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Prediction method for stress and deformation of pipe roofs and its
engineering application

WANG Wen, LEI Xiao-tian, LI De-wu

(School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)
Abstract: When the pipe roof is used to support the shallow soft surrounding rock in advance, the accurate prediction of the
mechanical response of the pipe roof is an important basis to ensure the rationality of its structural design. Based on the elastic
foundation beam analysis model for the pipe roof, considering the weakening of the pipe roof constraint caused by the
instability section of the tunnel face, a pipe roof analysis model based on the Pasternak elastic foundation beam theory is
established to predict the stress and deformation of the pipe roof during the excavation of the pre-support section. Using the
governing equation for the Euler-Bernoulli beam and the constraint reaction distribution equation for the Pasternak elastic
foundation, the analytical expressions for the force and deformation of the pipe roof under single-cycle footage are derived. By
considering the dynamic process of tunnel construction, a method for calculating the mechanical response of the pipe roof in the
whole length range is proposed. The influences of the main technical parameters such as the pipe diameter and excavation
footage length on the mechanical response of the pipe roof are comprehensively analyzed. The results show that the excavation
footage length is the key construction technical index to control the deformation of the pipe roof. Through the solution and
application of the analysis model for the pipe roof, a more systematic analysis and prediction method is provided for the design
and construction of the pipe roof.
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0 35l = FIARE BRI T KBTS - Hisatake 251, Juneja %52

AT S PR AR B e — e B i g e BT B OV AR, FIE T IS RCR M, B
ERAR L AREREE . WIEE, GROR N HFEE. By S EMSGPRERRCR . SIHESEPER Bt IEA R
Ve, BB B S 2esy, BRBA TR, & WRIKIUNE, W 7 BB R7E RO DUE
e S BN 2 A RS R S R R R A (RO R IR S SR AL AN 5 Py

%ﬁﬁmf@iﬁtﬁ?@ _ o ESTE: WAL (JK20189)
H a7 E N 438 0 T M T SC 9 BoR i /R F AL WIS ER: 2021 - 05 - 11

SEEMEE (E-mail: lidewul 965@163.com)




% 2 3

T3 SR BRIV 2 TN T i e T RE N 353

AL BV R BRIG () BEAil , FR S T AR FH A 42
JRER . P DI T AR RS T ) A )
MRy, WS TS A ) 3 2R iE . Chungsik
SO Al SN s 8 N = AU E AR T TSR 2
FIRARTERFAE LA R TS R . AEBRR A 7 T, H
TR TS R R O () A 40 M AR B T B S
RE R, WO BA RS i — P i e s . 2
ABPBNE I 7 BT Winkler MUY 1A AT 5
A, HESH—NIHZER SR E WA AT R
BRI ARANECPE R T 20 IR REC 5200,
PR T AR IR RECF BRI R AR AL . T A AR N)
DI 3 P i A8 78 v R PR 28 00 BOUAEL Jo 1 4
Flo TR AEUE T gk s R 2 e 2, SR
Pasternak 5L 14 by 5% 2 10 8 N7 B ) 40 i ALY AT
TRAR . T TE e 2 i 0 L S AR T B A
RE IR AA R L, 19335 T Pasternak 14 Hi g
HIS HEELAE B A, JRddT et E R R
UL SE M EARRT E MR R s, 45 Hdad i
B IR E R I ) R EEEAR I D7 R AR
TERCREIR I 2510 o R S U TAR AR 550 T (1 A 2 55
B0E s K I R 2 s AR R i A R
bR ) S EARSE A, IR A PR TCIE A A AT T
KA

ZF PR, BT T g b I R B () 0 A
B B0 98 SO G, (BAERIR g fE X
Aof 8 1) 53 A7 ¥ B AN M 240 oO% R BIRAEAE T
J&, FF HIE SRR, IFRAER R T EMk
THRI T 2 HON & WS AR e e 1 — et 25 . T
SCIP X BOT 2 34 58 iR B A K VG N ) AR TR 1)
AT A EE AT B TE
Sifiz B I R r e e 5 D R TR PN 47123 5 4 A TS A
FORBE T HER b, 25 B 1 R AR BO B2 1)
S50 L R BB TE 42 i shas i T A%, i @ sk T
Pasternak #1412 BRI B W A0 TS 28, SR A B e
HEF B ERE FUE TSI BOR ) S 3ER DL 2 7
e, I RGEHUE T % Bt TS HO0 & 7 e B
Isem, I E MRt TS R4

1 EMSRENET

MR AE A T BB 42 0 A2 ) e T2 56 DA K¢
EWIREA Wit J77%, WRA Euler-Bernoulli 23k} &
W52 3RS TEHEAT 0 B vk S5 o AR A 140 52 R
AR R o WIS A B T BORR 2 B
3 RIAT M (I D, A FRARK S HEH T
BB R RS2 B IE R AL TR
Iri) 85 5 M ) 20 RO O 8 5 i 20 R, HLGHIAR A 4%

FERSIET 21 R, JHZBAER S S E R R
325 T 1A BR BT 39 AR S A s B
KA . FEIHZBE, BN LLZAARES
[ S5 AR SCHP e, RIS A S 0 B ) 20 AT A
BT IR LA AT A6 Fiy (1 [ € S 5, 1 AL
AR TG RO R ANIEF 42 73 i 8 B [ 5 B Ak
MRIARAR AL . RS TIIATT, AN TREE KT
2, EPmEmB R T R AR, MBI
TeF A E WA SR IR A7, MR N 571
RASBCG IHZ BURA AR . AR BT T A 7K
S PVE IS T A BN 71, BCE M52 L F i
PEHBFELI R

B S
e« T -
< S
' £
% B R T
AL g
g45 -2
wscre | B[ some |

1 B e TR EE
Fig. 1 Construction diagram of pre-support section of pipe roof
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Table 1 Values of design parameters
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Fig. 11 Influences of excavation footage length on deformation of

pipe roof
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Fig. 12 Influences of excavation footage length on stress of pipe
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Fig. 13 Influences of lap length on deflection of pipe roof
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Fig. 14 Influences of lap length on bending moment of pipe roof
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