CEL 232 CONCRETE MATERIALS & DESIGN

FINE AGGRE@GA
*COARSE AGG \
*WATER

THIS COURSE LAYS SPE -MPHASIS ON
TESTING OF THESE MATERIALS
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CEL 232 CONCRETE MATERIALS & DESIGN

SPECIFIC GRAVI EGATE
/:r;m

Permeable pore
Inaccessihle f Mon-Permeahle

Folid {5}

Pores (F)
Lir + Water

M

(equal to vol. of water absorbed if soaked for a long time)

V... = Vol. of non-permeable pores
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DEFINITIONS OF SPECIFIC GRAVITY

Permeable pore
Inaccessible f Non-Fenmeahle

Average specific gravity

Solid (5)

Pores (F)
Luir + Water

Weight of
aggregate in
Saturated Surface
Dry (SSD)
condition

Bulk density =

Mass of aggregate required to fill a container of unit volume.
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PROCEDURE FOR COARSE AGGREGATE

1. Wash the aggrege /

2. Putin wire basket (6. ; ' 22°C — 32°C).
3. Let the basket be

4. Weigh basket ins

5. Empty aggregate Weight of water
6. Weigh empty be displaced

A:AI—AQ = Weight . “*‘ V BIMeEanIe"POres (VS +VNP)pr

_;
T =
Sem
l;’iﬂﬁﬂﬂf\ﬂ 25m] | T T T
/ Lift/ drop 25 times
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A= Msg_(vs +VNP)pr

(when 1st can’t remove any f s moisture,'weigh
them =B

8. Heat the aggregate |
container, weigh the

Gross apparent specific gravity

B-C
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Permeable pore
Inaccessihle f Mon-Permeshle

Solid (5)

Pores (P)
Ay + Water

+*This much water ab
<*Will not aid in wo
s*Therefore weight G used.

<*Concrete mix desig

s*Aggregate should be
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PROCEDURE FOR FINE AGGREGATE

3. Weigh a small sa
moisture sticking

Q
| / A
4. Keep the sample in ajark P fic ﬁa ple such that
total vol. =500 ml . Sti '

PNE R RIT B

[ :
..uaim}.;té Calibrated
7/18/2009 © Dr. Suresh Bhalla. This material is infe@déir &esljdénts of CEL 232 at the Depaeagkepf Civil 7

Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.



VPP +(\/

Alternatively, dr
do proportionin

Gross apparent speg

Water absorption =

Average specific gravity S, = =
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CEL 232 CONCRETE MATERIALS & DESIGN

varticle SiZ€ distributien is necessan f%

aractérization. cm
ot e R 1g ek

IS 2386:

Coarse Aggregate (CA) : size > 4.75mm
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SIEVES:

CA (perforated plate type

FA (wire mesh) : 4.7 56.4.
Not suitable for very fine powde 0 em@?‘Te

&

Qal. 75 (in mm)

PROCEDURE:

®
CA E
10Kg sample’ § =
—
@ pA
[ 2.36
40 1.18
20 600 raicron
300 rmicron
10
150 rodcron
4.75
L 1 pan k T pan
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Wt. of empty tray = W,

Wt . of tray + aggreg
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Curolatte %
passing
1
A | | | | ;
475 10 20 40 75 Lo

W Sieve Size —» -
e o rec®
t'z:iined

06 re

-

Fineness modulus =) ¢
~ weighted average size of sieve on'w aterials shall be retained
(Starting from least size)
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desired results)

Initial setting time (IST)

Time after which cem
(should be > 30min).

Final setting time(FST)

Time after which cement attain s
setting, formwork can be removed
(should be <10 h).
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QUANTITATIVE DEFINITIONS

NC = That water content at whick 33-35mm.

(generally in the rangg

(>
FST = Time afte I n@rar arrin spe

cerment paste

VICATS APPARATUS
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NORMAL CONSISTENCY- PROCEDURE

4. Transfer into m
note the penetrg

5. Repeat until su

6. NC = Water conte

PRECAUTIONS:

Penetration
33 to 33 mm

ePlunger should be released without any press
ePlunger should be cleaned before each testing.
eTemperature 25 — 30 °C
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INITIAL SETTING TIME: PROCEDURE
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Penetration 35mm Y H\k“\

TIME

/& ECT™
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FINAL SETTING TIME: PROCEDURE

5. Apply the annular ring enstep. 2 Impression
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SPECIFIC GRAVITY OF CEMENT

Liquid should
No adsorption.
Should not use pola

No agglomerated particle

NP
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— — 1@

e vibrator).

nal reading.

908
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COMPRESSIVE STRENGTH OF CEMENT

sHardened cement paste shrinks a be made with it.
=Therefore, pure cement is not
=Deterioration of strength d

sAdulteration of cement

®
-

g

»

EachFace Area= 50 cmid

70.6 £ 0.15mm
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PROCEDURE

1. Desired temperature 25 —29°C

w
1Y)
-
®

o
D
-
®
~—+
=
®
3
o
c
o
7

eProd by rod 20
eAdd again and re
eVibrate for 2 min

8. Test 4 cubes each for compressive stre 3 day.s Ing rate = 350kg/cm?/min
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COMPRESSIVE STRENGTH OF CEMENT

*Test 4 cubes each for co ] ays and 28 days.
*Cubes should be tes

(should not be all
*No packing shou
sLoading rate = 3

269/8112/12269

Each Face Area= 30 cmd
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CEL 232 CONCRETE MATERIALS & DESIGN
CONCRETE MIX DESIGN

REFERENCES:

IS 456: 2000
IS 383: 1970

GIVEN:
Cement grade 43

Aggregate : CA m3
FA = Z
Workability = medium % Passing
100
Exposure = Moderate. 93
86.5
Purpose = For reinforced concr 705
58.5
0.3 20.0
0.15 7.5
. o ~ Pan 0.5
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5. Adjustmen
aggregate.

6. Cement content.

7. Quantity of aggregate.
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1. Decide concrete grade and workability

Table 5, page 20, IS: 45
Grade of concrete =
Target mean stren

SUMMARY OF DESIGN STEPS

1.Decide concrete grade and workability.

7? O‘F Tﬁd 2.Water cement ratio.

3.Air content.

5%

g

4. Water content and composition of aggregate (proportion of CA .
and FA)

5.Adjustments in WC and composition of aggregate.

6.Cement content.

7.Quantity of aggregate.

feck \[ Strength . .
7/18/2009 | © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil 28...:
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2. Water cement ratio

Fig. 47 SP 23

WCR = 0.45
< max. WCR of

or Fig.

SUMMARY OF DESIGN STEPS

1.Decide concrete grade and workability.
O'F TEd 2.Water cement ratio.

L]
3.Air content.

4. Water content and composition of aggregate (proportion of CA
and FA)

5.Adjustments in WC and composition of aggregate.

6.Cement content.

. . e 7.Quantity of aggregate.
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3. Air Content

Table 41 SP23, air conte

655N

N\

'

° ooql‘.".ooo °

SUMMARY OF DESIGN STEPS

o l.Decide concrete grade and workability.
2.Water cement ratio.

3.Air content.

: 4. Water content and composition of aggregate (proportion of CA
e andFA)
: 5.Adjustments in WC and composition of aggregate.
7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Def&RRfent B Chvil 30
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4. Water content and composition of aggregate

Table 42 SP 23

WC (kg/m?)
.

1
FOR W/C = 0.6, workability=0.8 CF,zone II FAAnguIar CA

v —
2NYF %... AN

% SUMMARY OF DESIGN STEPS

E O‘F T Ed 1.Decide concrete grade and workability.

2.Water cement ratio.

3.Air content.

4. Water content and composition of aggregate (proportion of CA
and FA)

5.Adjustments in WC and composition of aggregate.

6.Cement content.
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5. Adjustment in Water content and composition
of aggregate

FOR W/C = 0.6, workability=0.8 CF,zone Il FA Angular CA

Table 44, SP 23 or Tablé 1 -pagEaTTT %"
i}
f

WC (kg/m?) x

1. Sand type
2.CF

3. WCR diff.(= -C
4. Round aggregai

+ SUMMARY OF DESIGN STEPS

: 1.Decide concrete grade and workability.
S 2.Water cement ratio.
o 3.Air content.

: 4. Water content and composition of aggregate (proportion of CA :
e andFA)

L]
e 5.Adjustments in WC and composition of aggregate.

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at theé DepartenerdrodrCivil 32
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6. Cement Content

WCR=045= ——— =

Check 1:

Should be > Table
Should be > Tab

Check 2:

: 1.Decide concrete grade and workability.
ShOUId be < 450 kg / m3 (IS AL S 2.Water cement ratio.

o 3.Air content.

Not S atl Sfl ed . Wh at to d 0 ’) s :;:/;laéir)content and composition of aggregate (proportion of CA |

L]
e 5.Adjustments in WC and composition of aggregate.

7/1 ﬁ@ﬂ? ©?3r. Suresh ﬁhallﬁ. his material is in endectfor students of CEL 232 at the DepaitenesiredrCivil 33
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6. Cement Content

Add admixture CICO
=0.6% C

SUMMARY OF DESIGN STEPS

Satisfies BC
Check 1 and ChE€

1.Decide concrete grade and workability.
2.Water cement ratio.

3.Air content.

: 4. Water content and composition of aggregate (proportion of CA
e andFA)
: 5.Adjustments in WC and composition of aggregate.
7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at theé DepartenerdrodrCivil 34
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/. Quantity of Aggregate

Solving

SUMMARY OF DESIGN STEPS

A\

. . _ W
Similarly, V =V, +——
p\N 1.Decide concrete grade and workability.
2.Water cement ratio.

3.Air content.

: 4. Water content and composition of aggregate (proportion of CA
e andFA)
: 5.Adjustments in WC and composition of aggregate.
7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at theé DepartenerdrodrCivil 35
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Mass (kg)

Ratio by mass

: 4. Water content and composition of aggregate (proportion of CA

e andFA)

: 5.Adjustments in WC and composition of aggregate.
7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at theé DepartenerdrodrCivil 36
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SUMMARY OF DESIGN STEPS

1.Decide concrete grade and workability.
2.Water cement ratio.

3.Air content.

uantity of aggregate.



SITE ADJUSTMENT FOR MOISTURE IN
FINE AGGREG

water by
mass

7.5

Table 10, IS 456

Moderately wet sand | 5.0

Moist sand 2.5%
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CEL 232 CONCRETE MATERIALS & DESIGN
WORKABILITY OF FRESECONCRETE AND

CASTINGES

Workability = Ease Witk \g pon
)

EASE OF:

*Mixing and Placiiit

sCompacting

a
\ %M )
VEBETIME=S"

*Mobility

*Finishing

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
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SLUMP TEST

Vertical settlement of a sta e of fresh concrete

PROCEDURE
o 4 layers, tap 25 ti 2llayer below.

e Flush surface

Failure in shear called segregation

7/18/2009 . This material is intended for students of CEL 232 at the Department of Civil 39
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COMPACTION FACTOR TEST

Hoperl
Hoper 2

Cylinder 3
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COMPACTION FACTOR TEST

PROCEDURE

» Fill H; without any

e Release after 2 mi - : darehenergy)

W, = Weight of C when fillec
W, - W,

7/18/2009 © Dr. Suresh Bhalla. This mg:élal is‘intended for students of CEL 232 at the Department of Civil
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PROCEDURE

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civi

VE BE TIME TEST

Place slump cone in ' f the Ve aratus, kept on a
vibrating table.

Prepare slump

Remove cone, and stop

watch.

conical
e cylindrical.

preferred to highly
workable concrete, as very
small time cannot be
measured accurately.

Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.
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COMPARISON

Table 2 P

Workability

Very Low
W A
Low
Low reinforcement, mass concreti
1 I rs Ak % il i
Medium

Medium reinforcement 1-2% or
pumped concrete

M X/ AT 1D

High

‘1 =
very congested reinforcement,

Such as beam - column joints (> 3%) |

As water-cement (W/C) ratio increases, strength falls and workability increases.
We have to obtain a trade off

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.
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CASTING OF SPECIMENS

Weights of constituents required????
Cement, FA, CA, admixture, water

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.
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CASTING OF SPECIMENS (IS 516-1959)

1. Desired temperature 25 —29°C

2. Prepare the moulds— app

3. Prepare the concrete mi

3. Carry out workabilit

4. Fill moulds and cor
eEach layer sho
¢35 strokes if co
eAdd again and re
eVibrate for 2 min

7. Remove moulds and sub 0 il i e testing. Water

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.
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CEL 232 CONCRETE MATERIALS & DESIGN

™ 7~

BEHAVIOUR OF \N FLEXURE

D

Shear stress

Point 1.
(No shear) o

Point 2:
(No bending stress)

<i>

In the case of concrete, stress-strain will be linear for small loads. After cracks
7/18E2@H9p &yl aur diaaths,nsteds 5 idiendadion swdbnts ef ABr232aete Department of Civil 46
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BEHAVIOUR OF RC BEAMS IN FLEXURE

SFD

BMD

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.
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TEST PROCEDURE

Avg = g1

N~

1.Note for the beam:'c strain gauges

(internal & externa

2.Load the specimen stati : LNOte/P'& €4, €,, €5, &
internal & €4, €,, €3, €

6.Conclude:
(a) Ductile or brittle failure
7/18/2000) CorRprariso Detwed Brerdriientalsg tRetsPatitetemimeEf Cii 48
Engineefing, IIT Delhi only. No part can be copied, transmitted or printed without prtér’permission
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7. Plot variation of ‘ hased external strain
gauges)- comme '

v
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2007 BATCH
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CEL 232 CONCRETE MATERIALS & DESIGN
BEHAVIOUR OF R( & IN SHEAR

Failure types:

1) Splitting / Comprg&si

failure

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil 52
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= Between 1 & 2.5

!
/
Anchoragg} /

failure

Shear tensio

3) Diagonal tensio

beginning

4) Flexural failure

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil 53
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TEST PROCEDURE

1.Note for the beam: strain gauges

(internal & external
2.Load the specime & €, €, €3, &
internal

3.Plot M Vs Curvature ¢4

4.Calculate V, using limit s

\1 ?\'g&@?t cube

5.Conclude:

Sece%%‘%
(a) Ductile or brittle failure

(b) Comparison between experimental & theoretical V,

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil 54
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THIS LABORATORY 1§
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CEL 232 CONCRETE MATERIALS & DESIGN
BEHAVIOUR OF R& S4N TORSION

o S o

7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.



7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.

60



7/18/2009 © Dr. Suresh Bhalla. This material is intended for students of CEL 232 at the Department of Civil
Engineering, IIT Delhi only. No part can be copied, transmitted or printed without prior permission
of the copyright holder.

61



2008 BATCH
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2009 BATCH
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CEL 232 CONCRETE MATERIALS & DESIGN
NON- DESTRUCTIV UATION (NDE)

Concrete Strength
Very important for ma ‘ Ig < erties

Actual Structure

NDE Methods

To determine concrete Stt ) actus ) lve manner
i.e without causing any damage-ir

However, don't yield absolute
concrete related to strength.

Best for accessing the uniformity of qua evelopment of strength with time.

In this practical, two NDE technl ues will be studied: rebound
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ULTRASONIC PULSE VELOCITY (USPV)
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ULTRASONIC PULSE VELOCITY (USPV)
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AVAILABLE CORRE

CUBE COMPRESSIVE STRENGTH, PSI

S = A+ By" A m/s)

t ; a
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S (MPa) = 52.25 v - 210.

Malhotro, V.M (1976) Testing Hardened concrete: Non- destructive Methods,

ACI Monograph 9
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SPLIT CYLINDER TEST

Tensile strength b

Reasons:
eDTT — Accidental
eDTT — Entire speci
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SPLIT CYLINDER TEST

Loading Rate

Fant ??e:%'}

g/cm?/min
3

S No.
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FLEXURAL TENSION TEST

Reasons:
1. DTT — Accidental eccentricity.
2. DTT - Entire specimen under maximt
3. In flexural tension test, concrete above NA

occurrence of weak element.

4. In flexural tension test, actual stress distribution parabolic, linear assumption over estimates tensile stress.
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FLEXURAL TENSION TEST

Loading Rate

S No.

M = P2 __M _3pa
2 ‘"7 bD? If a<11 cm results be disregarded.
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TEST PROCEDURE

(internal & external).

2.Load the specimen statice
€1, €, (Strains) etc.

3.Plot w (UDL intensityy)
4.Calculate w, theore

5.Note and sketch fai
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CEL 232 CONCRETE MATERIALS & DESIGN
BEHAVIOUR OF ECC RICALLY LOADED
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TEST PROCEDURE

(internal & external).

2.Load the specimen statice
€1, €, (Strains) etc.

3.Plot w (UDL intensityy)
4.Calculate w, theore

5.Note and sketch fai
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CEL 232 CONCRETE MATERIALS & DESIGN

YOUNG’'S MOD

NCRETE

ﬁ : least with increasing loads
 Adopted by most codes
11612009 C/Z » But hysteresis effects should be
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TEST PROCEDURE

failure stress.

2.Load the test
failure stress.

3.Record strait
unloading.

failure load be noted.
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STRAIN MEASUREMENT

STRAIN TO BE MEASURED USING DIGITAL
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