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Fig.1 The size and reinforcement of beam
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Tab.1 Parameters of test beams

RERR b Seu f. £, A, £
%S /mm /MPa /MPa /MPa /mm’ /MPa

BDS1 275 44.4 33,7 3.18 896.4 401.6

BDS2 276 42.8 32.6 3.12 896.4 401.6
BDS3 274 42.4 32.2 3.10 896.4 401.6
BDS4 276 43.0 32.6 3.12 896.4 401.6
BDS5 278 41.8 31.7 3.08 896.4 401.6
BDS6 278 38.8 29.5 2.95 896.4 401.6
BDS7 279 44.1 33.6 3.17 896.4 401.6

BDS8 277 49.6 37.0 3.33 896.4 401.6
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Tab.2 Reinforcement methods and parameters of test beam
RRE HELL Ap S Sy A Sy
#5 a/hg /mm? /MPa /MPa /mm* /MPa 77 2
BDS1 2 - - 401.6 31.95 401.6 R (BRI MR)
BDS2 1.5 87.6 327.6 401.6 31.95 401.6 HEMBE , EWE,BEANET
BDS3 2 87.6 327.6 401.6 31.95 401.6 HEMNS, SHE, RIEHET
BDS4 2 87.6 327.6 401.6 31.95 401.6 BHEMBE B, L
BDSS 1.5 87.6 327.6 401.6 31.95 401.6 HEME, KRERK RN
BDS6 2 87.6 327.6 401.6 31.95 401.6 HEMBE , KX, EANET
BDS7 2 87.6 327.6 401.6 31.95 401.6 BHEMBE, KRR, 44
BDS8 2.5 - - 401.6 31.95 401.6 X PR G2 ( B2 R WS WAR )
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Fig.4 The destruction shape of construct beams
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Fig.5 The destruction shape of BDS2 and BDS3
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Fig.6 The rivets and screw have not so much

impact on the destruction shape
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Fig.7 The comparison of load ~ deflection curve

and load compared strain curve of each beam
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Tab.3 The result of test beam
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Tab.4 The comparison of experimental

and predicted value

RER ZHEAFFE HHYW  HEY B
RS B H/kN  H/kN #1/kN L
BDS1 20. 60 85.00 206.80 A RYBEIF
BDS2 64.30 90. 00 167.20 HHEBIH
BDS3 46.80 58.60 128.80 By ERIF
BDS4 46.80 58. 60 82.00 BERMIR
BDS5 50.28 50.28 163.40 FHEBEIR
BDS6 33.75 45.00 101.25 B9 EBIR
BDS7 34.86 58.10 127.82 By RN
BDS8 57.61 74.07 139.91  £HhiBEIR
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BDS3 128. 80 91.9 1.40

BDS4 82.00 92.2 0.89

BDS6 101.30 89.0 1.14

BDS7 127.82 92.1 1.39
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Stability Analysis of Earth — rockfill Dam Based on
Fluid - solid Couping

LI Zong - kun, WANG Peng - fei, ZHAO Feng - yao

(School of Water Conservancy and Environment Engineering,Zhengzhou University , Zhengzhou 450001, China)

Abstract: Based on the seepage characteristics of porous media and nonlinear constitutive relation, the cou-
pling effect of seepage field and stress field is studied. And based on the principle of elasticity and seepage, the
fluid - solid couping mathematic model and finite element format are constructed. According to the earth -
rockfill dam of Yanshan reservoir,a mathematical model of nonlinear couping analysis is established, and the
fluid - solid couping model is analyzed by using general purpose finite element software ABAQUS. The results
show that the interaction of seepage and stress in dam can not be ignored. The secutity of earth — rockfill dam
stability will be reduced considering the couping interaction.

Key words: fluid - solid couping; ABAQUS; earth - rockfill dam ;nonlinear; Yanshan reservoir
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Experimental Study on Shear Properties of R. C. Beams Strengthened
with externally bonded Steel Plate Anchored by Rivets or Screw

XIE Li-li', YU Shu-gang’, LIU Li-xin>, PENG Chang-ling’, WANG Ming-zhi’

(1. Multifunctional Design and Research Academy Zhengzhou University, Zhengzhou 450002, China;2. School of Civil Engineer-
ing, Zhengzhou University, Zhengzhou 450001, China)

Abstract: Six R. C. beams strengthened with this method and two un-strengthened R. C. beams are tested
and analyzed. The shear properties,bearing capacity, development of cracks,rigidity and the strengthened effect
of the beams anchored by rivets or screw are discussed and compared with the un-strengthened beam. A design
formula is given about R. C. beam which is strengthened with externally bonded steel plate anchored by rivets
or screw in this paper,and the results indicate that the formula provides good reliability.

Key words: externally bonded steel plate anchored by rivets or screw ;shear strength ;suggest formula caculat-

ed for mular



