stressed
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and non-pre-stressed) where factored shear force VU
exceeds one-half the shear strength provided by concrete
¢VC, except:

(a) Slabs and footings
(b) Concrete joist construction defined by Article 8.11

(c) Beams with total depth not greater than 250 mm, 2
1/2 times thickness of flange, or 1/2 the width of web,
whichever is the greatest.

Minimum shear reinforcement requirements of Article
11.5.5.1 may be waived if shown by tests that required
nominal flexural and shear strengths can be developed
when shear reinforcement is omitted. Such tests shall
simulate effects of differential settlement, creep,
shrinkage and temperature change, based on a realistic
assessment of such effects occurring in service.

Where shear reinforcement is required by Article 11.5.5.1
or by analysis, and where Fa%fored torsional moment TU
does not exceed ¢(¢?7;/20 }:x y), minimum area of sheef
reinforcement for pre-stressed (except as provided in
Article 11.5.5.4) and non-pre-stressed members shall be
computed by

(11-14)

For pre-stressed members with effective pre-stress force
not less than 40 percent of the tensile strength of
flexural reinforcement, minimum area of shear reinforce-
ment may be computed by Eq. (11-14) or (11-15).

A Asfus | d
Y80 f, d \ b

Whe Factoreg torsional moment Tu exceeds

Q;f'c/ZD)z} y , and where web reinforcement is required
by Article 11.5.5.1 or by analysis, minimum area of
closed stirrups shall be computed by

(11-15)

A, + 2A _bus
Y " oaf

y

(11-16)
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DESIGN OF SHEAR REINFORCEMENT

Where factored shear strength force VU exceeds shear
strength 0OV ! shear reinforcement shall” be provided to
satisfy £q.°(11-1) and (11-2) where shear strength V
shall be computed in accordance with Articles 11.5.6.
through 11.5.6.8.

When shear reinforcement perpendicular to axis of member
is used,

(11-17)

When inclined stirrups are used as shear reinforcement,

A, f,(sina + cosa)d

V= s (11-18)

When shear reinforcement consists of a single bar or a
single group of parallel bars, all bent up at the same
distance from the support,

Ve = A 1, sina (11-19)

but not greater than ( F'C/4)bwd.

When shear reinforcement consists of a series of parallel
bent-up bars or groups of parallel bent-up bars at
different distances from the support, shear strength Vs
shall be computed by Eq. (11-18)

Only the centre three-fourths of the inclined portion of
any longitudinal bent bar shall be considered effective
for shear reinforcement.

Where more than one type of shear reinforcement is used
to reinforce the same portion of a member, shear strength

shall be computed as the sum of the Vg values computed
for the various types.

Shear _ strength VS shall not be taken greater than

(2ff'/3)b, d.

Combined shear and torsion strength for non-pre-stressed
members with rectangular or flanged sections

Torsion effects shall be included with shear and flexure
where Facto torsional moment T exceeds
¢BerT'/20) }: x y] Otherwise, torsion effEcts may be
negleé%ed
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For members with rectangular or flanged sections, the sum

shall be taken for the component rectangles of the
section, but the overhanging flange width used in design
shall not exceed 3 times the flange thickness.

A rectangular box section may be taken as a solid section
provided wall thickness h is at least x/4. A box section
with wall thickness less than x/4, but greater than x/1f,
may also be taken as a solid section except that Xy
shall be multiplied by 4h/x. When h is less than x/10,
stiffness of wall shall be considered. Fillets shall be
provided at interior corners of all box sections.

If the factored torsional moment T in a member is
required to maintain equilibrium, the member shall be
designed to carry that torsional moment in accordance
with Articles 11.6.4 through 11.6.9.

In a statically indeterminate structure where reduction
of torsional moment in a member can occur due to
distribution of internal forces, maximum factored
t0r81onal T may be reduced to

[ (V/FT-/9) 2: X y/3 ] u

In such a case the correspondingly adjusted moments and
shears in adjoining members shall be used in design.

In lieu of more exact analysis, torsional loading from a
slab shall be taken as uniformly distributed along a
member.

Articles located less than a distance d from face of

support may be designed for the same torsional moment T
as that computed at a distance d.

TORSIONAL MOMENT STRENGTH

Design of cross sections subject to torsion shall be
based on

Tu 5-¢Tn (11-20)
where T is factored torsional moment at section
considered and T_ is nominal torsional moment strength
computed by

T =T +7 (11-21)

where T_ is nominal torsional moment strength provided by
concreté in accordance with Article 11.6.6, and TS is
nominal torsional moment strength provided by torsion
reinforcement in accordance with Article 11.6.9.
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TORSIONAL MOMENT STRENGTH PROVIDED BY CONCRETE
Torsional me—ent strength TC shall be computed by

(VTe/15)5xCy

T, f“]?55235

1+
CT,

(11-22)

For members subject to significant axial tension, torsion
reinforcement shall be designed to carry the total
torsional moment, unless a more detailed calculation is
made in which T_ given by Eq. (11-22) and V_ given by Egq.
(11-5) shall be°multiplied by (1 + 0.3N /A §, where N is
negative for tension. v 9

TORSION REINFORCEMENT REQUIREMENTS

Torsion reinforcement, where required, shall be provided
in addition to reinforcement required to resist shear,
flexure and axial forces.

Reinforcement required for torsion may be combined with
that required for other forces, provided the area
furnished is the sum of individually required areas and
the most restrictive requirements for spacing and
placement are met.

Torsion reinforcemnt shall consist of closed stirrups,
closed ties, or spirals, combined with longitudinal bars.

Design yield strength of torsion reinforcement shall not
exceed 400 MPs.

Stirrups and other bars and wires used for torsion
reinforcement shall extend to a distance d from extreme
compression fibre and shall be anchored according to
Article 12.14 to develop the design yield strength of
reinforcement.

Torsion reinforcement shall be provided at least a
distance (b, + d) beyond the point theoretically
required.

SPACING LIMITS FOR TORSION REINFOREMENT

Spacing of closed stirrups shall not exceed the smaller
of (xl + yl)/4, or 300 mm.

Spacing of longitudinal bars, not less than no. 10
distributed around the perimeter of the closed stirrups,
shall not exceed 300 mm. At least one longitudinal bar
shall be placed in each corner of the closed stirrups.
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DESIGN OF TORSION REINFOREMENT

Where factored torsional moment T  exceeds torsional
moment strength @T _, torsion reinforcement shall be
provided to satisfy Eq. (11-20) and (11-21) where
torsional moment strength T_ shall be computed by

- A,a,X1y1 fy

Ts

s (11-23)
where A, is the area of one leg of a closed stirrup
resisting torsion within a distance S, and
C¥t=(2 + yl/x )/3 but not more than 1.50. Longitudinal
bars distributed around the perimeter of the closed

stirrups At shall be provided in accordance with Article
11.6.9.3.

A minimum area of closed stirrups shall be provided in
accordance with Article 11.5.5.5.

Required area of longitudinal bars A, distributed around
the perimeter of the closed stirrups kt shall be computed

by
X, + ¥

A,—-2A,( ) (11-24)

or by
2.8xs T, X, +
A= — | - 24 ( ‘ ”)
VAT, —
. 3G (11-25)

whichever is greater. Value of 7, computed by Eqg.

(11-25) need not exceed that obtained'oy substituting

bwsfo 2A
— i0or
3f, '

Torsional moment strength TS shall not exceed QTC.
Shear friction

Provisions of Article 11.7 are to be applied where it is
appropriate to consider shear transfer across a given
plane, such as: an existing or potential crack,an
interface between dissimilar materials, or an interface
between two concretes cast at different times.
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Design of cross-sections subject to shear transfer as
described in Article 11.7.1 shall be based on Eq. (11-1),
where V_ is calculated in accordance with provisions of
Article 11.7.3 or 11.7.4.

A crack shall be assumed to occur along the shear plane
considered. Required area of shear-friction reinforce-
ment A across the shear plane may be desinged using
either Article 11.7.4 or any other shear transfer design
methods that result in prediction of strength in
substantial agreement with results of comprehensive
tests.

- Provisions of Articles 11.7.5 through 11.7.10 shall apply

for all calculations of shear transfer strength.
SHEAR-FRICTION DESIGN METHOD

When shear-friction reinforcement 1is perpendicular to
shear plane, shear strength Vn shall be computed by

Vn = Awfyp. (11-26)

where /l is coefficient of friction in accordance with
Article 11.7.4.3.

When shear-friction reinforcement is inclined to shear
plane, such that the shear force produces tension in
shear-friction reinforcement, shear strength V_ shall be
computed by n

V, = Auf,(u sin a; + cos o)
(11-27)

where (X . is angle between shear-friction reinforcement
and shear plane.

Coefficient of friction M in Eq. (11-26) and Eqg. (11-27)
shall be

Concrete placed monolithically 1.4)\

Concrete placed against hardened concrete
with surface intentionally roughened as
specified in Article 11.7.9 1.0)\

Concrete placed against hardened concrete
not intentionally roughened D.6>\

Concrete anchored to as-rolled structural
steel by headed studs or by reinforcing
bars (see Article 11.7.10) 0.7\
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where )\ = 1.0 for normal density concrete, 0.85 for
"sand-low-density" concrete and 0.75 for "all-
low-density" concrete. Linear interpolation may be

applied when partial sand replacement is used.

Shear strength V shall not be taken greater than

0.2f' A, nor 5.5 in newtons, where A_ is area of
concrete section resisting shear transfer.

Design yield strength of shear-friction reinforcement
shall not exceed 400 MPa.

Net tension across shear plane shall be resisted by
additional reinforcement. Permanent net compression
across shear plane may be taken as additive to the force
in the shear-friction reinforcement A.f, when

. . vty
calculating required Avf'

Shear-friction reinforcement shall be appropriately
placed along the shear plane and shall be anchored to
develop the specified yield strength on both sides by
embedment, hooks, or welding to special devices.

For the purpose of Article 11.7, when concrete is placed
against previously hardened concrete, the interface for
shear transfer shall be clean and free of laitance. If

is assumed equal to l.O)\, interface shall be roughened
to a full amplitude of approximately 5 mm.

When shear is transferred between as-rolled steel and
concrete using headed studs or welded reinforcing bars,
steel shall be clean and free of paint.

Special Provisions for Deep Flexural Members

Provisions of Article 11.8 shall apply for members with
ln/d less than 5 and loaded at top or compression face.
See also Article 12.10.6.

Design of deep flexural members for shear shall be based
on Eq. (11-1) and (11-2), where shear strength V_ shall
be in accordance with Article 11.8.5 or 11.8.6, and shear
strength VS shall be in accordance with Article 11.8.7.

Shear strength Vn for deep flexural members shall not be
taken greater than (2 f'C/B)b d when ln/d is less than
2. When ln/d is between 2%and 5,

2 (N — (11-28)
V,=-10~ ~> \ f.b,d
3 d

T T T T T T T T T T T T 1 2 T T 2 2 T T T T DO I T I I N N B/ NN N R R N N N0 0 2 2 I I I I I B D B B B B B



) ) ) )

)

)

ll .8 .4

11.8.5

11.8.6

11.8.7

11.8.8

11.8.9

11.8.10

11.9

11.9.1

93
Critical section for shear measured from face of support
shall be taken at a distance 0.15 l for uniformly loaded
beams and 0.50a for beams with concentrated loads, but
not greater than d.

Unless a more detailed calculation is made in accordance
with Article 11.8.6,

V.= (Vf./6)b,d (11-29)

Shear strength VC may be computed by

M, V.d
V,=(35-25— f.+ 120p, — | = 7 |b,d
¢ ( vm)[(v_ P Mu> }

(11-30)
except that the term
M,
(35-—25 )
V.d

shall not exceed 2.5, and V_ shall not be taken greater
than (/f' /2)b d. M  is factored moment occurring
31multaneously wlth V at the critical section defined in
Article 11.8.4

Where factored shear force V  exceeds shear strength ¢

, shear reinforcement shall ‘be provided to satisfy Eq.
(El 1) and (11-2), where shear strength V_ shall be
computed by ' S

f,d (11-31)
S 12 S, 12

where A is area of shear reinforcement perpendicular to
flexural tension reinforcement within a distance s, and
AV is area of shear reinforcement parallel to flexural
reinforcement within a distance So -

Area of shear reinforcement Av shall not be less than
0.0015 bws, and s shall not exceed d/5, nor 500 mm.

Area of shear reinforcement A shall not be less than
0.0025 b s,, and s, shal not exceed d/3, nor 500 mm.

Shear reinforcement required at the critical section
defined in Article 11.8.4 shall be used throughout the
span.

Special Provisions for Brackets and Corbels

Provisions of Article 11.9 shall apply to brackets and
corbels with a shear span-to-depth ratio a/d not greater
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than unity, and subject to a horizontal tensile force N
not larger than Vu. Distance d shall be measured at face
of support.

Depth at outside edge of bearing area shall not be less
than 0.5d.

Article at face of support shall be designed to resist

simultaneously a shear V , a moment (V a + N . (h = d)),
and a horizontal tensile Yorce Nuc'

In all design calculations in accordance with Article
11.9, strength reduction factor ¢ shall be taken equal to
0.85.

Design of shear-friction reinforcement Av to resist
shear Vu shall be in accordance with Articletll.7.

For normal density concrete, shear strength V_ shall not
be taken greater than 0.2 F’C bwd nor 5.5 bwd in Newtons.

For "all-low-density" or "sand-low-density" concrete,
shear strength V_ shall not be taken greater than (0.2 -
0.07 a/d) f'.b,d nor (5.5 - 1.9 a/d)bwd in Newtons.

Reinforcement A. to resist moment (V a + NUC (h - d)
shall be computed in accordance with "Articles 10.2 and
10.3.

Reinforcement A_ to resist tensile force N shall be
determined from'N @A f . Tensile force N“C shall not
be taken less than 0.2 Q Y unless special pré&isions are
made to avoid tensile forces. Tensile force N shall be
regarded as a live load even when tension résults from
creep, shrinkage, or temperature change.

Area of primary tension reinforcement A shall be made
equal to the greater of (Af + An) or (ZAVF/3 + An)'

Closed stirrups or ties parallel to A_, with a total area
A. not less than 0.5 (A_ - A_) shall be uniformly
distributed within two-thfrds oF the effective depth
adjacent to AS.

Ratio [) = As/bd shall not be less than 0.04(f'C/Fy).

At front face of bracket or corbel, primary tension
reinforcement A shall be anchored by one of the
following: (a) 5§ a structural weld to a transverse bar
of at least equal size; weld to be designed to develop
specified yield strength f_ of A_ bars; (b) by bending
primary tension bars A back to form a horizontal loop,
or (c) by some other means of positive anchorage.
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Bearing area of load on bracket or corbel shall not
project beyond straight portion of primary tension bars
A_, nor project beyond interior face of transverse anchor
bir (if one is provided).

Special Provisions for Walls

Design for shear forces perpendicular to face of wall
shall be in accordance with provisions for slabs in
Article 1l.11. Design for horizontal shear forces in
plane of wall shall be in accordance with Articles
11.10.2 through 11.10.8.

Design of horizontal section for shear in plane of wall
shall be based on Eg. (11-1) and (11-2), where shear
strength V_ shall be in accordance with Article 11.10.5
or 11.10.6 "and shear strength V shall be in accordance
with Article 11.10.9.

Shear strength V at any horizontal section for shear in
plane __of wall" shall’ not be taken greater than
(5 /f'c/6)hd.

For design for horizontal shear forces in plane of wall,
d shall be taken equal to 0.8 1 . A larger value of d,
equal to the distance from extreme compression fibre to
centre of force of all reinforcement in tension, may be
used when determined by a strain compatibility analysis.

Unless a more detailed calculation is made in accordance
with Article 11.10.6, shear strength V shall not be
taken greater than ( vr——/6) hd for walls subject to N

in compression, or V shafl not be taken greater than the

value given in Artlcle 11.3.2.3 for walls subject to N
in tension.

Shear strength V_ = may be computed by Eq. (11-32) and
(11-33), where V. shall be the lesser of Eq. (11-32) or
(11-33).

N N,d
- (11-32)
or
[ €W<\/i'*2 wh> 11-33)
"v792 + T +10, hd
L v, 2
where N is negative for tension. When (M /V - lw/2) is

negative, Eq. (11-33) shall not apply.
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Articles located closer to wall base than a distance lw/2
or one-half the wall height, whichever is less, may be
designed for the same V_ as that computed at a distance
lw/2 or one-half the height.

When factored shear force is less than V_/2,
reinforcement shall be prov1déd in accordance with
Article 11.10.9 or in accordance with Chapter 14. When
V  exceeds ¢V /2, wall reinforcement for resisting shear
shall be prov1ded in accordance with Article 11.10.9.

DESIGN FOR SHEAR REINFORCEMENT FOR WALLS

Where factored shear force V exceeds shear strength ¢V ’
horizontal shear reinforcement shall be provided ¢to
satisfy Eq. (11-1) and (11-2), where shear strength Vg
shall be computed by

Vv, = Abd (11-34)
S,

where AV is area of horizontal shear reinforcement within
a distance s, and distance d is in accordance with
Article 11.10°4. Vertical shear reinforcement shall be
provided in accordance with Article 11.10.9.4.

Rat10[3 or horizontal shear reinforcement area to gross
concrete area of vertical section shall not be less than
0.0025.

Spacing of horizontal shear reinforcement Sy shall not
exceed lw/5, 3h nor 500 mm.

Ratio of vertical shear reinforcement area to gross
concrete area of horizontal section shall not be less
than

hy
pn=10.0025 + 0.5 (2.5 - €—> (pn — 0.0025)

w

(11-35)

nor 0.0025, but need not be greater than the required
horizontal shear reinforcement.

Spacing of vertical shear reinforcement s; shall not
exceed 1 /3 3h nor 500 mm.

Special Provisions for Slabs and Footings
Shear strength of slabs and footings in the vicinity of

concentrated loads or reactions is governed by the more
severe of two conditions:
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Beam action for slab or footing, with a critical section
extending in a plane across the entire width and located
at a distance d from face of concentrated load or
reaction area. For this condition, the slab or footing
shall be designed in accordance with Articles 11.1
through 11.5.

Two-way action for slab or footing, with a critical
section perpendicular to plane of slab and located so
that its perimeter b_ is a minimum, but need not approach
closer than d/2 tOC)perimeter of concentrated load or
reaction area. For this condition, the slab or footing
shall be designed in accordance with Articles 11.11.2
through 11.11.4.

Design of slab or footing for two-way action shall be
based on Eq. (11-1), where shear strength V., shall not be
taken greater than shear strength V computed in
accordance with Article 11.11.2.1 or 1F.11.2.2 unless
shear reinforcement is provided in accordance with
Article 11.11.3 or 11.11.4.

For non-pre-stressed slabs and footings:

Vo= (1 + 2/B)(VTL/Bb,0 (11-36)
but not greater than ( f' ,/3)b d.{? is the ratio of
long side to short side G6f concentrated. Load or

reaction area and b_ is perimeter of critical section
defined in Article 1F.11.1.2.

At columns of two-way pre-stressed slabs and footings
that meet requirements of Article 18.9.3:

Vo= 0.3(VF. + £o)b,d + V, (11-37)

where b0 is perimeter of critical section defined in
Article 11.11.1.2, f is average value of f for the
two directions, an is vertical componéﬁ% of all
effective pre-stress Prorces crossing the critical
section. If shear strength is computed by Eq. (11-37),
the following shall be satisifed; otherwise, Eq. (11-36)
shall apply:

(a) no portion of columns cross-section shall be closer
to a discontinuous edge than 4 times the slab
thickness, and

(b) ', in Eq. (11-37) shall not be taken greater than
35"MPa, and

(e) f c in each direction shall not be less than 0.9

Maa, nor be taken greater than 3.5 MPa.
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Shear reinforcement consisting of bars or wires may be

used in slabs and footings in accordance with the
following:

Shear strength V_ shall be computed by Eq. (11-2), where
shear strength V_ shall be in accordance with Article
11.11.3.4, and siear strength V_ shall be in accordance
with Article 11.11.3.5. S

Shear strength Vn shall not be taken greater than
(\/f'./2)b.d, where b is perimeter of critical section
defined in’Article 11.11.3.3.

Shear strength shall be investigated at the critical
section defined in Article 11.11.1.2 and at successive
sections more distant from the support.

Shear strength V_ at any section shall not be taken
greater than (wfi'c/é)b d, where b_ is perimeter of
critical section ‘defined in Article 11.11.3.3.

Where factored shear force V exceeds shear strength ¢V
as given in Article 11.11.3.4, required area A6 and shear
strength V_ of shear reinforcement shall be calculated in
accordance with Article 11.5 and anchored in accordance
with Article 12.13.

Shear reinforcement consisting of steel I- or channel-
shaped sections (shearheads) may be used in slabs.
Provisions of Articles 11.11.4.1 through 11.11.4.9 shall
apply where shear due to gravity load is transferred at
interior column supports. Where moment is transferred to
columns, Article 11.12.2.5 shall apply.

Each shearhead shall consist of steel shapes fabricated
by welding with a full penetration weld into identical
arms at right angles. Shearhead arms shall not be
interrupted within the column section.

Shearhead shall not be deeper than 70 times the web
thickness of the steel shape.

Ends of each shearhead arm may be cut at angles not less
than 30 deg with the horizontal, provided the plastic
moment strength of the remaining tapered section is
adequate to resist the shear force attributed to that arm
of the shearhead.

All compression flanges of steel shapes shall be located
within 0.3d of compression surface of slab.

RatioC); between the stiffness for each shearhead arm and
that for surrounding composite cracked slab section of
width (02 + d) shall not be less than 0.15.

)

Y)Y D)> D))y y )y

)

| 2 2 D I I B

)

|20 20 T I 2 I N I I N I B A

)

)



11.11.4.6

11.11.4.7

11.11.4.8

11.11.4.9

11.11.4.10

99

Plastic moment strength M_ required for each arm of the
shearhead shall be computé% by

v, foX
d)Mp = hv + a, fv - = (11-38)
27 2
where f is strength reduction factor for flexure, is

number of arms, and 1 is minimum length of each
shearhead arm required to comply with requirements of
Articles 11.11.4.7 and 11.11.4.8.

Critical slab section for shear shall be perpendicular to
plane of slab and shall cross each shearhead arm
three-quarters of the distance v - (c /2)] from
column face to end of shearhead arm. Critical section
shall be located so that its perimeter b_ is a minimum,
but need not approach closer than d/2 fo perimeter of
column section.

Shear_ strength V shall not be taken greater than
( F'c/3)b0d, on the critical section defined in Article
11.1134.7. When shearhead reinforcement is provided,
shear _strength V_ shall not be taken greater than
0.6+/f' b d on the critical section defined in Article

11.17.1.%9.°

A shearhead may be assumed to contribute a moment
resistance M, to each slab column strip computed by

da,V, C,)
M, = £, —— 11-39
- (6,-2 (11-39)

where ¢ is the strength reduction factor for flexure,7) is
the number of arms, and 1, is the length of each
shearhead arm actually provided. However, Mv shall not
be taken larger than the smaller of:

(a) 30 percent of total factored moment required for
each slab column strip,

(b) change in column strip moment over length lv’
(c) value of Mp computed by Eq. (11-38).

When unbalanced moments are considered, shearhead must
have adequate anchorage to transmit Mp to column.
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OPENINGS IN SLABS

When openings in slabs are located at a distance less
than 10 times the slab thickness from a concentrated load
or reaction area, or when openings in flat slabs are
located within column strips as defined in Chepter 13,
the critical slab section for shear defined in Articles
11.11.1.2 and 11.11.4.7 shall be modified as follows:

For slabs without shearheads, that part of the perimeter
of the critical section that is enclosed by straight
lines projecting from the centroid of the load or
reaction area and tangent to the boundaries of the
openings shall be considered ineffective.

For slabs with shearheads, the ineffective portion of the
perimeter shall be one-half of that defined in Article
11.11.5.1.

Transfer of Moments to Columns
GENERAL

When gravity load, wind earthquake, or other lateral
forces cause transfer of moment between slab and columns,
a fraction of the unbalanced moment shall be transferred
by eccentricity of shear in accordance with Articles
11.12.2.3 through 11.12.2.5.

Fraction of unbalanced moment not transferred by
eccentricity of shear shall be transferred by flexure in
accordance with Article 13.3.3.

A fraction of the unbalanced moment given by

yo=1

_ 1

jC«]‘d -

1+2/3\/ (11-40)
C+d
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shall be considered transferred by eccentricity of shear
about centroid of a critical section perpendicular to
plane of slab and located so that its perimeter is a
minimum, but need not approach closer than d/2 to
perimeter of column.

Shear stresses resulting from moment transfer by
eccentricity of shear shall be assumed to vary linearly
about centroid of critical section defined in Article
11.12.2.3. Maximum shear stress due to factored shear
forces and moments shall not exceed v_ computed in
accordance with Article 11.12.2.4.1 or 11.f2.2.4.2.

For non-pre-stressed slabs:
ve= &1 +2/BIVT./6 (11-41)
but not greater than f F'C/3.

At columns of two-way pre-stressed slabs that meet
requirements of Article 18.9.3:

Ve = 6(0.3 VT, + 0.3f, + V,/b,d) (11-42)

where bo is perimeter of critical section defined in
Article 11.12.2.3 and V_ is vertical component of
all effective pre-stréss forces crossing the
critical section. If permissible shear stress is
computed by Eq. (11-42), the following shall be
satisified; otherwise, Eq. (11-41) shall apply.

(a) no portion of column cross section shall be
closer to a discontinuous edge than four times
the slab thickness, and

(b) f'e in Eq. (11-42) shall not be taken greater
than 35 MPa, and

(e) f in each direction shall not be less than
ob§ MPa, nor be taken greater than 3.5 MPa.
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When shear reinforcement consisting of steel I- or
channel-shaped sections (shearheads) is provided, the sum
of shear stresses due to vertical load acting on the
critical section defined by Article 11.11.4.7 and moment
transferred by eccentricity of shear about centroid of
the critical gection defined in Article 11.11.1.2 shall
not exceed ¢W/F'c/3‘
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SUB-SECTION 12 DEVELOPMENT AND SPLICES OF REINFORCEMENT

12.1 Development of Reinforcement - General
Calculated tension or compression in reinforcement at
each section of reinforced concrete members shall be
developed on each side of that section by embedment
length, hook or mechanical device, or a combination
therof. Hooks may be used in developing bars in tension
only.
12.2 Development of deformed bars and deformed wire in tension
12.2.1 Development length Ly in millimeters, for deformed bars
and deformed wire in tension shall be computed as the
product of the basic development length 1, of Article
12.2.2 and the applicable modification factor or factors
of Articles 12.2.3 and 12.2.4, but 14 shall not be less
than that specified in Article 12.2.5.
12.2.2 Basic development length lib shall be:
No. 35 bar and smaller 0.0ZAbe/ flc*
but not less than 0.06 dbfy**
No. 45 bar 25F [ f f' *xx
y c
No. 55 bar 35 fy/ Fraer”
3 1
Deformed wire (3dbfy/8)1/f o
12.2.3 Basic development length 1, shall be multiplied by
applicable factor or factors for:
12.2.3.1 Top reinforcements**** . ., . ........ 1.4
12.2.3.2  Yield strength
Reinforcement with f greater 400
then 400 MPa Y 2 - 2
f.‘
b
* The constant carries the unit of onE/mm
** The constant carries the unit of mm“/N
*xx The constant carries the unit of mm
%% %%

Top reinforcement is horizontal reinforcement so placed
that more than 300 mm of fresh concrete is cast in the
member below the reinforcement
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Low-density aggregate concrete

When f is specified and concrete is proportioned in

accordance with Article 4'21/f'c/l‘8fct but not less than
l'O

When f _ is not specified:

"all-lgw—density" concrete seieessencecesl 33
"sand-low-density" concrete ......0000...1.18
Linear interpolation may be

applied when partial sand

replacement is used.

Basic development length 1 is modified by appropriate
factors of Article 12.2.3 may be multiplied by applicable
factor or factors for:

Bar spacing

Reinforcement being developed

in length under consideration

and spaced laterally at least

150 mm on centre with at least

70 mm clear from face of member

to edge bar, measured in

direction of spacing. .¢eeeevecsaveeceess 0.8

Excess reinforcement

Where anchorage or development

for f 1is not specifically

requited, reinforcement in

flexural member in excess

of that required by analysis « . . « . . .

e & & 2 5 6 06 & % 0 O 00O SO OO SO e S0 s (AS I‘8quired)/(As provided)
Spirals

Reinforcement enclosed within

spiral reinforcement not less

than 5 mm diameter and not

more than 100 mm pitch ...eeveessreeees 0.75

Development length 1, shall not be less than 300 mm
except in computation of lap splices by Article 12.15 and
development of web reinforcement by Article 12.13.

Development of deformed bars in compression

Development length 1, in millimeters, for deformed bars
in compression shall be computed as the product of the
basic development length 1 of Article 12.3.2 and

applicable modifcation factors of Article 12.3.3 but ld
shall not be less than 200 mm.
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Basic development length
Shall be....‘.........‘.'.ll....I. (dbf /4) vf'c

ld
bu? not less than.....‘............I.Q. U.OZdey*

Basic development length 1
applicable factors for:

4 May be multiplied by

Excess reinforcement

Reinforcement in excess of that
required by analysis..........(AS required)/(As provided)

Spirals

Reinforcement enclosed within spiral
reinforcement not less than 5 mm
diameter and not more than 100 pitch....eve.. 0.75

Development of bundled bars

Development length of individual bars within a bundle, in
tension or compression, shall be that for the individual
bar, increased 20 percent for three-bar bundle, and 33
percent for four-bar bundle.

Development of standard hooks in tension

Development length 1, in millimeters, for deformed bars
in tension terminating in a standard hook (Article 7.1)
shall be computed as the product of the basic development
length 1 of Article 12.5.2 and the applicable
modification factor or factors of Article 12.5.3 but 1
shall not be less than 8db or 150 mm, whichever 1is
greater.

Basic development length 1, , for a
hooked bar with f_ equal to 400
MPa shall be ....liiiiiucieciuenee, 100d/ \JF1 *¥

Basic development length 1 b shall be multiplied by
applicable factor or factors for:

Bar yield strength

Bars with fy other than 400 MPa «ecveevveenesen Fy/dDD
Concrete cover

For no.35 bar and smaller, side cover

(normal to plane of hook) not less

than 60 mm and for 90 deg hook,

cover on bar extension beyond haok

not less than 50 mm 0.7

The constant carries the unit of mmz/
The constant carries the unit of N/mm
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Ties or stirrups

For No. 35 bar or smaller, hook en-

closed vertically or horizontally

within ties or stirrup ties

spaced along the full development

length ld not greater than 3d _,

where d is diameter of hooked bar........... 0.8

Excess reinforcement

Where anchorage or development

for f 1is not specifically

requi%ed, reinforcement in

excess of that required by

analysis ...eeaen Creceteaeann (AS required)/(AS provided)

Low density aggregate concrete ...c.ov... N I

For bars being developed by a standard hook at
discontinuous ends of members with both side cover and
top (or bottom) cover over hook less than 60 mm, hooked
bar shall be enclosed within ties or stirrup ties spaced
along the full development length 1 not greater than
3db where d, is diameter of hooked bar. For this case,
factor of Ar?icle 12.5.3.3 shall not apply.

Hooks shall not be considered effective in developing
bars in compression.

Mechanical storage

Any mechanical device capable of developing the strength
of reinforcement without damage to concrete may be used
as anchorage.

Test results showing adequacy of such mechanical devices
shall be presented to the Building Official.

Development of reinforcement may consist of a combination
of mechanical anchorage plus additional embedment
strength of reinforcement between the point of maximum
bar stress and the mechanical anchorage.

Development of welded deformed wire fabric in tension

Development length 1,. in millimeters, of welded deformed
wire fabric measure% from point of critical section to
end of wire shall be computed as the product of the basic
development length 1 of Article 12.7.2 or 12.7.3 and
applicable modification factor or factors of Articles
12.2.3 and 12.2.4; but 1, shall not be less than 200 mm
except in computation of Pap splices by Article 12.18 and
development of web reinforcement by Article 12.13.
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Basic development length 1, of welded deformed wire
fabric, with at least oné cross wire within the
development length not less than 50 mm from point of
critical section, shall be

[3ds(f, - 140)/8]VF"

but not less than

os P h
CsuVE,

Basic development length 1 of welded deformed wire
fabric, with no cross wires within the development
length, shall be determined as for deformed wire.

Development of welded smooth wire fabric in tension

Yield strength of welded smooth wire fabric shall be
considered developed by embedment of two cross wires with
the closer cross wire not less than 50 mm from point of
critical section. However, basic development length 1,

measured from point of critical section to outermosg
cross wire shall not be less than

A, 1,
33—
Sw VI,

modified by (A_ required)/(As provided) for reinforcement
in excess of that required by analysis and by factor of
Article 12.2.3 for low-density aggregate concrete, but 1

shall not be less than 150 mm except in computation OF
lap splices by Article 12.19.

Development of pre-stressing strand

Three-or seven-wire pre-tensioning strand shall be bonded
beyond the critical section for a development length, in
millimeters, not less than

(f,,s - 2 fo) 0/t

where d, is strand diameter in millimeters, and f s and
fie 8Te expressed in megapascals. P

Investigation may be limited to cross sections nearest
each end of the member that are required to develop full
design strength under specified factored loads.

Where bonding of a strand does not extend to end of
member, and design includes tension at service load in
pre-compressed tensile zone as permitted by Article
18.4.2, development length specified in Article 12.9.1
shall be doubled.
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Development of flexural reinforcement -~ General

Tension reinforcement may be developed by bending across
the web to be anchored or made continuous with
reinforement on the opposite face of the member.

Critical sections for development of reinforcement in
flexural members are at points of maximum stress and at
points within the span where adjacent reinforcement
terminates, or is bent. Provisions of Article 12.11.3
must be satisfied.

Reinforcement shall extend beyond the point at which it
is no longer required to resist flexure for a distance
equal to the effective depth of member or 12d,, whichever
is greater, except at supports of simple spans and at
free end of cantilevers.

Continuing reinforcement shall have an embedment length
not less than the development length ld beyond the point
where bent or terminated tension relnforcement is no
longer required to resist flexure.

Flexural reinforcement shall not be terminated in a
tension zone unless one of the following conditions is
satisfied:

Shear at the cut-off point does not exceed two-thirds
that permitted, including shear strength of shear
reinforement provided.

Stirrup area in excess of that required for shear and
torsion is provided along each terminated bar or wire
over a distance from the termination point equal to
three-fourths the effective depth of member. Excess
stirrup area A shall not be less than 0.4b s/f .
Spacing s shall not exceed d/8 where fE? is the"rat¥o
of area of reinforcement cut off to total area of tension
reinforcement at the section.

For No. 35 bar and smaller, continuing reinforcment
provides double the area required for flexure at the cut
off point and shear does not exceed three-fourths that
permitted.

Adequate anchorage shall be provided for ‘tension
reinforcement in flexural members where reinforcement
stress is not directly proportional to moment, such as:
sloped, stepped, or tapered footings; brackets, deep
flexural members, or members in which tension reinforce-
ment is not parallel to compression face.
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Development of positive moment reinforcement

At least one-third the positive moment reinforcement in
simple members and one-fourth the positive moment
reinforcement in continuous members shall extend along
the same face of member in the support. In beams, such
reinforcement shall extend into the support at least 150
mm.

When a flexural member is part of a primary lateral load
resisting system, positive moment reinforcement required
to be extended into the support by Article 12.11.1 shall
be anchored to develop the specified yield stength f_ in
tension at the face of support. y

At simple supports and at points of inflection, positive
moment tension reinforcement shall be limited to a
diameter such that 1, computed for f_ by Article 12.2
satisfies Eq. (lZ-lF; except Eq. (12-1) need not be
satisfied for reinforcement terminating beyond centre-
line of simple supports by a standard hook, or a
mechanical anchorage at least equivalent to a standard
hook.

<My (12-1)
where,

M _is nominal moment strength assuming all reinforcement
al the section can be stressed to the specified yield
strength Fy.

Vu is factored shear force at the section.

la at a support shall be the embedment length beyond
centre of support.

1 at a point of inflection shall be limited to the
effective depth of member of 12 d, whichever is greater.

Value of Mn/V may be increased 30 percent when the ends
of reinforcement are confined by a compressive reaction.

Development of negative moment reinforcement

Negative moment reinforcement in a continuous,
restrained, or cantilever member, or in any member of a
rigid frame, shall be anchored in or through the
supporting member by embedment length, hooks or
mechanical anchorage.

Negative moment reinforcement shall have an embedment
length into the span as required by Articles 12.1 and
12.10.3.
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At least one-third the total tension reinforcement
provided for negative moment at a support shall have an
embedment length beyond the point of inflections, not
less than effective depth of member 12d, , or one-six-
teenth the clear span, whichever is greater.

Development of web reinforement

Web reinforcement shall be carried as close to
compression and tension surfaces of member as cover
requirements and proximity of other reinforcements will
permit.

Ends of single leg, simple U-, or multiple U-stirrups
shall be anchored by one of the following means:

A standard hook plus an embedment of 0.5 1,. The 0.5 1
embedment of stirrup leg shall be taken as the distance
between mid-depth of member d/2 and the start of hook
(point of tangency).

Embedment 2/d above or below middepth on the compression
side of the member For a full development length 14 but
not less than 24d or for deformed bars or deFormed
wire, 300 mm.

For no.15 bar and D31 wire, and smaller, bending around
longitudinal reinforcement through at least 135 deg plus,
for stirrups with design stress exceeding 300 MPa, an
embedment of 0.33 1,. The 0.33 1, embedment of a stirrup
leg shall be taken as the distance between mid-depth of
member d/2 and start of hook (point of tangency).

For each leg of welded smooth wire fabric forming simple
U-stirrups, either:

(a) Two longitudinal wires spaced at 50 mm spacing along
the member at the top of the U.

(b) One longitudinal wire located not more than d/4

from the compression face and a second wire
closer to the compression face and spaced not less
than 50 mm from the first wire. The second wire may
be located on the stirrup leg beyond a bend, or on a
bend with an inside diameter of bend not less than
8d, .

b

For each leg of a single leg stirrup of welded smooth of
deformed wire fabric, two longitudinal wires at a minimum
spacing of 50 mm and with the inner wire at least the
greater of d/4 or 50 mm from mid-depth of member d/2.
Outer longitudinal wire at tension face shall not be
farther from the face than the portion of primary
flexural reinforcement closest to the face.
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Between anchored ends each bend in the continuous portion
of a simple U-stirrup or multiple U-stirrup shall enclose
a longitudinal bar.

Longitudinal bars bent to act as shear reinforcement, if
extended into a region of tension, shall be continuous
with longitudinal reinforcement and, if extended into a
region of compression, shall be anchored beyond mid-depth
d/2 as specified for development length in Article 12.2
for that part of fy required to satisfy Eq. (11-19).

Pairs of U-stirrups or ties so placed as to form a closed
unit shall be considered properly spliced when length of
laps are 1.7 1,. In members at least 500 mm deep, such
splices with Apf not more than 40 kN per leg may be
considered adeqd%te if stirrup legs extend the full
available depth of member.

Splices of reinforcement - General

Splices of reinforcement shall be made only as required
or permitted on design drawings, or in specifications, or
as authorized by the Engineer.

LAP SPLICES

Lap splices shall not be used for bars larger than 35
except as provided in Articles 12.16.2 and 15.8.2.4.

Lap splices of bundled bars shall be based on the lap
splice length required for individual bars within a
bundle, increased 20 percent for a three-bar bundle and
33 percent for a four-bar bundle. Individual bar splices
within a bundle shall not overlap.

Bars spliced by non-contact lap splices in flexural
members shall not be spaced transversely farther apart
than one-fifth the required lap splice length, or 150 mm.

WELDED SPLICES AND MECHANICAL CONNECTIONS

Welded splices and other mechanical connections may be
used.

Except as provided in this Code, all welding shall
conform to "Structural Welding Code - Reinforcing Steel",
(AWS D1.4)

A full welded splice shall have bars butted and welded to
develop in tension at least 125 percent of specified
yield strength fy of the bar.
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12.15.3

12.15.4

12.15.4.1

12.14.3.4 A full mechanical connection shall develop in tension or
compression, as required, at least 125 percent of
specified yield strength Fy of the bar.
12.14.3.5 Welded splices and mechanical connections not meeting
requirements of Article 12.14.3.3 or 12.14.3.4 may be
used in accordance with Article 12.15.4.
- 12,15 Splices of deformed bars and deformed wire in tension
12.15.1 Minimum length of lap for tension lap splices shall be
required for Class A, B or C splice, but not less than
300 mm, where:
Class A splice « + ¢« o0 ¢« ¢« ¢« « + + « « 1.0 ld
Class B splice . . . « ¢« ¢ o ¢ o v & o « 1.3 14
Class C splice « v+ v v ¢ v v ¢« ¢« v o « « 1.7 ld
where 1, is the tensile development length for the
specifieg yield strength f in accordance with Article
12.2. y
12.15.2 Lap splices of deformed bars and deformed wire in tension
shall conform to Table 12.15.
TABLE 12.15
TENSION LAP SPLICES
Maximum percent of AS
spliced within required
—As Qrov%ded* lap length
AS required 50 75 100
Equal to or
greater than 2 Class A Class A Class B
Less than 2 Class B Class C Class C

Ratio of area of reinforcement provided to area of
reinforcement required by analysis at splice location

Welded splices or mechanical connections used where area of
reinforcement provided is less than twice that required by
analysis shall meet requirements of Article 12.14.3.3 or

12.14.3.4.

Welded splices or mechanical connections used where area of
reinforcement provided is at least twice that required by

analysis shall meet the following:

Splices shall be staggered at least 600 mm and in such
manner as to develop at every section at least twice the
calculated tensile force at that section but not less than

140 MPa for total area of reinforcement provided.

)

20 I I T D T T I D T N I R T I RN NN N I 2 BN BN I B BN I BN BN D BN BN B B 2 A

)

)



12.15.4.2

12.15.5

12.16

12,.16.1

12.16.2

12.16.3

12.16.4

12.16.5

12.16.6

12.16.6.1

12.16.6.2

113

In computing tensile force developed at each section,
spliced reinforcement may be rated at the specified splice
strength. Unspliced reinforcement shall be rated at that
fraction of f defined by the ratio of the shorter actual
development lgngth of ld required to develop the specified
yield strength fy.

Splices in "tension tie members" shall be made with a full
welded splice or full mechanical connection in accordance
with Article 12.14.3.3 or 12.14.3.4 and splices in adjacent
bars shall be staggered at least 800 mm.

Splices of deformed bars in compression

Minimum length of lap for compression lap splices shall be
the development length in compression computed in
accordance with Article 1.3, but not less than 0.07 f d,_,
nor (0.13f - 24)d_ for f_ greater than 400 MPa, for Y380
mm. For ?'c less than 29 MPa, length of lap shall be
increased by o6ne-third.

When bars of different size are lap spliced in compression,
splice length shall be the larger of development length of
larger bar, or splice length of smaller bar. Bar sizes No.
45 and No. 55 may be lap spliced to No. 35 and smaller
bars.

In tied reinforced compression members, where ties
throughout the lap splice length have an effective area not
less than 0.0015 hs, lap splice length may be multiplied by
0.83, but lap length shall not be less than 300 mm. Tie
legs perpendicular to dimension h shall be wused in
determining effective area.

In spirally reinforced compression members, lap splice
length of bars within a spiral may be multiplied by 0.75,
but lap length shall not be less than 300 mm.

Welded splices or mechanical connections used in
compression shall meet requirements of Article 12.14.3.3 or
12.14.3.4.

END BEARING SPLICES

In bars required for compression only, compressive stress
may be transmitted by bearing of square ends held in
concentric contact by a suitable device.

Bar ends shall terminate in flat surfaces within 1-1/2 deg
of a right angle to the axis of the bars and shall be
fitted within 3 deg of full bearing after assembly.
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End bearing splices shall be wused only in members
containing closed ties, closed stirrups, or spirals.

Special splice requirements for columns

Where factored load stress in longitudinal bars in a
column, calculated for various loading combinations, varies
from f in compression to 1/2f or less in tension, lap
spliceg, butt welded splices, fechanical connections, or
end bearing splices may be used. Total tensile strength
provided in each face of the column by splices alone or by
splices in combinations with continuing unspliced bars at
specified yield strength f_ shall be at least twice the
calculated tension in that face of the column but not less
than required by Article 12.17.3.

Where factored load stress in longitudinal bars in a
column, calculated for any loading conbination, exceeds
1/2f in tension, lap splices designated to develop the
spec%fied yield strength f_ in tension, or full welded
splices or full mechanical connections in accordance with
Article 12.14.3.3 or 12.14.3.4 shall be used.

At horizontal cross-sections of columns where splices are
located, a minimum tensile strength in each face of the
column equal to one-quarter the area of vertical

reinforcement in that face multiplied by f_ shall be
provided. Y

Splices of welded deformed wire fabrie in tension

Minimum length of lap for lap splices of welded deformed
wire fabric measured between the ends of each fabric sheet
shall be less not than 1.7 1, nor 200 mm and the overlap
measured between outermost cross-wires of each fabric sheet
shall be not less than 50 mm. 1, shall be the development
length for the specified yield strength f_ in accordance
with Article 12.7. y

Lap splices of welded deformed wire fabric, with no
cross-wires within the 1lap splice length, shall be
determined as for deformed wire.

Splices of welded smooth wire fabric in tension

Minimum length of lap for lap splices of welded smooth wire
fabric shall be in accordance with the following:

When area of reinforcement provided is less than twice that
required by analysis at splice location, length of overlap
measured between outermost cross-wires of each
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fabric sheet shall be not less than one spacing of cross-
wires plus 50 mm, not less than 1.5 1, nor 150 mm. 1
shall be the development length for the specified yielg
strength fy’ in accordance with Article 12.8.

When area of reinforcement provided is at least twice that
required by analysis at splice location, length of overlap
measured between outermost cross-wires of each fabric sheet
shall not be less than 1.5 1, or 50 mm. 1, shall be the
development length for the specified yield strength f in
accordance with Article 12.8. y



) )Y ) ))

)

)

PART 2

STRUCTURAL DESIGN REQUIREMENTS

SECTION 6L

REINFORCED AND PRE-STRESSED CONCRETE

STRUCTURAL SYSTEMS OR ELEMENTS
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PART 7
SECTION 6E

SUB-SECTION 5 TWO-WAY SLAB SYSTEMS

13.1

13.1.1

13.1.2

13.1.3

13.1.4

13.2

13.2.1

13.2.2

13.2.3

13.2.4

13.3

13.3.1

13.3.1.1

Scope

Provisions of Chapter 13 shall apply for design of slab
systems reinforced for flexure in more than one direction
with or without beams between supports.

A slab system may be supported on columns or walls. If
supported by columns, no portion of a column capital or
bracket shall be considered for structural purposes that
lies outside the largest right circular cone, right
pyramid, or tapered wedge whose planes are oriented no
greater than 45 deg to the column.

Solid slabs and slabs with recesses or pockets made by
permanent or removable fillers between ribs or joists in
two directions are included within the scope of Chapter 13.

Minimum thickness of slabs designed in accordance with
Chapter 13 shall be as required by Article 9.5.3.

Definitions

Column strip is a design strip with a width on each side of
a column centerline equal to 0.25 1, or 0.25 1, whichever
is less. Column strip includes beam§, if any.

Middle strip is a design strip bounded by two column
strips.

A panel is bounded by column, beam or wall centerlines on
all sides.

For monolithic or fully composite construction, a beam
includes that portion of slab on each side of the beam,
extending a distance equal to the projection of the beam
above or below the slab, whichever is greater, but not
greater than four times the slab thickness.

Design procedures

A slab system may be designed by any procedure satisfying
conditions of equilibrium and geometric compatibility if
shown that the design strength at every section is at least
equal to the required strength considering Articles 9.2 and
9.3 and that all serviceability conditions, including
specified limits on deflections are met.

For gravity loads, a slab system, including the slab and
beams (if any) between supports and supporting columns or
walls forming orthogonal frames, may be designed by either
the Direct Design Method of Article 13.6 or the Egquivalent
Frame Method of Article 13.7.
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For lateral loads, analysis of unbraced frames shall take
into account effects of cracking and reinforcement on
stiffness of frame members.

Results of the gravity load analysis may be combined with
results of the lateral load analysis.

The slab and beams (if any) between supports shall be
proportioned for factored moments prevailing at every
section.

When gravity load, wind, earthquake, or other lateral
forces cause transfer of moment between slab and column, a
fraction of the unbalanced moment shall be transferred by
flexure in accordance with Articles 13.3.3.2 and 13.3.3.3.

Fraction of unbalanced moment not transferred by flexure
shall be transferred by eccentricity of shear in accordance
with Article 11.12.2.

A fraction of the unbalanced moment given by

1

¢ +d
1+ 2/3 -
/\/c2+d (13-1)

shall be considered transferred by flexure over an
effective slab width between 1lines that are one and
one-half slab or drop panel thickness (1.5h) outside
opposite faces of the column or capital.

Y=

Concentration of reinforcement over the column by closer
spacing or additional reinforcement may be used to resist
moment on the effective slab width defined in Article
13.3.3.2.

Design for transfer of load from slab to supporting columns
or walls through shear and torsion shall be in accordance
with Chapter 1l1.

Slab reinforcement

Areas of reinforcement in each direction for two-way slab
systems shall be determined from moments at critical
sections but shall not be less than required by Article
7.12.

Spacing of reinforcement at critical sections shall not
exceed two times the slab thickness, except for portions of
slab area that may be of cellular or ribbed construction.
In the slab over <cellular spaces, reinforcement
construction shall be provided as required by Article 7.12.
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Positive moment reinforcement perpendicular to a
discontinuous edge shall extend to the edge of slab and
have embedment, straight or hooked, at least 150 mm in
spandrel beams, columns or walls.

Negative moment reinforcement perpendicular to a
discontinuous edge shall be bent, hooked, or otherwise
anchored, in spandrel beams, columns, or walls, to be
developed at face of support according to provisions of
Chapter 12.

Where a slab is not supported by a spandrel beam or wall at
a discontinuous edge, or where a slab cantilevers beyond
the support, anchorage of reinforcement may be within the
slab.

In slabs with beams between supports with a value of
greater than 1.0, special top and bottom slab reinforcement
shall be provided at exterior corners in accordance with
the following:

The special reinforcement in both top and bottom of slab
shall be sufficient to resist a moment equal to the maximum
positive moment (per meter of width) in the slab.

Direction of moment shall be assumed parallel to the
diagonal from the corner in the top of the slab and
perpendicular to the diagonal in the bottom of the slab.

The special reinforcement shall be provided for a distance
in each direction from the corner equal to one-fifth the
longer span.

In either the top or bottom of the slab, the special
reinforcement may be placed in a single band in the
direction of the moment or in two bands parallel to the
sides of the slab.

Where a drop panel is used to reduce amount of negative
moment reinforcement over the column of a flat slab, size
of drop panel shall be in accordance with the following:

Drop panel shall extend in each direction from centreline
of support a distance not less than one-sixth the span
length measured from centre-to-centre of supports in that
direction.

Projection of drop panel below the slab shall be at least
one-quarter the slab thickness beyond the drop.

In computing required slab reinforcement, thickness of drop
panel below the slab shall not be assumed greater than
one-quarter the distance from edge of drop panel to edge of
column of column capital.
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DETAILS OF REINFORCEMENT IN SLABS WITHOUT BEAMS

In addition to the other reguirements of Article 13.4,
reinforcement in slabs without beams shall have minium bend
point locations and extensions for reinforcement as
prescribed in Fig. 13.4.8.

Where adjacent spans are unequal, extension of negative
reinforcement beyond the face of support as prescribed in
Fig. 13.4.8 shall be based on requirements of longer span.

Bent bars may be used only when depth-span ratio permits
use of bends 45 deg or less.

For slabs in frames not braced against sidesway and for
slabs resisting lateral loads, lengths of reinforcement
shall be determined by anslysis but shall not be less than
those prescribed in Fig. 13.4.8.

Openings in slab systems

Openings of any size may be provided in slab systems if
shown by analysis that the design strength is at least
equal to the required strength considering Articles 9.2 and
9.3 and that all serviceability conditions, including the
specified limits on deflections, are met.

In lieu of special analysis as required by Article 13.5.1,
openings may be provided in slab systems without beams only
in accordance with the following:

Openings of any size may be located in the area common to
intersecting middle strips, provided the total amount of
reinforcement required for the panel without the opening is
maintained.

In the area common to intersecting column strips, not more
than one-eighth the width of column strip in either span

shall be interrupted by openings. An  amount of -

reinforcement equivalent to that interrupted by an opening
shall be added on the sides of the opening.

In the area common to one column strip and one middle
strip, not more than one-quarter the reinforcement in
either strip shall be interrupted by openings. An amount
of reinforcement equivalent to that interrupted by an
opening shall be added on the sides of the opening.

Shear requirements of Article 11.11.5 shall be satisfied.
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Direct design method
LIMITATIONS

Slab systems within the following limitations may be
designed by the Direct Design Method.

There shall be a minimum of three continuous spans in each
direction.

Panels shall be rectangular with a ratio of longer to
shorter span centre-to-cenre of supports within a panel not
greater than 2.

Successive span lengths centre-to-centre of supports in
each direction shall not differ by more than one-third the
longer span.

Columns may be offset a maximum of 10 percent of the span
(in direction of offset) from either axis between
centrelines of successive columns.

All loads shall be due to gravity only and uniformly
distributed over an entire panel. Live load shall not
exceed three times dead load.

For a panel with beams between supports on all sides, the
relative stiffness of beams in two perpendicular directions

o

24

‘pz
CY2(|

[N]

(13-2)
shall not be less than 0.2 nor greater than 5.0.

Moment redistribution as permitted by Article 8.4 shall not
be applied for slab systems designed by the Direct Design
Method. See Article 13.6.7

Variations from the limitations of Article 13.6.1 may be
considered acceptable if demonstrated by analysis that
requirements of Article 13.3.1 are satisfied.

TOTAL FACTORED STATIC MOMENT FOR A SPAN
Total factored static moment for a span shall be determined

in a strip bounded laterally by centerline of panel on each
side of centerline of supports.
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Absolute sum of positive and average negative factored
moments in each direction shall not be less than

Mo = — (13-3)

Where the transverse span of panels on either side of the

centerline of supports varies, 1, in Eq. (13-3) shall be
taken as the average of adjacent g%ansverse spans.

When the span adjacent and parallel to an edge is being
considered, the distance from the edge to panel centerline
shall be substituted for 1, in Eq. (13-3).

Clear span shall extend from face to face of columns,
capitals, brackets, or walls., Value of used in Eq.
(13-3) shall not be less than 0.651;, Circular or regular
polygon shaped supports shall be treated as square supports
with the same area.

NEGATIVE AND POSITIVE FACTORED MOMENTS

Negative factored moments shall be located at face of
rectangular supports. Circular or regular polygon shaped
supports shall be treated as square supports with the same

area.

In an interior span, total static moment MO shall be
distributed as follows:

Negative factored moment. . . . . . . . . . . 0.65
Positive factored moment. . . . . . . . . . . 0.35

In an end span, total factored static moment M0 shall be
distributed as follows:
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T
om0 @ 0@ 4 {5)
Slab without
i beams
i between
Slab interior i
, with supports | ,
Exterior beams Exterior
edge between | Without | With | edge
unre- all edge edge | fully
strained | supports | beam* | beam | restrained
interior ]
negative ;
factored :
moment 0.75 0.70 0.70 0.70 | 0.65
Positive
factored
moment 0.63 0.57 0.52 0.50 0.35
li
Exterior :
negative ‘
factored
moment 0 0.16 0.26 0.30 0.65

* See article 13.6.5.6

Negative moment sections shall be designed to resist the
larger of the two interior negative factored moments
determined for spans framing into a common support unless
an analysis is made to distribute the unbalanced moment in
accordance with stiffnesses of adjoining elements.

Edge beams or edges of slab shall be proportioned to resist
in torsion their share of exterior negative factored
moments.

For moment transfer between slab and an edge column in
accordance with Article 13.3.3.1, column strip nominal
moment strength provided shall be used as the transfer
moment for gravity load.
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13.6.4 FACTORED MOMENTS IN COLUMN STRIPS

13.6.4.1 Column strips shall be proportioned to resist the following
portions in percent of interior negative factored moments:

12/l 0.5 1.0 2.0
(a 112/11) =0 75 75 75
(a l12/1l > 1.0 90 75 45

Linear interpolations shall be made between values shown.

13.6.4.2 Column strips shall be proportioned to resist the
following portions in percent of exterior negative
factored moments.

12/1l 0.5 1.0 2.0
(allz/ll) =0 By= 0 100 100 100
B> 2.5 75 75 75
(allz/ll) >1.0 B, =0 100 100 100
B, >2.5 90 75 45

Linear interpolations shall be made between values shown.

13.6.4.3 Where supports consist of columns or walls extending for
a distance equal to or greater than three-quarters the
span length 1, used to compute M_, negative moments shall
be considered to be uniformly distributed across 1y.

13.6.4.4 Column strips shall be proportioned to resist the
following portions in percent of positive Ffactored

moments:

12/1l 0.5 1.0 2.0
(3112/11) =0 60 60 60
(allz/ll > 1.0 90 75 45

Linear interpolations shall be made between values shown.

13.6.4.5 For slabs with beams between supports, the slab portion
of column strips shall be proportioned to resist that
portion of column strip moments not resisted by beams.
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FACTORED MOMENTS IN BEAMS

Beams between supports shall be proportioned to resist 85

percent of column strip moments if (C{lz/ll) is equal to
or greater than 1.0.

Or values of ( 1,/1.) between 1.0 and zero, proportion
of column strip mom&nts resisted by beams shall be
obtained by linear interpolation between 85 and zero
percent.

In addition to moments calculated for uniform loads
according to Articles 13.6.2.2. , 13.6.5.1, and 13.6.5.2,
beams shall be proportioned to resist all moments caused
by concentrated or linear loads applied directly to
beams, including weight or projecting beam stem above or
below the slab.

FACTORED MOMENTS IN MIDDLE STRIPS

That portion of negative and positive factored moments
not resisted by column strips shall be proportionally
assigned to corresponding half middle strips.

Fach middle strip shall be proportioned to resist the sum
of the moments assigned to its two half middle strips.

A middle strip adjacent to and parallel with an edge
supported by a wall shall be proportioned to resist twice
the moment assigned to the half middle strip correspond-
ing to the first row of interior support.

MODIFICATION OF FACTORED MOMENTS

Negative and positive factored moments may be modified by
10 percent provided the total static moment for a panel
in the directions considered is not less than that
required by Eq. (13-3).

FACTORED SHEAR IN SLAB SYSTEMS WITH BEAMS

Beams with (X 1,/1.) equal to or greater than 1.0 shall
be proportioned to resist shear caused by factored loads
on tributary areas bounded by 45 deg lines drawn from the
corners of the panels and the centerlines of the adjacent
panels parallel to the long sides.

Beams with «3&12/11) less than 1.0 may be proportioned to
resist shear "obtained by linear interpolation, assuming
beams carry no load at (X¥= O.
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In addition to shears calculated according to Articles
13.6.8.1 and 13.6.8.2, beams shall be proportioned to
resist shears caused by factored loads applied directly
on beams.

Slab shear strength may be computed on the assumption
that load 1is distributed to supporting beams in
accordance with Article 13.6.8.1 or 13.6.8.2. Resistance
to total shear occurring on a panel shall be provided.

Shear strength shall satisfy requirements of Sub-section
11.

FACTORED MOMENTS IN COLUMNS AND WALLS

Columns and walls built integrally with a slab system
shall resist moments caused by factored loads on the slab
system.

At an interior support, suporting elements above and
below the slab shall resist the moment specified by Eq.
(13-4) in direct proportion to their stiffness unless a
general analysis is made.

M= 0.07[(wy + 0.5w,) €62 — wyt5(¢1)?] (13-4)
where w'd, 1'2 and 1'_ refer to shorter span.
PROVISION FOR EFFECTS OF PATTERN LOADINGS

Where ratio of dead load to live load is less than 2,
one of the fol?owing conditions must be satisfied:

(a) The sum of flexural stiffnessess of the columns
above and below the slab shall be such that is not less
than min specified in Table 13.6.10.

(b) If c for the columns above and below the slab is
less than min? specified in Table 13.6.10, positive
factored momefts in panels supported by such columns
shall be multiplied by the coefficient determined from
Eq. (13-5).
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Equivalent frame method

Design of slab systems by the Equivalent Frame Method
shall be based on assumptions given in Articles 13.7.2
through 13.7.6, and all sections of slabs and supporting
members shall be proportioned for moments and shears thus
obtained.

Where metal column capitls are used, account may be taken
of their contributions to stiffness and resistnce to
moment and to shear.

Change in length of columns and slabs due to direct
stress, and deflections due to shear, may be neglected.

EQUIVALENT FRAME

The structure shall be considered to be made up of
equivalent frames on column lines taken longitudinally
and transversely through the building.

tach frame shall consist of a row of columns and supports
and slab-beam strips, bounded laterally by the centerline
of panel on each side of the centerline of columns or
supports.

Columns or supports shall be assumed to be attached to
slab-beam strips by torsional members (Article 13.7.5)
transverse to the direction of the span for which moments
are being determined and extending to bounding lateral
panel centerlines on each side of a column.

Frames adjacent and parallel to an edge shall be bounded
by that edge and the centerline of adjacent panel.

Each eguivalent frame may be analyzed in its entirety, or
for gravity loading, each floor and the roof (slab-beams)
may be analyzed separately with far ends of columns
considered fixed.

Where slab-beams are analyzed separately, it may be
assumed in determining moment at a given support that the
slab-beam is fixed at any support two panels distant
therefrom, provided the slab continues beyond that point.

SLAB-BEAMS
Moment of inertia of slab-beams at any cross-section

outside of joints or column capitals may be based on the
gross area of concrete.
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Variation in moment of inertia along axis of slab-beams
shall be taken into account.

Moment of inertia of slab-beams from centre of column to
face of column, bracket or capital shall be assumed equal
to the moment of inertia of the slab-beam at face of
column, bracket or capital divided by the quantity
(1 - e,/1,)° where c., and 1, are measured transverse to

the direction of thé span %or which moments are being
determined.

COLUMNS

Moment of intertia of columns at any cross-section
outside of joints or column capitals may be based on the
gross area of concrete.

Variation in moment of inertia along axis of columns
shall be taken into account.

Moment of inertia of columns from top to bottom of the
slab-beam at a joint shall be assumed infinite.

TORSIONAL MEMBERS

Torsional members (Article 13.7.2.3) shall be assumed to
have constant cross-section throughout their length
consisting of the larger of

(a) A portion of slab having a width equal to that of
the column, bracket, or capital in the direction of the
span for which moments are being determined.

(b) For monolithic or fully composite construction, the
portion of slab specified in (a) plus that part of the
transverse beam above and below the slab.

(¢) Transverse beam as defined in Article 13.2.4.

Stiffness K, of the torsional members shall be calculated
by the folldwing expression:

(13-6)

where c., and 1, relate to the transverse spans on each
side of “column.

The constant C in Eq. (13-6) may be evaluated for the
cross-section by dividing it into separate rectangular
narts and =arcviag out the following summation:

(I

VX 3 Y
c=2{1-083-]=
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(13-7)
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Where beams frame into columns in the direction of the
span for which moments are being determined, value of K
as computed by Eg. (13-6) shall be multiplied by thé
ratio of moment of inertia of slab with such beam to
moment of inertia of slab without such beam.

ARRANGEMENT OF LIVE LODAD

When loading pattern is known, the equivalent frame shall
be analyzed for that load.

When live load is variable but does not exceed
three-quarters of the dead load, or the nature of 1live
load is such that all panels will be loaded simultane-
ously, maximum factored moments may be assumed to occur
at all sections with full factored live load on entire
slab system.

For loading conditions other than those defined in
Articles 13.7.6.2, maximum positive factored moment near
midspan of a panel may be assumed to occur with
three-quarters of the full factored live load on the
panel and on alternate panels; and maximum negative
factored moment in the slab at a support may be assumed
to occur with three-quarters of the full live load on
adjacent panels only.

Factored moments shall be taken not less than those
occurring with full factored live load on all panels.

FACTORED MOMENTS

At interior supports, critical section for negative
factored moment (in both column and middle strips) shall
be taken at face of rectilinear supports, but not greater
than 0.175 ll from centre of a column.

At exterior supports provided with brackets or capitals,
critical section for negative factored moment in the span
perpendicular to an edge shall be taken at a distance
from face of supporting element not greater than one-half
the projection of bracket or capital beyond face of
supporting element.

Circular or regular polygon shaped supports shall be
treated as square supports with the same area for
location of critical section for negative design moment.

Slab systems within limitations of Article 13.6.1 when
analyzed by the Equivalent Frame Method, may have
resulting computed moments reduced in such proportion
that the absolute sum of the positive and average
negative moments used in design need not exceed the value
obtained from Eq. (13-3).
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Moments at critical sections across the slab-beam strip
of each frame may be distributed to column strips, beams
and middle strips as provided in Articles 13.6.4, 13.6.5,
and 13.6.6 if the requirement of Article 13.6.1.6 is
satisfied.

SUB-SECTION 14 - WALLS

14.1

14.1.1

14.1.2

14.2

14.2.1

14.2.2

14.2.3

14.2.4

14.2.5

14.2.6

14.2.7

14.2.8

Scope

Provisions of Chapter 14 shall apply for design of walls
subjected to axial load with or without flexure.

Cantilever retaining walls are designed according to
flexural design provisions of Chapter 10 with minimum
horizontal reinforcement according to Article 14.3.3.

General

Walls shall be designed for eccentric loads and any
tensile lateral or other loads to which they are
subjected.

Walls subject to axial loads shall be designed in
accordance with Articles 14.2, 14.3 and either 14.4 or
14.5.

Design for shear shall be in accordance with Article
11.10.

Unless demonstrated by a detailed analysis, horizontal
length of wall to be considered as effective for each
concentrated load shall not exceed centre-to-centre
distance between loads, nor width of bearing plus four
times the wall thickness.

Compression members built integrally with walls shall
conform to Article 10.8.2.

Walls shall be anchored to intersecting elements such as
floors, roofs, or to columns, pilasters, buttresses and
intersecting walls, and footings.

Quantity of reinforcement and 1limits of thickness
required by Articles 14.3 and 14.5 may be waived where
structural analysis shows  adequate  strength and
stability.

Transfer of force to footing at base of wall shall be in
accordance with Article 15.8.
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Minimum reinforcement

Minimum vertical and horizontal reinforcement shall be in
accordance with Article 14.3.2 and 14.3.3 unless a
greater amount is required for shear by Articles 11.10.8
and 11.10.9.

Minimum ratio of vertical reinforcement area to gross
concrete area shall be:

(a) 0.0012 for deformed bars not larger than No. 15 with
a specified yield strength not less than 400 MPa, or

(b) 0.0015 for other deformed bars, or

(c) 0.0012 for welded wire fabric (smooth or deformed)
not larger than W31l or D31.

Minimum ratio of horizontal reinforcement area to gross
concrete area shall be:

(a) 0.0020 for deformed bars not larger than No. 15 with
a specified yield strength not less than 400 MPa, or

(b) 0.0025 for other deformed bars, or

(c) 0.0020 for welded wire fabric (smooth or deformed)
not larger than W31l or D31.

Walls more than 250 mm thick, except basement walls,
shall have reinforcement for each direction placed in two
layers parallel with faces of wall in accordance with the
following:

(a) One layer consisting of not less than one-half and
not more than two-thirds of total reinfocement required
for each direction shall be placed not less than 50 mm or
more than one-third the thickness of wall from exterior
surface.

(b) The other layer, consisting of the balance of
required reinforcement in that direction, shall be placed
not less than 20 mm nor more than one-third the thickness
of wall from interior suface.

Vertical and horizontal reinforcement shall not be spaced
further apart than three times the wall thickness, nor
500 mm.

Vertical reinforcement need not be enclosed by lateral
ties if vertical reinforcement area is not greater than
0.01 times gross concrete area, or where vertical rein-
forcement is not required as compression reinforcement.

In addition to the minimum reinforcement required by
Articles 14.3.1 and 14.3.2, not less than two No. 15 bars
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shall be provided around all window and door openings.
Such bars shall be extended to develop the bar beyond the
corners of the openings but not less than 600 mm.

Walls designed as compression members

Except as provided in Article 14.5, walls subject to
axial load or combined flexure and axial load shall be
designed as compression members in accordance with
provisions of Articles 10.2, 10.3, 10.10, 10.11, 10.12,
10.15, and Articles 14.2 and 14.3.

Empirical design method

Walls of solid rectangular cross-section may be designed
by the empirical provisions of Article 14.5 if resultant
of all factored loads is located within the middle-third
of the overall thickness of wall and all limits of
Articles 14.2, 14.3, and 14.5 are satisfied.

Design axial load strength of a wall satisfying
limitations of Article 14.5.1 shall be computed by Eq.
(14-1) unless designated in accordance with Article 14.4.

2
ke,
&Py = 0.55 & f. A, [1 - (-) }
32h (14-1)

where § = 0.70 and effective length factor k shall be:

For walls braced top and bottom
against lateral translation and

(a) restrained against rotation at
one or both ends (top and/or
bOttom) cuieieieiriinnsrnsceanns cesessenes ceees 0.8

(b) wunrestrained against rotation
at both ends .ioeeveieeerennnnnnennes cessssses 1.0

For walls not braced against
lateral translation ......... cececscenns seveees 2.0

MINIMUM THICKNESS OF WALLS DESIGNED BY EMPIRICAL DESIGN
METHOD

Thickness of bearing walls shall not be less than 1/25
the supported length of height, whichever is shorter, nor
less than 100 mm.

Thickness of exterior basement walls and foundation walls
shall not be less than 190 mm.
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Nonbearing walls

Thickness of nonbearing walls shall not be less than 100
mm, nor less than 1/30 the least distance between members
that provide lateral support.

Walls as grade beams

Walls designed as grade beams shall have top and bottom
reinforcement as required for moment in accordance with
provisions of Articles 10.2 through 10.7. Design for
shear shall be in accordance with provisions of Chapter
11.

Portions of grade beam walls exposed above grade shall
also meet requirements of Article 14.3.

SUB-SECTION 15 - FOOTINGS

15.1

15.1.1

15.1.2

15.2

15.2.1

15.2.2

15.2.3

15.3

Scope

Provisions of Chapter 15 shall apply for design of
isolated footings and where applicable, to combined
footings and mats.

Additional requirements for design of combined footings
and mats are given in Article 15.10.

Loads and reactions

Footings shall be proportioned to resist the factored
loads and induced reactions, in accordance with the
appropriate design requirements of this Code and as
provided in Chapter 15.

Base area of footing or number and arrangement of piles
shall be determined from unfactored forces and moments
transmitted by footing to soil or piles and permissible
soil pressure or permissible pile capacity selected
through principles of soil mechanics.

For footings on piles, computations for moments and
shears may be based on the assumption that the reaction
from any pile is concentrated at pile center.

Footings supporting circular or regular polygon shaped
columns or pedestals

Circular or reqular polygon shaped concrete columns or
pedestals may be treated as square members with the same
area for location of critical sections for moment, shear,
and development of reinforcement in footings.
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Moment in footings

External moment on any section of a footing shall be
determined by passing a vertical plane through the
footing, and computing the moment of the forces acting
over entire area of footing on one side of that vertical
plane.

Maximum factored moment for an isolated footing shall be
computed as prescribed in Article 15.4.1 at critiecal
sections located as follows:

(a) At face of column, pedestal or wall, for footings
supporting a concrete column, pedestal or wall,

(b) Halfway between middle and edge of wall, for
footings supporting a masonry wall.

(c) Halfway between face of column and edge of steel
base plate, for footings supported a column with steel
base plate.

In one-way footings, and two-way sqguare footings,
reinforcement shall be distributed uniformly across
entire width of footing.

In two-way rectangular footings, reinforcement shall be
distributed as follows:

Reinforcement in long direction shall be distributed
uniformly across entire width of footing.

For reinforcement in short direction, a portion of the
total reinforcement given by Eg. (15-1) shall be
distributed uniformly over a band width (centered on
centerline of column or pedestal) equal to the length of
short side of footing. Remainder of reinforcement
required in short direction shall be distributed
uniformly outside centre band width of footing.

Reinforcement in
band width = 2
Total reinforcement in (B+ 1)
short direction

(15-1)

Shear in footings

Shear strength of footings shall be in accordance with
Article 11.11.

Location of critical section for shear in accordance with
Chapter 11 shall be measured from face of column,
pedestal, or wall, for footings supporting a column or
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pedestal with stéel base plates, the critical section
shall be measured from location defined in Article
15.4.2.(c).

Computation of shear on any section through a footing
supported on piles shall be in accordance with the
following:

Entire reaction from any pile whose centre is located
d_/2 or more outside the section shall be considered as
producing shear on that section.

Reaction from any pile whose centre is located d /2 or
more inside the section shall be considered as prdducing
no shear on that section.

For intermediate positions of pile centre, the portion of
the pile reaction to be considered as producing shear on
the section shall be based on straight-line interpolation
between full value at d /2 outside the section and zero
value at dp/2 inside the”section.

Development of reinforcement in footings

Development of reinforcement in footings shall be in
accordance with Chapter 12.

Calculated tension or compression in reinforcement at
each section shall be developed on each side of that
section by embedment length, hook (tension only) or
mechanical device, or a combination thereof.

Critical sections for development of reinforcement shall
be assumed at the same locations as defined in Article
15.4.2 for maximum factored moment, and at all other
vertical planes where changes of section or reinforcement
occur. See also Article 12.10.6.

Minimum footing depth

Depth of footing above bottom reinforcement shall not be
less than 150 mm for footings on soil, nor less than 300
mm for footings on piles.

Transfer of force at base of column, wall or reinforced
pedestal

Forces and moments at base of column, wall or pedestal
shall be transferred to supporting pedestal or footing by
bearing on concrete and by reinforcement, dowels, and
mechanical connectors.
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Bearing on concrete at contact surface between supported
and supporting member shall not exceed concrete bearing
strength for either surface as given by Article 10.15.

Reinforcement, dowels or mechanical connectors between
supported and suporting members shall be adeguate to
transfer:

(a) All compressive force that exceeds concrete bearing
strength of either member,

(b) Any computed tensile force across interface.

In addition, reinforcement, dowels, or mechanical connec-
tors shall satisfy Article 15.8.2 or 15.8.3.

If calculated moments are transferred to supporting
pedestal or footing, reinforcement, dowels or mechanical
connectors shall be adequate to satisfy Article 12.17.

Lateral forces shall be transferred to supporting
pedestal or footing in accordance with shear-friction
provisions of Article 11.7 or by other appropriate means.

In cast-in-place construction, reinforcement required to
satisfy Article 15.8.1 shall be provided either by
extending longitudinal bars intoc supporting pedestal or
footing, or by dowels.

For cast-in-place columns and pedestals, area of
reinforcement across interface shall be not less than
0.005 times gross area of supported member.

For cast-in-place walls, area of reinforcement across
interface shall not be less than minimum vertical
reinforcement given in Article 14.3.2.

Diameter of dowels, if used, shall not exceed diameter of
longitudinal bars by more than 5 mm.

At footings, No0.45 and No.55 longitudinal bars in
compression only, may be lap spliced with dowels to
provide reinforcement required to satisfy Article 15.8.1.
Dowels shall not be larger than No.35 bar and shall
extend into supported member a distance not less than the
development length of No.45 or No.55 bars, or the splice
length of the dowels, whichever is greater, and into the
footing a distance not less than the development length
of the dowels.

If a pinned or rocker connection is provided in
cast-in-place construction, connection shall conform to
Article 15.8.1 and 15.8.3.
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In precast construction, reinforcement required to
satisfy Article 15.8.1 may be provided by anchor bolts or
suitable mechanical connectors.

Connection between precast columns or pedestals and
supporting member shall have a tensile strength not less
than 1.5 A_ in Newtons, where A_ is cross-sectional area
of wall. 9

Connection between precast wall and supporting member
shall have a tensile strength not less than A /3 in
Newtons, where Ag is cross-sectional area of wall.

Anchor bolts and mechanical connectors shall be designed
to reach their design strength prior to anchorage failure
or failure of surrounding concrete.

Sloped or stepped footings

In sloped or stepped footings, angle of slope or depth
and location of steps shall be such that design
requirements are satisfied at every section. (See also
Article 12.10.6)

Sloped or stepped footings designed as a unit shall be
constructed to assure action as a unit.

Combined footings and mats

Footings supporting more than one column, pedestal or
wall (combined footings or mats) shall be proportioned to
resist the factored loads and induced reactions, in
accordance with appropriate design requirements of this
Code.

The Direct Design Method of Chapter 13 shall not be used
for design of combined footings and mats.

Distribution of soil pressure under combined footings and
mats shall be consistent with properties of the soil and
the structure and with established principles of soil
mechanics.

SUB-SECTION 16 - PRE-CAST CONCRETE

16.1

16.1.1

Scope

Provision of Chapter 16 shall apply for design of
pre-cast concrete members defined as concrete elements
cast elsewhere than their final position in the
structure.
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All provisions of this Code not specifically excluded,
and not in conflict with provisions of Chapter 16 shall
apply to pre-cast concrete.

Design

Design of pre-cast members shall consider all loading and
restraint conditions from initial fabrication to
completion of the structure, including form removal,
storage, transportation, and erection.

In pre-cast construction that does not behave monolith-
ically, effects at all interconnected and adjoining
details shall be considered to assure proper performance
of the structural system.

Effects of initial and long-time deflections shall be
considered, including effects on interconnected elements.

Design of joints and bearings shall include effects of
all forces to be transmitted, including shrinkage, creep,
temperature, elastic deformation, wind and earthquake.

All details shall be designed to provide for manufac-
turing and erection tolerances and temporary erection
stressed.

Pre-cast wall panels

Pre-cast bearing and nonbearing walls shall be designed
in accordance with provisions of Chapter 14.

Where pre-cast panels are designed to span horizontally
to columns or isolated footings, the ratio of height to
thickness shall not be limited, provided the effect of
deep beam action, lateral buckling, and deflections are
provided for in the design. See Article 10.7.

Details

All details of reinforcement connections, bearing seats,
inserts, anchors, concrete cover, openings, 1lifting
devices, fabrication and erection tolerances shall be
shown on the shop drawings.
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When approved by the Engineer, embedded items (such as
dowels, or inserts) that either protrude from concrete or
remain exposed for inspection may be embedded while
concrete is in a plastic state provided.

Embedded items shall not be required to be hooked or tied
to reinforcement within plastic concrete.

Embedded items shall be maintained in correct position
while concrete remains plastic.

Embedded items shall be properly anchored to develop
required factored loads.

Identification and marking

Each pre-cast member or element shall be marked to
indicate location in the structure, top surface, and date
of fabrication.

Identification marks shall correspond to the placing
plans.

Transportation, storage, and erection

During curing, for removal, storage, transportation, and
erection, pre-cast members shall not be over-stressed,
warped or otherwise damaged or have camber adversely
affected.

Pre-cast members shall be adequately braced and supported
during erection to insure proper alignment and structural
integrity until permanent connections are completed.

SUB-SECTION 17 ~ COMPOSITE CONCRETE FLEXURAL MEMBERS

17.1

17.1.1

17.1.2

17.2

17.2.1

Scope

Provisions of Chapter 17 shall apply for design of
composite concrete flexural members defined as pre-cast
and/or cast-in-place concrete elements constructed in
separate placements but so interconnected that all
elements respond to loads as a unit.

All provisions of this Code shall apply to composite
concrete flexural members, except as specifically
modified in Chapter 17.

General

An entire composite member or portions thereof may be
used in resisting shear and moment.
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Individual elements shall be investiated for all critical
states of loading.

If the specified strength, unit mass, or other properties
of the various elements are different, properties of the
individual element or the most critical values, shall be
used in design.

In strength computations of composite members, no
distinction shall be made between shored and unshored
members.

All elements shall be designed to support all loads
introduced prior to full development of design strength
of composite members.

Reinforcement shall be provided as required to control
cracking and to prevent separation of individual elements
of composite members.

Composite members shall meet requirements for control of
deflections in accordance with Article 9.5.5.

Shoring

When used, shoring shall not be removed until supported
elements have developed design properties required to
support all loads and limit deflections and cracking at
time of shoring removal.

Vertical shear strength

When an entire composite member is assumed to resist
vertical shear, design shall be in accordance with
requirements of Chapter 11 as for a monolithically cast
member of the same cross-sectional shape.

Shear reinforcement shall be fully anchored into
interconnected elements in accordance with Article 12.13.

Extended and anchored shear reinforcement may be included
as ties for horizontal shear.

Horizontal shear strength

In a composite member, full transfer of horizontal shear
forces shall be assured at contact surfaces of
interconnected elements.

Unless calculated in accordance with Article 17.5.3,

design of cross-sections subject to horizontal shear
shall be based on

v, < ¢vnh (17-1)
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Where V is factored shear force at section considered
and Vn: is nominal horizontal shear strength in
accordance with the following:

When contact surfaces are clean, free of laitance, and
intentionally roughened, shear strength V nh shall not be
taken greater than 0. 6b d in Newtons.

When minimum ties are provided in accordance with Article
17.6, and contact surfaces are clean, free of laitance
but not intentionally roughened, shear strength V nh shall
not be taken greater than 0. 6b in newtons.

When minimum ties are provided in accordance with Article
17.6, and contact surfaces are clean, free of laitance,
not intentionally roughened to a full amplitude of
approximately 5 mm, shear strength V nh shall not be taken
greater than 2. Sb in newtons.

When factored shear force V at section considered
exceeds @B(2.5b d) design for horizontal shear shall be in
accordance with Article 11.7.

Horizontal shear may be investigated by computing the
actual change in compressive or tensile force in an
segment, and provisions made to transfer that force as
horiontal shear to the supporting element. The factored
horizontal shear force shall not exceed horizontal shear
strength V as given in Articles 17.5.2.1 through
17.5.2.4 &here area of contact surface A shall be
substituted for b d.

When tension exists across any contact surface between
interconnected elements, shear transfer by contact may be
assumed only when minimum ties are provided in accordance
with Article 17.6.

Ties for horizontal shear

When ties are provided to transfer horizontal shear, the
area shall not be less than that required by Article
11.5.5.3 and tie spacing shall not exceed four times the
least dimension of supported element, nor 600 mm.

Ties for horizontal shear may consist of single bars or
wire, multiple leg stirrups, or vertical legs or welded
wire fabric (smooth or deformed).

All ties shall be fully anchored into interconnected
elements in accordance with Article 12.13.
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SUB-SECTION 18 - PRE-STRESSED CONCRETE

18.1

18.1.1

18.1.2

18.1.3

18.2

18.2.1

18.2.2

18.2.3

18.2.4

18.2.5

18.2.6

18.3

18.3.1

Scope

Provisions of Sub-Section 18 shall apply to members
pre-stressed with wire, strands, or bars conforming to
provisions for pre-stressing tendons in Article 3.5.5.

All provisions of this Code not specifically excluded,
and not in conflict with provisions of Chapter 18, shall
apply to pre-stressed concrete.

The following provisions of this Code shall not apply to
pre-stressed concrete, except as specifically noted;
Articles 8.4, 8.10.2, 8.10.3, 8.10.4, 8.11, 10.3.2,
10.3.3, 10.5, 10.6, 10.9.1, 10.9.2, Sub-Section 13 and
Articles 14.3, 14.5, and 14.6.

General

Pre-stressed members shall meet the strength requirements
specified in this Code.

Design of pre-stressed members shall be based on strength
and on behaviour at service conditions at all load stages
that may be critical during the life of the structure
from the time pre-stress is first applied.

Stress concentrations due to pre-stressing shall be
considered in design.

Provisions shall be made for effects on adjoining
construction of elastic and plastic deformations,
deflections, changes in length and rotations due to
pre-stressing. Effects of termperature and shrinkage
shall also be included.

Possibility of buckling in a member between points where
concrete and pre-stressing tendons are in contact and of
buckling in thin webs and flanges shall be considered.

In computing section properties prior to bonding of
pre-stressing tendons, effect of loss of area due to open
ducts shall be considered.

Design assumptions

Strength design of pre-stressed members for flexure and
axial loads shall be based on assumptions given in
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Article 10.2, except Article 10.2.4 shall apply only to
reinforcement conforming to Article 3.5.3.
For investigation of stresses at transfer of pre-stress,
at service loads, and at cracking loads, straight-line

theory may be used with the following assumptions:

Strains vary linearly with depth through entire load
range.

At cracked sections, concrete resists no tension.
Permissible stresses in concrete - Flexural members
Stresses in concrete immediately after pre-stress

transfer (before time-dependent pre-stress losses) shall
not exceed the following:

(a) Extreme fibre stress in compression ..... ..0.60 f’ci
(b) Extreme fibre stress in tension
except as permitted in (¢) ¢eeeeunnn.. eeese0.25 f‘ci

(c) Extreme fibre stress in tension at
ends of simply supported members ..........O.5,/F'Ci

Where computed tensile stresses exceed these values,
bonded auxiliary reinforcement (non-pre-stressed or
pre-stressed) shall be provided in the tensile zone to
resist the total tensile force in concrete computed with
the assumption of an uncracked section.

Stresses in concrete at service loads (after allowance
for all pre-stress losses) shall not exceed the
following:

(a) Extreme fibre stress in compression «...... 0.45 F’C

(b) Extreme fibre stress in tension in
precompressed tensile zone seeeveenceeee...0.5 F'C

(c) Extreme fibre stress in tension in pre-
compressed tensile zone of members (ex-
cept two-way slab systems) where analysis
based on transformed cracked sections
and on bilinear moment-deflection
relationships show that immediate and
long-time deflections comply with
requirements of Article 9.5.4, and where
cover requirements comply with Article
77320 tiiiiiennnnnnnns Creeariieeicrnean f!
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Permissible stresses in concrete of Article 18.4.1 and
18.4.2 may be exceeded is shown by test or analysis that
performance will not be impaired.

Permissible stresses in pre-stressing tendons

Tensile stress in pre-stressing tendons shall not exceed
the following:

(a) Due to tendon jacking fOrce eeeeeeveseeees..0.94f

but not greater than 0.85f u °F maximum value recommended
by manufacturer of pre—strgssing tendons or anchorages.

(b) Immediately after pre-stress transfer ......0.82f'py

but not greater than D.74fpu.

(c) Post-tensioning tendons, at anchorages
and couplers, immediately after tendon
anchorage .................................0.70f‘pu

Loss of pre-stress

To determine effective pre-stress fse’ allowance for the
folowing sources of loss of pre-stress shall be
considered:

(a) Anchorage seating loss

(b) Elastic shortening of concrete

(¢) Creep of concrete

(d) Shrinkage of concrete

(e) Relaxation of tendon stress

(f) Friction loss due to intended or unintended
curvature in post-tensioning tendons.

FRICTION LOSS IN POST-TENSIONING TENDONS

Effect of friction loss in post-tensioning tendons shall
be computed by

P, = Pgxtse (18-1)

When (K1_ + ) is not greater than 0.3, effect of
friction foss may be computed by

P = P(1 + K, + pa) (18-2)
Friction loss shall be based on experimentally determined

wobble K and curvature friction coefficients, and
shall be verified during tendon stressing operations.
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Values of wobble and curvature friction coefficients used
in design shall be shown on design drawings.

Where loss of pre-stress in a member may occur due to
connection of member to adjoining construction, such loss
of pre-stress shall be allowed for in design.

Flexural stength

Design moment strength of flexural members shall be
computed by the strength design methods of this Code.
For pre-stressing tendons, f shall be substituted for
Fy in strength computations.

In lieu of a more accurate determination of f s based on
strain compatibility, the following approximaﬂ% values of

fps shall be used if fse is not less than O.Sfpu-

For members with bonded pre-stressing tendons:

Y, f d -
fos = pu<1 - J[pri,u+g(w— w')J) (18-3)
¢ b

If any compression reinforcement is taken into account
when calculating fps by Eq. (18-3), the term

f d
—_—— — _ 4
[pp 4 (w—-w ):I

P

shall be taken not less than 0.17 and d' shall be no
greater than O.lSdp-

(b) For members with unbonded pre-stressing tendons and
with a span-to-depth ratio of 35 or less:

7

fe (18-4)
100p,

fD$=fso+7o+

but f_ _ in Eq (18-4) shall not e taken greater than f
nor (é;e + 400), Py

(c) For members with unbonded prestressing tendons and
with a span-to-ratio depth greater than 35:
fl
o= fo+ 70+ ¢ (18-5)
o 300p,

but f__ in Eq. (18-5) shall not be taken greater than
oy’ RSr (F_, + 200).

Non-pre-stressed reinforcement conforming to Article
3.5.3 if used with pre-stressing tendons may be
considered to contribute to the tensile force and may be
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included in monent strength computations at a stress
equal to the specified yield strength f_. Other
non-pre-stressed reinforcement may be irdcluded in
strength computations only if a strain comptibility
analysis 1is made to determine stresses in such
reinforcement.

Limits for reinforcement of flexural members

Ratio of pre-stressed and non-pre-stressed reinforcement
used for comutation of moment strength of a member,
except as provided in Artfcle 18.8.2, shall be sgfh that
O sfw +d/d W-w')jor|wW + d/d (0  -w' )jis not
ggelté% thah  0.36/3]. pw v N

When a reinforcement ratio in excess of that specified in
Article 18.8.1 is provided, design moment strength shall
not exceed the moment strength based on the compression
portion of the moment couple.

Total amount of pre-stressed and non-pre-stressed
reinforcement shall be adequate to develop factored load
at least 1.2 times the cracking load computed on the
basis of the modulus of rupture f, specified in Article
9.5.2.3. except for flexural méembers with shear and
flexural strength at least twice that required by Article
9.2.

Minimum bonded reinforcement

A minimum area of bonded reinforcement shall be provided
in all flexural members with unbonded pre-stressing
tendons as required by Articles 18.9.2 and 18.9.3.

Except as provided in Article 18.9.3 minimum area of
bonded reinforcement shall be computed by:

Ag = 0.004A (18-6)

Bonded reinforcement required by Eq. (18-6) shall be
uniformly distributed over pre-compressed tensile zone as
close as practicable to extreme tension fibre.

Bonded reinforcement shall be required regardless of
service load stress conditions.

For two-way flat plates, defined as solid slabs of
uniform thickness, minimum area and distribution of
bonded reinforcement shall be as follows:

Bonded reinforcement shal not be reguired in positive
moment areas where computed tensile stress in concrete at
service load (after allowance for all pre-stress losses)
does not exceed V?TC/G.
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In positive moment areas where computed tensile stress in
concrete at service load exceeds f' /6, minimum area of
bonded reinforcement shall be computeg by:

N

A. =
° 0.5f,

(18-7)

where design yield strength f shall not exceed 400 MPa.
Bonded reinforcement shall beyuniformly distributed over
pre-compressed tensile zone as close as practicable to
extreme tensile fibre.

In negative moment areas at column supports, minimum area
of bonded reinforcement in each direction shall be
computed by:

A, = 0.00075h¢ (18-8)

where 1 is length of span in direction parallel to that
of the reinforcement being determined. Bonded reinforce-
ment required by Eq. (18-8) shall be distributed within
a slab width between lines that are 1.5h outside opposite
faces of the column support. At least four bars or wires
shall be provided in each direction. Spacing of bonded
reinforcement shall not exceed 300 mm.

Minimum length of bonded reinforcement required by
Articles 18.9.2 and 18.9.3 shall be as follows.

In positive moment areas, minimum length of bonded
reinforcement shall be one-third the clear span length
and centered in positive moment area.

In negative moment areas, bonded reinforcement shall
extend one-sixth the clear span on each side of support.

Where bonded reinforcement is provided for design moment
strength in accordance with Article 18.7.3, or for
tensile stress conditions in accordance with Article
18.9.3.2, minimum length also shall conform to provisions
of Sub-section 12.

Statically Indeterminate Structures

Frames and continuous construction of pre-stressed
concrete shall be designed for satisfactory performance
at service load conditions and for adequate strength.

Performance at service load conditions shall be
determined by elastic analysis, considering reactions,
moments, shears and axial forces produced by pre-stres-
sing, creep, shrinkage, temperature change, axial
deformation, restraint of attached structural elements,
and foundation settlement.
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Moments to be used to compute required strength shall be
the sum of the moments due to reactions induced by
prestressing (with a load factor of 1.0) and the moments
due to factored loads including redistribution as
permitted in Article 18.10.4.

REDISTRIBUTION OF NEGATIVE MOMENTS DUE TO GRAVITY LOADS
IN CONTINUOUS PRE-STRESSED FLEXURAL MEMBERS

Where bonded reinforcement is provided at supports in
accordance with Article 18.9.2, negative moments
calculated by elastic theory for any assumed loading
arrangement may be increased or decreased by not more
than

d :
wp T = (0w~ )

d
0.368,

The modified negative moments shall be wused for
calculating moments at sections within spans for the same
loading arrangement.

2041 -

percent

Redistibution of negative moments shall be made only when
the section at which moment is reduced is so designed
thatw Jjo + d/d (w—w')], or [w + d/d (w -w')]
whichdverPis appficable, is not gregyer tha® 0.24" l-w

Compression members - Combined flexure and axial loads

Pre-stressed concrete members subject to combined flexure
and axial load, with or without non-pre-stressed
reinforcement, shall be proportioned by the strength
design methods of this Code for members without
pre-stressing. Effects or pre-stress, creep, shinkage,
and temperature change shall be included.

LIMITS FOR REINFORCEMENT OF PRE-STRESSED COMPRESSION
MEMBERS

Members with average pre-stress f less than 1.5 MPa
shall have a minimum reinforcemerdt. in accordance with
Articles 7.10, 10.9.1, and 10.9.2 for columns of Article
14.3 for walls.

Except for walls, members with average pre-stress, f
equal to or greater than 1.5 MPa shall have alt
pre-stressing tendons enclosed by spirals or lateral ties
in accordance with the following:

(a) Spirals shall conform to Article 7.10.4.

(b) Lateral ties shall be at least No. 10 in size or
welded wire fabric of egqguivalent area, and spaced
vertically not to exceed 48 tie bar or wire diameters, or
least dimension of compression member.
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(c) Ties shall be located vertically not more than half
a tie spacing above top of footing or slab in any story,
and shall be spaced as provided herein to not more than
half a tie spacing below lowest horizontal reinforcement
in members, supported above.

(d) Where beams or brackets frame into all sides of a
column, ties may be terminated not more than 80 mm below
lowest reinforcement in such beams or brackets.

For walls with average pre-stress f__ equal to or greater
than 1.5 MPa, a minimum reinforcemeRE required by Article
14.3 may be waived where structural analysis shows
adequate strength and stability.

Slab systems

Factored moments and shears in prestressed slab systems
reinforced for flexure in more than one direction shall
be determined in accordance with provisions of Article
13.7 (excluding Articles 13.7.7.4 and 13.7.7.5) or by
more detailed design procedures.

Moment strength of pre-stressed slabs at every section
shall be at least equal to the required strength
considering Articles 9.2, 9.3, 18.10.3 and 18.10.4.
Shear strength of pre-stressed slabs at columns shall be
at least equal to the required strength considering
Articles 9.2, 9.3, 11.1, 11.11.2, and 11.12.2.4.

At service load conditions, all serviceability
limitations, including specified limits on deflections,
shall be met, with appropriate consideration of the
factors listed in Article 18.10.2.

For normal live loads and loads uniformly distributed,
spacing of pre-stressing tendons or groups of tendons in
one direction shall not exceed 8 times the slab
thickness, nor 1.5 m. Spacing of tendons shall also
provide a minimum average pre-stress (after allowance for
all pre-stress losses) of 0.9 MPa on the slab section
tributary to the tendon to tendon group. A minimum of
two tendons shall be provided in each direction through
the critical shear section over columns. Special
consideration of tendon spacing shall be provided for
slabs with concentrated loads.

In slabs with unbonded pre-stressing tendons, bonded
reinforcement shall be provided in accordance with
Articles 18.9.3 and 18.9.4.

Tendon anchorage zones

Reinforcement shall be provided where required in tendon
anchorage zones to resist bursting, splitting, and
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spalling forces induced by tendon anchorages. Regions of
abrupt change in section shall be adequately reinforced.

End blocks shall be provided where required for support

bearing or for distribution of concentrated pre-stressing
forces.

Post-tensioning anchorages and supporting concrete shall
be designed to resist maximum jacking force for strength
of concrete at time of pre-stressing.

Post-tensioning anchorage zones shall be designed to
develop the guaranteed ultimate tensile strength of
pre-stressing tendons using a strength reduction factor
@ of 0.90 for concrete.

Corrosion protection for unbonded pre-stressing tendons

Unbonded tendons shall be completely coated with suitable
material to ensure corrosion protection.

Tendon wrapping shall be continuous over entire length to
be unbonded, and shall prevent intrusion of cement paste
or loss of coating materials during concrete placement.

Post-tensioning ducts

Ducts for grouted or unbonded tendons shall be mortar-
tight and non-reactive with concrete, tendons, or filler
material.

Ducts for grouted single wire, strand or bar tendons
shall have an inside diameter at least 6 mm larger than
tendon diameter.

Ducts for grouted multiple wire, strand, or bar tendons
shall have an inside cross-sectional area at least
two-times area of tendons.

Ducts shall be maintained free of water if members to be
grouted are exposed to temperatures below freezing prior
to grouting.

Grout for bonded pre-stressing tendons

Grout shall consist of Portland cement and water; or
Portland cement, sand and water.

Materials for grout shall conform to the following:

18.16.2.1 Portland cement shall conform to Article 3.2.

18.16.2.2 Water shall conform to Article 3.4.
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Sand, if used, shall conform to "Standard Specificaiton
for Aggregate for Masonry Mortar" (ASTM C 144) except
that graduation may be modified as necessary to obtain
satisfactory workability.

Admixtures conforming to Article 3.6 and known to have no
injurious effects on grout, steel, or concrete may be
used. Calcium chloride shall not be used.

SELECTION OF GROUT PROPORTIONS

Proportions of materials for grout shall be based on
either of the following:

(a) Results of tests on fresh and hardened grout prior
to beginning grouting operations, or

(b) Prior documented experience with similar materials
and equipment and under comparable field conditions.

Cement used in the work shall correspond to that on which
selection of grout proportions was based.

Water content shall be minimum necessary for proper
pumping of grout: however, water-cement ratio shall not
exceed 0.45 by weight.

Water shall not be added to increase grout flowbility
that has been decreased by delayed use of grout.

MIXING AND PUMPING GROUT

Grout shall be mixed in equipment capable of continuous
mechanical mixing and agitation that will produce uniform
distribution of materials, passed through screens, and
pumped in a manner that will completely fill tendon
ducts.

Temperature of members at time of grouting shall be above
2°C and shall be maintained above 2°C until field-cured
50 mm cubes of grout reach a minimum compressive strength
of 6 MPa.

Grout temperatures shall not be above 30 C during mixing
and pumping.

Protection of pre-stressing tendons

Burning or welding operations in vicinity of pre-stres-
sing tendons shal be carefuly performed, so that tendons
are not subject to excessive temperatures, welding
sparks, or ground currents.
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Application and measurement of pre-stressing force

Pre-stressing force shall be determined by both of the
following methods:

(a) Measurement of tendon elongation, Required

elongation shall be determined from average load-elonga-
tion on curves for pre-stressing tendons.

(b) Observation of jacking force on a calibrated gauge,

or load call, or by use of a calibrated dynamometer.

Cause of any difference in fore determination between (a)
and (b) that exceeds 5 percent shall be ascertained and
corrected.

Where transfer of force from bulkheads of pre-tensioning
bed to concrete is accomplished by flame cutting pre-
stressing tendons, cutting points and cutting sequence
shall be predetermined to avoid undesired temporary
stresses.

Long lengths of exposed pre-tensioned strand shall be cut
near the member of minimize shock to concrete.

Total loss of pre-stress due to unreplaced broken tendons
shall not exceed 2 percent of total pre-stress.

Post-tensioning anchorages and couplers

Anchorages for wunbonded pre-stressing tendons and
couplers shall develop the specified ultimate strength of
the tendons without exceeding anticipated set.

Anchorages for bonded pre-stressing tendons shal develop
at least 90 percent of the specified ultimate strength of
the tendons, when tested in an unbonded condition,
without exceeding anticipated set. However, 100 percent
of the specified ultimate strength of the tendons shall
be developed after tendons are bonded in member.

Couplers shall be placed in areas approved by the
Engineer and enclosed in housing long enough to permit
necessary movements.

In bonded construction subject to repetitive loads,
special attention shall be given to the possibility of
fatigue in anchorages in couplers.

Anchorage and end fittings shall be permanently protected
against corrosion.
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SUB-SECTION 19 - SHELLS AND FOLDED PLATE MEMBERS

19.1

19.1.1

19.1.2

19.1.3

19.1.4

19.1.5

19.1.6

19.1.7

19.1.8

19.1.9

Scope and definitions

Provisions of Sub-section 19 shape apply to thin-shell
and folded plate concrete structures, including ribs and
edge members.

All provisions of this Code not specifically excluded,
and not in conflict with provisions of Chapter 19 shall
apply to thin-shell structures.

THIN SHELLS - three dimensional spatial structures made
up of one or more curved slabs or folded plates, whose
thicknesses are small compared to their other dimensions.
Thin shells are characterized by their three~dimensional
load-carrying behaviour which is determined by the
geometry of their forms, by the manner in which they are
supported, and by the nature of the applied load.

FOLDED PLATES - a special class of shell structures
formed by joining flat, thin slabs along their edges so
as to create a three-dimensional spatial structure.

RIBBED SHELLS - Spatial structures with material placed
primarily along certain preferred rib lines, with the
area between the ribs filled with thin slabs or left
open.

AUXILIARY MEMBERS - Ribs or edge beams which serve to
strengthen, stiffen, and/or support the shell: wusually,
auxilliary members act jointly with the shell.

ELASTIC ANALYSIS - An analysis of deformations and
internal forces based on equilibrium, compatibility of
strains, and assumed elastic behaviour, and representing
to suitable approximation the three-dimensional action of
the shell together with its auxiliary members.

INELASTIC ANALYSIS - An analysis of deformations and
internal forces based on equilibrium, nonlinear
stress-strain relations for concrete and reinforcement,
consideration of cracking and time dependent effects, and
compatibility of strains. The analysis shall represent
to suitable approximation the three-dimensional action of
the shell together with its auxiliary members.

EXPERIMENTAL ANALYSIS - An analysis procedure based on
the measurement of deformations and/or strains of the
structure as its model, experimental analysis may be
based on either elastic or inelastic behaviour.
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Analysis and design

Elastic behaviour shall be an accepted basis for
determining internal forces, and displacements, of thin
shells. This behaviour may be established by computa-~
tions based on an analysis of the uncracked concrete
structure in which the material is assumed linearly
elastic, homogenous and isotropic. Poisson's ratio of
concrete may be assumed equal to zero.

Inelastic analysis may be used where it can be shown that
such methods provide a safe basis for design.

Equilibrium checks of internal resistances and external
loads shall be made to ensure consistency of results.

Experimental or numerical analysis procedures may be used
where it can be shown that such procedures provide a safe
basis for design.

Approximate  methods of analysis not satisfying
compatibility of strains either within the shell or
between the shell and auxiliary members may be used where
it can be shown that such methods provide a safe basis
for design.

In pre-stressed shells, the analysis must also consider
behaviour under loads induced during pre-stressing, at
cracking load, and at factored load. Where pre-stressing
tendons are draped within a shell, design shall take into
account force components on the shell resulting from
tendon profile not lying in one plane.

The thickness h of a thin shell, and its reinforcement,
shall be proportioned for the required strength and
serviceability. All elements shall be proportioned by
the same method, using either the strength design method
of Article 8.1.1 or the alternate design method of
Article 8.1.2.

Shell design shall investigate and preclude the
possibility of general or local instability.

Auxiliary members shall be designed according to the
applicable provisions of this Code. The design method
selected for shell elements under Article 19.2.7 shall
also be used for auxiliary members. A portion of the
shell equal to the flange width specified in Article 8.10
may be assumed to act with the auxiliary member. In such
portions of the shell, the reinforcement perpendicular to
the auxiliary member shall be at least equal to that
required for the flange of a T-beam by Article 8.10.5.
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Design strength of materials

Specified compressive strength of concrete F'C at 28 days
shall not be less than 20 MPa.

Specified yield strength of non-pre-stressed reinforce-
ment fy shall not exceed 400 MPa.

Shell reinforcement

Shell reinforcement shall be provided to resist tensile
stresses from internal membrane forces, to resist bending
and twisting moments, to control shrinkage and
temperature cracking, and as special reinforcement at
shell boundaries, load attachments, and shell openings.

Membrane reinforcement shall be provided in two or more
directions in all parts of the shell.

The area of shell reinforcement at any section as
measured in two orthogonal directions shall not be less
than the slab shrinkage or temperature reinforcement
required by Article 7.12.

Reinforcement required to resist shell membrane forces
shall be provided so that the design strength in every
direction shall be at least equal to the component of the
principal membrane forces in the same direction due to
factored loads.

The area of shell tension reinforcement shall be limited
so that the reinforcement will yield before crushing of
concrete in compression can take place.

In regions of high tension, membrane reinforcement shall,
if practical, be placed in the general directions of the
principal tensile membrane forces. Where this is not
practical, membrane reinforcement may be placed in two or
more component directions.

If the direction of reinforcement varies more than 10 deg
from the direction of principal tensile membrane force,
the amount of reinforcement may have to be increased to
limit the width of possible cracks at service load
levels.

Where the magnitude of the principal tensile membrane
stress within the shell varies greatly over the area of
the shell surface, reinforcement resisting the total
tension may be concentrated in the regions of largest
tensile stress where it can be shown that this provides a
safe basis for design. However, the ratio of shell
reinforcement in any portion of the tensile zone shall be
not less than 0.0035 based on the overall thickness of
the shell.
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Reinforcement required to resist shell bending mcaents
shall be proportioned with due regard to the simultaneous
action of membrane axial forces at the same location.
Where shell reinforcement is required in only ore face to
resist bending moments, egual amounts shall bve, placed
near both surfaces of the shell even though a reversal of
bending moments is not indicated by the analysis.

Shell reinforcement in any direction shall not be spaced
further apart than 500 mm or five times t:c snesl
thickness. Where the principal membrane tensile stress
on the gross concrete area due to factored loads exceeds
¢ JG:-/B reinforcement shall not be spaced further apart
than fhree times the shell thickness.

Shell reinforcement at the junction of the shell anuJ
supporting members or edge members shall be anchored in
or extended through such members in accordance with the
requirements of Chapter 12, except that the minimum
development length shall be 1.2 ld but not less than 500
mm.

Splice development lengths of shell reinforcement shall
be governed by the provisions of Chapter 12, except that
the minimum splice length of tension bars shall be 1.2
times the value required by Chapter 12 but not less than
500 mm. The number of splices in principal tensile
reinforcement shall be kept to a practical minimum.
Where splices are necessary they shall be staggered at
least 1, with not more than one-third of the reinforce-
ment spliced at any section.

Construction

When removal of formwork is based on a specific modulus
of elasticity of concrete because of stability or
deflection considerations, the value of the modulus of
elasticity E_ shall be determined from flexural tests of
field-cured “beam specimens. The number of test
specimens, the dimensions of test beam specimens, and
test procedures shall be specified by the Engineer.

The Engineer shall specify the tolerances for the shape
of the shell. If construction results in deviations from
the shape greater than the sgpecified tolerances, an
analysis of the effect of the deviations shall be made
and any required remedial actions shall be taken to
ensure safe behaviour.
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PART 2
SECTION 6F

SUB-SECTION 20— STRENGTH EVALUATION OF EXISTING STRUCTURES

20.1

20.2

20.2.1

20.2.2

20.3

20.3.1

20.3.2

20.3.3

20.3.4

20.4

20.4.1

20.4.2

Strength evaluation - General

If doubt develops concerning the safety of a structure or
member, the Building O0Official may order a structural
strength investigation by analyses, or by means of loads
tests, or by a combination of analyses and load tests.
(For approval of special systems of design or construc-
tion see Article 1.4).

Analytical investigations - General

If strength evaluation is by analysis, a through field
investigation shall be made of dimensions and details of
members, properties of materials, and other pertinent
conditions of the structure as actually built.

Analyses based on investigation required by Article
20.2.1 shall satisfy the Building Official that the load
factors meet requirements and intent of this Code. See
Article 20.6.

Load tests - General

If strength evaluation is by load tests, a qualified
engineer acceptable to the Building O0Official shall
control such tests.

A load test shall not be made until that portion of the
structure to be subject to load is at least 56 days old.
When the owner of the structure, the Contractor, and all
involved parties mutually agree, the test may be made at
an earlier age.

When only a portion of the structure is to be load
tested, the questionable portion shall be load tested in
such a manner as to adequately test the suspected source
of weakness.

Forty-eight hours prior to application of test load, a
load to simulate effect of that portion of the dead loads
not already acting shall be applied and shall remain in
place until all testing has been completed.

Load tests of flexural members
When flexural members, including beams and slabs, are
load tested, the additional provisions of Article 20.4

shall apply.

Base readings (datum for deflection measurements) shall
be made immediately prior to application of test load.
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That portion of the structure selected for loading shall
be subject to a total load, including dead loads already
acting, equivalent to 0.85(1.4D + 1.7 L). Determination
of L shall include live load reductions as permitted by
the General Building Code of which this Code forms a
part.

Test load shall be applied in not less than four
approximately equal increments without shock to the
structure and in such a manner as to avoid arching of
loading materials.

After test load has been in position for 24 hr, initial
deflection readings shall be taken.

Test load shall be removed immediately after initial
deflection readings, and final deflection readings shall
be taken 24 hr after removal of the test load.

If the portion of the structure tested shows visible
evidence of failure, the portion tested shall be
considered to have failed the test and no retesting of
the previously tested portion shall be permitted.

If the portion of the structure tested shows no visible
evidence of failure, the following criteria shall be
taken as indication of satisfactory behaviour:

(a) If measured maximum delfection, a, of a beam, floor
or roof is less than 1 t/20,000 h.

(b) If measured maximu% deflection, a, of a beam, floor,
or roof exceeds 1°, /20,000 h, deflection recovery
within 24 hr after removal of the test load shall be
at least 75 percent of the maximum deflection for
non-pre-stressed concrete, or 80 percent for
pre-stressed concrete.

In Articles 20.4.8(a) and (b), 1, for cantilevers shall
be taken as two times the disEance from support to
cantilever end, and deflection shall be adjusted for any
support movement.

Non-pre-stressed concrete construction failing to show 75
percent recovery of deflection as required by Article
20.4.8(b) may be retested not earlier than 72 hr after
removal of the first test load. The portion of the
structure tested shall be considered satisfactory if:

(a) The portion of the structure tested shows no visible
evidence of failure in the retest, and

(b) Deflection recovery caused by second test load is at
least 80 percent of the maximum deflection in the
second test.
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Pre-stressed concrete construction shall not be retested.
Members other than flexural members

Members other than flexural members preferably shall be
investigated by analysis.

Provisions for lower load rating

If structure wunder investigation does not satisfy
conditions or criteria of Articles 20.2, 20.4.8 or
20.4.10, the Building Official may approve a lower load
rating for that structure based on results of the load
test or analysis.

Safety

Load test shall be conducted in such a manner as to
provide for safety of life and structure during the test.

No safety measures shall interfere with load test
procedures or affect results.
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APPENDIX A - SPECIAL PROVISIONS FOR SEISMIC DESIGN

A.0
A.l

NOTATION - SEE APPENDIX C

Definitions

BASE OF STRUCTURE - Level at which earthquake motions are
assumed to be imparted to a building. This level does
not necessarily coincide with the ground level.

BOUNDARY MEMBERS - Portions along wall and diaphragm
edges strengthened by 1longitudinal and transverse
reinforcement. Boundary members do not necessarily
require an increase in the thickness of the wall or
diaphragm. Edges of openings within walls and diaphragms
may also have to be provided with boundary members.

COLLECTOR ELEMENTS - Elements that serve to transmit the
inertial forces within the diaphragms to members of the
lateral-force resisting systems.

CROSS-TIE - A continuous bar having a 135 deg hook with
at least a ten-diameter extension at one end and a 90 deg
hook with at least a six-diameter extension at the other
end. The hooks shall engage peripheral longitudinal
bars.

DESIGN LOAD COMBINATIONS - Combinations of factored loads
and forces specified in Article 9.2.

DEVELOPMENT LENGTH FOR A BAR WITH A STANDARD HOOK - The
shortest distance between the critical section (where the
strength of the bar is to be developed) and a tangent to
the outer edge of the 90 deg hook.

FACTORED LOADS AND FORCES - Specified loads and forces
modified by the factors in Article 9.2.

HOOP - A closed tie or continuously wound tie the ends of
which have 135 deg hooks with ten-diameter extensions,
that encloses the longitudinal reinforcement.

LATERAL-FORCE RESISTING SYSTEM - That portion of the
structure composed of members proportioned to resist
forces related to earthquake effects.

LOW-DENSITY-AGGREGATE CONCRETE - "All-low-density" or
"sanded-low-density" aggregate made with low-density
aggregates conforming to Article 3.3.

SHELL CONCRETE - Concrete outside the transverse
reinforcement confining the concrete
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SPECIFIED LATERAL FORCES - Lateral forces corresponding
to the appropriate distribution of the design base shear

force prescribed by the governing code for earthquake
resistant design.

STRUCTURAL DIAPHRAGMS - Structural members, such as floor
and roof slabs, which transmit inertial forces to
lateral-force resisting members.

STRUCTURAL TRUSSES - Assemblages of reinforced concrete
members subjected primarily to axial forces.

STRUCTURAL  WALLS - Walls proportioned to resist
combinations of shears, moments, and axial forces induced
by earthquake motions.

STRUT - An element of a structural diaphragm used to
provide continuity around an opening in the diaphragm.

TIE ELEMENTS - Elements which serve to transmit inertia
forces and prevent separation of such building components
as footings and walls.

General requirements

SCOPE

Appendix A contains special requirements for design and
construction of reinforced concrete members of a
structure for which the design forces, related to
earthquake motions, have been determined on the basis of
energy dissipation in the nonlinear range of response.

The provisions of Chapters 1 through 18 shall apply
except as modified by the provisions of this Appendix.

In regions of moderate seismic risk, reinforced concrete
frames resisting forces induced by earthquake motions
shall be proportioned to satisfy only Article A.9 of
Appendix A in addition to the requirements of Chapters 1
through 18.

In regions of high seismic risk, all structural
reinforced concrete members shall satisfy Articles A.2
through A.8 of Appendix A in addition to the requirements
of Chapters 1 through 17.

A reinforced concrete structural system not satisfying
the requirements of this Appendix may be used if it is
demonstrated by experimental evidence and analysis that
the proposed system will have strength and toughness
equal to or exceeding those provided by a comparable
monolithic reinforced concrete structure satisfying this
Appendix.
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ANALYSIS AND PROPORTIONING OF STRUCTURAL MEMBERS

The interaction of all structural and nonstructural
members which materially affect the linear and nonlinear
response of the structure to earthquake motions shall be
considered in the analysis.

Rigid members assumed not to be a part of the lateral
force resisting system may be used provided their effect
on the response of the system 1is considered and
accommodated in the structural design. Consequences of
failure of structural and nonstructural members which are
not a part of the lateral-force resisting system shall
also be considered.

Structural members below base of structure required to
transmit to the foundation forces resulting from
earthquake effects shall also comply with the require-
ments of Appendix A.

All structural members assumed not to be part of the
lateral force resisting system shall conform to Article
A.8.

STRENGTH REDUCTION FACTORS

Strength reduction factors shall be as given in Article
9.3 except for the following:

Except for determining the strength of joints, the shear
strength reduction factor shall be 0.6 for any structural
member if its nominal shear strength is less than the
shear corresponding to development of its nominal
flexural strength for the Ffactored-load combinations
including earthquake effect. Shear strength reduction
factor for joints shall be 0.85.

The strength reduction factor for axial compression and
flexure shall be 0.5 for all frame members with factored
axial compressive forces exceeding (A f' /10) if the
transverse reinforcement does not conPorfi to Article
A.4.4,

CONCRETE IN MEMBERS RESISTING EARTHQUAKE-INDUCED FORCES

Compressive strength F'C of the concrete shall be not
less than 20 MPa.

Compressive strength of low-density-aggregate concrete
used in design shall not exceed 30 MPa. Low~-density-
aggregate concrete with higher design compressive
strength may be used if demonstrated by experimental
evidence that structural members wmade with that
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low-density-aggregate concrete provide strength and
toughness equal to or exceeding those of comparable
members made with normal density-aggregate concrete of
the same strength.

REINFORCEMENT IN MEMBERS RESISTING EARTHQUAKE INDUCED
FORCES

Reinforcement resisting earthquake-induced flexural and
axial forces in frame members and in wall boundary
members shall comply with ASTM A 706. Reinforcement
required by design load combinations which 1include
earthquake effect shall not be welded except as specified
in Articles A.3.2.4 and A.4.3.2.

Flexural members of frames
SCOPE

Requirements of Article A.3 apply to frame members (a)
resisting earthquake-induced forces (b) proportioned
primarily to resist flexure, and (c) satisfying the
following conditions:

Factored axial compressive force on the member shall not
exceed (Agf'c/lO).

Clear span for the member shall not be less than four
times its effective depth.

The width-to-depth ratio shall not be less than 0.3.

The width shall not be less than (a) 250 mm and (b) more
than the width of the supporting member (measured on a
plane perpendicular to the longitudinal axis of the
flexural member) plus distances on each side of the
supporting member not exceeding three-fourths of the
depth of the flexural member.

LONGITUDINAL REINFORCEMENT

At any section of a flexural member and for the top as
well as for the bottom reinforcement the amount of
reinforcement shall not be less than (l.4b d/f ) and the
reinforcement ratio shall not exceed 0.0%25.7 At least
two bars shall be provided continuously both top and
bottom,
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Positive moment-strength at joint face shall be not less
than one-half of the negative moment strength provided at
that face of the joint. Neither the negative - nor the
positive - moment strength at any section along member
length shall be less than one-fourth the maximum moment
strength provided at face of either joint.

Lap splices of flexural reinforcement shall be permitted
only if hoop or spiral reinforcement is provided over the
lap 1length. Maximum spacing of the transverse
reinforcement enclosing the lapped bars shall not exceed
d/4 or 100 mm. Lap splices shall not be used (a) within
the joints, (b) within a distance of twice the member
depth from the face of the joint, and (c) at locations
where analysis indicates flexural yielding caused by
inelastic lateral displacements of the frame.

Welded splices and mechanical connections conforming to
Articles 12.14.3.1 through 12.14.3.4 may be used for
splicing provided not more than alternate bars in each
layer of longitudinal reinforcement are spliced at a
section and the centre-to-centre distance between splices
of adjacent bars is 600 mm or more measured along the
longitudinal axis of the frame member.

TRANSVERSE REINFORCEMENT

Hoops shall be provided in the following regions of frame
members:

(1) Over a length equal to twice the member depth
measured from the face of the supporting member toward
mid-span, at both ends of the flexural member.

(2) Over lengths equal to twice the member depth on both
sides of a section where flexural yielding may occur in
connection with inelastic lateral displacements of the
frame.

The first hoop shall be located not more than 50 mm from
the face of a supporting member. Maximum spacing of the
hoops shall not exceed (a) d/4, (b) eight times the
diameter of the smallest longitudinal bars, (c) 24 times
the diameter of the hoop bars, and (d) 300 mm.

Where hoops are required, longitudinal bars on the
perimeter shall have lateral support conforming to
Article 7.10.5.3.

Where hoops are not required, stirrups shall be spaced at
no more than d/2 throughout the length of the member.

Hoops in flexural members may be made up of two pieces of
reinforcement, a stirrup having 135 deg hooks with
ten-diameter extensions anchored in the confined core and



A.b4

A.4.1

A.4.1.1

A.4.1.2

A.4.2

A.4.2.1

A.4.2.2.

170

a cross-tie to make a closed hoop. Consecutive cross-
ties shall have their 90 deg hooks at opposite sides of
the flexural member. If the longitudinal reinforecing
bars secured by the cross-ties are confined by a slab
only on one side of the flexural frame member, the 90 deg
hooks of the cross-ties shall all be placed on that side.

Frame members subjected to bending and axial load

SCOPE

The requirements of this section apply to frame members
(a) resisting earthquake-induced forces, (b) having a
factored axial compressive force exceeding (A f' /10) and
(c) satisfying the following conditions: 9 ¢

The shortest cross-sectional dimension, measured on a
straight 1line passing through the geometric centroid,
shall not be less than 300 mm.

The ratio of the shortest cross-sectional dimension to
the perpendicular dimension shall not be less than 0.4.

MINIMUM FLEXURAL STRENGTH OF COLUMNS

Flexural strength of any column proportioned to resist a

factored axial compressive force exceeding (A f'c/lO)
shall satisfy Article A.4.2.2 or A.4.2.3. 9

Lateral strength and stiffness of columns not satisfying
Article A.4.2.2. shall be ignored in determining the
calculated strength and stiffness of the structure but
shall conform to Article A.8.

The flexural strengths of the columns shall satisfy Eq.
(A-1)

LM > (6/5)) M, (A-1)
E:Me = sum of moments, at the centre of the joint,
corrésponding to the design flexural strength of the
columns framing into that joint. Column flexural

strength shall be calculated for the factored axial
force, consistent with the direction of the lateral
forces considered, resulting in the lowest flexural
strength.

M = sum of moments, at the centre of the joint,
corﬂ%sponding to the design flexural strengths of the
girders framing into that joint.
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Flexural strengths shall be summed such that the column
moments oppose the beam moments. Eq. (A-1) shall be
satisfied for beam moments acting in both directions in
the vertical plane of the frame considered.

If Article A.4.2.2 is not satisfied at a joint, columns
supporting reactions from that joint shall be provided
with transverse reinforcement as specified in Article
A.4.4 over their full height.

LONGITUDINAL REINFORCEMENT

The reinforcement ratio, , shall not be less than 0.0l
and shall not exceed 0.06.

Lap splices are permitted only within the centre half of
the member length and shall be proportioned as tension
splices. Welded splices and mechanical connections
conforming to Articles 12.14.3.1 through 12.14.3.4 may be
used for splicing the reinforcement at any section
provided not more than alternate longitudinal bars are
spliced at a section and the distance between splices is
600 mm or more along the longitudinal axis of the
reinforcement.

TRANSVERSE REINFORCEMENT

Transverse reinforement as specified below shall be
provided unless a larger amount is required by Article
A.7.

(1) The volumetric ratio of spiral or circular hoop
reinforcement ﬁé, shall not be less than that indicated
by Eq. (A-2)
- )
P = 0.12f C/ryh (A-2)
and shall not be less than that required by Eq. (10-5)
(2) The total cross-sectional area of rectangular hoop

reinforcement shall not be less than that given by Eq.
(A-3) and (A-4).

Ag, =03 (shcf'c/Fyh)((Ag/Ach) -1) (A-3)

Ash

O.lZshCF'C/Fyh (A-4)

(3) Transverse reinforcement may be provided by single
or overlapping hoops. Cross-ties of the same bar size
and spacing as the hoops may be used. FEach end of the
cross-ties shall engage a peripheral longitudinal
reinforcing bar. Consecutive cross-ties shall be
alternated end for end along the longitudinal
reinforcement.
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(4) If the design strength of member core satisfies the
requirement of the specified loading combinations
including earthquake effect, Eq. (A-3) and (10-5) need
not be satisfied.

Transverse reinforcement shall be spaced at distances not

exceeding (a) one-quarter of the minimum member dimension
and (b) 100 mm.

Cross-ties or legs of overlapping hoops shall not be
spaced more than 350 mm on centre in the direction
perpendicular to the longitudinal axis of the structural
member.

Transverse reinforcement in amount specified in Articles
A.4.4.1 through A.4.4.3 shall be provided over a length
1 from each joint face and on both sides of any section
wlere flexural yielding may occur in connection with
inelastic lateral displacements of the frame. The length
1_ shall not be less than (a) the depth of the member at
tRe joint face or at the section where flexural yielding
may occur, (b) one-sixth of the clear span of the member,
and (c) 500 mm.

Columns supporting reactions from discontinued stiff
members, such as walls, shall be provided with transverse
reinforcement as specified in Articles A.4.4.1 through
A.4.4.3 over their full height beneath the level at which
the discontinuity occurs if the factored axial
compressive force in these members, related to earthquake
effect, exceeds (Agf'c/lD).

Structural walls, diaphragms, and trusses
SCOPE

The requirements of this article apply to structural
walls and trusses serving as parts of the earthquake
force resisting systems as well as to diaphragms, struts,
ties, chords and collector members which transmit forces
induced by earthquake.

REINFORCEMENT

The reinforcement ratio, /)v, for structural walls shall
not be less than 0.0025 along the longitudinal and
transverse axes. Reinforcement spacing each way shall
not exceed 500 mm, Reinforcement provided for shear
strength shall be continuous and shall be distributed
across the shear plane.

At least two curtains of reinforcement shall be used in a
wall if the in-plane_factored shear force assigned to the
wall exceeds Acv Y} F’C/é.
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Structural-truss members, struts, ties, and collector
members with compressive stresses exceeding 0.2f'_ shall
have special transverse reinforcement, as specifﬁed in
Article A.4.4, over the total length of the member. The
special transverse reinforcement may be discontinued at a
section whee the calculated compressive stress is less
than 0.15f' . Stresses shall be calculated for the
factored forces using a linearly elastic model and
gross-section properties of the members considered.

All continuous reinforcement in structural walls,
diaphragms, trusses, struts, ties, chords, and collector
members shall be anchored or spliced in accordance with
the provisions for reinforcement in tension as specified
in Article A.6.4.

BOUNDARY MEMBERS FOR STRUCTURAL WALLS AND DIAPHRAGMS

Boundary members shall be provided at boundaries sadn
edges around openings of structural walls and diaphragms
for which the maximum extreme-fiber stress, corresponding
to factored forces including earthquake effect, exceeds
O.Zf'c unless the entire wall or diaphragm member is
reinforced to satisfy Articles A.4.4.1 through A.4.4.3.
The boundary member may be discontinued where the
calculated compressive stress is less than O.lSF'C.
Stresses shall be calculated for the factored forces
using a linerly elastic model and cross-section
properties.

Boundary members, where required, shall have transverse
reinforcement as specified in Articles A.4.4.1 through
A.4.4.3,

Boundary members of structural walls shall be propor-
tioned to carry all factored gravity loads on the wall,
including tributary loads and self-weight, as well as the
vertical force required to resist overturning moment
calculated from factored forces related to earthquake
effect.

Boundary members of structural diaphragms shall be
proportioned to resist the sum of the compressive force
acting in the plane of the diaphragm and the force
obtained from dividing the factored moment at the section
by the distance between the edges of the diaphragm at
that section.

Transverse reinforcement in walls, with boundary members
shall be anchored within the confined core of the
boundary member to develop the yield stress in tension of
the transverse reinforcement.
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CONSTRUCTION JOINTS

All construction joints in walls and diaphragms shall
conform to Article 6.4 and contact surfaces shall be
roughened as specified in Article 11.7.9.

Joints of frames
GENERAL REQUIREMENTS

Forces in longitudinal beam reinforcement at the joint
face shall be determined by assuming that the stress in
the flexural tensile reinforcement is 1.25f .

Strength of the joint shall be governed by the
appropriate strength reduction factors specified in
Article 9.3.

Beam longitudinal reinforcement terminated in a column
shall be extended to the far face of the confined column
core and anchored in tension according to Article A.6.4
and in compression according to Chapter 12.

TRANSVERSE REINFORCEMENT

Transverse hoop reinforcement, as specified in Article
A.4.4 shall be provided within the joint, unless the
joint is confined by structural members as specified in
Article A.6.2.2.

Within the depth of the shallowest framing member,
transverse reinforcement equal to at least one-half the
amount required by Article A.4.4.1 shall be provided
where members frame into all four sides of the joint and
where each member width is at least three-fourths the
columns width.

Transverse reinforement as required by Article A.4.4
shall be provided through the joint to provide
confinement for longitudinal beam reinforcement outside
the column core if such confinement is not provided by a
beam framing into the joint.

SHEAR STRENGTH
The nominal shear strength of the joint shall be assumed

not to exceed the forces specified below for normal
density-aggregate concrete.

For confined joint l.7l?£1 A
f-‘l

for others 1.5 Cpd

cJ
where A. is the minimum cross-sectional area of the joint
in a ane parallel to the axis of the reinforcement

generating the shear force.
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A joint is considered to be confined if members frame
into all vertical faces of the joint and if at least
three-quarters of each face of the joint is covered by
the framing member.

For low-density-aggregate concrete, the nominal shear
strength of the joint shall not exceed three-quarters of
the limits given in Article A.6.3.1.

DEVELOPMENT LENGTH OF BARS IN TENSION

The development length, ld sy for a bar with a standard
90-deg hook in normal density-aggregate concrete shall
not be less than Bdb, 150 mm, and the length required by
Eq. (A-5).

- ' -
1 ah = fydb/5.4 \/r . (A-5)

for bar sizes through number 10 and number 35.

for low-density-aggregate concrete, the development
length for a bar with a standard 90-deg hook shall not be
less than 10 db’ 190 mm, and 1.25 times that required by
Eq. (A-5).

The 90-deg hook shall be located within the confined core
of a column or of a boundary member.

For bar sizes no. 10 through no. 35, the development
length, 1,, for a straight bar shall not be less than
(a) two—anéLa-halF (2.5) times the length required by
Article A.6.4.1 if the depth of the concrete cast in one
lift beneath the bar does not exceed 300 mm and (b)
three-and-a-half (3.5) times the length required by
Article A.6.4.1 if the depth of the concrete cast in one
1ift beneath the bar exceeds 300 mm.

Straight bars terminated at a joint shall pass through
the confined core of a column or of a boundary member.
Any portion of the straight embedment length not within
the confined core shall be increased by a factor of 1.6.

Shear-strength requirements

DESIGN FORCES

Frame members subjected primarily to bending

The design shear force, Voo shall be determined from
consideration of the statical forces on the portion of
the member between faces of the joints. It shall be

assumed that moments of opposite sign corresponding to
probable strength act at the joint faces and that the
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member is loaded with the factored tributary gravity load
along its span. The moments corresponding to probable
strength shall be calculated using the properties of the
member at the joint faces without strength reduction
factors and assuming that the stress in the tensile
reinforcement is equal to at least l.25Fy-

Frame members subjected to combined bending and axial
load

The design shear force, V_, shall be determined from
consideration of the forcés on the member, with the
nominal moment strengths calculated for the factored
axial compressive force resulting in the largest moment,
acting at the faces of the joints.

Structural walls, diaphragms and trusses

The design shear force, Vu’ shall be obtained from the
lateral load analysis in "accordance with the factored
loads and combinations specified in Article 9.2.

TRANSVERSE REINFORCEMENT IN FRAME MEMBERS

For determining the required transverse reinforcement in
frame members in which the earthquake-induced shear force
calculated in accordance with Article A.7.1.1 represent
one-half or more of total design shear, the quantity V
shall be assumed to be zero of the factored axial
compressive force including earthquake effects is less
than (Agf'c/ZD).

Stirrups or ties required to resist shear shall be hoops
over lengths of members as specified in Articles A.3.3,
A.4.4 and A.6.2.

SHEAR STRENGTH OF STRUCTURAL WALLS AND DIAPHRAGMS

Nominal shear strength of structural walls and diaphragms
shall be determined using either Article A.7.3.2 or
A.7.3.3.

Nominal shear strength, Vn’ of structural walls and
diaphragms shall be assumed not to exceed the shear force
calculated from

Vo= A, [( \/r_'c/s +,any)] (A-6)

For walls (diaphragms) and wall (diaphragm) segments
having a ratio of (h /1 ) less than 2.0, nominal shear
strength of wall (digﬁhg%gm) may be determined from Eg.
(A-7).

v o= ACV(Q(;\/;'_C +P,f) (A-7)
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where the coefficient (¥ varies linearly from 1/4 for
(h,/1,) = 1.5 to 1/6 for {h /1) = 2.0

In Article A.7.3.3, value of ratio (hw/lw) used for
determining V_ for segments of a wall or diaphragm shall
be the larger of the ratios for the entire wall
(diaphragm) and the segment of wall (diaphragm)
considered.

Walls (diaphragms) shall have distributed shear

reinforcement providing resistance in two orthogonal

directions in the plane of the wall (diaphragm). If the

ratio (h /1 ) does not exceed 2.0, reinforcement ratio,
ﬁk shall nbt be less than reinforcement ratio[%f

Nominal shear strength of all wall piers sharing a common
lateral force shall not be assumed to exceed ZACV'VF’ /3
where Ac is the total cross-sectional area ‘and FEhe
nominal Shear strength of any one of the individual wall
piers shall not be assumed to exceed 5A \E: /6 where A

. PV F .cp
represents the cross-sectional area” o the pie
considered.

Nominal shear strength of horizontal wall segments shall
not be assumed to exceed 5A, Yf' /6 where A__ represents
the cross-sectional area of 8 horizontal walfpsegment.

Frame members not proportioned to resist forces induced
by earthquake motions

All frame members assumed not to be part of the lateral
force resisting system shall be investigated and shown to
be adequate for vertical load carrying capacity with the
structure assumed to have deformed laterally twice that
calculated for the factored lateral forces. Such member
shall satisfy the minimum-reinforcement requirements
specified in Articles A.3.2.1 and A.5.2.1 as well as
those specified in Chapter 7, 10 and 11.

All frame members with factored axial compressive forces
exceeding(A f'C/lO) shall satisfy the following special
requirementg unless they comply with Article A.4.4.

Ties shall have 135-deg hooks with extensions not less
than six tie-bar diameters or 60 mm. Cross-ties, as
defined in this Appendix, may be used.

The maximum tie spacing shall be s, over a length l0
measured from the joint face. The Spacing s_ shall be
not more than (a) eight diameters of the smallest
longitudinal bar enclosed, (b) 24 tie-bar diameters, and
(¢) one-half the least cross-sectional dimension of the
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column. The length 1 ~shall not be less than (a)
one-sixth of the clear "height of the column, (b) the

maximum cross-sectional dimension of the column, and (c)
500 mm.

The first shall be within a distance equal to 0.5s_ from
the face of the joint. °

The tie spacing shall not exceed 230 in any part of the
column.

Requirements for frames in regions of moderate seismic
risk.

In regions of moderate seismic risk, structural frames
proportioned to resist forces induced by earthquake
motions shall satisfy the requirements of Article A.9 in
addition to those of Chapter 1 through 18.

Reinforcement details in a frame member shall satisfy
Article A.9.4 if the factored compressive axial load for
the member does not exceed (A f' /10). If the factored
compressive axial load is lé%gé%, frame reinforcement
details shall satisfy Article A.9.5 unless the member has
spiral reinforcement according to Eq. (10-5). If a
two-way slab system without beams is treated as part of a
frame resisting earthquake effect, reinforcement details
in any span resisting moments caused by lateral force
shall satisfy Article A.9.6.

Design shear strength of beams, columns, and two-way
slabs resisting earthquake effect shall not be less than
either (a) the sum of the shear associated with
development of nominal moment strengths of the member at
each restrained end of the clear span and the shear
calculated for factored gravity loads or (b) the maximum
shear obtained from design 1load combinations which
include earthquake effect E, with E assumed to be twice
that prescribed by the governing code for earthquake-
resistant design.

BEAMS

The positive-moment strength at the face of the joint
shall be not less than one-third the negative moment
strength provided at that face of the joint. Neither the
negative- nor the positive-moment strength at any section
along the length of the member shall be less than
one-fifth the maximum moment strength provided at the
face of either joint.
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At both ends of the member, stirrups shall be provided
over lengths equal to twice the member depth measured
from the face of the supporting member toward mid-span.
The first stirrup shall be located at not more than 500
mm from the face of the supporting member. Maximum
stirrup spacing shall not exceed (a)d/4, (b) eight times
the diameter of the smallest longitudinal bar enclosed,
(c) 24 times the diameter of the stirrup bar, and (d) 300
mm,

Stirrups shall be placed at not more than d/2 throughout
the length of the member.

COLUMNS

Maximum tie spacing shall not exceed s over a length 1

measured from the joint face. Spacing s_ shall not excee

(a) eight times the diameter of the smallest longitudinal
bar enclosed, (b) 24 times the diameter of the tie bar,
(¢) one-half of the smallest cross-sectional dimension of
the frame member, and (d) 300 mm. Length 1_ shall not be
less than (a) one-sixth of the clear span of the member,
(b) maximum cross-sectional dimension of the member, and
(c) 500 mm.

The first tie shall be located at not more than 30/2 from
the joint face.

Joint reinforcement shall conform to Article 11.12.1.2.

Tie spacing shall not exceed twoce the spacing Sg*
TWO-WAY SLABS WITHOUT BEAMS

Factored slab moment at support related to earthquake
effect shall be determined for load combinations defined
by Eq. (9-2) and (9-3). All reinforcement provided to
resist MS, the portion of slab moment balanced by support
moment, "shall be placed within the column strip defined

in Article 13.2.1.

The fraction, defined by Eq. (13-1), or moment M shall
be resisted by reinforcement placed within the effective
width specified in Article 13.3.3.2.

Not less than one-half of the reinforcement in the column
strip at support shall be placed within the effective
slab width specified in Article 13.3.3.2.

Not less than one-quarter of the top reinforcement at the
support in the column strip shall be continuous
throughout the span.
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Continuous bottom reinforcement in the columns strip
shall be not less than one-third of the top reinforcement
at the support in the column strip.

Not less than one-half of all bottom reinforcement at
mid-span shall be continous and shall develop its yield
strength at face of support as defined in Article
13.6.2.5.

At discontinous edges of the slab all top and bottom
reinforcement at support shall be developed at the face
of support as defined in Article 13.6.2.5.

Cantilevered and coupled shear walls

In ductile structures where lateral earthquake laods are
resisted by a system of cantilever or coupled shear walls
allowance shall be made for the dynamic magnification of
shear forces. (See Reference).

Also, the energy dissipation of all types of shear walls
will be mainly through flexural yielding. "Squat" Shear
walls should be detailed to behave as ductile resisting
system.

Ref. NZS 4203 -~ Shear Wall Structures

All walls to which lateral earthquake load is assigned
shall be designed to be capable of dissipating seismic
energy by flexural yielding.

Appropriately modified capacity design procedures shall
be used to ensure that the ideal shear strength of walls
is in excess of the shear force when flexural over-
strength is reached.

When two or more cantilever walls are interconnected in
the same plane at intervals by substantial ductile beams,
part of the seismic energy to be dissipated shall be
assigned to the coupling system. Capacity design
procedures shall be used to ensure that the energy
dissipation in the coupling system can be maintained at
its flexural overstrength.
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APPENDIX B - ALTERNATE DESIGN METHOD

B.0

Notation

Some notation definitions are modified from that.in Fhe
main body of the Code for specific use in the application
of Appendix B.

A
g

AL

- 2
gross area of section, mm
loaded area
maximum area of the portion of the supporting
surface that is geometrically similar to and
concentric with the loaded area
area of shear reinforcement within a distance s, mm2

width of compression face of member, mm

perimeter of critical section for slabs and
footings, mm

web width, or diameter of circular section, mm

distance from extreme compression fibre to centroid
of tension reinforcement

modulus of elasticity of concrete, MPa. See Article
8.5.1

modulus of elasticity of reinforcement, MPa. See
Article 8.5.2

specified compressive strength of concrete, MPa.
See Chapter 4

square root of specified compressive strength of
concrete, MPa

average splitting tensile strength of lightweight
aggregate concrete, MPa. See Article 4.1.4

permissible tensile stress in reinforcement, MPa

specified yield strength of reinforcement, MPa. See
Article 3.5.3

design moment

modular ratio of elasticity
£/,

design axial load normal to cross-section occurring
simultaneously with V; to be taken as positive for
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compression, negative for tension, and to include
effects of tension due to creep and shrinkage

s spacing of shear reinforcement in direction parallel
to longitudinal reinforcement, mm

v design shear stress

v permissible shear stress carried by concrete, MPa
Vh permissible horizontal shéar stress, MPa

v design shear force at section

QX angle between inclined stirrups and longitudinal
axis of member

ASL ratio of long side to short side of concentrated

load or reaction area

ﬁ) ratio of tension reinforcement
AS/bd

i strength reduction factor. See Article B.2.1
Scope

Non-pre-stressed reinforced concrete members may be
designed using service loads (without load factors) and
permissible service load stresses in accordance with
provisions of Appendix B.

For design of members not covered by Appendix B,
appropriate provisions of this Code shall apply.

All applicable provisions of this Code for non-pre-
stressed concrete, except Article 8.4, shall apply to
members designed by the Alternate Design Method.

Flexural members shall meet requirements for deflection
control in Article 9.5, and requirements of Articles 10.4
through 10.7 of this Code.

General

Load factors and strength reduction factors f§ shall be
taken as unity for members designed by the Alternate
Design Method.

Members may be proportioned for 75 percent of capacities
required by other parts of Appendix B when considering
wind or earthquake forces combined with other loads,
provided the resulting section is not less than that
required for the combination of dead and live load.
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When dead load reduces effects of other loads, members
shall be designed for 85 percent of dead load in
combination with the other loads.

Permissible service load stresses
Stresses in concrete shall not exceed the following:

(a) Flexure
Extreme fibre stress
in compression...eseeseerccenccncnnns «++0.45 F'C

(b) Shear*
Beams and one-way slabs
and footings:
Shear carried by concrete, v .ecove.. ' /11
. ; c c

Maximum shear carried by
concrete plus shear
reinforcement c..vieeecenneens Vo + 3 f'C/B

Joists**
Shear carried by concrete,
V ® ¢ 9000000000000 4 0 0 0000002000000 F'C/lo

Two-way slabs and footings:
Shear carried by concrete,

VR i iitietttttnrneneaes 1 + 2 f! /12
c c

o]

but not greater than fr./6

(c) Bearing on loaded area®***¥*,..,.........o.... 0.3f"

For more detailed calculation of shear stress carried by
concrete v_ and shear values for low-density aggregate
concrete, see Article B.7.4

Designed in accordance with Article 8.11 of this Code.

If shear reinforcement is provide see Article B.7.7.4 and
B.7.7.5

When the supporting surface is wider on all sides than
the loaded area, permissible bearing stress on the loaded
area may be multiplied by VA2/A but not more than 2.
When the supporting surface is sloped or stepped, A, may
be taken as the area of the lower base of the laTgest
frustum of a right pyramid or cone contained wholly
within the support and having for its upper base the
loaded area, and having side slopes of 1 vertical to 2
horizontal.
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Tensile stress in reinforcement f shall not exceed the
following: s

(a) Grade 300
reinforcement...coeieeasssnssssssseeesss 140 MPa
(b) Grade 400
reinforcement or greater and
welded wire fabric (smooth or
deformed) e veeeeeereeresnacsassssseasncns 170 MPa
(e) For flexural reinforcement,
10 mm or less in diameter, in
one-way slabs of not more than 0.50 f
4 M SpPAN,ceiteareantocsoscscensssessoscnnnas v
but not greater than 200 MPa

Development and splices of reinforcement

Development and splices of reinforcement shall be as
required in Chapter 12 of this Code.

In satisfying requirements of Article 12.11.3, M_ shall
be take as computed moment capacity assuming all ﬂasitive
moment tension reinforcement at the section to be
stressed to the permissible tensile stress f_, and V
shall be taken as unfactored shear force at the section.

Flexure

For investigation of stresses at service loads, straight
line theory (for flexure) shall be used with the
following assumptions.

Strains vary linearly as the distance from the neutral
axis, except, for deep flexural members with overall
depth-span ratios greater than 2/5 for continuous spans
and 4/5 for simple spans, a nonlinear distribution of
strain shall be considered. See Article 10.7 of this
Code.

Stress-strain relationship of concrete is a straight line
under service loads within permissible service load
stresses.

In reinforced concrete members, concrete resists no
tension.

Modular ratio, n = £ /E , may be taken as the nearest
whole number (but ?0t° less than 6). Except in
calculations for deflections, value of n for low-density
concrete shall be assumed to be the same as for normal
density concrete of the same strength.

SN EEEEEEEEEEEREEIEIEIEIEIEIE 2RI N IR R N RN I R R I I I I 2 B I I B I B I b BN b BN BN A B A ) )



B.5.5

B.6

B.6.1

B.6I2

B.6.3

B.7

B.7.1

B.7.2

B.7.3

B.7.4

B.7.4.1

185

In doubly reinforced flexural members, an effective
modular ratio of 2E _/E_ shall be used to transform
compression reinforcément for stress computations.
Compressive stress in such reinforcement shall not exceed
permissible tensile stress.

Compression members with or without flexure

Combined flexure and axial load capacity of compressign
members shall be taken as 40 percent of that computed in
accordance with provisions in Chapter 10 of this Code.

Slenderness effects shall be included according to
requirements of Article 10.10 and 10.11. In Eq. (10-7)
and (10-8) the term P shall be replaced by 2.5 times the
design axial load, and ¢ shall be taken equal to 1.0.

Walls shall be designed in accordance with Chapter 14 of
this Code with flexure and axial load capacities taken as
40 percent of that computed using Chapter 14. In Eq.
(14-1), @ shall be taken equal to 1.0.

Shear and torsion
Design shear stress v shall be computed by

vV = Vv (B-1)

where V is design shear force at section considered.

When the reaction, in direction of applied shear,
introduces compression into the end regions of a member,
sections located less than a distance d from face of
support may be designed for the same shear v as that
computed at a distance d.

Whenever applicable, effects of torsion, in accordance
with provisions of Chapter 11 of this Code, shall be
added. Shear and torsional moment strengths provided by
concrete and limiting maximum strengths for torsion shall
be taken as 55 percent of the values given in Chapter 11,

SHEAR STRESS CARRIED BY CONCRETE

For members subject to shear and flexure only, shear
stress carried by concrete v_ shall not exceed 1.1/f"

. c, . . . c
unless a more detailed calculation is made in accordancg
with Article B.7.4.4.
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For members subject to axial compression, shear stress
carried by concrete v_ shall not exceed \/f' /11 unless a

. c,. . -
more details calculation is made in accgrdance with

Article B.7.4.5.

FoF members subject to significant axial tension, shear
reinforcement shall be designed to carry total shear,
unless a more detailed calculation is made using

Vo= 1+ 0.6.N fr /11 (B-2)
A c
g
where N is negative for tension. Quantity N/A_ shall be
expressed in MPa. 9

For members subject to shear and flexure only, v_ may be
computed by ©

- 1
VC =( f C/12) + 9 y xd (B-3)

but v_ shall not exceed VFTC/7. Quantity Vd/M shall not
be taken greater than 1.0, where M is design moment
occurring simultaneously with V at section considered.

For members subject to axial compression, v, may be
computed by

v = 1+ N f'c/ll (B-4)
lOAg

Quantity N/Ag shall be expressed in MPa.

Shear stresses carried by concrete Ve apply to normal
density concrete. When low-density aggregate concrete is
used, one of the following modifications shall apply:

(a) When f is specified and concrete is proportioned
in accordance with Article 4.2, 1.8f , shall be
substituted for VF' , but the value of i.srct shall

not exceed Vf'c.

(b) When f_, is not specified, the value of VFTC shall
be multiplied by 0.75 for "all-low-density" concrete
and by 0.85 for "sand-low-density" concrete. Linear
interpolation may be applied when partial sand
replacement is used.

In determining shear stress carried by concrete v,
whenever applicable, effects of axial tension due to
creep and shrinkage in restrained members shall be
considered and effects of inclined flexural compression
in variable-depth members may be included.
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SHEAR STRESS CARRIED BY SHEAR REINFORCEMENT
Types of shear reinforcement

Shear reinforcement may consist of:

(a) Stirrups perpendicular to axis of member

(b) Welded wire fabric with wires located perpendicular
to axis of member making an angle of 45 deg or more
with longitudinal tension reinforcement

(c) Longitudinal reinformcement with bent portion making
an angle of 30 deg or more with longitudinal tension
reinforcement

(d) Combinations of stirrups and bent longitudinal
reinforcement

(e) Spirals

Design yield strength of shear reinforcement shall not
exceed 400 MPa.

Stirrups and other bars or wires used as shear
reinforcement shall extend to a distance d from extreme
compression fibre and shall be anchored at both ends
according to Article 12.13 of this Code to develop design
yield strength of reinforcement.

Spacing limits for shear reinforcement

Spacing of shear reinforcement placed perpendicular to
axis of member shall not exceed d/2, nor 600 mm.

Inclined stirrups and bent longitudinal reinforcement
shall be so spaced that every 45-deg line, extending
toward the reaction from mid-depth of member (d/2) to
longitudinal tension reinforcement shall be crossed by at
least one line of shear reinforcement.

When (v - v_) exceeds VET /6, maximum spacing given in
Articles B.7.5.4.1 and B.7.5.4.2 shall be reduced by
one-half,

Minimum shear reinforcement

A minimum area of shear reinforcement shall be provided
in all reinforced concrete flexural members where design
shear stress v is greater than one-half the permissible

shear stress Vo carried by concrete, except:

(a) Slabs and footings
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(b) Concrete joist construction defined by Article 8.11
of this Code.

(c) Beams with total depth not greater than 250 mm,
2-1/2 times thickness of flange, or one-half the
width of web, whichever is greatest.

Minimum shear reinforcement requirements of Article
B.7.5.5.1 may be waived if shown by test that required
ultimate flexural and shear strength can be developed
when shear reinforcement is omitted.

Where shear reinforcement is required by Article
B.7.5.5.1 or by analysis, minimum area of shear
reinforcement shall be computed by

bs
W
3f
y

A =

. (8-5)

where bw and s are in millimetres.
Design of shear reinforcement

Where design shear stress v exceeds shear stress carried
by concrete v_, shear reinforcement shall be provided in
accordance wifh Articles B.7.5.6.2 through B.7.5.6.8.

When shear reinforcement perpendicular to axis of member
is used,

(v - v)b
. - v-vbs (56)

fS

When inclined stirrups are used as shear reinforcement,
v - v )bs
( c) W

A = (B-7)
fs(sin + cos )

When shear reinforcement consists of a single bar or a
single group of parallel bars, all bent up at the same
distance from the support,

A (v - v )b d (B-8)
\" —_— W
F831n

where (v - vc) shall not exceed VF'C/S.
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When shear reinforcement consists of a series of parallel
bent-up bars or groups of parallel bent-up bars at
different distances from the support, required area shall
be computed by Eq. (B-7).

Only the centre three-quarters of the inclined portion of
any longitudinal bent bar shall be considered effective
for shear reinforcement.

When more than one type of shear reinforcement is used to
reinforce the same portion of a member, required area
shall be computed as the sum of the various types
separately. In such computations, Ve shall be included
only once.

Value of (v - v,) shall not exceed 3 V?TC/B.
SHEAR-FRICTION

Where it is appropriate to consider shear transfer across
a given plane such as an existing or potential crack, an
interface between dissimilar materials, or an interface
between two concretes cast at different times, shear-
friction provisions of Article 11.7 of this Code may be
applied, with limiting maximum stress for shear taken as
55 percent of that given in Article 11.7.5. Permissible
stress in shear-friction reinforcement shall be that
given in Article B.3.2.

SPECIAL PROVISIONS FOR SLABS AND FOOTINGS

Shear capacity of slabs and footings in the vicinity of
concentrated loads or reactions is governed by the more
severe of two conditions:

Beam action for slab or footing, with a critical section
extending in a plane across the entire width and located
at a distance d from face of concentrated load or
reaction area. Ffor this condition, the slab or footing
shall be designed in accordance with Articles B.7.1
through B.7.5.

Two-way action for slab or footing, with a critical
section perpendicular to plane of slab and located so
that its perimeter is a minimum, but need not approach
closer than d/2 to perimeter of concentrated load or
reaction area. For this condition, the slab or footing
shall be designed in accordance with Articles B.7.7.2 and
B.7.7.3.

Design shear stress v shall be computed by

vV = v (B=9)
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where V and b0 shall be taken at the critical section
defined in Article B.7.7.1.2.

Design shear stress v shall not exceed v_ given by Eq.
(B-10) unless shear reinforcement is proviaed.

ve= 1+ 2 f' /12 (8-10)
B
c
but v_ shall not exceed VF' /6. (3. is the ratio of long
side to short side of concentrated load or reaction area.
When low-density aggregate concrete is used, the
modifications of Article B.7.4.6 shall apply.

If shear reinforcement consisting of bars or wires is
provided in accordance with Article 11.11.3 of this Code,
Vo shall not exceed VF'C/lZ, and v shall not exceed
' /40
Vi c

If shear reinforcement consisting of steel I-or
channel-shaped sections (shearheads) is provided 1Iin
accordance with Article 11.11.4 of this Code, v on the
critical section defined in Article B.7.7.1.2 shall not
exceed 0.3 F'C, and v on the critical section defined in
Article 11.11.4.7 shall not exceed V?Tc/é- In Eq.
(11-38) and (11-39), design shear forcé V shall be
multiplied by 2 and substituted for V .

SPECIAL PROVISIONS FOR OTHER MEMBERS

For design of deep flexural members, brackets and
corbels, and walls, the special provisions of Sub-Section
11 of this Code shall be used, with shear strengths
provided by concrete and limiting maximum strengths for
shear taken as 55 percent of the values given in
Sub-Section 11. In Article 11.10.6, the design axial
load shall be multiplied by 1.2 if compression and 2.0 if
tension, and substituted for Nu'

COMPOSITE CONCRETE FLEXURAL MEMBERS

For design of composite concrete flexural members,
permissible horizontal shear stress v shall not exceed
55 percent of the horizontal shear g&rengths given in
Article 17.5.2 of this Code.
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APPENDIX C - NOTATION

a

ch

depth of equivalent rectangular stress block as
defined in Article 10.2.7. Sub-section 10 and
12,

shear span, distance between concentrated load
and face of support. Sub-section 11.

maximum deflection under test load of member
relative to a line joining the ends of the span,
or of the free end of a cantilever relative to
its support, mm. Sub-section 20.

deflection at x. Sub-section 9.

effective tension area of concrete surrounding
the flexural tension reinforcement and having the
same centroid as that reinforcemen}, divided by
the number of bars or wires, mm“. When the
flexural reinforcement consists of different bar
or wire sizes the numbers of bars or wires shall
be computed as the total area of reinforcement
divided by the area of the largest bar or wire
used. Sub-section 10.

area of that part of cross-section between
flexural tension face and center of gravity of
gross- section, mm~. Sub-section 18

area of individual bar, mm2. Sub-section 12

area of core of spirally reinforced compression
meaber measured to outside diameter of spiral,
mm~. Sub-gsection 10

area of concrete section resisting shear
transfer. Sub-section 11

area of contact sug{ace being investigated for
horizontal shear, mm~. Sub-section 17

arga of concrete at cross-section considered,
mm~. Sub-section 18

cross-sectional ara of a structural member
megsured out-to-out of transverse reinforcement,
mm~. Appendix A
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area of concrete section, resisting shear, of an
individual pier or horizontal wall segment, mm“.
Appendix A

net area of concrrete section bounded by web
thickness and length of section in the direction
of shear force considered, mm~. Appendix A

area of reinforcement in bracket or corbel
registing factored moment. (V. + N c(H - d)) ,
mm~ Sub-gsection 11 ua Y

gross area of section, mmz. Sub-sections 9, 10,
11, 14, and Appendixes A and B

area of shear reinforcem%pt parallel to flexural
tension reinforcement, mm“. Sub-section 11

minimum cross-sectional area within a joint in a
plane parallel to the axis of the reinforcement
generating the shear in the joint. Where a
girder frames into a support of larger width,
effective width of the joint shall be assumed not
to exceed,the width plus the overall depth of the
joint, mm~. Appendix A.

area of reinforcement in bgacket or corbel
resisting tensile force Nuc’ mm-. Sub-section 11

total area of ngitudinal reinforcement to
resist torsion, mm~. Sub-section 11

area of, pre-stressed reinforcement in tension
zone, mm . Sub-sections 11 and 18

arga of non-pre-stressed tension reinforcement,
mm~, Sub-sections 8, 9, 10, 11, 12, and 18

total cross-sectional area of transverse
reinforcement  (including cross-ties) within
spacing s and perpendicular to dimension h..
Appendix A

total area of longi%udinal reinforcement, (bars
or steel shapes), mm“. Sub-section 10

area of structural steel fhape, pipe, or tubing
in a composite section, mm“. Sub-section 10
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area of one leg of closed irrup resisting
torsion within a distance s, mm~. Sub-section 11

area of shear reinforcement within a distance s,
or area of shear reinforcement perpendicular to
flexural tension reinforcement wjthin a distance
s for deep flexural members, mm~. Sub-sections
11, 12, and Appendix B.

total cross-sectional area of shear reinforcement
within spacing, s, and perpendicul to longitu-
dinal axis of structural member, mm~. Appendix A
area of shear-friction reinforcement, mmz.
Sub-section 11

area of shear reinforcement parallel to flexurgl
tension reinforcement within a distance Spy MM,
Sub-section 11

area of an,individual wire to be developed or
spliced, mm®., Sub-section 12

loaded area. Sub-section 10 and Appendix B

maximum area of the portion of the supporting
surface that is geometrically similar to and
centric with the loaded area. Sub-section 10 and
Appendix B

width of compression face of member, mm.
Sub-sections 8,9,10,11,18 and Appendix B

effective  compressive flange width of a
structural member, mm. Appendix A

effective width of the section. Sub-section 9

perimeter of critical section for slabs and
footings, mm. Sub-section 11 and Appendix B

width of that part of cross-section containing
the closed stirrups resisting torsion.
Sub-section 11

width of cross-section at contact surface being

investigated for horizontal shear. Sub-section
17

web width, or diameter of circular section, mm.
Sub-sections 11, 12, and Appendix B
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distance from extreme compression fibre to
neutral axis, mm. Sub-section 10

size of rectangular or equivalent rectangular
column, captial, or bracket measured in the
direction of the span for which moments are being
determined, mm. Sub-sections 11 and 13

size of rectangular or equivalent rectangular
column, captial, or bracket measured transverse
to the direction of the span for which moments
are being detemined, mm. Sub-sections 11 and 13

cross-section constant to define torsional
properties. See Eq. (13-7) Sub-section 13

a factor relating actual moment diagram to an

equivalent uniform moment diagram. Sub-section
10

factor relating shear and torsional stress
properties. Sub-section 11

b. d
W
22y

distance from extreme compression fibre to
centroid of tension reinforcement, mm .
Sub-section 7, 8, 10, 12, 13 and Appendix B

distance from extreme compression fiber to
centroid of non-pre-stressed tension
reinforcement, mm. Sub-section 18.

distance from extreme compression fibre to
centroid of longitudinal tension reinforcement,
but need not be less than 0.80h for pre-stressed
members, mm. (For circular sections, d need not
be less than the distance from extreme
compression fibre to centroid of tension
reinforcement in opposite half of member).
Sub-section 11

distance from extreme compression fibre to
centroid of tension reinforcement Ffor entire
composite section, mm. Sub-section 17

effective depth of section. Appendix A
distance from extreme compression fibre to

centroid of compression reinforcement, mm.
Sub-sections 9 and 18
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nominal diameter of bar, wire, or pre-stressing
strand, mm., Sub-sections 7 and 12

nominal diameter of bar, mm. Sub-section 3 and
Appendix A

thickness of concrete cover measured from extreme
tension fibre to centre of bar or wire located
closest thereto, mm. Sub-section 10

thickness of cover to the centre of the first
layer of bar in mm. Sub-section 9

diameter of pile at footing base. Sub-section 15
distance from extreme compression fibre to
centroid of pre-stressed reinforcement.

Sub-section 18

distance from extreme tension fibre to centroid
of tension reinforcement, mm. Sub~section 9

dead loads, or related internal moments and
forces. Sub-sections 9, 18, and 20

base of Napierian logarithms. Sub-section 18

load effects of earthquake, or related internal
moments and forces. Sub-section 9 and Appendix A

modulus of elasticity of concrete, MPa. See
Article 8.5.1. Sub-sections 8, 9, 10, and 19 and
Appendix B

modulus of elasticity of concrete. Sub-section 9

modulus of elasticity of beam concrete.
Sub-section 13

modulus of elasticity of column concrete.
Sub-section 13

modulus of  elasticity of slab concrete.
Sub-section 13

flexural stiffness of compression member. See
Eq. (10-10) and (10-11). Sub-section 10

modulus of elasticity of reinforcement, MPa. See
Article 8.5.2 or 8.5.3. Sub-sections 8, 10 and
Appendix B

Modulus of elasticity of steel. Sub-section 9
specified compressive strength of concrete, MPa.

Sub-sections 4, 8, 9, 10, 11, 12, 14, 18, 19 and
Appendixes A and B
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required average compressive strength of concrete
used as the basis for selection of concrete
proportions, MPa. Sub-section 4

square root of specified compressive strength of
concrete, MPa. Sub-sections 9, 11, 12, 15, 18,
19 and Appendix B

compressive strength of concrete at time of
initial pre-stress, MPa. Sub-section 18

square root of compressive strength of concrete
at time of initial pre-stress, MPa. Sub-section
18

average splitting tensile strength of lightweight
aggregate concrete, MPa. Sub-sections 4, 9, 11,
12, and Appendix B

stress due to unfactored dead lcad, at extreme
fibre of section where tensile stress is caused
by externally applied loads, MPa. Sub-section 11

compressive stress in concrete (after allowance
for all pre-stress losses) at centroid of cross-
section resisting externally applied loads or at
Junction of web and flange when the centroid lies
within the flange, MPa. (In a composite member,
f is resultant compressive stress at centroid
o?ccomposite section, or at junction of web and
flange when the centroid lies within the flange,
due to both pre-stress and moments resisted by
pre-cast member acting alone). Sub-section 11

average compressive stress in concrete due to
effective pre-stress force only (after allowance
for all pre-stress losses,) MPa. Sub-section 18

compressive stress in concrete due to effective
pre-stress forces only (after allowance for all
pre-stress losses) at extreme fibre of section
where tensile stress is caused by externally
applied loads, MPa. Sub-section 11

stress in pre-stressed reinforcement at nominal
strength. See text for units. Sub-sections 12
and 18
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specified tensile strength of pre-stressing
tendons, MPa. Sub-sections 11 and 18

specified yield strength of pre-stressing
tendons, MPa. Sub-section 18

modulus of rupture of concrete, MPa.
Sub-sections 9 and 18

calcualted stress in reinforcement at service
loads, MPa. Sub-section 10

permissible tensile stress in reinforcement, MPa.
Appendix B

service stress. Sub-section 9

effective stress in pre-stressed reinforcement
(after allowance for all pre-stress losses). See
text for units. Sub-sections 12 and 18

specified yield strength of non-pre-stressed
renforcement, MPa. Sub-sections 3, 7, 8, 9, 10,
11, 12, 18, 19, and Appendixes A and B

specified yeild strength of transverse
reinforcement, MPa. Appendix A

loads due to weight and pressures of fluids with
well-defined densities and controllable maximum
heights, or related internal moments and forces.
Sub-section 9

overall thickness of member, mm. Sub-sections 9,
10, 11, 12, 13, 14, 18, 20 and Appendix A

thickness of shell or folded plate, mm.
Sub-section 19

cross-sectional dimension of column core measured
centre~-to-centre of confining reinforcement
Appendix A

total depth of shearhead cross-section, mm.
Sub-section 11

total height of wall from base to top, mm.
Sub-~section 11

height of entire wall (diaphragm) or of the
segment of wall (diaphragm) considered. Appendix
A
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loads due to height and pressure of soil, water
in soil, or to other materials, or related
internal moments and forces. Sub-section 9

moment of inertia of section resisting externally
applied factored loads. Sub-section 11

moment of inertia about centroidal axis of gross
section of beam as defined in Section 13.2.4
Sub-section 13

moment of inertia of gross section of column.
Sub-section 13

moment of inertia of cracked section transferred
to concrete. Sub-section 9

effective moment of inertia for computation of
deflection. Sub-section 9.

moment of inertia of gross concrete section about
centoridal axis, neglecting reinforcement.
Sub-sections 9 and 10

moment of inertia about centoridal axis of gross
section of slab

h3/12 times width of slab defined in notations
and Sub-section 13

moment of inertia of reinforcement about
centroidal axis of member cross-section.
Sub-section 10

moment of inertia of structural steel shape,
pipe, or tubing about centroidal axis of
composite member cross-section. Sub-section 10

effective length factor. Sub-section 14

wobble friction coefficient per meter of
pre-stressing tendon. Sub-section 18

flexural stiffness of beam; moment per unit
rotation. Sub-section 13

constant depending on shape of bending moment
diagram. Sub-section 9

flexural stiffness of beam; moment per wunit
rotation. Sub-section 13

flexural stiffness of column; moment per unit
rotation. Sub-section 13

| 200 T I I S |

IR I IR I IR R IR IR N DR N N N N N 2 1 i 2 2 I R I 2 T R T N 2O D I T D R D RS T RS R B RN N BN BN BN DN N DN BN BN DN )



dh

dh

hb

199

flexural stiffness of slab; moment per unit
rotation. Sub-section 13

torsional stiffness of torsional member; moment
per unit rotation. Sub-section 13

span length of beam or one-way slab, as defined
in section 8.7; clear projection of cantilever,
mm. Sub-section 9

length of span of two-way flat plates in
direction parallel to that of the reinforcement
being determined, mm. See Eq. (18-8). Sub-section
18

additional embedment length at support or at
point of inflection, mm. Sub-section 12

vertical distance between supports, mm .
Sub-gection 14

development length, mm. Sub-sections 7, 12 and
Appendix A

development length of standard hook in tension,
measured from critical section to outside end of
hook (straight embedment length between critical
section and start of hook (point of tangency)
plus redius of bend and one bar diameter), mm

lh X applicable modification factors.
Sue—section 12

development length for a bar with a standard hook
as defined in Eq. (A~5). Appendix A

basic development length of standard hook in
tension, mm. Sub-section 12

clear span for positive moment or shear and
average of adjacent clear spans for negative
moment. Sub-section 8

clear span measured face-to-face of supports
Sub-section 11

length of clear span in long direction of two-way
construction, measured face-to-face of supports
in slabs without beams and face-to-face of beams
or other supports in other cases. Sub-section 9
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length of clear span in direction that moments
are being determined, measured face-to-face of
supports. Sub-section 13

minimum length, measured from joint face along
axis of structural member, over which transverse
reinforcement must be provided, mm. Appendix A

span of member under load test (shorter span of
flat slabs and of slabs supported on four sides).
Span of member, except as provided in Article
20.4.9, is distance between centres of supports
or clear distance between supports plus depth of
member, whichever is smaller, mm. Sub-section 20

unsupported length of  compression  member.
Sub-section 10

length shearhead arm from centroid of

concentrated load or reaction, mm. Sub-section
11

horizontal length of wall, mm. Sub-section 11

length of entire wall (diaphragm) or a segment of
wall (diaphragm) considered in direction of shear
force. Appendix A

length of pre-stressing tendon element from
jacking end to any point x, m. See Eq. (18-1)
and (18-2). Sub-section 18

length of span in direction that moments are
being determined, measured center-to-center of
supports. Sub-section 13

length of span transverse to 1,, measured
centre-to~-centre of supports. See aﬁso Articles
13.6.2.3 and 13.6.2.4. Sub-section 13

live loads, or related internal moments and
forces. Sub-sections 9, 18 and 20

design moment. Appendix B

maximum moment in member at stage deflection is
computed. Sub-section 9

factored moment to be wused for design of
compression member. Sub-section 10

| 20 I I I B |

IR I I IR N R N0 N 2 I I 200 2 2 T T R 2 D R BN T N R R D T N IO R R R T T T B B RN TN TN B BN BN



cr

cr

2b

2s

201

cracking moment. See Article 9.5.2.3.
Sub-section 9

moment causing flexural cracking at section due
to externally applied loads. See Article
11.4.2.1. Sub-section 11

modified moment. Sub-section 11

maximum factored moment at section due to
externally applied loads. Sub-section 11

total factored static moment. Sub-section 13

nominal moment strength at section, Nm.
Sub-section 12

Asfy(d - a/2)

required plastic moment strength of shearhead
cross-section. Sub-section 11

portion of slab moment balanced by support
moment. Appendix A

factored moment at section. Sub-section 11

moment resistance contributed by shearhead
reinforcement. Sub-section 11

value of smaller factored end moment on
compression member due to the loads that result
in no appreciable sidesway, calculated by
conventional elastic frame analysis, positive if
member is bent in single curvature, negative if
bent in double curvature. Sub-section 10

value of larger factored end moment on
compression member due to loads that result in
appreciable sidesway calculated by conventional
elastic frame analysis. Sub-section 10

value of larger factored end moment on
compression member due to loads that result in
appreciable sidesway calculated by conventional
elastic frame analysis. Chapter 10

modular ratio of elasticity. Appendix B.
E_/E
s’ "¢

design axial load normal to cross-section
occurring simultaneously with V; to be taken as
positive for compression, negative for tension,
and to include effects of tension due to creep
and shrinkage. Appendix B
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tensile force in concrete due to unfactored dead
load plus live load (D + L). Sub-section 18

factored axial 1load normal to cross-section
occurring simultaneously with Vu; to be taken as
positive for compression, negative for tension,a
dn to include effects of tension due to creep and
shrinkage. Sub-section 11

factored tensile force applied at top of bracket
or corbel acting simultaneously with Vu’ to be
taken as positive for tension. Sub-section 11
nominal axial load strength at balanced strain
conditions. See Article 10.3.2. Sub-sections 9
and 10

critical load. See Eq. (10-9). Sub-section 10

nominal axial load strength at given
eccentricity. Sub-sections 9 and 10

nominal axial load strength at zero eccentricity.
Sub-section 10

coefficient which depends on the percentages of
tension and compression steel. Sub-section 9

pre-stressing tendon force at jacking end.
Sub-section 18

factored axial load at given eccentricity S_ﬂPn.
Sub-sections 9 and 10

nominal axial load strength of wall designed by
Article 14.4. Sub-section 14

pre-stressing tendon force at any point x.
Sub-section 18

radius of gyration of cross-section of a
compression member. Sub-section 10

Curvature at midspan, for cantilevers at the
support return. Sub-section 9

Shrinkage curvature. Sub-section 9
Curvature at x. Sub-section 9
curvature at z. Sub-section 9

standard deviation, MPa. Sub-section 4
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spacing of shear or torsion reinforcement in
direction parallel to longitudinal reiforcement,
mm. Sub-section 11

spacing of stirrups or ties, mm. Sub-section 12

spacing of transverse reinforcement measured
along the longitudinal axis of the structural
member, mm. Appendix A

spacing of shear reinforcement in direction
parallel to longitudinal reinforcement, mm.
Appendix B

maximum spacing of transverse reinforcement, mm.
Appendix A

spacing of wire to be developed or spliced, mm.
Sub-section 12

spacing of vertical reinforcement in wall, mm.
Sub-section 11

spacing of shear or torsion reinforcement in
direction perpendicular to longitudinal
reinforcement - or spacing of horizontal
reinforcement in wall, mm. Sub-section 11

cumulative effects of temperatures, creep,
shrinkage, and differential settlement.
Sub-section 9

nominal torsional moment strength provided by
concrete. Sub-section 11

nominal torsional moment strength. Sub-section
11

nominal torsional moment strength provided by
torsion reinforcement. See Article 11.6.8.3.
Sub-section 11

factored torsional moment at section.
Sub-section 11

required strength to resist factored loads or
related internal moments and forces. Sub-section
9

redesign shear stress. Appendix B

permissible shear stress carried by concrete,
MPa. Sub-section 11 and Appendix B
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permissible  horizontal shear stress, MPa.
Appendix B

design shear force at section. Appendix B

nominal shear strength provided by concrete.
Sub-sections 8, 11 and Appendix A

nominal shear strength provided by concrete when
diagonal cracking results from combined shear and
moment. Sub-section 1l

nominal shear strength provided by concrete when
diagonal cracking results from excessive
principal tensile stress in web. Sub-section 11

shear force at section due to unfactored dead
load. Sub-section 11

design shear force determined from Article
A.7.1.1 or A.7.1.2. Appendix A

factored shear force at section due to externally
applied loads occurring simultaneously with M

Sub-section 11 max
nominal shear strength. Sub-section 11 and
Appendix A

nominal horizontal shear strength. Sub-section
17

vertical component of effective pre-stress force
at section. Sub-section 11

nominal shear strength provided by shear
reinforcement. Sub-section 11

factored shear force at section. Sub-sections
11, 12, and 17, and Appendix A

mass of concrete, kg/mz. Sub-sections 8 and 9
factored dead load per unit area. Sub-section 13
factored live load per unit area. Sub-section 13

factored load per unit length of beam or per unit
area of slab. Sub-section 8

factored load per unit area. Sub-section 13

wind 1load, or related internal moments and
forces. Sub-section 9
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shorter overall dimension of rectangular part of
cross-section. Sub-sections 11 and 13

shorter centre-to-centre dimension of closed
rectangular stirrup. Sub-section 11

longer overall dimension of rectangular part of
cross-section. Sub-sections 11 and 13

distance from centroidal axis of gross section,
neglecting reinforcement, to extreme fibre in
tension. Sub-sections 9 and 11

longer centre-to-centre dimension of closed
rectangular stirrup. Sub-section 11

quantity limiting distribution of flexural
reinforcement. See Article 10.6 Sub-section 10.

angle between inclined stirrups and longitudinal
axis of member. Sub-section 11 and Appendix B.

total angular change of pre-stressing tendon
profile in radians from tendon jacking end to any
point x. Sub-section 18

ratio of flexural stiffness of beam section to
flexural stiffness of a width of slab bounded
laterally by centerlines of adjacent panels (if
any) on each side of the beam. Sub-sections 9
and 13

Ecblb

E I

cs's
ratio of flexural stiffness f columns above and
below the slab to combined flexural stiffness of
the slabs and beams at a joint taken in the

direction of the span for which moments are being
determined. Sub-section 13.

2 Ko
2 (K, + K,)

coefficient defining the relative contribution of
concrete strength to wall strength. See Egq. (A-7)
Appendix A

angle between shear-friction reinforcement and
shear plane. Sub-section 11

average value of (¥ for all beams on edges of a
panel. Sub-section 9
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minimum (X  to satisfy Article 13.6.10(a).
Sub-section 1

coefficient as a function of yl/xl. See Article
11.6.10.1 Sub-section 11

ratio of stiffness of shearhead arm to
surrounding composite slab section. See Article
11.11.4.5. Sub-section 11

in direction of ll- Sub-section 13

in direction of 12. Sub-section 13
ratio of clear spans in long to short direction
of two-way slabs. Sub-section 9

ratio of long side to short side of footing.
Sub-section 15

depth factor

ratio of dead load per unit area to live load per
unit area (in each case without load factors).
Sub-section 13

ratio of area of reinforcement cut off to total
area of tension vreinforcement at section.
Sub-section 12

ratio of long side to short side of concentrated
load or reaction area. Sub-section 11 and Appendix
B

absolute value of ratioc of maximum factored dead
load moment to maximum factored total load moment,
always positive. Sub-section 10

ratio of length of continuous edges total perimeter
of a slab panel. Sub-section 9

ratio of torsional stiffness of edge beam section
to flexural stiffness of a width of slab equal to
span length of beam, centre-to-centre of supports.
Sub-section 13

E ol
2 I
CS S

factor defined in Articles 10.2.7.3. Sub-sections
8 and 10

factor defined in Article 10.2.7.1 Sub~section 18
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fraction of unbalanced moment transferred by
flexure at slab-column connections. See Article
13.3.3.2 Sub-sections 11 and 13

factor for type of pre-stressing tendon.
Sub-section 18

0.40 for f_ /f not less than 0.85
py’ pu

0.28 f not less than 0.90
or fpy/fpu

fraction of unbalanced moment transferred by
eccentricity of shear at slab-column connections.
See Article 11.12.2.3 Sub-section 11

1-7

moment maginification factor for frames braced
against sidesway, to reflect effects of member
curvature between ends of compression member.
Sub-section 10

moment magnification factor for frames not braced
against sidesway, to reflect lateral drift
resulting from lateral and gravity loads.
Sub-section 10

factor defined by Eq. (13-5). See Article 13.6.10.
Sub-section 13

free shrinkage strain. Sub-section 9

number of identical arms of shearhead.
Sub-section 11

multiplier for additional long-time deflection as
defined in Article 9.5.2.5. Sub-section 9

correction factor related to unit mass of
concrete. Sub-section 11

coefficient of friction. See Article 11.7.4.3
Sub-section 11

curvature friction coefficient. Sub-section 18

time-dependent factor for sustained load. See
Article 9.5.2.5 Sub-section 9

ratio of non-pre-stressed tension reinforcement.
Sub-sections 8, 10, 11, 18 and Appendixes A and B
A_/bd

s

ratio of non-pre-stressed compression
reinforcement. Sub-section 8
A'S/bd
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reinforcement ratio for non-pre-stressed
compression reinforcement, A's/bd. Sub-section 9

ratio of compression reinforcement. Sub-section 18
A'_/bd
s

reinforcement ratio producing balanced strain
conditions. See Article 10.3.2 Sub-sections 8
and 10

ratio of total reinforcement area to
cross-sectional area of column. Appendix A

ratio of horizontal shear reinforcement area to
gross concrete area of vertical section.
Sub-section 11

ratio of vertical shear reinforcement area to gross

concrete area of horizontal section. Sub-section
11

ratio of distributed shear reinforcement on a plane
perpendicular to plane of Acv' Appendix A

ratio of pre-stressed reinforcement. Sub-section
18

Aps/bd

ratio of volume of spiral reinforcement to total

volume of core (out-to-out spirals) of a spirally
reinforced compression member. Sub-section 10

ratio of volume of spiral reinforcement to the core
volume confined by the spiral reinforcement
(measured out-to-out) Appendix A
A v/ACV; where A_ ~1is the projection on A of area
of distributed Bhear reinforcement crossing the
plane of A . Appendix A

cv
As/bwd Sub-section 11
strength reduction factor. See Section 9.3.
Sub-sections 8, 9, 10, 11, 14, 15, 17, 18, 19 and
Appendix A.

strength reduction factor. See Article B.2.1
Appendix B

creep coefficient
pf'y/f"C Sub-section 18
p'Fy/F'C Sub-section 18

P f /f' Sub-section 18
pps’ ©
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reinforcement indices for flanged sections computed
as for W, w_, and W' except that b shall be the web
width, and” reinforcement area shall be that
required to develop compressive strength of web
only. Sub-section 18

torsional section properties. See Article 1l1.6.1.1
and 11.6.1.2. Sub-section 11
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APPENDIX D - METAL REINFORCEMENT INFORMATION
As an aid to users of the Building Code, information on

sizes, areas, and weights of various metal reinforcement is
presented.

ASTM STANDARD REINFORCING BARS

Nominal Nominat Nominal

diameter, area mass,

Bar size mm mm? kg/m
#10 11.3 100 0.785
15 16.0 200 1.570
20 19.5 300 2.355
25 25.2 500 3.925
30 29.9 700 5.495
35 35.7 1000 7.850
45 43.7 1500 11.775
55 56.4 2500 19.625

ASTM STANDARD PRESTRESSING STRANDS

Nominal Nominal Nominal
diameter, area, mass,
Type* mm mm kg/m
Seven-wire 6.35 23.22 0.182
strand 7.94 37.42 0.294
(Grade 250) 9.53 51.61 0.405
11.11 69.68 0.548
12.70 92.90 0.730
15.24 139.35 1.094
Seven-wire 9.53 54.84 0.432
strand 11.11 74.19 0.582
(Grade 270) 12.70 98.71 0.775
15.24 140.00 1.102
Prestressing 4.88 18.7 0.146
wire 4.98 19.4 0.149
6.35 32 0.253
7.01 39 0.298
Prestressing 19 284 2.23
bars 22 387 3.04
(smooth) 25 503 3.97
29 639 5.03
32 794 6.21
35 955 7.52
Prestressing 15 181 1.46
bars 20 271 2.22
(deformed) 26 548 4.48
32 806 6.54
36 1019 8.28

*Availability of some tendon sizes should be investigated in advance.
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ASTM STANDARD WIRE REINFORCEMENT

WA&D size Nominal Nominal Nominal
diameter, area mass,
Smooth Deformed mm mm? kg/m
W31 D31 15.95 200 1.569
W30 D30 15.70 194 1.518
w28 D28 15.16 181 1.417
W26 D26 14.60 168 1.390
W24 D24 14.05 155 1.214
w22 D22 13.44 142 1.113
W20 D20 12.80 129 1.012
w18 D18 12.14 116 0.911
W16 D16 11.46 103 0.810
w14 D14 10.72 90 0.708
Wi2 D12 9.91 77 0.607
D11 9.50 71 0.557
W10 D10 - 9.04 64 0.506
D9 8.58 58 0.455
w8 D8 8.10 52 0.405
W7 D7 7.57 45 0.354
wé D6 7.01 39 0.304
W5.5 6.71 36 0.278
W5 D5 6.40 32 0.253
w45 6.10 29 0.228
w4 D4 5.72 26 0.202
W3.5 5.36 23 0.177
W3 4.95 19.4 0.152
W2.5 4,52 16.1 0.127
W2 4.04 12.9 0.101
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FIRE-RESISTANCE
General

A concrete element of construction when subjected to fire
undergoes a gradual reduction in strength and ridgidity.
There are three conditions to be considered:

retention of structural strength
resistance to penetration of flames
resistance to heat transmission

The first criterion is applicable to all elements of
construction, while walls and floors which perform a
separating function are also judged on the other two
criteria.

Factors that influence the fire-resistance of concrete
structures are given below. Some of these cannot at this
time be taken into account quantitatively.

Size and shape of the element

Type of concrete

Type of reinforcement

Protective concrete cover provided to reinforcement
or tendons

The load supported

The conditions of restraint

Concretes made with siliceous aggregates have a tendency
to spall when exposed to high temperatures but this can
be reduced by the incorporation of supplementary
reinforcement in the concrete cover. Spalling does not
generally occur with either calcareous or lightweight
aggregates. Concretes made with lightweight aggregate
possess a superior insulation in comparison with
siliceous and calcareous aggregate concretes.

Concrete pre-stressing tendons and reinforcement show a
reduction in strength at high temperatures. Evidence
from investigation has shown that in the region of 400°C
tendons are likely to retain about 50% of their strength
at ambient tempertures and that for reinforcement a
similar reduction in strength occurs at about 550°C.

The fire-resistance of structural elements is generally
determined when the specimen is supporting its service
load, taken as the sum of all the characteristic dead and
imposed loads. The tables which follow show the minimum
sizes for various elements when supporting these loads;
any reduction in load would be reflected by an increase
in fire-resistance but sufficient data are not available
to define the relationship.
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Beams

The fire-resistance of a reinforced or pre-stressed
concrete beam depends on the amount of protective cover,
consisting of concrete with or without an insulating
encasement, provided to the reinforcement of tendons. It
is also necessary for the beam to have a minimum width to
avoid failure of the concrete before the reinforcement or
tendons reach the critical temperature.

Typical performances are given in Table E-1 for
reinforced concrete beams and in Table E-2 for
pre-stressed concrete beams, both for siliceous aggregate
concrete and for lightweight aggregate concrete.

TABLE E-1
FIRE-RESISTANCE OF REINFORCED CONCRETE BEAMS

Dimension of concrete to give
a fire resistance in hours

Description 4 3 2 1.5 1 0.5

mm mm mm mm mm  mm

(1) Siliceous aggregate concrete:

a.average concrete cover to 65* 55% 45* 35 25 15
main reinforcement
b. beam width 280 240 180 140 110 80

(2) As (1) with cement or qupsum
plaster 15 mm thick on light
mesh reinforcement:
a. average concrete cover to 50 40 30 20 15 15

main reinforcement 250 210 170 110 85 70

b. beam width

(3) As(1) with vermiculite/gypsum
plaster+ or sprayed asbestos**
15mm thick:
a. average concrete cover to 25 15 15 15 15 15

main reinforcement

b. beam width 170 145 125 85 60 60

(4) Lightweight aggregate concrete:

a. average concrete cover to
main reinforcement 50 45 35 30 20 15
b. beam width 250 200 160 130 100 80

*Supplementary reinforcement, to hold the concrete cover in
position, may be necessary.

+ Vermiculite/gypsum plaster should have a mix ratio in the range of
1.5: 1 by volume.

** Sprayed asbestos should conform to BS 3590.
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For I-section beams the average concrete cover to the
reinforcement in the lower flange should be increased in
the ratio

where b is the breadth of lower flange,
bw is the thickness of web

Where b < b/3 the tabulated data do not apply and
additiondl protection may be required for the web a n d
flange. Where large scale production of a section is
intended, a fire test 1is highly desirable in the
interests of economy as well as safety.
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TABLE E-2
FIRE-RESISTANCE OF PRE-STRESSED CONCRETE BEAMS

Dimension of concrete
to give a fire resistance

in hours
Description 4 3 2 1.5 1 0.5
mm mm  mm mm mm mm
(1) Siliceous aggregate concrete:
A. average concrete cover to tendons 100* 85* 65% 50% 40 25
b. beam width 280 240 180 140 110 80
(2) As (1) with vermiculite concrete
slabs' 15 mm thick, used as
permanent shuttering:
a. average concrete cover to 75*% 60 45 35 25 15
tendons 210 170 125 100 70 70
b. beam width
(3) As (2) but with 25 mm thick slabs
a. average concrete cover to 65 50 35 25 15 15
tendons 180 140 100 70 60 60
b. beam width
(4) As (1) with 15 mm thick gypsum
plaster with light mesh rein-
forcement:
a. average concrete cover to 90* 75 50 40 30 15
tendons 250 210 170 110 85 70
b. beam width
(5) As (1) with vermiculite/gypsum
plaster+, or sprayed asbestos¥*¥,
15 mm thick:
a. average concrete cover to 75* 60 45 30 25 15
tendons 170 145 125 85 60 60
b. beam width
(6) As (5) but with 25 mm thick
coating:
a. average concrete cover to 50 45 30 25 15 15
tendons 140 125 85 70 60 60
b. beam width
(7) Lightweight aggregate concrete:
a. average concrete cover to 80 65 50 40 30 20
tendons 250 200 160 130 100 80

b. beam width

*Supplementary reinforcement, to hold the concrete cover in position, may
be necessary.

+ Vermiculite/gypsum plaster should have a mix ratio in the range of 1.5: 1
by volume.

** Sprayed asbestos should conform to BS 3590.
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Floors

The fire-resistance of a floor is dependent upon the
minimum thickness of the concrete section and the average
concrete cover to the reinforcement in the tensile zone.
The performance of some typical reinforced concrete and
pre-stressed concrete floors is given below.

In estimating the thickness of concrete, non-combustible
screeds or floor finishes may be taken into account.

The average concrete cover is determined by summing the
product of the cross-sectional area of each bar or tendon
and the distance from the surface of the bar to the
nearest relevant exposed face and dividing it by the
total area of these bars or tendons. Only those bars or
tendons provided for the purpose of resisting tension due
to wultimate loads should be considered in this
calculation.

The tables give the average concrete cover required to
provide the stated fire-resistance but in no case should
the nominal concrete cover to any bar or tendon be less
than half this value nor less than the value given for
the half hour period appropriate to that form of
construction.

In addition, for certain types of floor made with
siliceous aggregate concrete it will be necessary to
consider the provision of supplementary reinforcement to
hold the concrete cover in position.

Supplementary reinforcement will be requried in cases
indicated in the table when no ceiling protection is
provided (E.2.1) and the cover to all bars and tendons is
more than 40 mm.

When used, supplementary reinforcement should consist of
expaeped metal lath or a wire fabric not lighter than 0.5
kg/m”~ (2 mm diameter wires at not more than 100 mm
centres) or a continuous arrangmeent of links at not more
than 200 mm centres incorporated in the concrete cover at
a distance not exceeding 20 mm from the face.

In the absence of adequate test data on lightweight
concrete floors, these should be treated as dense
concrete floors even though their fire-resistance might
be expected to be somewhat superior.
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ADDITIONAL PROTECTION TO FLOORS

The fire-resistance of any given form of floor
construction may be improved by the provisions of an
insulating finish on the soffit or by a suitable

suspended ceiling, some examples of which are given in
Table E-5.

TABLE E-5
EFFECT OF CEILING TREATMENT

Thickness of finish to
give an increase in fire
resistance in hours

Ceiling finish 3 2 1.5 1 0.5

mm mm mm mm mm

(1) Vermiculite/gypsum plaster* or
sprayed asbestos+ applied to the soffit 25 15 15 10 10
of floor Types 1,2 or 3

(2) Vermiculite/gypsum plaster* or
sprayed asbestos+ on expanded metal 15 10 10 10 10
as a suspended ceiling to floor Types

4 or 5

(3) Gypsum/sand or cement/sand on
expanded metal as a suspended ceiling 25 20 15 10 10
to any floor type

*Vermiculite/gypsum plaster should have a mix ratio in the range of
1.5-2: 1 by volume.
+5Sprayed asbestos should conform to BS 3590.
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Columns

The minimum dimension of a column is a determining factor
in the fire-resistance it can provide. The dimensions
given in the table below relate to columns which may be
exposed to fire on all faces when subjected to service
loads. The wuse of limestone or other calcareous
aggregates will as indicated reduce spalling and allow a
reduction in the size of the section. Where siliceous
aggregates are used, the concrete cover to the main bars
should not exceed 40 mm without the use of supplementary
reinforcement.

Supplementary reinforcement should con§ist of either a
wire fabric not lighter than 0.5 kg/m“ (2 mm diameter
wires at not more than 100 mm centres) or a continuous
arrangement of links at not more than 200 mm centres
incorporated in the concrete cover at a distance not
exceeding 20 mm from the face.

When supplementary reinforcement is used under (2) in
Table 6 to obtain a reduced size of column it should be
placed at mid-cover but not more than 20 mm from the face
and should be in the shape of a rectangular or circular
cage.
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TABLE E-6
FIRE-RESISTANCE OF CONCRETE COLUMNS (ALL FACES EXPOSED)

Dimension of concrete to give
fire-resistance in hours

Type of construction
4 3 2 1.5 1 0.5

mm mm mm mm mm mm

(1) Siliceous aggregate concrete:

a. without additional protection 450 400 300 250 200 150
b. with cement or gypsum plaster 15mm

thick on light mesh reinforcement 300 275 225 150 150 150
c. with vermiculite/gypsum plaster*

or sprayed asbestos** 15 mm thick 275 225 200 150 120 120

(2) Limestone aggregate concrete of
siliceous aggregate concrete with
supplementary reinforcement in
concrete cover 300 275 225 200 190 150

(3) Lightweight aggregate concrete 300 275 225 200 150 150

Vermiculite/gypsum plaster should have a mix ratio in the range of
1.5 -2: 1 by volume.
**  Sprayed asbestos should conform to BS 3590.

Columns which are built into fire-resistance walls to
their full height are likely to be exposed to fire on one
face only. Data given in the table below apply to the
situation where the face of the column is flush with the
wall or that part embedded in the wall is structurally
adequate to support the load, provided that any opening
in the wall is not nearer to the column than the minimum
dimension specified in the table for that column.

TABLE E-7
FIRE-RESISTANCE OF CONCRETE COLUMNS (ONE FACE EXPOSED)

Dimension of concrete to give
a fire-resistance in hours
Type of construction
4 3 2 1.5 1 0.5
mm @mm  mm MM mm  mm
Siliceous aggregate concrete:
a. without additional protection 180 150 100 100 75 75
b. with vermiculite/gypsum plaster*
or sprayed asbestos** 15 mm
thick on exposed faces 125 100 75 75 65 65

Vermiculite/gypsum plaster should have a mix ratio in the range of
1.5 -2 : 1 by volume.
*%*  Sprayed asbestos should conform to BS 3590.
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£.4 Walls
E.4.1 CONCRETE WALLS CONTAINING AT LEAST 1.0% OF VERTICAL
REINFORCEMENT.

The fire-resistances of such walls are given in the table
below. The minimum thicknesses shown are for siliceous
aggregate concrete. When using lightweight aggregate
concrete a reduction in thickness 1is possible when
confirmed by a test. Concrete cover to the reinforcement
should be not less than 15 mm for fire-resistance up to
one hour and not less than 25 mm for higher periods.
Walls containing vertical reinforcement less than 1.0%
are considered as plain concrete for fire-resistance
purposes unless shown otherwise by a test (see E.4.2).

TABLE E-8

FIRE-RESISTANCE OF SILICEOUS AGGREGATE CONCRETE WALLS
CONTAINING AT LEAST 1.0% OF VERTICAL REINFORCEMENT AND EXPOSED TO
FIRE ON ONE FACE ONLY

Dimension of concrete to give

a fire-resistance in hours
Type of construction

4 3 2 1.5 1 0.5

mm  mm  mm mm mm  mm
None 180 150 100 100 75 75
Vermiculite/gypsum plaster* or
sprayed asbestos** 15 mm
thick on exposed faces 125 1060 75 75 65 65

*  Vermiculite/gypsum plaster should have a mix ratio in the range of

1.5 -2 : 1 by volume.
** Sprayed asbestos should conform to BS CP 110-1972.
Walls exposed to fire on more than one face should be
regarded as columns (see E£.3).

£E.4.2 PLAIN CONCRETE WALLS

From the limited data available, the fire-resistance of
plain siliceous aggregate concrete walls can be taken as
follows:

concrete 150 mm thick: 1 hour
concrete 175 mm thick: 1-1/2 hours
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RECOMENDATIONS FOR THE USE OF STRUCTURAL REINFORCED
CONCRETE PROVISIONS REGARDING THE USE OF AGGREGATES

Foreword

This Appendix provides basic guidelines on the use of
aggregates for normal structural concrete (i.e. without
admixtures) in the territories to which the Code is
related. It is intended to ensure avoidance of major
errors which have been identified by regional practice
and a general knowledge of concrete technology. Cautions
of interest to particular territories will also be
briefly set forth.

It assumes that the design and construction of such
concrete works has been directed by competent profes-
sional designers.

General Provisions

Aggregates shall in general satisfy ASTM C33 (to which
the attention of readers is drawn) or BS882 or similar
established standard specifications for aggregates, in
particular as regards grading (particle-size distri-
bution) and allowable limits of deleterious substances.
They shall be hard, clean (that is, free from either
excessive silt or clay), and shall be from sources proven
to provide strong and durable concrete in the local
context. New or unproven aggregates shall not be used in
major works without substantiation of the fitness of
these proposed aggregates for their intended purpose in
the works. There shall not be an abundance of shaly or
slatey (flat) and/or elongated particles in aggregates
intended for reinforced or pre-stressed concrete, and the
gradings shall in particular not exhibit substantial
deviation from those in the standards referred to above,
except justified by local performance to the satisfaction
of the Building Official.

Aggregates, in particular coarse aggregates, shall be
free from adherent coatings of mud, silt, or clay, and
from contamination by organic materials, in particular
decaying plant or animal matter; in the case of petroleum
producing areas, they shall additionally be substantially
free or oil, coal, peat and other similar hydrocarbon
contamination.

CHLORIDES IN AGGREGATES

Aggregates, particularly fine aggregates, shall in
general be from land and not from marine sources.
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It is nonetheless recognized that aggregates from marine
sources may continue to be used, particularly where their
use 1is not prevented on environmental considerations
(such as beach erosion prevention). In such cases, and
particularly when fine aggregates are obtained from zones
between high and low tides, they shall be washed to
ensure that they enable the resulting concrete to satisfy
the following provisions:

The total chloride content of the concrete mix arising
from the aggregate, together with that from any
admixtures and any other sources should not in any

circumstances exceed the following limits:

TYPE OR USE OF
CONCRETE

MAXIMUM TOTAL CHLORIDE
CONTENT EXPRESSED AS

PERCENTAGE OF CHLORIDE
ION BY WEIGHT OF CEMENT

Pre-stressed concrete

Structural concrete that
is steam cured

Concrete for any use

made with sulphate-
resisting Portland Cement
complying with ASTM C150-81
Type V cement or BS 4027

0.06

Reinforced concrete

(or concrete contain-

ing embedded metal)

made with cement

complying with ASTM C150-81
Type I or BS 12.

0.35 for 95% of test
results with no result
greater than 0.50.

Note:

F.1.2

% chloride ion x 1.648
% chloride ion x 1.565

equivalent sodium chloride
equivalent calcium chloride

tnon
aR av

CEMENT

Cement shall be Ordinary Portland or Sulphate-Resisting
Portland Cement (ASTM Type I and V or BS 12 and BS 4027:
1980 respectively) and shall be from a source from which
cement of satisfactory 1local performance has been
obtained in the past.

Whenever it is necessary to change the cement EITHER to a
type not complying with the above specifications OR to
cement from an unproven source, during the course of
construction trial mixes shall be made to check whether,
notwithstanding alleged compliance with the specifica-
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tions, variations of practical construction significance
are exhibited by the new cement. In particular, setting
times and early rates of strength gain shall be checked,
since these may affect, respectively, the timing of
finishing operations and the stripping of formwork, as
well as 7-day to 28-day strength ratios (see Clause
F.1.7(b))

PROCESSES

In the manufacture of concrete: batching, mixing,
transportation, placing, compaction, finishing, and
curing shall be so executed as to ensure the achievement
and maintenance of homogeneity of the fresh concrete, and
a virtual absence of segregation.

COARSE AGGREGATE (ABOVE 5 MM)

Coarse aggregates for use in normal structural concrete
(i.e. where no special requirements such as concrete for
exposed architectural uses, marine works, water-retaining
or water excluding works, concrete to be subjected to
severe abrasion, concrete containing admixtures, etc.)
shall not contain more than 5% by weight of clay lumps
and friable particles in coarse aggregates, nor 1% by
weight of material finer than 75m (No. 200 ASTM sieve)
nor 5% by weight finer than 150{{m (No. 100 ASTM sieve).

The shape of particles of the coarse aggregate or coarse
fraction of the total aggregate (i.e. particles larger
than 10 mm approx.) shall be predominantly angular,
sub-angular, sub-rounded or rounded, and shall not
contain more than 15% by weight of flakey or elongated
particles or of shell or shell fragments.

FINE AGGREGATE

Fine aggregate shall contain no more than 7% by weight of
particles passing the 150 [{m (ASTM No. 100) sieve, no
more than 3% by weight of clay lumps and friable
particles, no more than 3% of material finer than the
75[{m (ASTM No. 200) sieve, nor more than 0.5% by weight
of coal and lignite. (For crushed-stone or other
manufactured sand, if the material finer than 150 m
consists essentially of dust of fracture, the limit of
material finer than 150 m is increased to 15%).

Notwithstanding these allowable limits, it must be
recognised that aggregate containing high levels of finer
material will exhibit considerably increased demand for
mixing water to attain sufficient workability, which will
have adverse effects on the achievement of economical
concrete of adequate strength and durability.
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RECOMMENDED METHOD OF TESTING AGGREGATE FROM NEW OR

UNPROVEN SOURCES FOR SUITABILITY FOR USE IN STRUCTURAL
CONCRETE:

Testing for mechanical strength

Since no simple relationship exists between the results
of direct tests on an aggregate and the upper limit(s) of
strength of concrete made with the same aggregate, the
following procedure is recommended:

Concrete of a range of strength from low (say 15 MPa) to
high (say 70 MPa) is made, and compressive strengths are
tested to failure at some predetermined age. The extent
of failure of the larger aggregate particles (as
contrasted with bond failure at the aggregate/cement-
paste interface) at any particular strength level will
indicate whether or not the aggregate represented by the
sample possesses sufficient strength for use in concrete
at the strength level.

Tests for other characteristics

Petrology: If the aggregate intended for use is derived
from apparent rock type for which a satisfactory record
of local usage does not exist, or of a type prone to
adverse reactions with the typical constituents of
cement, samples of the aggregate shall be checked by
competent personnel and/or laboratories for likely
unsuitability or otherwise due to inherent petrological
or chemical character. Such risk of unsuitability may
include: aggregate reactivity with alkalis of cement;
poor weathering behaviour; high drying shringage; etc.

CRITERIA FOR THE ACCEPTANCE OF CONCRETE BASED ON
DESTRUCTIVE COMPRESSIVE STRENGTH TESTING.

The criteria of:

(a) strength level,
(b) acceptable variability of results of strength
testing,

for concrete compressive strength specimens sampled from
concrete for structural purposes for any major works
shall be determined by the Structural Designer, in
consultation with a Materials Consultant, recognised
laboratory and/or other institution(s) or individual(s),
as appropriate to the particualr case. Such strength
requirements shall take into account, inter alia the
following:

(¢) Structural design assumptions concerning the
behaviour of concrete under stress;
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Possible conflicts between contractual, and engine-
ering criteria or considerations for the definition
of "acceptable" concrete. These may, for example,
result from different maturities ("ages") at which
the concrete is tested for approval, and unverified
assumptions concerning strength development of such
concrete(s) between such ages. Such conflict is
known to exist in at least one of the major CARICOM
territories.

The competence and reliability of testing services
available to the project.

Prevailing levels of capability of:

- concrete manufacture

- consolidation (compaction),

- workmanship and supervision in concrete
construction,

which are expected to be available to the project,
since these considerably influence what levels of
in-place concrete quality can be achieved in
practice.

The consequence of the failure of the concrete to
attain the specified strength.

F.1.8 METHODS OF TESTING HARDENED CONCRETE FOR STRENGTH

F.l.8.1 General

The

ACI 318 is related to a system of concrete quality
monitoring in which cylinders moulded from concrete
sampled from that being put into a structure are
tested compressively to destruction. (While it is
recognized that non-destructive, partially
destructive, and combined methods have been used for
the assessment of concrete strength in structures,
these methods have not received widespread
acceptance, partly due to insufficient experimental
data, and are not proposed for general and/or
routine usage at this stage of their development).

ACI 318 makes no provisions for measurement of
concrete strength by cubes; it is nonetheless
recognized by the Code th