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Effect of fiber orientation on the mechanical properties

of reactive powder concrete members

LI Kunkun's YANG Kejia®, LI Kunliang' s LIN Yiwei'
(1. School of Architecture Engineering, Wenzhou University, Wenzhou 325035, Zhejiang, P. R. China;
2. School of Architecture Engineering, Taizhou University. Taizhou 318000, Zhejiang, P. R. China)

Abstract: To study the influence of fiber distribution on the mechanical properties of Reactive Power
Concrete(RPC) members under quasi-static loading, the four-point bending test was carried out on aligned
steel fiber RPC and steel fiber RPC specimens at the same fiber content (2%) and different fiber lengths
(13~20 mm). By selecting the initial crack point, peak point and other characteristic points on the bending
load-deflection curves, the bending properties of aligned steel fiber RPC(ASFRPC) and steel fiber RPC

(SFRPC) were analyzed quantitatively. The experimental results show that orientation coefficient of steel
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fibers in the direction of main tensile stress has a strong impact on the deflection hardening behavior in
bending. First of all, the bending tensile peak stress and bending ductility of ASFRPC is greater than that
of SFRPC. In particular, when the mid-span deflection reaches L/150, the residual strength of ASFRPC
specimen is still 4. 35~6. 9 MPa higher than that of the initial crack strength. Secondly, when the fiber
length increases from 13 mm to 20 mm. the flexural property of ASFRPC specimen improves more
significantly than that of SFRPC specimen, and the advantage of fiber length diameter ratio is more
significant with the increasing load of ASFRPC specimen. Thirdly, the fiber distribution of ASFRPC is
uniform at the fracture, most of which are perpendicular to the main crack direction. Besides, the anchorage
length is also long, and the bridging effect is significant at the fracture. In conclusion, considering the
equivalent bending stress and energy absorption capacity of ASFRPC specimens, the mechanical properties
of aligned steel fiber specimens perform best when the fiber content is 2% and the fiber length is 20 mm.

Keywords: aligned steel fiber; reactive powder concrete; fiber length; the equivalent bending stress; toughness
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Table 1 Mix proportion of RPC

K/ Kie/ w/ BER/ AR/

KB LY
(kg*m ) (kg*m *)(kg*m *)(kg*m *) (kg+m?)

0.28 244. 4 710.0 1 266.0 230.0 3.6

R2 WTHR TR

Table 2 Properties of smooth steel fiber

HE KE K& R/ PifhaR gOpEAR
i
di/mm Li/mm L¢/d; (ge+cm™3) J&/MPa +&/GPa
S13 0.2 13 65
S16 0.2 16 80 7.8 2 900 200

S20 0.2 20 100
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Table 3 Measured compressive strength and elastic

modulus of steel fiber RPC

g f</MPa E./GPa e/107°6
ASFRPC-13 82.72 39.78 2 640. 64
ASFRPC-16 85. 75 34. 69 2 689. 34
ASFRPC-20 82.04 36. 35 2694.73

SFRPC-13 97. 21 34. 26 3 361.45
SFRPC-16 97. 56 32.68 3 382. 94
SFRPC-20 87.57 34. 28 2917. 44
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Fig. 2 Four-point bending test device
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Fig. 4 Determination of first cracking point of SFRPC
(Take SFRPC-S13 as an example )

2.2 REERS

15 DU 5 32725 S Bl 2 o S S8 A B L 22
ANELF 4K ASFRPC Fil SFRPC () fif 25— i 56
R, WA 5 Fras. d BT, A A R B
il A 7, LA Rk R e 4R P B B L B A L By
B g h AL B BE 3 W o . W AR ST
ASFRPC 7k i fig 71 Mg EH ih BB ¥ & F
SFRPC, 3 HAH S M: B Bl 2 27 2 4 B i) 38 in i 42 36
ks,

kLS. 19148 HY . UHPC 32 Z5 3 {4 1 5 rh 12 i
S L/600 B, iZ ik A ab T /NVE TR ARZS . 4 UHPC 52
TR A s T B B A L/150 B iz Rk T ok
ARTERAS B th B B R L/ 240 R F A R AR
TEARAS . B 5 g —H8 B ith 4k oA A~ 25 i 1 g
FRAE A - H AR R A5 (LOP) FTHE BR 58 7 5 (MOR) ,
SR T 4T b S e A ) IO e R R S5 Ab
AAFHIERL  doos (BETHERBE R L/1 200) (do 5 (5 H7
PR L/600) dy o (BEHEREN L/240) . d, (B
PR L/150), HAo, MOR NRLF4E RPC 245 i
FRVEAE A 5 do o odo s IRFNBTRE S 5 do o o
SRR P E B M RASTRA . KRR 25X Rz

IR IES BT TR 40 W& P f.o0. T %
FNRFAE AR XS R B4 e 8, N T B RE R A (A
LOP),

70 035 s . b o
1 | 1 1
6of | ! : IR BT
1 I 1 1
sofb 1 i [ FER
Zan i i &
Z ot | 12 §
I
o : ~p &
| T 3
20 ! ' 46 £
’ I
— 1516 i ' =
10 13
— 1520 \ ' &
1 1 1 1 1 1 0
0 05 1.0 15 20
5 /mm
(a)SFPCiRHF
140 r %025 dos .25 dy 4
1 1 1 1
120F 1 | N KL
1 1 1 1 E
1 1 1 4
100 1 1 1 1 30 &
1 1 1 1
Z %0 . | T~ g
g 60 | i i S R
! &
40 ! L {i2g
— 1516 i i
20 — 120 H e
1 1 1 " 1 0
0 05 1.0 15 20
5/ mm
(b) ASFRPCIAM:

5 METHEH-BRREHZL
Fig. 5 Curves between load and mid-span deflections

of the four-point bending test
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Table 4 Average value of bending property parameters of all test specimens
LOP do. 25
A I §
Prop/kN  fiop/MPa  SLop/mm Trop/(kN « mm) Puy s /KN fa oo /MPa 3y, /mm Ty, /(kN * mm)
L1 28. 28 8. 48 4.6X1072 0. 70 39.04 11. 70 0.25 7.81
S i 20. 98 6. 29 3.3X10°2 0. 36 58.51 17.55 0. 25 10. 61
FLm 20. 07 6.02 3.7X1072 0. 39 41.18 12. 35 0. 25 8. 10
>0 Hugw) 27.56 8.27 4.3X1072 0. 61 61. 42 18.42 0.25 11. 08
il 24.32 7.30 4.2X107? 0.53 43.97 13.19 0.25 8.37
50 LN 28.03 8. 41 4,.4X1072 0. 64 64. 60 19. 37 0. 25 11. 57
do.s MOR
Py, 5 /KN Py, /RN 9q, ; /mm T, 5 /(&N + mm) Puyor/kN  fmor/MPa  dmor/mm Tvor/ (kN + mm)
36. 78 11. 03 0.5 17. 29 39.13 11. 74 0. 26 8.21
67.22 20. 17 0.5 26. 44 67. 25 20. 17 0.52 27. 87
44, 80 13.44 0.5 18. 98 44,97 13.49 0. 54 20. 80
75.78 22.73 0.5 28.01 80. 21 24,06 0.71 45. 26
48. 30 14. 49 0.5 19. 96 48. 48 14. 54 0. 63 26. 10
80. 00 24.00 0.5 29.52 99. 95 29.99 1. 16 89. 83
di.25 d>
Pa /KN fa ,o/MPa 3y, /mm Ty /(&N + mm) Pa, /KN fa, /MPa 34z, /mm Ty, /(&N + mm)
25. 33 7. 60 1.25 40. 65 16. 34 4. 90 2.0 56. 16
50. 97 15. 29 1. 25 71.41 35.48 10. 64 2.0 103. 49
36. 42 10. 93 1.25 50. 41 25.95 9.35 2.0 73.73
67.57 20. 27 1.25 85. 39 50. 88 15. 26 2.0 129.51
40. 50 12,15 1.25 54. 30 31.15 9.35 2.0 81. 26
99. 32 29. 80 1.25 100. 20 81. 67 24.5 2.0 168. 49
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Fig. 7 Fiber pullout diagram at fracture surface of

specimens( Take S16 as an example )
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Fig. 8 Comparison of equivalent bending strength of

characteristic points under different fiber length
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Fig. 9 Equivalent bending strength of characteristic points

under different fiber orientation and different fiber length
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