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Test Study on Drying Shrinkage Properties of Engineered
Cementitious Composites with RTP-PVA Hybrid Fibre
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Abstract: In order to study the effect of recycled tyre polymer (RTP) and polyvinyl alcohol
(PVA) hybrid fibres on the dry - shrinkage properties of engineered cementitious composite
(ECC), the fluidity, direct tension and dry-shrinkage tests of RTP-PVA hybrid fibre reinforced
ECC with a total volume fraction of 2. 0% were carried out, and the mechanism and dry -
shrinkage calculation model of hybrid fibres were analyzed. The results show that RTP fibres
replacement ratio of 12. 5%~50% has minimal effect on the ECC fluidity, which is 1.09%~
3.69% lower than that of single doped PVA fibres. The tensile strength of ECC decreases with
the increase of RTP fibres replacement ratio to PVA fibres, the tensile strength of ECC with
different proportions of hybrid fibres is 23. 6% to 56. 6% lower compared with that of single PVA
fibres. The drying shrinkage rate curves of ECC with different proportions of hybrid fibres exhibit
similar trends, and the drying shrinkage rate at 7 d is 80. 92%~82. 77% of that at 28 d. The drying
shrinkage rate of ECC decreased with the increase of RTP fibres replacement ratio to PVA fibres, and
the drying shrinkage rate of ECC with different proportions of hybrid fibres decreased by 0. 80% to
2.09% compared with that of single PVA fibres at 28 d. RTP - PVA hybrid fibres can play a
synergistic role in inhibiting drying shrinkage of ECC. Combined with the experimental results,
an index drying shrinkage prediction model suitable for RTP-PVA hybrid fibre ECC is proposed.
Key words: recycled tyre polymer (RTP) fibre; polyvinyl alcohol (PVA) fibre; engineered
cementitious composites(ECC) ; drying shrinkage; prediction model
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Table 1 Physical and mechanical properties of fibres
A R4 Y| £ /mm HAE/um ZEFE /(g cm™) YUPr i & /MPa LA /GPa
RTP 5.242. 4 21.444. 4 1.476+0. 003 761115 3.8+0.7
PVA 12 40 1.3 1560 41
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Table 2 Mixture proportions of materials ECC
S ‘ m ke - BUPY%  rpsspmiesms
kg YR R K WKF RTPZF4E PVALTR4E
P2.0RO 42.5 676 451 335 4.96 0 2.0 0
P1.75R0.25 42.5 676 451 335 4.96 0.25 1.75 12.5
P1.5R0.5 42.5 676 451 335 4.96 0.5 1.5 25
P1.25R0.75 42.5 676 451 335 4.96 0.75 1.25 37.5
P1.0R1.0 42.5 676 451 335 4.96 1.0 1.0 50

1 : P2.0R0 571 PVA £F i ARF /05009 2.0% , RTP £F4EAFH 380 0% A ECC.

R UL
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Fig. 4 Testing equipment and specimen size

of direct tension test (unit: mm)
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Fig. 5 Slump of ECC with different replacement ratio
of RTP fibre
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Fig. 6 Stress-strain curves of RTP-PVA
hybrid fibre reinforced ECC
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PLH 7 B4 R 5K 7 d 5 T 4 R 2%
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Fig. 7 Drying shrinkage rate of RTP-PVA hybrid fibre
reinforced ECC
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Fig. 8 Drying shrinkage rate of ECC under different
replacement ratio of RTP fibre at 7 d and 28 d
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Fig.9 Mechanism of action of RTP-PVA hybrid fibres
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Fig. 10 Bonding between RTP-PVA hybrid fibre
and the matrix
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Table 3 Fitness parameters and correlation coefficient of different predicting models
Py R A
O XL e A5 Y LOE¢i HEHA
a b R Ax10° c d R Ax10° f g R Ax10
P2.0RO 19.21 4.68 0.973 10.52 0.25 5.09 0.938 23.92 1.04 -0.22 0.992 3.30
P1.75R0.25  18.25 4.63 0.968 11.33 0.20 4.86 0.931 24.74 1.05 -0.23 0.990 3.58
P1.5R0.5 18.17 4.85 0.968 11.28 0.03 4.85 0.934 23.52 1.06 -0.22 0.989 3.72
P1.25R0.75 17.22  5.11 0.966 10.68 -0.14 4.59 0.935 20.79 1.06 -0.22 0.987 3.90
P1.0R1.0 17.30 5.58 0.955 14.60 -0.47 4.63 0.925 24.30 1.08 -0.21 0.980 6.46
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Fig. 11 Comparison between calculated value and experimental value of drying shrinkage rate of different models
(2)—P2.0R0; (b)—P1.75R0.25; (¢)—P1.5R0.5; (d)—P1.25R0.75; (¢)—P1.0R1.0.
4 4 w 12.5%~50% 1) ECC T 4 % [t P2.0R0O FE Ik T

0.80%~2.09%.

3) RTP-PVA jig Z% £F 4k 7£ ECC  # fill T 4
YEF 5 R 34 B B - B BE 1, RTP £F 47 sk A i 72
HOREBOK 43, /N T4 A8 T | 3252 PVA 27 47K
P45 1% 7 5 Wy B 2, RTP 41 4 5 3 1 26 45 15
B 7K Ak 1 i A R T 1 A R 2% 2T 4k L [R) R H K

1) ECC Vi sh £ Fifi % RTP £ 4k Xf PVA 21 4k 11
AR 1 T R A , RTP 47 4 B2 A% % Hy 12.5%~
50% F4 ECC i 81 B 1L P2.0RO 1K 1.09%~3.69%,
RTP £ 4 {9 i A ST ECC i sl 5% i R K ECC 1)
PO 5 i Bl RTP £F 2 X PVA £F 2 14 B2 18 348 Jin

MM FEAI, RTP £F 4E 0% H 12.5%~50% 1) ECC HiL
Fir o H P2.0RO 1% 23.6%~56.6%.

2) AR RTP A4 UHR ECC T4 F £k
PAHIT, 0~7 d B HOR B RTP £F 4 19 24X
FH 0~50% ) ECC 1E 7 d i T 45 2 0 28 d I
80.92%~82.77%.ECC I+ 4ii % fifi RTP £F 4 &A%,
B IN T REAIG .28 d BB RTP £F 4 B At %y

ARV T 5 B B 3, £F 4 A 1L A ) 4R v g B0k
TR B LS, 4F 4 R FERF AR D /N A T
£

4) iR B s LA 159 21 RTP-PVA TR 24 4F
4 ECC Y 3 R0 T 4R TR X Lh T4 R T FE
500 M, 2 B 5 B 7Y B 3 4 W RTP-PVA
TRZRE 4 ECC 455K .
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