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Abstract : To address the long-term stability challenges in foundation excavation caused by the engineering
properties of deep red-bed soft rock, such as water-induced softening, low strength, and significant
creep, this paper systematically investigates the creep characteristics of soft rock under excavation
disturbance and the stress evolution of support structures. It analyzes the mechanical effects of
"unloading-softening—stress redistribution" during foundation pit excavation, as well as the time-
dependent stress—strain field of red—bed soft rock, clarifying the three—stage creep evolution law and
the requirements for constitutive model adaptation. Furthermore, it explores the action mechanisms
of common support structures such as soil nail walls, row piles, and diaphragm walls, revealing the
long—term coupling relationship of "deformation coordination—stress transfer—dynamic equilibrium"
between surrounding rock and support, along with the spatiotemporal stress characteristics of support
structures. Subsequently, numerical models are established using FLAC3D and Midas GTS NX
software based on actual engineering conditions, with four types of comparative conditions designed
for excavation rate, water content, support form, and initial stress, enabling a 360-day long—-term
coupled simulation. The research aims to provide theoretical foundations and technical support for the
optimization of support design and long—-term stability control in excavation projects of deep red—bed
soft rock foundations.

Keywords : deep red-bed soft rock; foundation excavation; creep characteristics; support structure

515

LLRHCE FAEAIESS . SRS . BRI . ook Db i s ELOR L IR R AR ok AR I, o S IR AR AR, A4
JRLLEHCH AT T, S MBI R 37 . BAHCHIASE RN, S a2 D BIRAE R, PRE R TR e, &
EBL[JETUHE . MRS 2 g, pOIRIZ R IR R i SR AT, ET i, ASCREFEAEICE T E IR
FPOOEAMER, DL SRR — R - SRy S, SRAEC T SRUERIRES G T, RGRSETHEE MR
IR = BRI, BE 5SmSR U, IR 2 LI HO I S S o D 32 A A0

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 041



T72RlE | ENGINEERING SCIENCE

—. AN TARREMENIHERTIHI

(—) BIRFENNEME

LLEHCA R AR, AETIRE . TUA . BT BRESE
TepvaAics, BAEKIES . SOk, RSP (B ),
FAE F e (e ), S FER G B LA AT e 3 < 30MPa)
(e o L ERCE RS O ) AR AR A AR 13T
WP HIBEA S ZR RO E M, IR SR mALER,
RBRMERSE B B A TR R R & 0 TR A
T, WIR T ERARIGE RN 10, U RN S AN N B A, I
FESES U A5 LT A AT e FE R A7 e, S TR AR
ST RINTHZAEa R, ARG A aE R 51,
KARE— T RO AR AT K Jig, TR AT — 3K
= REAEIAT" BRI, FRrERmUt R R e

(=) EBERETHMNESND - NIRRT

LU S 5 AR R A B e B ) — AR 47 S BB R
IR, L RS I AR 2 IR N AT BRI AR A 2
RO R RER AT, RSRIESAMEL, HPRES
SAS PRI G . AT R, WO RIS TR, fEEGAL
TERIR, EA WEBRL A TS RAS, iR KT
IRFBEREIHL, NI BT METREAE Y 1]
IR AR R 28 BB SRS, HSRA IR 5K
SRR T AR o ORI — 2 2ad R, MIUR P
JEUR TS B S BB A R M M A S, S s SRS
SEBL R - WA - AT =R AR, THER ISR E S
F AL

—. ZPERZ N5 TERNKEBECS T

(—) BRZirEaR REERTIE

B F LR HOA M RE R AR | IR R A T
TR AL, W ISP S M s P D AE TSR I S (T TP 9 S
I AR AT ], A R S5 A TR = ) A R G B U
LRI AN s AN S A A H ) R R E X —
K, BATSE N E R R A AT B A, 1 T AR
Y ARAEEEH NI PEARFTBRIN AT, RS B 454
IS NS N DU s N AT RArBs i, A3
AL TR TR, RGO 03 ST ()
ISTEINTR ) EB AT, WSS &, TP “E5)
LR - BERED (RFR . G S BId G RS, L
ML ERCE A 2L 3B

(Z) BE - ZPEHRHEEERNE

LRI B 5 S S BRI A AR
P - RO — BT MR AR, HRDE AT
PRI B 7 2 0 R R B Y B AT S A A, R
Bl ) B A SR P TSP M 2 TR, B sl AR
FERF N FHE0IH, SR B BRI AR B
AHIFALATOAFEALIB N Ty, A R IS, TS 2R L
RAERTEA, ok % - BB - Q505" EH. X
— IR S B T AR, A LT RE SRS, 5

KRR EiZE Y B R B S S AR IR R S A HEATN
AL B, SO RS s TS N A s &
RIS, “E TR RCTIAIRER, SECRMIR.

(=) ZIPERRKEBENSERMT

LLRHCA R AL S RS G0N, (AP S 152 71

S5 S R E R AR A 22 Sk, HARHIsEM A S

I

SR AR . SR AR B L AR 5, AN TR B
A, HEZIFS N =AW B, W PR Z #0Ar =77, ke
Bl SRS TR JT BB, e 0 SR A e B SR S5 A U T M R A XL
Beo 230 L, HebUEL N SR IX R S G SR
W ARG BN A E R R R LA 2, 3E—25
SRR ARSI MR A 5 kS (A7) f8
TN FAMEASE B, TONIMESC)T CAnHGESRT ) 205007 38 (H 4]
ISIAE Y b s VA T Y e & 552 7

K

=. ETFRERINEEEZIPZ DRSS

(— ) BUEELIR G5+ HRE

IR B LR AT 2 — 58 - SR S IR A
BEL FLAC3D 5 Midas GTS NX MEAMLEME T, —FHH&E
SRR LARZAE ) AU RE I B 2 G o T e, TSR
AR S S A A AR LA BB R B K 'Y FLAC3D %
TRk, R IR AT AN N IR AR, GRS HEZ I
H R ERA AT s Midas GTS NX W SR a Wb B £
MEIUS, ([ET LA RR NSRS R T
OEFEZE CHIT - A - SR IR G B AR, AR
ST S N TR RAEESEL, N R AHE AT B R A AT
HASTAL T B BN TS, S S EA Y
R AN, NI A R R A A

(=) BEERANESL

BB A 3 57 DL TR SE BRI ST 48 Bk 5 TT 28O Mk
¥, TEAREERA UL . 28It Sl Gk, &%
B LIS Bl (4 5 5 5 IR T2 B B IR, B BRI T2
RN 3-50%, BEBUTZRE N 2-3%, BRI AR 157
SERIOTHE, FRHZSLPREETTRST | I | S e Y
UM J LTI o PR 7R P e DX SR e, SRl g
SR AN R T DR P R FE R, B ORRI g 2 W R
TR IR AR R A DR T IR, ST e 5 45
FERGE, BRI A DU T RSN TR BT, SRIESITIR
P EHAE T SR AR 2 i = A R S
DR E, AR AL B WA
WIS, DORSHAAMBR T i s R 5 Fho e R, &
IAMEAHEE, RN RS RIS SHIGONT, 12 0R &R
RS FNESE S ER SRR ST, A
TRBETACERE I TURSR T . FIRSREE, HIE R SER 2L,
IR . $90E . FLAIREE U S HG 14T SR AT IR T
TUBRIE . G B E B TR ARSI S I B
MARGRED BRI L0, MITAEATK--I4E, T
WRo B HTH ; RIARR 7 EEER ) + BRI B T AN,
B[ Ny g LR AT, AR ARIEN ) 2R E,

042 | Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License.



PROTARI PR S LR 2

1 BAsTiPEAE

(=) BEHTRIEH

ES R NGISESS AN ey KR SRS &t ety
SO, &56 TR E, R 24 TN, B41T0UT
B AR, HAR SRR, BRSNS )
AHE, BRETILREN |, FRITHZHEER | RIAERFIRAE . e
BRESPURZ . PRI Y, (EA RSO TS
MR, AR IR THEMRE L, R, 8=
THZIEER, RGCEIT IR A 5L A S A] . AT A M S )
TR ISP SACR I, e TR, R (3fE) | 1=
TSRS, I AT HCR RS SRR R PR G, AR
SCAPSE RN ST, e T R
NSNS HEAE + BT, NSNS + G A SR,
X AR S AR T 2R 5 2 I AL WIARE
FIL, SR ESTFAAYEEE 20m, 30m. 40m (F A ) =i
5, ARFHIIGRL ST AT XS Bl 55 A B BRI S 4 T 1
ISR, BTA LRI RIS 0 360 K, TSR Rl KA IR
A R R B, BROEE SR A A, & TR
PRI OB %, VIR B BER /NG, RS pr
BRI, S R 5.

F 1SS (360K)

5 R | RASIRARHE Jﬁjjf;,‘étfﬂ BZCIN D]
(mm) Z (mm/d) 34 (kN)
BT 85 0.12 18 1250
MRS KR 145 0.25 2.3 1850
(EPIRp S 65 0.10 16 1050
IR 7T 130 0.28 2.1 1600
RS + §5HT 70 0.09 1.5 950

(M) ERERIMTEITe
USRI AT R GE BRI bk . AT, STz

2L

TNERORERIT, G5 G RFAI S 23 R A e, W AT
TS, RN REEGN R 2RV FIALH] SR, B G AR T
SRR, BRI B AR ih 2 S0 B = I BURFE,
TGRS B R PO, BT B A L 30%—
40%; FREMAN BT EER THE, RilBPe AT E
150%-60%; 300 KB Wit AIEEZRI . X HASE T30,
PRI 5 AR T T B e AR v TG 11 60%—-80%,  Hfin
MR BARRTER, RUHCE P R E MR ; 1842
THEE TR LG AR A 2 S T 25%—35%, Fa i
AR PEAT 15%—20%, 150 W 2215 J1 45 T A 2o ) A B R e 5
FE TR N 7 A A A M A IR ) L 2365, IRiE T
WAL SRR AE ST IR . B B3 A R I, %
A R PRI BE R ) S v DRI M RS 78, RS IR S AR
EIERSCE, MRS AR IO N R VR AR TR AN 30%—
40%, THBEE AP THURTE R F7 S H R B 20%-25%, 1505
PR IS N T SRR e, S AR K 2
SRR, WA Z AR ZE L, T &S
+ BT A IR ) | S A —HEAE S A 36%—
45%, HAIIN S BRUERTE NP, AT “NIEAHR + £35)
TR A" BT ROGE s TATHE AP R g KR 8, (AR
BRI, AUE TR R B g, H s
METE & o NI AT = IRES, 5 SRR S,
TR AIZ T

=

. BRIE

AILE RS LLRECS AL AL B 00 TR
M, DHIETIT 2 5 3P 2 g p e o Bix, i Esie s
SHEBIHE G, RGO T AR PCEIRLEE, T2
REFTHEATL A S Z TS . e T RECR
BN 5P TRENMENG AR, R TR S s, it
BRI AR E R R RO T B BRI, AR
TGRS ISR, WREEIAE S X E K TR R
G B A F SR o AR AT HE— AR A5 G E 7 I
B, ALFEAMBRSEL, TGN TG R H
INTFIRA — = D23 6 T INERAR R LTSS, IRZCHT TS AE |
PSR S 85T 0, RRIELLE A A TR IR
FE P FE T 2RO PRER

(1] SBRE | S ki 2T IO H AR SO R T (BT SE (DI, 22N 2CiE AR |, 2020.
[2) BRAEA , et Sl | %5 AT RO R B i S BV AU S 1 ARTEARE ). BRiERRA S TSR, 2023,20(10): 3625-3637.D01: 10.19713/j.cnki 43-1423/

u.T20222065.

[3] FKIE & . AR A e 2 SR TS T U (D). )11 - PERAZSEASE L2014
[4] BhaEM | At | XREEE & TR RO BRI VST URIRIGE (0], A0 S5 S TARSER L 2020, 39(2): 327-340. DOI: 10.13722/j.cnki.jrme.2019.0423.
[6] B, 5, EFDE , &5 BSOS TSI T T 200 (U] 2R 2024, 31(1):23-25. DOI: 10.16330/].cnki.1007-7359.2024.1.008.

(6] 74T . B MR STT TT THZ M S AT BROTAMT (D). WRT. - #iTk2E 2012,

[7) RZERE . A SRS SRR A& T R Z D AHERTSE (D). 7195 - KRR 2023,
18] Jefi . B RE TR Ak El P A UBE TASTARE S AT (D). RU)11 - R TR 2016,

(91 FEZRIE . B AIGUHZ RS A IR N 758 (D). 138 - RiissiRe 2015,
(101 #et: . P HBIX RS AT 4047 (D). RS (B30, MR 2008,

Copyright © This Work is Licensed under A Commons Attribution-Non Commercial 4.0 International License. | 043



