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Concrete ._.mn_a:o_ouw. '
RATIONALE .n

Umv_o:.um holders in Civil Engineering are supposed to supervise concreting
operations involving proportioning, mixing, transporting, placing, compacting, finishing .
and curing of concrete, To perform above functions, it is essential to impart knowledgeand *
skills regarding ingredients of concrete and their properties:
plastic and hardened stage, wate

! I cement ratio and workability; proportioning for ordinary
concrete; concreting operations and joints in. concrete. . :

/ DETAILED CONTENTS /

1. Introduction

Unma:o:om noan_dﬁ.Ecﬂnanmomnonn_.nﬁ,:a&om concrete in comparison to other building
materials. Advantages and disadvantages of concrete,
2. Ingredients of Concrete

2.1 Cement : Physical Pproperties of cement; different types of cement as per IS Codes.
22 Aggregates:

2.2.1 Classification of: aggregatesaccording to size and shape.

222 Characteristics of aggregates : Particle size and shape,
aggregate; bulk density, water absorption, surface moj
materials soundness.

223 Grading of aggregates : coarse aggregate, fine
modulus; interpretation of grading charts,

23 Water: Water Quality requirements as Pper18:456-2000.
3. Water-Cement Ratio .
3.1 Hydration of cement principle of water-cement ratio, Duff Abram’s Water-cement ratio law :

Limitations of water-cement ratio law and jts effects on strength of concrete.

4. Propertles of Concrete
4.1 Propertiesin plastic state ; Workability Segregation, Bleeding and Harshness.

4.1.1 Factors affecting workability, Measurement of workability : shump test, compacting factor
and Vee Bec consistometer; Recommended shumps for placement in various conditions as per
15:456-2000/SP-23. b S PrmeST el

4.2 Propertiesinhardened state : Strength, Durability, Impermeability, Dimensional changes.

surface texture, specific Bravity of
sture, bulking of sand, deleterious

aggregate and All-in-one aggregate; fineness

‘m. Concreta Mix Design

5.1 Objectives and parameters of mix design, introduction to various grades as per 15:456-2000;
proportioning for nominal mix design as prescribed by 1S:456-2000.

5.2 Adjustmentonsite for : Bulking of fine aggregate, water absorption of aggregate, workability.
5.3 Difference between nominal and controlled concrete.

54 Introduction ta IS-10262-2009-Code for controlled mix design.
3.5 Mix design problems of concrete for desired mix strength or grade.




w E. Introduction to Admixtures (chemicals and minerals) for improving performance of
:  concrete -
4
7. Speclal Concretes (only features)
7.1 Concreting under special conditions, difficulties and precautions before, during and afier concreting,
7.1.1 Coldweatherconcreting
7.12 Under water concreting
7.13 Hotweatherconcreting
7.2 Ready mix concrete.
7.3 Fibre reinforced coacrete
7.4 Polymerconcrete
7.5 Flyashconcrete
7.6 Silica fumne concrete
7.7 Selfcompacting concrete
8. Concreting Operations
**8.1 Storingof Cement
8.1.1 Storing of cement in a warehouse.
8.1.2 Storing of cement at site.
813 Effectof storage on strength of cement. .
8.1.4 Determination of warehouse capacity for storage of Cement.
**82 Storing of Aggregate : Storing of aggregate atsite.
83 Batching (to be shown during site visit)
83.1 Batchingof Cement
832 Bachingofaggregateby:
8.3.2.1 Volume, using gauge box (farma) selection of proper gauge box
8322 Weight spring balances and batching machines
83.3 Measurement of water
**8.4 Mixing
84.1 Handmixing
842 Machine mixing- types of mixers, capacities of mixers, choosing appropriate size of mixers,
operation of mixers
843 Maintenance and cere of mixers
8.4.4 Batching and mixing plants
**8.5 Transportztion of concrete : Transportation of concrete using: wheel barrows, transit mixers, chutes,
belt conveyors, Dumpers and trucks, tremie, mono rail system, pumps, tower crane and hoists. .
(86 Placement of concrete : Type of form works 2nd scaffoldings, Checking of form work, shuttering and
precautions to be taken during placement.
**8.7 Compaction
8.7.1 Hand compaction
8.72 Machine compaction - types of vibrators, internal screed vibrators and form vibrators
8.7.3 Selection of suitable vibrators for different situations
8.8 Finishing concrete slabs - screeding, floating and trowelling
8.9 Curing

8.9.1 Objective of curing, methods of curing like ponding, membrane curing, steam curing,

chemical curing
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(Ingredients of Concrete)
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2.1 Cement : Physical properties of cement, different types of cement as per IS codes .
2.2 Aggregates :
2.2.1 Classification of aggregates according to size and shape.

222 Characteristics of aggregates : Particle size ‘and shape, surface texture,
specific gravity of aggregate; bulk density, water absorption, surface
moisture, bulking of sand, deleterious materials, soundness. )

Nu.uQ—.w&unnnwuaﬁnwgm“nuomuumwanumnm»m.n:m_wnn.-muwﬂm_gﬁ mnﬂnunvumm..i
fineness modulus, interpretation of grading characters. g =
2.3 Water : Water quality requirements as per IS 456-2000.
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(Calcareous Materials or Water) M aEw 250°C | 170 :
h Clay shell) B o ER-R R 9 ol T @1 T TR - = @wnﬂﬂwﬂ%ggw»@w@
firet H aﬂ%#ﬁﬂﬁﬂ%%ﬁ%@ﬁﬂ@ﬂaﬂ@ﬂ%ﬂ»%%ﬂ.&&g?ﬁg
it e I I 3w T 4 7 9 T o A € 9 3 2P 9 % K (S - 10y

iw.ww@%ﬁaﬁ_i&ﬂﬂaw.mﬂﬁ%#w@@ﬁﬂiﬂ@#wﬂwi@ “
4 e Yo el 9 R T & e 3 eers e 1 91 9 3 A e o e iy
%ﬂﬁﬂwm%ﬂ@sﬁawiﬂm&ﬂﬂwﬂgmﬂﬁﬂian@m&ﬂmﬂge
31 et vl 70 1 o g il & et Wi faw o o S &1 Wi R w gy
uﬁ%mﬂﬂw%&wﬁﬂi#ﬁﬂﬁmﬁﬂﬂm@@m@w%&mﬂnﬂg@gﬁ_ﬁ

L e ]

ﬁl et Rt A eh Reard

(Wet grinding in Ball mill) et e et g e & fend 2wl ¥ 9 o 2
! ﬁ_vgﬂgggalﬂmﬂmﬁgﬂaﬂawﬁﬂﬂﬂwﬁa
ﬂﬂmﬁﬂ&ﬂ o] & o % TEn LS. Sieve 12 (120 p) R WRE B ST 1
7 . 1 () 1 s (Final Grinding)—77a fie %1 374 e s & oo freit Wi LS. Sieve -
ok B e fwoaﬂnﬁm@g@ﬂ?ﬂ%ﬁu%%ﬂ&?ﬂnﬂﬂﬁﬁﬂéw.
= Wl | (Blendmg) d U (Crushing and Grinding) ﬁ@u@ﬂ%ﬂm%ﬂﬂmowmﬁ&mmuﬂ%ﬁu#?ﬂwﬂﬁamﬂw_#ﬂaﬁg
v 1 e i s AR o i T e s Ay ‘
h%ﬁa firen Fraen S _ o e it At T
(Corrected Shury) (Pulverised Coal) g mwmwwm .&&ﬂﬂ%ﬂmﬂwmmﬂwg (ingredients of Cement and n_.a__._u.._:&o@u
Sm.rwqq_mwg %Wﬁwﬁ&amﬁﬁﬁﬂﬁﬁﬁmﬂmﬂ@sﬂﬁl
= | _ mww e
ﬁ:ww& Afevrm HFITE (Ca0) 60-67%
Storage n et (§i0;) 17-25%
T | TR (A1,05) 3-0-8-0%
@ “ld 4 799 frm ! bfteram e oy (CaS0,) 3-0-5.0%
3 i_a W St (Fey0,) 0-5-6-0%
¥ ; Aeilfeem st (Mg0) 0-1-4-0%
ﬁwﬁ%#iw l~$ﬂﬂﬂ%§.&.§ ¥ ._Nwﬂ.wmqwﬂ_.ﬂ.w &z:_nNO.ZmMQ 0-4—1-3%
T ugf gRY Wiz &1 seam-TaE AR TR 3R SRS (30;) 1.0-3.0%
|
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i e fafiie (1S, 269-1076) ¥ FTER—

(a %ﬂﬂ@ﬂ.ﬁaams@mﬂﬁﬁwgwﬂﬁﬁsﬁao.&ﬂmﬂg 102 B ,

B =R
0-66<

Ce0-0-750,

(@ Wi w1 wR ¢ 6%

(c) TS HTH T W < 2-75%l
() = R FTA o < 5%!
W= § 7% vl § = frefofay 3—

28i0, +12AL,0, + 0-65Fe;5; < ' 2
) TR e 1 w14 S s

* wfrm =1 0-66 ) w2 BN
(c) SerTile weTdl 1 WK 4% X 1w 3 B gmaa ikt

.nﬁiwﬁ#d&ﬂsﬁﬂgﬁﬂwaa%ﬂﬂﬁﬁgﬁgﬂay

mogﬁﬁi&mﬁpm%ﬂ#%%wlﬁ_ﬂﬁ%mimm&wﬁ%mﬂ
- T TR Y ;8 T TR T A 56 W s A F e f GA 1 A

‘ erus |13
%gmﬂnﬂs%ﬂigﬁnﬁﬂiiﬂsgf B
(a) Percentage of C;§ =4-07(Ca0) - 7-60(Si0, ) - 6-72(Al,05) ~ 143 (Fe,04)~ 2-85(S0;)
(b) Percentage of C,8=2:87(Si0;) - 0754 (3C20.5i0,) B

(c) Percentage of CyA =2:65 (Al,0;) - 1- 69 (Fe,05)

(d) C4AF =3.04 (Fe,05) i
PV 3 R el & s Wi 35 e & e 1 W 5 i 9 e v s e

g@ﬂﬁﬂlﬁ%ﬂmigﬂaw&ﬁﬁa%ﬂﬂa?%ﬁ 70% QA

_H= w S g A g
Eﬂlﬂm%dﬂﬂﬂ»&ﬁwﬂgﬂa@ﬁg@mﬂﬂa&nﬁﬂﬂm_ . %&ﬂgﬁaﬂmﬁgﬁﬁvﬂﬂmﬂﬂuﬂ_m@wﬂwi%ﬂﬂmwﬁwﬁﬂww
%u_ﬂ@wﬂﬁ%ﬂﬂﬂzﬁawﬁﬂﬂﬂ&%ﬂ%ﬁﬂgﬁim_ i ﬂﬂwﬁsﬁwﬁﬂuﬂaﬁz@ﬂﬂaﬁww_ﬂ%ﬂﬂﬂw%ﬂa%Qnam.é
(@) Fofe—7g Wi 3 e £ o A § o Wi W amed R s e 2 wamd )
= e w6 @ wm B | o e e o e 3 ,_
 OWA—w AR AR W w R w e A et O ﬂgwmmiy_ﬁﬁ ﬁﬂgﬂ%.ﬁs_ﬂ_»ﬂ_mﬁﬁwﬁwﬂ_ﬁmA%Miﬂ%%:_ﬁw |
(4) e —g W= ¥ SRR e =) aem ¢ el Wi St e, A A, ﬂammmm_%%ﬂwﬂ bt b - |
feR 7 T2 ¥ fow wafe o fiae = 21 ‘ ESiTiEs]

e e S

(5) e ifera— g et feamsi 3 e o &1 vee s Wi R s e e )

(6) ©iE FFarE—a% @h= =1 Y@ T, FORT 9 TWE e w B

(7) TH T ST (S0;)—T% wWi= 9 Frdliar wem = &1
. (8) 5 (Alkalies)—1 e A Hie ¥ Tegeer (Efflorescence) I BT B

& (Chemical Composition of Cement and Hydration of Cement)

¥+ fF IR w@ T i i F w8 vl § Iuftem sifrmse wE ol v § 3= A
(1700°C) % wo3dh & o € o 2 3o fufkm A s 21 3 A 31 768 TEEH SAReTHo W (RH.
Bogue) ¥ FH-fgara W amaiia 21 3afere A i @ A (Bogue's Compounds) it Feemt €1

< freta 3 ) ) 0 = e A e s
7 e e 3Ca0. 80 8 54.1%
oé dfewrm e ¢ | 20a0.5i0 8 16-6%
7 e Thee 3Ca0. Al,0; CA 10- 8“\,
371 S Tl 4R | 4 C20. AL O3 FeyOs C,AF 09-10%

« C o U e freeg 8—

(i) % =12 o S R (C,) Wiz 1wl v v €, 9 e d by

T O HAE H T6 DI T3 91 1 A e 1w F ved-gmt v v
w0 A F wro ot ‘

(iii) BE-Fhm fefedhe (C,9) F FRARTE @ i ot 4 e wdl aw e w3,
wafs 28 R F 9= 09 R Ag O @ I i =) o st T e et
wMEER B HR0 g% A @ iy R

GS I (H,0) F T e ¥ THRRS T e —
2(3Ca0.8i0;)+ 65,0 — 3Ca0.28i0;.3H,0+3Ca (OH)y, -

100+24 — 75+49
T ¥ C,8 ¥ e, - e
2(2C20.5i0;)+4 B0 —» 3C20.25i0, .3H,0+ Ca (OH), .
TH W IR 1wl

o SSELS S Ute s Py

| 100421 — 99422 o
IR T Fae A i §1 T6 XRRE A ST T ) SRS wE SR

et R Y s S N T T
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RATE OF HEAT LIBERATION
—+ (Calorle/gmmaur) —»

0 T T T T T
_ - 4 8 12 1% 20 24
— Time (Hours)

w71 PRt @1 1% (3w 9 6 )

S I R e B & S et S & wre s - armn § 18°C A 30°C
T 3% 9 il ) o FfE ST & Rl ¥ weies Ot R Twie w A el few T 8 T

T 9 % 9 TFEH T—

() uﬂﬁwmﬂ%ﬂﬁﬁwiwﬂﬂﬂs%u%@ﬂiﬂﬂnmﬂﬁmﬁﬂﬂﬂﬁm
EE = § s @ faed wRo F w1 ¥ R e I 1 TEh SR 9@ 3 9 A s

TRl ¥ S M W% iaert W e w01 5@ € few W wga sHuw =7 w0 vga d
(2) T 35°C AIGRY W A= % 9HE 1 W o0 AuE 8 Il 2 @i % e ¥
eI 1 Yo o 9 8

o %l & s 8y W= ¥ 59 snavas wifos o w1 1 sifErd 2w 3 T Freifa @

1 W= 3 ve e Ry e 2—

- 2.5.1 e (Fineness) :
e & BN+ g 7 GEE P S TR A T G T wFa —

() et shgor—sa wdgn ¥ @i T 90 WEAA F ACH (sieve) ¥ BTN W1 41|
_w_

R W= Ay 10% Q@ aAftw 7@ e afed

(i) Wt wer Thgor—dii= ¥ FUi 3 wEAa W w0 & fafme g.%waa
= 5w W 4 W g W T whufad fafyr (Blain Air Permability Method
(IS-4031-Part-2)) &1 F4M F@ £

¥ et =0 9 freeh = W o S B s@-Ae (hydration) fiR d Brft iy
%ﬁ&&ﬁg%&éﬂ@i%gg_nﬂ%&%%ﬂ
3 foear SAPT W T Pt S BYm St WE 6 AR @l ¥ R S o € s ym
# 2% ok i A amed v s ,

T Bwes | 15
T fE T AR & diR whRd # e faed TeE 1R ¥ Al afuw g el e i

6—0—@ 28 days

8—8—a 1year

1 ) .
2160 2520 2880 3240
Cement finenass (Blane) mm/g (x 109

(Hiwe 3 graa @ s 9t weed 'ad W wYE)

2.5.2 S| BE (Setting Time)
H= ¥ o farfer v € 9 v O S S - HOR Tl ST 21 W AR

() SRPYT 9" FTel (Initial Setting Time)
(ii) - A<M W@ F1E (Final Setting Time)
?ggﬁgwﬂ%ﬁgaﬁg»_%aﬂmﬂﬂmmﬁuwﬁ

. e qof 3R & s 2
=T T WA € @ Ei o) Ya S8 wwg afaaemsl B g R e ¢ 5 97 9w g w9 R 1

F4 S T 0 F SER R &= S | 9 Giiw F) g, Gared SR ST 96 e S b B S NIA U S ey ity ik

ﬁ?ﬂgﬂguogwﬁiﬁgﬁ_ﬁﬁuoﬂﬂwmwsaﬂﬁ& g e T 2
1 ﬂawcﬁﬁﬂﬂ@aﬁ%ﬂﬂwgﬁwﬂuﬁ»_ﬂg%ﬂﬁmﬂSoﬂﬁ:a

iﬁﬂ%ﬁ%ﬂm»@%&#%#xﬁ@m@.%ﬁﬁgﬂggw

w2) | 1w B T TR 10 992 } 7 A SR F O W A G I TR
%.Hwﬂaﬂmﬂﬁww@wgﬂﬂs?ﬁ,.aﬁuﬁgﬂuﬂﬂsﬂs@
Tg ST IS 4031, 1S 269 ¥ TR Ty iR o &1 o7 A WRTETE o N A v e A AW

ﬂﬁ_ﬂmw.w_sﬁ“%ﬁﬁmﬂ%&mﬂwaﬁgw&ﬁﬂﬂa»m@ﬁﬂﬂﬂﬂgﬂﬂm%
, = R A Jher = g 2— ,
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Wﬂﬂaﬂaﬁaﬂwgﬁﬂﬂgﬂ&ﬂ@swﬂﬁwﬂﬁu@%%aﬂ%ﬂmﬂi 3
ﬂ%ﬂ.ﬁ%%ﬂﬁg@5@2@%%%3%%3%»@@@%»%%%“
Ffe @t ¥ fowds e 3o §— T FC T HA= 31 R (soundness)

(a) %mzwoﬂyﬂo.ugﬂﬁg_

(b) €A=  wE e (fine grinding))

() HWIT N §9 T 9% g-waR (acrate) Fm)
(@ = TFR | BRI (mixing)i

e # PN (soundness) o eferr s .
15-269-1989 % TR THEH TM 10 mm A 9 B A_ru Chatelier Test) % g 7/ F1 <l

2.5.4 §=iigT wmed (Compressive Strength)

ﬂ%&%%mﬂﬁw.ﬁﬁ%ﬂ%ﬂw%@w%&wﬂmu@wﬁ:wm_

a1 PO SRR, TR S TR TR R 7.06 om WY 3 W (cube) AR Tl o #1 Fored weiea

el A1 i A 3 Qe 7 R R Aud % wwe i € o 1 qw wHe IS ¢ 650-1991 ¥ Sgan ¥

ot #1 28 T F TvEN A SRt o @i ¥ i ¥ agEr o -0
. T X AEFTE %GR (Eanor) T T €161 21 7F fiRk 3 H X Leighton Buzzard & HH
ToeTa S[oTT 21 € light grey 11 %1 €I € 991 S8R (Quartz) T4t | W €Il 1 T IS : 850 —pm 3

R T R IS : 600 — pm TR F F 10% T € 9 Lo 1 7 faew 9 Fldw e
A 7 B 81 T9F U TS T B i

2.5.5 ST @t 3o (Heat of Hydration) :
| ““The gilicates and aluminates of cement react with water to form 2 binding medinm, which harden .m
‘into a solid mass.” E@Wuﬁﬁﬁmﬁﬂﬂmw@ﬂwgﬂaﬁmﬂ@ﬁg%

- e el &1 v sen frperd €, forwl A 120 callgm % BXdt B1 AT F AT 50°C T B,

T 81 ““Heat of hydration is defined as the quantity of beat, in calories per gm of hydrated cement, _?qi?.m.
-on complete _lemou at a given temperature.”’ : |
...%mﬂmm&ﬂﬂgﬁﬁ%ﬂ%ﬁﬁa@iwﬂmﬁg&gﬂ% ]

g | - 25.6 R 17w (Specific Gravity)

WS g N B S A\ R GRSt ey T T ey S S
I 26 T ¥ R (Types of Cement) ©. )" io o oty 5 R EENEER
A e st 3 sl 97 v e e v v Wi 41 S i 1 e <

i 9 91 & S P SRRl 35 o P o i R :
1 v Pl R 1 1 o o 1 R ke it

FO & W= P wen #—

(8) R GEevs T (Ordinary Portland Cement)

() ¥ F3Fa WA (Rapid Hardening Cement)

(c) Ffirefiw wAR B awen wiE= (Extra Rapid Hardening Cement)

(d) - ¥ ST N WA= (Quick Setting Cement)

() ¥=F T W< (High Alumina Cement)

() EAvs ISEA §T (Portland Pozzolana Cerment)

® %n@a%ﬂ@iﬁmgmgnmﬁgu :

(h) - YEAVE W2 (Low Heat Portland Cement)

() FR-THe WA (Super-sulphate Cement)

() ¥¥e IEAvS WA= (White Portland Cement)

(k) wEETE WEAvE HiA= (Hydrophobic Portland Cement) :
() =3 WHe e YEAE HXR (High Strength Ordinary Portland Cement). .+

© (m) T FIB TR (Oil Well Cernent)

(0) TR SRt @R= (Sulphate Resisting Cement)
(o), S HIA= (Expanding Cement)

(p) ST WA (Acid-resisting Cement)

(@ T @¥= (Coloured Cement)

(r) aEWE WA= (Air-entraining Cement)

() T W= (Masonary Cement)

i 2.6.1 wmarwr diddtos W= (Ordinary Portland Cement (IS 269 : 1976))

g Wil ITEn frm TR T wEe ER g T Y e i—

() OP.C.33 Grade (LS. 269 - 1989)

(i) O.P.C.43 Grade (1.S. 8112 — 1989)

(iii) O.P.C. 53 Grade (1.S. 12269 - 1987) .
(re—R= = ¥ 3ot 28 B W wga M gt T | N/ o? ¥ el )
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o 81

ﬁ?ﬂﬁ..?ﬂuzs&%ﬂ%ﬂ%&@ﬂﬂﬁﬂmﬂus

S Typeof Cement
£ 5% Tadian Standard

Se

Chr ] nGradeds
. |LS.:269-1989

i2Grade 43 P
1.S.:8112-1989

Grade 53 ..___.
1.5::12269-1987

whtfira o7 (Phynival Properties)

Minimum compressive strength
3days 16 23 27
7-days 22 33 37
28-days 33 43 53
Fineness .
Minimurmn specific surface 225 225 225
(Blaine's air permeability method, m?/kg)
Setting time (min)
Initial, min. 30 30 30
Final, max. 600 600 600
Soundness, expansion
Le Chatelier test (mm), max. 10-0 10-0 10-0
Autoclave test for MgO (%), max. 0-8 08 0-8
THRATE 70T (Chemical Properties)
Loss on ignition (%), max. 5.0 50 4.0
Insoluble residue (%), max. 4.0 2:0 2:0
Magnesia MgO (%), max. 6-0 6-0 6:0
S0, (%), maximum for
GA'>5% 25 2:5 2.5
Cys"' > 5% 3.0 30 30
Lime saturation factor (LSF) 0-66-1-02 | 0-66-1.02 0-8-1.02
Lime-alumina ratio min, 0-66 0-66 0-66

"C;A=2:65(A1,05)~ 1-69 (Fe,0;)

* (C38)=4-07(Ca0)~7-6(Si0z) - 6- 72 (Al;03) - 1-43 (Fe,04) - 2+ 85 (S03).

3
i

@

T I vt vt W Ev 9 gt 1 v o w5 v ved ft fir s g 1 v mfes 2.6.2 ¥ilw TR gt @en WA (Rapld Hardening Portland Cement) (1.5. 8041-E-1976)

gﬁﬁﬂﬁﬁ%ﬁﬁwﬂﬂﬂaaﬁﬂmﬂaﬁusﬂwgaw_ﬂuowmwiwuﬁﬂ?
LS. =ert 1 09 W O W S0 10% ¥ SF T wwan frde v g 3 fed W T wodd
2N/ m? 791 FofET T 115N/ mm? | % T 8 s A 5w sy @ ok 6 0
Y Tg T2 ol wa Frefor S Q—Feee, e, A, W v yaf wiz o A e

#e S uew |19

~g - f T Ao
L e i i, vk S

75« wrarce fedtvs Wi & wae & vy s i m A R fafa d @ fr T i wen g
wmed TET FO TR &1 7€ WA W (Urgent) SR F il ¥, I—qz F v w5 wE i
anfy sl ¥ s/ i s @ :

W= i I # W A R R Feh ¢ v e ol ¥ aed F e a frm aa A
ferer weg T #1 3 W= ) A e e o A R W . e wodt A% W s 2

P e 35 7 0 e 3 S ) S e o fen s
a  Fa R ,

9 fafufet e waR 3—

(i) fafire waet A%e 3250am? /gm | w9 7 T TR

(i) #-RRTR ST F wheH ¥ fu afaFad g0 10 mm B TR

(iii) 1.S. Sieve No. 09 W 3= 5% ¥ aifas 78 ¥ =fied)
i 3 g e RafA¥e (3 C20. Si0,) 7 31 93 | R i Mu wer s
W, At Ca0 1 Iuffy @i ¥ <w I FA@ B

(v) ¥ WA F 1 fA 9% T 7 21kg /om? ¥ w0 wieT TG 160kg /on? R ER T AR

fEw

| 2.6.3 iy TR 81 amm Wi (Extra Rapid Hardening Cement) (1.S. 8041-1990)

ﬁ%ﬂ%%ﬂ%%mﬂ%m%%ﬂ@ﬂﬁﬂaﬂaw.ﬂ%

m&ﬁ«%.m5#@%_%ﬁﬁxﬁ#ﬁzﬂ&ﬁmﬁgmﬂwﬁﬁmﬁ%m&n@ﬂﬂr
E ﬁ%ﬂ#ﬂwﬂﬁfﬂgﬁﬂmﬁﬂgi»&%m&&ﬁwgﬂwwﬂﬂ% .
: »_ﬂawi-ﬂ%muﬁ%ﬁ%dﬂ%ﬁ%%m@%wﬂﬁassmﬂ..ﬂ.wﬂ:
muu_mMMMMdEwnox&mﬂﬂwﬁw%ﬂémoﬁwﬁﬁ%&ﬂag
§ v F T {8 S /1 e whea; S siwew, faem, v, fetii [
4 W ¥ g 20 e ¥ s ot o fem St .mﬂg

1 26.4 W 5o aren W (Quick Satting Portland Cement)

ﬂ%gsﬁjﬂniﬁﬂm@gﬂmﬂ@&ﬂwﬁ«m@ﬁﬁaﬂ#gay
% Wi ga viw ST §) soe wRftvw S 5 § e @ Wt F9 a0 A e T 30 fire v d)

) %ﬁﬂﬂmﬁuﬂﬂnAn&o&vﬂﬁﬂnﬁyﬂm.nﬂ&ﬁmﬂﬂagiﬁﬁﬁ

T S R) 3 §W WA= N it fores < w7 Rervem i e e 2 s o 5 W wE
ﬁﬁﬂaw_ﬁ%ﬁﬁﬁ?ﬂﬂﬁﬁmuﬂﬁ%w%ﬁ%ﬂ@gs%%mﬂi

5 ﬂwmmﬁgﬂﬂim_ﬂﬂﬂﬁﬂgwimﬂ%ﬁﬁiigaﬂ
28.5 3o g Wiz (High Alumina Portiand Cement) (LS. 6452-172)

ﬁ%awgﬂ&ﬁawﬂmﬁjgg (Bauxite) % fifvea arquma =) wet &

| Masdwa_:%,.w@ ,%_ wMM 1aa 36 I B %&oon ¥ 1600°C 7 ¥ TTHH T 1 -2 36 FER
-ime stone) T4 WFTR (Bauxite) F 58 fret gu firsor 3 €1 & W fora s 31 =9 2
| %ﬁgﬁ?ﬁ%_m&ﬂ%»_ T . gw_.ﬁﬂ_ﬂm
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] i aeh T, oA — 75 Semem AW

b e e e 1 8 Y T W, T F weh-a o ¥ o Rice T 7 e et Ao 32000 /g R 9 T € <) TR 7 e 9 e e

b s SRR §1 VT 35 R B et e e S S GO e (] 160k8/ < W &, 5o e s i 220k 37 ;3 e, e e

: T A FH B S .sﬂsﬁ%ugﬁw
e fram S €1 Deiern @i @ i wad mﬂﬂmuogna”\ms@a»_aﬁﬁﬁﬂﬁgmwﬂw aﬂ%%w.ﬂ%ﬂﬂ_dﬁﬂmﬂﬁ?gmﬂma@a@

grfisT e 220kg /cm? W91 28 R 9 weltew gme 310kg /em? | F9 T | 2.6.9 YW WEHE WS (Super Sulphate Cement) (1.S. 6909-
. ' EEi| : L ) . 1973)
wrerre ¥ S R SR %%ﬂ%ﬁ@ﬂw.ﬁﬁsi@gﬁ_%w i %mﬂﬁ%ﬂﬁ?ﬂ 80~ 85% THTR WIAET, 10~ 15% Fai & W Forem e wven %
% e e ST, A, Y, A SR A T (Leaching) @ w1 ey e A Fia 1 o w1 et e e A h 7 v e A e s e e
mﬁﬂqnﬂ@aw_ IA: TS S STy WA F OO F9 O 21 39 Wiz o vawtis 2 W w. M&wﬁmﬂﬁwﬁ%ghgﬂ%ﬁwﬂiwﬂ%_ﬂmﬂ%%ﬂﬁigﬂé.
”ﬁﬂ@awﬁdiﬂﬂnﬂm%ﬂﬂmﬂgﬁmdﬁﬂﬁﬁﬁﬁmﬂﬂi@ﬁng 1 wﬂ@nﬁmﬂm_mﬂwﬂa?awmﬂ@imaumm&ﬂhﬁo%@&w‘ﬁﬁﬁwﬂd@m
%ﬁﬁﬂﬂﬁd%ﬁwmgu@%ig%_ﬂ?ﬂ%ﬁaﬂﬂ&u&o%o (= 43 and 53 , s
N/ mm?) TTER TEete He | qeat A s 2 Tog T T F 9 T 50 FE O ¢ foed M 2.6.10 wwdse wieri e, T9o @Ko Wo (Sulphate Reslsting Cement) (1.S. u»wu?dwﬂu
Lakuidahathichl | .mﬁwm ﬁd@mn@ﬂﬁ%wﬂﬂﬂﬂ»_mﬂ%ﬂﬁ%ﬁsw@gﬁﬁ?%ot
2.6.7 tidivE uigee AW (Portland Blast Fumnace Slag Cement) (1.8, 455-1976) Mﬂﬁﬁﬁz A %M% qﬂw wa EMM o Bl S A RNM wa WMMM Mﬂwﬁ %WHM .
TR Qedve diz & e, few o W2 & TSR HIgRE (Granulated slag) - fifor o | e R | aafire v @ o e i T A 5 € S iR e 3 69 T (Cracks) W
g%ﬂ@m&nﬂ%ﬁ%ﬂé@ﬂ&% 3 =g 1 A WE Y HE Y agE | A € WodRowo H CyA F e F et it § R wethe SRiwww 35 I 1 76 5 T Sl
23 € Eow: | 27 e A wR A 1 @ g A o o % TR W

e &1 9 T | Fea O J S99 19

o #1 78 Mwﬁ_mﬁ e T wﬁa s .ﬂ&ﬁ ﬂw Mﬁénwﬁwﬁmwsﬁ A s@mﬁa - R (2.2) - fodhodto, Rodhowodlo, oame

%%ﬁ%mﬂﬂg@ g forg T g @ @ SRR LE RSO [ — ,ﬁﬂmﬂﬁmﬂw&aﬂﬁ%ﬁ
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HET YU 39%RYI (Compacting Factor Apparatus)

Trap door

W& 016 W) B A
Essential Dimensions of the Compacting Factor Apparatus
for Use with Aggregate not Exceeding 40 mm Nominal Max Size
O FTUT (Upper hopper) A

Top internal diameter

Dimension cm
25-4

Bottom internal diameter 12-7

Internal height 27-9
freret gt (Lower hopper) B

Top internal diameter 22-9

Bottom internal diameter 12.7

Internal height 22.9
IR e (Cylinder) C

Top internal diameter 15-2

Internal height 30-5

_ Distance between bottom of upper bopper and top of lower hopper 20-3

Distance between bottom of lower hopper and top of cylinder . 20-3
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Wiz wmed (Compressive Strength)
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Compression testing machine (CTM)
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Compressive Strength kg/cm?
S
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1.0 15 20 25

3.0 35 4.0

H/D = Ratlo of Height of Specimen to its Lateral Dimansion
Effect of ratio of height/lateral dimension of specimen on the compressive strength

Recommended slumps for placement in various conditions

" Placing conditlons™/ = | - Degreeof workabillty’~ %] ‘Compacting factor or slump,
2L P e Y T e | e fo e L e i P SN I A e et
Blinding Concrete; Verylow Strict control required with C.F. of
Shallow sections; 0.75 t0 0.80
Pavements using pavers
Mass concrete;
Lightly reinforced section in slabs
beams, walls, columns; : .
Floors; Low 2575
Hand planced pavement;
Canal lining;
Strip footing substructure walls
Heavily reinforced sections in Medium 50-100
slabs, beams, walls, columns;
avements
Slip form work; 75-100
Pumped concrete;
Trench fill; High 100-150
In-situ piling;
Tremie concrete Very high (flowable) 200

Note : In most of the placing conditions, internal vibrators (needle vibrators or poker) may be used.
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Hbi.ﬁgvgnu 0-80-0-85 25-50 s
z&:ﬁn (plastic) 0-85-0.92 50-75 i
High (flowing) >0-92 75-150 WHM
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(10) Wiyt T FTR TR ﬁ%ﬂ«:ﬂ&ﬁﬂiﬁﬁﬂlﬂ&ﬁdﬂ&%m 90° W&
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#de B afrenafns gmed (Characteristic Strength of Concrete)

LS. 456-2000 % gi%wawﬂiigg%ﬂwﬂ.o?@ E1e
wferget < wmdd ¥, R FRE T Sfenfrs T w0 T 31 33 ¥ fed o fRd e 3 i

: _.%m?ﬂz?ﬂ%ﬂ Noz\aunw.au_xmﬂﬁuﬂﬂxmﬂwﬂ%iﬂ_%w%wﬁw
Note : *Compacting factor test i ) e el e wme P — . :
8&.52&&mnoounnaz_&gﬁuniumEﬂwaﬁnoa.ﬁ_awa%saagaamvﬂ.mw i

T piswmmbmimdT | et W

1 M-10 10
2 M-15 15

3 M-20 20

4, M-25 25

5, M-30 30

6 M-35 35

1 M—40 40
8. M-45 45
9. M-50 50
10. M-55 55
11. M-60 60
12. M-65 65
13. M-70 70
14 . M-S 15
15. M-80 80

(if) Flexural strength : T2 S Direct Tensile Strength 1 s fr S TR Z0 H T
21 57: %12 Flexural Tensile Strength 1 511 <1t 1 R test speciman 3 TR { TR I -
& test speciman 150 mm % 150 mm x 700 mm over a space of 600 mm
4 test speciman 100 x 100 x 500 mma over a span of 400 mm
Failure T Point load TR %X % Modulus of rupture F1 3T e w1 R

fi= M 7 = Section Modulus
ra
M =Bending moment

J, = Modulus of rupture




S Faa |
(a) Conter-point loading flexural test  (b) Flexure test beam specimen,
Flesural Testing Machin (FTM)
He 19 ¥ Compressive strength 41 Flexural strength & W Wi fan mar 21
05 .
f, =0.725f;
) |
£
m At 28 Days age (IS : 456-2000)]
..m 03 T
e At 7 Days age (IS ; 4566-2000)
m f, = 0,623, _
i <—— At 28 Days age (ACI : 318-1877)
02
/1

o1
0 10 20 20 40 50

Compressive Strength, MPa

Relationship between flexural strength and compressive strength at various ages.

AT B[ 83
(Ilf) Tensile Strength of Concrete : HIZ W Tensile strength Eakiv] mﬂﬂﬂwﬂw%ﬁ@ﬂ&
(speciman) T HY TEH TH T FF W = T e e €1 A W e & T I A A
e (fail) B & s WY T &= Al .
% ol fifts R indirect FF ¥ WREH (speciman) ¥ ¥ TER F TiEA 5w wwn W ¥ R
s 3er= oY AT w st H e (fail) B Frderr 3 WA 7 YR Hi € Tensile strength W
foren T &1 Splitting Test ¥8 @ 3g wdm firan < & ford splitt temsile strength R A T B

P_u H_Mvc« platen

e GHE I — st
3 Plywood packing strip
Concreta cylinder under test
150 mm dia x 300 mm length
perf
=
a
12 mm wide and 0.3 mm thick
4 plywood packing strip
D = Dlametsr
L =Length
3
oy
X =+
a

T ot

Loading arrangement for split strength determination
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T 4 x 4.2.3 FYTCET (Impermeability)
Vhfll- ﬂﬂu&iﬂﬁ#@ﬂgwwgmﬂﬁ? ¥ T i
25 E:Bﬁvﬁgﬂ%w_w&@w&ﬂﬁwﬁv.@_ﬂsﬁ ﬁﬁw&i“ﬁ%ﬁﬁﬂ
= \ I g 7% 7 &3 51 A pore T Y Y MR = 23 ¥ otk Fz A curability B 7w R+
3 w. B2 T F1 TG T A WRRAF micr cracks TR U ST I Tl W5 TG A eracks 99 TG 3 anm
£ L | st — s m A2 & e an it 35 v 4 et e 2 e 2 o3 ) e A T ¢ v e
3 5 VAIJ,,W‘AI!’ 38 R N e
&, r ] m () Fasm w2df 3 =, Y9, a9 #) qoE
,w \\ PR a:ag@aﬁ&:&ﬁgaas?v&ﬁ.%mmﬂa.gﬂi
ﬂ admixtures 941 degree of hydration W it &t 41
3 - . (iif) IREREH WHEAT A (interfacial transition zone) FY ToTEEr W
™ 08 1 (iv) HaT 9 fem (degree of compaction) W
3 20 30 40 50 80 70° Emﬂﬂ%q@m&ﬂ.ﬁﬂﬂﬁﬂgiﬂzﬂﬁgsg
Compressive Strength, MPa structural cracks)|
W Relationship between compressive strength, tensile strength and flexural strength M!MN mMM LD %“ﬂﬂﬁwﬂw Funﬁnmw_ﬂa_ -
o ) AT e
; h.m.w...HM &1 Ram35 (Durabliity of Concrete) () =Bz B w0 o %wﬂﬂwd I t
7 R (durability) ] 75 S 2 5 stz o o ¥dAdmaad (i) FHe F T A 7w T
) g&@mﬁ%wﬁﬂaﬂwgﬁﬁ.ﬁﬂﬁgﬁﬁsﬂwugiéiﬂm (iii) FE B F AT =
nﬂ&ﬁ%uﬂﬁw»&n&ﬂﬁﬂ@ﬂﬂ&&ﬁﬁs&iﬁzasﬂﬂw.ﬂmﬁmﬂm (iv) fmtor sfiean 1 wefi-wify Prlam =t
) ﬁgwdﬁwgwﬂﬂﬁmﬁsﬂmﬂﬂﬁ_ﬁ@ﬁiwmﬂ&aﬁ.ﬁaﬂﬁﬁmﬁﬁ (v) FHE T T A cracks HN minimize BTHI
ﬂu&ﬂﬂﬂﬁﬁauﬂuﬂmﬁwﬁwﬂﬁmaﬂﬂsmﬂ_ﬂ.&mﬂnﬁsaw%nammﬁwﬂ % (vi) ¥ & A% mineral admixtures 1 WA R WY @ WAT A RGN R T @ A
) Y94 FR e §— w2
() TTAT (Permeability)—FHIz ¥ Ul AR, FT B SIS, ARG, Gk (vi)) tve Il Wi W oW A Torm ¥ e o 1 veR S @t A 0%
| 9 WAF F R IR0 A WA W A E A @A durability W A A e b & St (fly ah) FeR 9§ h d D awora TR A v o b ws
(i) ST GRE (Volume change)—F#I2 # w1 Wadt 7 FOH X B1 ) v STt pomolanic cement 3 fenrallcompresive streagth rtio YT B § Fed e
F 5, o0 W FEe, pomolaic A, WeHe WO, Carbonation, W@ # T (cracks) T3 5 ¥afd OPC W= ¥ A T8 B9 ot 1 ; £
movement, ¥ TR ) shrinkage, FGE TG, WA F H F 47 (comeesion) (viii) TOF SRR FAE R EE TN F R e W T @ aEwes 3—
R &1 FRF FHE ¥ AFa Madd F 2 2f & 6% TR0 FHR A cracks T3 4 Minimum cement content
1t § ok $Fk H dursbility T fagdia 9@ vgar 21 ¢ Maximum water-cement ratioc
(ii)y =1 TUEd & materials ¥4 FE © Minimum cube strength (as per requirement)
(iv) 1 ot &} Frdgwemr (workmanship) 3 79 39 P11 values W recommend R 1 W B)
v) = 2ot &1 afvaem , .. Parameters . - | Structures In normal Areas | Structures in coastal Aress.
(vi) Fer 8ot i fafufieat Minimum cement content 360 kg/m? 400 kg/m®
AMH”W MM— aoft WM.—,M T, nh.onROmBnn I chemical attack of gases, H,, Maximum water cement ratio 0.5 0.4
Alkali-aggregate reaction X Minimum strength M2 =




4.2.4 fnfiy Rty (Dimensional Changes)

gﬂﬂﬁgnégﬂouﬁﬂ .
gﬁﬂaﬂ&ﬂ%&ﬁdﬂﬂ@aﬂ%u.ﬂ#ﬂgﬁ

creep) Wt WeRE Wt 1 e wr T T R (shrinkage) ¥ & vy

e Y
&l j T /3T Sy .
O T 9 1 et oy T frlh A et w Pk sy
(@) R & Arevey v 3
—WR
—we ¥ wrg T

ntpaste <— behaviour of cement

Pasts, aggregate and
Concrete (Sourca HSU-1971)

E=5000./1; MPa
r = characteristic compressive strength of concrete (MPa)

T (i) gﬂ—d«:ﬂ.ﬂ.
Tl E <77 gy &1

Modulus of Elasticity of various constituents

T
L Granite 1.4
2. Sand stone 02-0.5
3, Expanded shale 0.07-0.5
4. Hydrated cement paste \ 0.07
_Vu. Concrete 0.1-0.2 _

(iii) Poisson’s ratio of concrete—waiz 7 Poisson’s ratio 0.15 & 0.20 ¥ g €y ¢

M

Sl

, &
R0 g

R IO R e e shead § am 7w et Sl 3 S 29 21 Shrinkege W

Aggregates 1 It e (Aggregate) % Fe e e

C I A |

h_.om..ﬂon.u ratio = i 2 al B.mwnu
axial strain

(iv) I (Shrinkage of concrete)—wma ¥ T Fwtz 31 fmal A v 21 shrinkage FEa ¥)
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¢ PR (Aggregate) F1 R W shrinkage T ST ST 1 a3 FHR T freren, s W

mswﬁﬂ?ﬁg_ AT surface area F1 9 (rough) fHeTE shrinkage Y 9 TEA A WEEE 0
I

** Rapid-hardening cement ¥ OPC % %/ shrinkage w91 Bt 21
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1. #@le = gerdm w1 €2 avh =

2. ¥R F geda = w9 wed €2 aaEEd)

3. vgFH, wua, e 9 guagEd)

4. Fremd =1 S v 22 9F e #) few T @y w87
5. wRIZ H GHEMA F WAET I TS FRE B 06 F:Y

6. FFHE Hple & 1ol =1 aviT He

7. FEwa v #7141 87 fax sfed waEEd)

8. i i gHEa A9 9 shee % T fadl

9, HEH v T ) fawr @ guEEd)

10. o o WA IUFWT F GaTEw T W, T WY F TR
11. gFHm i gfe | faad F o0 &1 faa=m =4

(BTE 1997, 2002, 04, 05,

I
13. FFk 71 v, farerT w§ srrTEm W gy feei fafad
14, iz A frfta wtads Wy =

2 e g kR e -

(BTE 1896, 2002, 04, 05, 06,08) . -

(BTE 2004) m

(BTE 1997, 2002, 08) !

12. Sohre o g agr) g afree F R A Ao A oreaa R 0 e o e vt & 7 i i el
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(b) == gFdm I
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4, B wu yafrm it i uge et e i

(a) F° GEda el
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(©) B TR F frrd ¥ @ q&ﬂwﬂ%i
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(a) 25-30° ®) 30°
(c) 40° °
19. Wﬁ%uﬂdﬂlﬂﬂuﬂﬂ.ﬂ»w @
(2) A whwor (b) Vee-Bee Werammdt wlisyoy
(c) WeT vy (@) S Tt .
20 Mﬁuﬂﬂ?ﬂoo._ocﬁwi#?mﬂdﬂ. ST T T ghar -
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21 ﬂ@ﬂqﬂﬁwﬁ«ﬂgﬂwgﬁﬁﬂgﬂaﬂu V -
(a) Nu.q.un.a (b) 50-100 mm (c) Iafus w7 (d) 75-100 mm
22. =TT ¥igs St wgr§ war v vt & mwr- :
(a) 20;30,10 (b) 30,20,10 (c) 10,20, 30 (d) 20, 10,30
JTIHTelr

I B R S R S )
oA (d) 13 (b) 13 ®) 14 (b) 45 (d) 6. (b) 11 (b)
"2 (c) 82 (c)

S8 () (b) 10 (c)

18. (c) 19 (d) ' g0. (a)

Syllabus )
6.1 Objectives and perameters of mix design, introduction to various grades as per
18-456-2000. Proportioning for nominal mix design as prescribed by IS 456-2000.

6.2 Adjustment on site for bulking of fine aggregate, water absorption of aggregats, -

workabllity.
6.3 Difference between normal and controlled concrete.
6.4 Introduction to IS-10262-2009 (code for controlled mix design).
6.6 Mix design problams of concrete for desired mix strength or grade.
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i | (strength and (Grades of Concrete as per BIS)

5 8 3, e Sy e o o e o Y
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® FemTorE WMe (Characteristic Strength) T forem firan = 21 " afreneferes ame g7 wme @

foretl 5 T 3 5 9% W e i oo farwer 7 €1 vt o 9 v 5 e S f R A 0y
e & TRom @ T 21 39 B 150 mm A 3 T 28 Fod 9 O F WEEEM PRI SR
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¥ % afafaa M-7. 5891 M-5 I8 31 Fie, fa Rl M Fa a e vl A MR S wo A wgw

Bt ¥ Wafers W= FFE § M-15 78 R 59 9S4 79 ot 2 :

diferar 5.1 &Pie & U (Grades of Concrete)
as per L.S. 456-2000

~|° < (150 mm cube, 28 days N/ mm*.or MPa) .| |

avil e il
e e o Rl
@ T S M-10 10
M-15 15
M-20 20
M-25 25

(i) | =FF e

¥R TR S R v -

R < ite firew oo 3 a0 wved vk 2 8 e o L

- i e ) e
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M-30 30
M-35 35
M-40 40

M-45 45

M-50 50

M-55 55

M-60 60

M-65 65

M-70 70

M-75 75

M-80 80
WE—M-55 ¥ st Wl R F & e g P s sl w v s s w3
L] BT & WA THETT (Preliminary Test of Concrete) | % i

I3 A FhiE

aifea amdd T AT N T W9 FA F R e ¥ T o e PR 3 wdam Rl s
12 e Frafem wRtfeafdi ¥ sdirmen 3 29 § R dote 3 e feifta w0 X e e )
e ¥ FER ) amd e W EEE 5w} s wa 3 s P v w weed F
ot B 2, yarren § wiew w0n fre feaa 3 R i e W R wm

TRAEF T Y FH T HE IO T W HHRE F ANLIE B WE F 3 W@ TR W e

e wamreen B f5 T XA TO0u Y FH W T 21 5961 SR A% € {6 warmmen # W G
frafr fefrdl & W=t 3 1wt @ R Pl e R e St wea )

e T T S T R R Fn e i i i iR T R TR R R
R I B T T T, fee, A T P % wh wifed T A e W T3 ¥
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@) o fr Fare (el Fee T few & s w freifa 9)

(i) Feor P s (Rl dte 1 SR aifveelena fiFm i )

5.6.1 A fvess BT (Nominal Mix Concrete)

X6 WR F) HFE B W S5 (Ordinary Concrete) W HE 1 TN TORH T R W ALH H
sﬁaﬂﬂgﬂﬂw-ﬂﬁ%zuoﬁwﬂﬁgmmﬂﬂﬁﬂﬂﬂﬂﬁﬁﬁﬂﬁaﬁ
argfa ol ST B} TR Y A e Wi R e o YO R
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s as per |.S. 456-2000 !
Grade of |T, Quanti 4
Conee | by Mags s 30wy ALETSAE 0 o Aggreggste | Quantyorwaeryer |
vo. .?Wnu a3 the Sum o 0 Aggregate (by Mass) [ 50 kg of Cement, Max
Individual magses of Fine and _
Coarse Aggregates, kg, Aax
1
1:|~,“|Ml @) ©) @
Ly 800 Generally 1:2 but subject 1o an €0
Sl 625 upper limit of 1:1)/ and a 45
M1s 480 lower limit of ] 2y 34
i 330 : 32
0 250 30
Note : the i j
. WN-MBB onnu” fineto no..N_“.wan-s n_oﬁma be -&.E»R_ from upper Limit to lower limit progressively as the
grading o Vnpuﬁu becomes and the maximum size of coarse aggregate becomes larper, Graded coarse

Example : ﬁﬂ-bnaﬂdwngﬁ. of fine
1220d 1:2) for maximum sizz of aggregates 10 mm, 20 mm and 40 um respectively.

ﬂ@ﬂ&ﬁaﬂﬂ%&wﬂﬂ@mﬂuﬂm

M-5 1:6:13
M- 7.5 1:4:8
M-10 1:3:6
M-15 1:2:4
M-20 1:H:3

aﬂggwﬂﬁﬁﬁaﬂ&&w&ﬂﬂ b9 T3
562 wuaa@qa&ﬂua_% Rilx Concrete)

aggreage (that is, Zone I1 of Table 4 of IS 383), the proportions shall be 1Y, :

R AR 7
. M 10
Z.uy
M 20
anw
M 30

M 35
M 40

M 45,M 508,55 W

A 1 faaed & A WM 3 e wRiEhal F ol #1959 0 R & T TE 1N/ m
W@ S T B

50

(Intormations Required for Concrete Mix Design) - -
(2) i =t W (feo i o1 o fovmm)

(b) R T AT (M5 , M TTTR)

(c) o= =} wFR

(@) e 1 ST M9 T R (20 mm, 40 mm TEE)

(o) <L Wi w1 = (fe fre Sz ¥Y) (Afersm 5.6)
() o we-di= s

(g) grdm

() P 1 s (e e S99 ¥g)

(i) TR wftfeafi (afers 5.5, b and 5.6 a)

() R F fon v e wE

(k) i & wiae W@ faon 9 fifa

(1) frema = wen

(m) e dive =) g

(n) SftwsEY = @,
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2706 | e et

e s | Wiz R = wftwsea | 97
S (8) 5 () 2 021005 10 ;
Envir % 21005 10t019 03to12 Ordinary Portland 330 0.50
W n.u:..w:nm— Exposure Conditions 7 cement or Portland
L ELSENTE _ e : W : slag cement or
nuﬁom.:..a Conditions 7l Portland pozzolana
SR P s
Concrete surfaces rotected agai r.lri,f.;.:.-lr — e H s
situated in Oowm»hubwﬂﬂu. against weather or aggressive conditions, except those m : ﬂﬂﬂ-ﬂﬁ”ﬁhﬁ 310 0.50
(ii) | Moderate Concret : & sulphate resisting
- ¢ surfaces sheltered from severe rain or freezing whilst wet mww Portland cement
oncrete exposed to condensation and rain 10 " :
Conciets comt: i (i) 3 05t01.0 19131 121025 Supersulphated 330 050
continuously under water W cement or sulphate
Concrete in contact or buried under non-aggresive soil/ground water m 4 resisting Portland
- Concrete surfaces sheltered from saturated salt air in coastal arca i i cement
ii) | Severe Concrete surfaces exposed to serve rain, alte i i Ik Portland 1
. g , alternate wetting and ; R pozzolana 350 045
freezing whilst wet or severe condensation 8 und dryingror ogcationsl 2. cement or Portland
Concrete completely immersed in sea water m slag cament
Concrete exposed to coastal enviroment 2 (v) 4 101020 31t050 251050 Supersulphated or 370 0.45
(iv) | Very Severe |Concrete surfaces exposed to sea water : - b isting .
spray, corrosive fume ot
conditions whilst wet - - = £ Sovers froezing 01 Potiadceneng - — =
v~ Concrete in contact with or buried under aggresive sub-soil/ground water m (v) 5 Morcthan Morcthan More than Sulphate resisting 400 0.40
o o _ £ 2.0 5.0 50  Portland cement or
(v) | Extreme Surface of members in tidal zone Sy supersulphated
| |Membexs in direct contact with liquid/solid aggresive chemicals At cement with |
aiferer protective costings
5.5 (b) Noes :
Requirements for Concrete Exposed to Sulphate Attack as per IS 456-2000 1. Cement content given in this table is irrespective of grade of cement.
Sl. Class Concentration of Sulphates, Type of Cement  Dense, Fully Compacted Concrete. 2. Uses of supersulphated cement is genenlly restricted where Gnhu“_.sn _nuﬂn_-uﬁa is -r“ “c with
No. Expressed as SO; Made with 20 mm Nominal . 3. Supersulphated cement gives an accrptable life provided concrete is dense and prepared
——e e ) Maximum Size Aggregates water-cement ratio of 0.4 or less, in mineral acids, down to pH 3.5.
In Soil Complying with IS 383 - 4. The cement contents given in col' 6 of this tabls sre the minimom recommended. For SOy contents near the
i N N —_—— ﬁa—ﬁn—onﬁwnggggﬁﬁnﬁﬁaﬂa% : .
Towl50; S0;m o Minimum ~ Maximum'’ 5. mﬁ-ﬁeoﬁ&mﬁ.uﬁw:g%a&niﬁiﬁhggg&?gagg
Ground Cement Face Water- immersed, considerations should be given to a further reduction of water-cement ratio. .
2:2 Water:  Water Coptent Comsit 6. Portland slag cement conforming t 1S 455 with slag content moro than SO peroent exbibits beter sufphate
Soil Extract 3 y : resisting propertics, ‘ ’ -
kg/m Rafio 7. Where chloride s encountered alang with sulpbates in soil or ground water, ordinary Portland cement wi A
il tent from 5 to 8 ﬁEEZEnEZEEEE&%EE
Foet | %l ¢/l A Alermatively, Portland slag cement coaforming t IS 455 having morc than 50 pervest alag ot  blend of
2 3 “) G ©) 0 ® 1 : ordinary Portland cement and slag may be used provided sufficient information is available on performance
A.—w A v m w 0.55 y .& , such blended cement in these conditions.
i Less than Ordinary Portland 280 g "
@M 1 Traces  Less than s Portland 8
(<0.2) 1.0 0.3 cement or £0! e
slag cement or i
Portland pozzolana i
cement ‘z {
it
r& ¥
le=fi



() s amam oy (Arbitrary Volumetric Method)
(i) =T R &Y (Minimum Voids Method)
(iil) sfaFem v fafy (Maximum Density Method)
() 39 3 WA R (Trial and Adjustment Method)
(V) YT WF 4l (Fineness Modules Method) Modein me thod

T R T I S
B S O e e T R S RN

st o AT e ...9&,...:@._!2..&_-. Minimum Cement
G e Slre T HT e T .oaas_.‘.w..._._\‘,ﬁ_u_n...._..um._?w_.mmM

=B, 3 e AR kg rm Y TR
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@ S e, D vty

) |5F Fwke, wiy, 3, vl (% 3R

5.8.2 =Tem Rawey fafr (Mintmum Volds Method)
??ﬁ@gﬁaﬂ@gwﬂﬂﬁ
ga;_%aﬁﬂgﬂ?g%%gﬁ%gﬂﬁ?aﬂa%

1:1:2

L M-20
1:15:3

.o & Shay g r

1:2:4 M-15 R
1:3:6 M0 w
1:4:83%1:6:12
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nﬂ&wmﬂsﬁﬂﬂﬂ.iﬂmﬂﬂﬂﬂgﬂﬂ%ﬁﬂ

%ﬁiﬁ.%%&ﬂzﬂﬂﬂ%ﬁﬁaﬁﬂém_&ieﬁzﬂﬁ%, ‘,

5.8.3 st we RRY (Maximum Density)

R (Fuller) ¥ 1= (Thompson) BRI o g Ry
. . =g fawrn faf 5
¥ ot 7t 33 ¢ T Sk frew W v maﬁuaa%ﬂﬁama M%ﬂrﬂ%m ..

1
uu@%x_s
2 ="l e #t stfysem =
D=1r fial | stfesaw [
p=Tasw 3 g 9 ] W (W€ frem + @9=) =1 vRm
e ;WA e = sfheeR 9 =415 mm
R e Tt SfET 99 =40 mm

A 4-15 9 T F90 = s A v

1

ﬁ"% x100=34-46%

37a: 100 kg FI51 ¥ 34-46 kg (FiF= + W& freman) aa1.65-54 kg W firaman grm

M Az g PER SR 16 2
W F o =10=143ke

F@: 100 kg Fsor §
dH= =14-3 kg
3 = (34-46— 14-30)=20-16kg
wHrey fieman = 65-54 kg
“fasor T A9 1:1-4: 4-58 Annw,.ﬂwﬁd.qﬂdmﬁﬂw&
e S &, =i P & 7 s & B e v 7l B

o fafe & orer-arem S 3 AT A 8 W
e it 1 et rend A 9 e 1 o TR
arear T g 2

1w 1 e A &
S A < §1 e S

) . w_ﬂwﬂzu%xsﬂ%_m
< Pty & e el BT R T s s = i h
. ; %ﬂiﬂﬂ&%wu&ﬁ%ﬁﬂﬁﬁﬁag 1554
e e 81 R ST B SETE et e e i ot )
ﬂi%%w%ﬂ%ﬁmﬂﬂﬂﬂ_

]

1

150 mm
e + Ry frEr 20 mm
25 mm
30 mm
40 mm
75 mm
150 mm

(i)

#ﬁaxﬁﬂﬁ?m%nﬂz?ﬂwﬁaﬂmﬁﬁn?ﬂﬂﬁﬂwﬁﬂ?ﬁ;ﬁia

. s < &1 T ¥ P T v e e

m-'hm.ﬂln.uxus

p =g e ¥ e frend & s
A =" framd T A
B - Wi e T WS
C = g fireTA 1 e A
s ) e S & wo W v
T ST 3 ST S e e w1 Profe
O %&mﬂ&ﬂxﬂﬁ?ﬂ%dﬂ&@&-uoz__aﬁn
(i) JEUM =25-50mm
(i) QT G — W P = 67
A fem =24
(iv) forem 2 SR T = 20 o
) 2 i el 3 R = 35 40%
(vi) Aﬂﬁ%ﬂu—iowtﬂ%
e P = 1750kg /e’ 5
(vii) e & RRRTET 60% wa ﬁzauu_mswm:a
() .ﬁuyﬂ.ﬂaﬂﬂﬂunnozma
(i) wftE 5.6 nﬂvﬂﬁmﬁﬂ
i ®) W= 240 kg <
- ST = 060 mm S




| .‘.n, , 5
S W uER fem W v

. e W= A 240 kg ¥ F5 S 250 kg A W,
SR 2 F 7 = 250 kg

S W = 0.6x 250

(i) =R fremd = sifewan Wy

=150

=20 mm

20 mam ¥ I TR H QT U = 4.7 (=)

e e % g s

61 (sfgwan)

ﬂﬂ.eu_zﬁnwﬂamaﬂmﬁaiﬂui%ﬁﬁﬁaﬁ :

8

65-4 _
wn?.unva_cor.:.ax

100 kg WY e ¥ Hey frera = 100- 41.46= 58.54 kg
R e s = 1X4146 o o0

1750

R e ey < 1X 3854 _ 0 010 s

1600

u%a@mnﬁgwmﬂwﬁﬂmﬁu:_:ﬂ
(iv) Wi W ATl SrEE = T = 250

T 1440
=0-174 m’

WA= ¥ fiwaa 2 = 60%
W= 1 39 AmeT =0-4x0.174

=0-070®

I F FAEA = 0-150

(999 =1000kg / o’ )
1 cum Fm12 ¥ fend =1 99 amaas

wa-diE=

=1~ (0-070+0-150)
=0-78m’

wE faema & 39 e =078

i wfawa 40% €3 @

1+1-54
=0-307m’

AT e = 9307

0-60
=0.512m’

R =0-512% 1750 = 896 kg

=896 kg

e e e Lo SR

Lt S i i

&«Qqﬂﬂ_%%:.&. N )

0-78x1-54
0 fird &1 3 AT = TN

=0-473

0-473 _ .
35% feaam 89 w0 st e = $42 = 0.2 o

R =0-727x 1600=1164 kg
3 S (1 ¥ e e &) et s dm—

0-174 m? 230%e 0-512m° 896 kg 0727’ 1164kg | 150 &=
5 bags
e 4 W= % AR W
= = 50 kg (1 Bag)

w1 foamn =179-20 kg .
T fiamEr =232-8 kg, W = 30 #
I 1:3-584:4.64 (VR F HTER) .
% 0-60 37 / HiE ST T&A T HHIE H1 GIM 25-50 mm F W T8 aran & A 12 o < e
N ¥ FIER AR weifia O 92
5.8.6 faftw fiaw fRom= Ry
T fafedl & b fremd ¥ e a1 =+ P11 fe sman v 5&&1&%.&!&&4#“
wd A forn o ) g oft s fafedl =) wif wo-wid e W e o 41 il S e

firemd =1 e veR fraffa s )

5.8.7 Bo Hto I Riw Ram= fAfy

SHRT He FRAEE Tty 1 WA ot fora fea ¥ fom T 41 TR oAl TR W F
sﬁ:ﬂmwﬂaﬂgmﬁﬂa@mﬂn@ﬂm@ﬁ&ﬁﬁﬁﬁﬂﬁiwg
ﬂgmﬂm_gﬁzwgﬁm?ﬂaﬂﬂﬂﬂéwﬁ%sﬁawg
e fir w1 sftee W o e &1 g Rl ¥ W fremd o el Peife v o B
5.8.8 Wl wet & smuR R fre s

R WA & ST Wt Rrew Peme R At B st e 2—
Sﬁnﬁﬁﬁﬁﬁﬂﬁuﬁ,ﬁsuaﬁvﬂgfﬁzaﬁiwl
Fi=Fy+ke
F = Target mean strength at 28 days N/mm?
Fex = Characteristic strength at 28 days NAnm?

§ = Standard deviation (W faawm)

(Table 54)
K=165
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w./z_ , . 8 4, .I._.ll.].llL_l.l._ &_A i 20 5+1
e . V/ b 40 411 -
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ﬂ B e Sﬁwﬂmﬂa?ﬂu.sﬂu.:&gwﬂgﬂuﬂﬂ_gﬁﬂﬂy
L I~ B R - . :
dw . ~ a» ' Zﬂiﬁﬂznnﬂsavaﬂzaasnomgﬁnﬂzggﬁuung
ﬂi T — % : TR 5.10
=) 43 0% 080 oE oo . e ,.ﬁ.r.mp..,.ﬁ.m; U Cantenr kg
is-?oaazn_znno Bk - ——
. ized Relationship Bety en Free xm i ® w =
.&.. A R . nognnoaﬂﬂ.mzmﬁuﬁr f Cement. ﬂm (i) 20 186
=) WHIF IR — Oty et w (i) 40 165
if ﬂuﬁ.ﬂﬂnﬁwﬂ N g |~ = Rapld hardaning comen 5 Note ?«E&Ranggﬁnﬂﬁasgng&gmugg
) A 5.6 Qs . _@w_ Wate content comespanding to saturated surface dry aggregate. _ . '
( T TR ogme R sl , egmﬁngﬂ_mﬁa&ﬂ_%ﬂwmﬂzﬂa&a&ﬁ%aaﬁ‘g
3 = W e & e 3 Eﬁ.wﬁﬁwguﬁﬁuogﬂgﬁaﬂ»_%%nﬂ_ﬁ.-
T ag»_amaﬂ.%ams E W FERER w1 R b
I W W s e 34 , o For sub angula aggregates - 10 kg .
L dmmrmadmen YL &
3 B @ v SR £
Lt rmwEad ) NS o |
=) W= sferd w1 15, NSy
il i LS. lllnl ~ o ik
i 4031-1963 & r7aR Wi ; .,y/ru
— R mmi e Ry Y SN
¥Ars i xlll'..n.nl”.”l” o~ ,
f&. it @ AB,C0E, ST e et B
7 P o 9 04 05 08 07

28-Day Strength of Cement, Tested Acconding to LS. ; 4031-1968

B A — 319368 Nimm? (325-375 kgkr)
. s B —36.8—41.7 Nimm? (375425 kg/ern?)
, C — 41,7—46.6 N/mm? (425-475 kgfern?)
-k D —46.6—51.5 Nfmm® (475-525 kgicrn?)
| E — 51.5—56.4 N/mm” (525-575 kpjerm?)
F
dx

St et S e B i
il :”:i.-_,\xﬁ-v;v_,fu::!\%z‘:{ nﬁ»’:ﬂ;.:i cirile

— 56.4—61.3 Nimn’ (575-625 kgienr?)
B. Relationship Between Free Water-Cement Ratlo and Concreto Strength for
Different Cement Strengths,
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106 | ¥die mastet

Wi 0.05 S Wivz e ¥
— 0.01 ¥ 4R e ¥ s & gfn
WA 0.05 9@ T aqum N qfy
— 0.01 ! AR fremd ¥ sum ¥ wt
ﬁaﬂ&nﬂuoﬁ_waﬂmﬁ?m T F A 0.5 ¢ A
ucggw?mwﬁq&_nwa\ogooawwsﬂa =0.60

0.4 W/c matio 8 ST = 0-01x 2+0- 60
=0-62
© 9% FFIT Pumpable B W §9 7 N 10% T GHA :
T9% ST Combinstion of different cosrse aggregate fraction shall conform to IS 383,
ﬂwm@?ﬂuﬁﬂﬁﬂzwﬂwfwﬂwauﬂﬁﬂwﬂﬂnﬁm@&a&w@&ﬂga
383 % sgEm @ -
& e S W e

- 1810262 : 2009 ¥ FTWR WA e F WA FEFER A @ oA §—

**With the completion of procedure given in above all the ingredients have been estimated except the w ..k
. coarse and fine sggregate content. These quartitics are determined by finding out the absolute volume of
cementitious material, water and the chemical admixture; by dividing their mass by their respective specific e
gravity, multiplying by 1/1000 and subtracting the result of their summation from unit volume, The valuessp
obtained are divided into Coarse and Fine Aggregate fractions by volume in accordance with coarse aggrega
proportion already determined above. The coarse and fine aggregate contents are then determined b
multiplying with Ehngonnﬁ specific gravities and multiplying by 1 000.
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TE GG 20% ~ 25 % T 0 FEHA B1 AW E A 5% — 6% A AHF O T I Th: 70 YA Sac §
wite amm 21 Fwie frem A o = ST w6 SR Fonl g9 @ O 3Ew! AR A dehte ¥ w2 el
o iR 1 SR 9§ WM 37a: Fmfor & qwG w5e] F A 9 FH RS 1 A i F+Wferan
aﬂw%i?ﬂaﬂwﬁ&iw%_ﬂ@ﬁwéiﬁw_%ﬁﬂ%ﬁﬂi ;
410 S B § L

100 T Y& 9] ¥Y TYEAFa W =115 ¥

410 %ﬁaﬁﬂﬂﬁaﬁﬁlﬁis 4715 Hie
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¥ it 3 A avEee | T9 A B W o e w1 S 99 WS Swe A el e
o W W F FH fEm S ogw 2 .

36 WHR afE fremal 6 (Bone dry) € 9 9 i srawifia %X @ 3 faufy ¥ sffen o e

T ¥ firern T3 T9 3G T F SRl apn e Ao ¥ G @ 8
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@) e W 3w 15

G| TR :

@ TG TG T

3 b SUR Gl

o et 2 ot

() mmaaawm . 7-5%

(2) [emm=riten W 5-0% 80
3 ™ 2.5% 40
(4) | Y@ T w:fow = 1-25-2:5% 20-40

itz ; famran feen dier B W R w6 W Se W e )

T : 115 : 3 date 1 0. 50 or- vt v o v o A i 3 Rl sy ot
WA e | W wE W Rrerar qula: sw Bone dry) § o Wi G He fremd & i
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O[3, gt g v s
W |t

N-20 (M-5, M-75 %1 ¥4 4 e amn 2)

W FEE R G P @ s ¢ i ) frie s o v &

%ﬂm.amﬂﬁmmﬂgsgw%umﬂ
XS aOu:. - Controlled and Dégggov
) [awre ﬂﬂmuﬂﬁamﬂmﬁ@ T Fmie =9 WAE 3 807 F andt 4
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Gv%.w?m_.wﬁm._ﬂaldw&d?nﬁ.g
(4) G (Workability) = 100 mom slamp
(5) T PRI 1 R = Fo (Moderate)
(6) T 1 W = weE (Mild)

(7) =7 W2 70 = 300 kg/m?

(8) HfEHTH W= A = 450 kg/m?

(9) ¥ admixer T T

(10) %%k 9 feerng ¥

(b) ATt = wltoT IT w2 (Test Daza for Materialy—
(1) €1%= %1 ¥eR) R 9T @< (OPC) (43 Grade) 1S 8112

(2) 9= 1 fafire eed : 315

(3) W= 1 A A : 1450 kg

(4) AR e 1 fafre v =2-65
Qﬂwnﬂwﬂguﬂu_msﬁau

(6) TR faea #1 fafire W =2.60
Sinmﬂ_».ﬂﬂmmﬂﬂu_,qawquu

®) 2 P = o T : 23

(9) w7 foremd =1 aean WS ;6.0

(10) q wg) J@mw i fremn : 2.0%
T e 10%
e e : Lo%
Wi fiEm : 0-5%
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PR —8 ~ mn._.m._:e Omm;
: 100

20 mm 100 95 100

10 mm 100 0 -
4. QMEB 100 x 09
2-36mm 100 x x
1-18 mm 93 x N

600 60 x «

300p 12 x 5

150y 02 - N

10 mm 25-55

4-75mm 0-10

2:36mm —_—

100x 0-40=40
85x0-4=34
9x0-4=36

x

a?ﬂ 5.17: uﬁ (Sand) & w_md wa ﬂz% :m um? 33

Ncua E i
100
. 4-75 mm 90100 90-100 90-100
2-36 mm 6095 75-100 85~100
1-18mm 30-70 55-90 75100
*600 |1 15-34 35-59 60-79
300 5-20 8-30 12-40
1500 | o-10 0-10 0-10 |

We—o600 p F Hia B Iateian TE ¢ %gﬁﬁﬁu&:ﬂﬂ,ﬂﬂﬂa@
T AR ZTa 7 firad F 3fE 3 g FA W I Zone I F 91e] F AR Y41 I 3T

W] Zone I %t &1

&wﬂﬂwwuwﬂuo:ﬁma_oﬂa % faema =it

o, A &1 fasfor

20 P ) 60% 71 101 P 1 40% Tl e % < W P 90 e v &
15383 % STTER Wl 2

1 Fet A e ¥ 20 mm frerd AT = 60%

T —

() (TMS) =R 9 B F, =1 faim

M. =Fy + KS

F@ W e ¥ 10 mm fred w0 = 40%

a@ﬁm 19: 18 10262-1982 wmﬂdz

1in5 0-84
1in 20 1-65
1in 100 2-33

LS. 456-2000 % AR 1 in 20 W SR TEHT K = 1-65 O ¥ FER o
F.p =25 N/mm® (given)

(1) - 3R T WEA—ATH 5.6 (2) F FTAX
Hftrwaw T W= FIIE =0-50
faa Az St @@= ST =043

s="rs fagem (Wil 5.4)
Mys %7 S =4 N/ mm’
Yo weA ToTar e ¥ T A 1N/ mm? SGT 9w B

S=4+1=5N/mm’
F,=25+1-65x5
= 33.25 N/ mm®
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=
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rfJ:lﬂt. ‘a.._n_‘—.. AL 5
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045<0-50 oy 3 | .
RS ) T2 fed T W = ex Volume of coarse Agg. X Sp. pravity of

1L

coarse agg. X 1000

/

T~ W = 186kg - F =0-665%0-65X2-65x 1000
r/W 100 mm shump Y W ¥ [y (for 25 mm to 50 mm slump) | =1145kg
...I/(..” X ot .v.ﬁ (® T fTemd W WR = eX Volume of fine Agg. % sp. gravity of fine
- e n;?._.odx;m T agg. X 1000
L 4 = 19750 i = 0-665%0-35% 2-6x 1000
[y \ . =197kg ol =605 kg
3 o ThAHS X T 6 T ¥ o e W W ok vy w0t 2 Trial 1 ¥7 firea
N s we— B Al Cement — 437kg/m’
] Water =197kg/m
lr AT ST = 0.4 R Fine Agg. = 60Skg/m’
S = Ft v ..o"%u ; ,,Mm p Coarse Aggregete =1145kg Total
3
A\ : = ] 10 mm size =458k (40%)
B ¥ = WA 300kg /m’ A 3w B il Chemical Admixture = Okg
o] M 437 kg/m® 9w ) w Water Cement ratio = 0-45
s w1 firerma at srfter e ot WA FR EO—Tablo 5.1 % AR 0.5 I W sgEm g M| ¥ A v ¥ srgEr v
=48y firemd W Zono M ¥ sand ¥Y I = 0-64 Gl HA = 50kg
m 48 & 0-45 98 = aguw ¥ R AT W SIYE =0-64+0-01=0.65 ,,,.nﬂim W fiema = 69kg
) T2 AT W ST = 0-65 | i et MRl
B N WA B %1 STYE =1-0-65=0-35 .mW FUR (1:1-38:2-62)
/:m : firew wit orT— il adltch A
/ ) . R W A = el LELELid | W H W = 22- ST (0-45% 50)
—| I i T Wi frerm = 2%
.._ %ﬁglgﬁx' L g+
& (b) Sp. oB<“_<c_.0uu§=_ 1000 f“ﬂ e |%x_|m&l 138 littre (=)
497, 1
=315 1000 al TR T R P 1%
= 0-138 Al WA =1x 13l e 131 litre (=)
Massof Water 1 il 100 X
() I T S = Gravity of Coment - 1000 iR rer aergitaoT ¥y fR fren = 1%
437, 1 7| T = x 69m 0. 69 litre (+)
T i 00
= 0-197m° ﬁ w1 fremen = 0. 3%
) v w3131 0-65litre (+)
@ oty wiae] w1 s w0 Bl TR =gk 1= A
© av fiyerdl w1 S afa=(b+etd)] T WA = - 138 1314 0-694 0-65m (=) 1:35 litre
1= (0138+0:197+0) o T W) TN = 22:5- 1.3
= 0665 ol = 2118 litre




¢ : ._._&—gﬂiﬂ

37
4.

R T e 3 250 e e ¢
d e W AT Y diey - 692

Too- = (+)1-38kg

T WA = 69+1.38

=70-38kg

ﬂ#%*ﬁaﬂyﬂﬁﬁa%ﬂ&u@gﬂﬂa

= = 1 Bag (50 kg)
WE = 21-15litre
W =70-38kg

e frema =313kg

20 mm size = 78-6mm

| P T Py = T s

a&ﬁmﬂgﬂﬂgﬁﬂgwgﬁaﬂ#&i@&mg
3T 8 A fre wER & et 91 stEeEw T ved 3R e Frefor sifm

10 mm size =52-4kg
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Example 2 : Design a Mix proportion of M35 Grade of Concrete.

A-1 Design Stipulations :
(a) Grade Deslgnationa
(b) Type of Cement

(c) Mix nominal size of aggregate :

(d) Minimum Cement Content
(e) Maximum Water-cement ratio
(f) Workability
(g) Exposure conditions
(h) Method of concrete placing
(i) Degree of supervision
(i) Type of aggregate
(k) Maximum cement content
(1) Chemical admixture type
A-2 Test Data for Materials :
(a) Cement used
(b) Specific gravity of cement
(c) Chemical Admixture
(d) Specific gravity of

(i) Coarsc aggregate

(ii) Fine aggregate
(e) Water absorption :

(i) Coarse Apgregate

(ii) Fine aggregate

" (f) Free (Surface moisture)

(i) Coarse Aggregate

: M40
:  OPC 43 grade conforming to 1S 8112
: 20mm

: 300 kg/m®

;045

: 75 mm (slump)

: Severe (for reinforced concrete)

: Pumping

: Good

: Gravel

: 450kg/m’

:  Super Plasticizer

: OPC 43 grade 34 grade conforming of to IS 8112
: 318
: Superplasticizer conforming to IS 9103

: 274
- 274

: 0.5%
: 1.0%

¢ Nil (absorbed also Nil)

(ii) Fine Aggregate : Nil
(g) Sieve Analysis :
Coarse Aggregate
1S Sleve | 20 iam Sample 1% Passing | 10 mm Sample IT % Passing.

20 100 100
10 0 7120

4.75 0 5.4

2,36 0 0




:m .eﬂni&
.?Enw 60%of I and &c.x. 3.: fractions
-mmmﬂn By hadike 235 Pasiloay
——e a3%ing ° ¢ W
ey |G ;.s!m 60% . ] D T T 3
20 0 L1 Sampled0% “|' ' Combined ik
i = 40 100% %
CO
P 285 B5% L
: 0 3.7 399, | Table2
236 0 of IS 383
— — Em >ﬂn_.uw-3
£ ey St ay aiabatpl v
£ % K18 Sleve = TREESIN TS \ovnm-_uw
10 mm 100
4.75 mm 100
236 mm 65 It conforms
1.18 mm s to Grading Zone I of
Table - 5.17 2|
600 20 b
300 10 8t
e
150 2 &k
A-3 Target Streagth for Mix Proportioning : i
F, =Fy+K5
Fy =135 )
Standard derivatians § =5N/mm (fromtable 5.4) %
K =1.65 A
F, =35+1-65x5 g 6
=43-25N/mm?

A4 Selection of Water Cement Ratio : Fromn Table 5.6 ()
Maximum weter-cement ratio = 0-45
From experience take water cement ratio = 0-43 < 0-450.k.

A-5 Selection of Water Content : From Table 5.10 maximum water content = 186litre

Given slump = 75mm
Estimated water for 75 mm shump will be 3% more

Estimated water for 75 mm slump = 186+ —x 186

100
=191-58litre or kg
For Gravel, water quantity may be reduced upto 20 kg

So water estimate =191-58-20=171-

(for slump 25— to 50 mm})

58

=171-58kg = 171-58litre

oy

Y

=

T

e
1-1

P L]

e "b‘ﬂ' ‘:u = -..

BT Rrrw w1 Ao | 117
Reduce water quantity 20% for superplasticizers
Now water required =171-58x0:8

=137-264 litre
A-6 Calculation of Cement Content :

Water cement ratio = 0-43

Cement Content =137:264
0-43

=320 rQB
for severs exposure, min. cement content = 320kg/m’
A-7 Proportion of Volume of Coarse aggregate and fine aggregoate content :

From Table 5.11 ; Volume of coarse aggregate cotresponding to 20 mm size sggregate and fine

, |- sggregate (Zone I for water cement ratio 0- §= 0-60

Present water cement ratio = 0-43
Hence volume of coarse aggregate is required to be increased

= E ol - 0
0-60+ o.o.s.xo 01=0-614

(mcrease/decrease rate — / + 0- 01 for every + 0- 5 change in water cement ratio)
For pumpable concrete these values should be reduced by 10%
Therefore final volume of coarse aggregate =0-614x0-9=0-55

Volume of fine aggregate =1-0-55

. =0-45
A-8 Mix Calculations :
(a) Volume of concrete =1m’
= __ Massof cement A
®) Vobime oF cenitog Sp. Gravity of cement 100
J30 1
3157000
=0-101n
‘Mass of water 1
© Voluma alwates. = Sp. Gravityof i-pﬂx 1000 . e
= 137:264 o
1 Sco
=037’

(d) Volume of chemical admixture (superplasticizer) @ 2% of mass of cementitious material
Mass of chemical admixture 1
mu Gravity of chemical admixture %7000
6-4 1

R e Y e

1.145° 1000
=0-0056m’




118 | iz oty

S e of all
) Volume of all in aggrepate =[a=(b+c+d))
=1-{0-1014 0. 137+ 0. 0056)
5 Sl of =0-7564 m®
ol coarse aggregate « eX Volume of CA. x Sp. gravity C.A. x 1000
ﬂa.qumaxo.uux?ﬁx_cco ’
(®)

=1139.89= 1140kg

=ex Volume of F.A_ x sp. Gravity F.A. x 1000
uo.uu@axc.auxu..xx

1000
=932.6 > 933k

Mass of fine gwudwunn

A-9 Mix Propertions for Trial Nomber ;

Cement = 320kp/m3
Water =137.264 kg/m?
Fine Aggregate = 933 kg/m?
Coarse Aggregate = 1140kg/m>
20 mm size = 684 Wm\nﬂu
10 mm size = 456kg/m?
Chemical Admixture = 6-4kg/m3
Water Cement ratio = 0.43

Quantities Per Bag of Cement
Water Cement ; Fine Aggregate Coarse
137.264 320 kg/m 933 kg Agpregate
1140 kg/m?
043 H 1 . 291 3.56
Quantity Per Bag of Cement :

Cement = 50kg (1 Bag)
Fire Aggregate =145.5kg
Coarse Aggreage =178kg
Chemical =1kg
Water =21-Slitre
Correction for Water Absorption
Fine Aggregate =1-0%

Correction = :mx_low = 1. 78litre (+)

Coarse Aggregate = :mx._@% =0-89litre (+)
Correction for Surface Molsture : Nil
Total water correction =+ 1-78+ 0-89 = 2- 67 litre (+)
Correction water requirement = 215+ 267
=24-17ljtre/bag

Mix Proportion afier Corrections
Per Bag of Cement ;

Cement = 50kg (1Bag)
Fine Aggregate =145.5kg
Coarse Aggregate = 178kg lil\l\fn-oo.“wuuwﬂ M_%pmumnmw
Chemical (Superplasticizer) = kg
Water = 24-17litte

After making trial mix measure stum. If not satisfac
mix for + 10% water-cement ratio.

(after correction)
tory make some adjustments. Make two more trial

B IS ~ 10262 - 2009 (Code for Controlled Mix Design) =1 uRea

ﬁﬁﬁmﬁ##ﬂﬂ%iﬁwﬂﬁﬁ%ﬁﬁﬂmﬂﬂw.ﬂﬁﬁﬂm@ﬂaﬂi.
TR FfE ol 3 s 9 9 weE Y S T T, SR SETTH T (workability, age,
durability) Wt 03 ¥ forrm R frife sR g FRw 2w )

g qFh Hetel FHIZ ¥ standard grades T8 T RN 1 1.5.456 T TR v T 6
T # h 1 15456 T6 A 37 Pt BIS WA ¥ e e 9 wes fo v 2

1S 383:1970 —  Specification of coarse and fine aggregate from natyral

sources for concrete (second revision)

—  Code of practice for plain and reinforced concrete -
(fourth revision)

Methods of tests for aggregates for concrete : Part 3
specific gragvity, density, voids, absorption and

bulking, .
Specification for pulverized fuel ash : Part 1 for uscas

pozzolana in cement, cement mortar and concrete
(Second revision)

Specification for 43 grade ordinary portland cement
(first rivision)

—  Specification for admixtures for cancrete (first revision)

IS 456 : 2000

1S 2386 (Part 3) : 1963 —_
1S 3812 (Part I) : 2003 —

153112:1989
159103 :1999

15 10262 : 2009 % SFTAN calculated mix proportions F trial baches 3 FRT Fedl Check Wit 1 @
I & STTEN *“Workability of the trial Mix No. 1 shall be measured. The mix shall be carefully observed Tor

freedom from scgregation and bleeding and its finishing properties. If the measured workability of Trial Mix
No. Lis differcnt from stipulated value, the water and or admixture cement shall be adjusted suitably. With this
adjustment, the mix calculation shall be recalculated keeping the free water-cement ratio at the pre selected
value, which will comprise Trial mix No. 2. In addition two more Trial mixes No. 3 and 4 shall be made with
the water content same as trinl mix No. 2 and varying the free water-cement ratio by + 10% of the presclected
value. Mix no. 2 to 4 normally provides sufficient information,including the relationship between compressive

strength and water cement ratio from which the mix proportion for field trials may be arrived at. The concrete
for field trinls shall be produced by methods of actual concrete production.”’
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[Introduction to Admixtures (Chemical and Minerals)
for Improving Performance of Concrete)
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Chiorids contain
Calcium Chioride _dn__nmﬂmn Chloride free
to 1.5% for plain concrets Calclum formate used for
reinforced and prestragseq

concrete members

Migration of water reducing egents 1o the surface of water,
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22, F w3 FoE ¥ A d—

e Yaie, A-WA, o7 W, @ fem A
23, & & Wit ¥ a9 @ gHEd €, WAl
24, H@ ¥ Srg e TR ¥ R ¥, TR

25. fmim i firaes S ¥ @ 9T WE W) (BTE 2004, 08)
26, e IR A o AE F sEvasa @ fof w = s
27. WER g @ @FEA AP THwR| (1997, 2002, 08)

28. i ¥ Trew ¥ AW B arch fafrdl 3 am Rt
9. wafEn =@ §2 TR S F WA 3 Few e & @m fem s 82

RISt o A

R e e O M Rl ek e TR e
1. af W= 1 WUERoT 1 e & g e e i | et vt # =i gelt-

(@) 20% (®) 30% (c) 40% @ 50%
2. i v & waa i 9w e daw & g et i
(8) 5cm () 10cm (c) 20cm (d) 30cm ,
3. ¥t WUaneT & gug ATy & Wil W EEa yE SR T e - y
(a) 5-10 |/ (b) 10-15R (©) 15209 (@ 20-25 |
4. wgeayot whrdf o gt arfven o ¥ afEn R O wwt Wi 7 fremd ¥ fg o sge g
() 3T ¥ MER | (®) SR ¥ JWR |
(c) BFi 3w § (@ R YT
5. it & Wi § Y o Wl -
(a) £1% ®) 2% () 3% (@ £5%
6. e war ot 3 e F g ot o - ‘
(a) £1% ®) +2% © 3% @ £5% m
7. i drer = W g g k- . :
() 50-100kg (b) 100-200 kg (c) 200-300kg (d) 150-200kg

8. =t wReiormel ¥y Wy Pt §-
() W@ () FRTEfER  (© Wawtmw (@) FrwoiEw
9, THTHTYREY ¥ frg e el R —
(x) W ) ¥R © %= (d) =T
10, afe; wen ¥t TR Wt ww-uw i R s g, g e -
(a) TS = (b) TR A (c) oA (@) IR | BT
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Ragt- 5@?55555&4351
L RV b OB g
15. ﬁﬂﬂﬁigmﬂwwﬂgﬁuﬂﬂn : : i
(@) 3@ ® & @ m @
16. uﬂmgﬂqiﬂﬂuaﬁigﬁ%wr , o
(a) 10-15cm ®) 1530em () 20300y @ 30385 :
17. mte & arg e o wiea wpem - :
© ) Sy P : (b) W (consolidation)
{c) W& (compaction) (@) TR asdt
18. uﬂimfx.ﬂﬂamﬂ&ﬁﬂﬂﬂﬂﬂu@s&»ﬂﬁ. =
. (8 10% (®) 20% . () 35% @ 30% -
19. Preafafas e F Wi o wm 10-15% TR R W WER Y- ﬁ
(2) ¥ PR - (b) Tt Ferd (c) (@) ¥
20. AT A HITE T VAT T T SR : _
(8) ¥W ww Tl FEe & fog ) s w3 %
() 3 ¥ fag e s (&) I % fo et sva €
21, W & g Py AEdeT Twge T §-
%ﬂ@u_ﬂmﬂg (b) ™ TR
() WhigR wadt e ﬁs@ i»ﬁwm
i i W INN 9 TG & WHAH i R Fgerdt §-
L ww_ﬂﬂa | :%ﬂ@ (&) gem (@)
F oTd e g 8-
* Maﬂ&mﬂwﬂa (b) 5-10 A @ 7-14fE @ ek

T 190 | OB T

11. gﬂmﬂ%ﬂaﬁﬂgﬂaiaﬂéw
@® wec . mrsec

(c) 15°C ’
12.. 25 mm - 40 mm WY S G i s ey @ 20°¢c
@a ) wem i w.ﬂaﬁﬁﬁﬁaﬁgf |
13, Tt § o 23 v o E- 58

() 60°-90° ¥ H1 | ®) 30°-75° % o
(6) 90°-180°% FWT W "

(@) 90°-105° % vy v
14, viifEw e st faf & T v & frg gas

; # et e 1T I e il T O o A Wig-
- Mﬁnﬁ @) S (©) Frefor g (d). TR T
25. amﬁumiﬂ%gwﬁﬁgﬁdﬁgﬁ o 7
® 3 ® 3 © 3 :
26. Tmiorsitg & wm W §- . I
ATEY T A (b) = St
% g&ﬂﬂ%ﬂumﬁ%uﬁﬂ_ (d) e T F dH A =7

T, R RGN e s
D R L D S P Y A i P et L e R A SR s A S T :
G e S Lt L e D

Wi wifdand | 197

27, el OR T g Sy @ - :

(a) 30m (b) 6-12m (¢) 15m (d) 30m
28 gﬁ%ﬂﬂ!?ﬁw%iﬁsﬂéﬂ&ﬁgr

(a) g () JoEFm () FrzEm (OB
29 g«&ﬂﬂﬁwﬂnﬂuﬂiﬂaﬂﬂﬂﬂéwaﬁﬂai?

(2) JuFETm ) FwEn (c) W= (@) 3 =a at
30. Prgmorgme . : .

() @ fremd & wrw (b) F\-3=Z T H = F

() % g W= F @, (d) = it

- T ﬂai«&ﬁﬁ:ﬁmﬂﬂwﬂﬂiﬂﬁ%ii&ﬁﬂw?

() Yo ©) FwE ) wE o (d) g
32 ?ﬂnﬂwﬂ:ﬂ&%ﬂuﬂﬁgﬁgn.gﬂﬂa&ﬂqgﬂig

R i~
() fnim ofedq o) fwEm .

(c) = (@) . -

33, %&ﬂ*%u&ﬁ%ﬂﬂﬁﬁaﬁﬂ%?

(8) 3TURTEgE (b) T
34. ﬂ.&ﬂﬂﬂﬂugﬂ#gﬂl
(8) o Sl $t w6 w3
() =% Wfiwell & wed B0 g
35 yRm g RA e g~
(a) ¥ Tl FaTd F TETE 0 mA FA W
(b) ¥ FHIZ Fawg T 20 m Y TAR

©) fF=m d) iz o -

®) d&ﬁiﬂﬁﬁﬁwwﬂ
(d) - TR 90 % fag

() & T AW ST W T 45 m S = R

(d) SR AR .
36. HgwT g Ry §-

(8) & - () °a ,@ wirare dari # ,3.%.3

37, whre i  frew Ry gt

(a) i«%m@aﬂﬂ&u«ﬂﬁ@ﬁﬁ&miﬂiig»

(b) ¥R ¥ W= wm v d
(c) vwiw = g ot @
(d) Hz F AT w2 S R
38. P o ot ot it o wd Pl i g
(2) W fomaat
(c) MY} WH W=
39, i & TTE G W HRT-
(a) STfrFeR ¥ &
(c) TEmaf s

(b) $H * TE WA W
(d) IREa F A R T

) & T IO wF
(d) I wf
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40. Iﬂm#ﬁd&mﬂaﬂﬁﬂﬂﬂgaﬁﬁ
okl Tl <ifisard | 109
Bdita e T g y : i TR ;
R @ &%ﬁaﬁﬁaﬂmﬁi Cement % W2 TRT WO e Sy o] s R e wrred, Wl wwed o g g ke e (d) svm
S Mw uﬂﬂﬁm«a %&Wﬁ * wAE W R, T A w0 mr_«ox-a.\. (b) 20%-25% (©) 100%-150%  (d) 200%-250%
S (@ S delgw e v g W e s ] s e e st o
G ﬁ%&ﬂwsﬁﬁiwﬁiﬁﬁﬁw_ﬂﬁ» ) @ el g qﬂqi © X
42, wer 5 st ol i e e | o ety v ], i @ w2 B
(a) VR W FwE W () Adbesive admixture Prdt Wi Sz o (2) T wwed F9 g @ () wiET T w9 o 3
(c) Polymer concrete 7 T ) wm_ (c) 9 %! aftrrm Q
@ it % Y (d) I A B =
. Nw&q#giﬁ?!wiﬂi? g s ﬁﬁm%ﬂm%aswiwiﬂ.
i () foremn () o= — ko (@ = fagedt () ¥R FAe A v e 3
44. Tror 3§ @ v wr o daite & frg vy g7 % v W (c) IFTa A (@) TR X =
(=) T Wew ) T amel Thgn = 5 TR At & WWIE W i 3w -
(0) w=iieT ard wiegw (d) == ot 5 (2) WogeH (b) ® (0 frwam @ TR wd
R S S ——— i 60, Wi HrEel W AR e e @ ger -
(2) 9 = 3w o) o sz : @) FH wH (b) FT afiw (c) T (@) TR -
(©) makn (@) T F A | o Semmm -
46 Pror 3 ot whiwar dnte frarfor o o §- ® o O FEITR () WEIT (@ @
(@) ®) Ffed | 62 et I Prafor R e §- .
© e @ 8 (2) T=i%7 smef F amun w (b) o TwE F AR |
47. faww arq &Y gfig- (©) FHF % SR W (@) R ¥ R W
(a) W Firoerdt Ot ¢ (b) &3 =9 o # q oo Nﬁwﬂigmnﬂgﬁ
© =Y 37 @ € 8 (b) 10 ) 15 (@ 20
« mwﬁm u.a“wnﬁ? (@) g Al U 6w A e d o e wnmwﬁﬁﬁﬂnﬂam%ﬁﬂamééﬁﬂaﬂa.
e 8 Mo () Mys () My (@) My
o ® s A”wlﬂa @ fd (d) W Bl 1 e ﬂﬂ?maﬂam@ﬂ@ﬂ?ﬂ&ﬁuﬂugﬂagda?
(2) T GRA Prr dam = (b) §ITA T IR faser e ‘ @ Mo (®) My © My @ Mg
(c) & famor &3 w0 (d) IT0F adt , : _ SR >
Rt T L r TS ST Gu———— (e} 2. (d) s () i) s ) 6 (o) n () B () ) () TR )|
(a) G=FA (b) JEFF ©) fasaw (d) Fw . 1. (c) g (0 13 () . (2) 18 (a) 16, (b) 17. () 18, (o) 19. () 20. (b)
PO P L S — 2 e (b 9 () g (0 85 () g6 (d) 1 () g8 (B @ B 3. (d
D A R i T S— 4 (a) 48 (b) 4% (d) aa (d) 48 (a) 46 (d) 41 () 48 (d) 4s. (b) K. (d)
(s) JTFERT ®) e (c) vz (d) 3wt & 3 wrf 5. (o) 52 (b) 83 (a) 84 (d) 88 (a) 36 (a) 87 (2) 88 () 9. (b) 60. (B)
3. dwie ¥ Rremd & wuif @ sren-srenT g wge §- | 61, {a) 62 (@) 65 (c) 64 (b) 64 (c)
(a) JoFT (b) FrwEw Q
(c) smAvEm (d) 39E A § #if 7
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(Non-Destructive Test of Concrete)

Syliabus

Importance and methods of non-destructiva ﬁmn_m n:ﬁansﬂ_oa. o) ,_ . . .. o w
.{i) Rebound Hammer Test 7
(i) Pulse Velocity Method

L SR (nwroducton) : SE ok Rewrmrti ey
(Non destructive test) Q T 3 ol & Rl st =) wrvel Tk sl v e e

) ot A A G T o T 4 O v R D o v o € st e |
St (sample) 3 % TR AR B W 4 3 W o B v weww o Bed SR s
structures 2T T T F AR F A1 T A T W A Gl B A TR A AR
F9I9F 9 non destructive tests £ 1 #1 T freeTd wgw w1 e R AW i fE A SRR ¥

feferm peraal =it Torern it Fraffta 1 3 U8 e § ol dite 1 e o sm = o - oty

Non destructive Tests (NDT) &1 ¥4 T4 991 T0A B TR it weaell W fen <0 wavan €1
R RS YA 1 I TR g en € o i s % e T ms g
QFA & T2 S ® Tai WAl SO T T S0 S 9 a6 STA & wie g 1 f)

NDT ¥ fordt wim f5 =0 = g Pt o 3ug B §—
- Eaamﬂﬁnmm:uaeimﬂ._gﬂaﬁwﬁ_

— s AW 75 119 (materials) F 2GR F 0 W@ 2 < fafledl B @A W R, s WY

E W R F

— %12 %1 Fmfo s batching, mixing, placing, compacting, curing 31 ¥ firtl TR ooy

TWe I T R I9H A4 € .
— T 9w ¥y, wmed W sRaER wfa @ i i)
— Cracks, voids, honey combing 3% defects % feafa 10 F07 &

— VaE W F position, quality T condition WA ¥
— P s ¥ st w90 3

— W H durability W= ¥ _

— S ¥ long term changes ¥ monitor HA ¥~

e ¥ ix-Rrmrerd giew | 201

— WA % I (insurance) FA ¥ o = F )
NDT ® g1 faferat fremgan ¥ —
(1) 374 frltym (Visual Inspection)
(By an experienced civil engineer)
Q@) % 4= efRma e g
(Half cell electrical potential method)
(For corrosion potential of reinforcing bars)
@) fore/fares $W (SchmidURebound Hammer)
(4) szt T AR AT (Ultrasonic Pulse Velocity Testing)
(5) Carbonation Depth Measurement Test
(depth of moisture penctration)
(6) Permesbility Test (flow of water through concrete)
(7) Windsor Probe test/Penetration resistance Test (surface hardnesa test)
(8) Radiographic testing (to detect voids)
(9) Sonic methods (echo and transmission method)
(10) Tomographic Modelling (ultrasonic transmission test to detect voids)
(11) Tmpact echo testing (To detect voids and other anomalies)
(12) Ground penetration radar and impulse radar testing (position of reinfarcing bars)
TR A e A S 3@ 4 A R U W @

T Oﬂ&, AN N A U S i
ST R B IR S S T S

e ee——

LS CUTRR E B L, St

Rebound hammer M W T& fifee (FRT *Ermst Schmidt” ¥ B 3% W TWR B THE@ R
*‘Schmidt Rebound Hammer W FE3 #1 TR WM di %} g =) Fawe TR ¥ R fvw s )
AT WS 1S 13311 (Par2) : 1992 % FIER TR A = sl ¥ s

— Assessing the likely compressive strength of concrete with the help of suitable co-relation between
rebound index and compressive strength

— Assessing the uniformity of concrete )
— Assessing the quality of the concrete in relation to standard requirements
— Assessing the quality of an element of concrete in relation to another
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9.2.1 54 B RIEFA (Principle of Test)

ﬁﬁaﬂaﬂwﬁﬂeﬁgﬂﬁﬁﬂﬁwwﬂﬂa i -
. S # 3t foin & frafrm :
ﬂmaﬂaﬂ%ﬂwmﬂngﬁgﬁgiﬂaﬂmﬂy%@saﬁ%ua@qﬁsww

sﬁm&a_ﬂuﬂn@ﬁ&am&ﬂagﬂglﬂwﬂm%ﬂﬂ@u@%ﬁﬂmﬁﬂﬂﬁﬁ& 5

wﬂﬂﬂﬂ&ﬂﬁ&ﬂmﬂﬂﬂawﬁﬁﬂsmn@% bound) !
ﬁsmaﬁawﬁmﬂam@aqaﬂﬂumdﬁﬂﬂﬂm_su L s

9.2.2 39TROT (Apparatus)

W& T (rebound hammer) ¥ T fait @ frafm TR (mass) N T G (plunger) W Foae
dﬂ:&.dﬁ@ﬂ»_ﬁﬁﬁmﬂﬁﬂﬂ#gwﬂwﬁwﬁ?a?m 13311 (Part-2): 1992% -

STRR fafe= SRfewfed A wRram (mpact) == Freren #t 2—

#Pe & R-Remmed adeo | 203
Impact Energy for rebound hammers for different nuuznmzo.aa _
8y f o7 < Applications - £t >E-..eu§sﬁwwivanné3m—=_qm=§m
%a N . b U Y therebound hammer (N-M). A
(i) [For testing normal weight concrete —225
(ii) |For light weight concrete or small and impact —0.75
sensitive parts of concrete
(iii) |For testing mass concrete for example roads, = 30.00
airfields pavements and hydraulic structures

Operation of the rebound hammber

9.2.3 BBIC WY WAIF Wz U1 Rebound Number & T wnfa &% #g Rt

IS 13311 (Part 2) : 1992 ¥ STTHR IR WA= T 3 R FHIZ F T (cubes) TR W 1T
cubes @t comp. strength WIEA e wvid Zm0 T ST A e & muaﬂwwﬂﬁhgﬁn mﬁa&w
Wt Gfn ¥ ordl @1 s 2R Y T B s w G (plon i W #1 AR Rebound Hammer
impact energy TH TG § (2.2 Nm) R 150 mm ¥ cube T a7 i wwan 1 90 9% impactenergy
WET (30 Nem) TG €1 & cube 30 mm ¥ T2 1 &1 56 o 7€ TR 150 mm x 300 mm F cylinders T
W) foran 1 e @) ;
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. 9.2.5 wligo T BIeT A SRS (Factora Influencing Test conditions)
® Influence of Type of Cement—= ##72 high alumina cemeat & 4 364 RopeB g A 00%

%ﬂiw&ﬁﬁnﬂﬂnggag&ﬂi&%;ﬁﬁ%ﬂﬁ@

(t) Influence of Type of Aggregate—ft Fir1 ST 35 Gravel A crushed rock sggregate ft-fiy

¥HR F1 WA Rebound index T comp. strength ¥ ¥aRia T3 1

(iii) Influence of surface condition and moisture content of concrete—34fE TAE trowelled T floated ® N
T T moulded TaE @ maﬂﬁ@a@a_ﬁnﬁﬁﬂaﬁg.ﬁ@aﬁfos

w9 Wefia gt B

(iv) Eugnoﬁnﬁmnmwun>mnomoouhqﬂnlﬁwmﬁaﬁdﬂﬂ_5%ﬂmﬁﬁaﬂﬂndﬁ

F R

(v) Influence of carbonation of concrete surface—carbonated FYz TM F a1ftrs weffa wcd) 2
3: 1T B 98 A I A & ford FReE 0w 6 IR WS 0 T o <

A 50% O i T vefim 8§ wFd #1 dwk w0 W co, T e e (CacOy)

Tt @ R wF FIR WA ¢ 7 7R F Carbonations F ¥

@b & IR-Remeerd vl | 205
9.2.6 Rebound Hammer Weur % 7121 ‘
T e F e R $—
(i) M wE 3T T B
(i) WE M Uniformity properties I8 FTa B
(iif) wan firsmf &
(iv) T monuments % rehabilitation % 13 wdm fe wmn 31
¥ vl RN o whwd —
() e F1 YR T ™ F wwe s wm
(i) whem & gftomm et we § Tl a fem A TEew e T8 W T
(iii) IvFTn F foin el F1 F|EW 00 T3

5 3 I ol A : NS AT O] T e M n s # g s i
- 9SfaiRE RLCE R PR
Tl (Unrasonic Pulse Velocity Test) 18 13311 (Part ) :1992 <=+ oo
frgw : W faft 3 5 sgddd % (longitndinal vibrtion) 3R W W@ b B
electro-acoustical transducer & %21 %73 §1 3 e % v H v v v worerET e & e
TEEl N WA W IAF NER F St (reflections) ¥ ¥ ¥ ¥R T wave R T T A T
T& W TH complex system of stress waves FEARN $1 T longitudinal (compressional), transverse (shear)
and surface (ray leigh) waves 31 Bt #1 TR0 W RRA (receiving transducer) 3 BT detect 6701 SRT
1 ¥ longitudinal wave FaY i B 1 ‘

Longitudinal pulse velocity (in m/s) v

L= path length

T =Time taken
Pulse velocity F3h1E & SHR-FHR R Pl 1 5% Haret vend % wearen o0 R Pk 5 ¥ =
FHIE B structural properties 1 T F ¥ Rk TR T 41 TR 2 9 TN (demsity), THWN
(homogeneity) U1 THEAN (uniformity) FBt ¥ T (Pulse velocity) R war1 B 3R Tt v

T # T Pulse velocity T B0 3R F2 X cracks ¥ A Tl 0 78 BT T8 Svelociy R TAR

gl
R H Actual Pulse velocity fret w fift wedt 34—
— Materials
— Mix properties
— Density of concrete
— Modulus of Elasticity of aggregates
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9.3.1 39 (Apparatus) : IS 13311 (Part-1) : 1992 ¥ SFER
Ultrasonic Pulse velocity S9&91 % fret ym R #—
(D Electrical Pulse Generator
(i) Transducer - one pair
(iii) Amplifier
(iv) Electronic timing device

3 J_ .

Amplifiar

(A) Utrascnic pulse velocity last clrcult

P

- (b) Ultragonic pulse velocity lest Instrument
Typical portable UPV test instrument and Its test clrcult
T8 I H i off QR transducer T X TR £ o 1920 khz 9 150 khz R 2T

(transducer) & {81 29 & S Sl % a1 w9 (S0 T@) @ faga WA W@ A qH ) v g
Piezoclectric T magneto-strictive NN % Zraegut ¥4 fodl &1 W& €)

w2z % TRl whew | 207

Natural _u_‘onc.,u:n«q of ._.

. Pt (oo o 1 Frequency of
: ,... _x.. - Path _..n__n._.. A by 3...—..-—.- _.‘._.—N.M-W.nw
s me) e R R
upto 500 150
500-700 260
700-1500 240
Above 1500 =20 . .pd.ﬂ
R ic i i FA % T AT TS Pulse W @
99 TR (Electronic timing device) T€ THE I (2,
G R THEGE T qmﬂﬁww%ﬂﬂﬁ_w& HR ¥ ¥ ¥ TF cathode ray tube TR T T direct
digital display mﬂ_ﬁ&&nﬁz#.ﬁmﬂ&a#ﬁa»_
9.3.2 TF A1 T B :
() Transducer T T : Transducers 1 FIAER A ¥HR A T N T ¢
— opposite faces (direct)
— adjacent faces (semi direct)

(B) Semi-diract transmission (C) Directed of surface transmission

Typlcal arrangements of tranaducers
(ii) ¥ e ¥ trasnsmitting transducer ¥ BRI ultrasonic pulse A A TR N WFAR N TWH
T  BYa 1 T pulse T receiving transducer BRI 7w f5an v #1 9% oW & PR gl L
e A T HTE {1 TR B L g0 T HT F WA N Electronic timing device ¥ IR T iv

m@».ﬁgnﬁ_&qﬁ%wmﬂﬂgﬂéﬂ
Veloclty Criterlon for Concrete Quallty grading

(a) Direct or cross transmission

6. |\ Pulse velocity by cross probing - |- " Concrete Quality Grading* .~
No. Kmee) 15 B e R R IS
1 above 4.5 Excellent
2, 3545 Good
3, 3035 Medium
| 4 Below 3 Doubtful |
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9.3.3 >u_u.=a.n=o: _
%ﬁ%&éﬂﬂ%ﬂﬂmmjﬂwa@ﬂwl
lﬂmﬁ#ﬂ?ﬂ.sﬂ&ﬂ%ﬁm&ge&oﬂgiﬂ_
l%&ﬂ&%#ﬁm%gﬂaﬂwﬁ_
< i __aaﬁ_siwﬁimﬂﬁzﬁyﬁﬂﬂwgmﬂmﬂguaﬁﬁ.e
— IZ M modulus of elasticity (E) 741 dynamic Poisson ratio T4 0t Rg

: E=pf@)V?
,magaandaﬁw.ugn%amo_ﬁmomqmn%n

p =density of concrete in Kg/m®
V = pulse velocity in m/sec
_0+1)(0-2w)
,:E i -
jt = dynamic Poisson's ratio varies from 0.20 o 0.35 average 0.24 o
-
f)= 2 it
n= mﬁﬂnﬂﬂ.. tal resonant frequency in cycles per second Uﬂ
: I=length of specimen in m. ﬂ
* - 8.3.4 Pulse Velocly & AN @) Wil 5% a8 ORS s =
S ) ‘(Factors influencing pulse velocity measurement) *
() T (Molsture content)—Selie Yo/ 2 (Pulse velocity) W St T Tamf I SR w1
o e £ S A e 5w e O3 W ved 4n S{us o f) 9 wge dwe A el w

It e R 2% s T @

(i) WAEY STEET (Surface condition)—Fhiz Fae #1 R Ultrasonic Pulse velocity % A9

\ ﬁmﬂmﬂaﬁﬂ»_ﬂﬁmﬂaﬂﬁwﬁéﬁaﬁﬁﬂwﬁwﬂﬂaﬂawﬁ

@ e s e |

wE¥e ¥ avaqa =% UG gt (Path length), ATEW (shape), AT (size) T FHIA—

@ gengaeuiwﬁ"wﬁﬁﬁﬁ%ﬁ%ﬁ?i&w@&ﬁ ,
ﬂwwum_mﬁa»_msﬁmﬁmasuﬂﬁsﬁgmw%»saq%»_%ﬂaiiﬂ%_

Aﬁgmﬁ&ﬂﬂ%w%aﬂnw@uﬁagyﬂ%wﬁﬁﬂﬂﬁ

.....

st 141 2 Pulso velocity T i 3T el g T T A 0 P A A RO
=ffied) |
HENE & IR —Fe FAmEA A 5°C
&1 WIS (Influence of temperature of concrete) : ) ;
“ @Sawwﬂ&mw&ﬂﬂ_%“nﬁ Qa:i&ﬁﬁiﬁajﬁm%ﬂs%%mfmw
&m@ﬂwav&sﬁ_&qfa\.%ﬂ&ﬁﬁi»_ﬁm@ﬁg%w 4

W W (frecze) s ¢ Foredl Pulse velocity 1 T 7.5% TF ¥ A1 ¢l

whe ¥ R-Rrmerh wham | 209
(v) Rt 251 WO (Lnfluence of stress)—fk e 3737 WREH (stress) ¥ i & § 2K ¥

W eafts € D microcracks ¥ I I | TEH I w2 Awn §1 vy Yo v v @ o whwe
W ST WE (ultimate stress) & 60% 30E B

(V) WEETT UF W KW (Effect of Reinforcing Bars) o 5 ¥ wrerw daiie o) gorn ¥
3?5.%455 St T {1 Y Y BRI Steel A TR AMEME A qEAN 12X 1.9
Tom e 1

Effect of Temperaturs On Pulse Velocity

T Tomperature 01C || 1. Carvelation o méavured pubvevelody 22270 -
e A diled conereta (| Wet iaturated concrete®|
R L b 60 ~5% 4%
40 -2% -1.7%
20 0% 0
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4300 [y Propertions -
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Compressive Strength - MNm?
Relation between uitrasonic pulse velocity and compresalvs strength for
concretes of different mix proportions
PR R LT TR
qum ST e
SN

1. Fwr % R e v == ¥ sk - &
2. T TRftefim ¥ ik % R el wWhm w@n HmE
3. faes W (SR i) whym 3 e e = s 82
4. e OR wiym ¥ o S e
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(Quality control of Concrete at Site)

FHIZ F AT FE=e F 9 9 A S - 9 e—

(1) FFI F I 6 TGN F E F 7 e, YO, Rt a9 e § I TR wl

(2) TE% B T T WS A 9G¥ (Performance) =31 B

s} W= ¥ 9T (Peformance) 36 @@ T R oXa1 ¢ fr 3@ forg wateror & ar mn 2
e Rfeafadl § $@le W Savas Wew (Performance) 3TE-3TR 1N 3 TS Fwhie
fomfor fafeiedl & srgar fear I 5 =1d 1 ghifvaa S0 % R, ToEw fa=o 3t savada ved 2

T o W S W wheT el B @ T SFe F A =S A6 o ¢ Wy o,
fepras, St 3R 3 O W FFE F1 U i % T I 8 sTaves ¢ o e
frg § 9 wfya 6o S ¢ e e el & e & Fafor 1 o & qon oo fiffo sem

A ¥ FFER B ¥e¥
Fate fmfor ¥ o Fra=ror 2 o T, e, §9 g SiEar e g 'R e @

B
7wl B, S, ffR, wRaed, fer, TeTT, W, T @ e, P o gigm w

¥o fafafiedl & s8R ¥ F 8

1 55 79 9 & fo Fale 51 Fuio el W 49 (Batches) ¥ o v € foredl omg-ww @ S
Tt & SR dwiz 1 R g 1 a18: T 49 @ g 49 U SR o W § SR AT R

FREH W R 2, foran aof7 g9 S9 X g% ¢ | |
el @} UrEEl @) A B A BRS.

_nnaoahaoom:nozm:?& Concrete)

(i) =EFE (Personal)

L] s salr 3 v Ok §1 v s v g St fem o o AR PrefRa

Bt

e

e 5
F

(ii) |rnft (Material)

(ili) ¥ (Equipment)
(iv) gy (Workmanship) : 3
(1) STPRTT (Personal)— et Al sawne 3 Frafor ¥ 3= Joraen ¥ TGA & Rl el Semag

A ¥R T wER ¥ Pt F1 ol e 6w e e A R e O e e
1 av fafifiedl = gt fmio 0 7% vk sfafta Prfon # o 565 ol e aw sy .
T 3 e ¥ U U A-ad & e e MR T SR N I W G e Ry
F0 B st TorEe W e FEE @ O € 8§ s .
(1) TS (Mterial)— T T 1o ) iz 31 Hed 5 Ford e 3 ol Py
TavEE 31 59T f) HER F FagEl B e i F ) e W) 5 Wy 50 aews
SHE-3TE SaE ¥ ) Srer-Fem Tham a9 qEE E
(1) Fire—rw ¥R ¥ ot & R 99 0@ @ R @ o e o ) i ok e
T T AU A w9 S WA A S A @ S o ¥ o o v 4 iR e
SRy e W e Femm iy AR s i iR S wea R fm W R -
(1) €= R A FER F A G aw T S 39 Tk T e =i ,
(2) = & &R ¥ wg T W 9% 33 wia g T
(3) "= W dufad F 99 e W fae wdh o Sl
¢ vt R R A 0F g8 = Y W 9w 49 @ e Ko e
(5) 20min 7% ™ T |1 7 wgTN A
W Afifiaa sarrrer ¥ Wi 9 g, wae, e, Bt st § e 5o
Torarn 1 freftor fear s w0
(@) BT (Aggregate)—Fremd #1 MfEm sftan W, SER, ToOw TR A TG RATARY
WA S WA 1 37: e ST ¥ SRR STe-Te 3R ¥ TN B0 e Aviga e e
feelt oft Flva T yewE A TE i fER $ e R e e = aaws i—
() FER (Size) : ‘
(ii) AT (Grading)
(i) RFE (Durability)
(iv) fafre ¥ (Specific Gravity)
T (v) TR T w0 qde (Elongation and Flankiness F&ﬂ&
(vi) S SRS (Water Absorption)
(vii) SV (Water Content)
(viii) ¥ %1 TR (Bulking of Sand)
(ix) f&e2 F =0 (Silt Content)
bl kS 2 1 % &1 e 9 o & e 2 7w smavaw & s fasm
L3
W W R R o A e T W ¥ s @ @ e w v e SR S S &
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R
(v) e frm @ e @ w9 R
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(i) T Thgw ¥y W W

FFl & wan ¥ W A vhew R -
- () 7 1A, 28 R R wdET wwe vl
o () T A S aeed sy

- s T wl vl Prede i & R st s o d o € i fre e e g
& s Sz o et P w1 et v SR e 3 v T e R 12

e o §—

(1) T 3N TOGW (Impect hammer, William testing Gun)

{2) SR (Rebound) FIW (Rebound hammer)

() WHE W= W fifE (Ultrasonic Pulse-velocity Method)

(4) TiFF 5=5 fafe (Mechanical sonic method) _

(%) 987 T AT PR W T (Penetration and pull out test)

(6) Al 7 i faRrl (Radio active and Nuclear method)

(7) T==i 7 dga fafird (Magnetic microwave sbsorption techniques

SR TS E ; F 4
L e ¥ TR e @ w0 TR € ree sTeeEa 7 weqd 9w 82
2. SRk 3wl %) safag S0 T FWE 9 A w1

3. 4R & A fgaEn & sla flo & T s aatE @ e
4. ¥z ¥ e v Wl 9 w9 g wH-2h-Y v 50 amvas 8

() Test of Cement < o
To determine physical propertics of cement fineness, consistency, setting time, soundness and

compressive strength.

@ Remd & fr wdawr (Tests on Aggregate)
(1) ¥R feT™ &1 T g9HiF (Elongation index) TS
(2) 9 faena =1 9fE YIHi% (Flakiness index) T
(3) foremd ¥ Iufiom wet foaee &t 91 99 =0 % o @ s
(4) firemd =1 TE v 9 fifwEl 9 S0 w1 sl
(5) firema 7 fafire Te@ 5 Wi SEviNT A
(6) SI<] =1 G&Ha Wi gheo
(7) 7 firemd =1 forear fafe ¥ wa@ @i w1 =3 | T
(8) WEF el 1 e (HEN W) RS 5 a5y fafm

@) St & frd uhaor (Test on Concrete)

(9) W= % ford welhy S (Field tests for cemeat)|
(10) =4 TRYT (Cube test)!

(11) FHR F &l sragm wiaon

(12) W& TUIF (Compaction factor) &I

(13) Hto wo WSTAIG (Vee-Bee consistometer) Td&ruT|
(14) Non-destructive tests on concrete :

(2) Rebound hammer
(15) Flexuml strength of concrets,

SO -1

(b) Ultrasonic pulse velocity test.

RyT—dN= T el e o (Field Tests of nnans ._ _.

T Rrervon g o fafir—hiite o sl s % e arf el v 21 e SR
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Determinetion of inlal and Final Setting Times

Standard
© IS:403] (Part 5) 1988,
Objective
-4 To determine the initial and final setting times of cement.
Apparatus :
© Vicat apparatus conforming to IS : 5513-1976.
@ Balance of capacity 1 kg and sensitivity 1 gram.
< Ganging trowel conforming to IS : 10086-1982.
Procedure
. @ Unless otherwise specified this test shall be conduced at a temperature of 27+2°Cand 65+ 5% of
relative humidity of the Labaratory. :
® gmﬁnﬂ&ﬁ&ugganﬂnﬂ_is 0.85 times the water required to give a paste of standard
consistency IS : 4031 (Part 4) 1988.

&Nl%ﬁﬂ%ﬂ%ﬂﬂ?ﬂﬂﬂmaﬂuog@ﬂiﬂﬂﬂﬁ%ﬂm

w21

% The time of guaging in any case shall not be less than 3 minutes not more than § minutes and the
gauging shall be completed before any sign of setting occurs,

% Count the time of gauging from the time of adding water to the dry cement until commencing to fif}
the mould.

% Fill the vicat mould with this paste making it level with the top of the mould.

< Slightly shake the mould to expel the air. ’
% In filling the mould the operator hands and the blade the gauging trowel shall only be used.

Initial Setting Time » !
% Immediately place the test block with the non-porous resting plate, under the rod bearing the imitia]

setting needle. :
% Lower the needle and quickly release allowing it to iﬂ.&n in to the mould,
< In the beginning the needle will completely pierce EnEnEP
% Repeat this procedure until the needle fails to pieres the mould for 5+ 0. 5 mm. :
9 Record the period elapsed between the time of adding water to the cement of the time whenneedle
fails to pierce the mould by 5+ 0-5mm as the initial setting time. = 4
Final Setting Time
% Replace the needle of the vicat apparatus by the neddle with an annular ring.

< Lower the needle and quickly release.
< Repeat the process until the annular ring makes an impression on the mould.

+* Record the period elapsed between the time of adding water to the cement 1o the time when the ‘ ]
annular ring fails to make the impression on the mould as the final setting times, )

Report
< Report the initial setting time and final setting time in minutes.

Precaution . 2
< The time of gauging in any case shall not be less than 3 minutes not more than 5 mimtes,

Determination of Initial and Final Setting Time of Hydraulic Cement by Vicat Needle

(1S 4031)
Cement Brand : Date of Samphng: _ -
Source : Date of Testing :
Size of Sample : Size of Lot :
Determination No.
Normal Consistency

Time When Water is Added to Cement

Time at Initial Setting

Total Time Taken for Initial Setting

Time at Final Setting

Total Time Taken for Final Setting

Remarks :
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5. WA W= F YaR T G 0 w9 o d
ﬁngm&ﬂ@&gw?wuaﬁ%%ﬁﬁﬂ@a?
T e W e @ fafead §—

1. el Sw (Sieve test)

2. WAl AABS TG (Surface area test)
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=fgd)
100 TH di= R 18,
i)
ur—
LS. Sieve No. 9 T o= iy =
LS. Sieve No. 9 T o1 7oy oy o4
- Preml—wtrrn =t ghe A Wi IHF AR

SieveNo.9 10 P2 %6 B e e e sty 1002 few =i o
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Strandard

dﬁ&qﬂﬁﬂ..?ﬂs_:&gq_ooﬂgg!oi
¢ 1S 4031 (Part 6) 1988,
Dafinition
% gérgﬂﬁnﬂgomﬁnguﬂﬁwa
Apparatus -
-2 Vibrating machine confirming to IS : 10080 ~ 1982.
-2 maﬁuwaasgsﬁn_oowol—wﬂ.
¢ ggﬁe.gna.qpoasanﬂsagwa:gnsﬁ. .
¥ Gauging trowel having steel blade 100 to 150 mm in length with straight edge weighing 210+10

2 m&E&Bﬁ-«SﬁE%-E
Procadurs
-2 CEEogiagggggn-§~1unﬁ
-2 éagnﬁuﬂﬁbémﬂ&gg. s
% ﬁngmﬂowgggﬁég&&ggﬁﬁﬁligu =
Cement =200 gms
2mmto l mm-200gms

Standard Sand = 6000 gms 1 tom to 500 mic - 200 gms

nounogs—muao-Go_.uccnmnﬂooﬂmn-usg

Water = (P/4 + 3) Percentage of combined mass of cement and stand.

P is the consistency of cement as per 1S : 4031 (Part 4) 1988.

¢ Place on a nonporous plate, a mixture cement and standard sand.

€ Mix it dry with a trowel for ooe minute and then with water until the mixture is of uniform colour.

@ The time of mixing shall in any event be not less than 3 misiutes and should be the time taken to obtain
uniform colour exceeds 4 minytes.
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¢ Inassembling Wergh |2z
0 In a3 . . ity S . Ll . Ta—— I = . v
" Slmof %ﬂ”ﬂ:@:ﬂn H-“u_« h.”nu_..u...... noo.”..ww._omzs b _5 en the halves of the mould w th a thin . fu S SR AT 5 Tl ﬂﬂ-.d.ﬁg-a > St u_ﬂ,‘”..m_.mma.,.,..,.ww”m,..w,..%u..._w\.‘._..&“ |
the | —:-—E. of petro n_.s._.mou_vw Ungﬂnb_:_ ta » Riaasiar LA b T S e e TP MRS et i e s T T Sty il
P he”ﬁ”.“u “o“n c““n v&h !n”.u I order to ensure that 10 Water escap, M_M“.“m .,..”.n_h.“mnh of ! 1 w2 fremd e YEHE ThgOT (To determine Elongation Index of coarse Sggregate)
meansof sutableclamp,atach  hopper o fenpeyp % F8Ehine and hold it iy por by 1. ST 1 e (o) S
facilitate filling and bhopper shall o e o uitable size ang shape securely at the top of the mould ¢ g
” SR B 5“2 be removed unti the completion of vibration period % — |
€ Mo m E . U N @ 1 "
vagia&sn@i&soang 4 the vibrating machine, place g, mortar in the cube mould and A.vﬂﬂmawgﬂﬂﬂa.ﬂwﬁﬁnﬁzﬁmﬁﬂﬂmﬁywﬁaﬂgwawﬂ:
Ognn?oguomﬂﬂ?ngﬁmmaoouﬁ ; o ﬂ.&%ﬂigg? : !
. to ensure elimination of en ed ai (R : B
. HHHM. B . . trapped air and honey (Hrerm ofem 1 = it ffly « s 3w abera s Frarent ) TR TR s
.Egsﬁnaigsuua?ggﬁama forthe firstlayerandthen |  mm % 7 7g T 22323 - 40-5 mm 1 R 1 Pt W & A W w1 g

compact the mortar by vibration B
© The period of vibration shall be tWO minutes at the i T o e 3
; i & () e aRaT—Rra T (Sieve) ¥ R frea (Pass) 9 741 R e v
g&aﬂa_uoS»«SsgoEi.&:ap | (retain) W, 39 3R el w1 2 e P &ﬂqﬂzﬁﬂaw_ﬁgwﬁﬁﬂé
Eﬁﬂéaﬁﬂm&@n@dmﬂwﬂdsaﬁﬂﬂﬂﬂﬂaw&&a«?@wﬁonas

T 37 % 7 e 0 e T 222X = 81 men 5% 81 mum 4 Y P 4 2 v g

Bn..vmﬂnna of 27+2°C ».o._. 24+V2 hours from the T A
addition of water to the dry ingredieas. () T erenta—ag firerd ¥ e @ w9 % s v 4, s
-4 ggvﬂuﬂ.gﬁouﬁoﬂg and remove from J T S = ﬁ@ﬂ&“nﬂzx_s

T e % R 1ol e o e s T 1 frred e’ ol & sy e ¥ s ...

ggi%ﬂim&ﬂéu&?ﬁ.
| o ) e s e e e 3, 5 v i
i

¢ Immediately En?oﬂ#ﬂﬂun_qﬂrmﬂwg
ﬁ-ﬁﬁaﬁ_guogpﬂnﬂngg.ﬁnﬁwﬂgn

just prior to test. : )
5 Casting of cement mortar cubes T 1

© Renew the water or solution in which the specimens 7 L

Eg&nasﬂg&?éﬁgmﬂaﬂwﬂssﬁniﬁ the specified limits. TG0 T R 6.3 mm | w7 ﬂwﬂwﬂwﬁ.iﬁs B S

* Ooﬂn:ﬁﬁmhmﬂnooomau&umﬂonQnmvo&EEnBomﬂEEvnqunaammm&a. - u.ﬂ35|&ﬂ?m§?ﬁﬁﬂﬁadﬁmﬂﬂﬂmgw_n§&2ﬁdﬂ;8@ﬁﬂ |

L 4 Ewgcngsowﬂn&nﬂn@mqﬂm&.ﬁﬁwwoguaco”mnsommoomﬁ&N hours, : B = 1

® Calculate the ages from the addition of water to the dry ingredients. ; PR——— 1

< dgagggﬁg?ggﬂna batches at each selected age. z B i § i

: (i) 7F SEbE w1 ¥ (10 TmbE) 1

° . _ Loed NP _,.. (i) TS A7 (Length Gauge)! . . 4
Opgeounﬂmn_ Cross sclectional area of the specinen. 2 m.§|§&ﬁ§w%ﬂﬂ.§%ﬁﬂuawﬂwij
Report I R o e S R e T R et SR v i R S e
0wﬁa?wgﬁaoaﬁa&assnssaa&ﬁ_ﬁaua:sz\as.» | At S v ¥ T e v R, e s % st e s st 4
Precaution . : ﬂﬂﬁs_.m.dﬁmanﬂmmawnﬂrmmﬂuoﬁﬂg@ﬂﬁ ot !

® EEom&qu&gﬁaEuongm;o«g_RmEEuEznoum:a:o:onxnn& : mu“ucnnu.ug ¢ 3l ik e Y % R, e A un.wx =40.5mm ¥ EF

. o Srefe, T et 1 0 40.5 mom A ¢ ferg R D T P TR
" |
3




| g freiftn w0 3 ferd e &

s ’
; _..m.ﬂ..ﬂ
&9 T el F ) YR @ e i

; ik T : i
¥ S e R s R g aﬂﬂdﬂé o T8 & R Pt s o
6. SETOT 7 MUY — . . ot

e geht | 225

2. frgra—fiem & <fm (a¥R) 7 Tt HON A IR G R, T T W s

F wwvr frer ¥ fifrml w@ o ¥, P iwgnﬂuﬂﬂx?ﬂﬁﬂﬁa%gg?%
ﬁéﬂigg%?u.ﬂ%%dﬂﬂ?ﬂﬁéﬂﬂﬂ@ﬂ%ﬂ%
A Hfes wrt e a2, o yE wed wefm A 41 O o R T A e

Mﬂ:ﬂ%«.ﬂ@gﬁgaﬁggy a1: fremd ¥ vive il w) sftrees i P
!

(=) e Rremar—m firemd ¥ Foif % <rm SR ﬂﬁéa_&ﬁ%ﬁwwiﬁ 0:6)
T A T R, T 9 B (9 frern swew

ﬁ%&m?ﬁﬁi@ﬁmiﬂia?is%aagﬂﬂﬂ

ha ey
5

n&sﬂ?ﬂﬁiﬁ.ﬂiﬂ

e mmo
sl st _m By ; e ) Yew. e
(mm) - mmy® ) (Coli 2 Avxm i
e TR .,,,‘ 3 %ﬁ“. S ,..<....._. A N > :

1 : vir D s 3

| edan

e il R

_ R YEHIE 35-40% & 3Afes whEr T 1 6-3mm A H9 R A frend 3 fd wg when vl
325 585 | mo e feran s &1
25 20 2.5

40-5 m
20 ; 16 18-0

........

3. Wit —he fueran foean e qE®iE T S0 8, B T v T A A
‘ 32.4 T 4. TUEHI~(i) TFH SR F &2 (Set of 10 sieves)

4 125 14.25 256 | . (ii) TN (Balance)
12-5 10 . 11.25 20.2 3 (i) Hreré A (Thickness Gauge)

N RS . i 5. farftr—(i) wham Rl = Tt fired 9 wafa w3, s for w & w0 21 a9t weh e
10 1 63 8-15 14.7

- h e FH A T 200 ¥ A @ e @
s | o = (if) AT 1 TG ¥ SR HHAR T (g e 7.1 3) iR Prend A @ el A v

: i (TR 3 frd 20 mm HEHT 5 AR $) HHAR £ SEPRI | B AAM—20 mm, 16 mm, 12:5 mm,
Hz—gfaa # 3fe J 63 7 315 mm WA g A o 10 m 79 63 mam)1 :

m&ﬁﬁmﬂwﬂmu%.x_an..s...s ‘ | , i) fafv= =il W ﬂ»m@ﬁﬁm%_mﬂﬁﬂ.ﬂa R A z.
_ : e e , . s (iv) 3 veirs m 3 fred = A T ¥ e T (Slot) ¥ Preri R R ww WAk
ﬂ.ﬂﬁ%i@%—#%%ﬁﬂgﬂﬁgNOO@ﬁéi%_ . M %ﬂggw-ﬂigigiﬂa.Ncgaﬂiga%.—..m.wmg
Gy frern et g g e L o s (241« 10 a0 e & e o i, e s k)
Eiﬂﬁﬁﬁﬂa,@%%aﬂwﬂiimﬂm@iwﬁgqﬁa.g@#_ﬁ e -
w Ui GEHIE W Al . o

T4 Fret TR, SR W W 9.

p ] o W W A AR T W,
S ’ st WAl A R, T ot i e A (v) ¥ wft et R P g .
A_ai_ﬂﬂ_ﬂﬁuﬂ«?ﬂw%«@mﬂ ® Eﬂnwﬁ%ﬂﬂﬁaﬁﬂaﬁg.ﬂ_
A S ALY T s AR |

e .qw_ﬁ..ﬂﬂﬂ_dﬂ etermination of flakiness index of coarse aggregs 2
e N > - mﬁﬂﬂ.ﬂ%ﬁ%ﬂ@w%%ﬂ Q
u.aﬂwﬂlﬁwﬂm_»ﬂam_mﬁﬁﬂvmwﬂa :




ez %t wran 7 &Y & ford warfta GharoT (Field test to determine fine

5

4 m

40 45.0 2700 | m

40 3 325 950 | ™

31.5 25 28.25 16-95 . T

25 20 22.50 Bso | L ™

.20 16 1800 1080 | o i

16 125 _ 14-25 8-55 .. T

12-5 10 11-25 675 .. T

10 63 815 480 | %
g | e TR =R

8. Wrarwtrat—() firern gufa: gt =
(i) 797 % 1} Wl wm § wol # weA 200 / w9 T O e

?ﬂﬂﬁ.hn%xéuié&
1
q.ilumqmmmmﬂﬂﬁnm%%wgﬁaw.ﬁm@ﬂuﬂ»_

(iil) WA= wIer W o5 e F Srem-arem A TEHT, ITH e IR sifed w5t 2
msuﬂﬂﬁ:ﬂﬂﬂﬁﬂ%%&ﬂwﬂmﬂuﬂi&ﬁﬂ.i@u&gj a1, o 3

silt in aggregate) “
1. IRAYa—dty e g1 A A we fawe #F A W w

F AU qEEE TG F w9 A

o

whaw | 227 ¢
— Y wa: Clay), free (Sil) @ Fnifrs Tarf il T 4y
%ﬁﬂw%ﬁkﬁgﬁﬁmﬁm_ﬁﬂﬂﬂoggwo.osaam_.aﬁ..ﬂﬁ_m.
aaﬁc.suzéw&iﬂ.&&?&ﬁaﬂ&nﬂ.ﬁﬁaﬂgiwsﬁ_ﬁaﬂﬁasg..m.,.”.
gu.%m&ﬁﬂﬂf@#%mﬁiﬁ%wﬂﬁﬂ?ﬂaﬁuidﬂeaﬂﬂﬁ
st €13 At W Ao gt w & Rl vl st e R v vl e 9
iw_ﬂngﬂzy&ﬂuégwaﬂmﬁﬂﬂguﬁﬁﬂaga e
o il P el Tl Rea s § & et o
W WA 6% (FETAER) , T 1 LS. 2386~ 1% . )
sﬁzﬁ@aﬁmﬂwﬂﬁﬁaw Ther fopa e wfedn e FIPE el # ey
w0 ¥ i em & wew s B
e ¥ faee 3 gt A A0 6% § FHUE B T TS A w6 W@ 9 A and
3. wrft—(i) W % A wfaed (i) TR FHE-uE W W (T %))
4. TTFAU—250 ml =ften &1 7 fafeoan :
5. faftr—(i) W fafevet ¥ 50 ml & Fom @ -9 =1 W9 W
(ii) = fafeve # I e WE 9% 100 ml Fig o s eml
(iii) fiferest # g -1t = e =9 sk wrmiE 150 ml w9 W) i
:5Eﬂﬂ%#ﬂ%ﬁﬂ.%ﬂﬁ#ﬁ&ﬂﬁw%@aﬁmaﬂﬂm&mmi
e fra s ’ . . ,_“..
Eﬁﬂ_ﬂqﬂ&&sﬂ%ﬁm%%n&ﬁﬂim_ﬂﬁ?wuﬂﬂmﬂaﬂﬁi ;
1 @ i (feee-gfum R e w6 B 2, T s A v ) o
(vi) fefvst ¥ firee %t W A e & s T

(vii) fee =1 Wi nﬁ%x_s
(vili) ITAR o1 ) G S | w3k wo shea w9 7@ =0 i
6. HOT 7 IO — -
R et 6.1 .
AN MR TR S | e g [P [T
e SRl W M ¢) = ml
free w1 s (3 w02 wEm) )= m!
free = Wi won (S &) umx_s
u#mduad_m < I+II+10

3




i ‘ 7. Pred—afe 7t e A Reee 9 7 6% 3

m.ﬁmﬁw.&laaﬂﬂmﬂﬂm&mﬂsﬂg@mmﬂg_

(@) T ¥ T 3 Rl L ohew e ¥ 5 o e ey . %

(i) T F ER i foew 9w =) e o | )

Wﬂwﬂﬂmﬂﬂﬂgﬂmﬂ@ﬁ% (Determination of Bulk Density and Volds of

Aggregate)l
1. SRFE— e #1 g e ¥ R S T s

Nmﬂ_ﬂlﬁmﬂ&mawﬁ%«mﬁﬂﬁﬂﬁﬁiiﬂiiﬁagﬂﬁ.
¥ TN S T &1 W kglire (N kgleum) & e v o 1 e e 5 AR R W
mmﬂﬁﬂﬂaﬂwﬁiwwﬁﬂmﬂm&ﬂmﬂgﬁayﬂﬂﬂﬂmﬂmﬁﬁy@?
wﬁﬁﬁﬂmﬁwﬁ&ﬂﬂ%ﬁmﬂwﬂmﬂ»iﬂﬂgmﬁ%m%%
w‘wmﬂﬂmﬁmmﬂﬁmﬁﬂ%swﬂm%ﬁﬂmnﬁﬁﬁﬂ%w_ﬂﬁnﬂ.ﬁdﬁ \

R T fiemd F1 o ¥, el TER A R W e F ww v A afew o )

%Wﬂ%wﬂi&émi&&ﬂﬁﬁ%?&eﬂﬁmﬁwﬂﬂmqa
T A Fremd & Sofiwe 9 srplt F = 5 e, whom 2 e w0 F R, w gt
7. . 9 (compacted) FAEN H WA P S
s TE T 91 81 W, e & R 9 e o s o) oo el e s
. | ¥ SR SiRa St e & R O m T geee o 9l

3, arai—fe & & e
4. JEHVI—(i) OF T qeER v, fawa g fres & W ¥ sgEn e o i —
(8) 4-75 mm AYGE §EQ FH 9N & frad & fod =3 i -
(b) 4-75 mm | 40 mm AW % frEE & fod =15 wRX
(c) 40 mm B 3feF A & faea & fod =30 WX
@
(iii) % % =W = 16 mm, TR = 600 mm
(iv) 250 ml 1 W SR
(v) W T, 9, 2, ¥ € (hand scoop) TG
s, fafg—
(A) ¥&R¥T (Compacted) Fraw ¥ R @1 WA U

® freTd % W ¥ SEER g B U (A I - o wed o A @

W

o et | 229

(i) ¥ B (Scoop) ¥ A ¥ WP 13 ETE TF WA WEW Avfgw fem w fremm W
s A vz | 25 W WA TH T

(i) Maaﬁ.«miﬁinmﬂﬁi%i&%ﬁnﬁuﬂiﬁﬂ

]

(iv) ¥ % 9 & Wi A 33 3w o e W 3k WA A 25 W I v A 3k
W, Juiq T B AR T A TR T NSk @ @ R g 30

(v) TR T2 & wr, a2 F T | T % IR 5 it e g ¥ sk
frern o o= R da A T DWW

(v) fremd & Y& W B ™ ¥ FEE A W A (I FBER = R wmm ) fer W
o T e (V@ ) 3w IR dgn afwm w0

(®) E0 (Loose) Fraven & fiemd =1 v woee
eMﬂm%ﬁ#ﬂmﬁﬂﬁﬂﬁ&@mﬂﬂﬁaﬂﬁm_ﬁ&ﬂﬁs
(i) & 7 2} fremd 9t A IR @ (Th € BAR) W A v W el W s

cm ¥ FoF S A T R R wEs orREm R AR 2
Agu&mﬂwﬁﬂﬂaﬁﬁwi@ﬂﬂgwﬁn%uﬂmﬂﬂmﬁa
THad
(V AR AdA mAT mmh o ki
v P & R TP A (R R = D e ) ¥ A, fem w
T 9T kp/lire ¥ 7@ R 3R Jgw afewm w0
(C) fammT (Voids) Wi _
firemd o feaeran ey T &t % ), Yo v e T P e &) e i emd 2
F4 ot 7 dieh, 3 Tl F /R Fw

a7: fem sfva = £2E 100
T G = fafre TR
R = TF W
6. W1 O —
. Rt e 9. vt T Rewen ey

W B GG TR y ; = o N igRd)
Hygagys AN A oo ab ¥ R R bl by S ...nu.w..uu\”.n
t L y S LA b et L YT Ry A ko] B T el ¥k
e I hy ,_H .ﬂ,-n‘. O TR e ot gl T el Py foes ) y PR
R | (A ST, 0 S I R G N T g s e P T T %

£

D BT
IERc SIS Rt

N ¥ . N .. . - " = Ll -
o h g7 H 0 DRl S g o pie S N R N 3! Bt PR Rl
Nl e | REAER LS Ui 37 Y Ve o A 3 R ST P AT s .‘:..npw B TRl R .‘.m/_A R -
b | SR L R T i g N e AR L v | e S e [ e T s

1, [ (TSR W) H AR, V = R
2. |fremd = R T (G) =
3, [arE W R, W =, 6

..'!: M



7. TRuTw—() WeFE AR w1 stee wm e

(i) e e = Lt 0+ 10
3

) G e =1 s v S uH+Hw+E
& FrEmtl—() R ) 5 Ry S 3@ =t
(i) Fremd $ 7T ¥ SRR IR TR (T W) i . .
(Gi) 320 BT | FH H T4 50 W AT T S BB A T R SEF MAA TR A

- (iv) et e ¥ faern WA o W SER € W R ok T @ wE T=

S m s g R —— o Ay i s Lr 7,y s g T T A AP AR i
Pt 5o B o n BB e A i A - ¢ SRR e P A T Ml

P TR B R S e =104 7 F 5 i

§ oy R R O T th N 1§ % | ool s e R e

2 A T e Ve A S el st ol I i A

e = faftre 50 & Wer JATI0T GHWOT (Determination of Specific Gravity and Water

absorption of Aggregate)

1. TRAVE—40 mm B 10 mm A & 7 fremd @ fafire Tod @ 1 AN I H

2. fagr—Rremd ¥ Rl =1 v o & fird fafre e Thew feg S &) firem 1 fafire
1o o aiftyes v, 9% 3a Vi w9, S T aREaE B LS. < R % fafie e g e—

(s) e fafime TR (Apparent Specific Gravity)

() fafire 1o (Specific Gravity)

() Frerett Pifore Temr—wigh s fired (105 °C—110 °C W 24 W72 % T &Y W) & W A
WA a0 & Y8 Y% (Bone Dry) fremd w10 ¥erd 1w & W % arger ) e fafire e
i»&aﬁ%iiﬁg.gw#%gﬁa%gggiiwﬂﬁaw
(oL [{ I

@

e gt | 291 .__w,» .

e 3% ad s W oEn e 3 R fafire Tew feran s 1 st frordt @ e T
2.6 2.9% e grn 1 Ty o g Y A AR 6 2.6 R FH AR W e B T Ay
1 fisree e ¥ i frer whan Prafftn st 2 it &1 R R el T T o BE & iy
e T &, S wrh st A, fremd = frr W Praffe WA S b

(b) firfyee ey wr v RrfyTes (e — Wi Y R (105°C—110°C 24 TR W pwy
.5wﬂﬂﬁmﬁqﬂwmﬁﬂmﬁﬁﬂ?ﬁ%u&ﬁwiiwﬂwsﬁaﬁ b
%%ﬂaﬂmgﬁﬁﬁﬂaw_ﬁniiﬁg?ﬁwnﬁaﬁ%imﬂa b
o AR (TR @ arT) & S & e g E

Cdﬁ%lﬂmsu%sﬂﬂuﬁ?ﬂmwmaﬂﬂuwa%ﬁﬂargﬂﬂ g
s@ﬂﬂ.ﬁauﬂgﬁaaﬁ?ﬁi@dﬁ».nﬂﬁmﬂﬂgwaﬁigw.&ﬂﬁiw -
S (Lubrication) 3 1 a7 & 3l 7 H wfefra e §1 g ¥ e T IO b
FHR (Workability) W2 Wft # it srr-ti= s f wza o ) o wEe e F R ek
) ToF R} W e E W I A T ) e A o e & v s .

3. grait—ai fremd & fF TR, WoE 2kg |

4. ITFHTUT—(}) 1.S, T 40 mm 9 10 mm |

(ii) 75 cm x 45 em IER & Th TrEY T G TR F TH

(iii) Fen-rar 3 FRmme, R 0-5 W AH

(iv) TR § 0 2%d fawd 0% 6-3mm R T T 7

(v) TR 919 S22 (105 °C—110 °C TG Fra=m e

(vi) 1-5 T wiRar o1 U & HI9 H TR TF6A

(vil) F5 TETE el 2, Taw &9ed 325cm” q W T R

5, Taftr—(j) = @ fewe wied (freran) A1 ¥ LS. & 10 mm F TR W

(if) =TEFA T T Prem N Tl F s w8 S afs g F e s g IR
” (iif) 39 FreT™ 1 9 el A0 A BT 27 °C+5°C F WOHH AR ST et & 24 90 T TaA
|
Mﬁ%ﬂ%%@@ﬂ&mﬁﬂﬂw@ﬂ@ﬁw%ﬁ%_igkm&&ﬁ_ww.
R I : ’
(v) TR vty 3 A e A Freen P e T Y A o e g 9 D T W
R I T F TR FY W W0 T s R WA T A @ AR

(vi) T ® AR TAE R WS ¥ o wow R gW B A AE WA IR

(vii) 379 W Y W A IR TN [ TR o Haw I T R F AT S ol T
W A N W WE WA »
(viii) ST 91 | W 9 N Wl WA W T8 VR W TH R



@)

© 282 | efie ool

:33.56.3:;_5.27
a_ssﬁ n.. ot Wy Ve verd o ahe &3.._5 WY ) L

I AR ATE TR TE TR T Mg a—
.y : i % !
o e Y T X100 o i g“way_—_ﬁ.._.yz ;.._ 1 e W 1) P o
god) w1 %1 W01 2, e o D, o iy VPR e
(xf) W81 Sy ] Yo U o) Moy ) they ) en g gy, )
1

(ol 474 fremd W0 5514 001 0 0w 24 08 gy 1 U100 %¢ 10

ot er #) 91 e e ) ) wzh 4 . g_..__:_:a;
oo o Wy A &) I PRIt R H e sy oy s ._? l

(uit) P 3 fer-fim (n) ot Drwe st sy L
(utv) Tl Hwd Bew wforst 4wt e ) ufie
6. Ygo v T —

et A o

15 A w1 siavhne & uen g w

B widnzs 10.1

WAL [ IV SRR
[ i |

¥ ¢ ¥
WS P e, d il LE sa
LY sigliod K S, T 45
A A LW ey At i

() [+ + AT = W go
W+ W =W, g

72 5] T o v A W W= Wy g
A T% A7 W =W g

TR —

s arch S/ S
O = =5

A e P . A

) Wy
Wy = (# = ¥2)

Lo IIM).:MN\ %100
4

5 14714101
7. Wwm—() A e 10 ===
s I+ 11+ 111
(i) drem Al iz T ==
g o 141401
(i) A wm i = L2

8. araral—() T ¥ T WG 05 9 ) 7w wd
Ega_gﬂqi%miﬁﬂﬁﬁﬁs

thiowr) g | 999

(1) 090 0 i 0 g TR o o) o Y o T o ot O6F KA i s W B ot
TR

(1v) Tt o) Wefiae B oaiat el e, gl ol Wit o) A Al gl ik

(v) Mty o) wne e e gt N RO o o i o o B o)

| ufen e L
wieg w1yt e ule (Determinatinn of Nnendss madules of sond)
1, weghyet—are] (ol T ) i eyswm pds q won
2, Tt =146, e 4715 s O ufln R mel Thonen, wfly Poriol mpmin R twin e
{1 e Sl ot 0 P B owoll sk ey o o ) g it e fogel fowed
il spmvees s 81 opfdon Ty afweem st weodd 6 woyws suefodl g 8 v e o T wen
B et wtimA e 6 g Dot w1 Bmn Drwses Povar w1 wee eon oyl By difven semdl
g W) 100w &Y 4o A dom s 8, Rend A gwen i wemA §)
wy e & dhtie seqon W) e Bor o) W B sdhm Gwom wede sy Do wvpes o )

3, vy —wpey ) uPnad, e ) g
4, Bymu—(|) A NF (Sleve shaker))
(i) vorafndt w1 6z, Tl 4,79 ren, 236 wm, 11N, 000 WP, 300 WO 8 150 Mol €
wrrrl] Bt %)
ﬂw&fci_aas?a ) 1z o 8 o % s ow vk el e, went o
(Par)) TH)
(1l 550 T 2 kg W, () vt ) st ) e 41 T o s W YRty
(1i1) wrmd bz W) S wwre @ tha vt { v, ¢h e w N

(ty) 10 Tz we wred & wig wy e we wt ¥
3%%«.53.:3?%a_a.agauaﬁ%wﬁ%aﬁﬂ!ﬂii

L ad
6. Dign w ot —
Rern iy 11,1 —yger o
uitrd H W = kg A"
- e Y gt et e
1.4 wreeft warerft wt W W v wam wre - | v e :ﬁu@_
a i / Qrad el imamauﬂw sl ..,A...mmi
4:75 mm
2:301m
1:20mm




600p

300p

150p

. ‘" &u—l
m.dﬂﬂilﬁnanzﬂudﬂaﬁ«iwgﬂ&a

: 100
8. WrwTRrat—(i) ST T RrerEr werR @ W e
g%ﬁﬂn&.nﬁﬂ%_ Ll %_nﬁwﬂ@ﬂﬂﬂ.&ﬁ%ﬂﬁ

(2 SR 3 53 3 Frerd = W g @ & ey |
fﬂm_%sawg,nﬂa&&.ﬁﬂgﬂé e e 3 4 o, e e

e Gl wiinw.,;uwwuumm”mﬂwm”f/?.y.,.ﬁ.«-w.m%m&wwﬂmnnvv.z\.‘hw.»u;m.dfﬂ“ o
W e w7 o Rl & wadt et s wy
Molisture in fine aggregate by Displacement Method)
1. FRVE—E (7 o) ot R faf @ et i 9

N.glﬂumﬂiwqﬂﬂ%mﬂﬂw.%mﬂwﬂwwaﬁziﬁwm@iw_.ﬂﬂw
ﬂﬂﬂﬂmﬂﬂﬂwiﬁ:@ﬂ-ﬂ@nﬂ@ﬂm@mﬂ&ﬁi&Q@am_sﬁﬁ@&uﬂw
A H A€ T G G A (Free Surface

T W S W 9 W) f Twd o gw e )
Moisture) ﬂ. T 2

< St frsrar 3 <o firemen sl v < 4 e o A ot O &R .

- Tore e o e €, @ e e - e s & e e 9 e w0 o
Y § wah T H A 3w w0 s

3, wpnft—are ¥ dt7 sl
4. ITHICT—(i) 2 kg &HA T Ten ForaEt TORA 0-5 gm TF B
(ii) F19 %1 500 ml =1 A9 fofeva, S 0-5 mi 9% SwifET B

5. Reftr— (i) sy v 9 wafa 70 (200 3 & 75 ) st yen @ oher o o o v O,
#

@ ﬁaﬂgwiﬂ%ggﬂi o 3R IR R A TR T8 W,
& .

(i) 37 eferves 3§ WA s w3 3 Frover & oh T (R ) s o) T 2 e g
wfagsl ¥R g W

. anﬁffﬂai%ﬂiéﬂﬂaﬁiiaﬂ%ﬁmﬁii_.m___,
ﬂ%m&w.nﬁﬂﬁﬁﬂw%dﬂ%ﬂﬁzﬂiiﬁﬂ_ -

Emwamﬁﬂm%ﬁﬂ_@%ﬁ!aﬂﬂﬁﬁ?s?ﬁﬂﬁs&_aﬂqﬂ.ﬁ?%ﬁ .
IE YR Wy &I i \

?aﬁwﬁ%ﬁﬂ#ﬁﬁﬂﬁﬁiﬂ_ﬁﬁwaﬂw%ﬁﬁﬂgrﬂ
2, Rl stem wlem gm = R o ) _ e hu
6. WEOT T MU —

* Pegor AT 12.1

. | weewd w1 oww, W =L T
2, ﬁﬁﬁmﬁiigﬂﬂﬁ.ﬁuiﬁ

3. |sifra foag o whR T A R Falve w1 R, Wy =
s :

4. |forenfim o =1 91 (21 ARH)
Ve=M+P)~-Wy=... AW _

5. rﬂﬁﬁﬁx.su%uﬁp

6. ﬂ&ﬂﬂiﬁﬂdﬂﬁd&%%.ﬁ,ﬂim
i, Jnﬁx_co

5 e et A e % e & e A s,

V,=V,
=_3_'d 1
By =gt x100

1. sftemm—(i) A shwm wm =1+ :m::
(i) P, 3@ T uI:%E

8. et —(i) wfrext 1 WX 200 W R w7 T A e @ 7w H T R W AR
o e B R

(il) Soeet I T, T R A W fen-ger P 2
(iii) T W A 0.57m F whyEEm 7 W)




"ms_‘z%
i

Gl

P

— ‘?h-ﬁ_-“-;_:;'

WO U W W v W W e e W e e e S e @

o (i) T R g R e g I

WY N W

- A TERU—() 6 mm =W R R S v
(if) A SR A IYGH I (Container)|
(i) ¥R = =

R A

() T % 52 (der) R T e et v 3 R e e sho A e e

0 4t (Siwifea IR H 9w Tevd wh R @ v W ged 2))
(iil) 3% ¥ o] B et o v A = wh e A ‘ :

(iv) TE% T3 & ey ¥ 14 T F TR (H/ 4) T R S e =it wrom e e s, S

% ¥ W o Y, s e e < B
(v) RN W W R I A T I R A g
V) T8 T N waw T w0 30 Far (dEn) o e A S WA @ @ g

H-H

i TgEm ==

x100

5. faf—G) = ¥ 273 e @ e et 2 W S § R SR T e v

wliagor gt | 237
6. YogoT W TUTATE—
Va0 enfRreT 13,1 —wey o) e

e NI

5 A PR A Bah e 0 e Tk e Lo o R o N [ S SR

‘M\{\ 4 O A PN £ Ly T Sl S S T .W"Q.P._.,. {
’ iy, ] S

L e AT ST RLLNL A e A T chs
S N T ATt = e B - e o & e
i ..\»\‘.w.”...u.~_ Syt i W S far At o e A v.\\.:ﬁ_...m...»n.....ii.hﬂi«h...,“
P G ¥ - X - X R N AL e e
T el B G . 3 3 =N T g am—
1 >4 ,.\.....-..w AL

._.._1 &,.,.,.ﬂ«mh.ﬂ ﬂ..l,.u._...uﬁ..u
3 A J- rrsoA vt ..E.J;.nxtw\. =

L | ¥ deh srem ¥ ol s A ek, H=..... mm .
2. | ¥ e we A A= o mm .
3. nﬂﬂdﬁanm_ﬁn:m.:.is p

B

: _l+O+m
7. TReT—gmm %1 sk whe, K = .

8. fremd—f S = s A ﬁﬁarp;wﬁ!ﬂﬂ mzﬂ,_u?w 14 % SRR

9. FramPral—(i) TF T 3 @ IR ¥ w5 wrrweh | vl ot 9w P .
(ii) = N TEE TR T, W g w1 5
(iif) e T T R A E .
(iv) TETE TR TG TR W 4G % qEs T e |

R R TR e
W QT (Cube Test for Compressive Strength of Concrete ) ‘
1. TRE—FHR N TIE T9e I8 S (WA Thgm)) o :
2. Rgr—aw Wi deie weien ¥ i v w4, W e v T s s R
(weite we & o TR Q) S Wi S w o i sl % R W R s
179 e ed e S Fecenrd U € ot v am T o e R ) S i, e
&a%ﬁgiwgﬁﬂa»_mﬂﬁ%ﬁﬁaﬂﬂﬁﬂiﬂg%%%g
e 3 T el vl & ferd, v W W (e Refst) s TR R € s
Preffi amafi (7 = 28 ) ¥ vem wdte e win o SRR T M-S R EER R 150
mm ¥ 1 28 T ) 70 ¥ w swhrs it wwet 20N/ me? o e e weet 15N o /
F T =il

a1 3 2 100 mm F W (Cube) W T W T & F 150 mm TR I mm SAE AW
feftvstgm wiredt & W R, Tog T e, R vl = o8 W -

u.dﬁalﬂﬂaﬂﬁway»ﬁaiﬂm#ﬂwﬁwﬂﬂaﬂ@ir .




=0, I TG o}

buaﬂs.ladnaﬁﬂas%.ﬁa_coﬁ_
@ 150 mm 917 & w7 WY (Cube Mould)!
(iif) ST o

@mﬂumiﬂani%ﬁ.n»u.naﬂaﬂﬁwmﬁ&mﬂa«_im._

. n&uﬁﬂgwﬂﬂmii%bgﬂﬁﬂiwuﬂﬂ
gﬂasﬂ_ﬂaaiuwﬁwﬂiﬂﬁnqﬂﬂﬂﬂwﬁgﬁ%@

e moil osdeler Loty ﬂﬁwnﬂm@%m&mﬂ&wﬁﬁﬁ uﬂmmﬂasg_eiﬂamjﬂﬂmﬂaﬁniﬁ#%ﬁzﬁﬂgtﬂmﬂg

3 I FA 5 Rl ;SR le R o 1 St i s W - ¥ s T,
: ﬂ%ﬂnﬂmaﬂﬂﬂanm&ﬁs&%ﬁﬂﬂayﬂw_ﬁ%ﬂsﬂaﬁweﬂ?
e, (i) W A AR e % S, A (i) B @ 5 frend ¥ apm w ik s

a&*ﬁuﬁﬂx%iﬂﬂ?ﬁ@&ﬁmgﬂwﬂw&_

A?uuama&.&qsﬂ?&amﬂ.&nﬂﬂ%.%zu
ﬁﬂ%ﬂﬂmﬁu@ﬂﬂuﬂﬂ». 4N/ o u@ﬂﬁ&ﬂ@wﬂ@i%

(vi)) P R R R et 2 2, e = ok S e =
6. REHOT T MO —
ST 14.1-17 Ty

pF3 et [ g I 3 : n oo
Ll s s TR e LR o e S Ry : Dl TRt s
st el ey SRS L e L 2 B, s e e St A > S
P T E it et s et T L L ety e . s
S B e e e e o i S i e B, = - 541

s Sk ps

D
=

Ry RE N e e e R o, e e T el e T S - R AL 1 s A ;
oAl R e R TR » i rwi b i [T Il T Bre] [t o 11 i

. W AR =

2. A wmef = N/mm?
. [ e

® [

M) fofam

© [ERHfE

(d) |vawm 5 fify o

W S R A g -
| 1 wadt @ (1) =........ oo
W & fows 9 T W (P =..... N
_mﬂaﬁﬂinmniz\ﬁm |

7. At —(i) Jitea wditeT amd n_iw_.E

v S SRSt
waite & Rl averarey g

wegh 23
(i) e wrred ¥ winm e - L k.
8. wraefrat—(i) shryi w ﬁgﬂ@wg%_aﬂﬂawgﬂaﬂﬂ%g?
as&d#ﬂﬁﬂiiwﬂﬂiﬁ_ﬁiﬁguﬂ_

R, L ] 2 il liee Tote s dmBi Ty W oy o R T T B S T T TR e o
: - i i Wb R e T T T T e
i N TR R~ 6 e e
B T e Tt A S s g Los Sy 5

1. IRAVI—(2) BRI AT TG

(b) 3T R T : W= g ¥ wftads w1 W

(c) SR T A= : fem ¥ e ¥ wRadw w1 v

(d) T R WA e : W fired ¥ s Ff wiad W
u.aﬂ_ﬂlﬁamﬂ?ﬁ.mﬁ.géﬂﬂﬁaﬂmgwaﬂﬂ%sﬂ.ﬁwﬂ

- I T O Toeltd Thte @ < e w9 we I 50§ R fen s b e-fe sl

- TR R s e e o st ved 41 e i % R se w1 @ W B
o o e @ i Tt ST el st T w1 TR s e W e 3 R g
T | 0O T TR Tea 4 ST WA g W5 W W W w  wa e € B S g
T2 3% TE SR TEd guR W arawsa

firema 3 et w6 7 firend 3 Sofietor ¥ oRadt ¥ HRY AT ¥ SRR TEd 4 s S

. TP T e AW R W SR T 0w & e e A SEk e
| - o R S e A SR e e o

1 - S el e I A e S Seed ¥, W s S v s
) TR R T - S W e % R e

ﬁﬂaw%wﬂmﬂ%ﬁnﬁzgwﬂﬁw.ﬁaﬁﬂﬁ%#»_ |
3. Wrafi—dwie & dues—uii=, B e, TR frewn, T
4. IUHTT—(i) U1 H1 WS V-Fo1 Wien (S FR-A2 J e v )1 i) R i) 2 (Tray)

(iv) &g F 2 (v) TR W FA () (vi) A T, =W 16 mm, T4 60 cml

5, faftr—
(A) FEu e ¥ fd fem fals— -
(i) 1 1:2:4 IR T SIS T SANG FH FT0 81 555 T 2 kg TR, 4 kg T 8 kg

| T A R v wrewn] (0 v ) A ) W v e gan e, R 0.4 - Wi
o ST & T e s st W e frerd o W g dRR fImw

(i) ST WF-TIA T e ] T 0 T Towt 1w o s vieh e s vk T



Y P

240 | & werie

(i) V-1 9 e e erde e (1 ) et 0 i e =
¥ e 1 e 58 50 ) A 932 25 o o e et
o 9 T ) R A gt i S o Pl v o g8 e e oty
:5.%3&@%@@%ﬂ.ﬁﬂ@ﬂﬂa%ﬁ@ﬂm_%#g,ﬁggﬁ ,

of} g ATEN W WIF ¥ 2

A 3ﬁ_&&wﬁmnﬂﬁaﬂ_%wﬂﬁ.&w%sﬂﬁm_ﬂsﬂmﬁaﬂm F @R
%%Wﬂaaﬂ«_@&_dﬂ;ﬁﬁniuﬂﬂmﬁﬁ.ﬂwﬂ.ﬁﬁaﬂ@é
NG L S R LD T R SN e——"

werd| 9t Fhie SR T SR (Slump) FETET-d)

(vii) TR i Y 3 AR e T S v =) Torn ) 7w vl dive 3 s e we

#t wifa sraiq W fre Sn & A o F i ol w0 e Wi
- 6, NEOT A AU —

W it 15.1—amaam g

0 N AL AW N -

ST
1523
ﬁ "
3
]
H
o

=2 Sien iy 3 I+ 10
7. QRO —(;) 3itea s =1t >

P00 B3 i o — (W wir / F)
a.dﬂn_?alwﬁ%mﬂ&mﬁmﬂ@aﬁ%_
nmvéﬁiaﬂw%mﬁﬂmwaiﬁ@a%_

%ﬁﬁﬂﬁaﬂﬁmﬂw“%ﬁm%%aﬁﬁnﬁgﬁﬁ@ﬁﬂ_.ﬁ 1 6 T T

fred =1 T Y 1.6 5 W h g |
(iv) YE-g %#ﬁ.?ﬂ%_%aiaﬂ%ﬁéﬁ»,%i%_
W) uﬂﬂ_ﬁﬁwawai.muﬂaﬂa_

A e e e e
Sienes iEE R e by el B R S I

n%uﬁﬁaﬂﬁuﬁwmﬁﬂwaﬂﬂwﬁﬂﬂﬁﬁ

a8 ) 241
(vi) B A TR T2 W FF fvs B wEE 7@ T Sl \ Ll cow

(vil) Fe H Ferd vl Rivg T T w9/ FE =52

9. Hromf—arm vl % g dd P E—

(i) T % % arFha wvE

(i) 38 mm } 2 WY ¥ (AR) P F R g7 whyw 74 few s

(iii) Ftz ) YHrda 7 s A 9 b waw {

(iv) 71 THR H (FFe ¥ : W= g awd) ww F T smm amm g am
() el e Fe myF e v R v A I s A R @ b s
R R S Er e e

%ﬂdﬂﬁ% (Compacting Factor Test for Workability of Concrete) . !

1. TRVA—IECH T (FE TF) T g7 3 8 gHeda 3@ e

2. Rgr—w o : i et +we 3 gerda sawm R 3 39 50 Y she a0 2, i

A T § s s € T 2 s wga T o b o w0 e @R A (o s

e ae) # de A e e T e e ad o R o e Sad A ge
Fehte R A 62 12 A e & S e A 1Y WO 91 9 S0 % R s # 6
TorE e T A whe & 7 T el A T FE F T = S - e
_ : _ I 2 ¥ FAR W
I ="k v = :

ﬁ%iﬁmﬂf&%ﬂﬁm%gw%.gaﬁgﬁg_ =
it Sfy Toms Tt 21 7% o e § R i A vy ¢, vy e o W Prin-we
T ot W= i = we

3. rft—dwie % dves-divw, R frem, W P 1 T v /R AR W
SYFAH T WA (Nominal size) 38 mm & 31 T B =i T

4. ITH—() FET T I (Rl D} I O sk o demR W dm ).

(ii) &= 31§ (Hand Scoop) _ e 2|

() 30, ReTo Ay T ST <, g 10 3 T o il

(iv) Q wTH

(v) 2% OF 16 mm ¢, 60 cm T e

5. farftr— (i) wifoa o : Wi sTR M ¥R om0, 38 v O N T e e R
BT (A) N R e W 3t et & wvee w8 () & e vt ¥ e, T e N W ge-an
9% R ¥ W T ok wR T gy ) . g

(i) 3T BINT (A) ) et W o F2-ER H W ) ¥ FE R TR =90 TR (A) Y Paea B

B (B) W 30 Tt ofy Fe PR T IR A e M d R ez A M AT R AR

) il e W AW T A SR F R w9 o




242 | T3z weiad

&»ﬂanﬁwﬁ;&#_uaaﬁﬁnﬁﬂdﬂw.ﬂ@m_

\ : (iv) W12 & IR A W, W F T T W @ s Frew & ok 6 = w9

F92 ¥ F=8) WE W w5

Eﬁm&.wﬂﬁamﬁmmdﬂawﬁmw_ua&uaﬂs ? (T el w1 w1 o N

L ) 7w iz it wet SRl W SR
5 ?uﬁwwuﬂamnﬂﬂﬂﬁ%ﬁ%m#ﬁimﬂ&ﬁwﬁ%ﬁﬁaﬁ@_

(vii) 37 W F I i 3 Sz () 5 cm F T A 379 R R -2 I R G S

- T3 3o O v wEE W AT WU 9% SR, O Wefm Sk w@ s

Aa&ﬂmﬂimﬂﬂﬂw#ﬁﬂﬂwnﬁmﬂ&mmﬁﬁm%ﬁ@a«ﬂﬁw. ‘,,,

(ix) = Sgw aferer w¥ SR ToE ol
6. R T T — :
. Regor AT 12—HE Jors Tharor
S R s PO T Sy S o r~__; i s nu...w...._..z“ Jn-.—,., ’

" 6. [61Y Tm i Wefi FFE 1 9K =7 kg
7. [T G SRR F AR = — B = ........ kg
8. |eigT o = JE el wmie = w_ By -
T = p Atmameam 7 |

7. wRumg—aitaa we e = LI 0

3
8. Frad—amlz 3t gedda — (Iev ar=dlmaw fe) 2
9. ArEEnfrat—(i) 3190 A sl <md 859 g8 99 | T fircd e
. (i) 90 TR A FFE @ G99, 39 W T T A =S54l
© (if]) ¥ ¥ $2-ER w2H F w9 Qe 9

*(iv) IS T HHIE BIET 9K 719 T Wyt e wowt v e gt o e wfed) 1 e

g W & afed

Ecﬂ.a_a.mamrmﬂmxa@mﬁd@ﬂﬂﬁ&mm‘mz%».a?uﬂmﬂﬂﬁwﬂ@&w ,

wfieror geh | 243

(v) T W e dyn wfr ¥ o =il
(vi) S BT A FR i, Fie e & @ AT ¥ f| s & =il
°
CEEm e v T 5

zto wto Fararamdt %?ﬂ.&nn Consistometer Test for Workability of Concrete)

1. FEEva—Ho o TEFAAG TV FHIE H FHAW R FEW .

2. Rgra—a#z w1 s A 7o 70 F 3, $912 S (Workable) BF F5av0a 3, 7y
e R ez ¥ YuE 3 e S 3 A S 0 F R0 R @ R R g
(gFm) e % Rl Vee-Bee WEAATATS ¥4NT % <t 21

HHe F) Pl Fed wra w0 ¥ frd fem T e St SR M 9 GRS ¢ T .
e TR GG SR B T T w0 A ot v W we iR v s @ s e s
T T 2 TYF o ¥ R @ fafavet 1 e w0 3 9w e g, e fmmem d

ﬁmﬂoggﬁﬁ"gﬁﬁﬁﬂ&%ﬂmimﬂaﬁﬂ@w&wﬂz%ﬁ
379 =l
3. at—aEk don 0 ¥ Y e we—dne wE ¥ S e @ sl

4. TqFTUT—(i) o o FhERI-sirex (Frad 3000 ToF Wi fFz Ten F1ft =, T T AT
U, GREE avad, e SR T w1 () FIoa-we (@) TN (iv) FAIE W (Shump Cone) (v) I

Bel

5. fafr—(i) ITFT1 ¥ ITFER TR N T WA R WK - F ¥ SR wE R
STR-wig e 21 STEIE WE F I IR T 9 T A

(ii) 9 SIS EW AT TF H TR T AR WA A W T A R oW I W B A
et | 25 OR FB U HH W FHIT IFA T ATASR W F AT

(i) T B TR R B SR TR O F TG I F IW ¥ H 3R g A wd e R
Farg e W Rl ‘

(iv) TREHT HiE ! TF WE T 3N Fa9[ T B 6 A SR IR 60 R W F0E GG 5
A W R IR T § ® S 3R $o R B @ I3 (sEe @ R R Twm)

(v) 3 TREW W F T FFHE & i A e ok wgms e w1 AR vl # AW
R T IR B

(vi) 3 weft ved N W far Wt wen ¥ o few-wg R =g WA
_ ?Eﬂi#%&ﬂmﬁ«ﬁaﬁAﬂﬂvgﬂawﬂ»ﬂﬂzﬁaﬁﬁ@a%
itz i et A O R B (R Y T € W TE RS W H e @ P E A e
a1 Wi $)1 |

(viii) SR ¥ I TaE T A IR, T w3 A Ram-w A 1

(ix) From-t W T (davel) A W 77 W e H gEa # g, R S o ol
(Vee-Bee Degree) ¥ gafa s R




R

O R AT . S, R C

A (T

1

(iif) 3 FBte Pt W1 (B) 3 o = u

@ IR TR () ¥ R AR o b

(iv) W2 & TR AW, w ¢ b
TR T W W WY w

i ERR ﬁ@ﬂﬁﬂw 5 “‘_..,..

- \wﬁﬂ_w&loimﬁﬂ%@iﬂﬁmgﬂ_

(I -, . B AR R/ ﬁ—@—w—@%

242 | i e

UESEREIE ik S}

(vi) ¥ ﬂmﬂumw 2

fird et w3 s A RO
B

- QEEEHE
- 3
\-Zﬂ.a%w%ﬂgﬂ@_ﬁgmﬁﬂp;mﬂﬁ»_

() ﬂﬂﬁﬂ@n@ﬁ%%ﬂgﬂaﬂ@_
Ea@wﬁﬂmn&ﬂﬂﬁ»ﬂﬁm%mii%_
ﬁwgvﬁmﬁ#ﬂﬂ#‘ﬂﬂm@wagﬂwﬂw&m@_
(v) F9% 7 PRm-t 9 U A e 7w o W w0 qhe

Test : Rebound Hammer Test
1. Objective And Principle
Objective : The rebound hammer method could be used for

(i) assessing the likely compressive strength of concrete with the belp of suitable corelations

between rebound index and compressive strength,
(ii) assessing the uniformity of concrete,
(iif) assessing the quality of the concrete in relation to standard requirements, and
(iv) assessing the quality of one element of concrete in relation to enother,

Principle : When the plunger of rebound hammer is pressed against the surface of the concrete, the
spring-controlled mass rebounds and the extent of such rebound depends upon the surface hardness of

cancrete. The surface hardness and therefore the rebound is taken to be related to the compressive strength of
the concrete. The rebound is read off along a graduated scale and is designated as the rebound number or

rebound index.

2, Apparatus Required

energy required hammers for different applications is given in Table 1,
b ot s BT :

Rebound Hammer

—noauumuﬁon:v_.mnnnosg:&ﬂ-hﬁ!a&ﬂon-vgnﬂé-gg.ﬁng

SNa [T Kppicanan 27 < Ao s v i
Rl Mt PR e g S AL for Rebound hammer (Nm)
1. {For testing Normal weight Concrete \ 225 \
2. |For light-weight concrete or small and impact 0.15
sensitive parts of concrete
3. For testing mass concrete for example, in roads, air 225
field pavements and hydraulic structures .

Table 18.1 : Impact Energy for Rebound harmmer for different Appliations.

Schematic of Rebound hammes

3. Referenca
15-13311 (Part 2) : 1992 (Reaffirmed- May 2013) *“Non Destructive Testing of Concrete-Methods of
Test (Rebound hammer)*’, : . b2k . L .
4. Procadure ‘
4.1 Checking of Apparatus
¢ ltis necessary that the rebound hammer is checked against the testing anvil before commencement of
atest to ensure reliable results. The testing anvil should be of stee] having Brinell hardness of about

uooozgg.?n %mﬂgﬁgonﬁnn&aﬁug&sﬂﬂgﬂhnﬁ _.Bu..,oﬂ
readings on the anvil suitable for different types of rebound hammers. :

4.2 Procedure of obtaining correlation between compressive streagth of concrete and rebound
number .
% The most satisfactory way of establishing a correlation between compressive strength of concrete.
and its rebound number is to measure both the properties simultaneousty on concrete cubes, The
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concrete cube specimens are held in a compression testin, i
& machine under a f§ i
measurements of rebound number taken and then the compressive strength determined Munwnw_wwgu 3

516-1959. The fixed load required is of the order if 7 N/mm? when the impact encrgy of the hammer

structure 150 mm cube specimens are preferred for ealibratin
; g rebound hamriers of lower |
energy (2.2 Nm), wheress for rebound hammers of higher irpact energy, for example 30 Nm, ”ﬁ“m”“. 5

cubes should not be smaller than 300 mm.

© If the specimens are wet cured, thay should be removed from wet stors, e and kept i
stmosphere for about 24 hours before testing. To obtain a correlation vom?_ng aﬁcﬁaﬁﬂwwoaﬁ
strength of wet cured and wet tested cubes, it is necessary to establish a correlation between the
Eo».ﬁﬂ B.aﬁmn_vﬂnhn—vn strength of dry testes cubes on which rebound readings are taken
A direct carrelation uﬂsdnu.avaubn numbers on wet cubes and the strength of wet cubes s uom

4.3 Test Procedure :
1. For testing, smooth, clean and dry surface is to be selected. If loosely adhering scale is present, this

should be rubbed off with a grinding wheel or stone. Rough surfaces from incomplete compaction, loss of .

grout, spalled or tooled surfaces do not give reliable results and should be avoided.
2. The point of impact shonid be at least 20 mm from any edge or shape discontinuity.

3. For taking s measurement, the rebound hemmer should be held at right angles to the surface of the -

concrete member. The test can fims be conducted horizontally on vertical surfaces or vertically upwards or

dovwnwards on horizontal surfaces. If the situation demands, the rebound hammer can be held at intermediate

angles also, but in each case, the rebound number will be different for the same concrete.

4. Rebound hammer test is conducted around all the points of observation on all accessible faces of the =

structural element. Concrete surfaces are throughly cleaned before taking any measurement. Around each

pooint of observation, six readings of rebound indices are taken and average of these readings after deleting -

outliers as per IS : 8900-1978 becomes the rebound index for the point of observation,

5. Influences of Test Conditions :
€ The rebound numbers are influenced by anumber of factors like types of cement and aggregate,
surface condition and moisture content, age of concrete and extent of carbonation of concrete,

5.1 Influence of Type of Cement
.~ % Concretes made with high alumina cement can give strengths 100 percent higher than that with
.+ ordinary Portland cement. Coacretes made with super sulphated cement can give 50 percent lower
strength than that with ordinary Portland cement.
. 5.2 Influence of Type of Aggregate
-« % Diffcrent types of aggregate used in concrete give different correlations between compressive
strength and rebound number, Normal aggregates such as gravels and crushed rock aggregates give
similar correlations, but concrete made with light weight aggregates require special calibration,

1
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i o
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5.3 Influence of Surface Condition and Molsture Content of Concrete

% The rebound hammer method is suitable only for texture concrete. Open texture concrete typical of
masonry blocks, honeycorbed concrete or no-fines concrete are unsuitable for this test. All
correlations assume full compaction, as the strength of partially relationship to the rebound numbers,
Trowelled and floated surfaces are harder than moulder surfaces, and tead to over estimate the
strength of concrete. )

% A wet surface will give rise to under estimation of the strength of concrete calibrated under dry
conditions. In structural concrete, this can be about 20 percent lower than in an equivalent dry

concrete,

5.4 Influence of Curing and Age of Concrete

<+ The relationship between hardness and strength varies as a function of time. Variations in initial rate
of hardening, subsequent curing and conditians of exposure also influence the relationship. Separate
calibration curves are required for different curing regimes but the effect of age can generally be
ignored for concrete between 3 days end 3 months old. o

5.5 Influence of Carbonation of Concrete Surface

% The influence of carbonation of concrete surface oa the rebound number is very significant.
Carbonarted concrete gives an overstimate of strength which in extreme cases ‘can be up to 50
percent. It is possible to establish correction factors by removing the carbonated layer and testing the
concrete with the rebound hammer and on the uncarbonated concrete.

i 4 , 6. Interpretation Of Result

1. The rebound hammer method provides a convenient and rapid indication of the compressive strength
of concrete by means of establishing a suitable correlation between the rebound index and the compressive
strength of concrete. The procedures of obtaining such correlation is given in 4.2.

2. It is also pointed out that rebound indices are indicative of compressive strength of concrete to a
limited depth from the surface. If the concrets in a particular members has internal microcracking, flaws or

" heterogeneity across the cross-section, rebound hammer indices will not indicated the same.

3. As such, the estimation of strength of concrete by rebound hammer method cannot be held to be very
accurate and probable accuracy of prediction of concrets strength in a structure is +25 percent. If the
relationship between rebound index and compressive strength can be checked by tests on core samples
obtained from the structure of standard specimens made with the same concrete materials and mix proportion,

then the accuracy of results and confidence thereon are greatly increased. ®

Test : Ultrasonic Pulse Veloclty Method S

Ultrasonlc Pulse Velocity : This test is done to assess the quality of concrete by ultrasonic pulse
velocity method as per 1S : 13311 (Part 1) -1992. The underlying principle of this test is :

The method corsists of measuring the time of travel of an ultrasonic pulse passing through the concrete
being tested. Comparatively higher velocity is obtained when concrete quality is good in terms of density,

uniformity, homogeneity esc.
Procedure to determine strength of hardened concrete by Ultrasonic Pulse Velocity :
(1) Proparing for use : Before switching on the *V* meter, the transducers should be connected to the

sockets marked “TRAN'" and *‘REC",



THS 208 ) dete ey

;o.<..unﬁ_.5uw_uooﬂn-ﬁn£m_ either ;
(u) the internal battery,

®) an I battery or (c)the A.C. line

Provided to check the ing
5 6 trument zero, The pulse time for the b
Adjust the *SET REF* contro) Eﬁ%ann”oﬂuﬂaﬁ w.a.a o iagton the e Bawnﬂh
At Sittime is obtained o the instrument read-out
(i) Ranpe selection For )
sclected for path length upto 400

S Palse Veloclty Concrete Quality
. (km/second) (Grading)
Above 4.5 Excellent
35045 Good
301035 Medium
Below 3.0 Doubtful
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To determine flexural streagth of conerete beam

1. TRV—4wz 3 ¥ T (flexural strength) IR FT0 (S : 516 - 1959)
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3. W —Compression testing machine, AR Roller arrangement, test sample.
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Procedure : Test
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without shock and increasing contimiously at a rate such that the extreme fibre stress increases at
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mgaangnﬂuﬁﬁaﬂwﬁﬁﬁgﬁﬁnaﬁomggggg

80 CM for 15 CM SPECIMEN
40 CM for 10 CM SPECIMEN

Amangement for loading of flaxure test specimen
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b= Peasured width in cm of the specimen.
d T~ Mmeasured depth in cm of the specimen at poiatof e
I=length jp om of the span onn which the ipesine s pported
fE=max load in kg. :
IR a =T =1 17 emwy om & 5% 10 & Bty 554Y v )
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Sample [
@ Imﬁﬁcation Mark :
(b) Date of Test
{©)Age or Specimen :
(d) Curing congition 2
(¢) Size of Specimen :
(D Span lengyy, -
(8} Maximuyp, load: p=
(b) Position Oof fracture:g=
(i) Modulus Of rupture
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