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Method for calculating collapsible compressive stress of loess tunnel foundation
FAN Wen" % SHAO Sheng-jun"?, YANG Chun-ming"*, SHAO Shuai'*>

(1. Institute of Geotechnical Engineering of Xi'an University of Technology, Xi'an 710048, China; 2. Shaanxi Key Laboratory of Loess
Mechanics and Engineering, Xi'an 710048, China)

Abstract: The differential settlement produced by collapsible deformation of loess tunnel foundation is an important factor to
cause failure of lining structures. Firstly, two methods for calculating base pressure of the lining structures are derived based on
the Terzaghi formula from loose medium surrounding rock pressure and the loose rock pillar formula considering the dead load
of lining structures. Then, the analytical solution of vertical compressive stress of tunnel foundation is got when that elastic
half-space answer is applied and the base pressure of lining structures and the self-weight stress of at both sides of tunnel
overburden soil are considered. Thereby an analytic method for collapsible compressive stress of loess tunnel foundation is
proposed. The difference between different buried depths of tunnel foundation pressure and self-weight stress is analyzed by
using the two methods for tunnel base pressure, and the difference between the vertical compressive stress of tunnel foundation

—_

and the field self-weight stress is analyzed by using the proposed method. The distribution variation laws of foundation

results, the proposed method is proved to be more reliable and safer. It may provide the compressive stress condition for
reasonable evaluation of the collapsibility of loess tunnel foundation.

compressive stress of vertical and field self-weight stress with the increase of depth are obtained. Compared with the numerical
=
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Fig. 1 Simplified diagram of Terzaghi's theory
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Table 1 Base pressures calculated by Terzaghi's theory under bulk

unit weight conditions

MR Hm  JEJE K J)/kPa BRI A H Y. ) /kPa
5 106 238
10 157 308
15 201 378
20 238 448
30 298 588

R 2 IBMEEREN RS EELIHTENEKRE S
Table 2 Base pressures calculated by Terzaghi's theory under

saturated unit weight conditions

MR Hm  JEJE R J)/kPa BRI A Y J)/kPa
5 123 303
10 190 392
15 246 481
20 295 570
30 373 748
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Fig. 3 Distribution of stress under strip foundation
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Fig. 4 Distribution of vertical stress under tunnel basement
BN 70 o, B 4E AR AT s ) p, A0 BEE Py
BRI py s py U RIEN ) pp WTHI(S)
XS, py s py AT LU EH BEE YO0 EE 1 DA B 1
BRI A R TS . B, BRI RO
By BRI )
0.=0,(2)+0,(2) +05(2) - (6)
p VERTR, thdbhr 2 (Flamant) #PE AR, T35
LIS RT o /NS



B 2 o 30, AR 3 BRIE R B A N ) (R ST 83

P 2az a
61(2)2;1(612 e +2arctan;j o (D

Py pAERIT, HiBPE s 4 8 (Flamant)
s, ATARMEIN A R
0,(x)=0,(2) = my

Z3

x+a)2+22}

27 a 1 a
= ————— |~ ——arctan—} . (8
P 1 {42 {222(a2+z2):| 27’ Z} ®

(2) FEIEHLI N Hb)Z B 0] R 40N )
EGRRRTE rh OB ZE T 2 ) PR 4 N AR
AL, T AT B BE G S AT BT By o LA S
WHEAH p,=p,» WHEREKEWES.

N A A N 24 7

2] | R ! B
\ ;

/ % o

z

0:=01¢(2)+0p3g(2 ) +03¢( 2)
5 BEHBESEN NItERER

Fig. 5 Diagram of additional stress calculation under tunnel arch

springing
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Table 3 Distribution of compressive stress under tunnel center

with buried depth of 10 m

SCR AR B AN Sy N i) N
z/m /kPa /kPa [ EEN )

3 203 350 0.58

5 241 378 0.64

10 344 448 0.77

15 439 518 0.85

20 526 588 0.89

30 685 728 0.94

40 835 868 0.96

R4 20 mIBRBEP LR THELGER 2

Table 4 Distribution of compressive stress under tunnel center

with buried depth of 20 m

SR UL B RGN 7 Syl [ E N B A EN )
z/m /kPa /kPa /[N )

3 286 490 0.58

5 328 518 0.63

10 444 588 0.75

15 548 658 0.83

20 641 728 0.88

30 808 868 0.93

40 962 1008 0.95

F5 10mERBEHATEEL NS
Table 5 Distribution of compressive stress under tunnel arch

springing with buried depth of 10 m

SR UL B RGN 7 Syl (R B EN )

z/m /kPa /kPa /i BTN S
3 282 350 0.81
5 311 378 0.82
10 386 448 0.86
15 464 518 0.90
20 541 588 0.92
30 693 728 0.95
40 840 868 0.97

R 620 mIBRBEHATEHEL NS
Table 6 Distribution of compressive stress under tunnel arch

springing with buried depth of 20 m

SR VAR B RGN 7 Syl (N B A EN

z/m /kPa /kPa /i BTN S
3 406 490 0.83
5 435 518 0.84
10 512 588 0.87
15 591 658 0.90
20 670 728 0.92
30 824 868 0.95
40 973 1008 0.97
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Table 7 Distribution of stress under tunnel center with buried

depth of 10 m
B NIREE AU 4 LA TR EUE S5 R
z/m /kPa /kPa
3 161 161
5 241 227
10 344 343
15 439 426
20 526 513
30 685 692
40 835 890

8 20mIBRBEFLETHN AN

Table 8 Distribution of stress under tunnel center with buried

depth of 20 m
IR TRE  ACIAETEER IR % R
z/m /kPa /kPa
3 286 233
5 328 300
10 444 439
15 548 535
20 641 629
30 808 816
40 962 991

910 mIFRBEHM TN NS H

Table 9 Distribution of stress under tunnel arch springing with

buried depth of 20 m
FERRLUNIREE  ASCIfRbT 45 LA TR EUE S5 R
z/m /kPa /kPa
3 282 223
5 311 264
10 386 352
15 464 432
20 541 507
30 693 685
40 840 832

10 20 mIBIRBFEHBI TN 15 %

Table 10 Distribution of stress under tunnel arch springing with

buried depth of 20 m
FERRLUNIRE SO 45 LA TFEUE S5 R
z/m /kPa /kPa
3 406 283
5 435 336
10 512 449
15 591 542
20 670 623
30 824 810
40 973 961
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Fig. 6 Law of vertical stress coefficient with depth based on
analytical method
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Fig. 7 Law of vertical stress coefficient with depth based on

numerical method
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