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FOREWORD

The Iranian Petroleum Standards (IPS) reflect the
views of the Iranian Ministry of Petroleum and
are intended for use in the oil and gas production
facilities, oil  refineries,  chemical and
petrochemical plants, gas handling and processing
installations and other such facilities.

IPS is based on internationally acceptable
standards and includes selections from the items
stipulated in the referenced standards. They are
also supplemented by additional requirements
and/or modifications based on the experience
acquired by the Iranian Petroleum Industry and
the local market availability. The options which
are not specified in the text of the standards are
itemized in data sheet/s, so that, the user can
select his appropriate preferences therein.

The IPS standards are therefore expected to be
sufficiently flexible so that the users can adapt
these standards to their requirements. However,
they may not cover every requirement of each
project. For such cases, an addendum to IPS
Standard shall be prepared by the user which
elaborates the particular requirements of the user.
This addendum together with the relevant IPS
shall form the job specification for the specific
project or work.

The IPS is reviewed and up-dated approximately
every five years. Each standards are subject to
amendment or withdrawal, if required, thus the
latest edition of IPS shall be applicable

The users of IPS are therefore requested to send
their views and comments, including any
addendum prepared for particular cases to the
following address. These comments and
recommendations will be reviewed by the relevant
technical committee and in case of approval will
be incorporated in the next revision of the
standard.

Standards and Research department
No.19, Street14, North kheradmand

Karimkhan Avenue, Tehran, Iran .
Postal Code- 1585886851

Tel: 88810459-60 & 66153055
Fax: 88810462

Email: Standards@nioc.org
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GENERAL DEFINITIONS:

Throughout this Standard the following
definitions shall apply.

COMPANY :

Refers to one of the related and/or affiliated
companies of the Iranian Ministry of Petroleum
such as National Iranian Oil Company, National
Iranian Gas Company, National Petrochemical
Company and National Iranian Oil Refinery And
Distribution Company.

PURCHASER:

Means the "Company" where this standard is a
part of direct purchaser order by the "Company",
and the "Contractor" where this Standard is a part
of contract document.

VENDOR AND SUPPLIER:

Refers to firm or person who will supply and/or
fabricate the equipment or material.
CONTRACTOR:

Refers to the persons, firm or company whose
tender has been accepted by the company.

EXECUTOR:

Executor is the party which carries out all or part
of construction and/or commissioning for the
project.

INSPECTOR:

The Inspector referred to in this Standard is a
person/persons or a body appointed in writing by
the company for the inspection of fabrication and
installation work.

SHALL:

Is used where a provision is mandatory.
SHOULD:

Is used where a provision is advisory only.

WILL:

Is normally used in connection with the action by
the "Company" rather than by a contractor,
supplier or vendor.

MAY:

Is used where a provision is completely
discretionary.
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1. SCOPE

This Construction Standard covers the minimum
technical requirements for construction of plain,
reinforced, prestressed, precast and composite
concrete elements and structures.

It defines methods and tests for material selection
and admixtures. Presents guidelines for
prevention of concrete deterioration and steel
corrosion from constructional view point. It also
includes methods for sampling, mixing,
conveying, placing, curing, hot and cold weather
concreting.

Note 1:

This standard specification is reviewed and
updated by the relevant technical committee on
Dec. 1998, as amendment No. 2 by circular No.
174.

Note 2:

This standard specification is reviewed and
updated by the relevant technical committee on
Aug. 2005, as amendment No. 2 by circular No.
261.

Note 3:

This bilingual standard is a revised version of the
standard specification by the relevant technical
committee on February 2009, which is issued as
revision (1). Revision (0) of the said standard
specification is withdrawn.

Note 4:

In case of conflict between Farsi and English
languages, English language shall govern.

2. REFERENCES

Throughout this Standard the following dated and
undated standards/codes are referred to. These
referenced documents shall, to the extent specified
herein, form a part of this standard. For dated
references, the edition cited applies. The
applicability of changes in dated references that
occur after the cited date shall be mutually agreed
upon by the Company and the Vendor. For
undated references, the latest edition of the
referenced documents (including any supplements
and amendments) applies.
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ASTM C39/ C 39M

ASTM C42/ C42M

ASTM C94/C 94M

ASTM C109/ C 109M

ASTM C143/ C 143M

ASTM CI150 REV A

ASTM C171 REV A

ASTM C172

ASTM C260

ASTM C309

ASTM C330

ASTM C494/C 494M

"Standard Test Method
for Compressive
Strength of Cylindrical
Concrete Specimens"

"Standard Test
Method for Obtaining
and Testing Drilled
Cores and Sawed
Beams of Concrete"

"Standard Specification
for Ready-Mixed
Concrete"

"Standard Test Method
for Compressive
Strength of Hydraulic
Cement Mortars"

"Standard Test Method
for Slump of
Hydraulic-Cement
Concrete"

" Standard
Specification for
Portland Cement"

"Standard Specification
for Sheet Materials for
Curing Concrete"

"Standard Practice for
Sampling Freshly
Mixed Concrete"

"Standard Specification

for Air-Entraining
Admixtures for
Concrete"

"Standard Specification
for Liquid Membrane-
Forming Compounds
for Curing Concrete"

"Specification for
Lightweight
Aggregates for
Structural Concrete"
"Standard

Specification for

Chemical Admixtures
for Concrete"
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ASTM C595 REV A

ASTM C618

ASTM C685/C 685M

ASTM C989

ASTM C1017

ASTM C1218

"Standard Specification
for Blended Hydraulic
Cements"

"Standard Specification
for Coal Fly Ash and
Raw  or  Calcined
Natural Pozzolan for
Use in Concrete"

"Standard Specification
for Concrete Made by
Volumetric  Batching
and Continuous
Mixing"

"Standard Specification
for Ground Granulated
Blast-Furnace Slag for
Use in Concrete and
Mortars"

"Standard Specification

for Chemical
Admixture for Use in
Producing Flowing
Concrete"

"Standard Specification
for Water-Soluble
Chloride in Mortar and
Concrete"

IPS IRANJAN PETROLEUM STANDARDS)

IPS-E-GN-100

IPS-E-CE-200

IPS-E-CE-260

IPS-M-CE-105(1)

MANAGEMENT
ORGANIZATION

Publication no-120

"Engineering Standard
for units"

"Engineering Standard
for Concrete
Structures"

"Engineering Standard
for Fireproofing"

"Material Standard for
Building Materials"

AND PLANNING

"Iranian National
Concrete Code"
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3. DEFINITIONS AND TERMINOLOGY

For general definition of terms used in this
Standard refer to Chapter 2 of ACI 318 M.

4. NOTATIONS & SYMBOLS

For complete listing of Notations refer to
Appendix B of ACI 318 M. The following
symbols and notations are a selection of
frequently used ones in this Standard.

dp = Nominal diameter of bar, wire, or
prestressing strand, mm

f¢ = Specified compressive strength of concrete,
MPa (kg/cm?).

fot = Average splitting tensile strength of light-
weight aggregate concrete, MPa (kg/cm?).

for = Required average compressive strength of

concrete used as the basis for selection of
concrete proportions, MPa (kg/cm?).

5. UNITS

This standard is based on International System of
Units (SI), as per IPS-E-GN-100 except where
otherwise specified.

6. MATERIALS
6.1 Cements

6.1.1 Cement shall conform to the following
specifications for Portland cement:

a) "Standard Specification for Portland Cement"
(ASTM C 150).

6.1.2 Cement used in the work shall correspond to
that on which selection of concrete proportions
was based.

6.1.3 Fly Ash or other pozzolans shall conform to
ASTM C 618 "Standard Specification for Coal
Fly Ash and Raw or Calcined Natural Pozzolan
for Use in Concrete" For more information about
other kinds of pozzolans see Iranian national
concrete code publication no-120 of management
and planning organization part 3-6-4-2.

6.2 Aggregates

6.2.1 Concrete aggregates shall conform to one of
the following specifications:
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a) Standard Specification for Concrete
Aggregates (ASTM C 33).

b) Standard Specification for Lightweight
Aggregates for Structural Concrete (ASTM C
330).

¢) Gradation of fine aggregates and coarse
aggregates shall be within the limit mentioned
in Tables 1 and 2.

o sl s lal sl Glakie (A
(ASTM C 33)

oolinl 0,50 S slaailaSin o bl Slaseie (o
(ASTM C 330) slojlw oy yo

w9 o, el gan ab (g
ASb Y 9V Jslaz 0 0uds asive sodgase

Lefj és ﬁ‘e& 9 wsLo.o as Ls’l.ﬁdu‘diu» e Licw! é)b.o

g oo odld plis Blg 015 o b ol slaiule;l lawgs
il ooy Lo 3,15 oussled o gl 4

Exception: Aggregates which have been shown
by special test or actual service to produce
concrete of adequate strength and durability and
approved by the AR*.

* AR AUTHORIZED REPRESENTATIVE OF
THE OWNER

TABLE 1 - GRADING REQUIREMENTS FOR FINE AGGREGATES

1 LA Gl guds ailo Wl Pl -Y Jous

SIEVE (SPECIFICATIONE 11) PERCENT PASSING

(E 11 olaxiw uoLwIJ.g) Sl o3lail GIFeE duoy
9.5-mm (3&-in) 100
4.75-mm(No. 4) 95 to 100
2.36-mm(No. 8) 80 to 100
1.18-mm(No. 16) 50 to 85
600-um (No. 30) 25 to 60
300-um (No. 50) 5 to 30
150-um  (No. 100) 0 to 10
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TABLE 2 - GRADING REQUIREMENTS FOR COARSE AGGREGATES
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6.2.2 Nominal maximum size of coarse aggregate
shall be not larger than:

a) 1/5 the narrowest dimension between sides
of forms, nor;

b) 1/3 the depth of slabs, nor;

¢) 3/4 the minimum clear spacing between
individual reinforcing bars or wires, bundles of
bars, or prestressing tendons or ducts.

These limitations shall not apply if, in the
judgment of the AR, workability and methods of
consolidation are such that concrete can be placed
without honeycomb or voids.

6.2.3 Where aggregates are alkali-reactive, impose
restrictions on materials to minimize deterioration.

6.3 Water

6.3.1 Water used in mixing concrete shall be clean
and free from injurious amounts of oils, acids,
alkalis, salts, organic materials, or other
substances that may be deleterious to concrete or
reinforcement.

6.3.2 Mixing water for pre-stressed concrete or for
concrete that will contain aluminum embedment,
including that portion of mixing water contributed
in the form of free moisture on aggregates, shall
not contain deleterious amounts of chloride ion.

6.3.3 Non-potable water shall not be used in
concrete unless the following are satisfied:

a) Selection of concrete proportions shall be
based on concrete mixes using water from the
same source.

b) Mortar test cubes made with non-potable
mixing water shall have 7-day and 28-day
strengths equal to at least 90 percent of
strengths of similar specimens made with
potable water. Strength test comparison shall
be made on mortars, identical except for the
mixing water, prepared and tested in
accordance with "Standard Test Method for
Compressive Strength of Hydraulic Cement
Mortars (Using 50-mm Cube Specimens)"
(ASTM C 109).

6.3.4 Sea water shall not be used as mixing water.

11

Nl e sbalSin el ojlil gSlas> Y-Y-F
TSl ;5 polie 5l 55
(B laad oo (0 50 b e S (W)

dells Cealbies po S (0
laygilel 51 Sayp oy ol alols Jiloo 3oz 4 (2
Lo oand iy kbl L o Xlw 05,5 daJoiia b
HEYJEN
S oS 15 sy 9 SHE e85 a4 azslis
OB ls 0a> b Salige,S e &l g5, o 45w
Al deleds cole ) Linogase (pl g | 2]

Dlio o iy STy g5 51 loailaKin 4550 50,0 Y- Y-8
o35 Srals cax Ll ) solaiwl Cosgame s LS
2t Jlesl Wl

ol ¥-#

e Slge 3B g 5ol Wb o cSle o Bras Ol )-Y-F
oS olge plo by JI olse deSad ol dovl gy <yl
bl ol e kel b o sl

Gl L 00sti i o gly oolizal 850 ol Y-Y-§
oz 5l (ositragll onds (6,55 Slabad | ol jen (sloi
A5 s 59l by polie Jols wls aailaSaw (5, Cusb,
sk
e 5y S o o sl s Gaalal e ST Y-Y-F
098 el ) Lalpd a5
2ok o cSbe lp LS Gl Sl (A
il T e 5 ooliul b oads ags slobsle ol

Sl O e bl sl (@
oy 0 PBlas gl b wileads ags owels] e
3l oads aislw wlive sladiges 039, YA 9055, V Cuoglin
Glp Wl Cawglae (iolejl anlin auil Joelsl Ol
Spe 3 7 43S g LSy Ojpa O ples
Canglie & lasliwl fygo3l Liog," wlwlp a8 LMzl O
sl wses jl soliiwl L) ol leew slide g lid
(ASTM C 109) "(s4 ool (6 yiaskin O+ xSe

D5l oo okl g ool

Sg ool LM Ol lgie 4 wls Lo o F-Y-F



[

Feb. 2009 / \YAY poge

IPS-C-CE-200(1)

6.4 Steel Reinforcement

For general description and method of use of
concrete reinforcement refer to Section 3.5 of
ACI-318M.

6.5 Admixtures

6.5.1 An admixture shall be capable of
maintaining essentially the same composition and
performance throughout the work as the product
used in establishing concrete proportions in
accordance with Clause 5.2 ACI 318M.

6.5.2 Admixtures to be used in concrete shall be
subject to written approval of AR.

6.5.3 Air-entraining admixtures shall conform to
ASTM C 260, "Standard Specification for Air-
Entraining Admixtures for Concrete".

6.5.4 Water-reducing admixtures, retarding
admixtures, accelerating admixtures; water
reducing and retarding admixtures and water
reducing and accelerating admixtures shall
conform to ASTM C 494, "Standard Specification
for Chemical Admixtures for Concrete".

6.5.5 Fly Ash or other pozzolans used as
admixtures shall conform to ASTM C 618,
"Standard Specification for Coal Fly Ash and Raw
or Calcined Natural Pozzolan for Use in Concrete"
For more information about other kinds of
pozzolans see Iranian national concrete code
publication no-120 of management and planning
organization part 3-6-4-2,

6.5.6 Ground granulated blast-furnace slag used as
an admixture shall conform to "Standard
Specification for Ground Granulated Blast-
Furnace Slag for Use in Concrete and Mortars"
(ASTM C 989).

6.5.7 The types of admixtures suitable for use in
concrete to obtain the desired effect are listed in
Table 3.
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TABLE 3- ADMIXTURES BY CLASSIFICATION

b (o958l (gusy ainb Y Jguxr

Air-entraining admixtures slwlgs sl Jog38l | ASTM C 260, AASHTO M 154;
Accelerating admixtures; 0dilS Suld b F9938! | ASTM C 494 Type C
Water-reducing admixtures; ol sasals s 599381 | ASTM C 494 Type A
Retarding admixtures 0disS pSusS s g8l | ASTM C 494 Type B

Water-reducing and retarding admixtures;
ouisS pSusS g of sasals gla g8l

ASTM C 494 Type D

Water-reducing and accelerating admixtures
oS S a9 ol swials glb S48l

ASTM C 494 Type E

Water-reducing, high-range admixtures
u‘i o ls ol y gy o938l

ASTM C 494 Type F

Water-reducing, high-range, and retarding admixtures.
oS SusS g o susals ald y sl og 38!

ASTM C 494 Type G

ASTM C 1017, Type I or Type 11

Admixtures for flowing concrete oudSS 4lg, v Sog 38l (retarding ):
Miscellaneous admixtures: 248 yio G F9938! | A T 212 section 6.
Gas-forming admixtures 3w 36 s 9938 | Saction 6.1
Grouting admixt (955 355 W S99 38! Section 6.2
Extended set-control admixtures g5 oS eudisd s F99381 | Qection 6.3
Bonding admixtures e dgm sS993 | Section 6.4
Pumping aids 3oy 003 St s S2933! | Section 6.5
Pigments(To produce colors) (S5 o 6l b &ilusS, | Section 6.6
Permeability-reducing admixtures oS iy ol g Jsg38! | Section 6.9

Chemical admixtures to reduce alkali-aggregate reaction expansion

Lailuuw Sldd JiusTy mals 6y (Sl sla Fog 33

Section 6.10

Corrosion-inhibiting admixtures SOy b Sog38l | Section 6.11
Antiwashout admixtures s o wo sl Sog 38l | Section 6.12
Freeze-resistant admixtures SO) T o sy Fo938l | Section 6.13
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6.6 Storage of Materials

6.6.1 Cement and aggregates shall be stored in
such manner as to prevent deterioration or
intrusion of foreign matter.

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

6.7 Test of Materials

6.7.1 Tests of reinforcing materials and of
concrete shall be made in accordance with
standards listed in Clause 3.8 of ACI 318 M

7. DURABILITY REQUIREMENTS
7.1 Freezing and Thawing Exposures

7.1.1 Normal weight and lightweight concrete
exposed to freezing and thawing or deicing
chemicals shall be air entrained with air content
indicated in Table 4. Tolerance on air content as
delivered shall be £1.5 percent. For specified
compressive strength fi greater than 35 MPa, air

content indicated in Table 4 may be reduced 1
percent.
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TABLE 4 - TOTAL AIR CONTENT FOR FROST - RESISTANT CONCRETE

Oladady ply 0 palie oy (gl 3L 0 90 Slgp S5 Hlado —F Jgua

AIR CONTENT, PERCENT
NOMINAL MAXIMUM 29790 slgh w0 y0
AGGREGATE SIZE, mm®
SEVERE MODERATE
Vil ol b yi51us EXPOSURE EXPOSURE
ol e byl buvgio (Jaao bl p
9.5 7 6
12.5 7 50
19.0 6 5
25.0 6 47
375 51 47
502 5 4
752 4% 3%
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1) See ASTM C33 for tolerances on oversize
for various nominal maximum  size
designations.

2) These air contents apply to total mix, as for
the preceding aggregate sizes. When testing
these concretes, however, aggregate larger than
37.5 mm is removed by hand-picking or
sieving and air content is determined on the
minus 37.5 mm fraction of mix, (Tolerance on
air content as delivered applies to this value)
Air content of total mix is computed from
value determined on the minus 37.5 mm
fraction.

7.1.2 Concrete that will be subject to freezing and
thawing in a moist condition, intended to have low
permeability to water or be exposed to deicing
salts, brackish water, sea water, or spray from
these sources shall conform to the requirements of
Table 5.

7. 2 Corrosion Protection

7.2.1 When reinforced concrete will be exposed to
chloride from deicing salts, brackish water, sea
water, or spray from these sources, requirements
of Table 5 for water-cement ratio or concrete
strength and minimum  concrete  cover
requirements of Clause 13.7 shall be satisfied.

o3l iSTam 5l YL glaojlul sloslols, ely (O
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2Ll ple 0 08 Gndy 3985 Gl 5 05 welss sk
256 il pad oadly b byo of ged O (050,58 (5 ,me
Loles 00,915 1,0 Jga Slel sl

SOye5 iy o cbles Y-V
SlSes oIS (o ;0 mhae i 4503519050 1T

Slaldl wyls 18 Ll il b Lo ol e O doy &
Blas g i Caglin b loss 4y O Cd (6l 0 oo

\)9.»; ob)jif. ..bl.v Y-\Y o uuLw‘f ‘n)y u,«my

TABLE 5 - REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS

o039 e byl pd GLIN -0 Jgua

EXPOSURE CONDITION

MAXIMUM MINIMUM ¢
WATER-CEMENT
RATIO, NORMAL NOI:%“{;E‘&'EITGHT
GHT -
WEI WEIGHT
CONCRETE CONCRETE

’ .
oty T gl
S o2 9 (Jgoro

4 ol Cos E@STas

Fyoro 59 55 Hloww

Concrete intended to have low permeability when exposed to water 0.50 28
Sl e 30 65 Snddshi glls

Concrete exposed to freezing and thawing in a moist condition 0.45 31
Csbye slgr 50 (Sab Ol (So) f ome 0

For corrosion protection for reinforced concrete exposed to deicing salts, brackish 0.40%* 35%

water, seawater or spray from these sources
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To be continued
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TABLE 5 — Continued O Jous anlol
MAXIMUM £
WATER-CEMENT MINIMUM T,
RAT{&E&RTMAL NORMAL-WEIGHT
EXPOSURE CONDITION AND LIGHT-
) CONCRETE WEIGHT
shaxo Lul CONCRETE

@ of Coms 2STos
[ .

oty T Sl

Sow (5 9 (Jaore

aoxo (5 50 Glogw

Frost-resistant concrete

Ol &l 5 pglie o

Thin sections and any concrete exposed to deicing salts 0.45 30
5L 155 & sle Sl (Byre 0 45 (S g5 y8 9 SIU ablie
All other structures b ojlw plo 0.50 28
Placing concrete under water ol 5,8 iy ok 0.45 Not less than 350 kg of

cement per cubic meter

Obows 5 kS YO JBlas
&TAJSJQ):;OIQ)Q

*Note:

If minimum concrete cover required by Clause
13.7 is increased by 10 mm, water-cement ratio
may be increased to 0.45 for normal density
concrete, or f: reduced to 30 MPa for light-

weight concrete.

7.2.2 For corrosion protection, maximum water
soluble chloride ion concentrations in hardened
concrete at ages from 28 to 42 days contributed
from the ingredients including water, aggregates,
cementitious materials and admixtures shall not
exceed the limits of Table 6.

When testing is performed to determine water
soluble chloride ion content, test procedures shall
conform to ASTM C1218.
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TABLE 6- MAXIMUM CHLORIDE ION CONTENT FOR CORROSION PROTECTION
S99 plyp yo cblas gl S (e Gl BSTos> —F Jeua

TYPE OF MEMBER
pas g

MAXIMUM WATER
SOLUBLE
CHLORIDE ION (CI-) IN
CONCRETE,
PERCENT BY WEIGHT OF
CEMENT

o% @l 30 Jekmo IS (ygr yiSlas

(loaw B39 31 o)

Prestressed concrete

Reinforced concrete exposed to chloride in service

Slor o b IS Gy o2 xey0 e 2

Reinforced concrete that will be dry or protected from moisture in service
Sg oo Cdidlne gy ply 1o L og dwles S byl il Cod (5400 o e b &S s (0

s o2 Sleslozslo sl

Other reinforced concrete construction

o e O 0.06

0.15

1.00

0.30

7.3 Sulfate Exposure

7.3.1 Concrete to be exposed to sulfate-containing
solutions or soils shall conform to requirements of
Table 7, or be made with cement that provides
sulfate resistance when used in concrete with
maximum water-cement ratio and minimum
compressive strength from Table 7.

7.3.2 Calcium chloride as an admixture shall not
be used in concrete to be exposed to severe or
very severe sulfate containing solutions, as
defined in Table 7.
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TABLE 7 - REQUIREMENTS FOR CONCRETE EXPOSED TO
SULFATE-CONTAINING SOLUTIONS

S Wgw s Jolmo (pyre 50 oy Slel Il -V Jgu

SULFATE WATER SULFATE CEMENT MAXIMUM WATER- MINIMUM
EXPOSURE SOLUBLE (SO4) IN TYPE CEMENT COMPRESSIVE
%0 0 SULFATE WATER lowws £ 95 RATIO, BY STRENGTH
o (S04) IN ppm WEIGHT", f¢ Mpa®
PESROCIE&T g go ldlgu NORMALWEIGHT NORMALWEIGHT
NPT I CONCRETE AND LIGHTWEIGHT
BY WEIGHT 2 L AP :
. . oo 43 &1 o S Tas CONCRETE
Ol gu o ppm oEEE T oo s s
_ - ‘S}l_maﬁ t.«ojl-ﬂ-b Jﬁ‘\-\-”
oo (2 sl
(2! 50 Jolxo) ; £/ 0
o ¢lp T MPa
. S (P2 9 (Sgore
&g ey
Negligible 0.00-0.10 0-150
To be continued 3,18 dwlol
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TABLE 7 — Continued Y Jgue aalol
Moderate® 0.10-0.20 150 - 1500 I and I 0.50 28
yore
Severe 0.20-2.00 1500 — 10000 v 0.45 31
Very severe Over 2.00 Over 10000 V plus 0.45 31
3)
aid s pozzolan
o V gg
oYaim

1) Lowest applicable maximum water-cement
ratio or higher applicable minimum strength
may be required for low permeability or for
protection against corrosion of embedded items
or freezing and thawing.

2) Seawater.

3) Pozzolan that has been determined by test or
service record to improve sulfate resistance
when used in concrete containing Type V
cement.

Olakad 0,05 5 cblax b 53358 2alS sl ()
5 Sojge lie o cblis b oy 40 end azslis IS
@ ol des Cod rioml Sl (See (Sud Sl
SOl (55900 YL (5)Lad Caglie Bl b Lo

Ly ol (Y

Gy b lale)l @ azg b ol g9 &5 Yg50 (¥
Al e Ceglie ogge sl wedd i (6500 0
29550 550 5 3V ogss Sl b lilalgas

7.4 Water-Cement Ratio Oloaw 41 O Comunss F-V

7.4.1 For placeability, finishability, abrasion 2lp S Coslie (S y w65 B bl ol V-F-V
resistance, and durability in flatwork, with regard
to aggregate size, the quantity of cement to be

used should be not less than shown in Table 8.

QLA Jsaz polie 5l e wls by alaks ol

TABLE 8 - MINIMUM CEMENT REQUIREMENTS FOR CONCRETE USED IN
FLATWORK

S g 55 03liiusl 9398 (it Sl (Brae Glog Sl —A Jgur

MAXIMUM SIZE OF AGGREGATE, CEMENT,

Alaouw ojluil iSTos Oloww
mm kg/m®
28 282
25 312
19 324
12.5 354
9.5 366
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7.4.2 The minimum cement content of concrete
mixtures exposed to freezing and thawing in the
presence of deicing chemicals shall be 252 kg of
cement meeting ASTM C 150 or C 595 per m’ of
concrete.

7.4.3 The water-cement ratio required in Tables 5
and 7 shall be calculated using the mass of cement
meeting ASTM C 150 or C 595 plus the weight of
fly ash or pozzolan meeting ASTM C 618 and/or
slag meeting ASTM C 989, if any.

7.5 Concrete for Wear Resistance

7.5.1 Aggregate of up to 4 mm particle size shall
consist mainly of quartz or materials of at least
equivalent hardness and coarser particles, of
natural or artificial stone possessing high wear
resistance. The aggregate grading should be such
that it is as coarse as possible.

Provisions for obtaining abrasion resistance
concrete surface are referred to ACI 201 chapter

3).

7.5.2 Concrete for exposure to service
temperatures up to 250°C shall be made with
aggregates which have proved suitable in
accordance with relative Clause of ASTM for
exposure to such temperatures. The concrete
should be allowed to dry out before it is heated for
the first time, the latter being performed as slowly
as possible.

7.6 Shotcrete

7.6.1 Shotcrete is process, by which concrete or
mortar is sprayed onto a surface to produce a
compacted self supporting and bearing Layer,
depending on the addition of water to the mix,
distinction as made between the dry process and
the wet process.

For more information see Iranian national
concrete code Publication no. 120 of management
and planning organization part 7-7 and
ACI 506.2(specification for shotcrete).

8. CONCRETE QUALITY, MIXING AND
PLACING

8.1 General

8.1.1 Concrete shall be proportioned to provide an
average compressive strength f¢ as prescribed in

Section 5.3.2 of ACI 318M as well as satisfy the
durability criteria of Clause 7.
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Concrete shall be produced to minimize the
frequency of strengths tests below fi'as

prescribed in 9.2.3.

For concrete designed and constructed in
accordance with the code, f¢ shall not be less

than 17MPa .

8.1.2 Requirements for fi shall be based on tests
of cylinders made and tested as prescribed in 9.2

8.1.3 Unless otherwise specified, f¢ shall be
based on 28-day tests. If other than 28 days, test

age for f shall be as indicated in design

drawings or specifications.

8.1.4 Where design criteria in [PS-E-CE-200
provide for use of a splitting tensile strength value
of concrete, laboratory tests shall be made in
accordance with "Specification for Lightweight
Aggregates for Structural Concrete" (ASTM
C330) to establish value of f¢tcorresponding to

specified value of f¢ .

8.1.5 Splitting tensile strength tests shall not be
used as a basis for field acceptance of concrete.

8.2 Selection of Concrete Proportions

8.2.1 Proportions of materials for concrete shall
be established to provide:

a) Workability and consistency to permit
concrete to be worked readily into forms and
around reinforcement under conditions of
placement to be employed, without segregation
or excessive bleeding.

b) Resistance to special exposures as required
by Clause 7.

¢) Conformance with  strength  test

requirements of Clause 9.8.

8.2.2 Where different materials are to be used for
different portions of proposed work, each
combination shall be evaluated.

8.2.3 Concrete proportions, shall be established on
the basis of field experience and/or trial mixtures
specified in Section 5.3 of ACI 318M, or
alternatively, Section 5.4 of the same Code and
shall meet applicable requirements of Clause 7 of
this Standard.
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9. EVALUATION AND ACCEPTANCE OF
CONCRETE

9.1 Frequency of Testing

9.1.1 Samples for strength tests of each class of
concrete placed each day shall be taken not less
than once a day, nor less than once for each 110
m’® of concrete, nor less than once for each 460m?
of surface area for slabs or walls.

9.1.2 On a given project, if total volume of
concrete is such that frequency of testing required
by 9.1.1 would provide less than five strength
tests for given class of concrete, tests shall be
made from at least five randomly selected batches
or from each batch if fewer than five batches are
used.

9.1.3 A strength test shall be the average of the
strength of two cylinders made from the same
sample of concrete and tested at 28 days or at test
age designated for determination of f¢ .

9.2 Laboratory-Cured Specimens

9.2.1 Samples for strength tests shall be taken in
accordance with "Standard Method of Sampling
Freshly Mixed Concrete" (ASTM C 172).

9.2.2 Cylinders for strength tests shall be molded
and laboratory cured in accordance with
"Standard Practice for Making and Curing
Concrete Test Specimens in the Field" (ASTM C
31) and tested in accordance with "Standard Test
Method for Compressive Strength of Cylindrical
Concrete Specimens" (ASTM C 39).

9.2.3 Strength level of an individual class of
concrete shall be considered satisfactory if both of
the following requirements are met:

a) Average of all sets of three consecutive
strength tests equal or exceed f¢.

b) No individual strength test (average of two
cylinders) falls below f: by more than 3.5

MPa when fgis 35MPa or less; or by more
than 0.1 f¢ when f¢is more than 35MPa.
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9.2.4 If either of the requirements of 9.2.3 are not
met, steps shall be taken to increase the average of
subsequent strength test results. Requirements of
9.4. shall be observed if requirement of 9.2.3 (b)
is not met.

9.3 Field-Cured Specimens

9.3.1 The AR may require strength tests of
cylinders cured under field conditions to check
adequacy of curing and protection of concrete in
the structure.

9.3.2 Field-cured cylinders shall be cured under
field conditions in accordance with "Standard
Practice for Making and Curing Concrete Test
Specimens in the Field" (ASTM C 31M).

9.3.3 Field-cured test cylinders shall be molded at
the same time and from the same samples as
laboratory-cured test cylinders.

9.3.4 Procedures for protecting and curing
concrete shall be improved when strength of field-
cured cylinders at test age designated for
determination of fc is less than 85 percent of that
of companion laboratory-cured cylinders. The 85
percent limitation shall not apply if field-cured
strength exceeds f¢ by more than 3.5 MPa.

9.4 Investigation of Low-Strength Test Results

9.4.1 If any strength test (Clause 9.1.3) of
laboratory-cured cylinders falls below specified
value of f¢ by more than value given in Clause

9.2.3(b) or if tests of field-cured cylinders indicate
deficiencies in protection and curing (Clause
9.3.4), steps shall be taken to assure that load-
carrying capacity of the structure is not
jeopardized.

9.4.2 If the likelihood of low-strength concretes is
confirmed and computations indicate that load-
carrying capacity may have been significantly
reduced, tests of cores drilled from the area in
question may be required in accordance with
"Standard Method of Obtaining and Testing
Drilled Cores and Sawed Beams of Concrete"
(ASTM C 42). In such case, three cores shall be
taken for each strength test more than value given
in Clause 9.2.3(b) below specified value of  fg.
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9.4.3 Cores shall be prepared for transport and
storage by wiping drilling water from their
surfaces and placing the cores in watertight bags
or containers immediately after drilling. Cores
shall be tested no earlier than 48 hours and not
later than 7 days after coring unless approved by
AR.

9.4.4 Concrete in an area represented by core tests
shall be considered structurally adequate if the
average of three cores is equal to at least 85
percent of f¢ and if no single core is less than 75

percent of fi. Additional testing of cores

extracted from locations represented by erratic
core strength results shall be permitted.

9.4.5 If criteria of 9.4.4 are not met, and if
structural adequacy remains in doubt, the AR may
order load tests as outlined in section 20 of ACI
318 M for the questionable portion of the
structure, or take other appropriate action.

9.5 Preparation of Equipment and Place of
Deposit

9.5.1 preparation before concrete placement shall
include the following:

a) All equipment for mixing and transporting
concrete shall be clean.

b) All debris and ice shall be removed from
spaces to be occupied by concrete.

¢) Forms shall be properly coated.

d) Masonry filler units that will be in contact
with concrete shall be well drenched.

e) Reinforcement shall be thoroughly clean of
ice or other deleterious coating.

f) Water shall be removed from place of
deposit before concrete is placed unless a
tremie 1S to be used, or unless otherwise
permitted by the AR.

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

9.6 Mixing

9.6.1 All concrete shall be mixed until there is a
uniform distribution of materials and shall be
discharged completely before mixer is recharged.
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9.6.2 Ready-mixed concrete shall be mixed and
delivered in accordance with requirements of
"Standard  Specification for = Ready-Mixed
Concrete" (ASTM C 94) or "Standard
Specification for Concrete Made by Volumetric
Batching and Continuous Mixing" (ASTM C 685).

9.6.3 Job-mixed concrete shall be mixed i1n
accordance with the following:

a) Mixing shall be done in a batch mixer of
approved type.

b) Mixer shall be rotated at a
recommended by the manufacturer.

speed

¢) Mixing shall be continued for at least 1-%2
min after all materials are in the drum, unless a
shorter time is shown to be satisfactory by the

mixing uniformity tests of "Standard
Specification for Ready-Mixed Concrete"
(ASTM C 94).

d) Materials handling, batching, and mixing
shall also conform to applicable provisions of
ASTM C 9%4.

e) A detailed record shall be kept to identify:

1) number of batches produced;
2) proportions of materials used;

3) approximate location of final deposit in
structure;

4) time and date of mixing and placing.

9.6.4 Normally, mechanical means shall be used
for concrete mixing, and hand mixing shall only
be allowed for small works, if approved by the
AR.

9.6.5 Concrete mixing equipment shall be
sufficient for size of the structures to be
constructed and the concreting schedules, taking
also into account the need to ensure continuous
concreting for each structure.

9.6.6 Mechanical means shall be wused for
measuring concrete materials, and the concrete
composition shall be constant and identical with
those that proved to be optimum during the trial
mixing for each class of concrete.
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9.7 Testing of Concrete
9.7.1 Slump Test

The slump test shall be performed in accordance
with ASTM C 143 "Test Method for Slump of
Portland Cement Concrete".

9.7.1.1 Different slumps are needed for various
placements of concrete which is usually indicated
in the concrete specifications.

9.7.1.2 Slumps given in Table 9 are for concrete
consolidation by mechanical vibration.
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TABLE 9 - RECOMMENDED SLUMPS FOR VARIOUS TYPES OF CONSTRUCTION

0 3w alizio 193l 61y (g0l oSl -4 Jga

SLUMP, mm
CONCRETE (mm) D!
CONSTRUCTION
2% 03lw MAXIMUM MINIMUM*
o)
JriRes Jslas"
Reinforced foundation walls and footings s slo s g o o 75 25
Plain footings, caissons, and substructure walls 75 25
o3k s SLo)led 5 laiygunS b f (ygamlaisd
Beams and reinforced wall s slalg0 g oy 100 25
Building columns ozl sleigin 100 25
Pavements and slabs Lo 5 b 55lusasS 75 25
Mass concrete > 50 25

* May be increased 25 mm for consolidation by
hand methods such as rodding and spading.

9.7.2 Sample test

Testing shall include compressive tests of molded
concrete cylinders, or cube (ASTM C 309)
depending on what the design has been based on
and slump tests for consistency.

9.7.2.1 Compressive test cylinders shall be
prepared in sets of three cylinders for all tests.
Specimens for each set shall be obtained at the
same time and from the same batch of concrete.
Tests shall be made for each 60 cubic meter pour
or portion thereof. There shall be at least one test
(3 specimens) for each day’s concreting.
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9.7.2.2 Samples from which compression test
specimens are molded shall be secured in
accordance with "Standard Method of Sampling
Freshly Mixed Concrete" (ASTM C172).

Specimens made to check the adequacy of the
proportions for strength of concrete or as a basis
for acceptance of concrete shall be made and
laboratory cured in accordance with "Standard
Practice for Making and Curing Concrete Test
Specimens in the Field "(ASTM C31).

9.7.2.3 Each set of cylinders shall be tested as
follows:

One cylinder at 7 days and,

Two cylinders at 28 days for acceptance.

9.7.2.4 The strength level of the concrete will be
considered satisfactory so long as the averages of
all sets of (3) three consecutive strength test
results equal or exceed the specified 28 day
crushing strength, and no individual strength test
result falls below the specified strength by more
than 2.5 MPa.

10. HANDLING, WORKING AND CURING
OF CONCRETE

10.1 Handling of Concrete on Site

a) The method of concrete conveyance (e.g. by
skip, conveyor belt, pumping, compressed air)
and the composition of the concrete shall be
coordinated so as to prevent segregation.

b) Conveying equipment shall be capable of
providing a supply of concrete at site of
placement without separation of ingredients
and without interruptions sufficient to permit
loss of plasticity between successive
increments

¢) Segregation shall also be prevented when
concrete is poured into column or wall
formwork, one way of achieving this being to
pour the concrete through downpipes which
terminate only a short distance above the point
of deposit.

d) The use of pipes made of light metal is not
permitted for pumping purposes.

e) The layout of pipes for conveying pumpable
concrete shall be such as to ensure an
uninterrupted flow of concrete through the
pipes. Where concrete is conveyed by
conveyor belt, scrapers and devices for holding
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the concrete together shall be provided at the
throw-off point.

f) When placing concrete, care shall be taken
that any reinforcement, fittings, or formwork
surfaces, etc. in position for a later concreting
phase do not become encrusted with concrete.

10.2 Depositing

10.2.1 Concrete shall be deposited as nearly as
practical in its final position to avoid segregation
due to rehandling or flowing.

10.2.2 Concreting shall be carried on at such a rate
that concrete is at all times plastic and flows
readily into spaces between reinforcement.

10.2.3 Concrete that has partially hardened or
been contaminated by foreign materials shall not
be deposited in the structure.

10.2.4 Retempered concrete or concrete that has
been remixed after initial set shall not be used
unless approved by the AR.

10.2.5 After concreting is started, it shall be
carried on as a continuous operation until placing
of a panel or section, as defined by its boundaries
or predetermined joints, is completed except as
permitted or prohibited by Clause 12.

10.2.6 Top surfaces of vertically formed lifts shall
be generally level.

10.2.7 When construction joints are required,
joints shall be made in accordance with Clause 12.

10.2.8 All concrete shall be thoroughly compacted
(consolidated) by suitable means during
placement and shall be thoroughly worked around
reinforcement and embedded fixtures and into
corners of forms.

10.3 Working of Concrete
10.3.1 Working Time

Plain concrete shall be worked as soon as possible
after mixing, and ready-mixed concrete as soon as
possible after delivery. In any event, this shall be
before it stiffens or changes in composition. The
total time for mixing, transportation and pouring
of the concrete should generally not exceed 60
minutes under conditions that prevent segregation
and maintain workability.
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10.3.2 Compaction (Consolidation)

1) Reinforcing bars shall be densely embedded
in concrete, which shall be thoroughly
compacted (consolidated) by means of
vibration, punning, tamping, rapping of
formwork, etc., particularly in corners and
along the sides of the formwork.

2) While compacting (consolidating) by
vibration methods, surface vibrators shall
move slowly to enable the concrete below to
soften while leaving behind them a solid mass.
Where powerful surface vibrators are used, the
layer of concrete after compaction should be
not more than 200 mm deep. Where formwork
vibrators are used, it shall be borne in mind
that the depth to which they are able to
compact the concrete is limited, this also
depending on the design of the formwork.

3) Concrete with consistence range of soft to
flowing properties may also be compacted
(consolidated) by punning, taking care to work
the concrete thoroughly to form a solid, void-
free mass.

4) Tamping may be used for concrete of stiff
consistence, the concrete after compaction
being not more than 150 mm in depth.
Tamping shall preferably be by mechanical
means,

although hand tamping is also permitted, and
shall be carried out until the concrete softens
whilst acquiring a closed surface structure.
Individual layers should, where possible, be
normal to the direction of compression, and
tamping shall be in the direction of
compression. Where this is not possible, the
concrete shall be at least of plastic consistence
in order to ensure that there are no tamping
joints parallel to the direction of compression.

5) If no provision is made for construction
joints, the time intervals between placing
individual layers shall be kept as short as
possible since, to achieve an effective bond
between layers, no new layer shall be placed
on one which has already set. Where
immersion vibrators are used, the head shall
penetrate into the lower layer, in which
compaction has already taken place.
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10.4 Curing

10.4.1 Concrete (other than high-early-strength)
shall be maintained above 10°C and in a moist
condition for at least the first 7 days after
placement, except when cured in accordance with
10.4.7.

10.4.2 High-early-strength concrete shall be
maintained above 10°C and in a moist condition
for at least the first 3 days, except when cured in
accordance with 10.4.7.

10.4.3 Until it has sufficiently hardened, concrete
shall be protected from harmful effects such as
severe cooling or heating, premature drying out
(including by wind), leaching out by rain or
flowing water, chemical attack, or vibration and
impact which may disrupt the concrete and
interfere with its bond to the reinforcement. This
shall also apply to sealing mortar and to the
concrete used as a filler for joints between precast
members.

10.4.4 On flat surfaces such as pavements,
sidewalks and floors, curing can be accomplished
by immersion of the finished concrete, called
ponding, which will prevent loss of moisture and
is effective for maintaining a uniform temperature
in the concrete. The curing water temperature
should not be more than 11°C cooler than the
concrete to prevent thermal stresses that could
result in cracking.

10.4.5 Plastic sheet materials such as polyethylene
film used for curing concrete should conform to
ASTM C 171.

10.4.6 Curing compound should conform to
ASTM C 309.

10.4.7 Accelerated curing

10.4.7.1 Curing by high pressure steam, steam at
atmospheric pressure, heat and moisture, or other
accepted processes, shall be permitted to
accelerate strength gain and reduce time of curing.

10.4.7.2 Accelerated curing shall provide a
compressive strength of the concrete at the load
stage considered at least equal to required design
strength at that load stage.

10.4.7.3 Members subjected to heat treatment
shall be kept moist since hardening is not
generally completed by the end of the treatment
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and the concrete dries out considerably during
cooling.

10.4.7.4 Curing process shall be such as to
produce concrete with durability at least
equivalent to the curing method of 10.4.1 or
10.4.2.

10.4.7.5 When required by the AR, supplementary
strength tests in accordance with 9.3 shall be
performed to assure that curing is satisfactory.

10.4.8 Cold weather concreting

Cold weather is defined as that in which average
daily temperature is less than 5°C, except that if
temperatures above 10°C occur during at least 12
hours in any day, the concrete should no longer be
regarded as winter concrete and normal curing
practice should apply. For recommended concrete
temperatures see Table 10.

10.4.8.1 Adequate equipment shall be provided
for heating concrete materials and protecting
concrete during freezing or near-freezing weather.

10.4.8.2 All concrete materials and reinforcement,
forms, fillers, and ground with which concrete is
to come in contact shall be free from frost.

10.4.8.3 Frozen materials or materials containing
ice shall not be used.

10.4.8.4 Concrete that has been frozen just once at
an early age may be restored to early normal
strength by providing favorable curing conditions.
Such concrete, however, is not as resistant to
weathering nor is it as water tight as concrete that
has not been frozen. Air-Entrained concrete is less
susceptible to damage by early freezing than
concrete without entrained air.

10.4.8.5 Concrete should not be cast on frozen
concrete or on frozen ground. Aggregate shall be
free from snow, ice and frost. If required, the
water and, where necessary, the aggregate shall be
preheated. Water at a temperature of above +70°C
shall first be mixed with the aggregate before
cement is added. Particularly for slender members
it is advisable to increase the cement content or to
use cement of a higher strength class, or both.

10.4.8.6 Accelerators shall not be used as a
substitute for proper curing and frost protection.
Also, the use of antifreeze compounds or other
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materials to lower the freezing point of concrete
shall not be permitted.

10.4.8.7 Accelerators containing chlorides should
not be used where there is an inservice potential
for corrosion.

10.4.8.8 During cold weather, the concrete mixing
temperature should be controlled so that when the
concrete is placed its temperature is not below the
values shown in Line 1 of Table 10. Placement
temperatures should not be higher than the
minimum values by more than 11° C.

The mixing temperature should not be more than
8° C above the recommended values in Lines 2, 3,
and 4.
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TABLE 10 - RECOMMENDED CONCRETE TEMPERATURE FOR COLD-WEATHER
CONSTRUCTION; AIR-ENTRAINED CONCRETE

0010 1 0 ¢ yuw (glgd j0 yu gl y2] (Gl o0l dogi lod -V Jguo

Section size, minimum dimension, in. (mm)

Line Air temperature (yosdio) gl s 5 cadallo vy oy 38 o5

28 | Lo
<2 »s <12in. 12-36 in. 36-72 in. >72 in.

(300 mm) (300-900 mm) (900-1800 mm) (1800 mm)
Minimum concrete temperature as placed and maintained
SIS 9 G315 (R PSR )0 o slos JBlus
1 - 13°C 10°C 7°C 5°C
Minimum concrete temperature as mixed for indicated air temperature*
Foud 353 Glgd sloo jo WS s 4o oy glod JBlus

2 Yi Above-1°C 16°C 13°C 10°C 7°C

3 on -18to-17C 18° C 16°C 13°C 10°C

4 » Below -187C 21°C 18° C 16°C 13°C

Maximum allowable gradual temperature drop in first 24 hr after end of protection
cblis (L 5o celu Y dgl 50 o slod (2m yod jlmo Cdl S Tas
S - 28°C 22°C 17°C 11°C
*For colder weather a greater margin in OR led e alold b op slse sl

temperature is provided between concrete as
mixed and required minimum temperature of fresh
concrete in place.
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10.4.8.9 Table 11-A gives the minimum length of
the protection period at the temperatures given in
Line 1 of Table 10 and the service category. These
minimum protection periods are recommended
unless the in-place strength of the concrete has
attained a previously established value. The
service categories are as follows:

Category 1: No load, not exposed - This category
includes foundations and substructures that are not
subject to early load, and, because they are buried
deep within the ground or are backfilled, will
undergo little or no freezing and thawing in
service.

Category 2: No load exposed - This category
includes massive piers and dams that have
surfaces exposed to freezing and weathering in
service but has no early strength requirements.

Category 3: Partial load, exposed - The third
category includes structures exposed to the
weather that may be subjected to small, early-age
loads compared with their design strengths and
will have an opportunity for additional strength
development prior to the application of design
loads. In such cases, the concrete should have at
least the length of protection recommended for
Category 3 in Table 11-A.

Category 4: Full load - This category includes
structural ~ concrete = requiring ~ temporary
construction supports to safely resist construction
loads.

Part B of Table 11 has been adapted from Table
6.8 of ACI 306. The wvalues shown are
approximations and will vary according to the
thickness of concrete, mix proportions, etc. They
are intended to represent the ages at which
supporting forms can be removed. For
recommended concrete temperatures, see Table
10.

10.4.8.10 The concrete carried by the ready mix
truck to the site should be placed in the forms
before its temperature drops below that given on
line 4 of Table 10 and that temperature should be
maintained for the duration of the protection
period.

10.4.8.11 Columns and walls should not be cast
on frozen foundations, because chilling the bottom
of the column or wall will cause weak concrete.
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10.4.8.12 Heat can be retained in the concrete by
covering it with commercial insulating blanket or
other insulating materials, which should be kept
dry and in close contact with concrete or
formwork for maximum efficiency.

The resistance to heat transfer (R) values for
common insulation materials are given in Table
12.

10.4.8.13 Insulating blankets for construction are
made of fiberglass, sponge rubber, open-cell
polyurethane foam, vinyl foam, mineral wool, or
cellulose fibers. The outer covers are made of
canvas, woven polyethylene, or other tough
fabrics that will take rough handling.

10.4.8.14 No concrete shall be placed during
heavy rain, snow or when ambient temperature
falls below -18°C, unless proper sheltering or
heated enclosure are provided and written
approval of AR is obtained.

Gy oed bis o le Jlas plo b 5wl 56k
il o2 b el 3 g KaS Wl Gl o psl STus

sl ¢y R e o)l> Jasl ply o Cwglie

el 00 c\j‘)‘ \'Y JS» B JW

Shcsle [0 eolatul 0,50 Bile sleaSy, YW-A-F-).
(JEEe (Bhe b psd (S gl il vy Sl
Wigh oo aSle il SUI L S iy (Jig e
coslio SLII pls b 4l Ll by S 5l (o) slaasY

g oo aSle J& 5 Jo sl
By eoyhb s 5L bl s o i £e8 e VF-A-F-)e
Ol Ke 09l iz ) wld ol il az 0 VA 5 gles
L)l (o5 anl 5 09d wal (oo )5 abge b ol ju oS

TABLE 11 - A) LENGTH OF PROTECTION PERIOD FOR CONCRETE PLACED DURING COLD
WEATHER

Sy (SlgR 30 Sy yi ol y cbla> 0,90 Job (I -V Jou

Protection period at temperature indicated in line
1 of Table 10, days*
2V Jgua ) sy 59 Hede glos y3 Cblis o)99
39y o>
Type I1I cement, or
Line Service category accelerating admixture, or
. o 100 Ib/yd® (60 kg/m®) of
K 3 ,Sdos gy diwd
) ¢ o additional cement
Type I or II cement 5933 LTI g g3 o
LT g ploow . -
Sl Glosw b 0005 11539
20 p S ekS £ lade 4
1 1- no load, not exposed OLLod i (6,138 5L y9uu 2 1
2 2- no load, exposed oLl (5,185 ,0 ygay 3 2
3 3- partial load, exposed obled ol 5,185 ,L Ji= 6 4
4 4- full load o (5,05, Yl See chapter 6 ACI 306 R
Sg 4zl 50 ACI 306 R o jlaibicw! £ fuad &

* A day is a 24 hr period
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TABLE 11-B) DURATION OF RECOMMENDED PROTECTION FOR PERCENTAGE OF
STANDARD-CURED 28-DAY STRENGTH*

3 ylaibaw! & yguay ol 6)9T Joe 039y YA (sdrdiges Coglio 51 p3¥ oy (gl o0l dnogi Cblas Guw (o -)) Jgd.‘g%

REQUIRED DAYS AT 10°C DAYS AT 21°C
PERCENTAGE OF 81,55l 42 58 Ve 5lod 50 39, Olaws 81,5l 4z 58 YY) 5los )8 39, Sl
DESIGN STRENGTH
o TYPE OF PORTLAND CEMENT TYPE OF PORTLAND CEMENT
Tob ceoglito 31 p3Y sy (e . (e .
£ wiliyy low €96 Wby o g9
c ASTM 1 I 111 ASTM 1 1 111
50 6 9 3 4 6 3
65 11 14 5 8 10 4
85 21 28 16 16 18 12
95 29 35 26 23 24 20

* The 28-day strength for each type of cement was
considered as 100 percent in determining the
times to reach various percentages of this strength
for curing 10° C and 21° C. These times are only
approximate, and specific values should be
obtained for the concrete used on the job.

ey sleas,s 4 ey sl p3Y Gliley e o
Ol az,0 YY g V- 6)51 Joe Ll o Cwglie
).EJ')Q M)O\" JQL‘A uw&yﬂo)5) YA WBLD.O

uaM f&l&a 9 00y Gu)m LQ‘)LA) u.)‘ ol 00 u)f

D Cyetd Jore 10 oolaiwl 8500 i sl b

TABLE 12 - THERMAL RESISTANCE OF VARIOUS INSULATING MATERIALS

o @l aliseo lae (J )l > coglito -1 Jgu

THERMAL RESISTANCE, R
FOR THESE THICKNESSES OF
INSULATING MATERIAL MATERIAL *
G @le @lao Fdlas slolis gln R ()l Cwglio
1 in., hr.ft >.F/Btu 10 mm, m >.K/W
Board and Slabs Wlxao g Ll
Expanded polyurethane (R-11 exp.) b9 b Olxio 6.25 0.438
Expanded polystyrene extruded (R-12 exp.) bl by Olxio 5.00 0.347
Expanded polystyrene extruded, plain b o plial (b Olxio 4.00 0.277
Glass fiber, organic bonded Sl oVlail b aass oo 4.00 0.277
Expanded polystyrene, molded beads &l als o bl L 3.57 0.247
Mineral fiber with resin binder oy b3 b base LI 3.45 0.239
Mineral fiber board, wet felted ol 085 Cugb ¢ Jlodes S Jaxe SLII 2.94 0.204
Sheathing, regular density Fyore B> b5 ,5 Gy9 2.63 0.182
Cellular glass s g, Ao 2.63 0.182
Laminated paperboard Y sz lghe Slxio 2.00 0.139
Particle board (low density) (omb JE=) 00,3 Olin 1.85 0.128

To be continued

3,18 axlol
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TABLE 12 — Continued

1Y Joua aolol

THERMAL RESISTANCE, R
INSULATING MATERIAL FOR THESE THICKNESSES OF
G @ le @las MATERIAL *
*odlao glgolns slp R (Gl Cwoglin

Plywood Y a4 1.25 0.087
Blanket ALY
Mineral fiber, fibrous form processed from rock, slag, or glass 3.23 0.224

s b oyl Ko 5l 0ads adg S| g e SLI
Loose Fill oSy sledle
Wood fiber, soft woods ay wszy s LI 3.33 0.231
Mineral fiber (rock, slag, or glass) (el 0l ps « i) (Saae SLJI 2.50 0.173
Perlite (expanded) (o%gds baucio) cud 2.70 0.187
Vermiculite (exfoliated) (00s Alwgy) Cad 9500 59 220 0.152
Sawdust or shaving aslgbo,l S 2.22 0.154

* Values from ASHRAE Handbook of
Fundamentals, 1977, American Society of
Heating, Refrigerating and Air- Conditioning
Engineers, New York .

10.4.9 Hot weather concreting

10.4.9.1 During hot weather, proper attention
shall be given to ingredients, production methods,
handling, placing, protection, etc. For details refer
to "Hot Weather Concreting" recommended by
ACI committee 305.

10.4.9.2 At higher temperatures greater amount of
water is required to hold slump constant than is
needed at lower temperatures. Adding water
without adding cement results in a higher water-
cement ratio, thereby lowering the late-age
strength and adversely affecting other desirable
properties of the hardened concrete.

10.4.9.3 Besides reducing the strength and
increasing the mixing water requirement, high
temperatures of fresh concrete have other harmful
effects. Setting time is reduced; high temperatures
increase the rate of concrete hardening and thereby
shorten the length of time within which the
concrete can be transported, placed, and finished.
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10.4.9.4 In hot weather the tendency to crack is
increased both before and after hardening.
Excessively rapid evaporation of water from
plastic concrete can cause plastic-shrinkage cracks
before the surface has hardened.

10.4.9.5 Air entrainment is also affected in hot
weather. At elevated temperatures, concrete
requires an increase in the amount of air-
entraining admixture to obtain a given total air
content.

10.4.9.6 The usual method of maintaining low
concrete temperatures is to control the
temperature of the concrete materials. One or
more of the ingredients should be cooled before
mixing. In hot weather the aggregates and water
should be kept as cool as practicable.

10.4.9.7 Cold water will effect a moderate
reduction in the concrete temperature. It should be
stored in tanks that are not exposed to the direct
rays of the sun. Tanks and pipelines carrying the
mixing water should be buried, insulated, shaded
or painted white to keep water at the lowest
practical temperature.

10.4.9.8 Water can be cooled by refrigeration,
liquid nitrogen, or crushed ice.

10.4.9.9 Aggregates have a pronounced effect on
the fresh concrete temperature because they
present 60% to 80% of the total weight of
concrete.

10.4.9.10 "Specification for Ready Mixed
Concrete" (ASTM C 94) shall be followed which
states that during hot weather the time limit
required for discharge of concrete shall be
completed within one hour or even 45 minutes.

10.4.9.11 Plastic cracking is usually associated
with hot-weather concreting; however it can occur
at any time when atmospheric conditions produce
rapid evaporation of moisture from the concrete
surface.

10.4.9.12 In hot weather and where careful
inspection is maintained, a retarding admixture is
beneficial in delaying the setting time while
increasing the rate of slump loss. Retarding
admixtures should conform to the requirements of
ASTM C 494, Type B.
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10.5 Concreting Under Water

10.5.1 As a rule, concrete placing by means of
stationary tremies is suitable as underwater
concrete.

10.5.2 Underwater concrete shall be placed
rapidly and steadily. The water in the enclosure
shall be still, i.e. there shall be no flow of current.
It shall be possible for the levels of water inside
and outside the enclosure to reach equilibrium.

10.5.3 For water depths up to 1 m, the concrete
may be placed by carefully causing it to advance
at its natural angle of flow without segregating.
Prior to this, it shall be deposited above water
level.

10.5.4 For water depths exceeding 1 m, the
concrete shall be placed so that it does not fall
freely through the water, avoiding the washing out
of cement and, where possible, the formation of
interlayers of cement slurry.

10.5.5 For secondary structural members, the
concrete may be deposited in successive layers
using hops or traveling tremies standing on the
foundation base or on the surface of the individual
layers of concrete.

10.5.6 Stationary tremies or closed containers
which project sufficiently far into concrete which
has not yet set may be used for making all types
of member provided that the formwork is
adequately watertight.

10.5.7 Tremies shall be kept sufficiently
immersed in concrete which has already been
placed for this to be displaced sidewards and
upwards by the fresh quantity of concrete
discharged by the tremies. At no point shall the
displaced concrete come into contact with water.
Stationary tremies shall be spaced so that the
lateral flow distances of the concrete are as short
as possible.

10.5.8 During concreting, the tremie shall be
carefully raised, its discharge pipe remaining in
the concrete. Where several tremies are used, they
shall be simultaneously and uniformly fed with
concrete.

10.5.9 When placing the concrete into tremies or
other containers, it shall be compacted using
immersion vibrators for air expulsion.
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10.5.10 Alternatively, underwater concrete may
be made by injecting low-segregation grout from
below into a mass of suitably graded aggregate
(i.e., not containing fines or medium sized
particles), the grout rising at an even rate.

10.5.11 The slump of the concrete should be not

less than 125 mm and the cement content not less
than 350 kg/m’.

10.5.12 Concrete should flow  without
segregation, therefore the aim in proportioning the
mixture should be to obtain a good plastic mix
with high workability.

10.5.13 Rounded aggregates with higher
percentage of fines and entrained air will provide
the desired consistency.

10.5.14 About 10% to 15% more cement should
be used than for a similar mixture placed in dry
air.

10.5.15 Additional provisions are referred to
ACI 304 section 8

10.6 Mortars and Grouts

For general information reference is made to
IPS-M-CE-105 and for grout for bonded
prestresting tendons refer to Section 18.18 of
ACI 318M.

10.7 Installation of Pipes and Holes in Concrete
Structures

10.7.1 For more information see Iranian national
concrete code publication no 120 of management
and planning organization part 9-7.

11. FORMWORK
11.1 General Considerations

The design, engineering and construction of the
formwork shall be the responsibility of the
contractor but will be subject to the approval by
the AR*. Typical drawings showing the proposed
formwork shall be submitted by the contractor for
approval by the AR before starting the
construction.

Formwork should be designed so that concrete
slabs, walls and other members will be of correct
dimensions, shape, alignment, elevation and
position within established tolerances.
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Vertical and lateral loads must be carried to the
ground by the formwork system or by the in-place
construction that has adequate strength for that

purpose.

A design analysis should be made for all
formwork, stability and buckling should be
investigated in all cases.

11.2 Formwork Design Considerations
11.2.1 Loads and unit stresses

Formwork and its supporting structure, shall be
designed to resist all vertical and horizontal
forces. The design also should consider the effect
of rate-of-discharge and the method of
compaction. For supports and walls higher than 3
m, the rate at which the concrete is discharged
shall be adjusted to the load bearing capacity of
the formwork. Unit stresses for use in the design
of formwork shall be in accordance with Section
2.3 of ACI 347

When fabricated formwork, shoring, or
scaffolding units are used, manufacturer’s
recommendations for allowable loads may be
followed.

11.2.2 Shores and bracing

Shores are vertical or inclined support members
which should be designed in such a manner to
carry the weight of formwork, concrete and
construction loads. Bracing should be provided in
vertical and horizontal planes where required to
provide stiffness and to prevent buckling of
individual members. A rational analysis should be
used to determine the number of floors to be
shored, reshored and backshored and to determine
the loads transmitted to the floors, shores and
reshores or backshores as a result of the
construction sequence. For detailed information
refer to Chapter 2 of ACI 347R.

11.2.3 Foundations for formwork

Proper foundations on ground such as mudsills,
spread footing, or pile footings should be
provided. If soil under mudsills is or may become
incapable of supporting superimposed loads
without appreciable settlement, it should be
stabilized or other means of support should be
provided. No concrete should be placed on
formwork supported on frozen ground.
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11.2.4 Settlement

Formwork should be so designed and constructed
that wvertical adjustments can be made to
compensate for take-up and settlements. In
addition to the Design Considerations specified
above, requirements of Section 6.1 of ACI 318M
shall be satisfied.

11.3 Materials for Formwork
11.3.1 General

The selection of materials suitable for formwork
should be based on maximum economy to the
project, consistent with safety and the quality
required in the finished work, subject to approval
by the AR.

11.3.2 Properties

The formwork materials commonly used consists
of timber, plywood, steel, concrete, brick, plastics,
fiberglass, etc. For more details refer to Chapter 4
of ACI 347.

11.3.2.1 Form sheathing

Sheathing is the supporting layer of formwork
closest to the concrete. It may be in direct contact
with the concrete or be separated from it by a
form liner.

In selection and use of materials important
considerations are: strength, stiffness, release,
reuse and cost per use, surface characteristics,
resistance to mechanical damage, workability for
cutting, drilling and attaching fasteners,
adaptability to weather and extreme field
conditions, temperature and moisture, weight and
ease of handling.

11.3.2.2 Structural supports

Structural support systems carry the sheathing for
which important considerations are: strength,
stiffness, dimensional accuracy and stability,
workability for cutting, drilling and attaching
fasteners, weight, cost and durability and
Flexibility to accommodate varied contours and
shapes.

11.3.2.3 Accessories

Accessories consist of: form ties, form anchors,
form hangers and side form spacers. For more
details of accessories refer to Section 4.3 of ACI
347.
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11.3.3 Form coatings or release agents

11.3.3.1 Form coatings or sealers are usually
applied in liquid form to contact surface either
during manufacturer or in the field to serve one or
more of the following purposes:

a) Alter the texture of the contact surface.

b) Improve the durability of the contact
surface.

¢) Facilitate release from concrete during
stripping.

d) Seal the contact surface from intrusion of
moisture.

11.3.3.2 Form release agents are applied to the
form contact surfaces to prevent bond and thus
facilitate stripping. They can be applied
permanently to form materials during manufacture
or applied to the form before each use. When
applying in the field, be careful to avoid coating
adjacent construction joint surfaces or reinforcing
steel.

Generally  manufacturer’s  recommendations
should be followed in the use of coatings, sealers,
and release agents, but independent investigation
of the performance by specialized organizations is
recommended before use.

11.4 Constructional Aspect
11.4.1 Safety precautions

Construction procedures must be planned in
advance to insure the safety of personnel and the
integrity of the finished structure. Some of the
safety provisions which should be considered are:

- Erection of safety signs and barricades to
keep unauthorized personnel clear of areas in
which erection, concrete placing, or stripping is
underway.

- Providing experienced foremen during
concrete placement to assure early recognition
of possible form displacement or failure.

- A supply of extra shores or other material and
equipment that might be needed in an
emergency case.

- Provision for adequate illumination of the
formwork.
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- Provision of a program of field safety
inspections of formwork, etc.

11.4.2 Construction practices and workmanship
Generally the following should be considered:

- Joints or splices in sheathing, plywood panels
and bracing should be staggered.

- Forms should be sufficiently tight to prevent
loss of mortar from the concrete.

- Forms should be inspected and checked
before the reinforcing steel is placed to insure
that the dimensions and location of the
concrete members conform to the working
drawings.

- Forms should be checked for camber when
specified.

construction joints, and
should be installed as

- Control joints,
expansion joints
specified.

- Forms should be thoroughly cleaned of all
dirt, mortar, and foreign matter and coated
with a release agent before each use.

- Building materials, including concrete, must
not be dropped or piled on the formwork in
such manner as to damage or overload it.

For other provisions refer to ACI 347 section 3.2.

11.4.3 Tolerances for structures and

irregularities in formed surfaces

Tolerance is a specified permissible variation
from lines, grades, or dimensions given in
contract documents. Tolerances for concrete
structures should comply with the requirements of
ACI 117 and Section 3.3 of ACI 347. Where
tolerances are not stated in the specifications or
drawings for any individual structure permissible
deviations from established lines, grades, and
dimensions shall follow the recommendations
stated under Section 3.3 of ACI 347. The
contractor is expected to set and maintain concrete
forms so as to insure execution of works within
the tolerance limits.

11.4.4 Shoring and centering

Shoring must be supported on satisfactory
foundations such as spread footing, mudsills or
piling. All members must be straight and true
without twists or bends.
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Vertical shores must be erected so that they
cannot tilt and must have firm bearing. Inclined
shores must be braced securely against slipping or
sliding. Centering is the highly specialized
temporary support system used in the construction
of any continuous structure, where the entire
temporary support is lowered as a unit. The
lowering of the centering is generally
accomplished by the use of sand boxes, jacks or
wedges beneath the supporting members.

11.4.5 Removal of forms and supports

When the contract documents do not specify the
minimum strength required of concrete at the time
of stripping, the following elapsed times(period
before removal of formwork) which are adopted
from ACI 347 (sec.3.7.2.3) can be used. The times
represent a cumulative number of days, or hours,
not necessarily consecutive, during which is the
temperature of the air surrounding the concrete
above 10 °C. If high early-strength concrete is
used, these periods can be reduced as approved by
the AR. Conversely, if ambient temperatures
remain below 10 °C, or if retarding agents are
used, then these periods should be increased at the
discretion of the AR. Shorter stripping times listed
for live load to dead load ratios greater than 1.0
are the result of more reserve strength being
available for dead load in absence of live load at
time of stripping.

WallS..cooiiieiincccecceeeceeee 12h
Columns.........ccoeiviniiiiiiinicccee 12h
Sides of beams and girders... .......c.ccceeeennene. 12 h
Pan joist forms

760 mm wide or 1eSS ....ccovverrerierririreienne, 3 days

Over 760 mm wide.........ecceevveeveeieeirenne 4 days

structural live load structural live load
less than more than

structural dead load structural dead load

Arch cent. 14 days 7 days

Joist, beam or girder soffits:

Under 3 m clear span between structural
supports...........7 days 4 days
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3 to 6 m clear span between structural

supports...........14 days 7 days
Over 6 m clear span between structural
supports..........21 days 14 days

One-way floor slabs

Under 3 m clear span between structural
supports.........4 days 3 days

3 to 6 m clear span between structural

supports..............7 days 4 days

Over 6 m clear span between structural
supports............ 10 days 7 days

For other members elapsed times and more
detailed information see section 3.7 of ACI 347.

11.5 Formwork for Methods of

Construction

11.5.1 General

Special

Special formworks like slip forms, permanent
forms, etc. are often encountered in the
construction of Petroleum Industry’s different
projects. In the following clauses short description
is presented for such instances. For more detailed
information refer to Chapter 7 of ACI 347.

11.5.2 Slip forms

Horizontal and wvertical slipforms should be
designed and constructed and the sliding
operation should be carried out under the
supervision of a person or persons experienced in
slipform work.

Maximum rate of slide should be limited by the
rate for which the forms are designed. The level
of the hardened concrete in the form must be
checked frequently by the use of a probe to
establish safe lifting rates.

Care must be taken to prevent drifting of the
forms from alignment or designed dimensions,
and to prevent torsional movement.

Detailed records of both vertical and lateral form
movements should be maintained throughout the
slipform operation.

For more detailed information refer to Section 7.3
of ACI 347.
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11.5.3 Permanent forms

Permanent forms are forms left in place that may
or may not become and integral part of the
structural frame. Particular care should be taken in
the design of such forms to minimize distortion or
deformation of the form or supporting members
under the construction loads.

The contractors should submit fully detailed shop
drawings for all permanent forms to AR for
review and approval. For more detailed
information refer to Section 7.4 of ACI 347.

11.5.4 Forms for precast concrete

These types of forms are used for precast concrete
items that may be either load bearing or non load-
bearing members for structural or architectural
use.

To assure uniformity of appearance in the cast
members, care should be taken that the contact
surfaces are of uniform quality and texture. Where
required to allow early reuse of forms, provisions
should be made to wuse accelerated curing
processes, such as steam curing, or other approved
methods. Methods of lifting precast units from
forms should be approved by the AR.

11.5.5 Other types of special methods

For detailed information on forms for prestressed
and precast concrete and concrete placed
underwater refer to Sections 7.5, 7.6 and 7.8 of
ACI 347.

11.6 Acceptance of Finishing Formed Surfaces

When a specific finish is not specified in Contract
Documents for a concrete surface, apply the
following finishes:

* Rough-Form Finish on Concrete Surfaces not
Exposed to Public View:

Patch tie holes and defects. Chip or rub off fins
exceeding 1/2 in. in height. Leave surfaces with
the texture imparted by the forms.

¢ Smooth-Form Finish on Concrete Surfaces
Exposed to Public View:

Patch tie holes and defects. Remove fins

exceeding 1/8 in. in height
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11.7 Crack Control

regarding construction aspects for control of
cracking refer to section 8 of ACI 224R (control
of cracking by proper construction practice).

12. CONSTRUCTION AND CONTRACTION
(CONTROL) JOINTS

12.1 Construction Joints

12.1.1 Construction joints are merely stopping
places in the process of construction. A true
construction joint should bond new concrete to
existing concrete and permit neither horizontal
nor vertical movement.

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

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

12.1.4 Construction joints shall be so made and
located as not to impair the strength of the
structure. Provision shall be made for transfer of
shear and other forces through construction joints.

12.1.5 Construction joints in floors shall be
located within the middle third of spans of slabs,
beams, and girders. Joints in girders shall be
offset a minimum distance of two times the width
of intersecting beams.

12.1.6 Beams, girders, or slabs supported by
columns or walls shall not be cast or erected until
concrete in the vertical support members is no
longer plastic.

12.1.7 Beams, girders, haunches, drop panels and
capitals shall be placed monolithically as part of a
slab system, unless otherwise shown in design
drawings or specifications.

12.1.8 More detailed information are referred to
ACI 224-3R

12.2 Contraction (Control) Joints

12.2.1 Contraction joints should be constructed to
permit transfer of loads perpendicular to the plane
of the slab or wall.
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12.2.2 The spacing of Contraction joints in floors
on ground depend on (1) slab thickness, (2)
shrinkage potential of the concrete and (3) curing
environment.

12.2.3 Contraction joints in walls should be
spaced not more than about 6 m apart. In addition
Contraction joints should be placed where abrupt
changes in thickness or height occurs, and near
corners-if possible as close as 1500 mm.

12.2.4 More detailed information are referred to
ACI 224-3R

13. DETAILS OF REINFORCEMENT
13.1 Standard Hooks

The term "standard hook" as used in this Standard
shall mean one of the following:

13.1.1 180-deg bend plus 4dp extension, but not
less than 65 mm at free end of bar.

13.1.2 90-deg bend plus 12dp, extension at free
end of bar.

13.1.3 For stirrup and tie hooks:

a) bar No. 16 and smaller, 90-deg bend plus 6
d, extension at free end of bar, or

b) No. 20 and No. 25 bar, 90-deg bend plus
12d, extension at free end of bar, or

¢) No. 25 bar and smaller, 135-deg bend plus
6 d, extension at free end of bar.

13.2 Minimum Bend Diameters

13.2.1 Diameter of bend measured on the inside
of the bar, other than for stirrups and ties in sizes
No. 10 through No. 16 shall not be less than the
values in Table 13.

13.2.2 Inside diameter of bend for stirrups and ties
shall not be less than 4dp for No. 16 bar and

smaller. For bars larger than No. 16, diameter of
bend shall be in accordance with Table 13.

13.2.3 Inside diameter of bend in welded wire
fabric for stirrups and ties shall not be less than
4dp for deformed wire larger than MD40 and

2dp for all other wires. Bends with inside
diameter of less than 8 dy, shall not be less than
4dp from nearest welded intersection.
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TABLE 13 - MINIMUM DIAMETERS OF BEND
o k8 Jilas Y Jgazr

BAR SIZE MINIMUM DIAMETER
3,80 o3lud! Had Blas

No.10 through No.25 YO 0,05 B Ve 0,03 6 dy

No.30, 32, 36 Y& XY Y 0,08 8 dp

No.45 and No.55 OO 5 FO 0,03 10 dy

13.3 Bending

13.3.1 All reinforcement shall be bent cold, unless
otherwise permitted by the AR.

13.3.2 Reinforcement partially embedded in
concrete shall not be field bent, except as shown
on the design drawings or permitted by the AR.

13.4 Surface Conditions of Reinforcement

13.4.1 At time concrete is placed, metal
reinforcement shall be free from mud, oil, or other
nonmetallic coatings that adversely affect bonding

capacity.

13.4.2 Metal reinforcement, except prestressing
tendons, with rust, mill scale, or a combination of
both shall be considered satisfactory, provided the
minimum dimensions (including height of
deformations) and weight of a hand-wire brushed
test specimen are not less than applicable ASTM
specification requirements.

13.4.3 Prestressing tendons shall be clean and free
of oil, dirt, scale, pitting and excessive rust. A
light oxide is permissible.

13.5 Placing Reinforcement

13.5.1 Reinforcement, prestressing tendons, and
ducts shall be accurately placed and adequately
supported before concrete is placed, and shall be
secured against displacement within tolerances
permitted in subclause 13.5.2.

O o> Y-IY

Ko Xgh o Sy Dygo 4 Wb aygle,l plas V=YY
220 ol L 3,15 asG]

Sloads Hlge oy 40 chemd B oS olaygle,l Y=Y
b Gl adi o a5 ol e wigd o3 Jowe o wls
Al 0ols o5l Le 3,157 g ouis ools lis

295007 gbans Lyl F-1¥

Ls o9, o5 51wl boysile)l ey o ol o 1-F-IY
bl it b a5 il slass ale

2l gyle oyl bjw

55 b olyod (05 (G SehlS 37 slogile,| Y-F-IY
Jols) olal o o5 byt LT g55 2 by diasgy 0y0]
0l (e polie 5l il 03,55 o iged (139 5 (&l el

il ce Jssb Ll wsls yieS ASTM o sl o

(SOl gy 3l Gole Wb ea i slbls Y-F-1Y
S 092y il ojlsl 5l i Sy K g i Aty
ol Bl 55 S50 Ay

Syl T A

283 as ab o 4yl 5 005 i sleblS o gile,T V=AY
9 Mg ke SU ol w4 Gy o Sl Gl g e
sl Y-0-0Y w5 b ol Ll e i (sloo Mol

48



[

Feb. 2009 / \YAY  poge

IPS-C-CE-200(1)

13.5.2 Unless otherwise specified by the AR,
reinforcement,  prestressing  tendons, and
prestressing ducts shall be placed within the
following tolerances:

13.5.2.1 Tolerance for depth d, and minimum
concrete cover in flexural members, walls and
compression members shall be as follows:
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TABLE 14 - TOLERANCE FOR DEPTH AND CONCRETE COVER

O gy JSlao g Gos (slos ylolgy —VF Jeu

DEPTH TOLERANCE ON TOLERANCE ON MINIMUM
d CONCRETE COVER
3 11 i yangy J8las g ,ylol
Gos Gos 5,l0lg, O gy, Jlas (551005,
d <200 mm +10 mm -10 mm
d >200 mm +12 mm -12 mm

Except that tolerance for the clear distance to
formed soffits shall be minus 6 mm, and tolerance
for cover shall not exceed minus 1/3 the minimum
concrete cover required in the design drawings or
specifications.

13.5.2.2 Tolerance for longitudinal location of
bends and ends of reinforcement shall be £50 mm
except at discontinuous ends of members where
tolerance shall be £25 mm.

13.5.2.3 Welded wire fabric (with wire size not
greater than MW30 or MD30) used in slabs not
exceeding 3 m in span may be curved from a
point near the top of slab over the support to a
point near the bottom of slab at midspan, provided
such reinforcement is either continuous over, or
securely anchored at support.

13.5.4 Welding of crossing bars shall not be
permitted for assembly of reinforcement unless
authorized by the AR.

13.6 Spacing Limits for Reinforcement

13.6.1 Clear distance between parallel bars in a
layer shall be not less than d, but not less than 25
mm.

13.6.2 Where parallel reinforcement is placed in
two or more layers.
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bars in the upper layers shall be placed directly
above bars in the bottom layer with clear distance
between layers not less than 25 mm.

13.6.3 In spirally reinforced or tied reinforced
compression members, clear distance between
longitudinal bars shall be not less than 1.5 d;, nor
40 mm .

13.6.4 Clear distance limitation between bars shall
apply also to the clear distance between a contact
lap splice and adjacent splices or bars.

13.6.5 In walls and slabs other than concrete joist
construction, primary flexural reinforcement shall
be spaced not farther apart than three times the
wall or slab thickness, nor 450 mm.

13.6.6 Bundled bars

13.6.6.1 Groups of parallel reinforcing bars
bundled in contact to act as a unit shall be limited
to four in any one bundle.

13.6.6.2 Bundled bars shall be enclosed within
stirrups or ties.

13.6.6.3 Bars larger than No.36 shall not be
bundled in beams.

13.6.6.4 Individual bars within a bundle
terminated within the span of flexural members
shall terminate at different points with at least
40d, stagger.

13.6.6.5 Where spacing limitations and minimum
concrete cover are based on bar diameter dy, a unit
of bundled bars shall be treated as a single bar of a
diameter derived from the equivalent total area.

13.6.7 Prestressing tendons and ducts

13.6.7.1 Clear distance between pretensioning
tendons at each end of a member shall be not less
than 5d, for wire, nor 4d, for strands. Closer
vertical spacing and bundling of tendons may be
permitted in the middle portion of a span.

13.6.7.2 Post-tensioning ducts may be bundled if
shown that concrete can be satisfactorily placed
and if provision is made to prevent the tendons,
when tensioned, from breaking through the duct.
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13.7 Concrete Protection for Reinforcement
13.7.1 Cast-in-place concrete (nonprestressed)

The following minimum concrete cover shall be
provided for reinforcement:

b y9lo,T 59y crie by V-IY
(Soad g (399) 0 o0 V-V -1

il 5 i boygile )l (g5, i by JBlos

TABLE 15 - MINIMUM CONCRETE COVER - CAST IN PLACE

L 50 o Sl o piibgy S8l —10 Jgu

Description Minimum Cover.
) mm
(sinolkon) gy ol
Concrete cast against and permanently exposed to earth 75
S b gails wles 58 5 o 4y, %
Concrete exposed to earth or weather: (o bl b S 6 me j0 o
No. 20 through No. 55 bars OO 0,05 B Y+ 0,0 slos Xls 50
No. 16 bar, MW200 or MD200 wire and smaller 40
F5>559 MD200 L MW200 (sldsiand) 7 o 0 o, Kleo
Concrete not exposed to weather or contact with ground:
il S b ol b s bal,d (o me o a5
Slabs, walls, joists: e a5 da g dells
No. 45 and No. 55 bars INAIPR NSRBI Y IO 40
No. 36 bar and smaller i85S 5 ¥F 00 0,50 20
Beams, columns: pigiw g oy
Primary reinforcement, ties, stirrups, spirals eyl 5 Leggels oS5 ¢ Lol sloygile ]
Shells, folded plate members: 1) ey Slamio glac! do azng
No. 20 bar and larger S,V oyei 0, Xl 20
No. 15 bar, MW200 or MD200 wire, and smaller 13
$8=5S s MD200 L MW200 LyJgiae N0 6,05 o, Ko
In contact with or above sea water: by ol @b b Wl jo
underside and sides of slabs Il S 5 s ok 75
top side of slab o oYL zshaw 50
Beams 5 75

13.7.2 Precast concrete (manufactured under
plant control conditions)

The following minimum concrete cover shall be
provided for prestressed and nonprestressed
reinforcement:
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TABLE 16 - MINIMUM CONCRETE COVER - PRECAST CONCRETE

Al Gl o Sl o gy J8las -8 Jgu

Description Minimum Cover.
P mm
(oaleo) gy J8lao
Concrete exposed to earth or weather: sz bl L S (5pre o o
Wall Panels: Jes sledil
No. 45 and No. 55 bars, prestressing tendons larger than 40 mm Diameter 40
Sroghes To 5l i Sla8 L oanss i SLLS 5 00 5 FO o508 slas Sl
No. 36 bar and smaller, prestressing tendons 40 mm diameter and smaller, MW 200 and MD 20
200 wire and smaller
Sledsiian Sz oS g yianlo Too jla b oasd oy WS iSasS 5 Y7 0 jed o Sl
FS>sS g MD 200 s MW 200
Other members: elacl sl
No. 45 and No.55 bars, prestressing tendons larger than 40 mm diameter 50
Foakea ¥l 25555 S8 b oans iy ShlS B0 5 FO 0505 slas e
No. 20 through No.36 bars, prestressing tendons larger than 16 mm diameter through 40 mm 0
diameter
sroeke B b yiarkia VF 51 i b8 bon i LS Y B Y o as glas Ko
No. 16 bar and smaller, prestressing tendons 16 mm diameter and smaller, 30
MW200 or MD200 wire and smaller
MW200 (sledsiie 555 5 frmalon VP b b ol iy SlehlS’ 2555 5 17 005 (slos Shon
FS>sS 3 MD200 L
Concrete not exposed to weather or in contact with ground:
WA S L led b o2 Ll ph By 0 a5
Slabs, walls, joists: o ax 5 dalgro dodl
No.45 and No.55 bars, prestressing tendons larger than 40 mm diameter
Soosken T3l 2555 0005 G ShlS 00 0505 5 TO 0505 sloo S ¥
Prestressing tendons 40 mm diameter and smaller
S35 frorkea T b o5 iy SlebtS 20
No.36 bar and smaller, MW200 or MD200 wire and smaller
FS>5S 3 MD200 L MW200 Jgiao b iS>65 4 Y7 005 0, Kls 10
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TABLE 16 — Continued V7 Jgus aslol
Description Minimum Cover.
Tre mm
(Froaleo) gy Jolao
Beams, columns: Lpigiw g o5
Primary reinforcement... d, but not less than 16 and need not exceed 40
9y To 5l Ghdigy Cend 5L 9 0BL VP 51 e sl dy Lol sles Sl
Ties, stirrups, spirals L b deigels L5 10
Shells, folded plate members: 1) s ez gl amans glacl g atug
Prestressing tendons 00 e sle s 20
No.20 bar and larger S5 9 Ve 0,0 0,Xke 16
No.16 Bar, MW200 or MD200 wire, and smaller 10
5S4 MD200 L MW200 (slgdgitn V7 0 p05 0,500
In contact with or above sea water: Ly ol WYL L el o
underside and sides of slab s Sl g 55 sl 75
top side of slab Jls Vb zslaw 50
beams (E3%; 75

13.7.3 Prestressed concrete-cast in place

13.7.3.1 The following minimum concrete cover
shall be provided for prestressed and
nonprestressed reinforcement, ducts, and end
fittings, except as provided in Sections 13.7.3.2
and 13.7.2:
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TABLE 17 - MINIMUM CONCRETE COVER - PRESTRESSED CAST IN PLACE

> 50 ouusd Gl (00 81 (o gy JSlo> VY Jgu

Description Minimum Cover.
Ty mm
(Foaleo) gy Jolao

Concrete cast against and permanently exposed to earth 75
S ells & jgloma jo 0
Concrete exposed to earth or weather: oz buls b S & el jo 0

Wall panels, slabs, joists o ax ;5 9 Ldls ¢l sledily 55

Other members slacl Lo 40

Concrete not exposed to weather or in contact with ground:

il SB g sz Lulpd e 3 S (S0

Slabs, walls, joists s a5 oo oz gl 20
Beams, columns: ligiw g o5

Primary reinforcement kel sla,sibe T 40

Ties, stirrups, spirals b zeo o doggals LoKus 25
Shells, folded plate members: 6l sy ez Slmbo b slacl g Lo g,

No.16 bar, MW200 or MD200 wire, and smaller 10

552555 MD200 |y MW200 cloJsio 5 1% o505 3,5Ls

Other reinforcement s, g5Le )1 Lo

d,, but not Ssdy Jobes

less than Yo [las
20 S
In contact with or above sea water: Ly Ol g, b wled jo
underside and sides of slab b sl 5 6 ok 75
top side of slab Jls oYL zolaws 50
beams b, 75
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13.7.3.2 For prestressed concrete members
exposed to earth, weather, or corrosive
environments, minimum cover shall be increased
50 percent.

13.7.4 Bundled bars

For bundled bars, minimum concrete cover shall
be equal to the equivalent diameter of the bundle,
but need not be greater than 50 mm, except for
concrete cast against and permanently exposed to
earth, minimum cover shall be 75 mm.

13.7.5 Corrosive environments

In corrosive environments or other severe
exposure conditions, amount of concrete
protection shall be suitably increased, and
denseness and nonporosity of protecting concrete
shall be considered, or other protection shall be
provided.

13.7.6 Future extensions

Exposed reinforcement, inserts, and plates
intended for bonding with future extensions shall
be protected from corrosion.

13.7.7 Fire protection

When the general building standard requires a
thickness of cover for fire protection greater than
the minimum concrete cover specified in Clause
13.7, such greater thicknesses shall be according
to IPS-E-CE-260.

13.8 For additional information regarding
reinforcement details for columns, connections,
lateral reinforcement for compression and flexural
members, shrinkage and temperature
reinforcements and requirements for structural
integrity, reference is made to Chapter 7 of
ACI 318M.
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