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Abstract [ Objective] To control construction risks associ-
ated with deep metro station foundation pit in soil-rock com-
posite strata, it is essential to analyze the stress characteristics
of anchor cables and excavation-induced deformation during

construction, formulate appropriate control measures according-
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ly, and verify their effectiveness on-site. [ Method] Taking
the deep foundation pit project construction at a metro station in
Qingdao as a case study, non-destructive testing methods are
employed to obtain the short- and long-term evolution law of
anchor cable prestress. A 3D foundation pit -stratum model is
developed using FLAC3D software to analyze the displacement
of the retaining piles and the distribution characteristics of plas-
tic zones under prestress loss conditions. The rationality of the
support measures is verified based on pile displacement and
steel strut axile force. [ Result & Conclusion] Non-destructive
testing results show that over 75% of the anchor cables passed
the initial tensioning acceptance criteria. However, within 5
days, the prestress loss exceeded 10% of the lock-in value, in-
dicating a relatively high level of short-term prestress loss. Af-
ter the occurrence of prestress loss, the final horizontal dis-
placement of the excavation is 2. 5 times of the design value,
with a maximum displacement of 35. 4 mm, consistent with
field monitoring results. Under conditions of low anchor cable
prestress, wide and extensive plastic zones developed on both
sides of the foundation pit, increasing the likelihood of the sur-
rounding rock deformation. The installed steel struts shared
part of the active earth pressure and altered the horizontal dis-
placement distribution of the retaining piles. Following their
deployment, the steel strut axile force initially increased, then
gradually decreased, and eventually stabilized. The reinforce-
ment measures of adding steel struts effectively controlled the
deformation of the surrounding rock.

Key words metro; station deep foundation pit; soil-rock
composite strata; anchor cable prestress loss; deformation con-

trol
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Fig.1 Foundation pit monitoring point layout
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Fig.2 Horizontal displacement change curve of pile body
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Fig.3 Anchor cable axial force during tension locking
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Fig.4 Anchor cable axial force after locking for 5 days
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Fig.5 Anchor cable axial force monitoring curves

MGLI18-1 4 245l [ 76 5 B P L AR ab 5 2, 1
LARE 10 d AR T TN FH R AARAS , Bl T R A1
42 KN S PN 7451 2% i R T 7 3 A A, 5C
SRR AT, i < 2 Sl s A 3 o 28 4
DXk JR R ARARME il A2, SR DXOA TR S Bl 7 R 5 e
BRI | G IS 8 38 R 45 W 8l S s il g S
BN, R II7E 10 ~ 45 d IZET E T2 496
KN SR 38 1 3 ekl ] A A A BB PR T A T
ARSI 5 WU IR 5l - PN 7 IF IR AR, 22545 92 K
WA B35 53. 2% , B 10 232 kN AR
KRR B TUE R, B 30 ) e o i [
T JZ ) MGL18-4 i 3 1 224 i 1 [ A HH B it
WK 3 ~ 10 d NS 3R B 72 kN S TN
JIAE— B 1a] A £ BRI S Ea 35 vl T4 BT A b
JEATRRE R AL S R R 2 R A, 7TV
KRR ARG BT 10 KN YA A A AR U
Je B AR A T s T

L BRI A A 5 B R 5 b XU A T2
TR R R L TR E Bl R, BT ST
Wee 0t Sl R [ A S Mk B R TR R B DA G, iX
SCHRL17-19 ] A BT s LA AR AL SCHR[ 20 ] 36 M1,

. 80 .



URBAN MASS TRANSIT

T ATER RS VE R AR 2 0 e 18 8
AN BB B EE AR 4 A B BE, T
RIS S R A B 5 I B B A e AR K
IO Fy 4 K 1 2R

3 EnHERBSH

3.1 E-EERMEL
YT GRS FR, R AT 172 0 FRASE R it
ATTATHIA, I 8RBT AR B DS R AR 40 40 A
R AR IR S A (R 52 0, S ST - b JE AR R
)R 140 m x 180 m x 80 m( K& x Ti /& x HE),
WA 6 T, B4 4% R beam FLITAE AL ; 4l £L 7
AT HE A8 ) T U 25 28y T B i, SR FH S AR BT
BEALL; TN, 7 48 28 oK ] cable FROTAEHL, b 4P
RGN T F7R . %08 B TN 1135 5 R 5
ISEIA K 10 KPa fi 23540 22 e A ) st T 432
E XK 20 kPa fap AL N 2 B0 I 4208

(K16 JEii-H 2 AR

Fig.6 Foundation pit-stratum model

Bl
ihz A

iR

K7 FEGCC R R AR
Fig.7 Foundation pit supporting system model

3.2 RESHHIEE

FEGT-H JZ AT A S b AR R R JR- A i
FAPEREAY R TSP, i s )
MNP BN 1 R,

Bl Bk 4 SR AR s PR A 2, L rp
AP A2 R SO SR BE (B m) B L7
1

h =0.838D" (1)

1 -
*D

.90 -

2025 &

®1 2LHMENESYH

Tab.1 Rock and soil physical and mechanical parameters

Ht EAEE/ O SR VIR NEEE R I1/ R/
#F%  (KN/m’) H/MPa f/(°) kPa m
Zi A+ 17.5 8.5 0.40 11.3 6.0 3.0
i

19.6 25.0 0.35 10.2 20.8 8.2
i+
TR
[k

19.0 30.0 0.27 38.0 10.6 4.3
+ RS
aﬁb_}?ﬁ 22.0 350.0 0.25 40.0 250.0 12.4
A
EPJ%LT;E 25.0 5000.0 0.22 50.0 500.0 6.5
KA
E,FE(JL/% 25.0 5000.0 0.22 55.0 600.0 10.8
AL
1}!&%% 27.8 22000.0 0.20 65.0 750.0 34.8
KA
I 26.0 35.0 0.25 1.0
A

D—HE IR A%, B57 m;

t——HEMREIEE, 57 m,

MRS Bt % B AR 1.0 m BEMEBE 1.5
m [ RS ROUE B 0. 62 m ik

FRAE TRRSE B, 4 S 45 J o 78. 5 KN/m*,f
FAHLH 0. 28, BipEAE & Ky 200 GPa, 42k 609 mm,
BEJE A 16 mm , Fiji 14 600 kN 442 0 143 5]
Fie RO B R0 26 5 Al g A TR, X T
N TR S5 W RS BB T, A6 3855 75 R A TN T 1
ISR AT T, SR B S B0 A HER &R
F A R v /M A AR, K S TN AR A
HER R TR far , 208 o Y B 2R A 7 1 W 4
P, F55) YMG1—YMGT 4225l 714 ¥k g 215 KN,
227 kN 245 kN 361 kN 369 kN 383 kN F1295 kN,
3.3 HESERSH

3.3.1  AEARAKFALA
Bl 8 MU A, A B X4k 18 -S4 Al

19 SHEZ AR EESTUK- AR = . i 8wl il i
RIS 10K 2 5 BUHRT BB B9 20 A FH BRI s R
A TR 1 2 TR AT A ) B A, B ROK -
fi# 0 35.4 mm, 2 BARBIHE 2.5 15, 1B
ST A S HERT R YMGS B AR AR B K
RS O 32. 2 mm, SRUZE R, Sk TR R T
JO7 3R R i IR IE U 14 2 2



£ 6 1

- = fr#%/mm
-12 -8 -4 0 4 810 B

a) B BN B HE

: 196m

O %/ mm
=350=2 SE=|SIN= SIS SHD.583 )

b) R SRR
K8 FEHUKH-ALH = 8
Fig.8 Nephogram of foundation pit horizontal displacement

8 a) 1 FEHT AU AE (A K A7 7% 30 B2 X R
S35 LT — 0 P 5 I i LA 116 my, AR A& K
A > 10 mm (1) KIS AE R AE AT 3 HERE AR AL 5 57 1
FESZ I, A A A 7K SE57 # > 10 mm [ 5200 915 Ry
3.3 m, RTFZAM 2.3 m AR EEL, Ma5R BN
TIRIG AR KT A% 5 3 48 i, o) b 1T 1) 52
JEERE N2 19. 6 m, [ 3 HEBEAR KT8 2 78 30
mm LA b HARR 2R, A AT A i 2K SF- 7 78 K
TAEM,

3.3.2 BEBBHRLSH

BB IRUNE 7 451 2R T SR BT A0 8 M IX A KR
6 m, BEHTERT 3 HEAHF AP I, ot DX P
ESUINIRIS K = ol Bl RS A o
2 FEYUBTEXEBUY 213 m 7R R BN 11
THE T BT 28 P X 53 A 31 Rl B AR, 28 DX T AR
106 m’, B A F TR S 4% R N i R Gk
£]50% .

4 TRAZFITERR

4.1 TREHFE

2t Z B FISE, 26 )R TE IRl B R B8
Tt , 7R T X Sl 1w HE L A% 800 mm 4K S # , 43
AL 55 2 HES 5 3 HER R ], LS 4 HES 5 S
HERG R Z (8], BSR4l 1 v HE A 400 kN,
4.2 TRIEHIHE

&1 9 S TE B A AR T8 A7 48 Jin 79 18 B S48 e A A4
KPR RS TIFZ IR B A feth 2. i 1819 AT L
FEFFAZGRE 1 ~ 12 m {5 [N AR TE I S EEE TR
AL Yl /)N, 98/ e KoK %2 7.2 mm,

EX" X

BSTHER SR, A e S i 2 X%
ARG, L T HEAR I K2 8 o3 A, 312 71
TP AR RIRE, e R B AR T HEA K282 . F
I DX A K P £ B i i 1] 728 £k fth £ 1] 10
Pk P 10 a] bl 73S B 9 SR s AR KA
AT R A R, HoRK PR RHEAE 480 5 B 1Y
SIS T R AR, e 298 T8 0E s Horh ZQS18-3 il
MLEKEALR R HETRE 58 25,9 mm, I/ iE
N 34% s3I PN SCEA RO E T ES LR
J1, RREARAC7 A% A B LA

WA KA /mm
0 5 10 15 20 25 30 35 40
51 B

L MEEE 2 EANSR
8L W 3 K

—0—2023-12-18
—4A—2024-01-30

B9 EAAK 7 B it B SR 3 22 A i 2

Fig.9 Curves of pile body horizontal displacement changing

with foundation pit depth
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