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ABSTRACT

The purpose of this paper is to study on the shear strength of high strength concrete
beams with steel fibrous. In general, the shear strength of reinforced concrete beams is
affected by the compressive strengths of concrete(f.), the shear span-depth ratio(a/d), the
longitudinal steel ratio{ o w). and shear reinforcement. An experimental investigation of
the shear strength of high strength concrete beams with steel fibrous was conducted. In
each series the shear span-depth ratio(a/d) was held constant at 1.5, 2.8, or 3.6, while
concrete strengths were varied from 320 to 520, to 800kgf/cni.

To verify the proposed equations the experimental results were compared with those
from other researches such as eqguation of ACI code 318-95 or equation of Zsutty. To
deduce equation for shear strength from experimental data carried out MINITAP program.
According to the experimental results, the addition of steel fibrous has increased the
deflection and strain at failure load, improving the brittleness of the high strength
concrete.
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Table 1 Physical properties of fine aggregate

-

) Passing percentage
Specific

gravity | 10 | No | No | No
mmi{ 4| 8 | 16

F.M
No | No | No

50 |100]"AN

2.62 IOOJl()O 91 67.6'43.9 18.714.01 0.0 {2.75
1

Table 2 Physical properties of crushed coarse aggregate

Max Passing percentage

Specific
size 1 M
(mm)| E7AVIEY | 40 25| 19 113 | 10 | oo

mmimm| mm | mm;mm

19 2.6 [100/100{94.9/94.9{41.7/3.81.1)6.59
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Table 3 Chemical composition and physical properties of
siica fume

1

; ) Ig. | Specific
Si02 | Alz03FeOs| Ca0 | MgO | 803 K20 Loss| gravity

90.0] 1.5 {30} 20 ({06 (05({05]19| 22

Table 4 Property of water reducing admixtures

Specific ] [
aravity Type | Color LpH Component Brand
. ..} Dark
1.21 | Liquid br:\f]m Naphtalene | Powercon-100
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Table 5 Physical properties and shapes of steel fibrous

ASpe.}Ct Length| Diameter Tensile | Shape Specific
ratio (mm) {(mm) strength of ravity
(¢/d) (kef/cm) | section | &

60 60 1.0 11,000 | square| 7.85
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Table 6 Mix proportion

Concrete (VlviS Unit volume(ke/m')

types F
%) W | C |SF S| G SP | Vi

Normal
strength
C“;firt‘;fe 55 1165300 - [800|1087|1.0%|1.0%
steel
fibrous

High
strength
Cog‘;tfgte 35.41160(400| 51.2 |780|1042|2.0%|1.0%

steel
fibrous

Ultra
-high
strength
concrete| 26 [160|500(113.2|650(1034|2.0%(1.0%
with
steel
fibrous

W Water, C: Cement, SF: Silica fume,
S : Fine aggregate, G: Coarse aggregate,

SP: Superplasticizer,
Vr * Steel fiber content present by volume
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Table 7 Detail of test specimens

Specimen (k';’cfu %é;? Egg{ggt sp%a%;th
/) (vol, %) (a/d)
UHSB1 | 800 |15x30%x130| 1.0 1.5
UHSB2 | 800 |15x30%x190| 1.0 2.8
UHSB3 | 800 |15%x30%x240| 1.0 3.6
HSB1 520 |156%x30x130{ 1.0 1.5
HSB2 520 |15%x30x190| 1.0 2.8
HSB3 520 |15%x30%x240| 1.0 . 3.6
NSB1 320 |15%x30x130] 1.0 1.5
NSB2 320 }15%x30%190 1.0 2.8
NSB3 320 |15x30%x240! 1.0 3.6

UHB1 |1.158|15x30%130| without 1.5

UHB2 |1.158|15x30x190 | without 2.8

UHB3 |1,158|15x30%240| without 3.6

HB1 800 |15%x30x130| without 1.5

HB2 800 |15x30%190) without 2.8

HB3 800 |15%x30%240| without 3.6

NB1 320 |15%x30x130| without 1.5

NB2 320 | 15x30x190| without 2.8

NB3 320 |15x30%240 | without 3.6

UHSB: Ultra-high strength reinforced concrete
beams with steel fibrous
HSB: High strength reinforced concrete beams
with steel fibrous
NSB: Normal strength reinforced concrete

beams with steel fibrous

UHB: Ultra-high strength reinforced concrete
beams

HB: High strength concrete reinforced
concrete beams

NB: Normal strength reinforced concrete

beams
1, 2, 3 ! Number of beams
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Fig. 1 Shape of test beamns and loading arrangement
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Table 8 Test results of compressive and splitting
tensile strength

o) t WC/_: g Compressive | Tensile
23;1:; ¢ F) strength stregth |£./f
() | Folkst/an | £y (t/er)

Normal

strength
concrete with 55 320 414 7.7

steel fibrous

High strength

concrete with| 35.4 520 52.9 9.8
steel fibrous

Ultra-high

strength | o 800 68.9 |[11.6

concrete with
steel fibrous
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(c) a/d=3.6
Fig. 4 Crack growth and failure mode for test beams
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fu: Compressive strength of concrete,

Pr: First flexural cracking load,

FP..: First diagonal cracking load,

P, Static ultimate load to failure,
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Table 9 Restits of static loading test

Shear
. feu seanti po B, P, | Failure
Specimen ket depth od
kef/cr) catio | (0 (tf) | (tH | mode
(a/d)

UHSB1 | 800 1.5 17.32122.72{38.00| Shear

UHSB2 | 800 2.8 15.50{15.60119.80| Shear

UHSB3 | 800 3.6 14.70112.30{17.76 | Flexure

HSB1 520 1.5 18.02{15.46)38.62| Shear

HSB2 520 2.8 14.08] 9.10 {19.00| Shear

HSB3 520 3.6 {2.30]11.30]17.60 | Flexure

NSB1 320 1.5 17.03115.21}32.40| Shear

NSB2 320 2.8 14.00{11.00}17.86{ Shear

NSB3 320 3.6 12.90/10.60]16.77 | Flexure

UHB1 | 1.158 | 1.5 |3.79{13.01{30.17| Shear

UHB2 | 1,158 | 2.8 |3.08]12.70}13.77| Shear

UHB3 | 1,158 | 3.6 |2.05{12.80}15.91| Shear

HB1 800 1.5 15.99}12.44|35.39| Shear

HB2 800 2.8 13.38/10.16}12.79{ Shear

HB3 800 3.6 }2.211 9.80 {11.91] Shear

NB1 320 1.5 {3.99110.61]19.29| Shear

NB2 320 2.8 12.30| 8.28 [11.13 Shear

NB3 320 3.6 11.96] 7.23 { 9.57 | Shear

) AGFE =

(1) ACI 318-95 #F#&24'VzFF4(ACI 11-3)
Vo = 0.503VF. (kef/cr) (1)
AYA(ACI 11-5)

a/d » 2.5 9 A%

Voo = 0.503VF, + 176+ ow-V.d/M (kef/cr)
(2)
Vir = 0.503VFu+176 - o - d/a(kaf/c)

a/d < 2.5 9 A%
= (3.5 ~252a/d) x (eq 2)(kef/c) (3)

(2) Zsuttyel Agra®
Vor = 10.02('@u C oW d/a)l/3 ](kgf/cnf) @
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a/d» 2.5 A A%

Vi = 10.77(fou * pw - d/2)" (kef/cr) (5)
a/d <252 B%
Ve = (2.5 -d/a) x (eq 5) (kef/cn) (6)

o71A,
feu: Compressive strength of concrete
ow: Longitudinal steel ratio (As/bwd)
a. Shear span.

Zsutty AV B AFolx A4 A¥E @
I At F4E vin HEFEH Table 103 2
ot B AFeA AA A aF) At g va
& o AGFEREAL 1.18~0.7224 Al
o2 <hHEd slof <tEAe] Udm AlgEY
FRAGLENL 1.26~0.71ER Zsutty AF
23t B Aol g AHES €8F Aoz
gaE

Table 10 Comparison of measured and predicted shear strength

d: Effective depth of the beam
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Specimen

Test
(kef/ca)

ACI
11~
5
(kef
/an)

Zsu
tty
(kgf/
caf)

Proposed

(kgf/cr)

7

Ver

Vi

‘/test

Vcal

Vu

Vlest

Veat

UHSB1

30.3

50.7

16.0

36.3

25.5

1.2

44.5

1.1

UHSB2

20.8

26.4

15.2

17.7

19.1

1.1

36.2

0.7

UHSB3

16.4

23.7

14.9

16.2

17.4

0.9

33.3

0.7

HSB1

20.6

48.5

13.3

31.5

23.2

0.9

38.6

1.3

HSB2

12.1

25.3

12.4

15.3

16.8

0.7

31.4

0.8

HSB3

15.1

23.5

12.2

14.1

15.2

0.9

28.8

0.8

NSB1

20.3

41.2

r10.8

26.8

21.2

0.9

32.8

1.3

NSB2

14.7

23.8

9.9

13.0

14.8

0.9

26.7

0.9

NSB3

14.1

224

9.8

11.9

13.1

1.1

24.6

0.9

UHBI1

18.9

43.7

20.7

51.7

21.1

0.9

39.2

1.1

UHB2

18.4

21.9

19.0

25.1

18.6

0.9

29.8

0.7

UHB3

18.6

23.1

18.6

23.1

17.9

1.0

29.3

0.8

HBE1

16.6

47.2

15.9

26.2

15.7

1.1

27.4

1.7

HB2

13.6

17.1

15.1

17.6

14.4

0.9

22.3

0.8

HRB3

13.1

15.9

14.9

16.2

14.1

0.9

20.5

0.8

NB1

14.1

25.7

10.8

26.8

10.9

1.3

20.3

1.3

NB2

11.0

14.8

9.9

13.0

9.7

1.1

16.5

0.9

NB3

9.6

12.8

9.8

11.9

9.4

1.0

15.1

0.8
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