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Study on the bending behavior of PVA-ECC thin composite plates

with steel wire mesh

YUAN Weiwei', DU Wenping®, YANG Caigian**®, WANG Chong®, PAN Yong', MENG Chunlin'
(1. China Design Group Co. Ltd. , Nanjing 210000, China;
2. School of Civil Engineering, Southeast University, Nanjing 210096, China;
3. College of Civil Engineering and Mechanics, Xiangtan University, Hunan Xiangtan 411100, China;
4. Jiangsu Eastern Expressway Management Co. Ltd. , Jiangsu Yancheng 224002, China)

Abstract; To investigate the flexural behavior of Polyvinyl alcohol fiber-engineered cementitious composites (PVA-
ECC) reinforced with steel wire mesh, a total of 10 groups of thin plates were investigated and studied under 4-
point bending experiments. The key variables include the type, transverse wire spacing, layer number and location
of welded wire mesh. The mechanical properties and failure modes of all the specimens were investigated in detail,
including the failure modes, load-deflection curves, strength, stiffness and energy dissipation. Results showed that
the PVA-ECC can work well with the steel mesh, and that the flexural properties of the PVA-ECC can be
importantly upgraded. The stiffness was improved by 38% , and the ultimate strength and energy dissipation were
3 and 4 times higher than the control specimens, respectively. The parameter of transverse wire spacing had an
important influence on the mechanical behaviors of the specimens, and they will be weakened with the increase in
the transverse wire spacing. Moreover, the failures of the specimens were characterized by a strain-hardening

behavior and multiple cracking development characteristics.
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1 MI£RN
Fig. 1 M1 welded wire mesh

2 M2iNEH
Fig. 2 M2 welded wire mesh

®1 PVARHEMESH
Tab. 1 Mechanical properties of PVA fibers

HAE/pm K /mm PUHL R B/ MPa PAPERIR/GPa /(g em ) &/ %%
39 12 1620 42.8 1.3 7
R2 WLMHESH
Tab. 2 Mechanical properties of welded wire mesh
WGy AR/ (mm>Xmm) 2 EAR/mm YL 58 & /MPa SRR /GPa &/ %%
M1 25X 25 2 450 202 8.5
M2 66 0.8 450 202 6.3

1.2 iR #E
AR B R AE 1 ] ECC B9 L & He 38 3 B,

FFEFERLIE FE S 5 min Hab B % TE. S HR TR
400 mmX 100 mm X 15 mm HIAELE , BN
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10 mm 2% 5 mm &) ECC, F & J) ¥ H 3w &l %,
RIGH ML M A e ECC M, 4 F 1 F iy i H
FIbRICHALE, BRI 2 ik N ECC . &5
PR EPRS & BRI 2 min, KR40 2 0H Pk
S OESTSERRME 24 h G BUEL, TRONRIE S

FigRd 28 d JE R il F I B TR R E T, 7%
R TS AT . R RS 10 AHikAE, Bk
PEAFRFIFEA GO0, Wk 4 PR, b VoA
o B 7 28— N 22 P R AR R R B LB, VgL
i) £ 22 5 7355 28— R 10 B 22 A R R AR B Y L £

*3 ECCEALL

Tab.3 Mixture proportions of ECC cementitious matrix

Kie B IR REK Kb K K 5 272 (R
0. 49 0. 46 0.05 0.1 0.3 0.6% 1.5%
x4 RBEREHR
Tab. 4 Details of experimental program
Y \Z Vi BEmEEE A4S AL

/% /% /mm /% 25 7 ik
p — — — 0.0 — — —
j200) — — — 1.5 — — —

PM1 1. 67 0. 84 25 1.5 1 Fhilx IR 5 mm
PM1-2 3.35 1. 67 25 1.5 2 FZRAMZERX  BEREER 5 mm fl 10 mm
PM1-a 1. 67 0. 84 25 1.5 1 ZIEIX BRI 5 mm
PM1-50 1.26 0. 84 50 1.5 1 ZHIIX B3R 5 mm
PM1-75 1.12 0. 84 75 1.5 1 ZHIX BRI 5 mm

PM2 1.12 0.56 6 1.5 1 ZRIX BRI 5 mm
PM2-2 2.23 1.12 6 1.5 2 ZHRMZERX B4R 5 mm Al 10 mm
PM2-a 1.12 0.56 6 1.5 1 FEX BT 5 mm

. PX-Y 4577k, Hp Xoh ML, M2 RWHRAFGE R Z IS5 Y O 2 I R W 0 &4 PR 0 22 9 CHEE R s W B W) R — R 22
B s Y S a IS R ZZ AL B AL T2 X Y 50, 75 I 32 W 6K 22 R el SE 4R el B GUAE PO AR IB R R Al b S A Po Shak

PVA-ECC iR

1.3 KA E

AT 5 DY S R R T AR
MIPUASTERE , O AR S B R 300 mm, 45 By
23100 mm, JTREIRIRHLA RARTEEh 10 kN, 10
B3 PR, BB R AR IR, SEi e s
it TST-3827E RAEAUBATI &, REME N S
Hz. 3303 5 R B = hl, HE K 0.5
mm/min. RN EENEH . BRI
B4 . JFRA BRI R A 2, IR SRR
P28 I e 77 =X

2 REERRESH

AR A5 60 i 38 B 2, 22 o) b AR 2 B4 i 28—
BPelrih 2. i 280 - e B h A i e FE YT I 98— B 0~
30 mm. ARIG A S AR HIE T3 A A,
1T 2B BB AR AE — € B R MR, dotr 38 - 3%
JEh IO B A AR 0 i AT b, fH R
AR B ZGE KOR P By T B | I 2R A 280 R AR FR A 2

E
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3 RBERETEER

Fig. 3 Test specimen and setup
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BRLH P B — A 5 4% IF e T 25 b BT i 6 3K A
BEATHIRGICR, WlE 4 FR. S5 S SR RGeS R
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BOBIATERS o G 1 O i 4% AL D SE 1 N B 22
PIRERS i e BB 2 H¥ " e, RN
AR TSR TE T Sk b, RIS RS R 8 M2
24 [ 38 i X A A S GE I J TR 25 J5 T 2 A T kAR R
SRR E M1 AR 22 3 5 A B RGETF IR B 25 Y
22 WAL T 32 B XNk B o R A% B s e AN R, fH
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Tab. 5 Number of cracks

THoE A PO PM1 PM1-2 PMl-a  PM1-50 PMI1-75 PM2 PM2-2 PM2-a
ol 75 By 9.3 16. 5 17.0 10. 7 13.5 8.5 19.0 22.5 12.7
£ X 12.7 34.5 40. 3 24.0 25.0 13.5 40. 3 43.5 27.7

B e PO PM1 PM1-2 PMl-a  PM1-50 PMI1-75 PM2 PM2-2 PM2-a
ufi 75 By 13.7 26.5 28.7 16. 3 17.5 11.5 24. 3 31.5 17.3
£ K 18.3 41.5 55.0 32.3 31.5 18.0 48.0 56.0 33.7

B4 AHEREFRE

Fig. 4 Cracks pattern of specimens
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BB L A 2. SR, NN B 22 Y e I 2
PEERE A AR PR 5 B, TEZ B IX M — )2 M1 B
M2 4 22 A EG T X B R PO 43 IR T 245 YAl
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Ze W MAE RS TR S AR PR s AL £
JHE DX N A 22 94 %o AR BRE i JEE A4) 52 Vo S 01 32 B X
INER 2219, HAHE T PO S I8 R A5 558 B )
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B MOk 2%, R AF PM1-50, PM1-75 Mt F
PMI1 43 5yk/0 7 15% F0 46 %. HIONWEJZEK 22 M)
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T 1620 6%, XBEH L N — 24K 2 W% iR 1
Bkt T e, SEURR AR SR A .

FEFERE J7 0, DN B4 22 AR K i 3% 1 3 A 1
FERETERE., XA T2 W B IE Pk B I, 167 8
BERIR T 3G, Mk FREAE, fEiisz
J1, A MBS R BEIR. Hp PM1 Al PM2
LT PO 4> I B T 495 % F1 369 %. X THIZ M
DLE . JZEORRE R SR N, FERE T T R
1K) LR AR B 5 B LA % T S 28 — 178 B Wb 4% S B0 )
PSR R A B — S5k . B 22 A T 52 1 X A R
PEREAR T 22 A T2 B0 X B0k i AP 2 22
W —E FRBERE IR TR SR, WP BRI A
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Tab. 6 Experimental test results

ENEE TR TFE4T B /N FF2L58 E / MPa A% B 4 /N A% B 382 B / MPa FERE/]
P — — 624 8.32 0.25
PO 406 5.41 662 8.83 6. 34
PM1 520 6. 93 2 284 30. 45 37.73
PM1-2 542 7.23 2 653 35. 37 42.9
PMI-a 446 5.95 1684 22. 45 29.13

PMI1-50 475 6.33 1951 26.01 31.1

PMI1-75 384 5.12 1239 16. 52 20. 04
PM2 667 8. 89 1757 23.43 29.71
PM2-2 537 7.16 1 866 24. 88 31. 14
PM2-a 554 7.39 1298 17.31 20. 87

2.4 RIELL B 22 o 1A O T 5 — S A 22 19 R T B R EE D/

IR ST BRI Fie b 20 e 4 22 P R A Y
JER N, B AT 2 - B8 R i St b BY 2 R}
5 PO AR BRI A, 255 E 6 FiR.

AF P A PO A% b B ZEAL @ 3 N
PVA 43 ARESE S NI BE. SR, g AL A Po
FHEE B9 22190 0 N w] R e 45t v R i W .
N—JZ L Wy, W ERFRE, YIS 2

i, X T 22 W FLA/NE M2, BN P JZ M2
B 22 9 B A A E T 32 0 KON — )2 B9 22 9 B9 3K
e, WA Y TR EE M T M2 22 K
R RSPEUN, 222 PR PVA-ECC BRI IR
APEFI SR VE RE R W B K, N R FE Y 2, Sk
JEREA, AR ECC B AR PR 52 ke, 52 1 B AR
TR AR N
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Fig. 6 Stiffness ratio
3 it
ASCEAT T 10 HE SO DY 2005

WA EI RIS R ST B E 22 0, S22 A2 B 22
Do S R 1) 3 2 ) BE OGS O A PR RE D S, A5 F)
PUF 2458

(DPVA ZFLEF18 22 B B R VE FIRCRIE R, fE
BERIHAFR LG S ERE. M PVA 24 6E

it 548 FE A Y S PR RO B 1, {H LR 9 R RN R
PEFF 7 RO R 5 N B 22 B R % AR R i35 IR
PR SR | M EE DL R AR REARR .

(2) 59 22 1 W A% R~ R A 1 O 24 50 i F 28 2%
FRRAR KRB, MA% R T N0 ik i L 4%
Jre F i F 240 27 A R BOR MAR RSP TE
FHRA PR W B . AR ERE J7 . AR PR o R AR BB 1k
REJ7IH LA R, FESCBR I v, P i I A
ROFRIER4E RSP 2 B 56 &, 8 95 00 1 1 A% R
SF RAEARIE R, R BGEI M1 K 22 K.

(3) e 1) 34 42 1) G IR A ) T 24 PR BE A B K
W, B R) BE A BE ORGSR B LRI R
WA TREAL, 4 RA £,

S X3k  References

[1] BATSON G B, CASTRO J O, GUERRA A J, et al
Guide for the design construction and repair of ferroce-
ment[J]. ACI Structural Journal, 1999, 85(3):325-351.

[2] MOUSAVI SE. Flexural response and crack develop-
ment properties of ferrocement panels reinforced with
steel fibers [ ] ].
2017,12.:325-331.

[3] ARIF M, PANKA]J, KAUSHIK S K. Mechanical be-

havior of ferrocement composites: an experimental in-

Journal of Building Engineering,

vestigation [ J ]. Cement & Concrete Composites,

[4]

[6]

[7]

[9]

[11]

(12]

[13]

[14]

1999, 21(4).:301-312.

LIV C, MAALEJ] MOHAMED. Flexural/Tensile-strength
ratio in engineered cementitious composites [J]. Journal of
Materials in Civil Engineering, 1994, 6(4): 513-528.

PAN Z, WU C, LIU ], et al. Study on mechanical
properties of cost-effective polyvinyl alcohol engi-
neered cementitious composites (PVA-ECC)[]J]. Con-
struction & Building Materials, 2015, 78:397-404.
R . BT EE PVA SR 4K IR 3 A kR il
REIRIR ST (D], WPRIRERE : 52l Tl k2%, 2015,
DENGYihan. Experimental investigation on bending
performances of reinforced polyvinyl alcohol fibers re-
Hohhot:
Inner Mongolia University Of Technology, 2015.
ZHANG Y X, UEDA N, UMEDA Y, et al. Evalua-

inforced cementitious composite beam [ D ].

tion of shear failure of strain hardening cementitious
composite beams|[J]. Procedia Engineering, 2011, 14
(2259):2048-2057.

KIM DJ, NAAMAN AE, El-Tawil S. Comparative flex-
ural behavior of four fiber reinforced cementitious compos-
ites[ ] ].
(10):917-928.

SAID S H, RAZAK H A, OTHMAN 1. Flexural be-

Cement and Concrete Composites, 2008, 30

havior of engineered cementitious composite ( ECC)
slabs with polyvinyl alcohol fibers[J]. Construction &
Building Materials, 2015, 75:176-188.

LU C, LI VC, LEUNG CKY. Flaw characterization
and correlation with cracking strength in Engineered
Cementitious Composites (ECC) [J]. Cement and
Concrete Research, 2018,107:64-74.

LI J, WU C, LIU Z X. Comparative evaluation of
steel wire mesh, steel fiber and high performance po-
lyethylene fiber reinforced concrete slabs in blast tests
[J]. Thin-Walled Structures, 2017,126 :117-126.
BEHERA GC, RAO TDG, RAO CBK. Torsional be-
havior of reinforced concrete beams with ferrocement
U-jacketing: Experimental study[]]. Case Studies in
Construction Materials, 2016,4:15-31.

El-Sayed TA, Erfan AM. Improving shear strength of
beams using ferrocement composite[]J]. Construction
and Building Materials, 2018,172,608-617.

LI B, LAM ESS. Influence of interfacial characteris-
tics on the shear bond behavior between concrete and
ferrocement[J]. Construction and Building Materials,
2018,176:462-469.

NASSIF HH, NAJM H. Experimental and analytical in-
vestigation of ferrocement-concrete composite beams|[ ] ].

Cement and Concrete Composites, 2004 ,26(7) :787-796.

(RE WL PO





