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Effect of Steel Fibers on Tensile Properties of Ultra-high
Performance Concrete and Its Pullout Behavior

ZHAO Yihe'?, SUN Zhenping'?, MU Fanyuan'?, PANG Min'?*, LI Fei'?*’
(1.School of Materials Science and Engineering, Tongji University, Shanghai 201804, China; 2.Key Laboratory of
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Abstract: Effect of type, length and diameter of steel fibers on the tensile properties of ultra-high perform-
ance concrete(UHPC) and its pullout behavior were investigated through the uni-axial tensile test and sin-
gle fiber pullout test. It can be explained by scanning electron microscope (SEM) results of fiber surface
and interfacial transition zone(ITZ). The results show that the tensile properties and pullout behavior of
UHPC with end-hooked fiber are better than that of UHPC with straight fiber. Compared to straight fi-
ber, better bonding properties of ITZ between end-hooked fiber and matrix contributes to the “yield peri-
od” in tensile stress-strain curve and platform period of pullout curve. For both type of steel fiber of the
same diameter, the elastic tensile strength increases at [irst and then decreases as [iber length increases.
The optimum tensile property and pullout behavior are gained at the length of 16 mm. For UHPC with

end-hooked fibers at the same length, the tensile property and pullout behavior declines, due to increasing
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parosity and bleeding in ITZ at a large diameter.

Key words: ultra-high performance concrete (UHPC);

terfacial transition zone

B PR i TR B - CUHPC) Hh i 8 b4 o & 55
1 KBS FE AR AR, L 48 Bl B 4 A0 16 K 2 4 D 42
v HEBR B A ) T, 2002 4R B E A T UHPC
BRI PR 4 B S5 -R AR i £k L fF UHPC
43 R 1R VAR i Ak N AR 5 Ak RN AR Bk fk 3 2%, X
S YR B R A W) 59 UHPC 4328 07 3%, % T &
o7 7% 5 Ak 5 1K R AR 5k 28 AU /) UHPC, 3L il 28 23
SR I 7 BN A R 2 M I B e B, N ) AR 2
K 2 g B B AR B 0 B Ak B RN ) % T R
B A B, AT BR 7 e 58 3 BT X6 I8 A Bl PR 7 A 57 AR
A U] R A R A R R R X T AR A Ak 25 A
i) UHPC, H i 2 H A7 76 50 vk B Rk B, N7 7
SEAL B

UHPC Jt R F1 2F 4t 2 (8] B 4F /9 B3 [6) 78 H 6l
UHPC #1455 # i S A v . 5 B 2F 2 40 L
#£ UHPC 48 i 53 84 2 4 G 45 15 5 4 (1% 1% B 7
SN BN K AR L B £F 4 R n] 2 T HE R AR
SR AL R A0 AT 2 Y K AR R 5 80 K
AT 30 mm 7Ly T LR Y- HE A 0] B4 B 45 H R 2R
YWy B2 A 7R PH 3 R T 24 05 1) 32 8 3 e, AT 4
BB AT R BT PN A Y AT L8R T 4 S
B A 56 T 47 4 o R 22 b UHPC %2 W7 1 5 fi 19
S IR A DA AR O AR R AR 4 A5 R S =R
F1 20 W52 M LB Sl oA B A BF 5T AR AL,
JEE LT 4t 5 T UHPC 3 338 91, HAORIE T
oAb A B T 4t L AR SCeE K R 3 20 mm (1)
BT 2 g R K JE S B R %X UHPC fi f#
PEBE B R 0 DL % 7E 32 7 B0 T 4N 2T 4k A L 1A b
B AT . LA S UHPC " AR 45 4 i 16 £ A1
R g
| B 7
1.1 UHPC BEEE#H PR E S

UHPC AR A B 35 - 52. 5 935 38 £k R £k
KR TR B AR A 1.5 pm BB IR ; S95 B i
#35920 fik K s WA 0 [ 43 0 S H AR 270~550 pm I
150~212 pm B £ S RD , i35 i DA e % e B 32
A A s RIR R Z I /K 57 PC200 OBy R L 9K 26 (i 12
BO >25% /454 TG 63—2006¢ YR #E 1+ K bR )
HITR % 1 BE A A K. UHPC Bk i e & 1 R & 1)
-

steel [iber; tensile property; pullout behavior; in-

%1 UHPC EKEALL

Table 1 Mix proportion of UHPC matrix w/ %
Cement Fly ash Slag  Silica fume Sand Water  PC200
1. 00 0.13 0.13 0.07 1.00  0.27 0. 01
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Table 2 Geometries of steel fibers

Diameter/ Length/

Fiber type Appearance  Group  No.

mm mm
P2213 0.22 13
Straight P— P P2216 0.22 16
P2218 0.22 18
D2213 0.22 13
DA D2216 0.22 16
D2218 0.22 18
End-hooked
D3020 0. 30 20
DB D3520 0.35 20
D5020 0. 50 20
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Fig.1 Tensile stress-strain curves of UHPC with steel fibers of the same diameter and different lengths(P and DA)
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Fig. 2 Tensile stress-strain curves of UHPC with end-
hooked steel fibers of the same length and

different diameters
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Group No. 7/ MPa W /(N +« mm)
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D3020 3.31 152. 16
DB D3520 2. 49 113.02
D5020 1.69 101. 56
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Fig. 3 Pullout curves of steel fibers of the same diameter and different lengths(P and DA)
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of the same length and different diameters
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