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Method for calculating pressure of surrounding rock in loess tunnels

LUO Yanbin, CHEN Hao, CHEN Jianxun, WANG Chuanwu
(School of Highway, Chang'an University, Xi'an 710064, China)
Abstract: To propose a calculation method for surrounding rock pressure applicable to loess tunnels, analyzed the formation
mechanism of surrounding rock pressure in loess tunnels, based on a large amount of field test data of surrounding rock
pressure, extracted the impact factors, explored the sensitivity and variation patterns of different impact factors on the
surrounding rock pressure of loess tunnels, a calculation formula for surrounding rock pressure was constructed based on the
multi-factor coupled regression analysis method, then, the method for calculating the surrounding rock pressure of loess tunnels
considering multiple influencing factors was proposed by using the sample enveloped method combined with the trial algorithm.
The results show that: The surrounding rock pressure in loess tunnels is the deformation pressure mainly, the methods used
commonly for calculating the surrounding rock pressure based on the loosening theory cannot truly reflect the load situation of
loess tunnels; The surrounding rock pressure in loess tunnels is affected significantly by the grade of surrounding rock, which
has a good exponential function correlation with the burial depth, the span and the height-span ratio of excavation; Compared
with the commonly used Terzaghi's formula, the formula of Code for Design of Tunnels, and the Caquot's formula, the formula
proposed in this paper has a better envelope for the surrounding rock pressure of loess tunnels, and the calculation results are

closer to the measured values.
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Table 1 Comparison between monitoring and calculated values of pressure of surrounding rock 7 : MPa
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Table 2 Existing methods for pressure of surrounding rock of tunnel
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Table 3 Fitting formulae for vertical pressure of surrounding rock

with depth
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Table 4 Fitting formulae for vertical pressure of surrounding rock

with span
A R AL ALK P
R ¢=0.00318"3% 0.96
ERAEEE q=0.0278¢0 0895 0.97

FE 11, 12 FI3R 4 AT 50, % 1P i B m) A 7
s 2B REOCR, SR RERTEEE
£, MK ZRES RN 0.96, 097,

(4) PEIEFF2 5 H,

N T AT BB T i FE X L R D R, JE
W REE 2 = H S8 B I HYB VE NEALER,
/N 0.75, 0.75~0.80, 0.80~0.85, KT 0.85 4
4 A2 s L T R4y, FEAREEE PO X
TF1) P ) 5 ] R TS 0 g (R0 P BB N A A i3k AT i £
WE, PatLnE 13, 14 Fion, PEaRnE 5
Fi7R o

HE 13, 14 FIFR 5 A%, B 4B B A K 7
S REE I s L SRR R RC R, A TR
PRECRZ M pR 2, AHOC R B8 0.83, 0.85.



1216 = + I B % 2025 4F
0 AR, A EE AR 1
otef o BEAR B EARMIER, WG T 4 Ak 1R e
SR AR, AR B T L R R,
PR ; ST RE A . 4 55 1 4 A LR i A 1 1 &
T oosl ¥, LR 6 .
% 6 WA, IV A E iFEARF, RO,
0.04r : @REAE R AL T HAE 0~ 1 X 1] P9 1T EL A5 96%,
KT 1IN 4%, BEBTA R EE AT DL T 48 i

H
13 BEEEEAMEFIZEEL T g GEREE)
Fig. 13 Curve of vertical pressure of surrounding rock with

height-span ratio of excavation (exponential function)

0.20

o BEEEE
—— ALK
0.15¢
o
o o
€ o10
s
0.051
o

0 1 1 1 1 |
0.65 0.70 0.75 0.80 0.85 0.90
H,

B

14 BEEEEAMEFIZESELTZ (GiEEE)
Fig. 14 Curve of vertical pressure of surrounding rock with
height-span ratio of excavation (linear function)
x5 EmEEENEAIZSELLE AR
Table 5 Fitting formulae for vertical pressure of surrounding rock

with height-span ratio of excavation

LA B BE AR X RH
BAREL q=5.7><10-4e6.56Ht/B 0.83

4 BEEMTELAN
4.1 HELAR
BET [l 7 S I K] 1 [ g M AT 5 SR R A0
& R IE A, M R LA A iR A
BT Bl IR A1 S I aa R 1 5B, (R, e

A, @, O ST HEMEMEESLNT 1,
YL A S AT DL se A B T2
AT, ROWERFEME N 0.17, BB THEAE R
PEIZE KT REARE 1, RO, O FE
A4 033, 038, MHZEAK; [FEHT V RIS LTI
HHEAR, RO B FEAE, HHITHEMEE
LR

g Loyt EHGER 6 Hh S ONE i 1 FEiE B m) [
BRI AL, X R o AT, R

_076x1.3554x B B

g=yH(-ec D IEEIN€)
R, RAMRMAY T, B8RP
R S AR

_0.76x1.4954x B B

e=yH(-e Hoty (4)

Ay NFEEEERE; SONRAS; H ARETEITR;
B N HOAZEE ..
4.2 IHEARIIEE

KA A AR 2 F i EE E A T
FEAT I B ) [ R T B, RS A A T 54 A
IERIPHE AT BERLA AR A GEATXT B, b
AL AR R R, i 15 for.

15 Al ARSCAR KD ARL BEHA R
MEFARDHAE 1, 1, 7, F17 HEIEALT y=x 4>
TR L5, M 4 Fhit- B 55 FEAAE AL B
98%, 98%, 85%, 60%, FHAA L AXFARILFEA
A DA B A A .t AL BT AR S A St
HEE R 5 RKIPFA T F4 RN AiE s nl &, AL
AR R E BT TAAE.

* 6 ALTIREREEENTEESHAREIL

Table 6 Comparison between calculated and sample values of deformation pressure of surrounding rock of loess tunnels
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