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ABSTRACT

Concrete is the most commonly used material
because of its ease in getting required shapes in
various types of constructions. The present day
concrete demands high performance with economy. A
huge quantity of concrete is consumed by
construction industry all over the world. The demand
of aggregate and cement used in concrete is
increasing worldwide every year due to rapid
industrialization and urban development. On the
other hand, vast amounts of construction and
demolition (C&D) wastes are generated due to
demolition of existing structures and increased
construction activities which create landfill problems
worldwide. The excessive utilization of aggregate for
concrete production leads to excessive exploitation of
natural aggregate and environmental degradation

from quarrying activities.

This has resulted in renewed interest in use of
Recycled Aggregates (RA) as a viable source of
concrete ingredients. The modulus of elasticity of
concrete is a very important parameter reflecting the
ability of concrete to deform elastically. Deflections

and crack widths are the parameters which give us

warning that the structure is about to fail so that
there will be sufficient time to react. The aim of study
is to verify the influence of steel reinforcement on the
modulus of elasticity of reinforced concrete members
and also to compare the parameters such as
deflection, strains and crack width between the slabs
that are laid by using complete natural coarse

aggregate and 50% of recycled coarse aggregate.

Study carries casting and testing of two way slab
specimens by using natural coarse aggregate and
50% replacement with recycled aggregate. The
concrete grade considered for study is M25. In the
experimental study the concrete mix has been
designed as per the guidelines given in IS: 10262-
2009 published by Bureau of Indian Standards. In
slab specimens, the steel reinforcement varies from
0.3%, 0.4%, 0.5% in both the cases (nhatural and
recycled) by using 6mm and 8mm diameter rebars.
The size of two way slab is 600mm x 800mm x
90mm. The value of modulus of elasticity (E) is
evaluated from the load vs. deflection curve of slab

specimens.
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INTRODUCTION

Concrete is the most commonly used
material in various types of constructions. Concrete is
widely used for the construction of buildings,
foundations, pavements, bridges, and motorways,
runways, parking structures, dams, reservoirs, pipes,
fences and poles. The present day concrete demands
high performance with economy. Concrete is a
material with which any shape can be cast. It is the
material of choice where strength, performance,
durability, impermeability, fire resistance and
abrasion resistance are required. It is difficult to find
out other material of construction which is as

versatile as concrete.

A huge quantity of concrete is consumed by
construction industry all over the world. Concrete is
an artificial material in which the aggregates both are
fine and coarse are bonded together by the cement
when mixed with water. Concrete solidifies and
harden after mixing and placements due to chemical
process known as hydration. The water reacts with
the cement, which bounds the other components
together eventually creating a stone like material. The
concrete has become so popular and indispensable
because of its inherent properties. Concrete has
unlimited and innovative applications in the

construction field.

Construction technologies being develop
and refined the builders featured in their responses to
environmental and social issues surrounding the
extraction of raw materials from nature and their use
in construction for built environment. Although these

materials and method have traditionally been

considered “primitive” and therefore inferior to more
highly processes materials in terms of safety,
durability, performance, occupants health, and
comfort with respect to environmental issue,
consumption of environmental products and energy
within the construction industry has created a
significant demand for raw materials and for
production thereby contributing to the many

environmental problems associated with diverse

ecosystem.

RECYCLED AGGREGATE

Recycled aggregate (RA) is aggregate resulting
from the processing of material previously used in
construction. According to the European Standards
for concrete there is a full possibility for the use of
RA in concrete. The acceptable ways for the use must
be determined according to the national

specifications.

Objectives of the study

The objectives of the present research work:

1. To determine the serviceability and strength
aspect of the reinforced cement concrete two
way slabs by varying the percentage of steel i.e.,
0.3%, 0.4% and 0.5% and also the diameter of
the reinforcement i.e., 6 mm and 8 mm and also
the percentage of steel i.e.,, 0.3%, 0.4% and
0.5%.

2. To determine the serviceability and strength
aspects of reinforced cement concrete two way
slabs by replacement of coarse aggregate with

50% recycled coarse aggregate.
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3. Comparison of results obtained with natural
coarse aggregate and recycled coarse aggregate

in two way reinforced cement concrete slabs.

2. LITERATURE REVIEW

Aron Zaslavsky (1967) presented a vyield line
analysis for simply supported rectangular concrete
slabs  (isotropically reinforced) with central
rectangular openings, under uniformly distributed
load. The three possible yield line patterns
(mechanisms) are analyzed and design diagrams were
derived for rapid determination of the correct
mechanism and the required ultimate moment.

Numerical examples are also provided.

Adrian E Long (1975) presented formulae for
isotropically reinforced square slabs supported on
square columns. Application to relevant test results
reported in the literature indicated that the formulae
represent a significant improvement over previous

methods which are largely empirically based.

3. MATERIALS AND METHODS

Cement

Cement is the most important ingredient in concrete.
One of the important criteria for the selection of
cement is its ability to produce improved

microstructure in concrete.

Aggregate

Aggregate are the important constituents of the
concrete. They give body to the concrete, reduce

shrinkage and effect economy. The mere fact that the

aggregate occupy 70-80% of the volume of the
concrete involves in this study.

Fine Aggregate

The material which passes through 4.75 mm sieve is
termed as fine aggregate. It is a granular form of
silica. The locally available river sand conforming to
zone-1l of 1S 383-1970 has been used as fine
aggregate.

Coarse Aggregate

The coarse aggregate is the strongest and the least
porous component of concrete. It is also a chemically
stable material. Presence of coarse aggregate reduces
the drying shrinkage and other dimensional changes

occurring on account of movement of moisture.

Recycled Coarse Aggregate

The recycled coarse aggregate is used in this
investigation is obtained by crushing the tested

laboratory concrete cubes.

WMLy

Manual breaking of tested concrete cubes to obtain

recycled coarse

Aggregate
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Sieving of Recycled Coarse Aggregate

Recycled Coarse Aggregate Sample

WATER:

Water used in the construction should be free from
acids, oils, alkalies, vegetables or other organic
Impurities. Water has two functions in a concrete
mix. Firstly, it reacts with the cement to form cement
paste in which the inert aggregates are held in

suspension until the cement paste has hardened.

STEEL

Steel reinforcement bar is also known as rebar,
reinforcing bar, reinforcing steel and reinforcement
steel. It is a versatile constructional material which is
widely used in the construction industry for making
of the reinforced concrete. Reinforcement concrete
(RC) is a composite material made up of concrete and
some form of reinforcement — most commonly steel

rods, bars, wires or mesh of steel rods and steel wires.

MIX DESIGN OF M25 GRADE OF CONCRETE
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4. RESULTS AND ANALYSIS
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Flexural characteristics of specimens with S0.3% (6Q)

Page |311


https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. a1 ooy
Qé Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IR

March 2019

(KN} (mm) pnm { )
0 0 [ 0 0
] 0 ‘ i 0

Lead | Deflections [ Stmis | Crack widlh ‘ Relation between load v/s crack width
\
\

Flexural characteristics of specimens with S0.3%

20 0.0 i 2
30 0 (¥ | 133 I ‘ (6@) +50% (RCA)
3% 0.09 T m ol \
40 012 \ M 04 \ [Thest T DeBedtions | Steales | Coakwidh
3 0.32 2% 13 | (KN) (Inm) pmm | fwnm
1 ‘ ) | [ {
[ 0,64 ‘ a2 L9 ‘ ;.. :; l"l ':
&5 L% [ 520 56 T30 | a0 T T | 0 —
i 7] 152 | 0
N 000 168 0.1
1 BT 018 221 3
Natural aggregate with p,=0.3 . S | 045 L 0
) 056 “l 3
GE (T AR 13

Recycled aggregate with p,=0.3

Load (IN)

—-0.1
&0
b1
2 @
Deflection {mm) g 30
20 } -~ -0
Relation between load v/s deflections w |
o
o os a1 015 02 025 03
Natural aggregate with p,=0.3 Deflaction (mm)
70
o
W Relation between load v/s deflections
g w
g 30
- 03
z Recycled aggregate with p,=0.3
0 . n
0 100 200 300 w0 0 w0 @
Strain (um/m) o
= 10
P
- 0 i
Relation between load v/s strains W
0
o o no wo 400 S0 wo
Natural aggregate with p,=0.3 S
70
6o - . -
X Relation between load v/s strains
o
3 30
20 ---03
10
0
o 1 3 3 4 5 6

Crack width (mm]

Available online: https://journals.pen2print.org/index.php/ijr/ Page |312



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. a1 ooy
Qg Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
R

Volume 06 Issue 03
March 2019

Natural aggregate with p,=0.3 Natural aggregate with p,=0.4

3 &
1 L B
b , ~8-0.3
10 ’
o . o 100 200 100 400 00
0 1 2 ) A o 0 saeain (wm/m)
Crimch width (mm)
] ] Relation between load v/s strains
Relation between load v/s crack width
Flexural characteristics of specimens with S0.4% . Natualaggregate with p.-0.4
(69)
z
Do | Dellecwn [ S| Codk vl 3
| 1\\- il {mm) | N | _(uem) -0
0 n 0 0
| T o 3 0
+ ..\‘ - .: 5 . =3 - r 0
| O .8 ! SO - o 1 2 3 a 5 6
£ 0.0 150 0
s 0o e | [ ‘ Crack width {men)
| F 0 i)l" ¥ | 135 | ] i |
% 624 | 53 | (B
[ o o9 3 23 ‘
L. S - E28 B Relation between load v/s crack width
Flexural characteristics of specimens with S0.4%
Natural aggregate with p,=0.4 (60) + 50% (RCA)
&
70
_® Tod | Deflecoon T S | Crckwidh
g % | KN) ) [T )
= I 0 T 0 | 0 | 0
}; 0 A7 [T 10 | 0 I A I o =
20 i | NG | 70 | ]
10 [ 0 008 | 154 | ]
o [ 38 | 0.9 | 1% | 0.2
0 005 01 015 02 025 0) [ W [ [ 03 |
oecton o N — C_—
0 ' i ‘ I ' 1

Relation between load v/s deflections
Recycled aggregate with p,=0.4

L8 8

Laad (W)
£

=104

0 0.05 a1 015 0.2 Q25 03

Deflaction {mwmn)

Available online: https://journals.pen2print.org/index.php/ijr/ Page |313



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. oot onx
ﬁ Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IOR March 2019

Relation between load v/s deflections Natural aggregate with p,=0.5

Recycled aggregate with p,=0.4

=
no 2
70 § ]
no U
g 50
g :Z 4 Do (A8 D15 02 0.2% 03
20 T Deflaction (mm)
1
0 —
[ 100 200 300 a0 500 (SO
serain (m/m) Relation between load v/s deflections
Relation between load v/s strains Natural aggregate with p,=0.5
«O0
to
Recycled aggregate with p,=0.4 n
5 i ;0
70 E 0
w - 30 =05
] 20
= & | 10
§ » X o
=104
o 0 100 0 ) 400 500 w0
11: Strain {pum/m)
o 1 2 3 4 s o
Crack width [mm)
Relation between load v/s strains
Relation between load v/s crack width
Natural aggregate with p,=0.5
Flexural characteristics of specimens with S0.5% =
»n
(69) = w |
i 0 |
- ”
g &~
Load | Deflachions | Siaite | Conck wydiy :: -0
'}7..\AI | fnun 3 | pinm | 'Hlj" 10
0 0 O O a
n | 0 | 0 3 5
20 | ] | &
m | anl | (0]
IR | o0 | 146 5
e 1 ) | 14 | wi
,i" T f{“ = T Vj'.': T % il
o | 0ar | LR | 15 | Relation between load v/s crack width

] )0 W00 b
| 1 5h | T | 33

Flexural characteristics of specimens with S0.5%
(69) +50% (RCA)

Available online: https://journals.pen2print.org/index.php/ijr/ Page |314



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

®
X 4

International Journal of Research
Available at https://journals.pen2print.org/index.php/ijr/

e-ISSN: 2348-6848
p-ISSN: 2348-795X

Volume 06 Issue 03
March 2019

w

Lead fAN)

Load (kN)

Load BN}

Defections I Stroae Crmk width

() jun‘m T

| 0 | 0 | 0

1 o T 3T | ]

| s T w | K]

| LIECH I 152 | 1]

| 0o T 156 | ]
(0 | 189 | [N}
(53 1 pET l 12
5] T » | bE]
9% T 378 T 38
(= 151 | i3

Recycled aggregate with p,=0.5

0 005 01 015 02 025 a3

Deflaction {mm)

Relation between load v/s deflections

Recycled aggregate with p,=0.5

i)Y

a 100 00 o 400 500

Stratn (um/m)

Relation between load v/s strains

Recycled aggregate with p,=0.5

105

o 1 ’ ' 4 s &

Crack width (mm)

Relation between load v/s crack width

Flexural characteristics of specimens with S0.3%
(89)
ad Defecon T Soum Gackwion
.'an lun}\l ; uf-.'v\ {mm)
——=—1—
E0] e Tm T i
2 006 1 153 1 0 =
57 0.9 I 158 1 o3
7(11’” 0 :;‘ - 1 l!.‘ - 1 Vi\br
w0 030 | m 15
W 038 | T 1 EXE
W (XTH 1 T | EXR
Natural aggregate with p,=0.3
"o
70 |
20
8 -0
20
10
o
o 02 o4 oo on 1 12
Deafisction (mm)
Relation between load v/s deflections
Natural aggregate with p,=0.3
»
0
&
Sl
o
30 [ -1
0
10
Q
0 100 200 300 400 500
Srain {pm/m)

Relation between load v/s strains

Available online: https://journals.pen2print.org/index.php/ijr/

Page |315


https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. oot onx
ﬁ Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IOR March 2019

Natural aggregate with p,=0.3 Recycled aggregate with p,=0.3
0 .
0
&0 -
=
2 so .
= %0 3
3 10 - -l 10
0 -&-03
10
0 1] 100 200 W0 an S0
0 1 2 3 R 5 6 tlr*\(uu\/ml
Crack width [mm)
Relation between load v/s strains
Relation between load v/s crack width
o ) ) Recycled aggregate with p,=0.3
Flexural characteristics of specimens with S0.3% =
70 |
(8@) + 50% (RCA) o0 |
g 50
s Y
" Load I “Dedlections | Staine | “Ciack widsh 3 w0 =103
ikn\‘ o) panm ) Jo
]l" I 0 2 | 0 - | 0 B | 10
BTN T 0 | w | ] o
] | B0z | 5 | ) R a 1 2 3 1 5 &
il | Re:: | 146 | N Crack width {mm)
35 009 18 04
T OCE 2| T
O I 036 | ] | 22
- M o - Relation between load v/s crack width
Flexural characteristics of specimens with S0.4%
Recycled aggregate with p,=0.3
0 (89)
Patl
e — - - —— - - —— —— - - - - -
o S0 Load | Detiactions | St Tk widiu
é RN ) Mo e
et i | 0 | 0 [ 0 |
s = — 10, 2 [ 10 T 0} T £ ] |
e I~ T T | 7 ] 1
10 [ i 1 s ] ‘
0 | in | 006 ) |
0 05 1 15 ) | 010 w
Daflection (mm] - ::: 1 ::ii lll ‘
] ! 09 » |
) T 148 T [T%) 3
- - il T 5 T ¥
Relation between load v/s deflections ! = I s

Available online: https://journals.pen2print.org/index.php/ijr/ Page |316



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. a1 ooy
ﬁ Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IOR March 2019

~Twd | Deflection T Smm | Cidk wah
Natural aggregate with p,=0.4 x| cun) [ pmm | i
0 1] (8 0
: ' T T ] | 38 | 0
70 I~ | our | 6 | ) %)
g 3N 006 i 0
-4 £ w7 B | | 3
a0 [ ] 030 T 36 13
3 30 =04 [ l ] L I T
20 % 1 TS 1 (Th 1 e
10 [ 3 |51 | 185 X
0 . -
(4] 0.5 1 1.5 2
Deflection (mm) . K
Recycled aggregate with p,=0.4
20
i - 70
Relation between load v/s deflections .
g =0
g 40
0w
Natural aggregate with p,=0.4 20 Rl e
10
% o
70 ] ] 1 1 2
s ® | Deflection [mm)
3
- % —a—04
n . .
10 | Relation between load v/s deflections
n 100 00 300 a0 0 600
strain {m/m)
Recycled aggregate with p,=0.4
Relation between load v/s strains
=
ES
! ——- 04
Natural aggregate with p,=0.4
50 —
);l) 600
0
- b0 Strain (wm/m)
g S0
B W
K m: 0.4 . .
0 Relation between load v/s strains
10
-
0 1 4 L] 4 S5 [ |
Crack width {mm] Recycled aggregate with p,=0.4
. . ' B0
Relation between load v/s crack width 2
60
g 50
Flexural characteristics of specimens with S0.4% 1 i
0
(809) + 50% (RCA) 2 -
10
o
0 1 2 3 4

Relation between load v/s crack width

Available online: https://journals.pen2print.org/index.php/ijr/ Page |317



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. oot onx
Qg Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IR

March 2019

. . . 0
Flexural characteristics of specimens with S0.5% Natural aggregate with p,=0.5

(89) @
g0 |
Jo |}
Toad | Detiection T Sunim T Crackwith 5 60 |
(KN1 | s | | | () - 50
0 ! ) | (] ] 0 40
11 | 0 | _" | 0 g 10 -5
bl [ - [}
i [ (5 [ 10 [ 0 | &
0 | 006 | 136 | i) 10
T S — . o
0 | 012 | _193% | el | 0 1 2 ) - 5
o0 & 12
0 T 078 4] 3 Crack width {mm)
30 1 34 s 1 a3
8¢ A 174 —_ st 1 X3
Relation between load v/s crack width
Natural aggregate with p,=0.5
oD
80 Flexural characteristics of specimens with S0.5%
70
s :" - = (89) + 50% (RCA)
3 |
o Casie D | Demws | Sws | Gkl
10 | (KN) | {1m | | oy | {xrem)
° F—i— 5 —s—1 s
o o9 1 3 2 | 0 T no 1 :';
Detlection (mm) | ‘ G 1 id i | X
w 1) o 0
e 1 LA 1168 1 03 =
[ %o 1T  on e |
Relation between load v/s deflections —%— e —— : !
N | i
Natural aggregate with p,=0.5
% Recycled aggregate with p,=0.5
] w |
- B0 | v |
2 30 | Z |
40 | o |
g w | 0.5 § 4m ) - 105
0 } 20
10 10
o
0 100 200 300 200 00 500 o 0.5 1 1.5 2
strain {yem/m) Owuflaction (mm}

Relation between load V/s strains Relation between load v/s deflections

Available online: https://journals.pen2print.org/index.php/ijr/ Page |318



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

Volume 06 Issue 03

- ® International Journal of Research O eN. a1 ooy
Qg Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
IOR March 2019

Recycled aggregate with p,=0.5 S0 (pt=0.3)
%0 7z
2 = L
N _E. I -} 3
= 0 - - 20 4
g % i “8-10.3
3 :: . 0 05 I 15 2
",
2 | - Defiection (mm)
10 (p0.4)
o B0
S00 -
—
Steain [m ) 5
§ 2 ——04
~-04
- - 0 .
Relation between load v/s strains o 02 o4 06 o¥ 1 12 14
Deflection (mm)
Recycled aggregate with p,=0.5 (p=0.5)
0 ‘ 10 I
80 | = |
0 | £ I
] :’" t } ——10
= 50 | ~&-105
§ A0
0 w1005 0 05 1 15
0 Deflaction (mm)
10
o
0 1 2 3 4 S L
Crack width {mm) Comparison of strains between natural and
recycled aggregate with 6 mm dia Strains @ 0.3,
Relation between load v/s crack width 0.4 and 0.5 percentages of steel:
Comparison of deflections between natural and (pr=0.%)

recycled aggregate with 6 mm dia reinforcement
@ 0.3, 0.4 and 0.5 percentages of steel:

Lead KN)
3 \
8

1 A 00

Seewin G

(pr=0.4)
B0
7 60
-
- A0
e =04
o —— 0
o 100 200 100 00 200 000
Stenim Gimcmy
(pt=0.5)
100
7 80 |
= 60 |
LI o
— 2 }
ps | . AUS
[ 200 L0 A0

Steadn (omom)

Available online: https://journals.pen2print.org/index.php/ijr/ Page |319



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

- ® International Journal of Research O eN. oot onx
ﬁ Available at https://journals.pen2print.org/index.php/ijr/ prISST: i
e Volume 06 Issue 03
IOR March 2019

Comparison of crackwidths between natural and

(p,=0.3)
recycled aggregate with 6 mm dia Strains @ 0.3, 80
> B
0.4 and 0.5 percentages of steel: 2 .
g es ——03
1 (pt=0.3) 0 -
80 o nz na o6 os 1 L2 La
i &0 - - -
! f: —pee (1.3 (p'=o'4)
e -“ ——y0 b 100
6 1 2 3 & 8 8 e
Crenck wiidth (1zum) g W -
0
o 104
(pr=0.4) y
40 0 0s L L5
60 Daflection (mm)
-
! o i () A [
3 0
o8 —-—r0 4 (p!'—'O.S)
0 1 2 3 J 5 6 100
Crack width (oun) z 80
& 6
(pt=0.5) 3N a
100 = b s
0 — =05

Laad (kN)

80

o0 0 0.5 1 15 2
“:: () § Deflection {mm)

n — 0.5

0 a L 6

Crack width (oumn)

Comparison of deflections between natural and Comparison of strains between natural and

recycled aggregate with 8 mm dia Strains @ 0.3, recycled aggregate with 8 mm dia Strains @ 0.3,

0.4 and 0.5 percentages of steel: 0.4 and 0.5 percentages of steel:

Available online: https://journals.pen2print.org/index.php/ijr/ Page |320



https://journals.pen2print.org/index.php/ijr/
https://journals.pen2print.org/index.php/ijr/

International Journal of Research

e-ISSN: 2348-6848
p-ISSN: 2348-795X

® . - . . .o
@, Available at https://journals.pen2print.org/index.php/ijr/
IJR

Volume 06 Issue 03
March 2019

(p1=0.3)

z
.
<
2
~ ) 3
- () 3
0
n 100 200 00 400 500
SNtruin ()
(pt=0.4)
100
7 S0
= &0
va 10 0.4
- 20 - -0 4
0
0 200 400 600
Stratu (pm/m)
(pt=0.5)
100
z 80|
= 60 |
& 90| 0.5
- 20 |
o ~-10.5
O 200 400 600
Straln (pman)

Comparison of crack width between natural and
recycled aggregate with 8 mm dia Strains @ 0.3,
0.4 and 0.5 percentages of steel:
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Results of modulus of elasticity
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5. CONCLUSIONS
1. By using 50% recycled aggregate the flexural
strength of the slabs are almost same as that to

the natural aggregate slab strength.
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2. Upto the first crack point, the deflections are
linear beyond that the deflections are increases
non-linearly and rapidly.

3. As the percentage of steel increases the crack
width decreases. The decrease in percentage of
crack width is 60% between 0.3% and 0.5%
percentage of steel.

4. Modulus of elasticity of the slab increases with
increase in percentage of steel. The increase in
percentage of modulus of elasticity is 14%
between 0.3% and 0.5% percentage of steel.

5. The modulus of elasticity obtains by deflections

and strain of slabs gives almost equal values.
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