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Cyclic compression behavior of FRP-ECC confined concrete cylinder

HUI Yingxin"*, WANG Wenwei®, ZHU Zhongfeng*
(1. School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China; 2. School of Transportation,
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Abstract: Considering the strength grade of core concrete, reinforcement layer of fiber-reinforced polymer (FRP)
textile, the axial compressive tests of concrete cylinders strengthened with FRP textile and engineered cementitious
composites (ECC) were carried out to study the bearing capacity and deformation performance of the FRP-ECC
confined cylinder. The test results show that the failure mode of most strengthened cylinders is the rupture of
embedded FRP flexible textile. With the increase of reinforcement FRP textile layers, the strengthened columns’
ultimate bearing capacity and deformation performance are improved by 2%-35% and 77%-145%, respectively. With
the increase of the strength grade of the core concrete, the increase range of the ultimate bearing capacity is
gradually reduced. In addition, according to the test results and the stress-strain model of FRP confined concrete,
the corresponding strength model and envelope stress-strain models of FRP-ECC confined cylinder are given. The
analysis results show that the stress-strain curves predicted by these models match well with test results.
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N TR AP B 1) 28 204 185 (Polyvinyl alcohol, PVA)
LT Y RE A AR W AR TT R (2 T 2L H 2L 88 i i
RN, R K S LE 100 um A2 A7), HA R
MHTRLE P A RERE I Y, LTI RIR AL, o
2B 2R FHBEST ECCL MiGf ECCL =y i i 4L 4k
oY, £ 4k 34 5% & & #F kL (Fiber reinforce polymer,
FRP) [ #% 15 ECC #4454 (FRP-ECC) #4) Ji & 7 31 5t
RO TR EE AR B S AR TR
FLi 6 245 5 36 B 3 i J5 Ak B | AR TR g - )
ST 58 U (R R A8y B S A AR

{8 FRP-ECC & & #1 BHAHEL T FRP 089 55 4
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S At BAE T WA B LR N ) B 3G 58 S A% O A 1Y
W B 7R 28 ) F AR I B8 ) 1 R WSS E 9T . 2 AR
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LR AEVE A AR AT AL,
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TR B I A 7E 22 P s 5 7 28 T 10 32 s g 2 vk
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W H ERIBEE L PURME SN . B4R
JZ IR TC R N 2 H R AT LR Rt T
8 2 3t 24 SR AE 1), K434 FRP-ECC H & 24
WO RIREE AR 2 veae, Hrb, 2
ECCEJE ¥ h 10mm, A& WMELHiR, RE
I #% J7 X S g8 T % e Sl an B 1R 2 i
2, C35H1 C55 A AURIRBE LR E 4, ik
A S0 58 B AN 3% 3 BT o AR B 43 BIAR 3R i & far
BT RR A0, o, 22 U] iR 52 42 hn 2
(T35 A) A 5% hin 380 28 Uk K50 07 7 3 s i) e ), 3
A3 HVE A A3 R (T 40 B) BF 5% 78 28 2% 14 X
TREE T 2t . Fleax S0 1 A8 TR ) 568 U8 1) 5%
Wiy, DAREELA [ 4% i L 52 75 JH T FRP-ECC 21 iR
B e N 1-340R 1 E -3 BRI, A
Bt 56 35 ok ik 25 4k ¥ 5 2 & 44 Bl (Carbon fiber
reinforced polymer, CFRP) Z 1 W #% 1 ECC Xf #%
oA FEAT G 5, A 7R SCHR [28]%F CFRP-ECC J5
& 10 mm AR AT T R, RS AE N A s
N7 -Ii AR e an 1] 2 BraR, 253 R BE A A% 2
BN, A MRk AR PR Bl b N T B S R
M LA BR Az 107 28 A 6 RS HLORH77E 0.8% A2 40,
Al DL %O TR BE AR B S A R AR E

®1 TRKEEESMH (ECC) BEALL
Table1 Mix proportion of engineered cementitous
composites (ECC)

kg/m®

Water Cement Sand Water reducer Fly ash Fiber Silica fume

330 351 317 4.5 1052 26 40
‘ (b)
Full Partial Partial
unload unload reload

reload

Load

Time

1 it

Fig.1 Load schemes
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Table2 Experimental program
Sample Numberin CFRP  Thickness
P each group layer of ECC/mm

2CFRP-ECC-C35(A) 3 2
3CFRP-ECC-C35(A) 3 3
1CFRP-ECC-C35(B) 3 1
2CFRP-ECC-C35(B) 3 2 10
3CFRP-ECC-C35(B) 3 3
1CFRP-ECC-C55(B) 3 1
2CFRP-ECC-C55(B) 3 2
3CFRP-ECC-C55(B) 3 3

Notes: For the sample, the first number represents the layer of
CFRP textile; CFRP—Carbon fiber reinforced polymer; CFRP-
ECC—Strengthening CFRP-ECC composite layer; C35, C55—
Strength grade of core concrete; A, B—Loading scheme.

*3 HRELIEE

Table 3 Compressive strength of plain concrete

Average
D 5o/%  foo/MPa

150 mm cube

/ ’ strength
£0/%  fio/MPa §
0.35 25.75
C35 0.28 31.44 0.32 28.74 36.38
0.32 29.03
0.24 48.41
C55 0.28 44.61 0.24 46.67 59.08
0.21 46.99
Notes: €., f.,—Peak strain and stress of plain concrete;

Conversion ratio between cylinder and cube is 0.79""",
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Fig.2 Stress-strain curves of CFRP-ECC*"
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K H B 5 £ K (Polyvinyl chloride, PVC) &l &
VERN DR SFIR BE LRI o DA, ¥ i B 7 1) 7

PVC & 30 7  18] B 150 mm 22 A5 &G A~ fL . Bl
i, KK E R 30mm. EHAE K 6 mm Y8 B 5
A PVC B BE, FFORUEE 57 72 5 AN B4 B2 2 20 mm
fekio TRURSIMTREE L REIL)E , AT [ shi
BAE LA T, 45 SO0 5K 735 T T 485 5] CFRP W %
1R i i (81 3),

CFRP-ECC & £ J2 14 5 TR % 1 R A i it T3
P (1) 8l 2R G KRR, R G iR K ECC i
T TR B 1 W K 3 i BCC 7K 43 25 2k T ik L 382 2 1l
Sy Pk (B 3(b));  (2) ¥ 101 5% il b (9 9E 25 mm, J&
10 mm [ R B B A3 0 BT B N Mg,
hE G FEAH LR AL ME N A A A E . SRR TR H
[) J& % [& CFRP-ECC & £ )2 [t 1] ¥F 1] 2 3 1
L, AR mEk ., W, A DU i R R A
I R i ) U 4K ECC 2 MR E 5 (3) b 14 34 o
Bf, HAAFEHARRIRK —ZEE Y 3mm iy
ECCiKJZ, SRJ5 ¥ CFRP [ A% 28 28 7 A K & 1 .

X T2 )2 CFRP MIA%, R 113 48 28 31 U 4K ECC 1)
T, HE A% g S8 50 5 H ECC R B A 31| il i )R
BE L WnIE 3(c) iR o 4E 5 N A B TR R A B R
DAORAIE 4% A8 78 43 & HEAE o it T 5 U 1 3 5
A E 3(d) Fris o

g’?

Steel

(a) (b) © (d)
E3 PR () BE; (b) WAbEE; (c) ZEMIMS; (d) ok
Fig.3 Strengthening of cylinder: (a) Mould; (b) Pretreatment;
(c) Wrapping textile; (d) Strengthening cylinder
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IR 5 = GRS 2 /) A2 77 19 3 000 kN HA
W AR IR 738 L o A B 1k 3 R O S AR
DA X F B T P 2 4% 3 2 CFRP i 173
SR, AN 4 PTOR o MECR AL AR, R R
0.6 mm/min,

1638 14 vh 3 i CFRP-ECC & 4 )2 % T K5 I 37
[ra) J97 228 0 g B [ 0728 5 A R 7 F G — R g
Tia) JO7 A% 0 A 1) 7 AR o A X 1 T A A A RS

f& J& #% (Linear variable differential transformer,

LVDT), 4% 1% J8 A% i i 45 Ml ) 25 1] 5% 2 [ 5 .
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LVDT—Linear variable differential transformer
[ 4 IR
Fig. 4 Testsetup
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WA B s, W 2Rk SE 3 i, B T ECC
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— R, B IREE AR AR, W
I AL, ERARENNENRIEL, Y
IRAF IR B BR AR Ty i, 7 A A7 B P
W AEREE, WK 5(b) FE 5(c) fin. B — 875 E
W, KRS 2 im h BT R R AT i ) Y

8, TN TR AN R A R R A2 B
] P77 Y R, 3 7 A2 1 ) 728 2 1 158 ] iy 7
TEZ RPN I3 560 T H B0 T 5 U] ) 24 5% Bl ) 54 4%
W2, WK SR, WEE R4 40 %) CFRP M
K&, ATLLE B W Mk O 2k AW,

m

_ S . e
[§]5 CFRP-ECC B &GRS +FAMINIELS: (a) TTLHAL;
(b) 2 ZHE5R; () 3 J2HR; (d) H24E
Fig.5 Failure mode of CFRP-ECC confined column: (a) Unconfined
column; (b) 2 layers strengthening; (c) 3 layers strengthening;

(d) Main crack
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) R IR e Ak 27 AR KR B AR I 85 5 X
T TO0 B, Yk AR E A T, H#E %
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SN T BLEE, T BB R 28 Dy B — IR 58 A
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[# 6 CFRP-ECC & {5 2 a IR EE £ B faf k-1 B ih £

Fig.6 Load-deformation curves of CFRP-ECC confined column
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Fig.7 Stress-strain curves of CFRP-ECC confined column
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{5 97 F3 1R 97 78 43 1) % 85 19% F1 83%; 3 JZ FRP & 4 BCC 2 o) A Y W {157 7 1 TR 7 738 43 9] 42
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%4 CFRP-ECC E &SRB T B EE
Table 4 Test results of CFRP-ECC confined columns

Average
Sample &/% Ecc/ P foe/MPa Seclbe el fro
&1/% Ecol/ %o fC/C/MPa
1CFRP-ECC-C35(B)-1 1.06 0.70 33.1
1CFRP-ECC-C35(B)-2 1.01 0.39 29.1 1.07 0.56 31.1 1.77 1.08
1CFRP-ECC-C35(B)-3 1.13 0.60 31.0
2CFRP-ECC-C35(B)-1 0.96 0.71 30.1 1.06 0.67 312 212 1.09
2CFRP-ECC-C35(B)-2 1.16 0.63 32.3 ’ ’ ’ ’ ’
3CFRP-ECC-C35(B)-1 0.78 0.73 37.2
3CFRP-ECC-C35(B)-2 0.95 0.60 36.4 0.86 0.76 37.7 2.40 1.31
3CFRP-ECC-C35(B)-3 0.85 0.95 39.5
2CFRP-ECC-C55(B)-1 - 0.25 47.8
2CFRP-ECC-C55(B)-2 1.15 0.67 49.8 0.97 0.46 49.1 1.89 1.05
2CFRP-ECC-C55(B)-3 0.78 0.46 49.6
3CFRP-ECC-C55(B)-1 0.88 0.51 47.3
3CFRP-ECC-C55(B)-2 - 0.29 454 0.88 0.51 47.5 2.10 1.02
3CFRP-ECC-C55(B)-3 0.88 0.51 49.8
2CFRP-ECC-C35(A)-1 0.80 0.70 34.6
2CFRP-ECC-C35(A)-2 1.09 0.56 34.1 1.01 0.58 34.1 1.83 1.19
2CFRP-ECC-C35(A)-3 1.15 0.48 33.8
3CFRP-ECC-C35(A)-1 0.71 0.79 38.1
3CFRP-ECC-C35(A)-2 1.30 0.76 39.3 Lo1 0.78 38.7 2.45 135
Notes: s.c and f,.—Ultimate axial strain and ultimate strength of confined cylinders.
8% M 77%; 2 J= FRP [A% 5 BCC YMAEMIIE(E N FRP 2y iR BE L N )-8 G &%
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Stress f*

Strain &

A, B, C, D—Reference points; E,, E,, E;—Slope at each stage of the curve;
m—Curvature parameter; f..' and &..—Ultimate strength and strain;
fo—Intercept stress

[5 8 CFRP-ECC & A 2 A IR BE 1 [ AT 1 7 -1 A8 56 &

Fig. 8 Stress-strain relationship of CFRP-ECC confined column
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Fig.9 Analysis of CFRP-ECC confined cylinders’ ultimate stress/strain
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Table5 Comparison of model and test results of CFRP-ECC confined cylinders
Test Prediction Prediction/Test
Sample ]
ool %o foo/MPa Eee P foo/MPa Eee Jee
1CFRP-ECC-C35(B) 0.56 31.06 0.53 31.72 0.94 1.02
2CFRP-ECC-C35(B) 0.67 31.19 0.65 34.84 0.97 1.12
3CFRP-ECC-C35(B) 0.76 37.68 0.78 38.33 1.03 1.02
2CFRP-ECC-C55(B) 0.46 49.07 0.45 48.98 0.98 1.00
3CFRP-ECC-C55(B) 0.51 47.50 0.53 51.13 1.04 1.08
2CFRP-ECC-C35(A) 0.58 34.13 0.65 34.84 1.13 1.02
3CFRP-ECC-C35(A) 0.78 38.70 0.78 38.33 1.01 0.99
Mean 1.01 1.04
SD 0.06 0.03
Ccv 0.055 0.034
Notes: Mean—Average value; SD—Standard deviation; CV— Coefficient of variation.
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Fig. 10 Intercept stress of CFRP-ECC confined cylinders and model-test comparsion
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