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Micro-mechanism Study on the Single Fiber Pullout
of PVA Engineered Cementitious Composite

GU Fan ,WANG Kai ,BAO Zhongbin ,HU Shichao ,YING Ao

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract;In order to explore the micro-mechanism of the high toughness and strain-hardening
macroscopic mechanical behavior of polyvinyl alcohol-engineered cementitious composite ( PVA-
ECC) ,and to lay a theoretical foundation for its purposeful material property design,based on the
cohesive element and nonlinear spring connector, the ABAQUS finite element model of single
PVA fiber/cement matrix was established ,and the whole process of single PVA fiber pullout from
cement matrix was simulated and analyzed. The single fiber pullout force-displacement curve of
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PVA-ECC can be divided into linear elastic stage,continuous debonding stage, overall slip stage,

mechanical interaction hardening stage, and fiber wear and fracture stage. The force transfer

mechanism between fiber and cement includes shear lag stress and mechanical interaction force.

With the increase of pullout force, the mechanical interaction force gradually becomes the main

force transfer mechanism. The mechanical interaction effect and the surface wear of fiber are the

fundamental causes of fiber fracture. By proper treatment of the fiber surface,the surface wears of

fiber by cement can be reduced during the mechanical occlusal strengthening stage, and the fiber

fracture mode can be changed to the fiber pullout mode, which can better control the microcrack

instability propagation of the cement,and further improve the toughness of PVA-ECC.

Key words:PVA engineered cementitious composite ; single fiber pullout; bonding interface ; micro-

mechanism
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Table 1 The constitutive parameters of materials
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Fig.2 The nonlinear relationship between
fiber/cement friction force and relative slip
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Fig. 6 The stress distribution of fiber and cement( point A in Fig.5)

(f) () PR,
VIR F1/MPa

+0.2618
+2.400
+2.183
+1.965

+1.748
+1.530
+1.312
+1.095
+0.877
+0.659
+0.442
-: +0.224
+0.007

7 SRS

Fig.7 The continuous debonding of interfacial layer

(3) BB BL(BC) . 1EF 5 iR B
FAL, TR SE R R, 274 5 K )e H R 2 TR
R FEET R R URRE X Bl O LA sl 4R )
AR J5UA A EE 45, b S BRI B
WERS T RIS, FEX N ad #2 9, £F 4 Mises
I I BE 2 B KD REAR BB B 3 o341,
TEIE 5 Fizn C s Ak ik 207 AR 28 et
YRR S8 0. 81 N, 274 Mises [ J7 5 K
{6} 646.6 MPa, {1 9 (a) Fi7R ; K e SE 4K
B 153 A G OL S 185 TR B i Ak f) 1; F
oy At BUAR L, ST DI R0 7, Rl e T )
Yoy oA e 05 1) S sl B 7 £F - Ak
LAk 7,,~1.08 MPa, {i& 9(b) Fi/R ; TELF
Y a0 s Ji 8 DX I8P A 7 il 1) T I F (4
SR RAE R - 16,12 MPa) 2 [ & R g (48
St KAB A - 25. 10 MPa) FIFR ] LY A7 (45
Stz KAE N —29. 77MPa) , HAZ [ JE % 171X

A 1 2 3




556 o LA R OIGEE(PVA) S YENS i K YRR 52 5 AR LT AE S AR UL BT 5 1097
Mises[il Jj/MPa BY#EYI DL F1/MPa HPIENLF1/MPa A i) IE B F)/MPa
+960.9 +2.487 +1.892 +1.625
+881.3 +2.062 +1.322 +0.972
+801.8 +1.637 +0.753 +0.318
+722.2 +1.212 +0.184 -0.336
+642.6 +0.787 -0.385 -0.990
+563.1 +0.362 -0.955 -1.644
+483.5 -0.063 -1.524 -2.298
+404.0 -0.488 -2.093 -2.952
+324.4 -0.913 -2.622 -3.606
+244.8 -1.338 -3.231 -4.260
+165.3 -1.763 -3.801 -4.913
+85.71 -2.189 -4.370 -5.567
+6.152 -2.614 -4.939 -6.221
()T Miseshi TEE  (byKREATN S = E (CVRIBEAAIEN I AE (AR IEEARAR R IEN /1= B

IR [ £ S)/MPa
+1.441
+0.861
+0.281
-0.299

-0.879 +0.545 —2.804
-1.459 +0.118 -3.575
-2.039 -0.309 —4.346
-2.620 -0.737 -5.117
-3.200 -1.164 -5.887
-3.780 -1.592 -6.658
-4.360 -2.019 -7.429
-4.940 -2.446 -8.199
-5.520 -2.874 -8.970

(e)7K YEHMARTR 1 IER ) =

B—F M S1/MPa

+2.255
+1.828
+1.400
+0.973

(RIS T2- 20 e I N
B8 R4 SKIEIARI RS = & (1815 B 4T

S =F N J1/MPa
+0.279
-0.492
-1.263
-2.034

(eVKWEREAE =N = E

Fig. 8 The stress distribution of fiber and cement( point B in Fig.5)
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Fig. 10 The variations of axial normal stress distribution in cement matrix during mechanical interaction stage
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Fig. 11 The variations of radial normal stress distribution in cement matrix during mechanical interaction stage
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