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Mechanical Characteristics of
Over-Reinforced Concrete Beams Confined by Shear Reinforcements

Kim, Byung-Ho

Department of Construction and Environmental Engineering
Graduate School of Industry
Cheju National University
Supervised by Professor Suh, IlI-Gyo

Summary

This experimental study considers the mechanical behavior of over-reinforced concrete
beams confined by shear reinforcements. The structural design of longitudinal steel for
reinforced concrete beams generally depends on the flexural moment regardless of the shear
force. Thus, most of design specifications for reinforced concrete structures require the
under-reinforced design philosophy to result in the flexural failure by the yielding of tensile
steel. However, they do not include the influence of the shear reinforcements to do the
flexural design. The shear reinforcement maintains the increment of shear strength and
flexural ductility. In this study to consider the effects of the shear reinforcements in flexural
region, the mechanical behavior of reinforced concrete beams confined by the shear
reinforcements is compared with under, balanced, and over-reinforcements, and the
confinement effect of the shear reinforcements is investigated in the flexural region. From

this experimental and analytical study, we observed the following results.

1. The nominal flexural capacity depends on the amount of longitudinal bars, but the

shear reinforcements do not have an effect on the flexural capacity.

2. The rate of increase of flexural capacity decrease as the steel ratio increases. This

result indicates the utilization of high strength concrete for the increase of compression force
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of beam.

3. The ductility of the specimens with over-reinforcement steel ratio can be maintained
by the shear reinforcements of 3.5cm spacing.

4. From the yielding of the shear reinforcements in flexural region, we realized that the
shear reinforcements in flexural region have an important role for maintaining the flexural

ductility.

5. The analytical results using the stress-strain relation of confined concrete had good
agreement with the experimental ones. Also, we observed that the utilization of the
stress-strain relation of confined concrete can derive the proper mechanical behavior of

reinforced concrete beam confined by the shear reinforcements.
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Fig. 5 Internal distribution of shear force.
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Fig. 7 Tri-axial stress of concrete in spirally confined core concrete
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Table 1. Summary of specimens

fy
NGAT | (et . ol > o, w
2 (cm)
/cm®)
0.007
L-U10 4,960 0.347 10 0.014 0.147
(3-D13)
L-B10 1.05 10 0.014 0.448
— ] 0.022
L-B55 4,710 1.05 55 0.026 0.448
EEmmm—— (4-D19)
L-B35 1.05 35 0.041 0.448
L-010 4710 0.026 1.25 10 0.014 0.530
05, ' @-D19, | 1. 5 . .
L-055 4540 1.25 55 0.026 0.530
L-035 2°D22) | 05 | 35 | 0041 | 0530
L-MO10 1.434 10 0.014 0610
-] 0.03
L-MO55 | 4540 1.434 55 0.026 0.610
_— (4-D22)
L-MO35 1.434 35 0.041 0.610
. % ft:k
L 2H3H], 0,=0.85 ———(—Q-—QQQ—)
ot TATHL 00=0.858F 51000 +1,
oy HBET AHY, w="T
ck
L - U10
L & g170d4 "ada w2 2240, 55, 3.5cm)
—— U : 343 Z4](Under-reinforcement ratio)
— B : # ¥ 3 2v](Balanced-reinforcement ratio)
— O : I f A 2] (Over-reinforcement ratio)
— MO : =23 Z8)(Most over-reinforcement ratio)
— L: 238 E il
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Table 2. Mechanical properties of steels

ga | BEAE | 3E | B4AS | AdRgE
( kef/em?) | B E(%) | ( kgf/em?) | ( kef/cm?)
D10 | 4,070 0199 | 2.04x10° 5630
DI3 | 4970 0.252 1.95x10° 6050
DI9 | 4,650 0.243 1.6x10° 6500
D22 | 4,570 0.235 1.62x10° 6330
#8 | 3120 0170 | 1.83X10° 4650

stress(kgf/cm?)

0 20000 40000 60000 80000 100000 120000
strain(+10°%)

Fig. 9 Stress-strain curves of steels
3. NYA AR

ANFAe AFdste A4 A4 AL AAHgo] 7Hsstes E4 3
e AHEst AF o] ARHAT(Photo 1). A1 A ol 3T AgdZ ¢ 3o}
o Y5 FAYE] WY S FAHs A 2EHQ AAE A3 Y HPhoto 2)
Ig=o] 7hed 252 FUNE 7stna AMAdstA e 2dag. 239 39
§& 71stazt MAdstA wZe) o]FojHth(Photo 3). ZHE HZ(Photo 42 7%
4 AFH Wl dAsden, 2asE gHAC AFF o) HolxE dA4S W n
A Z Aol s B 7= A H(Photo 5).

232E BAE dvZ(Photo 6)o ol& dBAHo g AANsPon HH= =3

y =

Bl
—ﬂ\:\‘ F.E

oX,
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Photo 2 Bondage of strain gauge
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Photo 4 Assembled steels
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Photo 6 Placing of concrete by ready mixed concrete
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Photo 8 Compact of concrete by vibrator



Photo 10 Demoulding of forms

(Photo 7) ¥ & t & A Al(Photo 8)3ted Alg A 2L &AM (Photo 9)& A &3 0.
o, B}d ¥ 39 ol AFEHS AAPhoto 10)8t3 7] Fo 282 EoF AL 4l
3l g o
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E2 2qsgon 718 F Agdd BAsE #Ue S0 AWl Fde WA
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1z}, Ao @ 4EF TaNES ) L R el o Fox st AN
& 23389,

_27_



P/2 P/2

$20 steel rod

Ll7s o paw s

ol w0 D w .

Lyor

Fig. 10 Measuring equipments for experiment

Photo 11 Installation of specimen and experimental equipments
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Photo 12 Installtion of L.V.D.T.

Photo 13 Data logger
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reinforcement H
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= W/O Shear
b-¢ reinforcement H
3
: ;

Ay 4, A,
Dellection(mm)

Fig. 11 Load-deflection curves of
over-reinforced concrete beam

Table 3 Summary of experimental results

=71 ¥
FAZ M ., (tf - m)
Fig:| . oAy
Ag &= A
an | TUE L o agass|
[} o — X ~1 % -
M, ;A | AP i
M, (tf - m) A %] (pa)
(tf - m)
L-U10 1.19 4.4 498 499 1.00 6.04°
L-B10 0.81 10.1 9.96 10.4 1.04 159
L-B55 0.67 10.4 10.32 10.7 1.04 3.19
L-B35 0.85 10.4 11.27 11.4 1.01 56
L-010 057 12.0 11.44 12.1 1.06 1.42
L-055 0.66 11.4 11.44 11.8 1.03 1.48
L-035 0.81 11.2 12.1 126 1.04 5.26"
L-MO10 0.90 - 10.98 12.4 1.13 1.18
L-MO55 | 066 11.7 12.3 12.9 1.05 1.3
L-MO35 | 081 12.4 13.1 13.3 1.01 51°

#A71M MM AE A A4 5200000 At FEE 2aE
AH8-sted A E gl

g stol MeAHE 4SS
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15
10
-e- 835
—o— (35
5 - M35
0
0 10 D D 20 D [34) 0

Defection(mm

(c) Specimens of 3.5cm space
Fig. 12 Load-deflection curves
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Photo 14 Under-reinforced concrete beam

LL B10-3.7

Photo 15 Balanced concrete beam



Photo 17 Most over-reinforced concrete beam
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Fig. 13 Flexural capacity of beam according to the spacing of shear reinforcements
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Fig. 14 Relation of ductility ratio and spacing of shear reinforcements
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Fig. 15 Load-deflection and -strain curves of over-reinforced concrete beam
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Fig. 16 Bondage location of strain gage of shear reinforcement
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