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Evaluation of Fracture Toughness for Steel Fiber Reinforced High Strength
Concrete by Non-linear Fracture Mechanics Parameter(J-integral)
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Abstract

This paper describes the use of the J-integral, a one parameter of the non-linear fracture mecha-
nics(NLFM), as a means to measure toughness of steel fiber reinforced concrete. This parameter
can be conveniently evaluated from experimentally determined load-deflection curves from flexural
tests when a maximum-load failure criterion is employed. And, for high strength concrete which
was reinforced steel fiber, with two different fiber length in the form of notched beams, were
tested under 3-point bending, and Ji, as well as the linear elastic fracture mechanics(LEFM) para-
meters Kic and Gic were evaluated.

The results suggest that Jic is a promising fracture criterion for all of these, while Kic(or Gic)
almost certainly are not. Also it was found that a fiber addition of less than 0.5% did not improve
the fracture toughness of the high strength concrete. However, at more than 1.0% in fiber contents,
Jic showed significant increases, reflecting the changed character of the concrete; Kic and Gy did
not.
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H 1. Physical characteristics of aggregate

Classification Specific |Absorption| Fineness
gravity rate modulus
Fine aggregate 2.57 1.20 2.53
Coarse | 15mm 2.66 0.68 6.50
aggregate | 25mm 2.66 0.68 7.17

E 2. Dimensions of steel fiber

Type Length Diameter Aspect
(mm) {mm) ratio
ZP 30/.50* 30 0.50 60
ZC 60/.80** 60 0.80 75

*Hooked and specially glued fiber.
**Hooked and normally glued fiber.



B 3. Mixing proportion of steel fiber reinforcd concrete

Fiber Fiber | Aggre. | Slump | W/C | S/a | Air Proportion by unit weight(kg/m®)
length | content | max.
L f size Water Cement Fine |Coarse|Admix.| Steel
(mm) | (vol%) | (mm) (cm) (%) (%) | (%) aggre. | aggre. fiber
0 15 8 30 45 3 158 | 527 735 930 6.3 0
30 0.5 15 8 30 50 3 173 577 776 803 6.9 39.3
(60)* 1.0 15 8 30 55 3 181 603 830 703 7.2 785
1.5 15 8 30 60 3 190 | 633 876 604 76 117.8
0 25 8 30 39 3 160 | 533 632 1023 | 8.0 0
60 0.5 25 8 30 44 3 174 580 679 894 8.7 39.3
(75)* 1.0 25 8 30 49 3 183 | 610 732 789 9.2 785
1.5 25 8 30 54 3 191 | 637 783 690 9.6 117.8
( )* is aspect ratio
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unit; cm
Type B H L S a
I 10 10 40 30 30
Il 10 15 55 45 4.5
I 10 20 70 60 6.0
v 15 15 55 45 4.5
\' 15 20 70 60 6.0
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E 5. Test results of cylinder compressive strength and splitting tensile strength and modulus of elasti-

city
Fiber Fiber Average compressive Average splitting Average modulus
length content strength tensile strength of elasticity
(mm) (Vol. %) (kg/cm?) (kg/cm?) (kg/cm?)
0 656 ( 4, 16.1)* 494 ( 3, 28.1)* 326X 10°( 4, 4.4)*
30 0.5 738 ( 4, 10.3) 592 ( 3, 87) 3.28X10% 4, 1.8)
30 1.0 724 (14, 10.9) 714 (15, 7.6) 3.23X10%14,10.1)
30 15 673 ( 3, 2.9) 850 ( 4, 2.8) 3.00X10°%( 3, 5.2)
0 580 ( 3, 14.0) 40.0 ( 3, 11.2) 3.27X10% 3, 7.5)
60 0.5 704 ( 4, 85) 654 ( 4, 64) 3.28X10°( 4, 5.1)
60 1.0 612 ( 3, 17.5) 89.2 ( 3, 8.1) 298X 10°( 3, 0.9)

*( ) is specimen number and coefficient of variation
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Displacement {(mm)

%l 5. Load-deflection curve for various fiber co-
ntents(Ls=30mm)
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F 6. Calculated fracture toughnesses for various fiber contents*

Fiber Fiber Specimen Ky G | Jied@) | Jic(3)
. ) Jic@B) | Jef3)
Series length content size 1 e
L, mm Ve % BXHXL, mm kg/em™ | kg/m |kg/m |kg/m | °° e
A0O-I3 30 0 100X 100X 400 99.5 3.0 75| 104 | 139 35
A05-I3 30 0.5 100X 100X 400 103.7 32 | 105} 146 139 46
Al10-13 30 1.0 100X 100X 400 139.0 58 | 654 | 747 | 114 | 129
A15-13 30 1.5 100X 100X 400 185.2 104 | 1463 | 1576 | 1.08 | 152
C00-1V3 60 0 150X 150 X 550 98.8 3.0 - 66| - 22
C05-1v3 60 0.5 150X 150 X 550 1411 6.1 1660 | — 272
C10-1v3 60 1.0 150X 150X 550 171.2 9.0 | 3242 13303 1.02 | 36.7
C15-1V3 60 15 150X 150X 550 283.0 24.2 - | 365.1 - 151
C00-V3 60 0 150X 200X 700 113.0 39 741 ~ 1.9
C05-V3 60 0.5 150X 200 X 700 134.2 56 72.8 13.0
C10-V3 60 1.0 150X 200X 700 203.0 12.7 | 2206 | 2309 | 105 | 182
C15-v3 60 15 150X 200 700 303.0 282 - 17330 - 26.0
* Notch depth ratio(a/H)=0.3
400 200
Notch depth ratio (Oo/H - 0 3 Specimen size = 100 X 100 X 400
F‘b-r lcngth E Ly 3 Notch depth ratio (oo/H = .:5
D) = 75 Fiber length EL? %
— Aspect ratio D) = 60 A
~300k 303.0, £ 150}
2 ~
1 o
3 o
‘_E’ 200 |- &) 100}
Q 4]
N -
100 sol-
40000 type IV(150X150X550
Strtrad typo v( 150X200X700) | |  ge===-=x - —B
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0.5

1.5

Fiber content (vol.s)

23] 9. K for various fiber contents(Li=60mm)
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H 7. Calculated fracture toughnesses for various specimen sizes*

Fiber Specimen Kic Gic Jic(2) Jic(3) | Jic(3) | Jie3)
Series length size -

L, mm BXHXL, mm kg/em®™ | kg/m | kg/m | kg/m | Jie(@ | G
Al10-13 30 100X 100X 400 139.0 5.8 65.4 747 | 114 | 129
A10-113 30 100X 150X 550 196.7 116 99.8 1085 | 1.09 94
A10-1113 30 100X 200X 700 2135 13.7 1015 | 1123 | 111 82
C10-1V3 60 150X 150X 550 171.2 9.0 3242 | 3303 | 1.02 | 36.7
C10-V3 60 150200 X 700 203.0 12.7 2206 | 2309 | 1.05 | 182

* Notch depth ratio(a,/H)=0.3
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