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Study on settlement characteristics of backfill soil layer in deep
foundation pit of underground pipe gallery

LI Fengting', LUO Tao’, SUN Zhanyong>, WU Ke', XIAO Wenbin',
CHANG Hao', XU Wenbin', LIU Dapeng'

(1. School of Civil Engineering and Water Conservancy, Shandong University, Ji'nan 250061, China; 2. Power China
Municipal Construction Group Co., Ltd., Tianjin 300384, China)

Abstract: In order to study the law of pavement settlement after backfilling of urban underground
utility tunnel, based on a pipe gallery project in the Xiong'an New Area, in this study, the mechanical
calculation model of foundation pit backfilling construction in utility tunnel was established by using
the intelligent monitoring and numerical simulation calculation method of on-site backfill soil
settlement and deformation, followed by analyzing the pavement settlement and the stress and strain of
pipe gallery structure under different working conditions. The main conclusions are as follows: 1) The
cumulative settlement of backfill soil and the settlement difference between different soil layers
increase with the increase of backfill soil thickness. 2) During the step-by-step backfill construction
process, the more backfill sections, the smaller the pavement settlement and uneven settlement, and
the greater the deformation of the pipe gallery structure. 3) After construction, the pavement settlement
will decrease significantly with the increase of compaction degree. The relevant simulation method and
research results can provide reference for the scheme design of similar backfill projects in utility tunnel.
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Fig.1 Schematic diagram of the backfill section of the pipe

gallery in the start-up area (unit: m)
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Fig. 2 Schematic diagram of the layout of on-site monitoring

points (unit: m)
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Fig. 3 Settlement deformation curves of different monitoring

points at the bottom section
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322 B@EEHFIE

110 T 7 A 1] 35 6 T A O TR < 1 A
B0 AT DL 2 1) 76505 — [ BE, 1 DU Bk,
P L MIRLBL , BT TR de /N AR5 L = U Il
B, W TE TR R AR L, FEDTRE o LG5 — WS B Y
AN RS R P BERY . 2) Bk 2 IR 2 T oK g i
MRS UTRERE B, A2 64T T — it T B Ml
W T Ak ) S A B R A A R R 2 R AR TR
b

B R B iRE i 2. B 11 (a) W] DL
W 7ERE B LR 16.5 m B9 DX B P , A1 T b R
(1) - 2 U e K, B — | = [T SELBE Y % P R 22
6.2 mm, 55 = F IFLEL ) DR 220 5.0 mm,
253 B R J0AE B A 32 T Bt T b A 8 B Atk £
JZ W T R K- = ) S PR I A T T A A
WYL, WEL) AT LUE H - 1) T2 R
PIRIHCWIR DR R, W R S I 4 S
B, 2) EIEEE LR 16.5 m LLAMEY X B, 3 4[]
HUB TR A AR 7], 302 iz X 4 2
JERERE /N, R PR 2 I B AT AR 2% 43 B [l S s
AN ST TR

G I i /mm

b -3232x107

5B 45 FIABE 5 =R SR AR Yot o

3.590x1072
3.710x1072
3.829x1072
—3.949x107
4.068x107
—4.187x107
B10 mas@nk=A

Fig. 10 Nephogram of longitudinal settlement of pavement

[T 4EL I 24 /m
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
S — IELBE | 55— Il 3PL B | 575 = 1B (5 U nl d g

N

NS

—=— R PR 0 m—e—FEFE LR 3 m —— BERK DAL 6 m
—v— IR AR O m—e— I LR 12 m

(a) GhITDLRFEMZ

86 A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



FRE,F T ERIRAEA L B ER IR

%348
I % P 2R A B B /m
-20 -15 -10 -5 0 5 10 15 20
w107 o
E
o8
&
2
=
Bk
—— [
o = [l LB
—a B [
(b) M1 T Hh 2%

Bl11 R@iiwmi

Fig. 11 Settlement curves of pavement

33 AREFREHBZM
33.1 BEAXE

FESEGT I R rp R T A T A R B R AR
i E O A AT R RS . RARSE 3 B SN
PR T NS R ZE A A S e R I AL A 1 ~ 5 )2
(K12),

(a) 1)2
(b)2)2
‘\\\ //,, 4
(¢)3)2
) | I
D y
(d) 42

(e)52
12 ek @& A
Fig. 12 Schematic diagrams of backfill sections

A5 P 3k https: //jtkxyge

it FHAS A 90 38 7 A RS AR ABE TR | I3 A s = 44
K] 53, 38 15 B oA 20 6 a3 R SR AT AL, B 7E
T2 BRI AR IE 58 U5 #E4T T — P . AR
R DL 6, i AR W3R 1.
3.32 4R

13 flrs M I BUZEC 1,305 J2 I 5 W i L
MKl HIE13 AT LUE A T T [RIHESE, 72T
2 2 N W T = N T B A = T e ) =3 T TR
R 5 TR 22 B s/ IF HL IR A+ ) 2RO £ | %
AT TR S TR 258/ H 2 DT AR TR K. X2
MR LR RS R E, LEEE RS2
PRI )2 AR B TTREASTE | 5 AR 1 2
AR R4 AR R B R, RISECAR R S 2 O 2 | iR
2 BRI R AR AR TR B BK

14 g AT ] B2 80N i i p TeRE i 2. i
K14 7] LAt AN RS2 BT 8% 1 i TR A A 2

U2 0] A8 I 4 /mm
+1.880x107°
-8.089x10™*
-3.498x107
-6.186x107°
-8.875%107°
-1.156x107
-1.425%107?
-1.694x107
-1.963%107>
-2.232x107
-2.501x107?
-2.770x107
-3.038x107
-3.307x107>
-3.576x107
-3.845%107?
-4.114x107
4 -4.383%107>
- -4.652%107
-4.921x107?

-5.189x107
-5.458x107
-5.727x107*
-5.996x107
-6.265x107

(a) 1)2

W] A8 I B /mm
+1.952x1073
-8.401x107
-3.632x107°
-6.423%107°
-9.215x107°
-1.201x107
-1.480x107
-1.759x107>
-2.038x107?
-2.317x107
-2.596x107
-2.876x107>
-3.155x107
-3.434x107?
-3.713x107>
-3.992x107
-4.271x107
— —4.551x1072
—t —4.830x107
-5.109%107

-5.388x107?
-5.667x107
-5.946x107
—6.226x107
-6.505%107

(b)3)2

. csust. edu. en/jtkxyge/home 87



= F+

if

¥ 5 I %40 %

1 0] 22 ) 5t /mm
+1.968x107
-4.865%107
-2.941x1073
-5.395%107
~7.849x1073
-1.030x107
-1.276x107
-1.521x107
-1.767x107>
-2.012x107
-2.258x107
-2.503%107
—2.748x107
-2.904x107
-3.239x107>
-3.485%107
-3.730x107
-3.976x107
-4.221x107
-4.466%107
-4.712x107>
-4.957%x107
-5.203%x107
-5.448%107
~5.694x107

(c)5)%
B 13 REWHEHTH @RLEEA

Fig. 13 Settlement nephograms of sections under different
backfill layers
P i 2 A PR S /m
20
RN BE
——1)Z
——2 =
——3 3
——4 )=
——5)Z

Bl 14 R F WA ST %@ i v £,
Fig. 14 Pavement settlement curves under different backfill

layers

AL, B ZEON 1~ 52 0 e K DT & 43 51 R
17.3.21.9.27.8.37.5.62.1 mm, H:F%p 5 80 ik
DUFEZE 38 3.4.7.0.10.3.15.9.31.4 mm., X
HH B 5 SR 502 B0 190, 2 00 f R T R A I
Hh 55 [ 0 B 2 T 1 00 A 25 TR B 38 T
333 FREF4FAE

W — PR JER A 000 A 358 Ak 15 kg R A A5 BN [
HSRECT = A0 i L BEAR IR M 26, i 15 s .
FH P& 15 A0 : 1) 45 R v R AR b Ak B AR O B
ARG, ELAE2  S e 4% T00 F AT ke K 4
JEG T A A6 28 0 A A /0N, LB DB | AR JE K
P AN AR T fe /N, A8 i n] DL Z AT, 2)
A HF R 2 AR A U R RT LA S ST SR )2

88

A% P 3k :https: //jtkxyge. csust.

ol Z A8 AR AR T B2 K 5 R TR S22 B 36
AT R 3 I Dol )N

AR R R A B m
2 4 6

T

RSN

—— 12
——2 =
——3 3
——4)Z
——5)Z

SR /mm

-1.0 -

E 15
Fig. 15 Deformation curves of upper wall of pipe gallery

YNCIE VES N A R

under different backfill layers

34 AREXEMZI

RIRGEAIR LB T 4% )= AR DT LA, 3
PEHUSE bRt T iy 3 J2 RIS R R4 7 A o e 3l 1A
B A AR S 80, B RS TR SR AR AR A T
o ANFHESEEE R S50k 2,

R2 RFVEFE TR ESH

Table 2 Parameters of filling under different compaction

degrees
RS W/ PR — I | MBS/
1% | (kg'm™) MPa kPa )
87 1 850 8.1 0.29 30.8 31.3
90 2 000 13.7 0.24 40.4 32.9
93 2150 15.4 0.24 42.6 334

AR SEEE T 45 2 I TTRE Il 22 an &l 16 fifR .
AN 16 7] LAE H , 243 4 JE 52 M 87% 15K F1) 90%
Bf, R AR bR . F B 16 (a) AT, 26 TH A K
0K A7 T4 JER A BE Ay b T, Bl A R S B A 3G K, T
[t 45.37 mm /D 2 25.42 mm.,

2% PP A 2R P B S /m
o2 5 10 15 20
-10} ey
o
-20 ;‘;%**t\ {,r/k"‘ o
= 30t
£-30 .
08 _g0 " ~
= 40 . o
250t
-60 + RN BE
70k = 87% JETJE
e 90% JESLE
—gol +93% YL

(a) T

edu. cn/jtkxyge/home



%34 R, T BRI A B A AT A

¢ R i 2 114 P /.
o2 5 10 15 20
-10f s
P i
e o
“20f - ***H—& pa o Y.,,/"//
£ _30F ~
ER L
I —40r- L y
& \-\H ./'
I
-60F R RE
_70L ——87% [ESLE
e 90% [E SR
—go- 4039
(b) 1.5 m¥EE AL
T % 2k 1 B S /m
o0 5 10 15 20
-10p .:L';:{';
200 fract-ettsle. o
hg U g .
/
E 30t
E H‘\H\x‘
o8 40 + i ,"/
&
2 =50}
60 - AR A
~70k ——87% RS
+—90% JKSLFE
—8oL —4—939% R SE
(¢) 3.0 mIREALL
T % Tl 2 A0 B S /m
o2 5 10 15 20
e
-10 ® o
W‘\ ‘/./.} ,‘)'
-20 o o PP /r/
- *
E 30 b~ .
U8 -40 - T
¥
2 -50+
—60 | R BE
70k = 87% JESLE
e 90% RS
—80 L —— 039 JESLJE

(d) 4.5 m BREE AL
El16 FRREZEZTELEHTEHE
Fig. 16 Settlement curves of each soil layer under different

compaction degrees
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