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An Estimation of the Temperature—dependent Thermal Conductivity for Hybrid—fiber
Reinforced Shield Tunnel Lining
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Abstract

This study presents estimation method of temperature—dependent thermal conductivity by using solution of inverse
heat conduction problem. Time and depth temperature distribution data from full—scale fire test were used for estimating
temperature—dependent thermal conductivity on hybrid—fiber reinforced shield tunnel lining. At short heating time,
estimated thermal conductivity sharply decreased within 100C. On the other hand, it reflected thermal properties of
concrete and effect of steel fiber at heating time of measured maximum heating temperature. Thus arbitrary time should
be determined to estimate temperature—dependent thermal conductivity in time zone of measured maximum heating
temperature. Estimated temperature—dependent thermal conductivity is similar to results of other study.
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Fig. 1 Time—Temperature Curve for Hybrid Fiber Reinforced

Concrete Shield Tunnel Lining

Table 1 Maximum temperatures with depth

Depth (mm) Max. Temperature(C)
25 370.3
50 255.5
75 223.2
100 169.0
250 70.9
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Table 2 Results of regression analysis

Time (min.) Depth—Temperature Function R?
5 T(x) =exp(—0.10x +5.49) + 26.33 0.9999
10 T(x) = exp(—0.08x +6.25) + 29.39 0.9999
20 T(z) = exp(—0.07z +6.60) + 56.40 0.9969
30 T(z) = exp(—0.06x + 6.71) + 81.53 0.9911
40 T(x) = exp(—0.04z +6.66) + 78.68 0.9897
50 T(x) = exp(—0.03z + 6.57) + 78.68 0.9899
60 T(z) = exp(—0.032 + 6.47) + 55.97 0.9907
67 T(z) = exp(—0.02z 4+ 6.39) + 46.77 0.9925
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Fig. 2 Results of full—scale fire test and regression analysis
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Fig. 3 Estimated thermal conductivity of hybrid—reinforced shield
tunnel lining within 40minutes of heating time

Mo Lo wE slolHeE AFR7t A=Y 2ol
o] AELEE FY% drjolrt. zlo] 50mm oFe] &
T WS A Qe A slgEE Y% 100C
olgtellr= Holl @HAEE7F 8.OW/mTC = w9 & v
FALE 100C o)dolrs AT 0.8W/mTC o]s)
Bk ghS Holal Gtk & kel 7k GoelA 9]
AAEEE FrksH F4E A 7Hdde] 7k 9
X = 100C oPFelME w43 ashs B
S Holth uhEba Ao Ze Ao 7t
HFZeAuE GHETE dojupr] wiitel ERiste] whE

}ATEY oo dAREE F43 Ao}, =4
2% 100C olstellr FZsHl 7443t Fig. 32| Avte}
= 28] AFARE 50 0]F-2] A= AdolA] oF

T 7925 HMHlolN dAxEErt 74sta glo
o, FELE 400C olFoll= dHEEe] Hapt A4
= o FgEitk 2o 250mm $A| oM %7t
&3] AR ARl AFAIRE 5082 Aol Fig.
39 A AH e FAeM dHewrt 543 7
Ak o] vl Qlov HolR ot S4E 678
o 7S A F9elxg ol A A
=tk

250 w2 FFgES] dATE Hil= ZA2E
off EASH= g Wsle] 7|Qlsith U
e} ZIYE dlof| EAISH: A 2 ¥
o] AL 400C7HAE ZAYES dAEEY
sk, 400~500C oA 214 F257) sllgl s A

2.5

5; OS50min. A60min. M67min.
£ 2.0 |
u

Ew. i!%’:‘ " u
= O A | |
.% 1.5 4 o 4 A -
3 A o A u
E | ] 0] A - . ]
g 1.0 (o) A A A
= ° o
5 0.5 o
2o

0.0 +—WO—

T T T T
0 100 200 300 400 500 600
Temperature('C)

Fig. 4 Estimated thermal conductivity of hybrid—reinforced shield
tunnel lining within 67minutes of heating time
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