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Cement Notation Clinker Addition

type % %
CEM 1 Portland cement CEM 1 95-100 -

CEM II Portland-slag cement II/A-S 80-94 6-20

II/B-S 65-79 21-35

Portland-silica fume cement II/A-D 90-94 6-10

Portland-pozzolana cement II/A-P 80-94 6-20

1I/B-P 65-79 21-35

II/A-Q 80-94 6-20

1I/B-Q 65-79 21-35

Portland-fly ash cement II/A-V 80-94 6-20

II/B-V 65-79 21-35

II/A-W 80-94 6-20

II/B-W 65-79 21-35

Portland-burnt shale cement II/A-T 80-94 6-20

II/B-T 65-79 21-35

Portland-limestone cement II/A-L 80-94 6-20

II/B-L 65-79 21-35

I/A-LL 80-94 6-20

II/B-LL 65-79 21-35

Portland-composite cement [I/A-M 80-94 6-20

[1I/B-M 65-79 21-35

CEM III Blastfurnace cement III/A 35-64 36-65

II1I/B 20-34 66-80

n/c 5-19 81-95

CEM IV Pozzolanic cement IV/A 65-89 11-35

IV/B 45-64 36-55

CEM YV Composite cement V/A 40-64 36-60

V/B 20-38 61-80
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abutment Steel tendon
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: Prestr&g bed
(a) Applying tension to tendons

(b) Casting of concrete
Cutting of tendon

(c) Transferring of prestress

Figure1-3.1 Stages of pre—te_nﬂgm_____



CLASSIFICATION OF CONCRETE : Alu Al iyl

Table 1.1: Classification of concrete in accordance with unit weight

Classification Unit Weight (Kg/m?)
> @ds  Ultra-lightweight concrete <1200
i [ightweight concrete 1200 < UW < 1800
sde  Normal-weight concrete ~2400
S Heavyweight concrete =>3200

Table 1.2: Concrete classified in accordance with compressive strength

Classification Compressive Strength (MPa)
dagliall (addia Low-strength concrete <20
dag8al) s gia Moderate-strength concrete 20-50
daglial) Mo High-strength concrete 50-150

laa dagliall Ao Ultra-high-strength concrete =150
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:ASTM C33 (s (maall Jilai) cilyiaial A gihall (pjall) cilaal) V2V-Y
(Sa)) daslll) ey guaal
TABLE 5.4 ASTM Gradation Specifications for Fine

Aggregates for Portland Cement Concrete (Copyright
ASTM, reprinted with permission)

Sleve Percent Passing
9.5 mm (3/8") 100

4.75 mm (No. 4) 95-100
2.36 mm (No. 8) 80-100
1.18 mm (No. 16) 50-85

0.60 mm (No. 30) 25—60

0.30 mm (No. 50) 10-30

0.15 mm (No. 100) 0-10
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TABLE 5.5 Coarsa Apggregate Grading Requiremants for Concrete (Reprinted, with permission, from ASTM C33, Table 2, copyright
ASTM International, 100 Barr Harbor Drive, Wast Conshohocken, PA 19428).

Amounts Finer Than Each Laboratory Sieve (Square Openings), Weight Percent

Size Nominal 4in. 312in. 3in. 212in. 2in. 112Wn. 1in. 34 in. 12in. 38Bin. No.4 No.8 No. 16
No. Size (100 mm) (90 mm) (75 mm) (63 mm) (50 mm) (37.5 mm) (25.0 mm) (19.0 mm) (12.5 mm) (9.5 mm) (4.75 mm) (2.36 mm) (1.18 mm)
1 31/2w11/2in 100 90 1o 100 25 to 60 0t 15 0tos
(90 to 37.5 mm)
2 21/2t011/2in 100 90100 35070 Oto 15 O0to5s
(63 to 37.5 mm)
3 2to1lin 100 9Otldd 35to70 0Dtw1il5 05
(50 to 25.0 mm)
357 2in.toNo. 4 100 9510100 35w 70 10 to 30 Otos
(50 to 4.75 mm)
4 11/2t03/4in 100 900100 20055 OWwl5 Otos
(37.5 to 19 mm)
467 11/2in.toNo. 4 100 95 to 100 35to 70 10to30 Otos
(37.5 10 4.75 mm)
- 1to1/2in. 100 WDold 20tos55 O0tol10 Oto5s
{25.0 to 12.5 mm)
56 110 3/8 in. 100 WOiol100 40to85 10w40 Oto 15 Oto5
(25.0 10 9.5 mm)
57 lin.toNo. 4 100 95 to 100 25 o 60 Dto 10 Oto5
(25.0 to 4.75 mm)
6 3/4 in. to 3/8 in. 100 Qw10 20055 0t 1ls Oto5s
{19.0 t0 9.5 mm)
67 3/4in.toNo. 4 100 90 to 100 20055 Oto10 Otos
(19.0 to 4.75 mm)
1/2in. to No. 4 100 90w 100 40070 Ot 15 Oto5
(12.5 t0 4.75 mm)
a 3/8 in. to No. 8 100 851100 10030 0t 10 Otos

(9.5 to 2.36 mm)
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Slump:  British and European
standards

o [T

RN standard

1. The cone is filled with
concrete in three equal
layers, and each layer is

2. The cone is slowly
raised and the
concrete is allowed to

compacted with twenty-five slump under its own

tamps of the tamping rod.

weight.

3. The slump is
measured using the
upturned cone and
slump rod as a
guide

True Shear

Types of slump

Collapse
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Non-air entrained concrete
Specimens: 150 x 300 mm cylinders
made with ASTM type | or normal
portland cement
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Number of Tests Modification Factor F

15 1.16
20 1.08
25 1.03
30 or more 1.00
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Specified Required Average
Compressive Strength Compressive Strength
f o, MPa (psi) f'or MPa (psi)
<21 (<3000) F.+ 7.0(f.+ 1000)
21 to 35 (3000 to 5000) .+ 85(f .+ 1200)
=35 (=>5000) .+ 100 (f'_ + 1400)
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Y REN . i
dﬁ * Typical Relationship Between Water—-Cement Ratio and
Compressive Strength of Concrete®

Water—Cement Ratio by Weight

Compressive Strength at Non-Air-Entrained Air-Entrained
28 days, f' 5, MPa (psi) Concrete Concrete
44 (7000) 0.33 —_

41 (6D00) 0.41 0.32

35 (5000) 0.48 0.40

28 (4000} 0.57 0. 48

21 (3000) 0.68 0.59

14 (ZD00) 0.82 0.74

* American Concrele Institute (ACI 211.1 and ACI 211.3)

* *Strength is based on cylinders moist-cured 28 days in accordance with ASTM 31
(AASHTO T23). Relstionship assumes nominal macamum size of aggregnie shout 19
o025 mm (st 1in)
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Exposure condition

Maximum water-cementitious material
ratio by mass for concrete

Minimum design compressive strength,
fe, MPa (psi)

Concrete protected from exposure to
freezing and thawing, application of
deicing chemicals, or aggressive
substances

Select water-cementitious material ratio
on basis of strength, workability,
and finishing needs

Select strength based on structural
requirements

Concrete intended to have low

deicing salts, salt water, brackish water,
seawater, or spray from these sources

permeability when exposed to water 0.50 28 (4000)
Concrete exposed to freezing and

thawing in a moist condition or deicers Bt 341445000
For corrosion protection for reinforced

concrete exposed to chlorides from 0.40 35 (5000)

Adapted from ACI 315 (2002).

0 J o
Minimum design

Water-soluble Maximum water- compressive
Sulfate sulfate (SO4) in soll, Sulfate (SO4) cementitious material strength,

exposure percent by mass* in water, ppm* Cement type** ratio, by mass f.. MPa (psi)

Negligible Less than 0.10 Less than 150 No special type required — —
. I, MS, IP(MS), IS(MS), P(MS),

Moderate 0.10t0 0.20 150 to 1500 (PM)(MS), [(SM)(MS) 0.50 28 (4000)
Severe 0.20 to 2.00 1500 to10,000 V, HS 0.45 31 (4500)
Very severe Over 2.00 Over 10,000 V, HS 0.40 35 (5000)

*Tested in accordance with the Method for Determining the Quantity of Soluble Sulfate in Solid (Soil and Rock) and Water Samples, Bureau

of Reclamation, Denver, 1977.

** Cement Types Il and V are in ASTM C 150 (AASHTO M 85), Types MS and HS in ASTM C 1157, and the remaining types are in ASTM C 595
(AASHTO M 240). Pozzolans or slags that have been determined by test or service record to improve sulfate resistance may also be used.

T Seawater.
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Norrunal Bulk volume of dry-rodded coarse
maximegn aggregate per unit volume of concrete for
size of different fineness moduli of fine aggregate*
aggregate,
mm (in.) 2.40 2.60 2.80 3.00
9.5 (%) 0.50 0.48 0.46 0.44
12.5 (%) 0.59 0.5% 0.55 0.53
19 (%) 0.66 0.64 0.62 0.60
258 (1) 071 0.69 0.67 0.65
37.5 (1%) 0.75 B.73 0.7.] 0.69
50 (2) 0.78 0.76 0.74 0.72
73 (3) 0.82 0.80 0.78 0.76
150 (6) 0.87 0.85 0.83 0.81

*Bulk volumes are based on aggre

gates in a dry-rodded condition as

described in ASTM C 29 (AASHTO T 19). Adeipted from ACI 211.1.
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Water, kilograms per cubic meter of concrete, for indicated sizes of aggregate*

Slump, mm 9.5mm | 12.56 mm 19 mm 25 mm 375 mm | 50 mm** | 75 mm** | 150 mm**
Non-air-entrained concrete
25to 50 207 199 190 179 166 154 130 113
75 to 100 228 216 205 193 181 169 145 124
150 to 175 243 228 216 202 190 178 160 —
Approximate amount of
entrapped air in non-air- 3 2.5 2 1:5 1 0.5 0.3 0.2
entrained concrete, percent
Air-entrained concrete
25to0 50 181 x5 168 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 —
Recommended average total
air content, percent, for level
of exposure:
Mild exposure 4.5 4.0 35 3.0 25 2.0 1.5 1.0
Moderate exposure 6.0 ] 5.0 4.5 4.5 4.0 3.5 3.0
Severe exposure I:h 7.0 6.0 6.0 5.5 5.0 4.5 4.0

Ol g daaill jadl i mill cWla Vo ¢

5 daadll il ygal Gha il i 468 Al 23 & : Mild exposure (—i:édl)) d:.)hﬂ\ oadl) Ja Y

gl 9S8 Lgaladind ali La 131 Al ggd) il l8ll) Al ga aladia dala Y AUl ¢ s i ol

(Jdil) b8 a5

4 gh )l Al Al (o pi ¥ Al sda A 1 Moderate exposure (b giall) Juiaall (o il A ¥

daas) ¢yl paad) 1 JUia , 3 jldal) duiliassl) 3 gall g z3adU (i i Y IS g danill Alas b AL gl il
AN 3l pdilea S8 AIE Y g Al Gl e pdibe Jual) o cud (Al 330 gl




e dilal) Ll Apill dasdia Al Ad) 9S8 Al o2a & 1 severe exposure L&) ga pzill Ja ¥
B!l Aileassl) 3 gl 5 A ZOY Al Al G et LS danil) Cigaa 38 elad) aa gl dda i )

(S S- ) 1S)

- Sldaada

cdagagd) BaL ) A g5 A ged) Cile Al il ga aladiad Gl lall ApaS Cild Al o

Ba) o) 1 Dlad cplal) Adpd (andAS 1) g Ayl ged) ClelBdl) Cilalga aladdu) (b Jagugd) cld M .
Qoa ulal) g ¢ 3Kg ey slall e Gluall ) 258 1% akay 5] 9¢d) (5 siaa

Jaal 138 (Jstall (saa Basaall cidgl Al ssay Jlae M (e yslhaall o5l Apuad g Jaladl) o3y o
6 sl (AN Chagd) dall) Jaf (e Miad ciagl Aalll oo (2) @ ukr g (1) il dadll (o all
. (5-8) s Jard) Jlae ¢ 58

:(}A\J,\‘.EJMLJ,L@J\) Juadil) 48 o ¢

A hal) gl A ALISY o) ] e 3al ol bag shay bagagl) e pgnl o
(AU puaind) £ ol g A o) Jgaal) (e dasagl) pf aaad e

& 2Kg ALl Bk e 10MM Jdie: Jaggdl e 505 (e Al ¢ AR ulea bipis 45 Lasie o
Adlu Al e 1m3 J9 slall



A Jsaa

Slump, mm (in.)
Concrete construction Maximum®* Minimum
Reinforced foundation
walls and footings 78 [3) 25u(l
Plain footings, caissons, and
substructure walls 75 (3) 28.(1)
Beams and reinforced walls 100 (4) 25 M)
Building columns 100 (4) 26 (1%
Pavements and slabs 75 (3) 25 (1)
Mass concrete 75 (3) 28 (1]
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1) BEREN

Nominal maximum size Cementing materials,
of aggregate, mm (in.) kg/m? (Ib/yd?3)*
37.5 (1%) 280 (470)
25 (1) 310 (520)
19 (%) 320 (540)
125 %) 350 (590)
9.5 (%) 360 (610)

 (Aaileassl) A gl g (Al puiall) Agitan) clBLEY) A -t
. Blanall dacuill 188 5 Lgial cilean ¢Sy Adld UL 5 Clan) dpaS (pa 4 pia dpiS CililiaY) oss

Al ggd) il Bal) il ga) Jia 4 i) LAY g (... omdand) Gl ¢ laial) ala ) Jie dilen) cldLaY)
( ______ (ile puall cplall Cliadda cclialall

idasl G0y Sl 4 -8
Lad cule) &l )90 Jald Lgaaa Jadl il guaall M\.ﬁ) dilhal) 2 saall 48 )k o aladeWl Jal) ()9 Gy

(o) ¢ plall ccdanl) Jadd Al g LAl gSal 43t asxall £ gaaa = Im3 = Al Ad) ddatdl) PEEN
AL g Jall 1ae La 3 gall ABLS dpaS 4 e coai ASLA) Jal pal) DA e (ClBLAY) (A gl il ) AN (Sl
Bala J<I lhaal) anal) Gluay a 68



Uaia 5a0aal) o) gall Adlhaal) 2 gaad) & gana— 1 = Ja Ul (laall anald) old il
rAdul) ABMad) (e Bale JSU (allaal) anald) caay

weight of losse material

Absolute volume = relative density (specific gravity)of a material » density of water
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welght of losse material = absolute volume * specific gravity of a material » density of water
5 cia) g plall 5 LAl Aladl Aadly 25 clhigaal) Gl Ao Ulas B o< Aajall o2 Lilgd (2
¢ Gigall U el @ AL dliadl Ay A g Aile Al ALl Ged clgaad) aladial o) | cldlay)
Agsh ) clagaal o) ) (b Y Y dima sk ) Gl o (g g8aT (A 9 3,40 Gl puanlld

-4aa M4

13 gal) Gaand de sl ) 3Y)

2.4-2.9 clhgasdl - 315 gailijsul) Clal) o

2.9-3.15 bslial) cuiacd) o

1.9-2.8 (iaiall) yitlall sladl o

2.25 (i) Gl — 2,85-2.95 Sadl) .

. 1000Ka/m3 Jauai +4°cia jall A slal) Adlis



::\gjhﬂ\ﬂw\~ -
dashy Ao A@YQ;M\MMMc@&LﬁJM&QAMQ&QJAJJ\JW\QUJ‘M

L 4

O WS (Jaall sla B adlay o S Glgan) pha Lo aalgiall jall slall o G lgupdi g @l gaanl)
L e 8 Lgy sk cllS Jla 8 Jaad) sla (e pla JU ) ¢Sy iy gaaal)

-y Jla

ohilal U 5 Aathaal) o gaal) 48 5k aladinly ACH 2111 J g Ailu A Aald asaualt culla)

9 O 5 tandl) < eal wad Sy ma s BiS) qua b addiud O g AL rdasaatl) cililaial)
il 5 Om g aY) dad) tdaed) i) 23 ¢ 24, 1MPa ssbed 8 raall 41 ghaat) dagliad) ¢ I2Y) 3y
Loall ddaal) A dSlaw 9 ¢ G4MM s sbed graleaddl) Gladad (Lol ddlal) ddlaiall ¢ 0.3m s bar LAY
S bk Uil K sl ¢ 2. 4MPa st biall o dagliall o Laall Gl AN | 64mm sl
Al (e

6.3mIM1%/100Kg il Ldy 4 ged) clolBil) clalga ardind ¢V ol Cpa uland) 13 gial) 3 gal
« of cement

s oaadl « 25mm clganll ) alieY) kil ¢ 37.5mm Gligaall aliel) kil e
Qi « 1.5% 4kl ¢ 0.4% oalbaia¥) ¢ 2,621 obw dilal) (A ) Gilal) o il (sl e
. 1681Kg/m3 s sbew o gua al) cilall el

Jala « 4% 4kl ¢ 0.8% oabaia¥) ¢ 2,572 sluw (AS) dilal) o6l (ol anh Jay ida
2.6 da gl



Y Jlia

b Ll U8 g ddthaal) o gaal) A3y 4k aladialy ACH 2111 J by 4l A Akl ppanai ulks;

b (g AU e a L”,A eéﬁuﬁ g 9 Al gl e BAY) il ga § $ datdl) -diataatl) cilulaiall
Jad Lagy 28 e (Ao 8 raall 4 ghad) dagliall | S JS Glgdl) 9 daadl) (e il Gl ¢ g2 V)
Jhal 5« (50-100) G el g da g 7ol O @y Al Ailaa) cilbbaa 2165 Y < 24MPa
.30mm &8 wn Y O ey algaall alie Yl

.35 (sl Ay ¢ (gad) | g sl e culand) 158 ghall ) gall

‘GJMSA QL)JJAA) Ul Hhaﬁ cllee o oladly uaa,d\&a Ol 6 Jé\ﬂ,) :(uaa..d\) YEREN Sl gaald)
(Al (Apals ) Ai) ABESY (S £ 50 (30 40% 5 JY) £ 510 30 60%) 60:40 A Laghls Fpu
. 1650Kg/m3 Jaui Jaldll dua gua yalf Al

Gl ¢ 2,75 diladl el Lo sl (ol 25mm en) alie )l 1Y) £ sl e paadl el s
L 0.0% Liashy L il cilinl) 3 daddiusal) 4y pdall L) ¢ 0.7% (oabaio¥))

¢ 2,65 dilall el ol sl 10mMM ) alied) LA 1B sl (e pand) pal i
0.5% Wish, Al cliall 8 dasdiond) 4 pdad) Lal) ¢ 0.8% (woluaia¥l) ol

dyudall dal) ¢ 1% gabaial) ¢ 2.6 obun (AS) (ASY) S o8l Qo anb Jay e
2.8 4o gill Jalaa ¢ 3.0% Lok dam il cilial) b dasiical)



“dalA CN -0

no slump concrete asall 5l (aidiall b gagd) culd Al Ad) Al -9
A Jgand) B LS g 3 A ) Cilad g (0-25)mm O 7815 Ledass Alu A A

Jidl A
e 311
s dle | secz i ) mm L sl
L il Tl A
- 32-18 = -
0.70 18-10 . 133 Bala Ausa
0.75 10-5 0-25 TR

25mm e J8 Lol A48 ) ol Al Caiuali s Vv Q85 Jsoa

:%M}\ﬁ\&&u‘w‘ﬂ‘#uﬁ@ﬁc@“ﬂ‘ﬁw\w&ﬂ\&M.ﬁﬁ

O TV hgagd A88gall (7 ) Jsaad) B Bagll all) el oy dua plall &Sy Jadi gy 1d oY) Jumdl e
Al Ad) GUalAl elall ApaS Gl aly a5 Crag ((100% dusial) dpedl) Jidi) 4ra 10 adS (75-100)mm
(11 )JJM\@M\%M\M&JLM\W\

Jal gy Agh Bajl gl Al Gupd ol Eus ( 6) Judall gl clgaaadl ASH aaally ad 1 S Sl e
(12) dsaall (2 a5l aawal)



Aadll) (1 4y gia ApadsS plall dpas hian o)
%o A sall
78 A bl ) ddls Al A
83 las Baala 40l A
88 Bala Ailu A
100 (CEEENGWI) SRR PN
106 bl Al A

AL Bl ) Alla by 25mm e 81 Leda s 30 Alu a0 Alla 8 oLl G Juand i V) a8, Jpaa

vy &Y\Jﬁﬂlﬁé}&&\ b gaall ASl) anall maaail) Jal g

o
40mm 25mm 20mm 12.5mm 9.5mm
dals Al 3
1.30 1.40 1.45 1.70 1.90 .
A ol )
daala Al A
1.25 1.25 1.30 1.45 1.60 s
1.15 1.15 1.15 1.30 1.35 (AVEN & IVEN
1.00 1.00 1.00 1.00 1.00 al b A
. . : : . (ann )
1.00 1.00 1.00 0.98 0.97 Al a8la A

25mm (e Jil Lebian Al 3l Al jal) 8 and) el W1 Ll 5 2032 il geanll QKU anal) eanad Jalse VY 4, Jsaa




Gl gaall S anall mauail) Jalaa g slall Al Laga YY) ) o S bl Jgaad) A rdladta
ALl ddla AL dualdl) Aiiald)

flowing concrete 4liLull 4ilu Al) Als .
OS2 190mMm ¢ 4 his ) Dla il Ll e ASTM C1017 ddual gall by dilu &) i o
(b Sl

Way Jale i (510-620)mMm O ks sk sl 200mm (x iST Lgda g ¢ 68y Abibaad) Aila A0) 1la gas
. (0.96-0.98) (s 7 o) A

Joaall cilialal) 48l A% % e 9 75mMM Jiay bgd @b Aale Alas AL Al Al) dhld avaal aly
b gl g A glatal) il guand) g Jaa ALEAY) b geaad) Madiad oy 4) LS o sl Aad) bl e
ALl Ala AN Gl e dadaceal)

9 5% ey Lgiuad By 3y a g Gl ¢ ALl Aol A cllalil) dlulad 8 Laga 1599 das il cil guand) caali
_M' ZAL QQ}«AAJ\ ()4-&&-\'“.”. e\gﬁ J\M\ ‘)-AA-\-\N,



- Jla

Bimaa daglia ;AN cldamall a3l ¢ ACH 211.1 J oy Alhall o gaal) 48 jhy 43ilu A AlA asaal o
Lo dll) Al sgdl cle) il Luwd ¢ 75mmel bgsda b ¢ 3IMPadiws Lagy 28 oo Ao hiall
1l LS 1m3 Jalay Lpana Adald LY 4o DU ) gal) cilpaS cuils ¢ 7%, (Araranaill

Wlsh (0asdll) A&l clhgasd) s ¢ 435kg cuiewd) Lasc 83kg bl qalgh slal) duas
il gand) a8 (2,68 ciladl ASY o 5l g 0.5% LWeodic 2% AdAl il guaad) 445k 5) 1093kg
dawd ¢ 2.64 dilal A ool A5 0.7% 4udic 6% Jdasd dashy) 719kg (Jedl) deslil)
. W/C=0.31

el Jagsha haga rh LaS i) culs (ABLd) dgal) e 0.1m3 Laaa AN 4 pdd) Aaldl) 3du e
Bale) qulhay | 2274 kg/m3 (eeaad Led3g) 4kl Al Al) A8US ¢« 8% 4 s¢d) il ) Al dpi « 100mm
A sthaall drasaatl) Jag ) (g8a% iy 1m3 Lana AN dilu Ad) ddalil) @il S Jasia

4o plal) Al &) ¢l 4Lid) 1

Gigaa ABal s g dBlad) Al Al ciligla I plall 4d8L) ABaal (e Jad Al Aluad) 4 4kl Adlu A
ol g (Jal g aldd) e 3 jaall Ada sl o2 liad g A9 BN a

AN el LAy &l Alu Al e (5 el

BRI RA IR

Wi & LEAY) 038 44 B 5 Vebe test o «oall) Jals dag Al bagaa &l LIdY) o Jadd
dg plall ddlug jA0) 48UIS ayaat LR Y 21

a9 Akl Al Al A 8 g5 chgra 5 paall A g ra didae Al gl sda Bk oo JLEAY) 1A (g
! b IS (5 (Al Sislan (A g L) ol



_m1—m2
ool v

s

. kg Akl Al AL 85las 4l ghal) 351 m1
. kg 488 L) shal) &9 1 m2

. M3 & ghald) aaa 1 V

kg/m3 4kl Alu Al 435S : D

Akl Al Al Gaca ¢ ) A ypaad LIR) Y 21
1h 8 Ahl Al Al Gads o) sgd! A a3k A 23
Aokl ABUSY gk e
dzanal) 43, k), ¥

biual) 3ok oY



_m1—m2
~J W,

G

-~

. kg Akl Abw Al 8ilas &l ghal) ¢ 1 m1
. kg 488 L) shal) &9 1 m2

. M3 & ghald) aaa 1 V

kg/m3 4kl Alu Al 435S : D

3l Ll Al B3 gal) Jasda V

A phal) Dl Ad) Cpada 53 92 gall duledll il al) Aaatl LAY 1A Caagy



Gl (JI YL Rrouw — Jaclowl 39020.5 — Dyl Li>glgasG )80 Jolao

ylaill sac easaill Jalga
Number of Tests | Modification Factor F

15

20
25

30 or more
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haanll Jle 3jiaall duilghaudl daglisl | daguall Lle dlawigial duilglau¥l daglisll
Specified Compressive Required Average Compressive
Strength f,.(MPa) Strength f.. (MPa)
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alaiigioll duilglain¥) daglisll (W/c) criguud ) cloll daaus

32 28 sou Water - Cement Ratio by Weight
Compressive Strength

at 28 days ddilga silelis Silalga (ygas duilga milelds tlalge ae

fcr(MPﬂ) Non — Air — Entrained Concrete | Air — Entrained Concrete

48

41

35

28

21

14
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Minimum
design
compressive

strength
fer(MPa)

olasll W /c doud
Maximum water —

cementitious
material ratio by
mass for concrete

paysdll dg yla

Exposure Conditions

dagliall HLia5
e lalaicl
dailiny Yl mliliaigll
Select strength
based on

structural
requirements

iagliall Lo Taloiel 2 duws lias
C
<lgi¥l silillning Jugdill dulils
Select water — cementitious
material ratio on basis

of strength, workability,
and finishing needs.
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Concrete protected from exposure to
freezing and thawing, application of deicing
chemicals, or aggressive substances.

slall (ay=ill aic ALLE dadgaill (5983 o dilui yall (e calla
Concrete intended to have low permeability
when exposed to water.

AalaYl adaY gl ligally agaill mulygal dun y=a il yAll
Concrete exposed to freezing and thawing in
a moist condition or deicers.
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For corrosion protection for reinfoced concrete
exposed to chlorides from deicing salts,

salt water, brackish water, seawater, or spray
from these sources.
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0.50 28

N Jasiall aaglon
W/ C doud ]
dugin Awni€ oliy k] (sl | Sl 5aS0 g sl 4020l
Siliy sl el Water soluble Sliyja dass Sicwdl 893 | o rmum water Mé“': mum
Sulfate exposure ‘ 'sulfate (S0,) sulfate (§0,) | Cement type cementitious cﬂmef'lfs:ive
in soil percent by mass | jn water, ppm material str?;n th
ratio by mass Fo( ﬂfpa)
pald ggi aagaY
- o Less than 0.10 Less than 150 igglag - i
Negligible No special
type required
I1, MS, IP(MS),
dawigia IS(MS), P(MS)
0.10t0 0.2 150 to 1500 ' 0.50 28
Moderate I(PM)(MS),
[(SM)(MS)
e 0.20 to 2.00 1500 to 10000 V,HS 0.45 31
Severe
; "
Nk Over 2.00 Over 10000 V,HS 0.4 35
Very severe
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(FM) Ja Ul dag=ill oidlalea cuua
Bulk volume of dry — rodded coarse aggregate per

until volume of concrete for dif ferent fineness
moduliof fineaggregate

oYl olacHl il
(mm) sligaall
Nominal maximum
size of aggregate

(mm)

2.40

2.60

2.80

0.46

3.00

.55

0.62

0.67

0.71

0.74

0.78
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0.83

(FM)

(mm) dogagll

Slump (mm)

0% slogd! (seins duuip dilu il o 1 M (s K g = sloll du0s
Water, kilograms per cubic meter, for indicated sizes of aggregate

2.5
mm

14.5
mm

49
mm

25
mm

37.5
mm

50
mm

5

mim

150
mm

Non — Air — Entrained Concrete dulga Slolis Slalge gladiul (ygay il i

25to 50 207 199 190 179 166 154 130 113
75 to 100 228 216 205 193 181 169 145 124
150to 175 243 228 216 202 190 178 160 S—
e 0 jgaacll clggll drat) dany y8ill dgiall Gyt
aailggll Silelaill Silal b gadPiugll yad ashaall
Arlsell: 546t e pan 3 2.5 2 1.5 1 0.5 0.3 0.2
Approximate amount of entrapped air in
non — air — entrained concrete, percent.
Air — Entrained Concrete adlsa Jlolas Slalgs aladiul an ol ya
25 to 50 181 175 168 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 te 175 216 205 197 184 174 166 154 i
T_E_ﬁ_g dlauaigie digle d1.118 Al Lr‘ﬂjgjlti,jﬂr;jﬁjlﬁ_gjm
i yaill g ylnd
Recommended average total air content,
percent. for level of exposure:
Mild Exposure (Jegs) dagus sayai 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
Moderate Exposure Jaiss onye3 6.0 5.5 5.0 4.5 4.5 4.0 3.5 3.0
Severe EXposure sais (in =i 7.5 7.0 6.0 6.0 5.5 5.0 4.5 4.0
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Concrete construction
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Reinforced foundation walls and footings

Plain footings, caissons, and substructure walls
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Beams and reinforced walls
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Building columns
albadg diua )

Pavements and slabs
dalis :u[.m_,.:.

Mass concrete
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Nominal maximum size of aggregate (mm) | Cementing materials (kg/m?>)
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