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Abstract; At present, the PVA (polyvinyl plcohol) fiber used
in ECC (engineered cementitious composites) mainly
produced by KURARAY Co. Ltd. , Japan, and its cost is very
high. The price of domestic PVA fiber is reasonable,
however, the tensile ductility of the domestic PVA-ECC is
limited. To further increase the tensile ductility of ECC,
looking after both side the cost, domestic PVA fiber was
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mixed with Japanese one at a proper proportion to develop
hybrid PVA-ECC. Based upon the micromechanics model, the
mix proportion was redesigned through the parametric
analysis. The four-point bending test, uniaxial tensile test and
uniaxial compressive test were carried out to characterize the
mechanical behavior of hybrid PVA- ECC with five mix
proportions. According to the performance and cost of the
material , three typical mixes were proposed: M7 with low
cost, relatively low tensile ductility and reinforced by
domestic PVA fiber, M17 with moderate cost, relatively high
tensile ductility and reinforced by hybrid PVA fiber and M21
with high cost, high tensile ductility and reinforced by
Japanese PVA fiber. In practical applications which mix to be
chosen depends on the structural performance to be achieved.
The development of hybrid ECC helps cut costs of ECC, and
the widespread use of ECC becomes possible.

Key words: engineered cementitious composites (ECC);
hybrid polyvinyl alcohol (PVA) fiber; mix proportion; pseudo

strain hardening
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(polyvinyl alcohol, PVA) i F ECC, #l i, T PVA-
ECCY. PVA G 435K . L 7, KR AR EF &
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%t ECC gt £ B4 b7 PVA-ECC.
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Tab. 1 Comparison of physical and mechanical

properties of domestic and Japanese PVA fiber

g4 HRE/ KE/MKERE/ S\E/ BWRE/ HesRE/
FWE  um mm %  (gecm® MPa MPa

&= 26 12 7 1.3 36. 3 1560
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Fig.1 Typical relationship between fiber bridging

stress and crack opening width
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Fig.2 Effect of volume ratio of fiber on relationship

between fiber bridging stress and crack opening

width
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Fig.3 Effect of volume ratio of fiber on bridging
peak stress and complementary energy
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BreERy 1A i hn. xF F BRTA E ™= PVA 448, %
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Tab.2 Parameters of pseudo strain hardening model
with different PVA fibers
I/

ZEE NV SN O O (VT

L 6% HA= 3.11 14. 22 4.74 1. 04
LO%BEAE+0.6%E~E  3.20 8. 48 2.83 1.07
1.0% H A= 1.94 8.88 2.96 0. 65

L AHC L HK R L B IR B B 3E kU, B B AR MR SR
BE Japh 3] » m 2 BRARMBI I BGEEE o1 3MPa.

EMEK LT R 0. 28 KB B IR 2. 4,
B A U 5 A S R M I R AR SR 5 DR B (DT
5KEHEREL A 0. 36. 3% Friit Bl St
HHATIRED , B8 B AP 4 9 BAR TR BR 1. 600, P
7= PVA 4R H0R 0. 6%, IR EL A LL AN 3
Jiizn. M21 hEF i A 5 535 B ATEC K] ECC %
FHTC BRI 2B b b sk 5 A AR 4 B Rk Ak
I AR RE RN AR 4 A9 A B A T
%3 PVA-ECCHEMEAL
Tab.3 Mix proportion of PVA-ECC

iy TR/ ViR wkal
g A ————— P
AR AR R AAE

Mi17 1.0 2.4 0.36 0.28 0.6 1.0 0.002 9
Mis8 1.0 2.4 0.36 0.26 0.6 1.0 0. 003 2
M19 1.0 2.4 0.36 0.28 0 1.0 0.0020
M20 1.0 2.4 0.36 0.28 1.6 0.0025
M21 1.0 2.4 0.36 0.28 0 2.0 0.002 8

2 jB% PVA-ECC % i 5 REiIE

AT AR) e W S B AR o AR R £ ECC 19 T
7., EefiliE 24 PVA-ECC Bt R A 40 L #EF B P
ML, BHBE LRA 3 NMEBHREM 15 mm X
50 mm X 350 mm), 24 h J5H##E, R )G B AFRHESR
PEMATIRY. 28 AR BUR T I AR RN S
SRR I B B A B R T AEAT AT, AR R R R
¥, ERETEE. KA =82 5 6l 185 5 E {7
JRASIA ] A4 RIS HL A AT 1 25 o T AR R
15, MO s gk e Ean i 4 Pros. KR AL
Bingk, EH A By 0.5 mm « min~', FFAE H
R R IE .

AP A AR A B e TR
B, MBS 1 A MAERT, frd B IR, (H
B T4 EER RS9 BT KA Eife it
HARTFF R EAR, B JE R A e R SR, B
&%, MERSHER TR REH LA, Eil
Hila], AR R 18 KA I R IR PR FR1E, E BRI T

B4 HEERERE(EA:mm)
Fig.4 Loading device of four-point bending

test (Unit: mm)
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4y M19, HaX B i 2T B /), H R EE7
A T T RERIR R OR, R Bl iR, ix 5
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FLE/IS , FLRTHA M AS TR0 AR 58 I BA S8 , SRB h 77
BRI MR AT BESE I “BEIR” , T 5 B B T Bl R
PVA 4L 58 5 F % hr b, #4819 B 4k 1 F 8 55.
M20 IR 8k 1. 6 %6 B A7 PVA 74, 5
ARG E4Er M17 BEME Bl F B4 PVA
HEREFAEETMOPERE S, frE T T 6k
JIRE R R SRR A R . M21 SRAGESECR
2. 0% BAT= PVA £ 4k, KT AT 88 1 A il
SR E B AR, AR A R 28 2 A R B 2 B A 4
BRI SR A D, BB & X i PR
H 5 B RN S B B SR S IE R B T3 4, RIEFARE
Ay TR AR BRI R B SRR S L LA AR PR
PR A —FFF) F £ 4.

M 4 WTLAE H, M19 3R B4R PR 325 v 58 B I
N A FTEBA—ERE T PVA 4485 1 M17, Hik
PRI FR S HE R R M19 4855 T 5156, XF L A% R
FIRAE IR 2. 37%%; FRt 5 43R H 4= PVA 4
Yl M20 A LL , ZEEF 24 R B 2 BOR 7K IS L 3574 [/ #9
LT, M17 A% PR i o B BE A 24 T AT Y 86 %.
BN, ZE B A PVA F 4 b B AZEBHE
PVA £ 2 Bf5 78 303 I B B i 2 & 44 R0 25 i 2R
TE 88 ) AL A 1 1.

MI17 1 M18 #5k IR ¢ PVA F 4B AT R,
W5 A (i R v B B AT X L AT LA R B, R
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Fig.5 Load-displacement curve of each Specimen

F4 FAETiEsEXTLE
Tab.4 Comparisons of flexural behavior of

each specimen

BF  BFRESPHEE /mm  THRIREE/MPa B FRAIN AR/ X
M17 22. 22 8. 56 2. 37
Mi8 18.81 9.26 2.01
M19 14.68 6.92 1.57
M20 25. 92 10, 24 2.76
M21 40. 03 11,96 4.25

KR » B 7= PVA 44k 5 50k | S B 45 e H
Bg, FE B R A G gk, MR E R
Hb 3 AR AR AR AR Y B, R T HL S i AR T BB 0 A T R
1.

AR PR AR (B far 2R PT RASR S &
Z5BR BE. X H M17 1 M19, 88 A EHF= PVA 45
RS i 9 BRI T T 25%, W LB A B E
PVA S 4:35a T MERTMMFEER. HEMIT 5
M20 FL, RiE MRS R RA 5 E W 850 A
4,35 EREE A —ENER, FEFERAW
M—RAEGEERSEOERNER TIREGE™
PVA £ 4, SR 4 e AR h i A B AR 22, 52 e T 4F
R EAE R B ITERE A T
ZHIN PR, MATRERBIERT , FRBRE AL
Y BT 32 PN ) TESM Gl K, B T B B ek HY R

EbLIES 8
3 RB# PVA-ECC Bihhi il

BRI R R ECC £ 4% FF 34 i iy AR 18
AHERE R E AL, A H A R B HE RS NE
K, Bl xR R A g R MR,
Kb e N ERAR AR AR B 7 -8 AR 2R RN BB B Y
IR, [ B LR PR B B e » BRI T B s i
IS 3% 3 — %€ M PR . A ST il AT RE 1
SRE M17 F1 M21 AT B e , DASIE D R 25
i AR IS H AAE G50 SR W48 B i
JEBEH 30 mm, H A1 ZSTE M & XK 80 mm, K45
K 250 mm, FIVD 53 25 i AR X I AR TE AR R I —
S L ) I 44 B G 6 .

BHRE SRR 3 MAERMA R, 24 h 7
P, REBAER P Z TR, 28 d FRAR
HF =B AR HIRER 30 kN 3B AR IRGLPLEE 418
IR A 3 AT BBz AR . TR 48 B 344
6] 80mm i X I K A5 T M & X BL, ZE R 5 A 2 M &
BN 12 mm B AL BB 4L B 28 (linear variable
differential transducers, LVDT) & H AT,
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7. W ECZS A BRI R B AT - B R, BRI
RO BIR R R U TR B IR 7R, & T 3
PR B 22 RS R R B AR B Be. %) TR AR
EEYER) ML7, KAt rE B0 B, R REE

[ 7™ PVA £ 4E T 2 8 ok 208 s X T 4238
R BAS" PVA £4E1) M21, KT fIFAR
B, i REEA K, T 1EJ5 R 2T KK,
LRI R AEAL SN B W R A, BB LR B T
BB,

2 3

0 1
PN AR %
6 HihhimidiaE a M17 44

Fig.6 Loading device of

uniaxial tensile test

B HEEN AR RRTFYESI T 5, RAER
ZRET YRR M7, HoAT) 40 ) FHE{H B 1) ¥4 T 42 5%
RABA= PVA G40 M21, X FE R TREL
HfHER R, B A PVA S48 Btk B E 7= 4 4k
W3 A P SIS BRI R/ W (B R 1 501 R RS
Z R BN AR AL BE , M17 2 1. 16, T M21 #
1. 28,3 A H T HY B R R e A i ab 23R A B A
L HERCR AR AR 7 e i YR RO RE AL B i 2 . K5 T A
AR IR 2 S AT O IR A8 B A AR BR LR AR
SHEBER PRI RS R FETR L, PIE KWY)E B
4, M17 1 M21 fRIAEIRZ 435K 9. 20H1 5. 0%,
E B A B2 2317 J5 5 3R 526 B4 R AR R 37 Nz A8 Y 7T AT
M.

R5 AERHKBER
Tab.5 Results of uniaxial tensile test

s OB WRE/ BB WMERD)) B
BiAE/%  MPa /% MPa wrE/%

M17  0.022 3.02 2.61 3.51 9.2

M2l 0.023 3. 44 4.46 4.39 5.0

4 BZ PVA-ECC B3 48X

e &R 2% PVA-ECC ZHiA M= Bl
RIS, il £F 2 21 Rl —HEK T R (KL 58 &
4y%125 100 mm, 100 mm, 300 mm). &4 HI/E 6 4>
K, 3 AN T EIEZ: PVA-ECC B 5.0 DL K55
B3 AT RIRZ PVA-ECC MM &. £1K
HTEPRESFR I E SR 28 d R #ATAHRLRTE.

g ¥
=
'R B
B
:E!

4 5 0 1 2 3 4 5

$r /%
b M21 iR

7 ECC g ik R - R 3 i 22

Fig.7 Stress-strain curve of uniaxial tensile test on ECC

4.1 BORERE

RIERT - T H & 15 1B 2% PVA-ECC A #4
02 R R SR A 4 iR AN 8 BIER. il
RBNR AR A &7 — R RN WA E —
7RI T A AT S (R R BEFE A IR R

30r

0 5 10 15 20 25 30

RAE/10-3
a M17 44
307 ‘
25¢ ,'EE
i s — M18-1
s 200 | - --Mi8-2
N MI18-3
S f
ot !‘-..
3 ' B s
0 5 0 15 20 25 30
[ 4&/10-3
b M18 4
B8 B PVA-ECC HHiZERM1-RT LM%

Stress-strain curve of uniaxial compressive
test on hybrid PVA-ECC

Fig.8
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HBRTER S AR T4, TR 18 TR, U
B TFEERNAERT) 2 R BB AR — 2 AT 2R

Xf 25 BB b0 52 R N -0 AR 4 il 4R i e {E
NAE e JEMENL J) 0. MIBRRIRE 0. KF-I9ME, FT15
R TR 6, KRR EER AT LRAER Se.
B X L R R 77 AR 6 H AT LA HY, M7 B0 32
HIMEE R J7 6. TT LASKE) 25 MPa £ 45 , T FL 04 A8 B
A% . 3K 0. 005, B3 & TH RIS L EBREL, 3
HARENBAKKTEESHBERZEELRES, &
BT EZ RSN AR ABEE LR 0. 17,48
For PR R BRI Y 0. 5, 3% R il
4 15 i L AR K, iV /)N » 1A ) 8 1) B T R
BRSNS B AR Gl M18 (7K i Lo A Xt
BN BB T O s R BE A O A R 5 P X AT 3K 28. 3
MPa , {H J 0 {1 25 FH% % 5 B 357 W 7 ARG » 3K 156
B 558 TR B — R, FR KR & 3R S AR T
JE 5 B H 2 38 AR 32 FE e .

=6 HMRERBER
Tab.6 Results of uniaxial compressive test
PSS e/107° c./MPa o:/MPa BAMBELL

M17 5.063 24. 8 4, 31 0.17

M18 4,644 28. 3 3.98 0.14
4.2 HHEEE

iRBZ% PVA-ECC MR B I 8 )5 S % (T

EIREE+ 1 RIS I AR v ). S LA e i
PR IR 7 P, B PVA-ECC B FIRAHEH
FH B, FL MM AR B O 0 5 P S 4 58 TRk AR,
YR EH I 602, M17 EKIR LK, KR &
B M18 IR ELREAI.

£®T B#PVA-ECCHMEEE
Tab.7 Elasticity modulus of hybrid PVA-ECC

NI By R/ MPa FEHE/MPa
1. 747X 104
M17 1. 721X 104 1. 76 X104
1. 810X 10*
1. 835X 104
M18 1. 903X 104 1. 88X 104

1.912<104

5 ECC #HH1EREM A5

2E-4 BRTHl & ECC # 2k B BAS , Ky S R i
4t ECC Ml FE A Fihr RS F 3% 8, Hosp MO
RFETEIBEE L, BOLE I R WA N AL 1 3
FHEE. M7 iR AP KRS MK R E R
1.0:1. 8, WML LA 0. 36, 7K E LR 0. 32, PVA £14

EBECR 1. 3%, PVA S 4435 % B E 7. X
Mo 1 M7 A] 411, {5 F = ™= PVA Fe il i ECC, 48
AR INAZ , (B RE 4R M 3 h B 38 5 X Lk M17 F1
M19 w50, E ™= PVA 1 H A= PVA B 1R
%% PVA-ECC, A E A% A B , i bz bt B 48 =
T 50%, MM M20 i LE 1, I e B A&
7= PVA £ 4, 42 55 Z A R PR BB 7K T 7 1 i 4 3
e £ L ;M21 @i T EHl ECC KGR PVA £
AR B A B PR b RE.

®8 BEALLEASHERELL

Tab.8 Cost and performance comparisons of each mix

PVA BAEBU S R
HHS — . ol R
Mo 0 0 1.0 0.01%
M7 1.3% 0 2.0 0.50%
M17 0.6% 1.0% 6.5 2.37%
M19 0 1.0% 6.0 1.57%
M20 0 1.6% 9.5 2.76%
M21 0 2.0% 1.5 4.25%

R ECC AR K b fd P e, AT #% FAFL &
Hark =28 A M7 o RER AR RUA BB A 4 e
MIBL A L, L M17 R348 AR L B R e
RBFC & HL AL M21 SRR R LA L B b i BB Y
BEL & th. RAEZ: PVA G488 Ay i M17, Hhr
YRR E IR+ B E NUE , PR,
A RA M21 — 24, % B R ZHhr TR
A R 2R

6 it

FRTiRZ PVA-ECC fi2 e 858, *HE
#& PVA-ECC MEC &t AT AL 3T, 768 M3
BARIEOT , #— 2185 T KRRER &R BT
8, b T RGBSR TFHR L 2 ARl e 5.

(1 ARYEEH ECC fyuE i A TR AR AL K H R
S ES BT R, BAEF PVA REH
HA™ PVA 24, SRR E S MR BE, (e 4k
RS AN S, LM B2 AT 44
PVA #2453 8 ER, #E T 1B 2% PVA-ECC H
B A= PVA 45 f1 E 7= PVA 274 AR T4 8,
T 5 A LY H 2 BE.

(2) MR B HERIARRA B2 PVA-ECC X
HEEFF R N, A BRI i AL RE 7,
R R B AR BRI AE R 3K 2. 37 %65 5 1
BA B PVA S4B & LU H L IEBA B A E



40 B B K 2 2 (8 A B2

ERRE

7= PVA G4 E 4 BNE AR AR KK
.

(3) XRAEZ PVA 48 M17 AR FI KRR
A8k 2. 0% B A= PVA 44t M21 47 B
PR, WEE B R MEA T YRRER IR
S AT, M B AR FRPLM 38 5 43 #7 7 iR 1Y

(4) SHEZ% PVA-ECC #HAT S5l FE 4558, W15
HMLOHUESRE N 25MPa i 45 , 8 152 JE Bk
258 1. 8 X 10*MPa, FXFBA , T FL w5 (5 07 A% 20 i
SRR K 2~3 £%, BiHl ECC ER KB F
AR AHAE Pt B SRR T SR R .

(5) B Xl 15 i S Y e 4 b AT B R A %ot
HeAy#T , 32 T ARSAR AP M BB I BL & L M7,
Hr B A B R LA B A B A Eb MILT R AR
BRIl Atk M21 =AEEREEBNES
b, HESE B TRRARYE S5 0tk RE I TR B0 T 4.
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