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A Study Shear Behavior of Reinforced Concrete Beams
Mixed Steel Fiber
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Abstract

Recently the use of steel fibers has been increased in flexural members and columns of concrete
structures subjected to cyclic loadings; such as bridge decks, highway roads, runway of airport,
buildings, etc.. However only a few experimental tests have been carried out under fatigue loading.

In the present study, the reinforced concrete beams with 1% and 2% steel fiber volume fraction
are investigated with and without stirrups. It has been found that in fatigue tests, the failure of
the beam is usually due to breaking of fibers rather than fiber pull-out.

A comparison of experiments and numerical analysis using the nonlinear F.EM. program (ADINA)
is also presented herein.
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H 1. Specimen details

Specimen Tensile Vertical Fiber |Fiber content Specimen
Beams beam size steel bars steel bar size presentc —; cylinder
(inch?) (inch) (stirrup, inch) (inch) (volume) (inch)
1AS1 6.0X12.0X75.0 #6, 0.75 NONE 02X2.00 1% 1-25 4X8
(15X30+190cm) | (1.905cm) (0.5X5 cm) (10X 20 cm)
IAS2 > “ o ~ 2 E pA
[1AS1 ¥ % #3, 0.375 - 2 ”
(1.905 cm)
HHAS2 2 2 2 5 “ P .
11AS3 - “ #4, 05 z % 2 .
(1.27 cm)
11AS4 % g 2 4 2 o
IAF1 “ NONE " “ .
[AF2 : % | “ “ 4 P P .
[IAF1 “ 3 #3, 0375 2 » 2 -
(1.905 cm)
1I1AF3 o ~ #4, 05 2 ” > 2
(1.27 cm)
IIAF4 “ 2 © o 2 % .
IBS1 g “ NONE 2 2% . .
11BS1 ” v £3,0375 |+ » > ”
(1905 cm) |
IBF1 2 2 NONE 2 2 o %
IBF2 : % % % % % 2
1IBF1 2 ‘ ” #3. 0375 2 % 2 2
{1.905 cm) J
Remarks: I: Tensile steel bars+No stirrup+Fiber  S1: Static test one
II: Tensile steel bars+ Stirrup-+ Fiber S2: Static test two
A: Fiber content present by volume 1%  F: Fatigue test
B: Fiber content present by volume 2%  F1, F2: Fatigue test one, two
S: Static test a: Shear span
d: Effective depth of beam
B 2. Reinforcing bars
) Nominal Area Mintmum yield stress Ultimate tensile Modulus of elasticity
Bar Size (inch?) of steel, fy(KSi) strength(KSi) of steel(kg/cm?)
£3 011 44 71 2.04 X 10°
(0.71 cm?) (3,100 kg/cm?) (5,002 kg/em?)
#4 0.20 45 75 } 2.04 X108
(1.29 cm?) (3,170 kg/em?) (5284 kg/em?) |
#6 0.44 44 72 2.04 X 10°
(2.84 cm?) (3,100 kg/em?) (5,073 kg/cm?)
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B 3. Concrete mix proportion

Maximum size | Slump (inch) | Water | Cement | Sand |Aggregate| Fiber Fiber Strength, oz (psi)
of aggregate | Fiber | Fiber | (Ib) | Type I | (b) (Ib) 1% 2% Fiber Fiber
(inch) (1%) | (2%) (i) (Ib) b 1% 2%
3/8 5 1 295 53.61 72.7 109 7.5 15.8 4797 5010
(10 mm) (12.7 cm) | (2.54 cm) | (134 kg) | (268 kg) | (3635 kg) | (49.55kg) | (3.45kg) | (7.18kg) | (390 kg/cm?) | (353 kg/em?)
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3 2. Crack growth pattern (JAS2)
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Note: 1, 2 and 3 indicate the strain gauge No. as shown
in Fig. 1 and 6

3% 3. Load and strain relationship.
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3% 4. Load and mid-span deflection relationship
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Beams Pu thips) M (nkips) o.'(psi) P(kips) Pu(kips)
1AS1 61 30 4795 25 30
(43 ton) (21 tm) (338 kg/cm?) (11.4 ton) (13.6 ton)
1AS2 65 315 4820 25 32.5
(46 ton) (22 t.m) (340 kg/cm?) (114 ton) (14.8 ton)
11AS1 62.5 375 4980 35 425
(44 ton) (26 t.m) (351 kg/cm?) (15.9 ton) (19.3 ton)
ITAS3 65 325 5020 30 35
(43 ton) (23 t.m) (354 kg/ecm?) (13.6 ton) (15.9 ton)
11AS4 70 25 5110 20 30
(49 ton) (18 t.m) (360 kg/cm?) (9.1 ton) (13.6 ton)
IBS1 60 30 4790 275 32.5
(42 ton) (21 tm) (337 kg/cm?) (12.5 ton) (14.8 ton)
IBS2 62.0 35 4985 275 40
(44 ton) (25 t.m) (351 kg/cm?) (12.5 ton) (18.2 ton)
1IBS1 62.5 45 5060 40 475
(44 ton) (32 t.m) (357 kg/cm?) (18.2 ton) (21.6 ton)

o.: Compressive strength of concrete
P,/: Ultimate load at failure
Pi: The load at initial stage of microcrack
Py: The load at initial stage of crack growth
M,: Ultimate moment at failure
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Note: 1, 2, 3, 4, 5 and 6 indicate the strain gauge No. as shown in Fig. 1 and 6

2@l 5. Strain of the stirrups and the number of loading cycles relationship
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B 5. Result of fatigue test

Poin P P N, N Ve P P..
Beams ) . RY
(kips) (kips) (kips) (cycle) (cycle) (kips) (kips) (kips)
1AF1 25 434 0.7 61 >2 MIL. | >2 MIL. 15 25 30
(11.4t) (19.7t) (27.8t) (6.8t) (11.4t) (13.7t)
IAF2 25 52.2 0.8 65 335900 | >1 MIL. 16.25 25 32.5
(11.4t) (23.7t) (29.51) (7.41) (11.41) (14.81)
[IAF1 25 53.125 0.85 62.5 1,000,000 | 1,465743 21.25 35 42.5
(11.41) (24.1t) (28.4t) 9.7t (15.9t) (19.3t)
IIAF3 | 306 59.8 0.92 65 185,000 | >1 MIL. 17.5 30 ‘ 35
(13.9t) (27.2t) (29.51) (8.0t) (13.7t) (15.9t)
IIAF4 31.88 59.8 0.85 70 155,000 | >1 MIL. 125 20 ’ 25
(14.5t) (27.21) (31.8t) (5.70) 91 | (1141
IBF1 25 52.2 0.87 60 15,773 \ - 1625 | 275 325
(11.4t) (23.71) (27.8t) (7.4t) (12.5t) (14.8t)
IBF2 40 1 50 . 081 62 15,000 23.75 40 475
(18.2t) i (22.7t) (28.2t) ! (10.8t) (18.21) (21.6t)
IIBF1 40 50 0.8 62.5 >2 MIL. | >2 MIL. 20 275 40
| (18.2t) 1 (22.7t) (28.41) (9.11) (12.5t) (18.2t)

1): Ratio of ultimate cyclic load and ultimate static load

2): Ultimate static load
Vk-,,i P dr/ 2

N,: Numbers of cycles for which the strain gauge in the tensile bar are damaged
N.'; Number of cycles for which the strain gauge on the stirrups are damaged

Poi: Minimum of ultimate static
Puax: Maximum of ultimate static
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gl 7. Mid-span deflection and number of loading
cycles
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