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Computing model for influence. of axial force on ultimate bearing
performance. of .concrete segments

LI Shou§u YU Shen LIU Jun-hao
( State Key Laboratory of Structural Analysis for.Industrial Equipment Dalian University of Technology Dalian 116024 China)

Abstract: Taking into account the problems of small compressive depth and less than yielding strength for bars located
in the compressive zone of concrete segments a new computing model is proposed to evaluate the ultimate bearing per—
formance of concrete segments.Under the actions of both axial force and bending moment the concrete segment is sim—
plified to column with eccentric compressive loading and the expressions for force balance and bending moment bal-
ance are derived.Based on the plane deformation assumption the relationships between the stress of reinforced bars in
the compressive zone and compressive depth in the concrete segment are proposed.Through two practical examples of
underground tunnels lined by concrete segments the influences of the axial force on compressive depth the stress of
reinforced bars and ultimate bearing performances of concrete segments are investigated. The computing results show
that the ultimate bending moment of concrete segment increases with the increase of axial force and the worst loading
combination is the maximum bending moment with minimum axial force.The stress of reinforced bars in compressive
zone cannot reach the yielding limit of material and are even in tensile state in some loading cases.The difference be—
tween the assuming stress and practical stress for existing model is obvious.The proposed computing model can precise—
ly calculate the stress of reinforced bars in the compressive zone.
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Fig. 1 Idealized computational models for concrete

segments with symmetrical reinforcement bars
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Table 1 Variation of bending moment of segments versus axial force ( Current model Beijing Metro)
/kN 400 500 600 700 800 900 1 000
x/mm 14.4 18.1 21.6 25.25 28.8 32.5 36. 1
M, /( kN * m) 215 226 237 248 258 268 278
o../MPa 300 300 300 300 300 300 300
2 ( )
Table 2 Variation of bending moment of segments versus axial force ( New model Beijing Metro)
/kN 400 500 600 700 800 900 1 000
x/mm 35.6 37.0 38.6 40.2 41.9 43.6 45.5
M, /(kN * m) 224 233 242 251 260 269 278
o, /MPa 66 90 113 134 156 176 196




240 2017 42

9 2
-—"
__o—ﬂ—’*xkﬂ_— °
E -
E i
m . ———— 300 ¢
E-:i il &
) = 200 —
W S B TSRO —— BUE TR (RS 3
SR R ST ERH Y (AR5 g ; B ——
o fERRIRRCILS) —= fERURTNCARSR) g 150 e BATHEEEED
500 600 700 800 900 1000 fff, 100 | —— O AL
Hh F1/kN ’ —— BATHIE(FRSE)
S50 —=— EURHR )
7 U 1 1 1 1 1 1
) N — L 400 500 600 700 800 900 1000
Fig. 7 Variation of compressive depth versus axial forces 1 47/KN
8
s 9
400 - Fig. 9 Variation of-bending moment of segments
300 " N " N & 4 versus axial force
o3
S 200} 2
E P 17
5 10f _e— " 2 998.276 m
g8 o 16.2 m 9.74 m
bg ~100 - AT, 439 16. 2.m 14.11 m.
ey —200 —— [EREA (LT
b o () 8.5 m 7.7 m 1.6 m 400 mm.
_300 i Il 1 Il i
400 500 600 700 800 900 1000 C50
AN HRB335 a, =40 mm A =
8 882 mm’, 1 90 kN * m
Fig. 8 Variation of stress of reinforced bars in“compressive 1 000 kN R
zone versus axial forces 3 4 .
3 ( )
Table 3 Variation of bending moment of segments versus axial force ( Current model Dongguan tunnel)
/kN 400 500 600 700 800 900 1 000
x/mm 10. 8 13.5 16.2 18.9 21.6 24.4 27.0
M, /(kN * m) 154 171 188 204 220 235 253
o../MPa 300 300 300 300 300 300 300
4 ( )
Table 4 Variation of bending moment of segments versus axial force ( New model Dongguan tunnel)
/kN 400 500 600 700 800 900 1 000
x/mm 23.6 25.0 26.6 28.2 30.0 31.6 33.5
M, /( kN * m) 165 180 195 209 224 239 251

o /MPa -235 -182 -134 -88 -46 7 30
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