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Experimental analysis and calculation theory onnormal section flexural
capacity of ECC/ steel reinfoced concrete composite beams

Gao Shuling'** , Guo Yadong', Wu Yaoquan'
(1. School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401,P. R. China;
2. Civil Engineering Technology Research Center of Hebei Province, Tianjin 300401, P. R. China)

Abstract; Experiments on normal section flexural capacity with two groups of five ECC/ high strength
reinforced concrete composite beams were implemented to explore its flexural characters with different ECC
depths. It was found that comparied with steel reinforced beams, composite beams gained more flexural
capacity, and had the less deformation and crack width under the same load. Plane-section assumption was
still applicable ,strains between steel and ECC were also well accorded with, which showed that ECC could
bring the high strength steel into full play, while it would happen brittle fracture when the ECC’s depth
increased to one half of the beam. On the basis above, combined with superposition principle, constitutive

model of ECC was been simplified to neglect its stress hardening behavior, a new calculation method for the
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capacity of the composite beams was proposed. To verify the theory, results by the calculated and the

experimented had been comparied.

Keywords: compositebeams;normal section; flexural capacity;crackcontrol;superposition principle
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Fig. 1 Parameters of specimens
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Table 1 Dimensions of specimens
G o ly/mm a/mm b/mm h/mm he/mm
FB1-1(%5 1 4H) 2 400 800 150 250 0
FBI-2(%% 1 4) 2 400 800 150 250 62.5Ch/4)
FB2-1(4 241> 3000 1000 200 300 75Ch/4)
FB2-2(%% 241) 3000 1000 200 300 100Ch/3)
FB2-3(% 241) 3000 1000 200 300 150Ch/2)
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Table 2 Parameters of PVA fiber

R/ Ui o SR A WIRE  KE/ HE/
(g+cm ®) J#/MPa +#/GPa =R/ % mm pm
1.3 1620 42.8 7.8 12 26
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Table 3 Mix proportions for concrete and ECC

i } ) PVA

MR kY BBEK K W KA ok R
f

REEL 1 0.111 0.324 1.645 0.002
ECC 1 1.200 0.659 0.549 0.044 2%
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Fig.2 Typical failure pattern and cracks in pure

bending section for composite beams
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Fig.3 Load-deflection curves
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Table 4 Crack development comparisons between the FB1

e 20 kN I fz R 45 kN i 5 K 65 kN It ek A5 D i ARk
%58/ mm 5858/ mm %58/ mm K 4858/ mm [l B/ em

FB1-1 0.2 0.3 0.4 1.84 13.6

EBL 0. 02(ECC 12 0. 06(ECC J2) 0. 08(ECC J2) 0. 1(ECC &) L. 9(ECC )2

0. 04 (TR ¥E 1+ 2

0. 1GEEEL)Z)
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Fig.4 Maximum crack width for 40 kN moment
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Table 5 Crack development comparisons between the FB2
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Table 6 Values for ultimate deflection and load

R W IR B2 /mm PR AT 3/ (kN + m)
FBI-1 55.2 12.0
FBI-2 44. 87 48.0
FB2-1 53. 36 62.5
FB2-2 59.70 65.0
FB2-3 31.00 65.0
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Fig. 5 Strain distributions along the height of beams
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Fig. 6 Strain comparisons between reinforcements

and ECC at the same height
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Fig.7 Stress and strain distributions at failure stage
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Fig. 12 Calculation diagrams for normal

section flexural capacity
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J T B UESRE AT A B E AY Aa RE RN U R
B 7RV e 25 R A R T SOk 13-17 1/
AT I B P R AT TR, B DL b A5 B T R X
P AR S5 RNk 8 Fion .

&8 HIEXLLSH

Table 8 Comparisons between tests and calculations

bXh/ hy/ ho/ hy/ A,/ A/ oi/ 1o/ fy/ 5/ Mgt/ Mg/ MIXFR
Ak TR ) ’ ’

mm? mm mm mm mm? mm? MPa MPa MPa MPa (kN +m) (kN+m) 2/%
SCHk[13] 300X 500 60 440 470 1134 157 1.6 33.0 450 450 234.0  221.0 5.9
SCHk[14] 150X 230 30 140 215 157 6.2 30. 4 365 13.6 15.1 9.9
SCHRL15]  114.3X152.4 50.8 127 127 380 3.2 41.4 414 19.7 18.1 8.9
SCHk[16] 120X 200 15 169 193 226 4.0 16.7 400 16. 8 14.9  12.8
SCHEk[16] 120X 200 50 169 175 226 4.0 16.7 400 17.3 16.9 2.4
SCHk[17] 120X 150 70 115 115 157 4.0 33.6 310 9.0 8.8 2.3
CHk[17] 120150 74 113 113 308 4.0 26.7 335 13.8 11.9  16.0
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Yk 8
, . bXnh/ ha/ ho/ hy/ A/ A/ o/ e/ I/ 1/ Mgt/ Mg/ X R
e _ , 4 ,
mm? mm mm mm mm? mm? MPa MPa MPa MPa (kN « m) (kN « m) /%
SCHkC17] 120 X150 76 112 112 402 4.0 35.4 400 18.9 16.9 11.8
FB1-1 150 X250 0 222 402 48.9 496 41.9 42.0 0.2
FB1-2 150X 250 62.5 222 281 402 2.8 45.3 496 49.0 48.0 2.1
FB2-1 200 X300 75 272 338 402 2.8 46.7 496 66. 6 62.5 6.6
FB2-2 200X 300 100 272 250 402 2.8 49.7 496 66. 5 65.0 2.3
) CIES
FB2-3 200 X300 150 272 275 402 2.8 47.2 496 75.0 65.0
Jat 1O
SEH 6.8

H & 8 Al LLE . B T CERLI7 A SE 2 20 A0 Xt
PR (16. 000 BERAN AR W FR AT 2 25 BB/ - 3
X IRZEANE] 7%, 0] LA SO B & A 3 5
bRkl gy, VLB T AR THSE IS B 2 08 1 ] S
XFFJ6 ECC Y 40 i I E + 32 19 FB1-1, 31 B 45 R 5
TR0 28 B Ay 4 3, WA B T AR T AR O 1 Y 3 0l
ExfF FB2-3. 1 F ECC EREF K. CAE Ti&E
O O R B BN FE L R p s T
AR THEZE L W] DR AR 550 25 A A /)
HAL

4 Zig

DYECC #4 B I A KT 28 5% 45 41 S5CR B 8. 9 2L
A R A T SR RS R B & L S 4 A I
AN CRBETE AR Oy i & . ECC M B {H AT L
TRAE A B b2 1 22 5% 01 24, 1m0 B & w] DL Bl BR 61
TR BE 2 2B 1) R B o 3 X A4 1 S5 A 1) Tk A 42 R 22
S LI

2) 55 (= o A A TR RE A L ECC/ 4 Al TR € +
O ELA R i W R 3R T H LR TR T T 1 B R
/AN. ¥ ECC T 5 40 3 TR % + 2R A2 fir X
ECC 584 i nT LA 52 30 W 8 25 B, Uk W =2 B X ffi
ECC A D) 75 = 3 4K 7 1 B 1 45 Bl 58 o K 4% . Y
ECC JZEETE 0~n/3 W, & & K I b ECC
J2 B3N 3G O AB Y S B A /2 i R A
B, Bk A B A IR

3) Zm% ECC 3Z 4 if iy I A2 B AL 47 4, SR B
LRAFGRIRY R A T B A B rp o 0 o R R
(A . [ B X 32 P X ECC |1y 1 S7 43 A #E 47 187 4k
Kt B ECC/4N MR &t + B A % 1 1 3% 1 52 5 R 28,
71 3k 5 A OC SCHRAF 90 5 1 0 45 SR X L R W) &
BERAT .

A) T 28 2 B ][R]0, A AR B 0 6T
FB2-3 kAWM BIA”, He A it & mis mA X
TCIkE AR WOR A itk — P58 . 53 4 AUXF ECC/
B A TR O - S B S 1 B /RS A T BT ) A2 S K
BRI HEAT T WE, T B #0E v et T2
Fr X TR /N ECC f Jin A e 32 7 57 ik 458 /N 19 i
K B ETE R A 27 35 AT A N 5 T F 5T R Ot
TR A FERIE .
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