REPUBLIC OF IRAQ CODE 1/ 1987

IRAQI BUILDING CODE
REQUIREMENTS FOR
REINFORCED CONCRETE

BUILDING RESEARCH CENTRE
SCIENTIFIC RESEARCH COUNCIL



e

IRAQI BUILDING CODE REQUIREMENTS
FOR REINFORCED CONCRETE

CODE 1/87
CODE COMMITTEE
Dr. ADNAN FADHEL ZAIN ALANI Building Research Centre
(Chairman)
Dr. KAWAN GAID ALANI - ' , National Centre of Eng. and Arch. Consultancy
Dr. HUFDHI MOUSA BAHIA State Organization of Housing
Prof. KHALID SAID DINNO* Ministry of Industry and Minerals
Mr. MOHAMMAD SHAREEF DOUGRAMEJI Consulting Engineer
Prof. HASSOUN AZIZHADID University of Mosul
Prof. HASHIM HUSSAIN HAMZAWI Consulting Engineer
Dr. RAID MATTI AL KASS - Building Research Centre
Dr. MOHAMED TARIK EL-KATIB Consulting Engineer
Prof. MOAYED NOURI AL KHALAF ~ University of Technology
4 Dr.ZAIN AL ABIDEEN RAOUF University of Baghdad »
Prof. MUFEED ABDUL WAHAB AL SAMARAI** National Centre for Construction Laboratories
ASSISTING STAFF
Mr. BENAN NAJI A-KADIR | Building Research Centre
Mr. ALIHASAN MAHAWISH - Building Research Centre
Mr. AMID NADHIM SAFFO Building Research Centre

* Now at the University of Baghdad/ College of Engineering.
** Also representing the Central Organization for Standardization and quality control and The Iraqi Engineering Society.




“IN THE NAME OF ALLAH, THE COMPASSIONATE, THE MERCIFUL "

PREFACE

Iraq has witnessed, during the last two decades, a giant leap in number and volume of the implementation in the con-
struction projects, which are an essential and integral part of the ambitious development pian of the country. Concrete
structures represent a large proportion of these projects.

The absence of a national code for the design and implementation of these constructions, created a state of unhomo-
geneous application of various international codes on structures, which are buitt from unified local building matenals and
also subjected to unified environment. The absence of such code disturbed the process of implementation at the stages
of design, checking and contracting. This consequently caused a great deal of waste at all levels and increased the cost
of implementation of the projrcts. For all these reasons, the Building Research Centre (BRC), proceeded since 1978,
with the project of the Iraqi Building Code Requirements for Reinforced Concrete. At the beginning a draft of the code
was developed, which was considered as the first step to subject construction projects using reinforced concrete to uni-
fied rules and standards. This will at the end provide two main elements, mainly safety and the suitability of the construc-
tion to local environment. All this will surely enhance the economy of the country through the proper use of building mate-
nals. The Iraqi code project was one of the mostimportant projects for the five year plan (1981-1985) of the centre, where
a great deal of effort was put in to implement to this essential project.

A number of structural engineering researchers who belong to the staff of the centre developed the draft of the code.
During the development the researchers reférred to local and regional research work and investigations in this field.
They also referred to the relevant international codes. The task was completed in November 1982.

A specialized code seminar was held in the centre for the period 25-27th April 1983, to discuss the proposed draft code
in order to enrich this draft with the local and international experiences. This seminar was attended by Iraqi experts, ma-
king up the backbone of Iraqi experience in the field of structural engineering. In addition specialists from Arab and for-
eign countries were also invited to attend the seminar.

In order to implement the resolution of the seminar which adopted the draft with the view to its modification according to
the discussion, the centre established a higher committee for the Iraqi building code iequirements for reinforced concre-
te from specialists with a high level of expertism so they can work collectively to produce the final draft for the first national
code for the design of reinforced concrete buildings, which satisfy the requirements of design, implementation and con-
tracting. This code can also be referred to in the teaching process of the Iraqi engineering colleges.

The higher committee for the Iraqi code which was established in the centre consisted fo twelve members with the rele-
vant specialization and expertism and they are employed in the various building and construction establishments in the
country. The reason for this choice is the nature of work which requires a varied experience and specialization which is
invariably unavailable in a single institute. The members represent the following institutions:

Ministry of Housing and Construction, Ministry of industry and Minerals, Ministry of Higher Education and Scientific
Research (represented by the Universities of the country, BaghdadUniversity, Mosul University and University of Tech-
nology), National Private Consulting Bureau, the Central Organization for Standardization and Quality Control and Iraqi
Engineering Society in addition to researchers from the centre (Structural Department and Building Materials Depart-

ment). The Committee started its work January 1984 and according to careful planned time schedule.



The committee adopted scientific foundations and concepts suitable with the scientificland technical development to
produce the code. This was done so as to give the code sufficient flexibility to absorb any future development keeping in
| mind the suitability of the technical \a“hd scientific level of the code to the local environment.

| believe that issuing any code, is a dynamic process requires the updating of its various items from time to time so as to
absorb all the new developed technologies and the output of the future scientific research work. On this basic the Iraqi co-
~ delike any other international code requifes updating as necessary evéry decade. The centre will perform this task.

At the time | present this code which will be issued in both Arabic and English for use by the construction sector in the
country, | hope that it will participate in the support of our national economy and to enforce the idea of depending on our
national experts to build our great country and the Arab homeland.

Finally, | would like to express my deepest thanks to the President of the Scientific Research Council for his oohtinuous
support. Thanks and gratitude are also due to all those who participated in accomplishing this important project, espe-

cially the members of the Iraqi code committee and the assisting staff.

Dr. Mochammed A.S. Elizz}

Senlor Researcher
Director General of B.R.C.




FOREWORD

The committee of the Iraqi code for reinforced concrete was formed by the Building Research Centre (BRC). It compri-
ses twelve experts in the fields of building construction, industry and higher education. The Central Organisation for
Standardization and Quality Controi and Iraqi Society for Engineers were also represented in the committee.

The committee commenced its work in January 1984 according to a set time schedule. The execution of work was do-
ne by dividing the committee into several specialized subcommittees. Each subcommittee was given a part of the draft
code to study and revise and then prepare a proposal to be submitted for approval before it becomes as paAn of the first
national code of practice for reinforced concrete.

The committee discussed the essence of scientific bases and knowledge in line with the scientific and technical deve-
iopments in order to adopt them in the code and to give it enough flexibility to comprehend any future development wi-
thout affecting its suitability for the local environmental conditions and technical levels.

On this basis the following items were adopted:

1- Adopting the draft code accomplished at the BRC as a basis, developing it according to the discussions carried out
during the Iraqgi code seminar in addition to the latest national and international scientific developments.

2- Confirming that the subject of the code is to be reinforced concrete for buildings as distinct from other subjects such
as prestressed concrete or water retaining structures which have special additional requirements which require spe-
cial publications as done internationaily.

3- Adopting one set of regulations and method of analysis and permitting the use of other methods that have to be pro-
ven adequate.

4- Adopting the concept of limit states which guarantee limits of safety and serviceability of the structure during afl loa-
din{; stages. These limit states consist of three limit states, the ultimate limit state under the effect of factored loads
and both cracking and deflection limit stats under service loads. The adoption of the concept of limit states in the de-
sign provide the flexibility in choosing the required safety factors which guarantee acceptable safety limits of all parts

~ of the structure and thus a global safety factor concerning the adequate performance of the structure as a whole.

5- 'Adopting the partial safety factor given in the CEB-FIP model code f.or concrete and reinforcing stee! and design lo-
;ads. The use of different partial safety factors for materials and loads instead of one global safety factor makes possi-

ble the ability to study the effects of design loads and materials on a structure separately thus achieving balanced de-

signs which ensure the structrue not reaching the ultimate limit state within reasonable degrees of probability in addi-
tion to ensuring enough flexibility in the code to accept future developments regarding loads and performance of ma-

terials.
6- Adopting the stress strain curve for both concrete and reinforcing steel as given in the BS 8110-1985.

7- The necessity of issuing the final form of the code in both Arabic and English languages at the same time to ensure
the safe dse of the code and preventing any possible misuse due to individual translation and interpretation of the va-
rious sectors in the code.

8- Adopting the results of local researches and studied carried out in the filed of reinforced concrete especially hot we-
ather concreting and loading tests of buildings.

9- The necessity of issuing design aids which contain design tables and charts that help the designer and ensure that

designs are carried out according to the Iraqi code.



The Iraqi code consists of eighteen chapters comprising specifications and methods of testing:ma’terials and’o

tion requirements. Several appendixes were added which list various standards and these include the Iraqi st \dé
internationally acceptable standards in case of absence of an Iraqi standards.

The process of issuing any code is a dynamic one which requires o_ontinuous updating of iis varioué sections inorderto
comply with the technological devélopmenté of future research works and studies. Theretoré, the Iraqi code, like other
codes, require development when necessary Based on international experience in this field the Iragi code will need to be
reviewed during a penod of 5 to 10 years which is the usual time period used in reviewing 'andhdeveloping the various in-
temational codes. o

The iraqi code committee believes that the use of this first national code in the design and construction should be optio-
nal for a period of two years after issuing, at the e;wd of which the code will be enforced and considered as an official natio-
nal document for the design and construciion of reinforced concrete structures and in the field of engineering teaching in

iraq.

Code Commities

_lv__
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CHAPTER 1- CONCRETE MATERIALS AND TESTS

1.1- Tests of materiais

1.1.1- The Engineer shall have the right to order testing
of any materials used in concrete construction to deter-
mine if materials are of the quality specified.

1.1.2- Tests of materials and of concrete shall be made
in accordance with the Iraqi standard specifications li-
sted in Section 1.7. In absence of any prescribed Iraqi
specifications, any internationally recognized relevant
standards may be accepted.*

1.1.3- A complete record of tests of materials and of con-
crete shall be available for inspection during the pro-
gress of work and for 2 years thereafter, and shall be pre-
served by the inspecting engineer for this purpose.

1.2- Cements
Cement shall conform to the Iraqi standard specification
(I0S 5/84) for portland cement.

1.3- Aggregates
1.3.1- Concrete aggregates shall conform to the lraqi
standard specification (I0S 45/80).

1.3.2- The Engineer may specify or approve on request
the use of other aggregates, including types or gradings
not covered by the above Iraqi standard, provided there
are sufficient data by special tests and/ or actual service
to produce concrete of adequate strength and durability.

1.3.3- Nominal maximum size of coarse aggregates
shall not be larger than: -
a) s the narrowest dimension between sides of
forms, nor
b) 14 the depth of slabs, nor
c) ¥athe minimum clear spacing between individual
reinforcing bars or wires, or bundies of bars.

1.4- Water

Water shall be clean and free from harmful matter to con-
crete or steei. Where tests are required they shall be in
accordance with any internationally recognized stan-
dard.”

1.5- Admixtures

1.5.1- Admixtures to be used in concrete shall be subject
to prior approval of the Engineer taking into considera-
tion durability and the effect of climate. It shall comply
with any acceptable internationally recognized stan-
dard.”

1.5.2- Both .the amount added and the method of
use shall be to the approval of the Engineer, who shall be
provided with the following data: '
a) The recommended dosage and the detrimental
effects of under — dosage and over — dosage.
b) Chloride content, if any, of the admixture shail be
stated. '
¢) Whether or not the admixture leads to the entrain-
ment of air when used at the manufacturer’s recom-
mended dosage.
d) The combined effect when more than one admix-
ture is used concurrently. ’

1.6- Storage of materials

1.6.1- Cement and aggregates shall be staredin such a
manner as to prevent their deterioration or intrusion of
foreign matter.

1.6.2- Any material that has deteriorated or has been
contaminated shall not be used for concrete.

1.7- Iraql Standards (10S) cited in this code

10S 5/84 Portland Cement

10S 45/80 Aggregates from Natural Sources for Con-
crete and Building Construction ,
lOS 50/70 Methods of Sampeling Fresh Concrete and
Determination of Workability of Concrete '

I0S 52/70 Test of Compressive Strength of Concrete
I0S 53/70 Preparation of Specimens and Testing Flexu-
ral Strength of Concrete in the Laboratory

I0S 54/70 Determination of Initial and Final Drying
Shrinkage and Moisture Movement for Concrete

10S 55/70 Preperation and Testing of Concrete Core
Samples

* See appendix (A) for relevant imérnationally recognized standards

-3~




CHAPTER 2- CONCRETE QUALITY

2.0- Notation

f., = characteristic compressive strength of concrete,
N/ mm?

f., = average compressive strength of concrete, N'mm?

f., = average splitting tensile strength of concrete,

N/mm?

2.1- General
2.1.1- For the design of reinforced concrete structures
the value of f.,, shall be based on 28 days tests of 150mm
cubes made and tested in accordance with I0S 52/70
specification.

2.1.2- The average splitting tensile strength 4, shall be
based on split tests of concrete cylinders of 150mm dia-
meter and 300mm length or 150mm cubes as prescribed
in appendix (A-3).

2.1.3- Unless otherwise specified, the test specimens in
Sections 2.1.1 and 2.1.2 shall be stored in water at
24+4°C.

2.1.4- The Engineer may require strength test of cubes
cured under field conditions to check the adequacy of
curing and the protection of concrete in the structure.
Such cubes shall be cured under field conditions and
shall be molded at the same time and from the same
samples as laboratory cured test cubes.

2.1.5- Design drawings submitted for approval or used
for any project shall show the characteristic compressive
strength ., for which each part of the structure is desi-
gned.

2.1.6- The grade of concrete appropriate for use shall be
selected from Table 2.1.

TABLE 2.1 - GRADES OF CONCRETE

Characteristic Lowest Grade for Comp-
Grade | Strengthf,,, N'mm? liance with appropriate use
c7 7.0 Plain Concrete

c10 10.0

Cc15 15.0

c20 20.0 Reinforced Concrete
Cc25 25.0

Cc3o 30.0

C35 35.0

Cc40 40.0

C50 50.0

Note: To meet the requirements for durability, see the grade and

mix limitations given in Tables 2.3(a) and 2.3(b)

2.2- Selection of concrete proportions

2.2.1- Concrete shall be proportioned to provide
a) Adequate workability and proper consistency to
permit concrete to be worked easily into the forms and
around the reinforcement under conditions of place-
ment to be employed, without excessive segregation
or bleeding.

b) Resistance to aggressive environment especially
sulphate attack as required by Section 2.3.3.

c) “ An average compressive strength f., sufficiently
high to minimize frequency of strength test, so that not
more than 5% of test results fall below the characteri-
stic compressive strength ., and in conformance with
strength test requirement of Section 2.4.

2.2.2- Where a concrete production facility has a record
based on at least 40 consecutive strength tests that re-
present similar materials and conditions to those expec-
ted, the required average compressive strength f.;used
as the basis of selecting concrete proportions shall ex-
ceed the required f,, by 1.64 times the standard devia-
tion of cube tests, but not less than 14 of the £, for con-
crete of characteristic strength up to and including 20 N/
mm? or 7.5 N/mm? for concrete of characteristic strength
exceeding 20 N/mm?2,

2.2.3- Where past records of concrete production are not
available or unknown, the required average compressi-
ve strength ., shall exceed ty, by 24 {, for concrete up
to and including 20 N/mm?2, and 13 N/mm? for concrete
exceeding 20 N/mm? until such records are established.

2.2.4- Concrete proportions, including water/cement ra-
tio shall be established on the basis of field experience
(Section 2.2.5) or laboratory trial batches (Section 2.2.6)
with materials to be employed as required by Section
233

2.2.5- Proportioning on the basis of field experience
Three separate batches of concrete shall be made using
matenials likely to be typical of the proposed supply and
preferably under full scale production conditions. The
workability of each of the trial batches shall be determi-
ned according to IOS 50/70. Three cubes shall be made
from each batch for test at 28 days. If required, further
three cubes from each batch may be made for test at an
earlier age.

The trial mix proportions shall be approved if the average
strength of nine cubes tested at 28 days exceeds {.,.

2.2.6- Proportioning by laboratory trial batches

When laboratory trial batches are used as the basis for
selecting concrete proportions, slump shall be within +
20 mm of maxima permitted by the specifications. A cur-
ve shall be established showing the relationship betwe-
en water/cement ratio and characteristic compressive
strength. The curve shall be based on at least three po-
ints representing batches which produce strengths abo-
ve and below required average compressive strength
specified in Section 2.2.2 or 2.2.3. Maximum permissible
water/cement ratio for concrete to be used in the structu-
re shall be that shown by the curve to produce concrete
strength exceeding the characteristic compressive




TABLE 2.3(a) REQUIREMENTS TO ENSURE DURABILITY UNDER SPECIFIED CONDITIONS OF EXPOSURE OF
CONCRETE MADE WITH PORTLAND CEMENTS AND WITH NORMAL WEIGHT AGGREGATES

Reinforced concrete Plain concrete
free cement lowest free cement lowest
water/cement content grade water/cement content grade
ratio not notless of ratio not not less of
more than than(Kg/m®) | concrete more than than (Kg/m®) | concrete

Mild: surface protected against 0.7 250 C20 08 200 Cit5s
the weather or aggressive condi- |

tions (intemal and sheltered ex-
ternal concrete exposed to air)
except for a brief period of ex-
posure to normal weather cond-
itions during construction. Strip
foundations and trench fill for
low rise buildings where the s0il
conditions are non—aggressive
{class 1 Table2.3b)
Moderate:surface shelterd 06 300 Cc25 0.7 250 C25
from severe rain and against
freezing whilstwet. Burried
concrete and concrete continu-
ously under water (see aiso
Mild above).

Severe:surface exposed to dri- 05 350 C30 0.6 - 300 C30
ving rain, altemate wetting and
drying and to occasional free-
Zing. Surfaces subject to heavy
condensations or to contact
with flowing water or aqueous
solutions. internal surfaces of
structures exposed to marine
conditions

Very severe: surfaces exposed 04" 350 C35 0.45 300 C40
to marine corrosive fumes or
flowing aggressive water

having PH of 4.5 or less. Sur-
faces subject to the effect of
de-icing salts orto severe free-
Zing conditions whilst wet.

Exposure

Note 1. The cement contents given inthe tabie relate 1o 20mm normal size aggregates. in order to maintain the cement content of the
mortar fraction at similar values, the minimum cement contents given above should be increased by 15% for 10mm nominal maxi-

mum size aggregates and may be decreased by 15% for 40mm nominal size aggregates but in no case may cement content be less
than 250 kg/m? for reinforced concrete.

Note 2. Different aggregates require different water contents to produce concrete of the same workability and thereforea range of
free water/cement ratios is applicable to @ach cement content. In order to achieve satistactory workability at the specified maximum
free water/cement ratio it may be necessary to.increase the cement content above the minimum specitied.

* To achieve suitable workability at this water/cement ratio, the use of admixtures may be necessary.




strength f., by 10 N/mm?Z,

2.2.7- Proportioning by water/cement ratio

If suitable data from a record of 40 consecutive tests
(Section 2.2.2) or from laboratory trial batches are not
available, permission may be granted to base concrete
propotions on water/cement ratio limits shown in Table
2.3(a). These limits shall aiso conform to the require-
ment of external sulptvate attack of Section 2.3.3 (b) and
to the compressive strength test criteria of Section 2.4.

2.3- Requirements of hardened concrete

2.3.1- The minimum requirement for the strength and
durability of concrete in the hardened state shall be deci-
ded from consideration of characteristic compressive
strength of concrete but if in addition a special property
of a particular surface finish is required, these minimum
requirements may have to be exceeded.

2.3.2- The grade of concrete required shall depend part-
ly on the particular use and the characteristic compressi-
ve strength needed to provide the adequate strength
(see Table 2.1) and partly on the exposure conditions

(Section 2.3.3).

2.3.3- Exposure conditions
a) Degree of exposure
To produce durable concrete exposed to air, moist or
wet conditions or other aggressive environments, ca-
reful consideration shall be given to the quality and
permeability of the concrete, particularly the specifica-
tion of free water/cement ratio and the cement content
of the concrete mix [see Table 2.3(a)] in addition to the
required characteristic compressive strength.

b) External sulphate attack
When concrete is exposed to external sulphate attack
then Table 2.3(b) should be used.

2.4- Evaluation and acceptance of concrete

2.4.1- Each strength test result shall be the average of
three cubes prepared from a sample taken from random-
ly selected batches of concrete and tested at 28 days or
the specified earlier age. The sample, whenever possi-
ble, shall be taken at the final point of discharge of the mi-
xer or, in the case of ready mix concrete, at the final point

TABLE 2-3(b) REQUIREMENTS FOR CONCRETE EXPOSED TO SULPHATE ATTACK"

Concentration of sulphates expressed as SO,
Class in Soil in Ground Typeof Minimum cement Maximum free
TotalSO;% | SOsin2:1 water: water g/e cement content Kg/m® water cement ratio
soil extractg/ ¢
1 lessthan0.2 1.0 lessthan0.3 ordinary portiand - 280 0.55
ordinary portiand 330 05
2 021005 10-19 03-1.2 sulphate-resisting 280 0.55
3 0.5-1.0 1.9103.1 1.2t02.5 sulphate-resisting 330 0.5
4 1.0t02.0 3.1t105.6 25105.0 sulphate-resisting 370 0.45
5 over2 over5.6 over5 sulphate resisting 370 0.45
plus
adequate protective
coatings

* For dense fully compacted concrete made with aggregates nominal maximum size of 20mm complying with 1OS 45/80.

Notes:

1. The minimum cement content should be increased by 50 kg/m® when nominal max. size of aggregates is 10mm. it may be reduced by
40 kg/m® when the nominal max. size of aggregate is 40mm. But in no case the minimum cement content for reinforced concrete should
be less than 250 kg/m3. ‘

2. This table applies only to concrete made with aggregates complying with the requirement of IOS 45/ 80 placed near neutral ground
water of PH 6 to PH 9 containing naturally occurring suplhates but not contaminants such as ammonium salts.

3. The cement contents given in class 2 are the minima. For SO; contents near the upper limit of class 2, cement contents above the mini-
ma are advised.

4. When total SO; execeeds 0.5% then a 2:1 water:soil extract may resuitin lower site classificaticn if much of the suplhate is presentas
low solubility caicium sulphate.

5. For severe conditions e.g thin sections, sections under hydrostatic pressure on one side only and sections partly immersed, conside-
rations should be given to further reduction of water/cement ratio and if necessary an increase in cement content to ensure the degree of
workability needed for full compaction and thus minimum permeability.




of discharge from the delivery vehicle.

2.4.2- At least one strength test shall be conducted for
each grade of concrete for each day of concreting ac-
cording to Table 2.4(a).

TABLE 2.4(a)- RATE OF CONCRETE SAMPLING

Rate of Rate 1 Rate 2
sampling 20m?or 20 batches 50 m? or 50 batches
whichever is the lesserin volume
Applicable All structural Raft foundation,
for structures elements except break waters
suchas structures described andsimilar
inrate 2 structures

2.4.3- On a given project, if the total volume of concrete
is such that the frequency of testing required by Section
2.4.2 would provide less than foyr strength tests for a gi-
ven grade of concrete, tests should be made from at le-
ast four randomly selected batches or from each batch if
fewer than four batches are used.

2.4.4- For laboratory cured test specimens, the quality of
concrete shall be considered to be satisfactory if:

a) The average strength determined from any four
consecutive strength tests for laboratory cured spe-
cimen exceeds the characteristic compressive
strength f, by at least 3 N/mm? and;

b) no individual strength test result is below the re-
quired characteristic compressive strength f., by mo-
re than 3 N/mm?2,

2.4.5- Procedures for protecting and curing concrete
shall be improved when strength of field-cured cubes at
the test age designated for measuring f., is less than 85
percent of that of companion laboratory — cured cubes.
When laboratory cured strengths are appreciably higher
than f.,, field — cured cube strength need not exceed f.,
by more than 3 N/mm? even though the 85 percent crite-
ria is not met.

2.4.6- When cylinders or cubes of different sizes are
used for concretes of grade C35 or below as test samp-
les, f., shall be adjusted by multiplying it by the applica-
ble correction factors given in Table 2.4 (b).

TABLE 2.4(b) CORRECTION FACTORS FOR VARIOUS
SHAPES OF CONCRETE COMPRESSIVE TEST SPECI-
MEN

Shape of . ) . Correction
Dimensions in mm
Specimen factor
Cube 150 x 150 x 150 1.00
Cube 100 x 100 x 100 0.98
Cube 200 x 200 x 200 1.04
Cylinder 1500 x 300 length 1.25
Cylinder 1000 x 200 length 1.20

2.4.7- If any one strength test fails to meet the require-
ment of Section 2.4.4(b) then the concrete represented
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by that strength test only shall be considered notto com-
‘ply with the strength requirements.

2.4.8- If more than one strength test fails to meet the
requirement of Section 2.4.4(b) or if the average
strength of any four consecutive strength test results
fails to meet the requirement of Section 2.4.4(a) then
all the concrete represented by group of four consec-
utive test results shall be deemed not to comply with
the strength requirements.

2.5- Investigation of low strength test resuits

2.5.1- If either requirements of Section 2.4.4 are not met,
steps shall be taken immediately to increase the aver-
age strength test results for subsequent concreting.

2.5.2- Action to be taken in respect of concrete in Sec-
tions 2.4.7 and 2.4.8 shall be determined by the Engi-
neer, with due regard to the technical consequences of
kind and degree of non-compliance and the ecnomic
consequences of alternative remedial measures.

2.5.3- The action may range from qualified acceptance
(in less severe cases if computations indicate that the lo-
ad carrying capacity of the structure is not jeopardized)
to rejection and removal in most severe cases.

2.5.4- If the likelihood of low strength concrete is confir-
med and computations indicate that load carrying capa-
city may have been significantly reduced, tests of cores
drilled from the area in question may be required in ac-
cordance with IOS 55/70. In such case, four cores shall
be taken for each strength test more than 3 N/'mm?below
required f.,.

2.5.5- If concrete in the structure will be dry under servi-
ce conditions, cores shall be air dried (temperature 18 to
25°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 servi-
ce conditions, cores shall be immeresed in water for at
least 48 hr and be tested wet.

2.5.6- Concrete in an area represented by core tests
shall be considered structurally adequate if the equiva-
lent cube strength of the average of four cores is equal to
at least 80 percent of f,, and if no single core is less than
2%/3 of f.,. To check testing accuracy, locations represent-
ed by erratic core strengths may be retested. Core cut-
ting shall, whenever possible, avoid reinforcement, crac-
king zones where it is likely that bleeding and segrega-
tion may have occured.

2.5.7- If criteria of Section 2.5.6 are not met and if struc-
tural adequecy remains in doubt, the Engineer may or-
der load tests as outlined in Chapter 18 for the questio-
nable portion of the structure, or take other action appro-
priate to the circumstances, such as ultrasonic and other
non — destructive testing. Such tests should be done by
specialists.




CHAPTER 3- MIXING, PLACING AND CURING OF CONCRETE

3.1- Preparation of equipment and place of deposit
Preparation before concrete placement shall include
the following:

a) All equipment for mixing and transporting concre-
te shall be clean.

b) Alldebris shall be removed from spaces to be oc-
cupied by concrete.

¢) Forms shall be clean and properly coated.

d) Reinforcement shall be thoroughly clean of dele-
terious coatings.

e) All laitance and other unsound material shall be
removed before additional concrete is placed against
hardened concrete.

f) Masonry filler units that will be in contact with con-
crete shall be well drenched.

g) Water shall be removed from place of deposit be-
fore concrete is placed unless a tremie is to be used or
unless otherwise permitted by the Engineer.

3.2- Mixing
3.2.1- The quantity of cement, fine aggregates and coar-
se aggregates shall be based on weight.

3.2.2- All concrete shall be mixed until there is a uniform
distribution of materials and shall be discharged comple-
tely before mixer is recharged.

3.2.3- 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 the speed recommended
by the manutacturer.
¢) Mixing shali be continued for at least 1 /2 min af-
ter-all materials are in the drum, unless a shorter time
is shown to be satisfactory by comparing the strength
of samples mixed for different times.

3.3- Transporting, placing and compacting

3.3.1- Concrete shall be transported from the mixer to
formwork as rapidly as practicable by methods which will
prevent the segregation or loss of any of the ingredients,
and maintain the required workability. It shali be deposi-
ted as nearly as practicable in its final position to avoid
rehandling.

3.3.2- Concrete that has partially hardened or been con-
taminated by foreign materials shail not be deposited in
the structure.

3.3.3- Retempered concrete or concrete that has been
remixed after initial set shall not be used unless appro-
ved by the Engineer.

3.3.4- 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 preditermined joints, is
completed except as permitted or prohibited by Section.
4.4,

~

3.3.5- All concrete shall be thoroughly compacted by sui-
table means during placement and shall be thoroughly
worked around reinforcement and embedded fixtures
and into corners of forms.

3.4- Curing

3.4.1- Concrete made with normal portland cement shall
be maintained in a moist condition by covering it with an
absorbent material which is kept damp or ponded with
water for a period of at least 7 days after placement. Ot-
her means of curing may be used on approval by the En-
gineer.

3.4.2- Where structural members are of considerable
depth or bulk or have an unusually high proportion of ce-
ment or are precast units subjected to special or accele-
rated curing methods, the method of curing shall be spe-
cified in detail by the Engineer.

3.4.3- Any accepted process of accelerate curing may
be adopted to accelerated strength gain and reduce time
of curing.

3.4.4- Supplementary strength tests in accordance with
Section 2.1.4 may be required to assure that curingis sa-
tistactory.

"~ 3.5- Concreting in cold weather

3.5.1- Special precautions shall be taken when concre-
ting at air temperature below 2°C during the early stages
of hardening.

3.5.2- The temperature of concrete at the time of placing
shall be at least 5°C.

3.5.3- The temperature of concrete shall be maintained
at not less than 5°C and water curing shall not be used
until concrete reaches a strength of 5§ N/mm? as determi-
ned by tests on cubes which were cured under the same
conditions as the concrete in the structure.

3.5.4- Before placing concrete, the formwork, reinforce-
ment and any surface with which the fresh concrete will
be in contact shall be free from snow, ice and frost and
preferably should be at a temperature close to that of
freshly placed concrete.

3.6- Concreting in hot weather

3.6.1- During hot weather, attention shall be given to in-
gredients, production methods, handling, placing pro-
tection, and curing to prevent excessive concrete tem-
peratures or water evaportion that may impair required
strength or serviceability of the member or structure.

3.6.2- Concrete temperature at the time of placing shall




not exceed 40°C. Appropriate measures shall be taken
to keep the concrete temperature within the specified
temperature by cooling ingredients or any other means
approved by the Engineer.

3.6.3- Concrete temperature may be calculated from the
following formula:

_ 022 (T W+ T W) + T, W

T
0.22 (W, + W) + W,

where
T = Temperature of freshly mixed concrete

~ Ta, T, Ty = temperature of aggregate, cement and mi-

xing water respectively (°C)
W., W, W,, weight of aggregate, cement and mixing wa-
ter respectively (kg)..

3.6.4- After concrete placing and until the start of curing
measures shall be taken to minimize evaporation, by co-
vering concrete surfaces, fog spraying or any other me-
ans approved by the Engineer.




CHAPTER 4- FORMWORK, EMBEDDED PIPES
AND JOINTS

.4.1- Design of formwork

4.1.1- Forms shall result in a final structure that conforms
to shapes, lines and dimensions of the members as re-
quired by the design and specifications.

4.1.2- Forms shall be substantial and sufficiently tight to
prevent leakage of mortar.

4.1.3- Forms shall be properly braced or tied together to
maintain position and shape.

~4.1.4-Forms and their supports shall be designed soas
not to damage previously placed stuctures.

4.1.5- DeSign of formwork shall include consideration of
the following factors:
a) Rate and method of palacing concrete.
b) Construction loads, including vertical, horizontal,
and impact loads. S
c) Special form requirements for construction of
shells, folded plates domes, architectural concrete, or
similar types of elements. ”

4.2- Removal of forms and shores

4.2.1: Forms shall be removed in such a manner as not
to impair safety and serviceability of the structure. All
concrete to be exposed by form removal shall have suffi-
cient strength not to be damaged thereby.

4.2.2- Sufficient strength shall be demonstrated by
structural analysis considering proposed loads, strength
of forming and shoring system, and concrete strength
data. Concrete strength may be based on tests of field
cured cubes or, when approved by the Engineer, on ot-
"her procedures to evaluate concrete strength. Structural
analysis and concrete strenéth test data shall be made
available to the Engineer when so required.

4.2.3- No construction loads exceeding the combination
of superimposed dead load plus specifiéd live load shalt
be supported on any unshored portion of the structure
under construction, unless analysis indicates adequate
strength to support such additional loads.

4.3- Conduits and pipes embedded in concrete

4.3.1- Conduits, pipes and sleeves of any material not
* harmful to concrete may be embedded in concrete with
" approval of the Engineer, provided they are not conside-
red to replace structurally the displaced concrete.

4.3.2- Conduits and pipes of aluminum shall not be em-
bedded in structural concrete unless effectively coated
or covered to prevent aluminmum concrete reaction or
electrolytic action between alumimnum and steel.

4.3.3- Conduits and pipes, with their fittings embedded
within acolumn 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.

4.3.4- Except when plans for conduits and pipes are ap-
proved by the Engineer, conduits and pipoes embedded
within a slab, wall, or beam (other than those merely pas-
sing through) shall satisfy the following:

a) They shall not be larger, in outside dimenstion,
than 1/3 the overall thickness of slab, wali, or beam in
which they are embedded.

b) They shall not be spaced closer than 3 diameters
or widths on center.

¢) They shall not impair significantly the strength of
the construction.

4.3.5- In addition to other requirements of Section
4.3, pipes that will contain liquid, gas, or vapor may be
"embedded in structural concrete under the following
conditions:

a) Pipes and fittings shall be designed to resist ef-

fects of the material, pressure, ana temperature
10 which they wiil be subjected.

b) Cdncrete cover for pipes ana fittings shall not
pe less than 40 mm for concrete exposea 10 earth or
weather, nor 20 mm for concrete not exposea to weat-
her or in contact with grouna.

¢) Reinforcement witn an area not iess than 0.0025
times the area of concrete section shall be proviaed
normal to the piping.

4.4- Construction joints '

“4.4.1- The number of construction joints shall be kept as

few as possible consistent with reasonable precautions
against shrinkage. Concreting shall be carried out conti-
nuously up to constrcution joints. The joints shall be at
right angle to the general direction of the member.

4.4.2- Construction joints shall be so made and |ocated
as not to impair the strength of the structure. Provisions
shall be made for transfer of shear and other forces
through construction joints. Construction joints in floors
shall be located within the middle third of spans of siabs,
beams, and girders. Joints in girders shall be offset a mi-
nimum distance of two times the width of intersecting be-
ams.

4.4.3- Beams, girders, or slabs supported by columns or
walls shall not be cast or erected until concrete in the ver-
tical support members is no longer plastic uniess appro-
ved by the Engineer.

4.4.4- Beams, girders, haunches, drop panels and capi-

_tals shall be placed monolithically as part of a slab sy-
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stem, uniess otherwise shown in design drawing or spe-
cification.

4.4.5- Surface of concrete construction joints shall be
cleaned and laitance removed.

4.4.6- Immediately before new concrete is placed, all
construction joints shall be wetted and standing water
removed.

4.5- Movement joints

Movement Jomts are those specmcally deigned and pro-
vided to permit relative movement of adjacent parts of a
member or structure to occur without impairing the func-

tional integrity of the member or structure. Their general

function is to permit controlled movement to occur so as
to prevent the build-up of harmful stresses. They may al-
S0 be the connection joint between the several parts of a
member or structure or they may be provided solely to
permit translation or rotation or both.

4.5.1- Types of movement joint
Movement joints may be of the following types.

a) Contraction joint: A Contraction joint is a joint with

a deliberate discontinuity but no initial gap between
the concrete on both sides of the joint, the joint being
intended to permit contraction of the-concrete.
A distinction should be made between a complete
contraction joint, in which both the concrete and rein-
forcement are interrupted, and a partial contraction
joint, in which only the concrete is interrupted, the
reinforcement running through.

b) Expansion joint: An expansion joint is a joint with

complete discontinuity in both reinforcement and con-
crete and intended to accommodate either expansuon
or contraction of the structure.
In general, such a joint requires the provision of a suf-
ficiently wide gap between the adjoining parts of a
structure to permit the amount of expansion expected
to occur. Design of the joint so as to incorporate sli-
ding surfaces is not, however, precluded and may so-
metimes be advantageous.

¢) Sliding joint: A Sliding joint is a joint with complete

discontinuity in both reinforcement and concrete at

which special provision is made to facilitate relative
movement in the plane of the joint.
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d) Hinged joint: A hinged joint is a joint specially desi-
gned and constructed to permit relative rotation of the
members at the joint. This type of joint is usually requi-
red to prevent the occurrence of reverse moments or
of undesirable restraint, for example in a three-hinged
portal.

e) Settlement joint: A settlement jointis a joint permit-
ting adjacent members or structures to settle or de-
flect relative to each other in cases, for example, whe-
re movements of the foundations of a building are li-
kely due to mining subsidence. The relative move-
ments may be large. - '

it may be necessary to design a joint to fulfit more than
one of these items. '

Joints in fire resistant walls or floors should be f|re stop-
ped to an equivalent degree of fire resistance.

4.5.2- Provision of joints

Cracking can be minimized by reducing the restraints on
the free movement of the structure, and the control of
cracking normally requires the subdivision of the structu-
re into suitable lengths separated by the appropriate mo-
vement joints.

The effectiveness of movement joints in controlling crak-
king in a structure will also depend upon their precise lo-
cation; this latter is frequently a matter of experience and
may be characterized as the place where cracks would
otherwise most probably develop, e.g. at abrupt chan-
ges of cross section.

The location of all movement joints should be clearly in-
dicated on the drawings, both for the individual members
and for the structure as a whole. In general, movement
joints in the structure should pass through the whole-
structure in one plane.

4.5.3- Design of joints

A movement joint should fulfil all necessary functions. It
should possess the merits of simplicity and freedom of
movement, yet still retain the other appropriate charac-
teristics necéssary e.g. weatherproofness, fire resistan-
ce, resistance to corrosion, durability and sound insula-
tion.

The design should also take into consideration the deg-
ree of control and workmanship and the tolerances likely
to occur in the actual structure of the type being conside-
red.




CHAPTER 5- STEEL REINFORCEMENT

5.0- Notation

d = distance from extreme compression fiber to centroid
of tension reinforcement, mm

@ = nominal diameter of bar or wire, mm

t, = characteristic yield strength of steel reinforcement,
N/mm?

€4 = development length, mm

5.1- Quallity of reinforcing steel

5.1.1- Reinforcement shall be deformed reinforcement
with physical and chemical properties and formations
conforming to acceptable international standards®, ex-
cept that plain reinforcement may be used for spirals or

welded wire fabrics.

5.1.2- Design shall be based on characteristic strength
of reinforcing steel given in Table 5.1 or a lower value if
necessary to reduce deflection or control cracking.

5.1.3- Modulus of elasticity for reinforcing steel shall be
taken equal to 200 KN/mm?

TABLE 5.1- CHARCTERISTIC YIELD STRENGTH OF

STEEL REINFORCEMENT

Type of reinforcement Characteristic yield
strength (f,) N/mm?

Plain and deformed mild steel 250-270

bars

Medium tensile deformed steel 340-380

bars

High yield deformed steel bars 410-550

Hard drawn steel wire and 450-485

welded wire fabric

Rolled steel structural sections 235

5.2- Standard Hooks

The term “standard hook” as used in this code-shall me-
an one of the following:

' 5.2.1- 180 - deg bend plus 4@ extension, but not less
than 60 mm at free end of bar.

5.2.2- 90 - deg bend plus 120 extension at free end of
bar.

5.2.3- For stirrup and tie hooks
a) 16 mm bar and smaller, 90-deg bend plus 60 ex-
tension at free end of bar, or
b) 18 mm to 25 mm bar, 90-deg bend plus 120
extension at free end of bar, or
c) 25mm bar and smaller, 135-deg bend plus 60 ex-
tension at free end of bar.

5.3- Minimum bend diameters
5.3.1- Diameter of bend measured on the inside of the

bar, other than for stirrups and ties, shall not be less than
the values in Table 5.3.

5.3.2- Inside diameter of bends for stirrups and ties shall
not be iess than 40-for 16 mm bar and smaller. For bars
larger than 16mm, diameter of bend shall be in accor-
dance with Table 5.3.

TABLE 5.3- MINIMUM DIAMETER OF BEND

Bar Size (mm) Minimum diameter
6 through 25 60
28,32 and 35 80
42 and 56 100
5.4- Bending

All reinforcement shall be bent cold, reinforcement par-
tially embedded in hardened concrete shall not be field
bent, except as shown on the design drawings or permit-
ted by the Engineer.

5.5- Surface conditions of reinforcement

Steel reinforcement at the time concrete is placed shall
be free from loose flakey rust, or other coatings that ad-
versely affect bonding capacity.

5.6- Placing reinforcement

5.6.1- Reinforcement shall be accurately placed and
adequately supported by concrete, metal, or other ap-
proved chairs, spacers, or ties and secured against dis-
placement within tolerances permitted in Section 5.6.2.

5.6.2- Tolerance for depth d, and minimum concrete co-
ver in flexural members, walls and compression mem-
bers shall be as shown in Table 5.6. Except that toleran-
ce for the clear distance to formed soffits shall be minus
6 mm and shall not exceed minus one-third the minimum
concrete cover required in the drawings or in the specifi-
cations.

TABLE 5.6-TOLERENCE IN DEPTH (d) AND MINI-

MUM CONCRETE COVER
Depth of Tolerance Tolerance on minimum
member ond (mm) Concrete cover (mm)
mm
d <200 + 10 - 10
200<d<400 +15 . -15.
d > 400 +20 -15

5.6.3- Tolerance for longitudinal location of bends and

ends of reinforcement shall be + 50 mm except at dis-

* See appendix (A) for relevent internationally recognized standards
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continuous ends of members where tolerance shall be +
15 mm.

5.6.4- Welding of crossing bars shall not be permitted for
assembly of reinforcement unless authorized by the En-
ginee..

5.7- Spacing limits for reinforcement

5.7.1- Clear distance between paralle! reinforcement in
a layer shall not be less than the largest bar diameter nor
25 mm. Clear distance must also be greater than 4/3 of
the nominal maximum size aggregate used (see Section
1.3.3).

5.7.2- Where parallel reinforcement is placed in two or
more layers, bars in the upper layer shall be placed di-
rectly above bars in the bottom iayer with clear distance
between layers not less than 25mm.

5.7.3- In spiraly reinforced or tied reinforced compres-
sion members clear distance between longitudinal bars
shall not be less than 1.50 nor 35 mm provided the |i-
mitations given in Section 1.3.3 are observed.

5.7.4- Clear distance limitations between bars shall also
apply to the clear distance between a contact lap splice
and adjacent splices or bars.

5.7.5- In walls and slabs other than concrete joist con-
struction, primary ftexural reinforcement shall not be
spaced farther apart than 2 times the wall or slab thick-
ness, nor 350 mm.

5.8- Bundled bars

5.8.1- Groups of parallel reinforcing bars bundled in con-
tact to act as a unit shall be limited to 4 in any one bundle.

5.8.2- Bundled bars shall be enclosed within stirrups or
ties.

5.8.3- Bars larger than 32 mm shall not be bundled in be-
ams.

5.8.4- Individual bars within a bundle terminated within
the span of flexural members shall terminate at different
points within at least 40 bar diameter stagger.

5.8.5- Where spacing limitations and minimum concrete
cover are based on nominal bar diameter @, a unit of
bundled bars shall be treated as a single bar of a diame-
ter derived from the equivalent total area.

5.9- Concrete protection for reinforcement

5.9.1- Cast in-place concrete _
The following minimum concrete cover shall be provided
for reinforcement :

Minimum cover, mm
a) Concrete cast against and
permanently exposed to earth
b) Concrete exposed to earth or weather

e 79

20 mm diameter bar and larger ............. 50
below 20 mm diameter bar ... 40
c) Concrete not exposed to weather
or in contact with earth:
Slabs, walls, joists:
40 mm diameter barand larger ... ... . . 40
below 40 mm diameterbar ................... 20
Beam, columns:
Primary reinforcement, ties,
strirrups and spirals ... ... 40
Shells, folded plates: -
20 mm diameterbarandlarger ... 15
below 20 mm diameter bar 10

5.9.2- Precast concrete (manufactured under plant
control conditions)
The following minimum concrete cover shall be provided
for reinforcement
) Minimum cover, mm
a) Concrete exposed to earth or weather
Wall panel:

40 mm diameter bar or larger 40
below 40 mm diameter bar 20
Other members:
40 mm diameter bar or larger . 50
below 40 mm diameter and above
16 mm diameterbars. .. ... .. .. .. 40
16 mm diameter bar and smaller ... 30
b) Concrete not exposed to weather
or in contact with earth
Slabs, walls, joists
40 mm diameter bar and larger ... 30
below 40 mm diameterbar ... . ... ... 15
Beams, columns:
primary reinforcement diameter of bar but
not less than 15
ties, stirrups, spirals 10
Shelis, folded piates:
16 mm diameterbarand smaller ... ... 10
other reinforcement
diameter of barbutnotlessthan . . .. ... 20

5.9.3- For bundled bars, minimum concrete cover shall
be equal to the equivalent diameter of the bundle but
need not be greater than 5 mm, except for concrete cast
against and permanently exposed to earth, the minimum
cover shail be 75 mm.

5.9.4- In corrosive environment or other severe exposu-
re conditions, amount of concrete protection shall be
suitably increased, and denseness and nonporosity of

- protecting concrete shall be considered, or other protec-
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tion shall be provided.

5.9.5- When fire protection requires a thickness of cover
greater than the minimum concrete cover specified in




Section 5.9, such greater thickness shall be used.

5.10- Shrinkage and temperature reinforcement
5.10.1-Reinforcement for shrinkage and temperature
stresses normal to flexural reinforcement shall be provi-
ded in structural floor and roof slabs where the flexural
reinforcement extends in one direction only.

5.10.2- Area of shrinkage and temperature reinforce-
ment shall provided at least the following ratios of rein-
forcement area to gross concrete area, but not less than
0.0017:

a) Slabs where deformed bars with
yield strength of 380 N/mm? or less

are used .. -..0.0025
b) Slabs where deformed bars or
welded wire fabric (smooth or
deformed) with yield strength of 410
N/mm? are used. ..0.0022 -
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c) Slabs where reinforcement with
yield strength exceeding 410 N/mm?
measured at a yield strain of 0.35
percent is used.

0.0022 x 410
fY

5.10.3- Where the concrete of a structural floor or roof
slab cast and cured in summer ambient temperature ex-
ceeding 45°C, minimum steel percentages stipulated in
Section 5.10.2 shall be increased at least 33 percent.

5.10.4- Shrinkage and temperature reinforcement shall
not be spaced farther apart than 3 tnmes the slab thick-
ness, nor 350.mm.

5.10.5- At all sections where required, reinforcement for
shrinkage and temperature stresses shall develop the
characteristic yield strength f, in tension in accordance
with Chapter 12.




CHAPTER 6- GENERAL CONSIDERATIONS

6.0- Notation
E. = modulus of elasticity of concrete, N/'mm?
E, = modulus of elasticity of steel, N/mm?
f., = characteristic compressive strength of concrete, N/
.mmz
€n = clear span for positive moment or shear and aver-
age of adjacent clear spans for negative moment, mm
W, = factored load per unit length of beam or unit area of
slab

6.1- Design: objectives and general recommedna-
tions

6.1.1- Limit state design

The purpose of the design is the achievement of accep-
table probabilities that the structure being designed will
not become unfit for the use for which it is designed, i.e.
that it will not reach the limit state. The characteristic
strength and loads used in design take account of the va-
riations in the strength and properties of the materials to
be used and in the loads to be supported. Where the ne-
cessary data are not available, these characteristic valu-
es are based on an appraisal of experience. In addition,
two partial safety factors are used, one for material
strength and the other for loads and load effects.

6.1.2- Limlt state requirements

6.1.2.1- General
All relevant limit states shouid be considered in the de-
sign so as to ensure an adequate degree of safety and
serviceability. The usual approach will be to design on
the basis of the most critical limit state and then check
that the remaining limit states will not be reached.

6.1.2.2- Uitimate limit state

The strength of the structure should be sufficient to with-
stand the factored loads taking due account of the possi-
bility of overturning or buckling. '

The layout of the structure and the interaction between
the structural members, should be such as to ensure a
robust and stable design. The structure should be desi-
gned to support loads caused by normal function, but
there should be a reasonable probability that it will not
collapse catastrophically under the effect of misuse or
accident. No structure can be expected to be resistant to
the excessive loads or foces that could arise due to an
extreme cause, but it should not be damaged to an ex-
tent disproportionate to the original cause.

6.1.2.3- Serviceability limit state

a) Deflection
Reinforced concrete members subjected to flexure
shall be designed to have adequate stiffness to limit
defiections or any deformations that may adversely af-
fect the serviceability of the structure, the applied finis-
hes or any non-structural construction such as parti-
tion walls.

b) Cracking

Cracking in reinforced concrete flexural members
shall be controlled so as not to affect the appearance
or durability of concrete.

6.1.2.4- Other limit states
The design must also meet other limit state require-
ments as appropriate, namely

a) Vibration; where there is likelihood of a structure
being subjected to vibration from causes such as wind
forces or machinery, measure should be taken to pre-
vent discomfort, alarm or damage to the structure or
its proper function.

b) Fatigue; when the imposed loading is predomin-
antly cyclic in nature, effects of fatigue must be asses-
sed and considered in design.

c) Durability; The recommendations in the code re-
garding concrete cover to reinforcement, acceptable
crack widths, in association with minimum cement
content and maximum water/cement ratios are inten-
ded to satisty durability requirements of aimost all
structures. Where exceptionally severe environments
are encountered, specialist litrature shouid be consul-
ted and additional precautions may need to be consi-
dered.

d) Fire resistance; In designing structural mem-
bers, the following must be considered with regards to
fire resistance: retension of structural strength, resi-
stance to penetration of flames and resistance to heat
transmission.

6.2- Loading

6.2.1- Service load shall be in accordance with an inter-
nationally recognized standard.*

6.2.2- Consideration shall be given to effects of forces
due to crane loads, vibrquon, impact, blast, shrinkage,v
temperature changes, creep and unequal settlement of
supports.

* See appendix (A) for relevant internationally recognized standard
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CHAPTER 7- ULTIMATE LIMIT STATE REQUIREMENTS

7.0- Notation

D = dead load or related internal moments and forces

E = load effects of earthquake, or related internal mo-
ments and forces

F = loads due to weight and pressures of fluids with well-
defined densities and controllable maximum
heights, or internal moments and forces

f.u = characteristic compressive strength of concrete, N/
mm?

f, = characteristic yield strength of steel, N'mm?

H = lateral earth pressure or related internal moments
and forces

L = live loads or related internai moments and forces

T = cumulative effects of temperature, creep, shrinkage
and differential settlement

U = factored design load

W = wind load or related internal moments and forces

Yw = partial safety factor on steel or concrete

7.1- General

Structures and structural members shall be designed to
have design strengths at all sections at least equalto the
required strengths calculated for the most severe combi-
nations of the factored loads and forces as are stipulated
in this code.

7.2- Factored loads
The factored design load U shall be taken as one or more
of the following applicable combinations:

7.2.1- The design factored load which consists of dead
load and live load only shall be at least equal to
U=14D+17L .

7-1)

7.2.2- If structural effects of a specified wind load W are
to be included in design, the following combinations of D,
L, and W shall be investigated to determine the greatest
factored load.

U=11D+13L+1.3W (7-2)

where load combinations shall include both full value
and zero value of L. to determine the more severe condi-
tion, and

U=09D+13W

.. (7-3)

but for any combination of D, L and W, the factored load
shall not be less than Eq. (7—1)

7.2.3- If specified earthquake load or forces E are inclu-
ded in design, load combinations of Section 7.2.2 shall

A

apply, except that 1.1E shall be substituted for W,

7.2.4- If earth pressure H is included in design, the de-
sign factored load shall at least equal to

U=14D+17L+17H (7-4)

except that where D or L reduce the effect of H, 0.9D
shall be substituted for 1.4 D and zero value of L. shallbe
used to determine the greatest factored load. For any
combination of D, L, and H, the design factored load
shall not be less than that of Section 7.2.1.

7.2.5- If loadings due to weight and pressure of fluids
with well-defined densities and controllable maximum
heights F are included in design, such loadings shall ha-
ve a load factor of 1.4, and be added to all loading combi-
nations that include live load.

7.2.6- If impact effects are taken into account in design,
such effects shall be included with live load L.

7.2.7- Structural effects T of differential settlement,
creep, shrinkage or temperature change when conside-
red significant in design, shall be:freated as dead load,
but the design load shall not be less than

U=14D+14T (7-5)

Estimations of differential settlement, creep, shrinkage,
or temperature change shall be based on a realistic as-
sessment of such effects occuring in service.

7.3- Design strength

7.3.1- Design strength provided by a member, its con-
nections to other members and its cross sections, in
terms of flexure, ‘axial load, shear and torsion shall be
based on the bilinear design stress — strain curves of
reinforcing steel in tension and compression as shown in
Fig. 7.3 (a) and the design compressive strength of con-
crete as shown in Fig 7.3(b), in addition to other assump-
tions and.requirements of this code.

7.3.2- Design yield strength of reinforcing steel shall be
based on the characteristic yield strength of steel f, and
the partial factor of safety ¥y, equalto 1.15 as shown in
Fig. 7.3 (a).

7.3.3- Design compressive strength of concrete shall be
taken as the characteristic compressive strength of con-
crete divided by a partial safety factor ¥, equalto 1.5.
The short term design stress — strain relationship for

* concrete is given in Fig. 7.3(b).
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WiT7a === Tension

Stress

200 kN/mm?

Strain

Compression

174

Note: /, is in N/'mm?.

Figure 7.3(a) Short term design stress-strain curve for reinforcement

0676y | _ __ _ _ _ _ ___
Ym Parabolic curve

Stress !

ftu 2‘
5.5 /7 kN/mm

a
. / Y .

—
L e — e —— —

Note 1: 0.67 takes account of the relation between the cube strength and the bending strength in a flexural member. Itis
simply a coefficient and not a partial safety factor. '

Note 2: £., is in N/mm?. _
Figure 7.3(b) Short term design stress-strain curve for normal-concrete
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CHAPTER 8- SERVICEABILITY REQUIREMENTS

8.0— Notation
A = effective tension area of concrete surrounding the
fiexural tension reinforcement and having the same

centroid as the reinforcement, divided by the num-

ber of bars or wires, mm?. When the flexural reinfor-
cement consists of different bar or wire sizes, the
number of bars or wires shall be computed as the
total area of reinforcement divided by the area of
the largest bar or wire used

A, = area of tension reinforcement mm?

A, = area of compression reinforcement, mm?

A, (req) = area of tension reinforcement required, mm?

A, (prov) = area of tension reinforcement provided, mm?

d = distance from extreme compression fiber to the cen-
troid of tension reinforcement, mm

d. = thickness of concrete cover measured from extre-
me tension fiber to the center of bar located closest
thereto, mm

f.. = characteristic compressive strength of concrete, N/
mm?

t, = modulus of rupture of concrete, N/mm?

1, = characteristic yield strength of steel, N/mm?2

1. = moment of inertia of cracked section transformed
to concrete

I, = effective moment of inertia for computation of de-
fiection

I = moment of inertia of gross concrete section about
centroidal axis neglecting reinforcement

¢ = effective span length of beam or one — way slab as
defined in Section 9.1.1 or clear projection of canti-
lever, mm

M, = maximum momentin member at stage deflection is
being computed

M., = cracking moment

M= actual moment at left hand support

M. = maximum positive moment under a pin ended con-
dition ‘

M, = actual moment at right hand support

W, = crack width due to flexure, mm

y: = distance from centroidal axis of gross section ne-
glecting reinforcement to extreme fiber in tension,
mm

Preq = required percentage of tension steel

8.1- Control of defiections

8.1.1- Deflection which occurs immediately on applica-

tion of the service load, shall be computed by usual me-

thods and formulae for elastic deflection, considering ef-

fects of cracking and reinforcement on member stiff-

ness, using the modulus of elasticity for concrete speci-

fied in Section 6.4 and the appropriate effective moment
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of inertia of concrete.

8.1.2- Effective moment of inertia I, may be taken as

To = (M / M)* (I — 1)) + I (8-1)
but not greater than I, where
f I
M = —2 (8-2)
Yt
and for normal weight concrete

f, =055 Vi, , N'mm?

8.1.3- For continuous spans, weighted average moment
of inertia shall be used, which is obtained by muitiplying
the effective moment of inertia at mid span by (1—8) and
adding this value to the average of effective moment of
interia at the supports multiplied by 8 where:
M.+ M, 3

2M,

8.1.4- In lieu of more accurate methods, additional long
term defiection (including the effects of creep and shrin-
kage) for flexural members shall be obtained by multiply-
ing the immediate deflection caused by the sustained lo-
ad considered, by the factor

(2-122)> 06
A,

B =(

8.1.5- Deflection computed in accordance with Section
8.1.1 through 8.1.4 shall not exceed limits specified in
Table 8.1 (a)

8.1.6- Span to depth ratio

8.1.6.1- For a rectagular beam having a span of not
more than 10 meters and not supporting nonstructurai
members likely to be damaged by large deflections, it
shall be so deemed that the member complies with the
requirements of this code for maximum permissible de-
flection, if the ratio of span to effective depth€/d of the
member does not exceed the basic€/d ratio in Table 8.1
(b) multiplied by the factor:

0.0025 )
req

where P, is the ratio of tension steel required to carry
the ultimate load, considered at the center of the spanin
case of beams and at the support in case of cantilevers.
For larger spans deflections should be calculated to
comply with the requirements of Table 8.1(b).

(0.75 +




TABLE 8.1 (a)-MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection
limitation
Roof and floor construction Final deflection (including the long term deflection
a) not intended to support or be attached to non- measured below the as cast level ) [
structural members, or 2—05_
b) supporting or attached to non—structural
membaers not likely to be damaged by deflection.
Floors not supporting or not attached to non— immediate deflection due to live load L ¢
structural elements likely to be damaged by 375
large deflections.
Roof or floor construction supporting or attached| That part of the total deflection occurring
to non-structural elements likely to be damaged | attachment of non—structural elements (sum of et
by large deflections. long term deflection due to all sustained loads and 500
the immediate deflection due to any additional live
loads)t
Roof or floor construction supporting or attached i_
to non-structural elements not likely to be 250
damaged by large deflections.

* Limit not intended to safeguard aﬁainst ponding. Ponding should be checked by suitable calculations of deflections, including added deflections dueto ponder
water, and considering long-term etfects of all sustained loads, camber, construction tolerance and reliability of provisios for drainage.

** Limit may be exceeded if adequate measures are taken to prevent damage to supported or, attached elements.

t Long-term deflection shall be determined in accordance with Section 8.1.4 but may be reduced by amount of deflection calculated to oceur before attachment
of non-structural elements. This amount shali be determined on basis of accepted engineering data relating to time-defiection characteristics of members simi-

lar to those being considered.

§ But not greater than tolerance provided for non-structural elements. Limit may be exceeded if camber is provided so that total deflection minus camber does

not exceed limit. !

Table 8.1(b) BASIC SPANEFFECTIVE-DEPTH RA-
TIO FOR PRISMATIC BEAMB OF RECTANGULAR

CROSS-SECTION*
Support Condition €/d Ratio
Cantilever 7
Simply supported 18
Continuous - 23

*

It the charasteric yield stress f, for steel is other than 410 N/mm? the

¢/d ratio obtained above, shall be further multiplied by: ( 0.3 + 220_)

ty

-8.1.6.2: The €/d ratio specified in Section 8.1.6.1

shall also apply to solid slabs except that the reinforce-
ment at the center of the span in the width of the slab
under consideration shall be considered to influence
the deflection.

In case of two — way slabs the ratio shall be based on
the shorter span and its amount of reinforcement in
that direction.

8.2- Control of cracking

8.2.1- The calculated crack widths for members sub-
jected to fiexure, shall not exceed the limits specified in
Table 8.2.




TABLE 8.2- LIMITATIONS ON CRACK WIDTHS UN-
DER FLEXURE

Exposure
condition

Upper limit on crack width
at the surface nearest to
main reinforcement (mm)

Dry air or protective 0.40
membranee
Humidity, moist air, 0.30
soil

Seawater and
seawater spray;
wetting, drying . 0.15
aggressive soil

8.2.2- Provisions of Section 8.2.1 may not be
sufficent for structures subjected to very
aggressive exposure. For such structures,
special investigations and precautions are
required.

8.2.3- Unless values are obtained by a more
comprehensive analysis, the crack widths shall
be calculated by the formula

W, =13 X 1076 f, (d. A) . ... ... (8-3)
where

_ As(req)
f. =906 f, Adprov)

8.2.4- Maximum spacing of bars near the tension face
of slabs shall not exceed the limit specified in Section
5.7.5.
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8.2.5- Provisions for tension reinforcement to distribu-
te cracking arising from shrinkage and temperature ef-
fect as given in Section 5.10 shall also be followed.

8.2.6- Provisions in Section 8.2.4 and 8.2.5 shall be

‘deemed to comply with the requirements of Section

8.2.1, for normal internal and external conditions of ex-
posure.

8.2.7- Tensile reinforcement shall be distributed in zo-
nes of maximum concrete tension including these por-
tions of flanges of T-beams, L-beams and I-beams
over a support.

8.2.8- When fianges of T- beam construction are in
tension, part of the flexural tension reinforcement shall
be distributed over an effective flange width or as defi-
ned in Section 9.1.2 or a width equal to 1/10th of the
span whichever is smaller.

8.2.9- When the overall depth of a beam exceeds
750mm, additional longitudinal reinforcement having a
total area equal to at least 10 percent of the area of fle-
xural tension reinforcement shall be placed near the si-
de faces of the beam and distributed over a distance of
2/3rd of the overall depth of the beam from tension fa-
ce with a spacing not more than the web width nor
300mm. Such reinforcement may be included in
strength calculation in shear or torsion taking into ac-
count strain compatibility.




CHAPTER 9- FLEXURE

9.0- Notation

A, = area of tension reinforcement, mm?

A = area of compression reinforcement, mm?

b = width of compression face of a member, mm

b, = width of compression face midway between re-
straints, mm

b, = effective width, mm

b. = width of web in a flanged section, mm

d = distance from extreme compression fiber to centroid
of tension reinforcement (effective depth), mm

d’ = distance from extreme compression fiber to centro-
id of compression reinforcement, mm

E. = modulus of elasticity of concrete, N/mm?

E, = modulus of elasticity of steel, N/mm?

f.u = characteristic compressive strength of concrete, N/
mm?

f, = characteristic yield strength of tension steel, N/'mm?

h = overall depth or thickness of member, mm

h, = overall thickness of flange, mm

L= effective span, m

M, = ultimate moment of resistance

z = lever arm, mm

B4 = ratio of the reduction in rasistance moment, to the
numerically largest moment given anywhere by the
elastic maximum moments diagram for that particu-
lar member, covering all appropriate combinations
of ultimate loads

¥Ym = partial safety factor for material

P = ratio of tension reinforcement to effective area of
cross section

P« = maximum allowable ratio of tension reinforce-
ment in singly reinforced rectangular sections.

@ = bar size or diameter, mm

9.1- General Principles and Requirements
9.1.1- Effective span

9.1.1.1- The effective span of a simply supported
member shall be taken as the clear span plus effective
depth of member but need not exceed the distance bet-
ween centers of supports.

9.1.1.2- In continuous construction, the effective span
shall be taken as the distance center to center of supp-
orts.

9.1.1.3- For beams built integrally with supports, mo-
ments at faces of support may be used for design.

9.1.1.4- Solid or ribbed slabs built integrally with supp-
orts with clear span not more than 3m,may be analysed
as continuous slabs on knife edge supports with effecti-
ve spans equal to the clear spans of the slabs.

9.1.2- Effective width of fanged flexurai members
9.1.2.1- In absence of any more accurate methods,

the effective flange width of a T-beam shall not exceed:

a) The width of the web plus one seventh of the ef-
fective span for continuous beams and one fifth the et-
fective span for simpty supported or cantilevers, nor

b) The web width plus a width of slab.on each side of

the web not exceeding 8 times the slab thickness nor
/2 the clear distance to the next web.
c) Isolated beams, in which the T-shape is used to
provide a flange for additional compression area shall
have a flange thickness not less than /2 the width of
web and an effective flange width not more than 4 ti-
mes the width of web.

9.1.2.2- For beams with a siab on one side only, the ef-
fective flange width shall not exceed:

a) the width of the web plus one — fourteenth of the
span for continuous beams and one - tenth of the
span for simply supported or cantilever beams, nor
b) the actual width of the flange

9.1.3- Distance between lateral support of flexursl
member ’

9.1.3.1- Spacing of iateral support for a beam shall not
exceed

250

50 be nor —5- b?
9.1.3.2- For a cantilever with lateral restraint provided
only at the support, the clear distance from the end of the
cantilever to the face of the support shall not exceed

100

25 b nor —5 bt

9.1.4- Minimum reinforcement of flexural members

9.1.4.1- At any section of a flexural member, except as
provided in Sections 9.1.4.2 and 9.1.4.3, where positive
reinforcement is required by analysis the ratio A provi-
ded shall not be less than that given by

1.4
Pmin = T .............. (9_1)

y

In T-beams and joists where the web is in tension, the ra-
tio p shall be computed for this purpose using width of
web.

9.1.4.2- Alternatively, area of reinforcement provided
at every section, positive or negative, shall be at least
one - third greater than that required by analysis.

9.1.4.3- For structural slabs of uniform thickness, mi-
nimum area and maximum spacing of reinforcement in
the direction of the span shall be as required for shrinka-
ge and temperature according to Section 5.10.

9.1.4.4- In a flanged beam the amount of transverse
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reinforcement provided within the flange and across the
full effective width of the fange, expressed as a percen-
tage of the longitudinal cross sectional area of the fiange
shall not be less than 0.3%. The spacing of transverse
reinforcement shall not exceed that required for tempe-
rature and shrinkage reinforcement according to Section
5.10.

9.1.5- Maximum area of reinforcement in flexural
members
In a flexural member the area of tension reinforcement
shall not exceed Pme Where
feu f: A

Pmax = 0.23 -ﬂ + __0-,87'v @b
9.2- Moment of resistance of flexural member
9.2.1- Design Assumptions _

9.2.1.1- The strength of flexural members shall be
based on assumptions given in Section 7.3 and 9.2 and
on satisfaction of applicable conditions of equilibrium
and compatibility.

9.2.1.2- Strains in reinforcement and concrete shall be
assumed directly proportional to the distance from the
neutral axis, except for deep flexural members as defi-
ned in Section 9.2.5, where non linear distribuition of
strain shall be considered.

9.2.1.3- Maximum strain at extreme concrete com-
pression fiber at failure shall be taken as 0.0035.

9.2.1.4- The stress in the concrete in compression
shall be derived from the stress strain curve in figure
7.3(b) with the partial factor of safety ¥, = 1.5.

9.2.1.5- Requirements of Section 9.2.1.4 may be con-
sidered satisfied by using the simplified rectagular stress
block for concrete shown in Fig. 9.2

9.2.1.6- The tensile strength of concrete shall be ne-
glected.

9.2.1.7- The stress in reinforcement shall be derived
from the stress strain curves in Fig. 7.3(a) with partial
factor of safety ¥m = 1.15. '

9.2.1.8- Modulus of elasticity for concrete and steel
shall be taken as per Section 6.4.

9.2.1.9- Compression reinforcement in conjunction
with additional tension reinforcement may be used to in-
crease the strength of flexural members.

8.2.1.10- In case a beam is required to resist combi-
ned bending moment and a smail axial thrust, the effect
of ultimate axial force may be ignored if it is less than 0.1
feu Ag.

9.2.1.11- In case a beam is required to resist combi-
ned bending moment and axial tension, reinforcement
shall be designed to carry aii the tensile stresses.
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9.2.2- Design formulae

In lieu of using the concrete stress — strain curve defined
in Fig. 7.3(b) the following formulae may be used to cal-
culate the ultimate moment of resistance of a solid slab
or rectangular beam or a flanged beam, ribbed slab or
void slab when the neutral axis lies within the flange.
These formulae based on the simplified stress block of
Fig9.2

For values of k < 0.156 (This implies a limitation of the
neutral axis to d/2)

M, = (0.87f) A,z (9-2)
where
z=d{0.5+V{0.25-K/0.9)} o (9-3)
k= My

L™
but shall not exceed the vailue of
M, =0156f,bd? .. .. (9-4)
For values of k>0.156 compression rein-
forcement will be required, and
A,=(k—0.156)f,,bd?/0.87f,(d—d") . ..........(9-5)
A,=0.156f.,bd%/0.87,z+A, .. ... . ..(9-6)
where
z=078d

(9-7)
provided that d'/d< 0.25 and f, < 410 N/mm?

If (d'/d) = 0.25 or 1, is greater than 410 N/mm?, the com-
pression stress may be less than 0.87 t, and should be
obtained from Fig. 7.3(b).

For the case of flanged beams where the neutral axis lies
below the flange and the design ultimate moment does
not exceed (8, f, b d°), the required area of tension
reinforcement may be caiculated using the following
equation.

o + 0.1 f,0ed (0.45d — hy)
087t (d—05h)

If the design ultimate moment exceeds B, f.,b d? thenthe
section shall be analysed with the aid of Section 9.2.1.
The values of B, are given in Table 9.2.

Equation (9-8) is only applicable when hy<0.45 d

A.=M

. (9-8)

The values.in Table 9.2 are calculated from the
following equation: '

s Py Bt b
B,—0.45—d—(1——b—)(1 2d)+(0.15b)

9.2.3- Distribution of flexural reinforcement

Flexural tension reinforcement shall be well distributed
as per Section 8.2 in order to control flexural cracking in
beams and slabs with due regard to spacing limitations
and minimum concrete cover.
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Figure 9.2 Simplified stress block for concrete at ultimate limit state

9.2.4- Lateral reinforcement for flexural members
9.2.4.1- Compression reinforcement in beams shall

be enclosed by ties or stirrups satisfying the size and

spacing limitations in Section 10.6.5 or by welded wire

fabric of equivalent area. Such ties or stirrups shall be -

provided throughout the distance where compression
reinforcement is required.

TABLE (3-2) VALUES OF THE FACTOR 8,

b/b, d/hy
<2 3 4 5 6 0
1 0.15 { 0.15 [ 0.15 [0.15 [ 0.15 | 0.15
2 0.15 | 0.14 |0.12 [0.12 | 0.11 | 0.08
4 0.15 | 0.13 |0.11 |0.10 |0.09 | 0.04
6 0.15 | 0.13 |0.11 ]0.09 |0.08 | 0.03
8 0.15 { 0.13 |{0.10 |]0.09 | 0.8 |0.02
@ 0.15 { 0.13 |0.10 | 0.08 j0.07 | 0.00

9.2.4.2- Lateral reinforcement for flexural framing
members subject to stress reversal or to torsion shall
consist of closed ties, closed stirrups, or spirals exten-
ding around the flexural reinforcement.

9.2.4.3- 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 or anchored in accordnce with Section 12.12.

9.2.4.4- Lateral reinforcement shall also conform with
the requirements of shear and torsion as per Chapter 11.
9.2.5- Deep flexural members

9.2.5.1- Flexural members with clear span to overall
depth ratios less than 2.5 for continuous spans or 2 for
simple spans, shall be designed as deep flexural mem-
bers taking into account non - linear distribution of strain
and lateral buckling.

9.2.5.2- In lieu of a more accurate analysis, the folio-
wing equations for the determination of the ultimate mo-
ment of resistance may be used.

a) for simply supported spans

h
Mu=0.25h(saT)Asf, 0.5<Th-<1.0
h
M, = 0.5 A, - =10
b) for continuous beams
h

Mu=0.44h(1.8-(—)Asf, . 0.<¢l<1.0
M, =0.35¢A,f, %21,0
c) for cantilever beams

M, = (0.56¢ + 0.0} A, 1, 10<4 <20
M, = 0.75 €A 1, tl =20

The positive reinforcement is to be uniformly distributed
over a depth of 0.1£ or 0.1 h, whichever is smaller, of the
tension face.

The negative reinforcement over a support shall be uni-
formly spread over a zone with a depth equal to the les-
ser of 0.6€ and 0.6 h. This zone shall start at a level abo-
ve the bottom located at 0.1¢ or 0.1 h whichever is smal-
ler.

9.2.5.3- Minimum flexural tension reinforcement shall
conform to Section 9.1.4.1.

9.2.5.4- Flexural tesnion reinforcement required to re-
sist positive bending moment in any span of a deep be-
am shall extend without curtailment between supports.

9.2.5.5- At least 50% of the flexural tension reinforce-
ment required to resist negative bending moment over a
support of a deep beam shall be extended over the full
spans.

9.2.5.6- Design of deep flexural members for shear ef-
fects shall be in accordance with Section 11.7.

9.2.5.7- Minimum horizontal and vertical reinforce-
ment in the side faces of deep flexural members shall be
greater of the requirements of Sections 11.6.3.5 and
11.6.3.6 or Sections 14.2.2.2 and 14.2.2.3.

9.2.6- Anchorage, splices and curtailment of flexural
reinforcement shall be carried out in accordance with
Chapter 12.
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CHAPTER 10- COMPRESSION MEMBERS

10.0- Notation
A. = area of core of spirally reinforced compression
member measured to outside diameter of spiral, mm?

A, = gross area of section, mm?

A, = area of tension reinforcement, mm?

A, = area of compression reinforcement, mm?

A,; = total area of longitudinal reinforcement (bar or

steel shapes), mm?

A, = area of structural steel shape, pipe or tubing in a
composite section, mm?

A, = loaded area mm?

A; = maximum area of the portion of the supporting sur~
face that is geometrically similar to and concentric
with the loaded area, mm?

b = width of compression face of a member, mm

C.. = factor relating actua! moment diagram to an equi-
valent uniform moment diagram

_d = distance from extreme compression fiber to centroid

of tension reinforcement (effective depth), mm

d’ = distance from extreme compression fiber to centro-
id of compression reinforcement, mm

©min = MiNimum eccentricity, mm

e, = eccentricity of column load, corresponding to equi-
valent uniform moment

E. = modulus of elasticity of concrete, N/mm?

E. = modulus of elasticity of steel, N/mm?

El = Flexural stiffness of compression member, N-mm?

f., = characteristic compressive strength of concrete, N/
mm?

f, = characteristic yield strength of tension steel, N/mm?

h = overall depth or thickness of member, mm

I, = moment of inertia of gross cross section of member
about its centroidal axis, mm*

1., = moment of inertia of reinforcement about centro-
idal axis of cross section of member, mm*

I, = moment of inertia of structural steel shape, pipe or
tubing about centroidal axis of cross section of com-
posite member, mm* _ -

K = effective length factor for compression members

k = flexural stiffness of member = EI/¢

£ = effective span, m

€. = unsupported length of compression member, m

M, = factored moment to be used in design of compres-
sion member

M, = ultimate moment of resistance

M, = value of smaller factored end moment on
compression member calculated by conventional
elastic frame analysis, positive if member is bent in
single curvature, negative if bent in double curvatu-
re

M, = value of larger factored end moment on compres-
sion member calculated by conventional elastic fra-
me analysis, always positive

P, = ultimate compressive axial load at balanced strain
conditions
P. = Euler’'s critical load
P, = ultimate compressive axial load at given eccentrici-
ty
P, = ultimate compressive axial load at zero eccentricity
P.x = ultimate compressive axial load with zero eccentri-
city about Y-axis
P,y = ultimate compressive axial load with zero eccentri-
city about X-axis
r = radius of gyration of cross section of a compression
member
" & = magnification factor
. = critical magnification factor
# = ratio of tension reinforcement
P, = ratio of volume of spiral reinforcement to total volu-
me of core (out to out of spirals) of spirally reinfoced
compression member
¥ m = partial safety factor for material
@&, = ratio of the sum of column stiffnesses to the sum of
the beam stiffnesses at lower end of column
@, = ratio of the sum of column stiffnesses to the sum of
'the beam stiffnesses at upper end of column
@ o = lesserof a,, and o,
B4 = ratio ot maximum factored dead load moment to
maximum factored total moment, alwavs positive
Brea = ratio of the reduction in resistance moment, to the
numerically iargest moment given anywhere by the
elastic maximum moments diagram for that particu-
lar member covering all appropriate combinations
of ultimate loads
@ = bar size or diameter, mm

10.1- General Principles and Requirement
10.1.1- Moments and forces in columns

10.1.1.1- Columns shall be designed to resist the axial
forces from factored loads on all fioors and roofs and ma-
ximum 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 lo-
ad shall also be considered.

10.1.1.2- Forces and moments in the column shall be

determined from appropnriate elastic analysis of the

. structure. Such analysis shall take into account influen-

ce of axial loads and variable moment of inertia on mem-

ber stiffness and fixed end moments, effect of defiec-

tions on moments and forces and the effects of duration
of loads.

10.1.1.3- inlieu of the procedure prescribed in Section
10.1.1.2, evaluation of moments and forces in columns
may be made in accordance with the approximate pro-
cedure presented in Section 10.1.2.




10.1.2- Approximate evalution of moments and tor-
ces

10.1.2.1- In column and beam construction not inten-
ded toresist lateral loads, the axial force in a column may
be calculated on the assumption that beams and slabs
transmitting force into the column are simply supported.

10.1.2.2- When a column is axially loaded or the axial
force dominates as in case of columns supporting sym-
metrical arrangement of beams, only the factored axial
force need be considered in design apart from anominal
allowance for eccentricity due to construction toleran-
ces.

10.1.2.3- When a columin is not symmetrically loaded
the uitimate moments induced in it may be calculated by
simple moment distribution, Kani's method of analysis
etc. on the assumption that the column and beam ends
remote from the junction under consideration are fixed
and that the beams on either side possess half their ac-
tual stiffness.

10.1.2.4- In designing slender columns an allowance
shall be made for increased moments due to slender-
ness effects as per Section 10.3 and Fig. 10.1(a)
and 10.1(b).

10.1.2.5- For unbraced frames if the average value of
Kbuh for all columns at a paticular level is greater
than 20, bases or other members connected to the ends
of such columns shall also be designed to resist the re-
sbective magnified end moment induced due to siender-
ness effects as indicated in Fig. 10.1(b).

10.1.3- Braced and unbraced columns
A compression member may be assumed braced in a gi-
ven plane if located in a story which the bracing elements
(shear walls, trusses or other types of lateral bracings)
have a total stiffness resisting lateral movement of the
* story at least 6 times the sum of stiffnesses of all the co-
lumns within the story.

10.1.4- Unsupported length of compression mem-
bers ,
10.1.4.1- Unsupported length ¢, of a compression
member shall be taken as the clear distance between
end restraints such as floor slabs, beams or other mem-
_ bers.
-
10.1.4.2- When column capitals or hunches are pre-
sent, unsupported length shall be measured to the lower
extremity of cpaital or haunch in the piane considered.

10.1.5- Effective length of compression members
10.1.5.1- The effective length factor K for cantilever
compression member shall be taken as 2.0.

10.1.5.2- For a braced column where relative lateral
displacement of the ends is prevented by shear walls,
bracings or similar means, the eftective length factor K

for the member shali be taken as:

a) 0.75, Where both ends are restrained against ro-

tation, or

b) 0.85, where one end is restrained against rota-

tion, or

¢) 1.00, where both ends are unrestrained against ro-

tation.

10.1.5.3.- In a framed structure the effective length
factor shall be obtained from:

a) For a braced cloumn, the lesser of

K=1[0.70 + 0.05 (X¢;+ X1 € 1 o (10-1)
or ’

K =[0.85 + 0.05 . ] <1 (10-2)

-~ b) For an unbraced column, the lesser of

K=[1.0 + 0.15 (<, + x,))] (10-3)
or

K=120+03 =] (10-4)

10.1.5.4- In case the connection between a column
and its base is not designed to resist other than nominal

‘'moment or when the beams framing into a column are

designed as simply supported, o in Section 10.1.5.3
shall be taken as 10.

10.1.5.5- If abase is designed to resist the column mo-
ment, o, in Section 10.1.5.3 shall be taken as 1.0.

10.1.5.6- In calculating x. in Section 10.1.5.3, the
stiffness of each member shall be obtained by dividing
the product of moment of inertia of its concrete section
and Moduius of elasticity by its ctual length, i.e. k = EI/¢

10.1.5.7- For fiat slab constrution, an equivalent beam
shall be taken as having the width and thickness of the
slab forming the column strip.

10.1.6- Radius of Gyration
The radius of gyration of a cross section of a compres-
sion member shall be calculated on the gross concrete
cross section, except that it shall be permissible to assu-
me r as being:

a) 0.3 times the overall dimension in the direction in

which the stability is being considered, for a rectangu-

lar section and,

b) 0.25 times the diameter, for a circular section.
10.1.7- Slenderness limits for columns

10.1.7.1- For a compression member the effects of
slenderess may be neglected when  Kf,/r is less than
35.

10.1.7.2- The unsupported length ¢, of a column
should not exceed
a) 50 times the least dimension of the cross section
nor 250 b*/h in case of braced and unbraced columns,
and
b) 25 times the least dimension of the gross section
nor 100 b?Mh in case of cantilever columns, where b is
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M, =8CnM... (10-10)
Provided
M < M.
where
b-—_>10 (10-11)
1P
Pc

but not greater than 5. as defined in Section 10.3.3.4,
and
_mEl

(K
The variation of M; along the column length both for bra-
ced and unbraced conditions have been indicated in Fig.
10.1(a) and 10.1(b). The dotted line in Fig.10.1(a) indica-
tes the restraining effects of the beams at the column
ends.

(10-12)

10.3.3.2- In lieu of more accurate calculation, EIin Eq.
(10-12) may be taken as the greater of the following:

Er-EeL/6+E L

1.4 (1 + By) (10-13)
or
Ecl
=0
El=<sa) (10-14)

10.3.3.3- In Eq. (10-10), for members braced against
sidesway and without transverse loads between supp-
orts, C,, may be taken as
Cn=0.60+ 0.40%:—'-

2
but not less than 0.40

For all other cases, C, shall be taken as 1.0.
10.3.3.4- In Eq. (10-10) the magnification factor shall be
limited to the value of § . given by Eq. (10-16). In case it
exceeds §, the section shall be revised
(Ke/h)?
1800 (e,/h)

(10-15)

6c.=1+

(10-16)

10.3.3.5- Unless otherwise stated, the minimum ec-
centricity @min Shall be taken as 0.05h mm but not less
than 20 mm.

10.3.3.6- If computations show that there is no mo-
ment at both ends of a compression member or that
computed end eccentricities are less than em,, M2 in EQ.
(10-15) shall be based on eccentricity of em about each
axis separately. Ratio My/M; in Eq. (10-15) shall be de-
termined by either of the following:

a) when computed end eccentricities are less than
emin, COMputed end moments may be used to evalua-
te My/Min Eq. 10-15.

b) If computations show that there is essentially no
moment at both ends of a compression member, the
ratio M;/M, shall be taken equal to unity.

10.3.4- Moment magnifier 5 for unbraced frames

10.3.4.1- In frames not braced against sidesway, the
value of 8 shall be coumputed for an entire story assu-
ming all columns to be loaded.

10.3.4.2- In Eq. (10-11), P and P, shall be replaced by
the summation X P, and X P for all columns in a story.

10.3.4.3- For the design of each column within a story,
 shall be taken as the larger of the values computed for
the entire story according to Section10.3.4.2 or as com-
puted for the individual column assuming column ends
to be braced against sidesway.

10.3.5- Slender columns bent about both axes
Slender compression members subjected to bending
about both principal axes shall be designed for axial for-
ce P, and the magnified moment M, about each principal
axis separately.

10.4- Axially loaded members supporting slab sy-
stem

Axially loaded members supporting a slab system shall
be designed as provided in Chapter 10 and in accordan-
ce with the additional requirement of Chapter 13.

10.5- Transmission of column loads through floor
system

When the characteristic compressive strength of con-
crete in a column is greater than 1.4 times that spebified
for a floor system, transmission of load through the floor
system shall be provided by one of the following:

10.5.1- Concrete of strength specified for column shall
be placed in the floor about the column for an area 4 ti-
mes the column area. Column concrete shall be well in-
tegrated into floor concrete.

10.5.2- Strength of a corner or edge column through a
floor'system shall be based on the lower value of concre-
te strength.

10.5.3- For columns laterally supported on four sides by
beams of approximately equal depth or by siabs,
strength of the column may be based on an assumed
concrete strength in the columns joint equal to 75 per-
cent of column concrete strength plus 35 percent of floor
concrete strength.

10.6- Lateral reinforcement for compression mem-
bers

10.6.1- Lateral reinforcement for compression members
shall conform to the provisions of Section 10.6.4 and
10.6.5 and where shear or torsion reinforcement is re-
quiréd, shall also conform to provisions of Chapter 11.

10.6.2- Lateral reinforcement requirements for composi-
te compression memebers shall conform to Section
10.8.

10.6.3- Lateral reinforcement requirements of Section
10.6 may be waived where tests and structural analysis




show that adequate strength and feasibility of construc-
tion can be achieved.

10.6.4- Spirals
. Spiral reinforcement for compression members shall
conform to Section 10.1.9.3 and to the following:

10.6.4.1- Spirals shall consist of evenly ’s’paced
continuous bar or wire of such size and so assembled
to permit handiing and placing without distortion from
design dimensions.

10.6.4.2- For cast-in-place construction, size of
spirals shall not be less than 6mm in diameter.

10.6.4.3- C.Iear spacing between spirals shall not
exceed 75mm, nor be less than 25mm. See also Sec-
tion 1.3.3.

10.6.4.4- Anchorage of spiral reinforcement shall
be provided by 114’ extra turns of spiral bar or wire at
each end of spiral unit.

10.6.4.5- Splices in spiral reinforcement shall be
lap splices of 480 but not less than 300mm, or other-
wise welded.

10.6.4.6- Spirals shall extend from top of footing or
slab in any story to the level of lowest horizontal rein-
forcement in members supported above.

1 q.e.4.-7- where beams and brackets do not frame
into all sides of a column, ties shall extend above ter-
mination of spiral to bottom of slab or drop panel.

10.6.4.8- In columns with capitals, spirals shall ex-
tend to a level at which the diameter or width of capital
is 2 times that of the column.

10.6.4.9- Spirals shall be held firmly and true to line
by vertical spacers. For spiral bar or wire smaller than
16mm, a mimimum of 2 spacers shall be used for
spirals less than 50mm in diameter, three spacers for
spirals 500 to 750mm in diameter, and four spacers
for spirals greater than 750mm in diameter.

10.6.4.10- For spiral bar or wire 16mm diameter or
larger, a minimum of three spacers shall be used for
spirals 600mm or less in-diameter, and four spacers
for spirals greater than 600mm in diameter.

10.6.5- Ties
Tie reinforcement for compression members shall
conform to the following:
10.6.5.1- All longitudinal bars shall be enclosed by
lateral ties, at least 6mm in size for longitudinal bars
of up to 20mm, 8mm in size for bars exceeding 20mm
and up to 25mm, 10mm in size for bars exceeding

28mm and up to 42mm and 12mm in size for bars ex- ‘
ceeding 42mm and up to 56mm and bundled longitu-
dinal bars. Deformed wire or welded wire fabric of
equivalent area may be used.

10.6.5.2- Vertical spacing of ties shall not exceed
16 longitudinal bar diameters, 48 tie or wire diame-
ters or least dimension of the.compression member .

10.6.5.3- Ties shall be arranged such that every
corner and alternate longitudinal bar shall have late-
ral support provided by the corner of a tie with an in-
cluded angle of not more than 135 degree and no bar
shall be farther apart than 150 mm clear on each side
along the tie from such a laterally supported bar.
Where longitudinal bars are located around the pen-
meter of a circle, a complete circular tie may be used.

10.6.5.4- Ties shall be located vertically not more
than half a tie spacing abové the top of footing orslab
in any story and shall be spaced as provided herein to
not more than half a tie spacing below the lowest ho-
rizantal reinforcement in members supported above.

10.6.5.5- Where beams or brackets frame into all
sides of a column, ties may be terminated not more
than 75mm below lowest reinforcementvin shallowest

‘of such beams and brackets.

10.7- Oftset bars in columns
Oftset bent longitudinal bars shall conform to the fol-
lowing:

10.7.1- Slope of inclined portion of an offset bar with
axis of column shall not exceed 1in 6.

10.7.2- Portions of bar above and below an offset
shall' be parallel to the axis of column.

10.7.3- Horizontal suppart at offset bends shall be
provided by lateral ties, spirals or parts of the floor
construction. Horizantal support provided shall be
designed to resist 1/2 times the horizontal compo-
nent of the computed force in the inclined portion of
an offset bar. Lateral ties or spirals if used, shall be
placed not more than 100mm from points of bend.

10.7.4- Oftset bars shall be bent before placement in
the form,

10.7.5- Where a column face is offset 75mm or grea-
ter, longitudinal bars shall not be offset bent. Separa-
te dowels, lap spliced with the longitudinal bars adja-
cent to the offset column faces shall be provided. Lap
splices shall. conform to Section 12.16. '

10.8- Composite compression members

=30-




10.8.1- Composite compression members shall in-
clude all such members reinforced longitudinally with
structural steel shapes, pipe or tubing with or without
.longitudinal bars.

10.8.2- For composite compression members with
spiral or tie reinforcement around the steel core, the
following shall be satisfied:

10.8.2.1- Characteristic compressive strength of
concete f., shall not be less than 20 N/mm?.

10.8.2.2- Design characteristic yield strength of

structural steel shall be the specified minimum yield

- strength for grade of structural steel used but not to
exceed 340 N/mm?, '

10.8.2.3- Area of 'longitudinal reinforcing bars lo-
cated within ties or spirals shall not be less than 0.01
nor more than 0.08 times net area of concrete sec-
tion.

10.8.2.4- Longitudinal bars located within the spi-
rals may be used in calculating A; and I,.

10.8.2.5- Spiral reinforcement shall conform to
Section 10.1.9.3.

10.8.2.6- Lateral ties shall extend completely
around the structural steel core.

10.8.2.7- Lateral ties shall have a diameter not less
than 1/50 times the greatest side dimension of the
composite member but not smaller than 6mm. Wel-
ded wire fabric of equivalent area may be used.

10.8.2.8- Vertical spacing of lateral ties shall not
exceed 16 times the longitudinal bar diameter, 48 tie
bar diameter or 1/2 times the least side dimension of
the composite member.

10.8.2.9- A longitudinal bar shall be located at
every corner of a rectangular cross section, with ot-
her longitudinal bars épaced not farther apart than
one half the least side dimension of the composite
member.

10.8.3- Load transfer in structural steel cores of com-

posite compression members shall be provided by

the following:

10.8.3.1- Ends of structural steel cores shall be ac-
curately finished to bear at end bearing splices, with
provision for alignment of one core above the otherin
copcentric contact.

10.8.3.2- The end bearing splices shall be conside-
red effective to transfer not more than 50 percent of

. [EID+ET

the total compressive stress in the steel core.

10.8.3.3- 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 section
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 compres-
sion in concrete and by reinforcement.

10.8.3.4- Transfer of stress between column base
and footing shall be in accordace with Section 15.8.

10.8.4- Strength of a composite member shall be
computed for the same limited conditions applicable
to ordinary reinforced concrete members.

10.8.5- Any axial load strength assigned to concrete
of a composite member shall be transferred to the
concrete by members or brackets in direct bearing on
concrete of the composite member.

10.8.6- All axial load strength not assigned to concre-
te of a composite member shall be transferred by di-
rect connection to the steel section.

10.8.7- For evaluation of slenderness effects, radius
of gyration of a composite section shall not be greater
than the value given by: ’

(10-17)

(EcAf7) + E A

For computing P, in Eq. (10-12) EI of a composite
section shall not be greater than:
ET= (EcIg/7)+ E L,

1+ By

(10-18)

10.8.8- Structural steel encased concrete core

10.8.8.1- For a concrete core encased by structur-
al steel, thickness of the steel encasement shall not
be less than

bV 1, /3E,, for each face of width b
nor

hv T, 78E,

10.8.8.2- Longitudinal bars located within the en-
cased concrete core may be considered in compu-
ting Ay and I, ‘
10.9- Bearing Strength
Design bearing strength of concrete shall not exceed
0.45 1., A, except as follows:
10.9.1-
all sides than the loaded area, design bearing

When the supporting surface is wider on
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strength on the loaded area may be multiplied by
VA, /A, but not more than 2.

10.9 2- When the supporting surface is sloped or
stepped, A, may be taken as the area of the lower ba-

se of the largest frustrum of a right pyramid or cone
contained wholly within the support and having for its
upper base the loaded area, and having side siopes
of 1 vertical to 2 horizontal.

CHAPTER 11- SHEAR AND TORSION

11.0- Notation

a = shear span, distance between concentrated load
and face of support, mm

A, = area of concrete section resisting shear transfer,
mm?

A, = area of reinforcement necessary to resist moment
(V, a) in a corbel or bracket, mm?

A, = gross area of section, mm? :

A, = area of shear reinforcement parallel to flexural ten-
sion reinforcement, mm?

A,= total area of longitudinal reinforcement to resist tor-
sion, mm?

A, = area of reinforcement necessary to resist horizon-

tal tensile force Nyin a corbel or bracket, mm?

A, = area of tension reinforcement, mm?

A, = area of one leg of a closed stirrup resisting torsion
within a distance 8, mm?

A, = area of shear reinforcement within a distance s or
area of shear reinforcement perpendicuiar to fle-
xural tension reinforcement within a distance 8 for
deep flexural members, mm?

A, = area of shear friction reinforcement, mm?

A,, = area of shear reinforcement parallel to flexural
tension reinforcement within a distance 8z, mm?

b = width of compression section for slabs and footings,

mm

b, = perimeter of critical section for slabs and footings,
mm

b,, = web width, mm

¢, = size of rectangular or equivalent rectangular co- '

lumn, capital or bracket, measured in the direction
of the span for which moments are being determi-
ned, mm 7
¢, = size of rectagular or equivalent rectangular column,
capital or bracket, measured transverse to the di-
rection of the span for which moments are being
determined, mm
C, = factor relating shear and torsional stress properties
=b, 4/ x%y
d = distance from extreme compression fiber to centroid
" of longitudinal tension reinforcement

f., = characteristic compressive strength of concrete,
N/mm?
fo = average splitting tensile strength of concrete,
N/mm? )
fy = characteristic tensile sirength of reinforcing steel,
N/mm?
fy¢= characteristic strength of longitudinal steel for tor-
sion, N/mm?
f,v = characterisitic strength of shear reinforcement,
N/mm?
G = shear modulus, N/'mm?
h = overall thickness of member, mm
h, = total depth of shearhead cross section, mm
h,, = total height of wall from base to top, mm
I = moment of inertia of section resisting externally app-
lied factored loads, mm*
J = torsional constant, mm*
« = development length, mm
€. = clear span measured face to face of supports, mm
b = d_istance between face of support and point of zero
shear, mm
¢, = length of shearhead arm from the centroid of con-
centrated load or reaction, mm
€. = horizontal length of wall, mm
M,, = bending moment necessary to produce zero stress
in concrete fiber at which tensile stresses are cau-
sed by applied loads
M, = required plastic moment of shearhead cross sec-
tion
M, = factored moment at section
M, = moment resistance contributed by shearhead rein-
forcement
N, = factored axial load normal to cross section occuring
simultaneously with V,, to be taken as positive for
compression, negative for tension and to include
effects of tension due to creep and shrinkage
N,. = factored rensile force applied at top of bracket or
corbel acting simultaneously with V,,, to be ta-
ken as positive for tension
8 = spacing of shear or torsion reinforcement in direction
parallel to longitudinal reinforcement, mm
8, = spacing of veftical reinforcement in wall, mm

~a2-




8, = spacing of shear or torsion reinforcement in direc-
tion perpendicular to longitudinal reinforcement or
spacing of horizontal reinforcement in wall, mm

T. = torsional moment strength provided by concrete

T, = torsional moment strength provided by torsion rein-
forcement

T. = factored torsional moment at a section

v, = shear stress provided by concrete

V. = shear strength provided by concrete

V4 = shear strength provided by concrete when diago-

nal cracking results from combined shear and mo-

ment ' .
V., = shear strength provided by concrete when diago-

nal cracking results from excessive principal ten-
sile stress in web
V,, = shear force provided by shear reinforcement
V, = shear strength provided by shear reinforcement
Vv, = factored shear force at section
x = shorter overall dimension of a rectangular part of a
cross section, mm
y = longer overall dimension of a rectangular part of a
cross section, mm
S x%y = torsional section properties
x, = shorter center to center dimension of a closed rec-
tangular stirrup, mm
y: = longer center to center dimension of a closed rec-
tangular stirrup, mm
y: = distance from centroidal axis of gross section, ne-
glecting reinforcement to extreme fiber in tension,
mm
« = angle between inclined stirrups and longitudinal
axis of a member
a, _ coefficient as a function of y,/x,
e =ratio of stiffness of shearhead arm to surrounding
composite slab section
B. = ratio of long side to short side of concentrated load
or reaction area
= coefficient of friction
Y = angle between the shear friction reinforcement and
the direction of shearing action
¥, = fraction of unbalanced moment transferred by ec-
centricity of shear at slab’cloumn connections
P = ratio of tension reinforcement = A/b d
Pn = ratio of horizontal shear reinforcement area to gros
concrete area of vertical section
Pn = ratio of vertical shear reinforcement area to gross
concrete area of horizontal section
Py = (A + A)bd
Pw=A/d
Note: Coefficients in nonhomogenious equations are
based on stresses in N/'mm? and dimensions in mm.
11.1- Shear strength
11.1.1- Design of cross section subject to factored shear
force V,, shall be based on
VeV .+ V. (11-1)
Where V. is the shear strength provided by concrete in
accordance with Section 11.2

Ve=

11.1.2- Maximum factored shear force at sections loca-
ted less than a distance d from face of support may be
designed for the same shear V,, as that computed at a di-
stance d provided that the following conditions are satis-
fied:

a) support reaction, in direction of applied shear, in-
troduced compression into the end regions of mem-
ber, and

b) no concentrated ioad occurs between face of
support and distance d, otherwise the critical section
shall be at face of support.

11.2- Shear strength provided by concrete
11.2.1- Shear strength V.. at any cross section of a mem-
ber subject to shear and flexure shall be calculated from,

V. =v.b,d (11-2)
where the shear stress v, shall be taken as
Ve =(0.05 + 7.5 Pw) V 1 (11-3)

but not greater than 0.14 /T,

11.2.2- In determining shear strength V., the effects of
axial tension due to creep and shrinkage in restrained
members whenever applicable shall be considered.

11.2.3- For members subject to axial compression, Eq.
(11-4) shall be used to compute the shear force V, carried
by concrete

Ve=ve(1+ 3.40——"“—) byd

Agfeu
but not greater than 1.5 v. by d
11.2.4- For members subject to axial tension exceeding
0.04V1., Ag shear reinforcement shall be designed to
carry the total shear. In case axial tensile forces were
considered in the design of longitudinal reinforcement,
V. may de computed using Eq. (11-5)
N

V, = N

e=Ve(l oV T oA
11.2.5- Al sections where factored torsional moment T,
exeeds 0.025V T o, = Xy, the shear v, may be compu-
ted using Eq. (11-6).
v.b,d

T
1+28 2
VC.

11.3- Shear strength provided by shear reinforce-
ment '

11.3.1- Shear reinforcement may consist of the following
types:

a) Stirrups perpendicular to the axis of the member,
or making an angle of 45 deg or more with the longitu-
dinal tension reinforcement

b) Bent — up longitudinal bars with bent angle not
less than 30 deg with the longitudinal reinforcement.
In this case it is not to exceed 50 percent of shear

(11-5)

(11-6)
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stieegiiippoviddehlyystirearebififocoenoeht.
OF) Wieidsbekbwiriod Adsciciowidit veis -
d¥ Sipiriade;.

11.322 Ghiasaeteeistitcyjsticsteangihobishibaarebififoces.-
ment shall not exceed 410 NVana’’. »

11.3.3- Shear reinforcereatthiaticamenid dcaiitisimeocid
from extreme compression fibee aaokibiadiibbeaanbioveek
at both ends in order to develop thieaideiigryistddstteenih

of reinforcement.

11.3.4- Spacing limitations for stisearchidfeconmsebt

11.3.4.1- Spacing of shear reinfoocoemahtpidaeddper-
pendicular to the axis of the member shiadiihobbexeecdiiive
limitations given below nor 600 mmx..

for

. i
Ve < V. 3314id
VesV,<2V, 1221d
2V. < V, 1M4ad

11.3.4.2- Inclined strirrups and bent longitiiddiahlesin-
forcement shall be so placed that every 45 deégdifiaesbiatill
be crossed by at least one line of shear reinfdoceemant.
Such reinforcement shall not be spaced fdrthberappsait
than maximum spacing of Section 11.3.4.1 muitiptiéedy
a factor (1+cota), where « is the inclination of irmupps
to the longitudinal axis of the member.

11.3.5- Minimum Shear Reinforcement
11.3.5.1- A minimum area of shear reinforcoareaht
shall be provided in all reinforced concrete flexuralfweem-
bers where the factored shear force V, exceeds 1/22hbe
shear strength provided by concrete V., except,
a) Silabs and footings.
b) Concrete joist construction
c) Beams with total depth not greater than 250 mm;,
2/2 times thickness of flange, or 1/2 the width of waebb,
whichever is greater.

11.3.5.2- Minimum shear reinforcement requirements.
of Section 11.3.5.1 may be waived if shown by test thast
required flexural and shear strength can be achieved wivi-
thout shear reinforcement.

11.3.5.3- For reinforced concrete members, the mini- -
mum shear reinforecement when required shall be

0.40b, s
fY

A = (-7

11.3.5.4- Where factored torsional moment T, ex-

ceeds 0.025V f.u I x2y, minimum area of closed stir-

rups shall be computed by
0.4b,s

y

(11-8)

-34-

1113306 Theijgnotsbissnraldritassnanit

1116611 Wyiseec! isbtocetskivas ftsossW, cocosmetisttie
stisaasieagithod bommcestcW skiesareliTitoossnes il
Hiseppovideet éorthiscshieansitomgit W, whieses

WI=WU_“!= (em®)
Shisenastiooit W stiall iscoconppibel irexcoydisresowitth
SBetitions1 1133661 tthinongbh1 11336677.

11133662 VWisecsshivaar ciriifoossneen sepmentiichiatto
thiscaaissod tkiscrmsenhibel ssuseek},
w2 U (tm3m))

Sthmrocss.
111336633 Wviserstisear eaiifocosnsss booniidssod fassse-
risesobppratibbinotilimebiass thiscstisansttemithW skt

\',',rmmmxmw )t!
=

S— ) o)) )]

111335644-Whibeee shisear resifibocaansest comsiséts of f
ssinhibaaporssinitagoopmbipalilbhiaess i Heen ot
thibesaamaaiilithacedioontisessppport Al Shiall scoadichin-
téeidioom:

PP QBBTS e
bistihobpgeatde thiaar0RBOXA T, Hadd.

11 B3566-0Dhhiibcoahiet ineac—idomtithnd t tisd ibiwed

sthorobhasy donilikiinhbbat tiaarskiit ibocat]
eifietitred doshbaareaifidocoamsaht.

111336866 VWiibammooed iaaroondyypecd bhisear eaiidooas -
mmahtiasedddcediidorodiibesaamacppotitiorod tennsentiser
thieesbbaastsanijiivy shialll bsecoonppibeldonst isesemmodf
thisdy yahlvesconmpptidddotibe asiossyppes.

113567 Shbaastianti VY sbiaiiihobtic akicergpeadter
thbardawy,.

1144 0Daubhrinekbisannmid ésshiorattengith
1134411-TosioahlolBetdsshialiibbeinctidedwitthskisear
anatdiéasneenibesd ibd datdoedd dosgionh hmonsen (T, 220

11M&22-FBomeerbbesswithhreetiangidaro fiiagpedseee-
titiossthbevailaeobisxk yysbiiibibet ahivari dorthiacooonppe-
neatveetiagisesobtibeseetiton bintitiseoveer—hamuiing
fifiagganvidiituseddrirtibaldeigrsblaliinnb bexessaXitiness
thbdiiaggdhhitheess.

111483 AAeotiaggldabbassetitiommgbie dkiseres sesso-
liddeetitanppoviddddvatithivknesdhiissahtdanttod Atinax
sectiiorwitithwaliithiiickee s shbbweanaddannbot] 00 rmagyy
atsedbadabernanmstitdsetitoreaxopptiaat SHkiysthdl
bbenuliipptidi yx\Whibaerhlidsddesshiaanold 00 stiflifmess

(1)




afwellisttuil tinconorsbitbyest] Filidtockizdl Heqpovidibabbatin-
TLAM-Witeaniftissoomsiitbsentittimtttesitorahistilfieassosf
mesnikssressltedl Hmct thesmiinbocaocaunt firt ieccarsd)wils thise
R g .. i
saumiivgtthest tesanmmatiidssO5oemued Ho0D4Gt hiness biecrneo-
diissaffedimtiiiipyosttesonoveatbocamt tvetiovedh ooovedimnit
J eaedi tto Hudiftitee SBt. Waraanitvadleo oakbcikinbetiféorttiee
iimonorerestosemtibon.
sinattree, witere restligtiion off ttoshiorsd! mesmentt im aa
rmresTvikesT aaem o ciies toorestiidtithuidionaf fiinberrediféor-

s, MEimumMmibattoestttosiors imeonesn (T meytiecres-

it to@ 25 X Tl ., Sy BBeanett Heceatijiiminggmesnidesss

TLAG- Tiovsstorad | | besatiiveg ffovm aasitdd reey Heet tdiean azs
ey distituvesticabongtttermmesmitesr.
maw—smmmmmnmmmm

— Y )
14

MABE- T, L cor IT smenttiooves sbtedlitie diinabbatiiintto tthedir
— " cimiizmtitewalliesdf
=y
AR Foor meeniisess sulijettet] tt swiil teveom im
o aff QBN W, Ay, trsimre neiivfroseTett sl
Heas attessi yvent D acapnnyy et el besioomed  nmagoresit.

TLAS- T it ned vfmoxsmesrttresgienentis

MMARN- Tensimral naivfinmosmes T, wirense nesguinesd],
suhivgsl e g et ettt iomt tonesivfmoaeTvesyttnesspinestitto
et aetaear, filmecunae aevali anstiad Iftonmeess .

TEAR2- Tiansioovad! naiivftmmames tt mmmy Hiee copniiimest
vistinaseti, s thinge sanrm aeffiiwatfixi abln.cel )y ey nasot aenessees aavutitthee
vt it . i . il
ane et

TLA RS- Tomssgova | neivflamcaemeen it sttedl| cove st aff cito-
st i, 3 eoasacti tisess aav s e b v i vesat wittn | g~
i troerss.

11494 Crararimisic yistl shevwgth for trsiael)
mesimfincamme it sl matt epvosa 41O Wi

uaas-rmmmmmmumm;

staanecddffoomesateenecconmupesssioniitilperagidssiadiibise
P - SRetiton! 221 22 N
T . W
111440066-Tbosiimak  eisrfiéoooeneern bhiadliecpovidiet bt
|émas tediisianreccdH- ayponki Mecrpdint Mesvetkiadi)y -
THH100-Shpatingliniitel it bosliomd rebivibyosenemtt

T 1001 -spambepod obisselstiirogessiadl vt tsceeet]
tm st (08 Hyy) Moo SB0nm.

mmm Uomuilihatilivadl topsiion reaivibocasnest skt
rvod tidl éssst taarm! Conemimdibenedée mevetisbiadl Hsociittiting-
tézt evennhly aaonungtittieciinssiibepmenmedbsr abftieestliragss.
ThHeohbeardissiaracistivensrtHessc iaassshiwil et ocaset]
JEmmaaiitiodtidaess tosrectizaninesamthoosmesnadft theeliinies

1M 103B-Tioeiioral reliriiooernesireeyiieatiztttesl dvedl
afftéarsétonarrocompessiionredTivossrean iyt serpowi-
cimttiyyusiing iagee tsaestitartosser capuiicatf (ot imsndiing
abovee.

Tami-adignoffttosionreditttoomenestt

A 11 Wirteen fhattoeet] thosbeorsdl meomesnt T, exx-
mmEtts thtee toysiaorahl meoTeenit TG, , toossion rediitommement
sttedl Hrepovitbetiftorttestiesngth T wies
T=To—TE. (@)
AN 2-THettossora | muosmesnt TL, sttedlitee coompu-
temtitlyy

TQ:WW(WM)
s .

(g atss)

witennee A6 tee axemm affcomes | b off aa adbcesant] sttimoygp reessi-
TettysmTwitthinaadis "

=@+ %—‘1» /B

taattrretrrvensettieam 115,
LA I B-Amiivimurm amessacefotbossat s tivops st el 1Hee
powitbetlimsoordianeewitth BReptteon L BHA.

LA A -Ucongjttaatived Hoenss Myaiithithatsetizamnurdittie
possviTveEtteTarfthee adbeameet s trapes s vl e azovvma ety

‘NF%(L:&)(%Z) (@—nm)
arthy

e 2“"‘,‘;; 1) ()
witiict remneeiis qesatnr.

THLALTLS- TiHrecttongi tover Imermrenttl, st innat anscomant!
ax,.




ttwaifon. (111-80)shallnot apply .
1M 85é8- Baction lacaiet] clossr- 10 wallthase fhan a disken-
me(orone-alfthehsight whichever s isas Mmayise
: R L“ '
1M B7-Whenffactonst sheer fome W, s ees than WAD,
resirsiorosment sshell the poowvitied in amonience will
Baction M1BB or im aonianoe wilh chapler 14
- WD weilkesind - s
athear Hoe (prositied iin acoonianne willh Seckos
B8
111 D8-Bheer reiviooameniaresiis
11 BB - Wheve ‘factoesti shoers fiome W, escneds W,
hrizontal shear merfioroement shal e prosided to sa-
ity Eg/((1-11) whese shear strength W, shall he comps-
ttetithy
M:A.«nm:?m
where A, iis the area of honzontisl shear reinforcement
withinadistance s, ant the dstanoe J shall e 0 2000
alannewiith Sadtion 11.84.
axeA o goss conowte aves of vertical section shall not
e/ e than D OIS,

MBI Spacingafihoizonalshearreinfocement s,
sthallmptoxooosll /5, hmor 35D mm.
1o gross concrste aAvea of ool secion shall not be
s ttham:

(11-31)

P, -5 @S — —‘:-i”p,. (11-32)

mor@ON2S, hut mesd natthe greateriican the requived ho-
TLAR%S- Spacing of wvertical shear reinforcement s,
shallmot exceed./3, 2nor 350 mm.

- 1199 e shearstrength of a siaib or fooling in the vici-
ritty of a conoemitaied forve shall be govemned by the
o sevese of huo condiiions: -

11.9.1.3- Beam action for siab or fooling with a crilical
‘socion exanding in a plane acwoss the enlire widih and
incatted 2t 2 dstance dl from the face of concenirated lo-
ad ar reaciion area. For this condilion, the stab or fooling
shall he designed in accordance with sectons 11.1
tiough 11.3.

11.9.1.2- Tavo-wdy acsion fior siab or fooling with a criti-
cail seciion penpendicullar to the plane of siab and focated
S0 fihat its perimeter b, is 2 miniwmam, but need not ap-
proach closer than &/2 10 the perimieter of concentrated
fioad or reaciion area. For this condiion, the siab or foo-
fing shall be designed in accordance wilh sections
11.9.2 fwough 11.94. '

11.9.2 Desigm afisiat o faxtivg flor e way aciamsin-
il be hased on V. gisemniby.

((n-28)

LI
=g 0+ Ve

Tl meed moit lbe greatier tam €25 VK, dl
wihevel, is e natio off iy sioke tm sttt s ok off amvoen-
fanliioet! liamat] qor iz Emesan et My s tiee goeni et e affari-
ficall sectiom.
11.9.3- Sihear reinforcenemt comesisiing aff tsns ar wines
may be wsediim soifid sikis smdi fiootimgs aff att (et 200
e Phich iim aocomdizmoe witth e ol g oo
11.9.3.3- The witimeatie: st capacty W, stalll e gi-
wen by

v,

Vo= -2—@ + Vg ((n1-49)

where V¥, shalll e callculatied s per Sactiom 1. 8.2 avd
required A, and V, shalll be caitulated 25 per Sactiom
11.3. amd anchored im accomdzmee with Sectiom 12 12.

11.9.32- The uiliimmatie sinear stremgtin W, sl matt te
taken grealer han@ A8V T, In, d, winere I, it e -
meter of the oillical Sectiom diefimed im Sectiam 11.9.9.2

11.9.33 Shear stremgfih shalll he imuestigsted at the
crilical section defimed im Sectiom 11.9.1.2 amd att sue-
cessive secions more diistzmt foam e supmpant.
11.9.4- Shearheads in slabs and fookings
Shear reimforcement comistimg aff steel I or chesmmei stee-
pes may be used im skibs. Provisions of Sedions
11.9.4.1 thwough 11.9.4.10 sihalll apgily wihene shesr due
0 gravity load is Wansfierred it imterior Columms sugmp-
orts. Where momant is sansieved 0 colussms,, Sectiom
11.10.2.3 shall apply. Where sheer is ansfe med ait edige
or comer columns, special designs shall be requised.
11.9.4.1- Each shearhead shalll comsiist oft stiee| siha-
pes fabricated by weidiing imio four idensicall amms ait rigit
11.9.4.2- The depih of the sieel shape shall ot be mo-
re than 70 times the: thickness of ils weib.

11.9.4.3- Every compression filange of the sheanhead!
shall be located within 0.3d of the compression surfiace
of the siab.

11.9.4.4- The ends of the aams may be cut tapered ait
aniges not less than 30 degrees with the horizoniall.

11.9.4.5- The sifiness of each amm shall ngt be less
than 0.15 times the siifiness of the surmmoundiing composi-
te cracked siab section of width (¢, +d) includiing the she-
arhead.

11.9.4.6- Plastic moment strength for each amm of
shearhead shall be computed by

4
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witwsd,, i tthe miivimanm | gt aff emctin stesminsdiaimm
nespiteesti to ey witth tthe neginenTeTts off Sectfows
MDA 7 ava] 1ML BALEB.

T BA 7 Chitticad) skt smetion for stiaese  shll) e per-
pendicdEr to tthe phre of Db e sl ooes
A S ot v att P e litameagg 2&, fham

cxplurm feee tto tthee ot o seressnt resseol] anvn. Chitiizall see-
ttaon sl e et |0 thatt its gonimvetsr by, i a
i), adt et vt agppooscn itmese© tiesm o2 to the:
pestiTrestter aff cxlunm smetton. ”

LD M- THreeu)ttimette s remrsthemytn W, ontie il
ssttom disfiren] imBorttoom 11D 47 stialll mait he e
qyesdttiremW,, ot Eteaimssstion 1.9 2, Wi sihe-
aatteseent) negivfioncs et it puoowittisel], sdvemer sihemgith W,
sttwlinoteetEianggrerttaEm@ AN ¥ o, indamttre -
azdismerttmndixfivestim Becttan AN D,

M BNB- ThHee s rassert heseet! ey Hoe aseaxnmvasli o camwihi-
Hhutte @ et adf neesastterese AR, tto esscth st cuiluem

(n-3%)

Huttrrodtroyeettieemttie | st adt
&) Dttt fhexttoness raovras tt naso i nesd fimr
i) atremgEeimasiummsttijprvementtaser|Emgthg,.
@) vadlveeafMiamonypatisty B . (11H-35).

mmmmmmlmmmmmm
tihee axoTome ited et | mat] cor nessxtt@m-cenasen ttiem fman e
threessidint iiicressanthantviimet thesctianadppmesT it b tiit
st resiTitonmeTvesT it pmessivey ttivansgdh ttee cxsilunmn o axasT
ttteess hemaheaart] asmomonnitss el Heet ldesmarffitieensestisctimmim

eanmedter aff tthe cmitaxll anmtmn ttmt ] amﬂnw by
sitenigyittilivess, ppogaettivg ffoomttihes csvttooot afftthee |osall cor

macion area and tangent 0 the boundaries of the ope-

11.9.5.2- For slabs with shearheads, the ineffective
pariion of the perimeter shall be one half of thal defined
in Seclion 1195.1.

11.10- Transier of moments 10 columns
11.10.1- General

11.10.1.1- When unbalanced gravity forces or wind or
other kaleral forces cause transfer of momenis at con-
meciion of framiing elements o columns, shear resulling
from moment transfer shall be considered in design of la-
fexall reiiniorcement in columns.

11.90.12- Laleral reinforcement having an area A,
not less than .40 b, s/, shall be provided in that part of
fions not part of a primary seismic load resisling system
thatt are resiraiined on four sides by beams or siabs of ap-
proxinatiely equal depth
11.90.2- Special provisions for siabs

11.102.1- When grawvily loads or wind or other lateral
forces cause ransfer of moment between siab and the
caoilurmm, a fraciion of the unbalanced moment given by:

1
Cy+d Yo

+_(c,+d }
sinaill be considered transferred by eccenlricily of shear
aboutt cenivoid of a crillical secion perpendicular 10 the
pilame of the siab and located so that its perimeter is ami-
mitmum, ibut need not approach closer than dV/2 to perime-
ther of collwmn.

1L.9022- Shear sesses resulling ffom moment
tramsfier by eccenivicily of shear, shall be assurmed 0 va-
ny limeaxly about the cenivoid of the crilical section deli-
med! iim Section 11.9.1.2. Madnumn shear siress due 10
fisctiored shear forces and moments shall not exceed

Yl + VT . nor@ 25V T .o

11.80.2.3- When shear reinforcement consisling of

sieai I or chermnel-shaped seciion (shearheads) is provi-
dind,, the susm of shear siresses due 1o veriical load acling
an e crilical seciion delined by Secon 11.94.7 and
mosment iransiemed by eccentricily of shear about cen-
tvaicl of $he cxilical secion defined in Section 11.9.1.2
st not encosd 025V T .



CHAPTER 12- DEVELOPMENT AND SPLICES OF
REINFORCEMENT

12.0- Notation

A, = area of individual bar, mm?

A, = area of reinforcement, mm?

A, = area of shear reinforcement within a distance 8,
mm? -~

a = depth of equivalent rectangular stress block as defi-
ned in Section 9.2.1.5

b,, = web width or diameter of a circular section, mm

d = distance from extreme compression fiber to centroid

of tension reinforcement, mm

f.. = charactersitic compressive strength of concerete,
N/mm?

f, = characteristic yield strength of reinforcement,
N/mm?

h = overall thickness of member, mm .

¢a = additional embedment length at support or at point
of inflection, mm

¢t ¢ = development length, mm

¢ & = basic development length of a straight bar, mm

{an = 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
radius of bend and one bar diameter), mm

= basic development iength of standard hook in ten-
sion, mm :

M, = ultimate moment capacity at section, N-mm

8 = spacing of stirrups or ties, mm

8y = spacing of wire to be developed or spliced, mm

V, = factored shear force at section

By, = ratio of area of reinforcement cut off to total area of
tension reinforcement at section

@ = nominal diameter of bar, mm

12.1- Development of reinforcement - General
12.1.1- Calculated tension or compression in reinforce-
ment at each section of reinforced concrete members
shali be developed on each side of that section by embe-
dement length hook or mechanical device, or a combina-
tion thereof. Hooks may be used in developing bars in
tension only.

12.1.2- Hook shall not be considered effective as part of
anchorage in compression.

12.2- Development of deformed bars and deformed
wire in tension. _

12.2.1- Development length ¢4 in mm for deformed bars
in tension shall be computed as the product of the basic
development length ¢4, of Section 12.2.2 and the appli-
cable modification factor or factors of Section 12.2.3 but

€4 shall not be less than that specified in Section 12.2.4.
12.2.2- Basic development length {a shall be:

@ 35 bar and smaller 0.02A8/V Ty
but notless than 0.06 Bf,
@42 bar 30f/VT,,
@56 bar 381/V T o
Deformed wire 0.401/V T

12.2.3- Basic development length (.., shall be muitiplied
by applicable factor or factors for:

a) Reinforcement with f, greater than

410
410 N/mm? 2- e
Y

b) Top honzontal reinforcement where more than
300mm of concrete is cast in the member below the
bar 1.4

'12.2.4- Basic development lengthéa, modified by appro-

priate factors of Section 12.2.3 may be multiplied by app-
licable factor or factors for:

a) Reinforcement in a flexural member in excess
As(required)
As(provided)
b) Reinforcement being developed in length under
consideration and spaced laterally atleast 150 mm on
center with at least 75mm clear from face of member
to edge bar, measured in direction of spacing ....... 0.8
c) Reinforcement enclosed within spiral reinforce-
menit not less than 6 mm diameter and not more than
100mm pitch 0.75

12.2.5- Development length{, shall not be iess than 300
mm except in computation of lap splices by Section
12.14 and developmént of web reinforcement by Section
12.12.

12.3- Development of standard hooks in tension
12.3.1- Development length &g, in mm, for deformed
bars in tension terminating in a standard hook (Section
5.2) shall be computed as the product of the basic deve-
lopment length £, of Section 12.3.2 and the applicable
modification factors of Section 12.3.3 buté,, shall not be
less than 8@ or 150 mm, whichever is greater.

12.3.2- Basic development length ¢,,, for hooked bar

withf, equal to 410 N/mn shall be ___ - 1109

of that required

12.3.3- Basic development length é,, shall be multiplied
by the applicable tactor or factors for:

a) Reinforcement having yield strength other than

410 N/mm? . . '
410

—40-




b) For bar diameters 35 mm and smaller, side cover
(normal to plane of hook) not less than 65mm, and for
90 deg hook,.cover on bar extension beyond hook not
less than 50 mm . 07

c) Forbar diameters 35mm and smaller, hook enclo-
sed vertically or horizontally within ties or stirrup - ties
spaced along the full development lengthéa, not grea-
ter than 3 @ where & is diameter of hooked bar 0.80

d) where anchorage or development for f, is not spe-
cifically required, reinforcement in excess of that re-

A(required)
A(provided)

quired by analysis

12.4- Development of deformed bars in compres-
sion

12.4.1- Development length &, in mm, for deformed bars
in compression shall be computed as the product of the
basic development length s, of Section 12.4.2 and appli-
cable modification factors of Section 12.4.3, buté, shall
be not less than 200 mm.

12.4.2- Basic development length

€« shall be
but not less than

030tV T,
0.045 Of,

12.4.3- Basic development length €5, may be multiplied
by applicable factors for:

a) Reinforcement in excess of that required by ana-

A (required)
© Ag(provided)
b) Reinforcement enclosed within spiral reinforce-
ment not less than 6 mm diameter and not more than
100mm pitch 0.75

12.5- Development of bundied bars

The development length of individual bars within a bund-
le in tension or compression shall be that for the individu-
al bar, increased by 20 percent for three - bar bundle and
33 percent for four-bar bundie.

lysis

12.6- Mechanical Anchorage

12.6.1- Any mechanical device capabie of developing
the strength of reinforcement without damage to the con-
crete may be used as anchorage.

12.6.2- Development of reinforcement may consist of a
combination of mechanical anchorage plus additional
embedment length of reinforcement between the point
of maximum bar stress and the mechanical anchorage.

12.7- Development of welded deformed wire fabricin
tension

12.7.1- Development length &, in mm, of weided defor-
med wire fabric measured from point of critical section to
end of wire shall be computed as the product of the basic
development length &g, of Section 12.7.2 or 12.7.3 and
applicable modification factor or factors of Section
12.2.3 and 12.2.4; but &, shall not be less than 200mm
except in computation of lap splices by Section 12.17

and development of web reinforcement by Section
12.12.

12.7.2- Basic development length €4, of weided defor-
med wire fabric, with at least one cross wire within the
development length not less than 50mm from point of cri-
tical section, shall be 0.4 @(f, — 138)/V T ., but not less
than '

A b

SwV fe

12.7.3- Basic development length £, of welded defor-
med wire fabric, with no cross wires within the develop-
ment length, shall be determined as for deformed wire.

12.8- Development of welded smooth wire fabric in
tension

Yield strength of welded smooth wire fabric shall be con-
sidered developed by embedment of two cross wires
with the closer cross wire not less than 50mm from point
of critical section. However, basic development length
€ 4 measured from point of critical section to outermost
cross wire shall not be less than

sple P
Sw V feu
modified by (As required)/(As provided) for reinforce-
ment in excess of that required by analysis but € shall
not be less than 150mm except in computation of lap
splices by Section 12.18.

12.9- Development of flexural reinforcement - Gene-
ral

12.9.1- Tension reinforcement may be developed by
bending across the web to be anchored or made conti-
nuous with reinforcement on the opposite face of mem-
ber. '

-

12.9.2- Critical section 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 Section 12.10.3

must be satisfied.

12.9.3- Reinforcement shall extend beyond the point at
which it is no longer required to resist flexure, for a di-
stance not less than

a) effective depth of the member or

b) 120
whichever is greater, except at a simply supported end
and at free end of a cantilever. )

12.9.4- Continuing reinforcement shall have an embed-
roent length not less than the development length ¢, bey-
ond the point where bent or terminated tension reinfor-
cement is no longer required to resist flexure.

12.9.5- Flexural reinforcement shall not be terminated in
a tension zone unless one of the following conditions is
satisfied:
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a) Shear at the cutoff point does not exceed two -
thirds that permitted, including shear strength of shear
reinforcement provided.

b) 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. Ex-
cess strirup area A, shall be not less than
0.4 b,, sf,. Spacing s shall not exceed d/88,, where By,
is the ratio of area of reinforcement cut off to total area
of tension reinforcemtn at the section.
¢) .. For @35 mm bar and smaller, continuing reinfor-
cement provides double the area required for flexure
at the cutoff point and shear does not exceed three -
fourths that permitted.

12.9.6- Adequate anchorage shall be provided for ten-
sion reinforcement in flexural members where reinforce-
ment stress is not directly proportional to moment, such
as: sloped, stepped, or tapered footings; brackets; deep
flexural members; or members in which tension reinfor-
cement is not parallel to compression face.

12.10- Development of positive moment reinforce-
ment -
12.10.1- At least one-third the positive moment reinfor-

" cement in simple members and one - fourth the positive
moment reinforcement in continugus members shall ex-
tend along the same face of member into the support. In
beams, such reinforcement shall extend into the support
at least 150 mm.

12.10.2- When a?lexural member is part of‘a primary la-
teral load resisting system, positive moment reinforce-
ment required to be extended into the support by Section
12.10.1 shall be anchored to develop the charactresitic
'yield strength f, in tension at the face of support.

12.10.3- At simple supports and at points of inflection,
positive moment tension reinforcement shall be limit-
ed to a diameter such thaté, computed for f, by Sec-
tion 12.2 satisfies Eq. (12-1); except, Eq. (12-1) need
not be satisfied for reinforcement terminating beyond
centerline of simple supports by a standard hook, or a
mechanical anchorage at least equivalent to a stan-
dard hook.
. M,

&= V: +6&
where:

(12-1)

M, is ultimate moment capacity at section assuming all
reinforcement at the section to be stressed to the cha-
ractersitic yield strength f,.

V, is factored shear force at the section.

¢, at a support shall be the embedment length beyond
center of support. .

¢, at a point of inflection shall be limited to the effective
depth of member or 12 @; whichever is greater.

Value of My/V, may be increased 30 percent when the

ends of reinforcement are confined by a compressive re-
action.

12.11- Development of negative moment reinforce-
ment ‘

12.11.1- Negative moment reinforcement in a conti-
nuous, restrained, or cantilever member, or in any mem-
ber of a rigid frame, shall be anchored in or through the
supporting member by embedment length, hooks, or
mechanical anchorage.

12.11.2- Negative moment reinforcement shell have an
embedment length into the span as required by Section
12.1and 12.9.3.

12.11.3- At least one-third the total tension reinforce-
ment provided for negative moment at a support shall
have an embedment length beyond the point of inflection
not less than effective depth of member, 120,0r one-six-
teenth the clear span, whichever is greater.

12.12- Development of web reinforcement
12.12.1- Web reinforcement shall be carried as close to

" compression and tension surfaces of member as cover

requirements and proximity of other reinforcement will
permit.

12.12.2- Ends of single leg, simple U—, or multiple U-
stirrups shall be anchored by one of the following means:

-12.12.2.1- A standard hook plus an embedment of

_0.5¢,. The 0.5€, embedment of-a stirrup leg shall be ta-

ken as the distance between middepth of member d/2
and start of hook (point of tangency). '

12.12.2.2- Embedment d/2 above or below mid-

depth on the compression side of the member for a full

-development length €4 but not less than24@or for de-
formed bars or deformed wire, 30mm.

12.12.2.3- Bending around longitudinal reinforce-
ment through at least 135 deg plus, for stirrups with
design stress exceeding 275 N/mm?, an embedment
of 0.33¢4. The 0.33¢s embedment of a stirrup leg shall

- be taken as the distance between middepth of mem--
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ber d/2 and start of hook (point of tangency).

12.12.2.4- For each leg of weided smooth wire fabric
forming simple U—stirrups, either:

a) Two longitudinal wires spaced at a 50mm 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 50mm
from the first wire. The second wire may be located on
the stirrup leg beyond a bend, or on a bend with an in-
side diameter of bend not less than 8Q.

12.12.2.5- For each end of a single leg stifrup of wel-




ded smooth or deformed wire fabric, two longitudinal
wiers at a minimum spacing of 50mm and with the inner
wire at least the greater of d/4 or 50mm from middepth of
member d/2.Outer iongitudunal wire at tension face shali
not be farther from the face than the portion of primary
flexural reinforcement closest to the face.

12.12.3- Between anchored ends, each bend inthe con-
tinuous portion of a simple U-stirrup or multiple U-stirrup
shall enclose a longitudinal bar.

12.12.4- Longitudinal bars bent to act as shear reinforce-
ment, if extended into a region of tension, shall be conti-
nuous with longitudinal reinforcement and if extended in-
to a region of compression, shall be anchored beyond
middepth d/2 as specified for development length in
Section 12.2 for that part of f, required to satisfy Eq. (11-
12).

12.12.5- 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¢. in members at least 450mm
deep, such splices with Auf, not more than 40 kN per leg
may be considered adequate if stirrup legs extend the
full available depth of member.

12.13- Splices of reinforcement - General

12.13.1- Splices of reinforcement shall be made only as
required or permitted on design drawings, or in specifi-
cations, or as authorized by the Engineer.

12.13.2- Lap splices
12.13.2.1- Lap splices shall not be used for bars larger
than @35 except as provided in Sections 12.15.2 and

15.8.2.4.
12.13.2.2- 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 spli-
ces within a bundle shall not overlap.

12.13.2.3- Bars spliced by noncontact lap splices in

flexural members shall not be spaced transversely
farther apart than one-fifth the required lap splice
length, nor 150mm.

12.13.3- Welded splices and mechanical connec-

tions :
12.13.3.1- A full welded splice shall have bars butted

and welded to develop in tension at least 125 percent of
characteristic yield strength f, of the bar.

12.13.3.2- A full mechanical connection shall develop
in tension or compression, as required, at least 125 per-
cent of characteristic yield strength f, of the bar.

12.13.3.3- Welded splices and mechanical connec-
tions not meeting requirements of Section 12.13.3.1 or
12.13.3.2 may be used in accordance with Section
12.14 4.

12.14- Spiices of deformed bars and deformed wire
In tension '
12.14.1- Minimum length of lap for tension lap slices
shall be as required for Class A, B, or C splice, but not
less than 300mm, where:

Class A splice ’ 1.0¢,

Class B splice 1.3¢,
Class C splice : 1.7¢

where (lis the tensile development length for the charac-
tresitic yield strength {, in accordance with Section 12.2.

12.14.2- Lap splices of deformed bars and deformed wi-
re in tension shall conform to Table 12.14.

TABLE 12.4- TENSION LAP SPLICES

A, provided” | Maximum percent of A, spliced within required lap length
A, required 50 75 100
Equaltoor ClassA Class A ClassB
greater than 2

Lessthan2 ClassB ClassC ClassC

* Ratio of area of reinforcement provided to area of reinforcement re-
quired by analysls at splice location.

12.14.3- Welded splices or mechanical connections
used where area of reinforcement provided is less than
twice that required by analysis shall meet requirements
of Section 12.13.3.1 0r 12.13.3.2.

12.14.4- Welded spliges or mechanical connections
used where area of reinforcement provided is at least
twice that required by analysis shall meet the following:

12.14.4.1- Spilices shall be staggered at ieast 600mm
and in such manner as to develop at every section at le-
ast twice the calculated tensile force at that section but
not less than 133 N/mm? for total area of reinforcement
provided. '

12.14.4.2- In computing tensile force developed at
each section, spliced reinforcement may be rated at the
specified splice strength. Unspliced reinforcement shali
be rated at that fraction of {, defined by the ratio of the
shorter actual development length to ¢, required to de-
velop the characteristic yield strength f,.

12.14.5- Splice in “tension tie members” shall be made
with a full welded splice or full mechanical connection in
accordance with Section 12.13.3.1 0r 12.13.3.2 and spli-
ces in adjacent bars shall be staggered at least 750mm.

12.15- Spiices of deformed bars in compression
12.15.1- Minimum length of lap for compression lap spli-
ces shall be the development length in compression
computed in accordance with Section 12.4, but not less
than 0.075@ f,, nor (0.13 f, — 24)@ for 1, greater than
410 N/mm?, nor 300mm.. For {., less than 25 N/mm?,
length of lap shall be increased by one—third.




12.15.2- When bars of different sizes are lap spliced in
compression, splice length shall be the larger of: deve-
lopment length of larger bar, or splice length of smaller
bar. Bar sizes @42 and @56 may be lap spliced to @35
and smaller bars.

12.15.3- In tied reinforced compression members, whe-
re 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
300mm. Tie legs perpendicular to dimension h shall be
used in determining effective area.

12.15.4- 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 300mm.

12.15.5- Welded splices or mechanical connections
used in compression shall meet requirements of Section
12.13.3.10r 12.13.3.2.

12.15.6- End bearing splices

12.15.6.1- In bars required for compression only, .

compressive stress may be transmitted by bearing of
square cut ends held in concentric contact by a suitable
device.

12.15.6.2- Bar ends shall terminate in flat surfaces wi-
thin 1 15 deg of aright angle to the axis of the bars and
shall be fitted within 3 deg of full bearing after assembly.

12.15.6.3- End béaring splices shall be used only in
members containing closed ties, closed stirrups, or spi-
rals.

12.16- Special spiice requirements for columns

12.16.1- Where factored load stress in longitudinal bars
in a column, calculated for various loading combina-
tions, varies from f, in compression to 4, or less in ten-
sion, lap splices, butt welded splices, mechanical con-

nections, or end bearing splices may be used. Total tensi-

le strength provided in each face of the column by spli-
ces alone or by splices in combinations with contiunuing
unspliced bars at charactresitic yieid strength f, shall be
at least twice the calculated tension in that face of the co-
lumn but not less than required by Section 12.16.3.

12.16.2- Where factored load stress in longitudinal bars

in a column calculated for any loading combination, ex-
ceeds Vaf, in tension, lap splices designed to develop
the characteristic yield strength 1, in tension, or full wel-
ded splices or full mechanical connection in accordance
with Section 12.13.3.1 or 12.13.3.2 shall be used.

12.16.3- 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 verti-
cal reinforcemt in that face muitiplied by f, shall be provi-
ded by splices.

12.17- Splices of welded deformed wire fabric in
tension :
12.17.1- Minimum length of lap for lap splices of wel-
ded deformed wire fabric measured between the
ends of each fabric sheet shall be not less than 1.7 ¢,
nor 200mm, and the overlap measured between ou-
termost cross wires of each fabric sheet shall be not
less than 50mm. ¢4 shall be the development length
for the characteristic yield strength {, in accordance
with Section 12.7.

12.17.2— Lap splices of welded deformed wire fabric,
with no cross wires within the lap splice length, shall be
determined as for deforemed wire.

12.18- Splices of weided smooth wire fabric in ten-
sion

Minimum length of lap for lap splices of welded smooth
wire fabric shall be in accordance with the following.
12.18.1- When area of reinforcement provided is less
than twice that required by analysis at splice location,
iength of overlap measured between outermost cross
wires of each fabric sheet shall not be less than ong spa-
cing of cross wires plus 50mm, not less than 1.5¢,4, nor
150mm ¢4 shall be the development length for the cha-
racteristic yield strength f, in accordance with Section
12:8.

12.18.2— When area of reinforcement provided is atle-
ast 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¢4 nor
50mm. {4 shall be the development length for the charac-
teristic yield strength f, in accordance with Section 12.8.




CHAPTER 13- SLAB SYSTEMS

13.0- Notation
b, = width of column strip for transfer of the effective mo-
‘ment between a slab and edge or corner column, mm
C, = shorter dimension of a column, mm
C, = longer dimension of a column, mm
d, = depth of column capital measured from the soffit of
slab or drop to bottom of capital, mm
f.. = characteristic compressive strength of concrete,
N/mm? ’
t, = characteristic tensile yield strength of steel, N/mm?
h. = effective diameter of column capital which shall be
taken as the diameter of a circle of the same area
as the cross section of the capital, mm
¢ = span length of one way slab as defined in Section
9.1.1,mm
¢, = panal length parallal to span measured from center
to center,mm _
¢. = dimension of the column measured in the same di-
rection asé,,mm
¢, = effective dimension of a capital,mm
¢ = actual dimension of a capital, mm
¢, = length of the shorter side of a rectangular slab, mm
¢, = length of the longer side of a rectangular slab, mm
M, = bending moment at midspan per unit width in the
short direction, N.mm/mm
M, = bending moment at midspan per unit width in the
long direction, N.mm/mm
M. = Maximum moment which can be transferred to
an edge or corner column, N-mm
x = distance from nearer support to the section under
consideration, mm
w, = total ultimate load per unit area
a, = moment coefficient in the x—direction as given in
Table 13.3(a)
a, = moment coefficient in the y—direction as given in
Table 13.3(a)
B8, = moment corflicient in the x—direction as given in
Table 13.3(b)
B, = moment coefficient in the y—direction as given in
Table 13.3(b) ,

13.1- General provisions

13.1.1- Scope

Provisions of Chapter 13 shall apply for design of slab
systems reinforced for flexure in one or more directions
with or without beams betweent supports. The relevant
provisions of the other chapters of this code shall also
apply. .

13.1.2- Moments and forces in solid slabs

In addition to the methods used for beams, moments
and shear forces resulting from both distributed and con-
centrated loads may be determined by elastic analysis
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such as those of Pigeauds and Westergaard. Alternati-
vely, Johansen’s yield—line method or Hillerborg's strip
method may be used provided the ratio between support
and span moments are similar to those obtained by the
use of elastic theory; values between 1.0 and 1.5 are re-
commended.

13.1.3- Crack control in solid slabs

Relevant provisions of Chapter 8 shall apply. However
the provisions may be deemed to be satisfied if the requi-
rements of Section 5.7.5 are met.

13.1.4- Minimum area of reinforcement
For structural slabs of uniform thickness, minimum area
and maximum spacing of reinforcement in the direction
of the span shall be as required for shrinkage and tempe-
rature according to Section 5.10 .

13.2- One — way slabs
13.2.1- Special provisions on the distribution ot con-

centrated loads in one way slabs:

Allowance should be made for the bending moments
due to concentrated loads, using methods based either
on the elastic theory or on an appropriate piastic appro-
ach.
ltaslabis simply supported ontwo opposite edges and
carries one or more concentrated loads in aline in the di-
rection of the span, it should be designed to resist the
maximum bending moment caused by the loading sy-
stem. Such bending moment may be assumed to be re-
isted by an effective width of slab (measured normal to
the span) as follows:
a) For soild slabs, the effective width may be taken as
the sum of the load width and 2.4x(1-x#¥)where X is
the distance from the nearer support to the section un-
der consideration and tis the span.
b) For other slabs, except where specially provided
for, the effective width will depend on the transverse
and longitudinal flexural rigidities of the slab. When
these are approximately equal, the value for the effec-
tive width as given for solid slabs may be used, but as
the ratio decreases a smaller value should be taken.
The minimum vaiue which need be taken, however, is
the load width plus 4x#1- x£) meters where x and ¢
have the same meanings as in (a); so that, for a sec-
tion at mid—span, the effective width is equal to 1 m
plus the load width.
c) Where the concentrated load is near an unsuppor-
ted edge of a slab the effective width should not ex-
ceed the value in (a) or (b) above as appropriate, nor
half that value plus the distance to the center of the lo-
ad from the unsupported edge (see Fig 13.2).
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Figure 13-2: EFFECTIVE WIDTH OF SOLID SLAB CARRYING A CONCENTRATED LOAD NEAR AN UNSUP-
PORTED END. ‘ . .
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Figure (13.3)- DIVISION OF SLAB INTO MIDDLE AND EDGE STRIPS




13.3- Two way solid siabs supported on four sides
13.3.1- Solid siabs spanning in two directions at
right angles: uniformly distributed loads.

In addition to other methods the following may be used
for the design of slabs spanning in two directions at right
angles and supporting uniformly distributed loads.

13.3.1.1- Simply supported siabs ,
When simply supported slabs do not have adequate pro-
visions to resist torsion at the corners and to prevent cor-
ners from lifting, the maximum moments per unit width
are given by the following equations:

M, = &, w2 (13-1)
M, =a,wé& (13-2)
where M, and M, are the bending moments at midspan
on strips of unit width of spans & and ¢, respectively. @,
and a, are bending moment coefficients shown in Table
13.3(a).

TABLE 13.3(a)- BENDING MOMENT COEFFICIENTS
FOR SLABS SPANNING IN TWO DIRECTIONS AT
RIGHT ANGLES, SIMPLY SUPPORTED ON FOUR SI-
DES

66,1 1.0 | 11 1.2 113 | 14 | 15 175 |20
@, 0.062|.074 | .084 | .093 | .099 | .104 | .113 |.118
@y 10.062 | .061 | .059 | .055 | .051 | .046 | .037 |.029

At least 50% of the tension reinforcement provided at
midspan should extend to the supports. The remaining
50% should extend to within 0.1 ¢, or 0.1¢, of the support
as appropritate.

13.3.1.2- Restrained slabs
In slabs where the corners are prevented from lifting,
and provisions for torsion are made, the maximum mo-
ments per unit width are given by the following equa-
tions:
M, = B, w,t2 (13-3)
M, = B, w.& (13-4)

where M, and My are the moments at midspan on strips
of unit width spanning{(, and¢, respectvely 8,, B, are co-
efficients given in Table 13.3(b).

For these slabs the following rules apply:

a) Slabs are considered as divided in each direction
into middle strips and edge strips as shown in Fig
(13.3), the middle strip being three guarters of the
width and each edge strip one eigth of the width.

b) The maximum moments calculated as above
apply only to the middle strips and no redistribution
should be made.
¢) Whenthe negative moment on one side of a supp-
ort is less than 80 percent of that on the other side, two
thirds of the difference shall be distributed in propor-
tion to the relative stiffnesses of the slabs.

d) Provisions of Chapter 12 shall apply for the cur-
tailment of positive moment reinforcement.
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e) Over the continuous edge of a middle strip, the
tension reinforcement should extend in the upper part
of the slab a distance of 0.15 ¢ from the support, and at
least 50% should extend a distance 0.3 ¢
f) Atadiscontinuous edge negative moment reintor-
cement shall extend a minimum of 0.2¢into the span.

g) Reinforcementin an edge strip, Parallel to that ed-
ge, need not exceed the minimum temperature and
shrinkage reinforcement together with the require-
ments of torsion described below.

h) Torsion reinforcement should be provided at any
corner where the slab is simply supported on both ed-
ges meeting at that corner. It should consist of top and
bottom reinfrocement, each with layers of bars placed
parallel to the sides of the slab and extending from the
edges a minimum distance of one fifth the shorter
span in each direction. ’
The area of reinforcement per unit width of slab in
each of these four layers should be three quarters of the
area per unit width required for the maximum mid span
moment in the slab.

i) Torsion reinforcement equal to half that described
in the preceeding paragraph should be provided at a
corner contained by edges over only one of which the
slab is continuous.

j) Torsion reinforcement need not be provided atany
corner contained by edges over both of which the slab
is continuous.

Where (4, is greater than 2, slab should be designed
as spanning one-way only.

13.3.1.3- Supporting beams
The.loads on the supporting beams for a two- way rec-
tangular panel may be assumed as the load within the tri-
butary area of the panel bounded by the intersection of
45 deg lines from the corners with the median of the pa-
nel parallal to the long side.
The bending moments may be determined approximate-
ly by using an equivalent uniform load per unit length of
beam for each panel supported as follows:

For the short side: ‘L:;ﬁ

q _ 2
For the long side: ﬂai ( C_’*%f,)_ )

13.3.2- Shear resistance of solid slabs

Relevant provisions of Chapter 11 shall be applied.
13.3.3- Deflection of solld slabs

Relevant provisions of Chapter 8 shall be applied.

13.4- Flat slabs
13.4.1- Definitions
13.4.1.1- flat slab

The term flat slab means a reinforced concrete slab,
reinforced in two or more directions with or without drops
and supported generally without beams, by calumns
with or without column capitals. A flat silab may be solid
or may have recesses formed on the soffit so that the




TABLE 13.3(b) — BENDING MOMENTS COEFFICIENTS — RECTANGULAR SLABS SUPPORTED
AND RESTRAINED ON FOUR SIDES WITH PROVISION FOR TORSION AT CORNERS "

Y

Short span coefficients 8, Long span
Type of slab and moments ¢ coefficients
considered : Values of — - 8,forall,
x Values of —L
1.0 1.1 1.2 1.3 1.4 1.5 1.75 20 ¢
Case 1-Interior panels:
Negative moment at continuous
edge 0.033 | 0.040 | 0.045 | 0.050 | 0.054 | 0.059 | 0.071 | 0.083 0.033
Positive moment at mid-span 0.025 | 0.030 | 0.034 | 0.038 | 0.041 | 0.045 | 0.053 | 0.062 0.025
Case 2-One shortor long edge
discontinuous:
Negative moment at— i . ) -
continuous edge 0.041 | 0.047 | 0.053 | 0.057 | 0.061 | 0.065 | 0.075 | 0.085 0.041
discontinuous edge 0.021 | 0.024 | 0026 | 0.028 | 0.030 | 0.032 | 0.037 | 0.042 0.021
Positive moment at mid-span 0.031 | 0.035 | 0.040 | 0.043 | 0.046 | 0.049 | 0.056 | 0.064 0.031
Case 3-Two adjacent edges
discontinuous:
Negative moment at — _
continuous edge 0.049 | 0.056 | 0.062 | 0.066 | 0.070 | 0.073 | 0.082 | 0.090 0.049
discontinuous edge _ 0.025 | 0.028 | 0.031 | 0.033 | 0.035 | 0.037 | 0.040 | 0.045 0.025
Positive moment at mid-span 0.037 | 0.042 | 0.047 | 0.050 | 0.053 | 0.055 | 0.062 | 0.068 0.037
Case 4-Two short edges
discontinuous:
negative moment at —
continuous edge 0.056 | 0.061 | 0.065 | 0.069 | 0.071 | 0.073 | 0.077 | 0.080 -
discontinuous edge — — — — — — — — 0.025
positive moment at mid-span 0.044 | 0.046 | 0.049 | 0.051 | 0.053 | 0.055 | 0.058 | 0.060 0.044
Case 5-Two long edges
discontinuous:
Negative moment at —
continuous edge - — — — — — — — 0.056
discontinuous edge 0.025 | 0.028 | 0.031 | 0.033 | 0.035 | 0.037 | 0.040 | 0.045 —
Positive moment at mid-span 0.044 | 0.053 | 0.060 | 0.065 | 0.068 | 0.071 | 0.077 | 0.080 0.040
Case 6-Three edges disconti-
nuous (one shortor long
edge continuous):
Negative moment at -
continuous edge 0.058 | 0.065 | 0.071 | 0.077 | 0.081 | 0.085 | 0.092 { 0.098 0.058
discontinuous edge 0.029 | 0.033 | 0.036 | 0.038 | 0.040 | 0.042 | 0.046 | 0.049 0.029
Positive moment at mid-span 0.044 | 0.049 | 0.054 | 0.058 | 0.061 | 0.064 | 0.069 | 0.074 0.044
" Case 7-Four edges discontinuous: | -
Negative moment at—
discontinuous edge 0.033 | 0.038 | 0.041 | 0.044 | 0.046 | 0.049 | 0.053 | 0.055 0.033
Positive moment at mid-span 0.050 | 0.057 | 0.062 | 0.067 | 0.071 | 0.075 | 0.081 | 0.083 0.050




soffit comprises a series of ribs in two directions (waffle
or coffered slabs).

13.4.1.2- Column capital
A column capital is a local enlargement of the top of a co-
lumn providing support to the slab over a larger area
than the column section alone. For the purpose of this
section, the dimensions of a column capital which may

be considered to be effective are limited according to the
depth of the capital. In any direction, the effective dimen-
sion of a capital.£,,, should be taken as the lesser of the
actual dimension€h, Or€hmax, Where€hmex is given by:
€hmax =€ + 2(dh - 40)- mm
For a flared capital the actual dimension ¢, is that mea-
sured 40mm below the soffit of the stab or drop (see Fig.
13.4(a)). The angle of greatest slope of the capital
should for the purpose of analysis not exceed 45 deg
from the vertical.

13.4.1.3- Effective dlameter of a column or column
capltal, h,
This is the diameter of a circle whose area equals the
cross sectional area of the column or, if column capitals
are used, the area of the column capital based on the ef-
fective dimensions as defined in Section 13.4.1.2. In no
case should h. be taken greater than one—quareter of
the shortest span framing into column.

13.4.1.4- Drops

a) Adrop is a thickening of the slab in the region of
the column. For the purpose of this section, a drop
may only be considered to influence the distribution of
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moments within the slab where the smaller dimension
of the drop is at least one third of the smaller dimen-
sion of the surrounding panels. Smaller drops may,
however, still be taken into account when assessing
the resistance to shear.

b) Projection of drop below the siab shall be at least
one—quarter the slab thickness beyond the drop.

¢) In computing required slab reinforcement, thick-
ness of drop below the siab shall not be assumed
greater than one—quarter the distance from edge of
drop to edge of column or column capital.

13.4.1.5— Thickness of panels
The thickness of the slab will generally be controiled by
consideration of deflection. However the thickness of the
slab should not be less than 125mm nor less than the va-

lues given in Table 13.4(a).

Table 13.4(a): MINIMUM SLAB THICKNESS

f, with drop at without drop
four supports

250 €,/40 ¢,/36

340 €,/36 ¢/33

410 €,/33 ' €,/30

13.4.2- Analysis of flat slab structures

13.4.2.1— In lieu of using more rigorous analysis, flat
slabs supported by a generally rectangular arrangement
of columns may be analysed using the equivalent frame
method ot the simiplified alternative.
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FIGURE 13.4(a) Types of column caplital
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13.4.2.2— Equivalent frame method
a) Division of fiat siab structures into frames.
The structure may be assumed to be divided longitudi-
nally and transversely into frames consisting of co-
lumns and strips of slab. The width of the siab used to
define the effective stiffness of the slab will depend
upon the aspect ratio of the panels and the type of loa-
.ding. In the case of vertical loading the stiffness of rec-
tangular panels may be calculated taking into account
the full width of the panel. For horizontal loading half
this value shall be taken.
b) Frame stiffness
The moment of inertia of any section of slab or column
in calculation the relative stiffness of members may be
assumed to be that of the concrete alone. The stiffe-
ning effect of drops and column captials may be igno-
red. In the case of a recessed or coffered slab which is
made solid in the region of the columns, the stiffening
effect may be ignored provided the solid part of the
slab does not extend more than 0.15 € into the span
measured from the center line of the columns.
c) Arrangement of loads
It will be sufficient to consider the following arrange-
ents of loads: »

1- Alternate spans loaded with the design factored
load (1.4D + 1.7L) and all other spans loaded with a
factored dead load (1.4D).

2 - Any two adjacent spans loaded with design fac-
tored load (1.4D + 1.7L) and all other spans loaded
with a factored dead load (1.4D).

d) Analysis
Each frame may be analysed in its entirety by suitable
elastic methods. Alternatively, for vertical loads only,
each strip of floor and roof may be analysed as asepa-

rate frame with the columns above and below being
assumed fixed in position and direction at their extre-
mities. For this method to be valid, the ratio of the lar-
ger span to the shorter span shall not exceed 2.

o) Limitation of negative moments
Negative moments greater than those at a distance
h./2-from the centerline of a column may be ignored
provided the sum of the maximum positive moment
and the average of the negative moments in any one
span of the slab for the whole panel width is not less
than:
w, 62

8
Where the above condition is not satisfied, the negati-
ve moments should be increased accordingly. ’

(- Zny

13.4.2.3— Simplified method
For flat slab structures whose lateral stability is not de-
pendent on slab — column connectionsTable 13.4(b)
may be used for their design, subject to the following pro-.
visos : '
a) The design is based on the single load case of all
spans loaded with the maximum design factored load
provided: '
1- The ratio of live load to dead load does not ex-
ceed 1.25 ’ .
2- The charactristic live load does not exceed
5 kN/m?. :

b) The slabs should comprise a series of rectangular
panels of approximately constant thickness in at least
three continuous spans in each direction and the ratio

of the length of a panel to its width should not exceed
43

TABLE 13.4. (b)- BENDING MOMENT AND SHEAR FORCE COEFFICIENTS FOR A FULL PANEL OF FLAT
SLABS OF THREE OR MORE APPROXIMATELY EQUAL SPANS

Outer support Near center Firstinterior Center of Interior
column wall of first span support interiorspan | support
Moment. — .04F¢ 0.02F¢ +0.083F¢ —0.063F¢ +0.071F¢ —0.055F¢
Shear 0.45F 0.4F — 0.6F — 0.5F
Total column )
moments 0.04F ¢ - - 0.022F¢ — 0.022F¢

Note 1. F is the design factored on the panel of the slah between adjacent columns considered i.e. (1.4D + 1.7L) x area of the panel.
Note 2. The moments in the edge panel marked by an asterisk may have to be adjusted to conform with the provisions ot Section 13.4.3.2(c).

Note 3. £ = effective span =¢,—2/3h,
Note 4. The limitation of Section 13.4.2.2(e) need not be checked.

Note 5. When the negative moment on one side of a support is less than 80 percent of that on the other side two thirds of the difterence shall be distributed in

proportion to the relative stittnesses of the slabs.




c) The successive span length in each direction
shall not differ by more than 15 percent of the longer
span, except that in no case shall an end span be lon-
ger than the adjacent interior span.

13.4.2.4- Division of panels (except in the region of
edge and comer columns).

a) Flat slab panels should be assumed to be divi-
ded into column strips and middle strips [see Fig
13.4(b)).

b) A column strip is a design strip with a width on
each side of column center—line equals 0.25 ¢,.

c) A middle strip is a design strip bounded by two
column strips.

d) Inthe assessment of widths of the column and
middie strips for slabs with drops the width of the
coulmn strip shall be taken equat to the width of drop.
However drops should be ignored if their smaller late-
ral dimension is less than one third of the shorter span
length.

e) Column strips of unilke paneis
If widths of two column strips along the same column
center — line in two adjacent paneis are not equal, the
division of the panels over the region of the common
support should be taken as that calculated for the pa-
nel giving the wider column strip.

13.4.2.5— Division of moment between column
and middie strips
The moment obtained from the equivalent frame method
or the simplified method should be divided between the
column and middle stnps in the proportions given in Ta-
ble 13.4(c). :

TABLE 13-4(c): DISTRIBUTION OF MOMENTS IN
PANELS OF FLAT SLABS

Apportionment between column and middle strip
expressed as percentages of the total negative or
positive moments (see note)

Column strip Middle strip
Negative 75 25
Positive 55 45

. Note: For the case where the width of the column strip is taken as equal to
that of the drop, and the middie strip is thereby increased in width, the mo-
ments 1o be resisted by the middie strip should be increased in proportion
to its increased width. The moments to be resisted by the column strip may
then be decreased by an amount such that the total positive and the total
negative moments resisted by the column strip and the middle strip toget-
her are unchanged.

13.4.3- Design of paneis -
13.4.3.1— Interior paneis
a) Column and middle strips
These should be designed to withstand the moments

-8t

obtained in accordance with Section 13.4.2.2 or
13.4.2.3. In general two thirds of the amount of reinfor-
cement required to resist the negative moment in the
column strip should be placed over a width equal to
half that of the column strip and central with the co-
lumn.

b) Curtaiiment of bars |

This should be in accordance with Fig 13.4(c).

13.4.3.2— Design of edge panels

a) Positive moments in span and negative mo-
ments over interior edges

These should be apportioned and designed for exact-
ly as for an internal panel using the same column and
middle strips as for an internal panel.

b) Moments transferable between siab and ed-
ge or corner columns

Moments will only be able to be transferred between a

_slab and an edge or corner column by a column strip

considerably narrower than that appropriate for anin-
ternal panel. The breadth of this strip, b,, for various
typical cases is shown in Fig 13.4(d). b, should never
be taken as greater than the column width appropriate
for anintenor panel. The maximum moment which can
be transferred to a column by this strip is given by:
Mumax = 0.15 bg d? £,

where d s the effective depth for the top reinforcement
in the column strip. -

c) Limitations of moment transter .

Where analysis of the structure indicates a column
moment larger than Mys,, the edge moment in the slab
should be reduced to a value not greater than Mene
and the positive moment in the span adjusted accor-
dingly. The normal limitations on redistributions and
neutral axis depth may be disregarded in this case.
Moments in excess of Mynex May only be transferred to
a column if an edge beam or strip of slab along the
free edge is reinforced in accordance with chapter 11
to carry the extra moment into the column by torsion,
In the absence of an edge beam, an appropriate bre-
adth of slab may be assesed by using the principle il-
lustrated in Fig.13.4(d).

13.4.3.3- Paneis with marginal beams or walls
Where the slab is supported by a marginal beam with a
depth greater than 1.5 times the thickness of the slab, or
by a wall then:

a) The total load to be carried by the beam or wall
should comprise those loads directly on the wall or be-
am plus a uniformly distributed load equal to one —
quarter of the total load on the panel, and

b) the moments on the half— column strip adjacent
to the beam or wall should be one — quater of the mo-
ments obtained from Section 13.4.2.




- column Middle strip ¢, — ¢ /2

- (b) slab with drop -
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dimension is less fhm/e,{3

Figure 13.4(b). Division of panels In ﬂaf siabs
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< Column sfrlp
as defined in figure 13.4(b)

NOTE. y is the distance from the face of the slab to the innermost face of the column.

Figure 13.4(d) Definition of breadth of effective moment transfer strip,b,,

for various typical cases




13.5- Joist construction

13.5.1- Joist construction consists of a monolithic combi-
nation of regularly spaced ribs and atop sfab arranged to
span in one direction or two orthogonal directions.

13.5.2- Ribs shall not be less than 100mm in width and
shall have depth of not more than 3 1/2 times the minim-
um width of rib.

13.5.3- Clear spacing between ribs shall not exceed
800mm.

13.5.4- Joist construction not meeting the limitations of
Sections 13.5.1 through 13.5.3 shall be designed as
slabs and beams.

13.5.5- When permanent burned clay or concrete tile fill-
ers of material havihg a unitcompressive strength at
least equal o that of the specified strength of concrete in
the joist are used then:

13.5.5.1- 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.

13.5.5.2- Slab thickness over permanent fillers shall
be not less than 1/12 the clear distance between ribs nor
less than 40mm.

13.5.5.3- In one way joists, reinforcement normal to
the ribs shall be provided in the slab as required in Sec-
‘tion5.11.

13.5.6- When removable forms or fillers not complying
with Section 13.5.5. are used then:
a) Slab thickness shall not be less than 1/12 the clear
distance between ribs, nor less than 50mm.
b) Reinforcement normal to the ribs shall be provided
in the siab as required for flexure, considering load
concentrations, if any, but not less than required by
Section 5.10.

13.5.7 When conduits and pipes as pemitted by Section
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4.3 are embedded within the slab, siab thickness shall

be at least 25mm 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 construction.

13.5.8- Shear strength provided by concrete V. for the
ribs may be taken as 10 percent greater than that provi-
ded in Section 11.2. Shear strength may be increasedby
use of shear reinforcement or by widening the ends of
the ribs. .

13.6- Openings in siab systems

13.6.1- Openings of any size may be provided in slab sy-
stems if shown by analysis that the design strength is at
least equal to the required strength considering Sections

7.2 and 7.3, and that all serviceability conditions, inclu-
ding the specified limits of deflection, are met.

13.6.2- In lieu of special analysis as required by Section
13.6.1, openings may be provided in slab systems wi-
thout beams only in accordance with the following:

13.6.2.1- Openings of any size may be located in the
area common to intersecting middle strips, provided to-
tal amount of reinforcement required for the panel wi-
thout the opening is maintained.

13.6.2.2- 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 ope-
ning.

13.6.2.3- in the area common to one column strip and
one middle strip, not more than one—quarter the reinfor-
cement in either strip shall be interrupted by openings.
An amount of reinforcement equivalent to that interrup-
ted by an opening shall be added on the sides of the ope-
ning.

13.6.2.4- Shear requirements of Section 11.9.5 shall
be satisfied.




CHAPTER 14- WALLS

14.0- Notation
A, = gross area of section, mm?
b = width of wall, mm ‘
f.. = characteristic compressive strength of concrete,
N/mm?
h = overall thickness of member, mm
k = effective length factor
€, = vertical distance between supports, mm
P.. = design axial load strength of wall by the e mpirical
method, N
v, = shear stress due to factored shear force of section,
N/mm?
V, = factored shear force at section ,N
8. = ratio of long side to short side of concentrated load or
reaction area

14.1- Scope

14.1.1- Provisions of Chapter 14 shall apply for design of
both reinforced and plain concrete walls subjected to
.axial load, with or without flexure.

14.1.2- Design of concrete walls subject to axial loads
shall be in accordance with Section 14.2 for reinforced
concrete and Section 14.3 for plain concrete.

14.2- Reinforced concrete walls
14.2.1- Generai

14.2.1.1- Walls shall be designed for eccentric loads
and any lateral or other loads to which they are subjec-
ted.

14.2.1.2- Unless demonstrated by a detailed analysis,
horizontal length of wall to be considered as effective for
each concentrated load shall not exceed center —to —
center distance between loads, nor width of bearing plus
four times the wall thickness.

14.2.1.3- Compression members built integrally with
walls shall conform to Section 10.1.8.2.

14.2.1.4- Transfer of force to footing at base of wall
shall be in accordance with Section 15.8.

14.2.1.5- Design for shear shall be in accordance with
Section 11.8.

14.2.1.6- Walls shall be anchored to intersecting ele-
ments such as floors, roofs, or to columns, pilasters, but-
tresses, and intersecting walls, and footings.

14.2.1.7- Quantity of reinforcement and limits of thick-
ness required by Sections 14.2.2 and 14.2.4 may be wai-
ved where structural analysis show adequate strength
and stability.

14.2.2- Minimum reinforcement
14.2.2.1- Minimum vertical and horizontal reinforce-
ment shall be in accordance with Section 14.2.2.2 and
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14.2.2.3 unless a greater amount is required for shear by
Section 11.8.7 and 11.8.8.

14.2.2.2- Minimum ratio of vertical reinforcement
area to gross concrete area shall be:

a) 0.0015 for high yield steel of characteristic yield

strength not less than 410 N/mm? and welded wire

fabrics.

b) 0.0020 for other types of steel bars.

14.2.2.3- Minimum ratio of horizontal reinforcement

area to gross concrete area shall be:

a) 0.0025 for high yield steel of characteristic yield
strength not less than 410 N/mm?2, and welded wire
fabric. _

b) 0.0030 for other types of steel bars.

14.2.2.4- Walis more than 200mm thick, except base-
ment walls, shall have reinforcement for each direction
placed in two_layers parallel with faces of wall in accor-
dance with the following:

a) One layer consisting of not less than one— half
and not more than two—thirds of total reinforcement
required for each direction shall be placed not less
than 50mm nor more than one—third the thickness of
wall from exterior surface. '

b) The other layer, consisting of the balance of requi-
red reinforcement in that direction, shall be placed not
less than 20mm nor more than one—third the thick-
ness of wall from interior surface.

14.2.2.5- Vertical and horizontal reinforcement shall
not be spaced further apart than 3 times the wall thick-
ness, nor 350mm.

14.2.2.6- Vertical reinforcement need not be enclosed
by lateral ties if vertical reinforcement area is not greater
than 0.01 times the gross concrete area, or where verti-
cal reinforcement is not required as compression reinfor-
cement. ‘

14.2.2.7- In addition to the minimum reinforcement re-
quired by Sections 14.2.2.2 and 14.2.2.3, not less than
two @16 bars 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.

14.2.3- Walls designed as compression members
Except as provided in Section 14.2.4, walls subject to
axial load or combined flexure and axial load shall be de-
signed as compression memebers in’ accordance with
provisions of Chapter 10.

14.2.4- Empirical design method
14.2.4.1- Walls of solid rectangular cross section may




be designed by the empirical provisions of Section
14.2.4 if resultant of all factored loads is located within
the middle—third of the overall thickness of wall and all
limits of Sections 14.2.1,14.2.2 and 14.2.4 are satisfied.

14.2.4.2- Design axial load strength P, of a wall satis-
fying limitation of Section 14.2.4.1 shall be computed by
Eq. (14.1) unless designed in accordance with Section
1423,
Pw =031, A [1 - (—ki"-)"’]

32h

effective length factor k shall be:
Forwalls braced at top and bottom
against lateral translation and

a) restrained against rotation at one

or both ends (top and/or bottom) 0.8
b) unrestrained against rotation at _

both ends 1.0

For walis not braced against lateral

translation 20

14.2.4.3- Minimum thickness of walls designed by
empirical design method
a) Thickness of bearing walls shall not be less than
1/25 the unsupported height or length, whichever is
. shorter, nor less than 120mm.

b) Thickness of exterior basement walls and fonda-
tion walls shall not be less than 200mm.

14.2.5- Nonbearing walls
Thickness of nonbearing walls shall not be less than

100mm, nor less than 1/30 the least distance between
members that provide lateral support.

14.2:6- Walls as grade beams

14.2.6.1- Walls designed as grade beams shall have
top and bottom reinforcement as required for moment in
accordance with provisions of Section 9.1 through 9.2.5.
Design for shear shall be in accordance with provisions
of Chapter 11.

14.2.6.2 Portions of grade beam walls exposed above
grade shall also meet requirements of Section 14.2.2.

14.3- Plain concrete walls
14.3.1— General

14.3.1.1- Provisions of Sections 14.2.1.1 and 14.2.1.2
shall apply.

14.3.1.2- Plain concrete walls shall be continuously
supported by soil or by footings, fondation walls, grade
beams, or other structural members capable of provi-
ding continuous vertical support, or where arch action
assures compression under all conditions of loading.

14.3.1.3- Plain concrete walls may be designed in ac-
cordance with Section 14.3.3 provided the wall is desi-
gned for an eccentricity corresponding to the maximum

(14-1)
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moment that can accompany the axial load but not less
than 0.10h. Otherwise, plain concrete walls shall be de-
signed under provisions of Section 14.3.5.

14.3.1.4- Design for shear shall be in accordance with
Section 14.3.4.

14.3.2- Permissible stresses
Maximum fiber stresses in plain concrete due to factored
loads and moments shall not exceed the following:

a) Flexure

Extreme fiber stress in compression 0.51,
Extreme fiber stress in tension 0.24 Vi
b) Axial compression 031, [1 — %‘gq
c¢) Shear

Beam action 0.1V feu
Two-way action 0.1 + %)\/f_w

(4

but not greater than 02 Vi
d) Bearing on loaded area 0441,

14.3.3- Walls subject to combined flexure and axial
load

Walls shall be proportioned such that the sum of the ra-
tios of all calculated to permissible stresses in compres-
sion given in Section 14.3.2 (a) and (b) shall be less than
or equal to one. Tensile stress resulting from combined
flexure and axial load shall not exceed permissible
stress in tension given in Section 14.3.2 (a).

14.3.4- Shear strength
14.3.4.1 Shear stress v, for rectangular sections shall
be computed by
3V,
2bh
where h is overall thickness of wall. For concrete cast
against soil h shall be taken as 50mm less than the actu-
al thickness.

(14-2)

Vu

14.3.4.2- Maximum shear stress v, shall be computed
at a distance h from face of support, and sections loca-
ted at a lesser distance may be designed for the same
shear.

14.3.4.3- Shear stress v, shall notexceed permissible
shear stress for beam action given in Section 14.3.2(c).

14.3.5- Empiricai design method

14.3.5.1- Plain concrete walls of solid rectangular
cross section may be designed by Eq. (14-3) if resultant
of all factored loads is located w.thin the middle-third of
the overall thickness of wall.

14.3.5.2- Design axial ioad strength P, of a plain con-
crete wall satisfying limitations of Section 14.3.5.1 shall
be computed by:

LS

14-3
32h (14-3)

Pow = 0210 Ag [1 — (




effective length factor k for walls braced at top and bot-

tom against translation shall be taken as in Sections’

14.2.4.2 (a) and (b). Laterally unsupported walls shail be
designed as reinforced concrete members in accordan-
ce with Section 14.2.

14.3.6- Limitations ‘
14.3.8.1- Thickness of bearing walls shall not be less
than 1/24 the unsupported height or length, whichever is

shorter, nor less than 150mm.

14.3.6.2- Thickness of exterior basement walls and
foundation walls shall not be less than 250mm.

14.3.6.3 Walls shall be braced against lateral transla-
tion. See Section 14.3.5.2.

14.3.6.4- Not less than fwo @16 bars shall be provided
around all window and door openings. Such bars shall
extend at least 600mm beyond the corners of openings.

CHAPTER 15- FOOTINGS

15.0— Notation

A, = gross area of section, mm?
b = width of member, mm
= perimeter of critical section for footing in two way

action, mm

d, = diameter of circular pile or side dimension of square
prle at footmg base, mm
mm?

h = overall thickness of member, mm

V, = facotored shear force at section, N

v, = shear stress due to V,,, N/mm;

B = ratio of long side to short side of footing

15.1- Scope
15.1.1- Provisions of Chapter 15 shall apply for design of

isolated footings and, where applicable, to combined
footings and mats.

15.1.2- Additional requirements of design of combined
footings and mats are given in Section 15.10.

15.2- Loads and reactions

15.2.1- Except for base area, footings shall be proportio-
ned to resist the factored loads and induced reactions in
accordance with the appropriate design requirements of
this code and as provided in Chapter 15.

15.2.2- 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 per-
missible soil pressure or permissible pile capacity selec-
ted through principles of soil mechanics.

15.2.3- For footings on piles, computations for moments
and shears may be based on the assumption that the re-
action from any pile is concentrated at pile center.

15.3- Footings supporting circular or regular poly-
gon shaped columns or pedestals

Circular or regular 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.

15.4- Moment In footings

15.4.1- External moment on any section of a footing shail
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 pla-
ne.

15.4.2- Maximum factored moment for an isolated foo-
ting shall be computed as prescribed in Section 15.4.1 at
critical sections located as follows:
a) At face of column, pedestal, or wall, for footings
supporting a concrete column, pedestal, or wall.

. b) Halfway between middie and edge of wall or co-
lumn for footings supporting a masonry wall ora ma-
sonry column,

¢) halfway between face of column and edge of steel
base plate, for footings supporting a column with steel
base plate. -

15.4.3- In one — way footings, and two — way square
footings, reinforcement shall be distributed uniformly
across entire width of footing.

15.4.4- In two — way rectangular footings, reinforce-
ment shall be distributed as follows:

15.4.4.1- Reinforcemt in long direction shall be distri-
buted uniformly across entire width of footing.

15.4.4.2- For reinfor_cement'in short direction, a pro-
tion of the total reinfrotement given by Eq. (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 requi-
red in short direction shall be distributed uniformiy outsi-
de center bandwidth of footing:

Reinforcement in band width 2

Total reinforcement in short direction (8+1)

15.5- Shear in footings
15.5.1- Shear strength of footings shall be in accordance
with Section 11.9.

.. (15-1)

15.5.2- Location of critical section for shear in accordan-
ce with Chapter 11 shall be measured from«{ace of co-
lumn, pedestal, or wall for footings supporting a column,
pedestal, or wall. For footings supporting a column or pe-
destal with steel base plates, the critical sectiof shall be
measured from location defined in Section 15.4.2(c).

15.5.3- Computation of shear on any section through a
footing supported on piles shall be in accordance with
the following:

15.5.3.1- Entire reaction from any piles whose center
is located dy/2 or more outside the section shall be consi-
dered as producing shear on that section.

15.5.3.2- Reaction from any pile whose center is loca-
tted d, /2 or more inside the section shall be considered
as producing no shear on that section.

15.5.3.3- For intermediate positions of pile center, the
portion of the pile reaction to be considered as producing
shear on the section shall be based on straight-line inter-
polation between. full value at d,/2 outside the section
and zero ’value at dy/2 inside the section.

15.6- Development of reinforcement in footings
15.6.1- Development of reinforcement in footings shall
be in accordance with Chapter 12.

15.6.2- Calculated tension or compression in reinforce-
ment 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.

15.6.3- Critical sections for development of reinforce-
ment shall be assumed at the same locations as defined
in Section 15.4.2 for maximum factored moment, and at
other verical planes where changes of section or reinfor-
cement occur. See also Section 12.9.6.

15.7- 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. For minimum depth of plain

concrete footing see Section 15.11.

15.8- Transter of force at base of column, wakl or
reindorced pedestal
15.8.1- 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, do-
wels, and mechanical connectors.

15.8.1.1- Bearing on concrete at contact surface bet-
ween supported and supporting member shall not ex-
ceed concrete bearing strength for either surface as gi-
ven by Section 10.9.

15.8.1.2- Reinforcement, dowels, or mechanical con-
nectors between supported and supporting members
shall be adequate to transfer:

a) all compressive force that exceeds concrete bea-

ring strength of either member.

b) any computed tensile force across interface.

In addition, reinforcement, dowels or mechanical co-

nectors shall satisfy Section 15.8.2 or 15.8.3.

15.8.1.3- If calculated moments are transferred to
supporting pedestal or footing, reinforcement, dowels or
mechanical connectors shall be adequate to satisfy Sec-
tion 12.16.

15.8.1.4- Lateral forces shall be transferred to suppo-
ring pedestal-or footing in accordance with shear—fric-
tion provisions of Section 11.5, or by other appropnate
means.

15.8.2- In cast—in—place construction, reinforcement
required to satisfy Section 15.8.1 shall be provided eit-
her by extending longitudinal bars into supporting pede-
stal or footing, or by dowels.

15.8.2.1- 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.

15.8.2.2- For cast—in—place walls, area of reinforce-
ment across interface shall be not less than minimum
vertical reinforcement given in Section 14.2.2.2.

15.8.2.3- Diameter of dowels, if used, shall not exceed
diameter of longitudinal bars by more than 4mm.

15.8.2.4- At footings, 42mm and 56mm longitudinal
bars in compression only, may be lap spliced with do-
wels to provide reinforcement required to satisfy Section
15.8.1. Dowels shall not-betarger than 35mm bar and
shall extend into supported member a distance not less
than the development length of 42mm or 56mm 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 dowals. '

15.8.2.5- If a pinned or rocker connection is provided
in cast —in— place construction, connection shaft con-
form to Section 15.8.1 and 15.8.3.

15.8.3- In precast construction, reinforcement required
to satisfy Section 15.8.1 may be provided by anchor
bolts or suitable mechanical connectors.
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15.8.3.1- Connection between precast columns or pe-
destals and supporting member shall have a tensile
strength not less'than 1.4 Ag in Newtons, where Ag is
area of supported member inmm?

15.8.3.2- Connection between precast wall and supp-
orting member shall have a tensile strength not less than
0.3A; in Newtons, where A is cross sectional area of
wall.

15.8.3.3- Anchor bolts and mechanical connectors
shall be designed to reach their design strength prior to
anchorage failure or failure of surrounding concrete.

15.9- Sloped or stepped footings

15.9.1- In sloped or stepped footings, angle of slope or
depth and location of steps shall be such that design re-
quirements are satisfied at every section (see also Sec-
tion 12.9.6).

15.9.2- Sioped or stepped footings designed as a unit
shall be constructed to assure action as a unit.

15.10- Combined footings andmats

15.10.1- Except for base areas, footings supporting mo-
re than one column pedestal, or wall (combined footings
or mats) shall be proportioned to resist the factored lo-
ads and induced reactions, in accordance with appro-
priate design requirements of this code.

15.10.2- 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.

15.11- Plain concrete footings and pedestais
15.11.1- Design stresses in N/mm? due to factored loads
and moments in plain concrete footings on soil and pe-
destals shall not exceed the values given in Section
14.3.2.

15.11.2- In sections 11.9.1.1 and 11.9.1.2, d shall be re-
placed by h for plain concrete footing.

15.11.3- In computing stresses due to flexure, combined
flexure and axial load and shear, the entire cross section
of a member shall be considered in design except for
concrete cast against soil, overall thickness h shall be ta-
ken as 50 mm less than actual thickness.

"15.11.4- Depth of plain concrete footing shall notbe less

than 200mm.

15.11.5- Plain concrete shall not be used for footing on
piles.

15.11.6- Plain concrete pedestals shall be designed for
vertical, lateral, and other loads to which they are subjec-
ted. ‘

15.11.7-Ratioof unsupported height to average least la-
teral dimension of plain concrete pedestals shall not ex-
ceed 3. '




CHAPTER 16- PRECAST CONCRETE

16.1- Scope

16.1.1- Provisions of Chapter 16 shall apply for design of
precast concrete members defined as concrete ele-
ments cast elsewhere than their final position in the
structure.

16.1.2- All provisions of this code not specifically exclu-
ded, and not in conflict with provisions of Chapter 16,
shall apply to precast concrete.

16.2- Design

16.2.1- Precast members shall be designed to resist sa-
fely stresses induced under all loading and restraint con-
ditions from the start of manufacturing to completion of
structure including the least favourable conditions which
may arise due to form removal, storage, transport, hand-
ling and erection.

16.2.2- In precast construction that does not behave mo-
nolithically, effects of all interconnected and adjoining
details shall be considered to assure proper performan-
ce of the structural system.

16.2.3- Design of joints and bearings shall include ef-
fects of all forces to be transmitted, including shrinkage,
creep, temperature, elastic deformation, impact, vibra-
tion, wind and earthquake.

16.2.4- All details shall be desighed to provide for manu-
facturing and erection tolerances and temporary erec-
tion stresses.

16.3- Detalls
16.3.1- All details of reinforcement, connections, bea-
ring seats, inserts, anchors, concrete cover, openings,

lifting devices, fabrication, and erection tolerances shall
be shown on the drawings.

16.3.2- Embedded items, (such as dowsls or inserts)
shall be correctly positioned and properly anchored to
develop required factored loads.

16.3.3- Connection jdints shall be designed to satisfy sa-
fety requirements, manufacturing accuracies and tole-
rance allowances, and shall be ecnonomical and have
acceptable appearance.

16.4- identification and marking

16.4.1- Each precast member shall be marked in clearly
legible form to indicate iocation and orientation in the
structure, top surface, and date of manufacture. Precast
components of identical external dimensions but with
different reinforcement, concrete characteristic strength
or concrete cover shall be provided with distinctive mar-
kings.

16.4.2- |dentification marks shall correspond to the pla-
cing plans. '

16.5- Transportation, storage, handling, and erec-
tion,

16.5.1- During curing, form removal, storage, handling,
transportation and erection, precast members shall not
be overstressed, warped or otherwise damaged or have
camber adversely affected.

16.5.2- Precast members shall be adequately braced

- and supported during erection to insure proper ali-
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CHAPTER 17- COMPOSITE 'CONCRETE FLEXURAL
MEMBERS '

17.0- Notation

A. = area of contact surface being investigated for hori-
zontal shear, mm?.

b, = width of cross section at contact surface being inve-
stigated for horizontal shear.

d = distance from extreme compression fiber to centroid

of tension reinforcement for entire composite section,
mm. :

V,, = horizontal shear strength

V, = factored shear force at section

17.1- Scope

17.1.1- Provisions of Chapter 17 shall apply for design of
composite concrete flexural members defined as pre-
cast and/or cast—in—place concrete elements con-
structed in separate placements but so interconnected
that all elements respond tq loads as a unit. .

17.1.2- All provisions of this code shali apply to composi-
te concrete flexural members, except as specifically mo-
dified in Chapter 17.

17.2- General
17.2.1- An entire composite- member or portions therof

may be used in resisting shear and moment.

17.2.2- Individual elements shall be investigated for all
critical stages of loading.

17.2.3- If the specified strength, unit weight, or other pro-
perties of the various elements are different, properties
of the individual elements or the most-critical values,
shall be used in design.

17.2.4- In strength computations of composite mem-
bers, no distinction shall be made between shored and
unshored members.

17.2.5- All elements shall be designed to support all io-
ads introduced prior to full development of design
strength of composite members.

17.2.6- Reinforsement shall be provided as required to
control cracking and to prevent separation of individuat
elements of composite members.

17.2.7- 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.

17.3- Control of deflection

17.3.1- Shored construction

# composite flexural members are supported during
construction so that, after removal of temporary supp-
orts, dead load is resisted by the full composite section,

. the composite member may be considered equivalent to

a monolithically cast member for computation of deflec-
tion. The portion of the member in compression shall de-
termine whether values in Table 8.1(b) shall apply. If de-
flection is computed, account should be taken of curva-
tures resuiting from differential shrinkage of precast and
cast in—place components.

17.3.2- Unshored construction

if the thickness of a precast flexural member meets the
requirements of Table 8.1(b), deflection need not be
computed. If the thickness of a composite member
mesets the requirements of Table 8.1(b), deflection occu-
ring after the member becomes composite need not be
computed, but the longtime defiection of the precast
member should be investigated for magnitude and dura-
tion of load prior to beginning of effective composite ac-
tion.

17.3.3- Deflection computed in accordance with Sec-
tions 17.3.1 and 17.3.2 shall not exceed limits stipulated
in Table 8.1(a).

17.4- Vertical shear strength

17.4.1 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.

17.4.2- Shear reinforcement shall be fully anchored into
interconnected elements in accordance with Section
12.12.

17.4.3- Extended and anchored shear reinforcement
may be included as ties for horizontal shear.

17.5- Horizontal shear strength

17.5.1 In a composite member, full transfer of horizontal
shear forces shall be assured at contact surfaces of in-
terconnected elements.

17.5.2- Unless calculated in accordance with Section
17.5.3, design of cross sections subject to horizontal
shear shall be based on

Vo<V,
where V,, is factored shear force at section considered
and V), is horizontal shear strength irfaccordance with
the following.

17.5.2.1- Shear strength V, shall not be taken greater
than 0.5 b, d (in Newtons) for beam 4nd siab members
without ties and the contact surface has been prepared
by the following manner: when the conorete in the pre-
cast member has set but not hardened, the surface
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which will subsequently receive then in —situ concrete
should be sprayed with a fine spray of water or brushed
with a stiff brush, just sufficient to remove the outer mor-

tar skin and expose the large aggregate without distur-
bing it.

17.5.2.2- When minimum ties are provided in accor-
dance with Section 17.6, and the contact surface is not
as described in Section 17.5.2.1, shear strength V,, shall
not be taken greater than 0.4 b, d (in Newtons).

17.5.2.3- When the contact surface has been prepa-
red as described in Section 17.5.2.1 (or where this treat-
ment proved impracticable and the surface skin and lai-
tance has been removed by sand blasting or the use of a
needle gun and not by hacking) and minimum ties as
described in Section 17.6 are provided, shear strength
shall not be taken greater than 1.3 b, d (in Newtons).

17.5.2.4- When minimum ties are provided in accor-
dance with Section 17.6, and contact surfaces are cle-
an, free of laitance, and intentionally roughened to a full
amplitude of approximately 6mm, shear strength V,
shall not be taken greater than 2.2 b, d (in Newtons).

17.5.2.5- In composite slabs when ties are not provi-
ded, the horizontal shear stresses may be limited as fol-
lows:

a) for the contact surface as descrnibed in Section

17.5.2.1, the shear strength should not exceed 0:86 b,

d (in Newtons).

b) where the top surface of the precast unit has not

been treated, in accordance with Section 17.5.2.1, the

shear should not exceed 0.3 b, d (in Newtons).

17.5.2.6- When factored shear force V, at section con- -
sidered exceeds the limits given in Sections 17.5.2.1
through 17.5.2.5, design for horizontal shear shall be in
accordance with Section 11.5.

17.5.3- Horizontal shear may be investigated by compu-
ting the actual change in compressive or tensile foce in
any segment, and provisions made to transfer that force
as horizontal shear to the supporting element. The facto-
red horizontal shear force shall not exceed 85 peroent of
horizontal shear strength as given in Section 17.5.2.1
through 17.5.2.5, where area of contact surface A, shall
be substituted for b, d.

17.5.4- When tension exists across any contact surface
between interconnected elements, shear transfer by
contact may be assumed only when minimum tieg are
provided in accordance with Section 17.6.

17.6- Tles for horizontal shear

17.6.1- When ties are provided to transfer horizontal
shear, tie area shall not be less than 0.0015 of the con-
tact area, and tie spacing shall not exceed four times the
least dimension of the in—situ concrete, nor 800mm.

17.6.2- Ties for horizontal shear fnay consiét of single
bars or wire, multiple leg stirrups, or vertical legs of wel-
ded wire fabric (smooth or deformed).

17.6.3- All ties shall be fully anchored into interconnec-
ted elements in accordance with Section 12.12. -




CHAPTER 18- TESTING OF STRUCTURES AND
COMPONENTS

18.0- Notation

D = dead loads, or related internal moments and forces
b = overall thickness of member

¢= span of member under test load (shorter span of flat
slabs and of slabs supported on four sides). Span of
member, except as provided in Section 18.2.2.7, is di-
stance between centers of supports or clear distance
between supports plus depth of the member, whichever
is smaller

L = live loads, or related internal moments and forces

18.1- General

18.1.1- If doubt develops concerning the safety of a
structure ora member, the Engineer may order strength
and serviceability investigation by means of load tests
and/or analyses.

18.1.2- The investigation is intended to assess the
soundness of the structure with regards to its ultimate li-
mit state and serviceability limit state of deflection and
cracking. Durability of a structure cannot be assessed di-
rectly from load test results.

18.2- Load Tests

18.2.1- General .
18.2.1.1- Load tests are to be applied to flexuralmem

bers only.

18.2.1.2- A qualified engineer shall control the test.

18.2.1.3- Aload test Shall not be made until the portion
tobe te_sted is at least 56 days old.

18.2.1.4- Forty-eight hours prior to application of test
load, a load to simulate effect of that protion of the dead
load not already acting shall be applied and shall remain
in place until all testing has been completed.

18.2.1.5 - Aload test shall be carried out, as possi-
ble, at such times when effects of variation of temperatu-
. re and humidity are minimum.

18.2.1.6 - Base readings (datum for deflection mea-
surements) shall be made immediately prior to applica-
tion of test load. More than one deflection reading is pre-
ferably taken within the vicinity of maximum deflection in
order to obtdin more reliable readings of deflections sin-
ce the exact position of maximum deflection cannot al-
ways be determined. '

18.2.1.7- All measured deflections shall be the net
deflections of the members. i.e. deflections shall be a-
djusted for any support movement.

18.2.1.8- It is recommended that deflection recovery

measurement be taken even if the deflection under test
load does not reach the deflection limit below which re- .
covery measurement is not required. This may help in gi-
ving a better view of the behavior of the structure and
may be of value in case of any doubt concerning some
readings.

18.2.1.9- The material used for loading shall not be
stored anywhere at the same level or story or near the
area to be tested unless it is structurally isolated, but
shall directly be placed on the tested area when testing
begins.

18.2.1.10- The member to be tested and instrumenta-
tion shall, as possible, be protected from direct sunlight,
rain, wind or other phenomena that might affect the re-

- sults of the test.

18.2.2- Strength test requirements and procedure
18.2.2.1- A Load test may be made on the whole struc-
ture or a portion therof. An analysis is required to select
the questionable portion on the basis that:
a) itis the weakest and/or most affected by the drop
in concrete strength.
b) itis subjected to the most severe loading condi-
tion.

18.2.2.2- That portion of the structure selected for loa-
ding shall be subject to a total load, inciuding dead loads
already acting, equivalent to 85 percent of the design
factored load. Effect of loadsharing must be taken into
consideration, i.e. loading other parts of the structure
that may cause additional deflection at the tested por-
tion.

18.2.2.3- Test loads shall be applied uniformly in not
less than four approximately equal increments without
shock to the structure and in such manner as to avoid ar-
ching of load materials. Deflection readings shall be ta-
ken for each load increment.

18.2.2.4- After total test load has been in position for
24 hours, deflection reading shall be taken.

18.2.2.5- Test load shall be removed immediately af-
ter readings of Section 18.2.2.4 are taken, and afinal de-
flection reading. shall be taken 24 hours after removal of
test load.

18.2.2.6- In assessing the strength of the portion te-
sted, the following criteria shall be taken as indication of
satisfactory behavior:

a) If measured maximum deflection of the member
tested is less thar ¢2/25000h, where tis the span iength
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and h is the thickness of the member, both having
the same units. ’

b) If measured maximum deflection of the member
tested exceeds the limits in (a), deflection recovery

" . with 24hours after removal of the test load shall be
at least 75 percent of the maximum deflection.

18.2.2.7- In Section 18.2.2.6, ¢ for cantilevers shall
be taken as twice the distance from the face of support
to cantilever end.

18.2.2.8- Structures failing to show 75 percent reco-

very of deflection as required by Section 18.2.2.6(b) -

may be retested not earlier than 72 hours after remo-
val of the first test load. The portion of the structure te-
sted shall be considered satisfactory if the delection
recovery caused by the second test load is at least 75
percent of the deflection in the second test.

18.2.3- Serviceability test requirements and proce-

dures :
18.2.3.1- The serviceability test is not to be applied
to a-structure until a decision is made regarding the lo-
ad bearing ability of that structure by either analysis or
strength load test. .

18.2.3.2- Member selected for testing shall be sub-
ject to a total load equivalent to (D+L.).

18.2.3.3- The live load portion of the test ioad shall
be applied in not less than two approximately equal in-
crements without shock to the structure and in such
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manner as to avoid arching of load matenials.

18.2.3.4- After the application of the full load:
a) maximum deflection readings shall be taken,
and
b): maximum crack width shall be measured.
18.2.3.5- in order for a structure to be serviceable the
following shall be met:
a) maximum deflection is less than€/500.
b) maximum crack width is less than 0.25 mm.

18.2.3.6~ No serviceability test is required if the ser-
viceability requirements are met during the strength
test load.

18.3- Members other than flexural
Members other than flexural members shall preferab-
ly be investigated by analysis.

18.4- Provisions for lower load rating

If structure under investigation does not satisfy condi-
tions or criteria of loading test and analysis, a lower ra-
ting for that structure based on results of the load test
or analysis may be approved. '

18.5- Safety

18.5.1- Load tests shall be conducted in such a man-
ner as to ensure the safety of life and strucutre during
the test.

18.5.2- Safety mesurements shall not interfere with lo-
ad test procedures or affect the test resultts.
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RECOGNIZED INTERNATIONAL STANDARDS

Methods for Specifying Concrete Including Ready-mixed Concrete.
Standard Specification For Ready-Mixed Concrete.
Method For Determination Of Tensile Splitting Strength.

Method Of Test For Water For Making Concrete (Including Notes On The Suitability
Of Water).

Specification For Chemical Admixtures For Concrete.

Specification For Accelerating Admixtures, Retarding Admixtures And Water Redu-
cing Admixtures.

Specification For Air-Entraining.

 Admixtures For Concrete, Specification For Air-Entraining Admixtures.

Specification For Fly Ash and Raw or Calcined Natural Pozzolana For Use as a Mine-
ral Admixture in Portland Cement Concrete.

Standard Specification For Structural Steel.
Specification For Weidable Structural Steels.
Standard Specification For Cold-Drawn Steel Wire For Concrete Reinforcement.

Standard Specification For Fabricated Deformed Steel Bar Mats For Concrete Rein-
forcement. '

Steel Fabric For The Reinforcement Of Concrete AMD 955 .1972.
Standard Specification For Welded Steel Wire Fabric For Concrete Reinforcement.
Standard Specification For High-Strength Low-Alioy Structural Steel.

Specification For Hot Rolled Steel Bars For Reinforcement Of Concrete.
AMD 3010 - 1979
AMD 3559 - 1981
AMD 4337 - 1983
AMD 4540 - 1984

Specification For Cold Worked Steel Bars For The Reinforcement Of Concrete.
AMD 2987 - 1979
AMD 3560 - 1981
AMD 4338 - 1983

Standard Specification For Deformed Steel Wire For Concrete Reinforcement.

Standard Specification For Welded Deformed Steel Wire Fabric For Concrete Rein-
forcement.

Building Code Requirements For Minimum Design Loads in Buildings and Other
Structures.
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