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Optimization of mix proportion and experimental analysis of mechanical
properties of hybrid PVA-ECC
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Abstract: In order to reduce the production cost of Engineered Cementitious Composites (ECC), it is very
necessary to substitute part of the expensive Japanese PVA fibers with the homemade PVA fibers for
the ease of extensive application of the practical structures. Based on the ECC design theory, an optimal
design for the fiber volume content of hybrid PVA-ECC is analyzed, taking both compressive strength and
tensile strain capacity into account. The mechanical behavior of hybrid PVA-ECC is obtained through the
four-point bending test and uniaxial compressive test. Experimental results indicate that the strain

hardening and multiple cracking behavior of hybrid PVA-ECC are observed in the test, and the long-term
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compressive strength is distinctly increased. Furthermore, a modified inverse method based on the UM

method is proposed, to use the measured data of four-point bending test to calculate the tensile strain

capacity of ECC, and the proposed method is verified with the experimental results of hybrid PVA-

ECC specimens.

Key words: cementitious composites; polyvinyl alcohol fiber; hybrid; mix proportion; compressive

strength; tensile strain capacity; inverse method
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Fig. 1 Typical relationship between fiber

bridging stress and crack opening width
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Fig. 2 6 -6 curves for different type of PVA-ECC

0.00 0.02 0.04

F£1 PVA-ECC H4EMEEBUMMNFHEESH

Table 1 Parameters of micromechanical properties in fiber bridging mode
- LR Y LR ) R S B 2F Y/ 3k FLE P iR S 8 BeAk Iy %P RE S R
; ;jtz di/ li/ E¢/ o/ ; P 70/ Ga/ 5 E./ o/ Jip/
pm mm GPa MPa ’ ’ MPa N-+m GPa MPa (J+m )
H A p= 39 12 42.8 1092 0.3 0.3 1 1.5 0.2 20 000 2.5 3
[ = 26 12 36. 3 1052 0.5 0.3 1.5 2.5 0.5 20 000 2.5 3

T ASTC A He K IS e A ME 48 e AR ABUE R R ARSI B Ty 3 T/ m? L BRI LR EE g 2. 5 MPa,



% hitp://qks.cqu.eddicn’® » F : % PVA-ECC e & s AL A 7 5 b i 3K B 9 50 75

&3 FIE 4 43 52 m ECC vl v [ 7= Fi 4l H
PR AT R 0. 2% 3 2. 0% AR L A b
oH A% BB R 1A 04 (BT HE ) S A A BB R
%, B3 FE 4 £, PVA-ECC 1 ], Fl o ¥ BELT
e BRI NI K H H 7 PVA-ECC 1y J, iy
Kl B B B op [ 2 PVA-ECC, A R 4F 48 &
T, HA ™ PVA-ECC #y J,' W ix kK T h &
PVA-ECC.HH=£ 4 V= 2% ity J, {05 H A
FELFHE V= 0.6 %00 M 2., TEAFILTHE ST R T, o
= PVA-ECC ¥ o, B X T H 4 j* PVA-ECC.
AT UL HAS ™ PVA SR 2 (9 /F F 32 AR BLAE 3 1
A WRE A RE 1 R E R PVAZF 2 A 32 24 U
SRR T MO AT N Y . TR GRS R
AITE B0 o H AR 7= 25 4 Fi i [ 7= 27 4 R 2% 6
HOAS = 2F 4 32 S48 1t 52 4 o RE 1 4% il i 15 R 4%
ECC REA2 1l /2 58 42 o 0], 17 e [ 7 2F 4 D) ] 2 o
(B 42 02 7 L ik A ek 2 D 1y 25K

351

0.0

E: - FEPVALF4E — HAPVAL4E
B3 FESEXNMBRENTIE

Fig.3 Effect of fiber content on complementary energy
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Fig. 4 Effect of fiber content on fiber-bridging peak stress
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Table 2 Comparison of indicators of different

type of PVA-ECC

" FUgHERBR/ N 4 '/

I/ Ta  o0/oe

HAR s /MPa (Jem ?)
1 1.0 1.0 3.71 8.29 2.76 1. 48
2 1.0 0.8 3. 27 7.74 2.58 1. 31
3 1.0 0.6 2. 85 7.37 2. 46 1. 14
4 1.0 0.4 2.45 7.66 2.55 0. 98
5 0.8 0.6 2.53 6.12 2.04 1.01

1.3 BZ PVA-ECC WL & tkigit
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A7 oo [ = /ke
M17 1.0 0 2.4 0. 36 0. 28 1 0.6 0.002 9
HI1 0. 92 0.08 3.2 0. 36 0.28 1 0.6 0.002 8
H2 0.92 0.08 3.2 0. 36 0. 26 1 0.6 0.003 5
H3 1.0 0 3.2 0. 36 0.28 1 0.6 0.001 5
H4 0. 92 0.08 3.2 0. 36 0.28 1.6 0 0.002 0
H5 0.92 0.08 3.2 0. 36 0. 28 0 0 0.001 0
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Fig. 6 Load-displacement curves of Specimens at 28 days
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Fig. 7 Load-displacement curves of H1 at different ages
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Fig. 8 Compressive stress-strain curves of specimens at 28 days
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Table 4 Compressive properties of H1 at different ages

0T e R U A AR
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i /MPa 35/ % 17 /GPa

7 16. 2 0. 69 14. 27
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300 42. 8 0.58 20. 10
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Fig. 9 Mechanical property of ECC under
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Table 5 Range of material parameters used in
parametric studies
JF2LE e BR . fif 52 e BR 4 fif 2 PSR BE/
MPa Ji /MPa 25/ %% MPa
2.0~5.0 3~6 0~5.0 20~90

1 ECC Y T 240 A2 AR FR B0 1 17 A2 19 28 4k 36 B 5/ HOX i3

WA BT R B B 0. 015 %6 1 0. 55 %6 5 11 5T A

B9 ROSF 9 350 mm X 50 mm X 15 mm, 355 85 B

300 mm,

O TR G IR T R HR 5 52 5L XN S AL
I8 B O 2% o 0 RE A B B BRARZS T B8 8 5 rp il v
JEE RS IO G ZR 500 T R T S 00 5 v 8 R DR AFE Y A
FHE B BRRL AR N AR B, 6T UM 5k M AT 5
) ECC $iL | J 1% 68 2 BT e 2 8003 M » Al 44 B A [
PLEVERES B AR b R g R R0 b B R YOG
o FER T M B/ —3fe s, 5 th ECC B2 op Al gy
- B £ an & 10, ECC Ry 47T J 5t B2 7]
it R R s R, W, Ba Ay =
Aln(z) +B WHRYZECA F1 B Al AR 5 S0 Bt 1 5
HEATAE IE AR & S M o s 9 H SR BE . #3R 5
HORT S B s BE 2 RO 0 T o J3E R A7 3 4L 3
SR 15 . X 15 AR S HGHE AT B 4 A S L AT
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Fig. 12 Relationship between B and f,

AR b3 180 933 0 7 19 405 2R L B 5K () Fs(5)
AT LA 3 00 AR BRI S 1 24 3

e = S5 0. 281, 0 X Int) +
0. 13In(£.,) + 0. 06 (6)

P Lo NPT R B S s A iR . Z0(6)
EHTNRH 350 mmX 50 mm X 15 mm., H it &
5 B2 S 300 mm f AR A AR . SRS g 1
PR RO s o 500 A= 28 A AR i bk S B

T A S B AR L AT R R R S B 5 R0 A
{14 T U9 43 A 45 208 1 A =X

T B UECEE Y B3 A O VR Y A R L 1 AR
R D 2 9 SR K el A PR AR i T
W23 3. C6) T 53045 30 1) W B iz fifr 7 28 5 1 4 r ik
5 75 30 1) A BB A AR HEAT L8R F AR A SR ULk 6,
MR 6 R DU Y N AR SE e S T B R 2
LN P TN VA RERIE 195 N S N AN L
k) 53 B 7 2ok TN A SCIR 2% PVA-ECC gl R
PLARRLAS AL R AR 7. B 7 A0, HL £ 90
d I A% BR A R A8 %5 28 d A I T R L AT AT ik
) 1. 83%,
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Table 6 Comparison between measured ultimate

tensile strain and theoretical one

R 313 - A D VAR A L1 A

. P 5 N \ AR
K W hherE ARSI AR )
B /MPa #=/%

/mm /%  {8/%

ik M17 24. 80 22.2 2.61 2.43 7.1
[7] M21 26. 10 40. 3 4. 46 4.76 6.7
CNO1  50.63 31.4 3.58 3.68 2.8

CNo4  50.18  36.2 3.66 4.30  17.6
CNO5  47.20  29.9 3.57 3.48 2.6
@k CNO6  66.56  37.2 1.23 4.49 6.2
[9] c©cNo7  55.89 28.6 2.97 3.34 12.4
CN08  48.11  35.5 3.78 4.21 11.3
CNO9  60.72  18.4 1.94 2.06 6.4

CN10 50. 86 30. 2 3.29 3.53 7.2

T SCHR P AR RST 2 400 X100 X015 mm. 7 H 542 300
mm, {5 BES T b AR 2 A AL B B 47l 56D R
T AR R A e o

KT MREMAETHHTUER

Table 7 Predicted results of tensile strain capacity

- iR R e B 5 o P A 7 AR
/MPa PEE /mm A/ %
H1(7 d 16. 2 23.4 2.54
H1(14 d) 21.7 20. 8 2.24
H1(28 d) 29.6 19. 6 2.12
H1(90 d) 34.0 17. 1 1. 83
H2(28 d) 34.2 16. 6 1.77
H4(28 d) 29.4 26.1 2.93
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