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The Effects of Steel Fiber on the Fracture Toughness
and Strength of Concrete
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Abstract

This experimental study was performed to investigate the effects of the lengths and volume
contents of glued hooked steel fiber for the fracture toughness and strength of concrete.,

The notched steel fiber reinforced concrete beams with different fiber length(30, 60mm) and
fiber volume content (0.0, (.5, 1.0, 1.5, 2.0%) were tested under 3-point bending, and the flexural
strengths, fracture energy and CMOD were obtained from the experimental data. The fracture
energy was used as a means to evaluate the fracture toughness of concrete,

The results showed that the fracture toughness and strength of concrete were generally
increased as the content of steel fiber was increased, and the length of steel fiber had a great ef-
fect on the flexural strength but little on the compressive strength and fracture toughness,

And also, considering the distributions of steel fiber, workability and the maximum size of
coarse aggregates, the optimum coatent of steel fiber seemed to be about 1.0 %, and when its
length was longer the results were somewhat favorable.

Keywords : fracture toughness, fracture energy, CMOD, flexural strength.
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Fig. 1 The test method in order to exclude the effect of the
weight of beam
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Fig. 3 The last step of the fracture of beam
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Table 1 Physical characteristics of aggregates

dawﬁcahon e eufm grcmtv absorptlon rate | T finess modulus
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fine aggregdte 2.48 1.7% 3.10
coarse aggregate 2.61 ‘ 1.23 6.99
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Fig. 4 The shapes and dimensions of used steel fiber

Table 2 Mixing proportion of steel fiber reinforced concrete

fiber fiber aggre
length |conctent | max. | slump | W/C " s/
Li Vi size (em) | (%) (%)
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r proportion by unit weight (kg /m?)
(%) T ‘fmc: » coérse . steel
water - cement admix .
R aggre. | aggre. | fiber
t ] w0 o35y | 768 | 1033 | om0
1 130 359 768 | LO33 | 054 . 39.3
1 130 359 768 | LO33 | 054 785
1 1580 359 768 | L033 | o054 117.8
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1 1801339 | 768 | L033 | 0.54 0
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Table 3 The test results of cylinder compressive strength
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ave, comp.
. ) i ave, comp.
fiber | fiber |[strength by| relative
. ) strength by
series | length contgnt uniaxial |compressive PUNDIT
(mm) | (%) | comp. test | strength .
K (kg /cm)
(kg /cmr) |
BOO 0 191 JRULY 268
B05—Z3 | 30600 | 0.5 214 1.147 267
B10—-23 | 30(60) | 1.0 232 1.215 241
BI5—-23 | 30(60) | L5 227 1.188 201
B20-23 {30(60) | 2.0 254 1.330 176
BOO 0 191 1.000 268
B05-26 | 60(75) | 0.5 206 1.079 249
B10—26 | 60(75) | L0 250 1.309 207
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B20—26 | 60(75) | 2.0 249 1.304 161
} : aspect ratio
H 3e)M dEgEA G o3 hH A=Y 2
el o8 2AAF YRS 2 Aol7) 8l
wE A Fel kel wel W #HAAS el
e-& oF 4 21t} PUNDITe| o]t 2&st%

Ave. comp. strength (kg/cm?)

2 R o

Hi

SAE WE Bosle Fubel £ g
wAtolo] ofm AxbabAlv) rhi= A A A}
of 271 Aol @A e A& Ha) &
AW E 2o whal we zpo]7) Qlom wgk 2

Hatarolh, 1 794 FAFo 489 ¥
sloll whet QA= E918 1.0 % 7 A 2

| T T T
Aggre. mox size
270 - = 15 mm -
A A L = 30 mm
Aspect rotio = 60 - :
B W L =60mm| / 4
_ 1
240 /l ) A . ! 7
A \ "y
T
A,
210 |- ' .
o
o
180 |- -
I 1 | | |

0.0 0.5 1.0 1.5 2.0

Fiber content (vol. %)

. 7 The average compressive strength by uniaxial com-

pressive test



—
NE I T T

o 270 - .- A -1
™~ N
2 T w
240 A -
'c N
= N

[e71)

o] <

g 210 - ™ -
— AgQgre. max size ~ A

n ~ 15 mm . \

N

O... | - L, = 30 mm ~ .
g 180 Aspect rotio = 60 u A

: A

r -

. 150 | spec atio -
>
= | ] | | }

Fiber content (vol. %)

Fig. 8 The average compressive strength by PUNDIT

rEa] gl e ] e oohe o] A4 A sio) A
7bEjol ZGul Al ER-S-abe] Rl g 8l
A gom /lstel 2t ’—}\,‘7} gF Ay ) uf -
of LbEFGE Zubi A zbEICE wpeba] v]E w0

- Ze A Al o A obE b
AR S A L

go] A 2l shchal ot

4.1.2 9 7+ % (flexural strength)
A fe ool Eol&oll whit iyt A
ol&21(4)# A2 (5) ¢lste] bzt rElH L

(
L Zlabe R 49k A Ty 9ol vheh el

Table 4 The results of flexural strength

P T T .
series | fiber ¢ fiber | fiber !ave. flexural ave. flexural] relative
| {

length | content - aspect : strength by strcngthby‘ strength

tmm) | (%) | ratio €q. 5 eq. 4 rano
tkg fom’) | tkg/ ;m" ! Hegdreqd)
BOO | 0 L3 ¢ B Lo
BOS-Z31 306601 L 0.5 60 33.02 38.26 00.863
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B20-Z3| 30600 | 20 6 60.75 390 1133
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Table 5 Maximum load, defiection, CMOD and GF

fiber fiber ‘ ave, ‘ ave. [ ave. G relative
! .
series length content Pmax deflection CMOD Gr
, (kg /mm) .
- | (mm) (%) _ (kg) (mm) (mm) ratio
B0 | \ 0 : 307 0.21478 ).(08574 0.04045 1.000
BOS-Z3 30(60) : 0.5 | 323 I0.24913 0.17750 i 0.10075 2.490
BlO~2Z3 30060) 1.0 348 ’ 0.64719 (.61974 ‘ 0.14378 3.554
B15—-23 30(60) 1.5 522 ! 1.08643 0.98667 ©0.20618 5.097
B20—Z3 300600 k 2.0 ; 653 1.32333 0.97309 0.21110 5.218
BOO ‘ 0 1 307 0.21478 0.08574 0.04045 1.000
B05-Z6 ‘ 60(75) r 0.5 315 0.28923 0.18803 0.10486 2.592
B10—26 60(75) ! 1.0 519 | L16893 1.39523 0.17312 4.279
BIS—Z6 1 60(75) 1.5 710 } 262938 . 221921 0.22336 5.521
B20—Z6 6075 20 1055 | 304267 | 248045 | 0.32095 ‘7934
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