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Pre-estimate on Structural Behavior and Cracks of Subway Wall Structures
Using Gage Measurement
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Abstract

By measuring concrete temperature and strains of concrete and reinforcing bars throughout gages embedded and also
by observing the crack occurrence, this study aims at the characteristics of structural behavior of subway wall structure
in associate with concrete ages. The length of 23.5m, thickness of 2.0m of real subway custody line was selected as
a representative structure and 7 thermocouples and 6 strain gages were installed to measure the behavior of wall
structure. The results were compared and verified with analytical results using MIDAS in order to show their
usefulness. It was found that only attachment of strain gages on the surface of reinforcing bars can figure out the
timing of crack occurrence and hydration heat program is useful to estimate comparatively exact magnitudes of
temperature. Since estimated time of crack occurrence throughout thermal stress analysis depends on the period of
transferred thermal stress from concrete to reinforcing bars, however, cracks from naked eyes were identified later than
analytical results. Cracks were observed first at the center of wall line and then to the end of line symmetrically.
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Fig. 1. Phenomenon of crack propagation on wall according to
concrete age
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Table 1. Construction and survey conditions of subway wall
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Table 2. Mixture proportion of concrete

N 3
Gmax| S X | 27| W/C | s/a dHBkg/n)
(mm)j (em) [ (%) | ) | | w | c| s | G| AD

25 12 45 | 46.0 | 46.5 | 169 | 367 | 828 | 970 | 1.84
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Fig. 2. Section of custody line
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Fig. 3. Gage locations

Fig. 4. Configuration of crack gage installation
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Fig. 5. Compressive strengths vs. elapsed time



660 USREUY=FF N9A M62 20064

j— ;
E, ()= () X 31,529 < m @

o}7] A,

fop@) 0 AF tde] EAEE A= (MPa)

Plt) @ 2EAFA] AT P LT BAAS
BHAAS

(1) : A (2o He) SEAAR(MP)
4.2 B32EQ| $ou

Fig 62 97 2t $EolH2] $319 A2 4TS Lehd A
o, gaele £349L A WELE 185C 2R
Ap3t7] ARl oF 40AIZHOF 179)0] Akt T 2
el ek 2 o}l Asfslol of A0NZEF 172
A3t Foll 9712w Aol 2HsHE AFS ehhck
A 30 ofh BT, yeoel A L 2 50
C, 62.7C, 454°Co|Q11, $:3}4 & 5] 27} KEo] 7}
3 woront lee] $e 9 ol Bt s o

7} 7P WA vk

Az Auelel HIE 95} A TEET FAG AR
8 ZEIUMIDAS'E o}3jcl +319 Sh412 Sk
AR S et

ok Fig. 72 4819 34 93] 280
W 01, Fig. 7 Aol Lhehd 74 BAol ol 51 24

[Coa%(E) = d%(E) =@ —~ EA(3h) — BH(5) = BE(&) 9 F7[E]

60.0 IA\:
500 ;

XY 100.0 2000 200.0 400.0 s00.0 600.0 7000 8000
Al ZHhr)

Fig. 6. Results of hydration heat measured on each position of wall

Fig. 7. Modelling configuration of hydration heat analysis
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Fig. 8. Results of hydration heat analysis

Fig. 9. Contour of hydration heat distribution(after 220hrs)
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Fig. 10. Result of measured strains in concrete
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Fig. 11. Result of measured strains in reinforcing bars
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Fig. 12. Analytical results of thermal stresses on the bottom of wall
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Fig. 13. Analytical results of thermal stresses on the upper and
lower parts of wall
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Fig. 15. Max. crack width of wall associated with concrete age
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