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Strength and Ductility of Steel Fiber Reinforced Composite Beams without
Shear Reinforcements

Young-Hun Oh"*, Young-Gil Nam"*, and Jeong-Hae Kim"
"Dept. of Architectural Engineering, Konyang University, Nonsan 320-711, Korea

ABSTRACT Experimental study was carried out to investigate the structural performance of composite beams with steel
fiber concrete and angle. For this purpose, seven specimens composed of two RC beams with or without steel fiber and
five composite beams with steel fiber and angle were constructed and tested. All specimens had no web shear
reinforcement. Main variables for the specimens were tensile reinforcement ratio and fiber volume fraction. Based on the
test results, structural performance such as strength, stiffness, ductility and energy dissipation capacity was evaluated and
compared with the predicted strength. The prediction of flexure and shear strength gives a good relationship with the
observed strength. The strength, ductility and energy dissipation capacity are increased, as the fiber volume fraction is
increased. Meanwhile, high tensile reinforcement ratio resulted in the reduction of ductility and energy dissipation capacity

for the composite beams.

Keywords

.M B

11972 Y RS

i

BgTE
<3}
P

'
A FF pRAzD A
i<

A~ 1
T oy
s tgol Ha Slh. o]’ Bekvx

f<i3
p=4
e
7

o X

=

2
1ze
=

s9e =AY A

*Corresponding author E-mail : youngoh@konyang.ac.kr
Received September 25, 2006, Accepted January 31, 2007
(©2007 by Korea Concrete Institute

steel fiber, composite beams, strength, ductility, energy dissipation capacity

it
Py
oN
=
Ho
Lo,
oft
o
o
2

=N
o

g
aQ
&
o
>
s
L OFO
ol
o
2
n
oX,
s
>
>
T,
lo
ox
off oXx
ol
oL
k§
b
)
ot
ol
o

-+
PN
o
ol

N
X
ot

<
24

2
W2
o
fit
T

EUR b
rUoae

i

e
N
(o3
Lo
YE 1o o 19

jL
offt
o
>,
ol
2
w©
= "
rd
o iy
14
ich
o imowe

oX
off
o
I
Rd
M
i
_O‘_1L
b4t
Mg
N
N,
ko
o
ol
i
ol
rd
=

°
=
oN
o
do
f
o
e
oX,
s
1o
O
m
re
oX,
olf
1B



b=200mm, h=300mm, AA Zo] 2,700 mm, X|H7}
7201 E 2,400 mm=E FLsHA L, DFEAG=
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Steel
Fiber
Concrete Table 2 Mix proportion for steel filber reinforced concrete
— ol Unit weight(kgf/m’)
St fy | W/IC | Sla Steel fiber
oA Concrete (Mpa) (%) (%) W C g G content
S— 1% | 2%
~Front- ~Section—
Fig. 1 Configuration of specimens 30 >3 65 | 220 | 400 |1,003] 551 | 78 | 157
Table 1 Test specimen details
. Steel fiber Web
2 )
Specimen  {b(mm){h(mm)|d(mm)| A (mm")| p(%) |fx(MPa)| f,(MPa)| p/p;, | L(m) | a/d volume, V%) reinforcement Remark
RCB-0-4.0 | 200 | 300 | 260 960 1.85 30 400 | 058 | 24 | 40 0 No RC
RCB-1-4.0 { 200 | 300 | 260 960 1.85 30 400 {058 24 | 40 1.0 No RC
SCB-1-S,-4.0| 200 | 300 | 244 938 1.92 30 240 [ 030 | 24 | 40 1.0 No Composite
SCB-1-S;-4.0| 200 | 300 | 252 | 1,505 | 2.99 30 240 | 047 | 24 | 40 1.0 No Composite
SCB-2-S;4.0{ 200 | 300 | 242 | 1,505 | 3.11 30 240 | 049 | 24 | 40 2.0 No Composite
SCB-1-5,-4.0f 200 | 300 | 241 | 1,952 | 4.05 30 240 | 0.64 | 24 | 40 1.0 No Composite
SCB-1-S5-4.0] 200 | 300 | 238 | 2,538 | 5.33 30 240 | 084 ) 2.4 | 40 1.0 No Composite
(D SCB : Composite beam, RCB : RC beam
S(RYCB-[1-80-4.0 @[] : Fiber volume fraction (%)
D @ @@ @S : Singly reinforced beam, ¢ : Tensile reinforcement ratio (%)
@ Shear span-to-depth ratio
Table 3 Mechanical properties of reinforcements
. Yield . . Tensile Elastic Elongation .
Reinforcement strength(MPa) Yield strain strength(MPa) | modulus(MPa) %) Location
Tension reinforcement in
Rebar 19 mm 410.0 0.00203 560.2 201,970 13.8 RCB-0-4.0, RCB-1-4.0
Tension reinforcement in
Rebar 22 mm 4483 0.00206 6214 217,621 15.3 RCB-04.0, RCB-1-4.0
Tension reinforcement in
L-60x60%4 mm| 3420 0.00164 4593 208,536 275
SCB-1-S,-4.0
Tension reinforcement in
L-65%65%6 mm| 3142 0.00142 4225 221,573 20.8 SCB-1-8;4.0, SCB-2-S3-4.0
L-65%65%8 mm 346.8 0.00173 499.5 200,100 164 Tension reinforcement in SCB-1-S;,-4.0
L-75%75%9 mm 3273 0.00161 470.1 203,292 17.2 Tension reinforcement in SCB-1-S5-4.0
104 | sH=2232|E8t5 ==& H192 HM1S (2007)



Table 4 Properties of steel fiber

<ACB> P e
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Fig. 5 Cracking pattern of specimens
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Fig. 6 Load-deflection relationship of specimens
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Fig. 7 Equivalent stress block for nominal flexural strength

Table 5 Comparison fo test and predicted flexural strengths
(M,)) for specimens

Specimen (kl\l/{ﬁz) MI\:I}E r;deil) Meest /M,

RCB-0-4.0 76.3 922 0.83

RCB-1-4.0 99.5 101.0 0.99

SCB-1-S,-4.0 86.6 73.3 1.18

SCB-1-S5-4.0 92.3 94.9 0.97

SCB-2-85-4.0 106.6 98.6 1.08

SCB-1-S4-4.0 1333 129.0 1.03

SCB-1-85-4.0 136.8 148.7 0.92
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St 7tmebel viw H7He BedFI 9ok Table 73 Fig. pp)St FEQARATH (oL, / ff, ) Wstel] nE A
10914 Bojz]= whe} ZFo] 7]E9] RC BE A% 27 FAIE Fig. 13914 BAFI vt
Table 6 Comparison of test and predicted shear strengths for specimens
. f; £ Vo M,/a Test strength . Failure mode
Specimen (Mz;a) (M;’a) P/ py (N (kN) Vo ) Test/predicted Prodicted Tost
RCB-0-4.0 27 436 0.71 88.6 734 0.94 Shear Shear
RCB-1-4.0 31 473 0.71 95.9 0.99 Flexure Flexure
SCB-1-S,-4.0 37 342 0.42 88.7 1.18 Flexure Flexure
SCB-1-S;4.0 26 314 0.75 91.7 0.97 Flexure Flexure
SCB-2-3;-4.0 33 314 0.65 1103 1.08 Flexure Flexure
SCB-1-54-4.0 37 347 0.90 1383 1.07 Shear Flexure-shear
SCB-1-S5-4.0 40 327 1.03 143.7 1.08 Shear Flexure-shear

108 | st=232|Ess =28 H192 H1Z (2007)



Table 7 Comparison of test and predicted cracking strengths(M,, Vi) for specimens

Test Predicted M, Vi
Specimen Flexural cracking |Flexural-shear cracking| Flexural cracking (Flexural-shear cracking . .
strength M (kKN m)| strength Vi(kN) | strength M, (kN m)| strength Vi(kN) Test/predicted | Test/predicted
RCB-0-4.0 494 78.5 9.8 451 5.03 1.74
RCB-1-4.0 49.0 117.7 10.5 91.3 4.68 1.29
SCB-1-S,-4.0 333 61.7 11.6 94.6 2.88 0.65
SCB-1-5;-4.0 314 68.6 9.5 80.7 328 0.85
SCB-2-5;-4.0 53.9 95.1 10.8 129.3 4.99 0.74
SCB-1-54-4.0 382 145.0 11.6 934 3.31 1.55
SCB-1-55-4.0 39.2 104.9 12.0 95.6 3.27 1.10
Mean 3.92 1.13
Standard deviation 0.86 0.39
COV(%) 22.0 34.1
60
. 3.5.1 AHE T
* . Table 8 ¥ Fig. 13(a)ellAl Yebd nlel zro] s &
g . Qgo] F7IE wet AaA e AWLEs dsdte 4
o e 2} ek, AgHAEY fEARAEH e 2
® test / predicted
§ 20 'Vleanyww3.92 7]— IITS} /\16:]1“'/] "JEH7 % LOA]7}1€_‘ gj’}‘% Eo%‘zr‘
10 Deviation 08¢ p=
| cove) 22.0
0 ; : :
’ r 2l:»oredicted 13\2“ (kNm;10 * o 3.5.2 gg %§
Fig. 10 Comparison of calculated and tested flexural cracking AA 94 s AF EdES) STl wet
strength (M) 7 Z7tsh= A7t Yebstth Table 8 2 Fig. 13(b)9l)
A HAARE whe} o] FEAINL oF 65% ool
I [ e . = ogngale) Fo4e A9dest Al 497
120 where, « =i for PR
R a=25dia%3 fora 25 . Load
Z . 4 ility rati
< 90 » Ductility ratio
S . : pa=Bu/By
g o , o * . * Proe b s
L P, _P0.8Punn
Deviation 0.39
COV{%) 34.1
0
0 30 0 90 120 150
Calculated Vi (kN) .
Fig. 11 Comparison of calculated and tested flexural cracking o ~ l; - A Displacement
¥ 4

strength (V)

Table 8 Deformation characteristic of tested beams

Fig. 12 Deformation characteristics definition

specimen | (30 | by | P00 |05 oo | o | o oy | ) (/) e
RCB-0-4.0 27 436 0.71 1505 | 140.7 | 146.8 | 1174 8.19 11.09 1.4 1,047.5 | 09
RCB-1-4.0 31 473 0.71 140.5 | 167.5 | 191.8 | 1534 | 10.02 | 48.44 4.8 7,923 4.7
SCB-1-S,-4.0 37 342 0.42 108.0 | 165.1 1774 | 1419 | 1128 | 42.69 3.8 16,5219 35
SCB-1-58;-4.0 26 314 0.75 1842 | 1742 | 1833 | 1442 14.8 68.23 45 110,607.6] 4.0
SCB-2-55-4.0 33 314 0.65 170.1 178.4 | 2206 | 176.5 8.57 41.68 49 79912 | 52
SCB-1-S,4-4.0 37 347 0.90 230.9 | 2659 | 276.6 | 2213 | 14.77 | 4635 3.1 (10,3713} 2.6
SCB-1-S5-4.0 40 327 1.03 2758 | 263.9 | 2873 | 229.8 15.3 40.87 277 19,0494 22
P, : yielding strength A, : displacement at the yielding
Prax : maximum load A, : displacement at the failure load
P, : failure load (P,=0.8P.y) E : area of load-deflection curve up to failure load
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Fig. 13 Effect of fiber volume fraction and tensile reinforcement ratio on the structural performance
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