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Cyclic tensile behavior of ultra-high performance lightweight concrete

WANG Junyan, LIU Feifan, GUO Junyuan

(Key Lab of Advanced Civil Engineering Materials ( Tongji University) , Ministry of Education, Shanghai 201804, China)

Abstract; Ultra-high performance lightweight concrete (UHPLC) is a kind of lightweight cement-based material
with properties of high tension and compression ratio and tensile strain-hardening. To investigate the collaborative
tension mechanism between UHPLC and steel before the yield point of the steel, a self-designed tensile loading
system was used to conduct cyclic tensile loading. The adopted UHPLC has a density of 1 789 kg/m’, compressive
strength of 63. 1 MPa, ultimate tensile strain of 2. 4 x 107 = 2.8 x 107~°
6.9 -7.8 MPa. Four cyclic loading conditions were applied, i. e
1.0x107°, and 1.5 x 10"~

strain curves were in high consistency with the direct tensile stress-strain curves. The residual strain, stiffness of

, and ultimate tensile strength of
. 5.0x107",

¥, respectively. Test results show that the envelope curves of the cyclic tensile stress-

, tensile strains were 2.0 x 10~

loading, and stiffness of unloading that derived from the cyclic loading test reflected the debonding situation of the
fibre at bridged micro-cracks. The larger the residual strain was, the longer the debonding length of the fibre was,
which resulted in the reduction of the loading and unloading stiffness. When the cumulated tensile strain under the
cyclic tensile loading was smaller than the ultimate tensile strain, the multiple cyclic loading led to a cyelic tensile
action on the debonding part of the fibre. The degradation rate of the loading stiffness and the cumulated residual
strain followed a power function with a fitting degree of 0. 99. The stiffness of the UHPLC under cyclic tensile
loading was decided by the effective length of the fibre (the debonding part) under tensile loading, which could be
characterized by the cumulated residual strain.
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Fig.4 Stress-strain curves of UHPLC under different cyclic loading conditions
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Fig.7 Effect of the number of tensile cycles on residual
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Tab.3 Mechanical properties of UHPLC under different
cyclic tensile loading conditions
INEAEIEN VMR SRR HBURA
ASWEEE 5 #E/ GPa JE/GPa fi/MPa AF/10°° miAs/ 10°°

1 20.7 19.3 3.7 53.4 53.4
2 20.0 18.1 4.1 11.1 64.6
3 20.8 18.2 4.2 4.8 69.3
4 20.3 18.3 4.1 3.2 72.5
2.0x107*
19.9 18.3 4.2 3.7 76.2
6  20.1 18.2 4.2 3.2 79.4
7 20.1 18.0 4.2 2.7 82.0
8  19.8 18.0 4.2 2.7 84.7

1 211 13.5 5.3 164.3 164.3
2 12.6 10.5 5.6 82.6 246.8
3 11.4 10.0 5.8 41.7 288.6
4 10.5 9.7 5.8 21.7 310.3
5.0x107*
10.4 9.7 5.9 21.7 332.0
6  10.2 9.3 5.9 6.6 338.5
7 10.1 9.3 5.8 6.3 344.8
8  10.1 9.2 5.8 4.6 349.4
1 20.2 7.3 5.9 395.2 395.2
2 9.3 6.0 6.5 174.9 570.1
3 7.2 5.7 6.7 76.8 646.9
4 6.8 5.5 6.8 52.3 699.2
1.0x1073
5 6.7 5.5 6.8 37.9 737.1
6 6.6 5.4 6.8 26.6 763.6
7 6.5 5.4 6.8 18.6 782.2
8 6.4 5.4 6.8 15.5 797.8
1 20.6 6.1 6.6 668. 1 668. 1
2 7.9 4.9 7.2 331.1 999.2
3 6.4 4.3 7.5 162.7 1161.9
4 5.8 4.3 7.5 101.4 1263.3
1.5x1073
5.6 4.3 7.4 77.4  1340.7
6 5.5 4.2 7.4 70.3  1411.0
7 5.4 4.2 7.3 72.6 1483.6
8 5.3 4.1 7.2 59.9 1543.5




554 3] ERB, A M PERE

SR BE - PR PR )22 P fE - 175 -

2.3.3  finzg M AN E BN

HIPE 9 AT UL, £ 2.0 x 10 ~* YR AR Ik 4514
UHPLC () fin 28 Wi B AR AR BEAR /DN, i3 02t F 3 2k
ARTE R BE R/, W T i B g A8 8 1k B i e 4T
SRR 1.6 x107%) o HiAy 3 MR sk 444 F
UHPLC (1) /i W B2 Y54 8K 00 26, I HLAE R i 2k
ATV B A, 3 R B AR, X2 TR A 2k
IR BE 3 23 30 UHPLC (1) 21 4 i 26 < i 4
K, BNZ SRR ARSI A 850K AR a7 5
BLASTE 5 T R 3 7K P TEAR, R 30 s A8 A a1
Il E AR IR

i &l 10 AT WL, UHPLC 76K [AI48 20 4 25 14
F14) 55— R SE 23 M 3 I o 0785 T s 8 1 184 K B A
X [A]FE R PR R A B0 4% R Y IR BE Y 3 R = 3k
UHPLC ZF4Eli K e ke pg JE R . 2541/ 9 &/ 10
AT UL UHPLC f9 i 28 I 52 0 460 8 W1 3 7 565 — v
H-HRFEZEH B TRE S8 7 0k,
UHPLC (1) /i 22k 9] J32 7 2600 28 ) 32 I 476 346 m 28k 1k 28 1
A B 5 B A N AR AR AR AR — B X1
UHPLC [y fmk 1M EE S5 R b} 5 4% 1 A8 AH G o

3 {EF LR A AT UHPLC 8y R &
iR AL ALEE

Jyite—2 T i UHPLC 7GR 2T A9 2K
JEIR LA SRR AN AR Z A B OC , IB 11 23] 1
UHPLC {2 W BB AL R (B, /Ey)) S HT—IK
PR3 Y R A AL 1Y 5 AR IR AL 2B 152 B
PRI IR L B G ™ 5 . i ] R WL, UHPLC B

A3 B2 IR A 5l R ARG A VA B HE TR, e
AT A 30 (1) B R, US 0. 99

y = 6.223x7%% (1)

itqj ¥y ﬂ?ﬁﬂﬁﬂ”ggjﬁ{k%(Em)/Em) ) 3 X j‘]%*ﬁ

0 0.4 0.8 12 1.6
FRBRANAE /107
E11 ERERKETEMHENERULENXZR

Fig. 11  Effect of cumulated residual strain on degradation rate
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