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A Study on the Shear Behavior of Recycled Aggregate
Reinforced Concrete Beams without Stirrups
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YDept. of Architectural Engineering, Kumoh National Institute of Technology, Gumi 730-701, Korea
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ABSTRACT Little investigations have been carried out to study the shear behaviors of RC beams with recycled aggregates. So, this
experiment investigates the shear performance and suggests the possible application of Recycled Concrete Aggregate (RCA) for

building structures. In general, shear strength of reinforced concrete beam without stirrups is dependent on the compressive strength

of concrete, the longitudinal steel ratio, and the shear span-to-depth ratio. In this study, total 28 recycled aggregate concrete beams

without shear reinforcement were tested by two-point load and all beams were singly reinforced. The variables studied in this
investigation are shear span-to-depth ratios (a/d=2, 3 and 4), RCA replacement ratios (0, 15, 30 and 50%) and longitudinal steel ratios
(0.80, 1.27 and 1.84%). The designed concrete compressive strength with a 30 MPa is used. This research will play an important role
toward the establishment of the structural design standard for RCA concrete.
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21 AEAH A=

2 328712 AgAE Al ‘6}035} *’Yﬂxﬂ 0—4%3 Table 1
of YEeht niel At BE A9 vhH-2 135%x270 mm

Table 1 The list of specimens

Section | RCA Longitudinal bar| Shear
(mm)  |replace span-to

Specimen| ment . -depth Length

Widt | Depth| ratio |Ratio p| ¢; . | ratio (mm)

h @) | %) | (D) (ald)
NO0-13-2 | 135 | 270 0 0.80 |2-D13 2 1528
N15-13-2| 135 | 270 15 0.80 |2-DI13 2 1528
N30-13-2| 135 | 270 30 0.80 |2-DI13 2 1528
N50-13-2| 135 | 270 50 0.80 |2-DI13 2 1528
NO-16-2 | 135 | 270 0 1.27 | 2-Dl16 2 1528
N15-16-2| 135 | 270 15 1.27 |2-Dl16 2 1528
N30-16-2| 135 | 270 30 1.27 |2-D16 2 1528
N50-16-2| 135 | 270 50 1.27 |2-D16 2 1528
NO-13-3 | 135 | 270 0 0.80 |2-D13 3 1992
N15-13-3| 135 | 270 15 0.80 |2-D13 3 1992
N30-13-3| 135 | 270 | 30 0.80 |2-D13 3 1992
N50-13-3| 135 | 270 | 50 0.80 |2-D13 3 1992
NO-16-3 | 135 | 270 0 1.27 |2-Dl16 3 1992
N15-16-3| 135 | 270 15 1.27 |2-Dl16 3 1992
N30-16-3| 135 | 270 | 30 1.27 |2-Dl16 3 1992
N50-16-3| 135 | 270 | 50 1.27 |2-Dl16 3 1992
NO0-19-3 | 135 | 270 0 1.84 |2-DI19 3 1992
N15-19-3| 135 | 270 15 1.84 |2-D19 3 1992
N30-19-3| 135 | 270 | 30 1.84 |2-D19 3 1992
N50-19-3| 135 | 270 | 50 1.84 |2-DI19 3 1992
NO-13-4 | 135 | 270 0 0.80 |2-DI13 4 2456
N15-13-4| 135 | 270 15 0.80 |2-DI13 4 2456
N30-13-4| 135 | 270 | 30 0.80 |2-D13 4 2456
N50-13-4| 135 | 270 | 50 0.80 |2-DI13 4 2456
NO-16-4 | 135 | 270 0 1.27 |2-Dl16 4 2456
N15-16-4| 135 | 270 15 1.27 |2-D16 4 2456
N30-16-4| 135 | 270 30 1.27 |2-Dl16 4 2456
N50-16-4| 135 | 270 50 1.27 |2-D16 4 2456

NO-13-2: N — Normal strength concrete
0 — RCA replacement ratio (15— 15%, 30—
30%, 50—50%)
13— Longitudinal bar (13— D13, 16— DI,
19— D19)
2 — Shear span-to-depth ratio (2 — a/d=2, 3 —
ald=3, 4 — ald=4)
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(a) ald=2
(b) ald=3

(c) ald=4
Fig. 1 Details of the specimens (unit: mm)
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Table 2 Material properties of cement

Gi0, | Al, Oy | Fe,O5 | MgO| CaO | SOy |Specific | Fineness
©) | %) | %) | %) | ) | (%) | gravity | (cm’/g)

224 | 6.2 29 |32 621 | 23| 3.15 3200

Table 3 Material properties of aggregate

Aggregate | Weight|Fineness|Specific| Absorpti |Maximum
types (kg/m3) modulus| gravity |on factor|size (mm)
Fine aggregate| 1529 | 2.17 2.56 1.51 -
Coarse Nr"‘;“ 1538 | 677 | 257 | 1.1 25
aggre- R
gate |DY7| 1446 | 674 | 220 | 537 25
cled

Table 4 Strength property of concrete

RCA replacement ratio (%)

Division
0 15 30 50

3 days| 18.82 | 21.20 | 21.00 | 21.41

Compressive
strength | 7 days| 24.75 | 26.59 | 27.32 | 25.88
(MPa) g days | 3541 | 35.13 | 33.13 | 3223
Tensile 3 days| 2.53 2.59 2.53 2.54
strength | 7 days| 2.83 2.79 2.80 2.86
(MPa) 28 days| 3.48 3.09 2.89 2.83
Flexural 3 days| 6.28 6.05 5.85 5.87
strength | 7 days| 6.87 6.87 6.34 6.37
(MPa) 28 days| 8.65 8.40 8.22 7.69

Modulus of]

elasticity |28 days| 29.87 | 29.81 29.34 | 29.13
(GPa)

S(gg’ Average| 133.5 | 915 | 860 | 81.0

Table 5 Mix design of concrete

RCA Weight (kg/m3)

repla"t' w/C | Sha
cmen

atio | OO | ) | w | c| s | caA | RcA
(%)

0 975.00 0

15 828.75 | 146.25
45.0 | 43.2 |164.3] 365 | 743

30 682.50 | 292.50

50 487.50 | 487.50
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Fig. 2 Test setup

Fig. 3 Attaching position of strain gauge (unit: mm)
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Table 6 Shear strength and failure mode (unit: kN)

Shear strength (kN)
Diagonal | Ultimate

. s ) Failure
Specimen | nitial |5 Gt shear | Vi/V, |V, 1V,
crack mode
v > | crack, |strength,

g v V.

cr U

NO-13-2 | 29.40 | 43.61 8232 | 036 | 0.53 | shear

NI5-13-2| 26.95 | 43.56 70.41 | 0.38 | 0.62 | shear

N30-13-2| 24.55 | 43.12 68.89 | 0.36 | 0.63 | shear

N50-13-2| 23.52 | 40.18 64.19 | 0.37 | 0.63 | shear

NO-16-2 | 28.91 49.98 | 109.07 | 0.27 | 0.46 | shear

N15-16-2| 27.44 | 49.00 | 107.70 | 0.25 | 0.45 | shear

N30-16-2 | 26.46 | 47.53 | 105.25 | 0.25 | 0.45 | shear

N50-16-2| 15.68 | 39.20 63.21 | 025 | 0.62 | shear

NO0-13-3 | 17.35 | 35.77 43.71 | 0.40 | 0.82 | shear

N15-13-3| 16.61 | 3538 44.00 | 0.38 | 0.80 | shear

N30-13-3| 16.02 | 34.89 42.04 | 0.38 | 0.83 | shear

N50-13-3| 14.75 | 33.22 40.82 | 0.36 | 0.81 | shear

NO-16-3 | 18.03 | 46.55 54.73 1033 | 0.85 | shear

N15-16-3| 16.66 | 41.80 52.82 | 032 | 0.79 | shear

N30-16-3| 16.27 | 39.30 5032 | 032 | 0.78 | shear

N50-16-3 | 15.88 | 38.42 4224 | 038 | 091 | shear

NO-19-3 | 17.25 | 45.67 58.02 | 0.30 | 0.79 | shear

N15-19-3| 17.15 | 4547 52.38 | 033 | 0.87 | shear

N30-19-3| 15.88 | 43.07 53.00 | 0.30 | 0.81 | shear

N50-19-3| 15.19 | 37.29 4528 | 034 | 0.82 | shear

NO-13-4 | 14.80 | 35.67 35.82 | 0.41 | 1.00 | flexure

NI15-13-4| 11.17 | 34.35 34.84 | 0.32 | 0.99 | flexure

N30-13-4| 1245 | 33.91 34.45 | 0.36 | 0.98 | flexure

N50-13-4| 10.54 | 32.83 33.52 | 0.31 | 0.98 | flexure

NO-16-4 | 16.22 | 30.97 46.21 | 035 | 0.67 | flexure

NI15-16-4| 13.52 | 29.99 44.64 | 030 | 0.67 | flexure

shear-
N30-16-4| 13.00 | 29.60 4562 | 0.28 | 0.65 flexure

N50-16-4| 11.56 | 29.99 43.61 | 027 | 0.69 | flexure

7hah #HF ] ), A EE NO-13-34 A9 1
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Fig. 5 Comparison of cracking shear (v,)
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Table 7 Comparison between experimental value and
theoretical value for cracking shear (v,) (MPa)

Theoretical value o v
Specimen | ..y, (Ve ﬁ ﬁ

Mathey | Zsutty S o
NO-13-2 1.38 0.99 1.39 1.40 0.99
N15-13-2 1.38 0.98 1.39 1.41 1.00
N30-13-2 1.37 0.96 1.36 1.42 1.01
N50-13-2 | 1.27 0.95 1.35 1.34 0.95
NO-16-2 1.60 1.11 1.62 1.44 0.99
N15-16-2 | 1.56 1.11 1.62 1.41 0.97
N30-16-2 | 1.52 1.09 1.58 1.40 0.96
N50-16-2 | 1.25 1.08 1.57 1.16 0.80
NO-13-3 1.13 0.73 0.97 1.55 1.17
N15-13-3 1.12 0.73 0.97 1.54 1.16
N30-13-3 1.11 0.71 0.95 1.55 1.16
N50-13-3 1.05 0.71 0.94 1.49 1.12
NO-16-3 1.49 0.86 1.13 1.73 1.31
N15-16-3 1.33 0.85 1.13 1.56 1.18
N30-16-3 1.25 0.84 1.11 1.49 1.13
N50-16-3 1.23 0.83 1.10 1.47 1.12
NO-19-3 1.47 1.01 1.28 1.45 1.15
N15-19-3 1.46 1.01 1.27 1.45 1.15
N30-19-3 1.38 0.99 1.25 1.39 1.11
N50-19-3 1.20 0.99 1.24 1.21 0.97
NO-13-4 1.13 0.60 0.88 1.88 1.28
N15-13-4 | 1.09 0.60 0.88 1.81 1.24
N30-13-4 | 1.08 0.59 0.86 1.82 1.24
N50-13-4 | 1.04 0.59 0.86 1.78 1.22
NO-16-4 0.99 0.73 1.03 1.35 0.96
N15-16-4 | 0.96 0.73 1.03 1.31 0.93
N30-16-4 | 0.95 0.72 1.01 1.32 0.94
N50-16-4 | 0.96 0.71 1.00 1.34 0.96
S-5-A0-1 0.47 0.82 1.09 0.57 0.43
S-5-A0-2 | 0.49 0.82 1.09 0.60 0.45
S-5-A30-1 | 0.45 0.81 1.06 0.56 0.43
S-5-A30-2 | 0.43 0.81 1.06 0.54 0.41
S-5-A60-1 | 0.67 0.80 1.05 0.83 0.64
S-5-A60-2 | 0.69 0.80 1.05 0.86 0.66
S-5-A100-1 | 0.61 0.79 1.01 0.78 0.60
S-5-A100-2 | 0.63 0.79 1.01 0.80 0.63
BS5-CO 0.85 0.91 1.02 0.94 0.83
BS5-C30 | 0.81 0.90 1.01 0.91 0.81
BS5-C60 | 0.81 0.91 1.03 0.89 0.79
BS5-C100 | 0.83 0.90 1.01 0.92 0.82
N-series: This study
S-series: Lee, W. S. et al.

BS-series:
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Table 8 Comparison between experimental
theoretical value for shear strength (v,) (MPa)

value and

Specimen

Uy.exp

Theoretical value
(vu .cal )

Uyexp

Uy .exp

Uyexp

u.exp

Ba&

KBC 1/KBC2{Zsutty|

Ly v:lell

Lyv:le)

U Zsu

VUpa

NO-13-2

2.61

09911.02]1.42|1.42

2.63

2.55

1.84

1.84

N15-13-2

223

099]1.02]1.42|1.42

2.26

2.19

1.57

1.58

N30-13-2

2.19

0.96]0.99|1.39|1.39

2.28

2.20

1.57

1.57

N50-13-2

2.04

0951098138 |1.38

2.15

2.08

1.48

1.47

NO-16-2

3.48

0.99]1.06|1.65 |1.81

3.51

3.27

2.11

1.93

N15-16-2

3.44

0.99]1.06|1.65|1.80

3.48

3.24

2.09

1.91

N30-16-2

3.36

0.96(1.03|1.61|1.77

3.50

3.25

2.08

1.89

N50-16-2

2.02

0.95]1.02]1.60 |1.76

2.13

1.98

1.26

1.15

NO0-13-3

1.39

0.99|1.00{0.99 | 1.06

1.40

1.39

1.39

1.31

N15-13-3

1.40

0.9911.00]0.99 |1.05

1.41

1.40

1.41

1.33

N30-13-3

1.33

0.9610.97]0.97 |1.03

1.39

1.38

1.37

1.30

N50-13-3

1.29

0.9510.96|0.96 |1.02

1.37

1.35

1.34

1.27

NO-16-3

1.75

099]1.03|1.15|1.28

1.76

1.70

1.52

1.36

N15-16-3

1.69

099]1.02]1.15|1.28

1.71

1.65

1.47

1.32

N30-16-3

1.61

0.96(1.00|1.13|1.25

1.67

1.61

1.43

1.28

N50-16-3

1.35

0951098 |1.12 |1.24

1.43

1.37

1.21

1.09

NO0-19-3

1.86

0.99]1.06|1.30|1.52

1.88

1.76

1.43

1.23

N15-19-3

1.68

0.99]1.06|1.30 |1.51

1.70

1.59

1.30

1.11

N30-19-3

1.70

0.96(1.03]1.27|1.48

1.78

1.66

1.34

1.15

N50-19-3

1.46

0.95|1.02|1.26 |1.46

1.54

1.43
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(b) KBC2

(c) Zsutty

(d) Bazant & Kim
Fig. 6 Comparison of shear strength (v,)
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Fig. 7 Comparison of cracking shear (v,) according to shear span-to-depth ratio
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Fig. 8 Comparison of shear strength (v,) according to shear span-to-depth ratio
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(a) Replacement ratio of RCA 0%

(c) Replacement ratio of RCA 30%

(b) Replacement ratio of RCA 15%

(d) Replacement ratio of RCA 50%

Fig. 9 Comparison of cracking shear (v,) according to tension steel ratio (a/d=2)

(a) Replacement ratio of RCA 0%

(c) Replacement ratio of RCA 30%

(b) Replacement ratio of RCA 15%

(d) Replacement ratio of RCA 50%

Fig. 10 Comparison of shear strength (v,) according to tension steel ratio (a/d=2)
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Nx-16-3 2 A TS 7|02 72} A3 A e} v wsle] Fig. 11 Table 9 Relative shear strength (unit: kN)

=
7 Table 9ol YERAQITE oA A9k 50%F #19] ‘ v
sha WAL $4RS QPR BE Specimen | Veew | orws |y ioy,
AAAEe] Aozt o)t 2 B F Ytk NO-13-2 82.82 54.73 151
=, AGAF | 7 F7Fgke] whet QIE o] Aol N15-13-2 70.41 52.82 1.33
el MAE Gl Felera Aaw 5 gl N30-13-2 68.89 50.32 137
OFig. 2= o]EOL%%l *E]ﬁdiﬂ}(NO-li-)S, N30-lﬁ)-)3)]% ]7:1552—) N50-13-2 64.19 404 152
slo ZAE AFET i R
R A e = T T N T
s A REs Hlﬂg}o% A GA s HERd Zlojth AL Ris-1o2 1770 28 20
45 dole: Pz AgAE p,=0.019, =270 mm, N30-16-2 10523 2032 209
v N50-16-2 63.21 42.24 1.50
NO0-13-3 43.71 54.73 0.80
N15-13-3 44.00 52.82 0.83
N30-13-3 42.04 50.32 0.84
N50-13-3 40.82 42.24 0.97
NO-16-3 54.73 54.73 1.00
N15-16-3 52.82 52.82 1.00
N30-16-3 50.32 50.32 1.00
N50-16-3 42.24 42.24 1.00
(a) Replacement ratio of RCA 0% NO-13-4 35.82 54.73 0.65
N15-13-4 34.84 52.82 0.66
N30-13-4 34.45 50.32 0.68
N50-13-4 33.52 42.24 0.79
NO-16-4 46.21 54.73 0.84
N15-16-4 44.64 52.82 0.85
N30-16-4 45.62 50.32 0.91
N50-16-4 43.61 42.24 1.03
(b) Replacement ratio of RCA 15%
(c) Replacement ratio of RCA 30% (a) Base on NO-16-3
(d) Replacement ratio of RCA 50% (b) Base on N30-16-3
Fig. 11 Comparison of relative shear strength with shear Fig. 12 Comparison of relative shear strength in other
span-to-depth ratio investigator's data
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Table 10 Summary of relative flexural strength

Shear

. Span- | gteel | M, | M M;
Researcher |Specimen| to- . ! "
P depth | a0 |(kN-m) (KN-m)| A7,

ratio
Kani” Beams8 | 1.02 | 0.0281|974.95|967.82| 1.01
@=272 mm| Beam94 | 1.98 |0.0278 | 599.32 | 862.34| 0.69
Ja=203) | Beams3 | 3 [0.0273|528.18(861.24 | 0.61

Beam96 | 3.84 |0.0276 |610.18 | 840.02| 0.85

Beam91 | 6.05 |0.0271 | 828.80 | 865.80 | 0.96

Kim & Park®| B-5-1 1.5 | 0.019 | 86.07 |101.00| 0.85

d=270 mm| B-2-1 3 0.019 | 57.63 |101.00| 0.57

£,=53.7
“Mpa| B6-1 | 45 | 0019 |79.19 |101.00| 0.78

B-7-1 6 0.019 | 97.41 |101.00| 0.96

Lee et al.” |S-2-A100 0.0188 |444.30|749.11| 0.59

\S]

d=525 mm|S25-A100| 2.5 |0.0188|333.78|749.11| 0.45

£,=29.17

Vipa| S-3-A100| 3 |0.0188(363.08|749.11| 0.48

S-4-A100] 4 [0.0188]486.16|749.11| 0.65

$-5-A100] 5 [0.0188]545.90|749.11| 0.73

This study | NO-16-2 | 2 [0.0127] 50.61 | 33.75 [ 1.50

¢=232mm| NO-16-3 | 3 [0.0127]38.09 | 33.75 | 1.13
Fao=3541 | wo1e.

0N pa NO-16-4 | 4 00127 42.88 | 33.75 | 127

Fue=33.13
T IN30-16-2| 2 10.0127 | 48.84 | 33.54 | 1.46
N30-16-3| 3 [0.0127] 35.02 | 33.54 | 1.04

N30-16-4| 4 [0.0127] 42.34 | 33.54 | 1.26

Fig. 13 Effect of shear span-to-depth ratio on relative
flexural strength
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