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Abstract: Excavation can induce the settlement deformation of adjacent buried pipeline. Obtaining the
deformation is of great significance for evaluating the normal use and safety of pipeline. In this study, based on the
elastic foundation beam theory, the calculation formula of the settlement displacement of buried pipeline is
derived, and the influence of the two parameters of the surface center settlement and the calculation length on the
settlement displacement of pipelines is emphatically analyzed. According to the geometric relationship between
the buried pipeline and the edge of the foundation pit, the calculation length can be used to divide into five
working conditions. The rationality of the analytical method is verified by comparing with two cases. In the case
of excavation in Beijing, the spatio-temporal variation rules of settlement displacement of buried pipeline were

analyzed. The results show that the variated trend of the calculated settlement displacement in different periods is
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consistent with that from measurement, but the calculated value is slightly higher than the measured value. The

surface center settlement has a significant influence on the pipeline settlement displacement. larger input causes

more concave settlement curve, and smaller input leads to smoother settlement curve. The decreasing rate of

settlement displacement increases from the central point to end, and decreases near the boundary point, with the

range of about one tenth of the calculated length. The proposed method in this study is conservative in the

evaluation of pipeline settlement, which is a supplement to the existing settlement calculation theory of buried

pipelines, and can provide a important information for predicting the distribution of pipeline settlement in the early

stage of construction.

Keywords: foundation pit excavation; buried pipeline; settlement displacement; analytical analysis

W R R R T AR A2 S R T B A R AR, B
e I BRI ] KR, T ] 0w A8 B A 2 A7 L BT
FEHZ 04 52 Wi R A B S, 5 3 b 43 T 408 30T 3 b A 4 T
DURERLAEXT B 1 TR b B E g 7

ST 42 %5 1 1l A8 2 TR S e () R 9 IR £,
F LA HIS T BUEBIE | B g A
W o AE R AT 7 T, BTN B i T
RS 2E B R R A R TR 6 B8 1 i b 2O 5 A
B s WD RS X b, DA IR ke el AT . H o, B
Wl BT 5 ¥ 32 AR TG b ) S AR AL, —Fh & Winkler
Hb BE R R A — Ff )& Pasternak M FE G2 AR A, =K B
SR ZRIGE A 2R 22 IR A S BL T Winkler Hb
LRI 25 O [R5 0F T R 8 A S 1 i BT A
JEVT I AH SCFE i X 2%, A A B 7 125 Y o R 4R R T
it AT /NIEAET Zhao 48, Zhu S5 Ll Pasternak M F&
AR R B, S L B TR R A SR
FEAZ 52 W T 048 2 e B 43 B J5 ¥, 9k #b T Winkler 5%
RIR 2% BT 1 7 st i . AR R AT T I #b FE, Tan
SO XA AR 4 A5 0 SR Y S i S5
gullkEmse, 8t T T ELBIENEm AL,
Zhang %™ Yu S A4 38 o BOE AU AT 5T
B% I8 A X BUA A B AR I R2 W, b T 4SS
KU R . DL B 5T ORI 42 5 1Y 3
b A5 2 A5 7% SOH PR BT 5 e VA 5 T B T — o A
WA, L — 20 U Wt 2 () i 7E T v B 2t
FEHA

BT R AR ST SR B SR B RS TSR M R A
2 107 M R 1 AR T8 7 R g SR = A sR AL, 8 2 i
Brvk 2 h 1A R DTS i 19 B8 ith 26 07 B Rp) S 50k ik
Ko FEThRE BB TREEH R TIHE I ENEe
PV, EATIe TP R R E . 4L R
T0 a6 Tt 118 JECLEL A e A JH X A7 28 T oA ot 1 5 il

1 FLEITERE

1.1 A

LT SR b RE R S, MR A A AR TE EE R IR
FPEB Gy, — 43I I 4h or 2R AE H 7= AR 09 AR 8, B4
LHE, ENYEUNLEL L E LR A RS>
IARIE, o5 — 3 = ST 2 i = AR W AR BB il s
ARSI TR & B, FEGUIFFE B M R A 2R i AR T R
R EIE S, Hral R P /N, BIFEDLRE X P2 MR
2, AE VLKA X FEA KU, HE N FE T2 B i 4
2Rz TR A 1 s .

A IR o7 28 7= AR I AR TR AR BE DT S AT B & 58
A, PR AN 5 e T 28 o R A TR A, BT
B AR R R ik . X T LR 2 R A DL XK S
R, — i BC(E R FE BT m) B8 1 2 A% (R 4k 5 L BT
A=l s E@ AU R Y, 3 BT IR [ A
FRULKE X AN R K E SR E 8 S A E W T
P

zothan(45—§) (D

Arf e B 45 5 JEE /m;

o FEIP R AR o e SR AP P EEAE A /()5
UURE DX e A 01 K JEE /m

i 3 3 (1) AT U 8048 4 T 7 o7 5 5 TR 9 55 L e
Mo RO L IR

AR F O TE VLR XA LR UL RS, RIS i) {37
Moo il I X e S PR TR SR LA BT B T A ] LA
H BRAR A 09 A 2 A R B DI (R PP O I A
D0 AN I W E I o 14 DR ST El i
AR T R SR 0 o FR T = A eR R0 A L i i R IR
BOR, HZ SR, T ReA AT, I T b
TSI B0 25 B, ST UTRG X LR 7 s R TRt
7R = A R, B

29



- 146 - 7K SC b o T e I oM
THEX LA — T | | T JE i e 285
1 I A I O A A I I A /
ryyyvyvyvyvyvyvyvyvyvyvyvyvyvy
O —m— x
I X UURAX Vy TUFEX ARITRE X
AL
| 1 | ’ |
B1 TEEZARE
Fig.1 Mechanics model of buried pipeline
T
y(x) = Acos(wx +ay) (2) y(x) :6003(2—lx) 3

s A0 23R 1 /m;
w. o R E REG
x—— R E B E L PO KE /m,
SE SO A5 6T I AV B 1 i T R i (D s 2 rhus
LR N o, FEDTIA X 5 R UTRE X 38 A4k 7 A 4 [
Ui 2 B, WA T RS R

x=0, y=0
[x—l, y=0
x=-l, y=0
A (2) I 3 FEE R B FR R

A=6
a,=0
w=m/2]

H e AR, 3(2) O

f(x)_EI,B3f GuB(x~ Z)]cos( )dz:

It LA, MR LU0 RE DX B ith 2 7 Rl nl LA 7R O

1
w(x) =f(x) +wod, (Bx) + 90_¢2 (Bx) -

My—— Elﬂz &3 (Bx) — Qv == E1ﬁ3 &4 (Bx) D
st P BB, FR B = 4"E
EF—8 &P W E/(KN-m?);
$1(Bx)+ d(Bx). @3(Px). Pu(Bx) ﬁ%{%j{@ﬁ,

SO E BT R IO 118 A 48 188 ) 47 S /m;
S AL T X IV 1Y) 5% £ /rad;
o571 A5/ (KNm) 5

SO 7 B X 7 P BY T3 /KN

1 T
ko6 @COS(Z_I ) ’3¢1(ﬂ X) + 4124,83¢3(B)

TEAFZ RS L AE NI E R BB R
OUT , Hh BE YU T2 5 RS 14 B 5t A 1) T T e Xof o7 437
AITTRA X5 8 wix)

d w(x)
dx*
Al A R BUKPa, T R k=k,D;

2 AR N R

= —kyw(x) + kyy (x) 4)

2P 37

>

D—H T HME/m,
FH I AT R, T R A S a8 RS oy T RE AT DL R
RN
Eldi;vxgx) — kg () +ky [6005(%)6)]
HRPEA) S B0k, nlKE R (5) BY i 267 0 W% ) 57 7%
U ) (S AAE BT A ZH A, o U ) 5 B A8 1E TR -

(5

A A A

2

6)

EIp

1

T T6 45"
1.2 R EME AR
HRAE T B X il 28 05 A2 10 X BRME ], £E B X
(6] (=2, D) {5 LY 24 A7 B x=0 B, W A e K2 40 il
B REERE, DA b mT DA HE W HE 2 7 B 69 BY 1 Mg ol
%, R

x=0, 6,=0
{x=0, , =0
PO T 0, R A R UG E%klih%jﬁ“""ﬂtﬂv:

w(x) = (8

S () +wod, (Bx) —My—— EI,BZ &5 (Bx)

XF 20 (8) BEAT SR 7, Al LAAS BT DX h 26 5% 1 J7

N

i



2024 4F

JER, G RGO A2 R b M AT AR TR A RS T AT - 147 -

eurw%m—%mmww—miﬁ@wn 9

SE TR DX 5 AR 0K XA 58 B AL A 57 AR AT A
R, BIV = 457 B A 300 5 A5 A A 18] g 29 o, U257 ' Y

x=1, w,=0
.le, 9/20

A958R A A AR (8) IS (9) , ph Mk i 411 2% o )

PRRE ML A1 %, B R4 1F WIS E w, 1 My
w1 n 1 a1 1
o ko6 Al—lzﬁ¢z(ﬁl)+¢4(ﬂl)—2—l@ ) E“__ﬁ¢3(ﬂl)_@¢l(ﬂl) /E[ﬁz[¢‘(ﬂl) X 4¢4(ﬂl)]
0 (1+ 1 ) B¢, (BD) B (BD) & (BD . (BD
16/ 4p*
w1 1 1 1
. ke | @4—/33¢3(ﬂl)—@¢1(ﬂl)+ 54—52¢2(ﬂl)+¢4(ﬂl)—2—1@ / 1 [¢3(ﬁl)+ ¢2(ﬁl)]
‘T EIp (1 N Tt L) ¢ (BD) 464, (BD) EIR | ¢, (BD)  4¢.(BD)
161+ 4p*
B S EOE R (8), ;i3 3] 1T R LI IX s5r a1
Be 2 Iy B0 FLATE R 0T B T S :
2 ﬁ@ljgﬁ'iﬂf g -10
& stk
LSk [3] BB TR B b B 1, TR A =l
TN T, FEUCIREE N 8.8 m, SR FH AN A TR B 1 0 T Ak =
Bl MK 20 m, BEJEHT 2.3 m &b, 5 —4M% K 2 000 mm., 30t
NAE A 1680 mm [ [ JE Fill il 4 7K 45 38, LV Bk 4 o -35
—40

SEGCR C30, WA B K 1 B R S m iR E — AN 0L
S, AR A T T A M DX 5 GORE, Ml R U ) R R AR AL
k=10 000 kN/m’, i 7K 45 £& 55 F 30 A9 o7 - T OC & I
DLSCHR [3]6

MR A SO 5 7 vk, 8 4 b 2 T s 3 1
15 m, FIr LU A S8 =15 mo 358 18 B9 5025 K A
3.14x(2 - 1.68")

=3x10" -
XX 64

4 g4
El=3x10°x "2 =)

11.83x10° N-m’

¥ LR SEARAY S EO R, AT R S 4L
w,=33.22 mm, M,=5 789.13 kN-m. Bty & B 4—7 5
I S5 SN L SCHERAE 5 AR SC T S HEAT He A, I DA
4 S0 A5 Ay AR R B, X FE 25 SR AN R 2 B, B) DL s
(B 5 4% 325 R AL AL S H W) 5 B0, AR TG SCHR 25 R T 4%
WSS . SR B AR SCOT T E Y 4 45 00 g5 X iR 22
K 12.71%, /T SCHRA 15.2%.

DL SCHR [20] 42 fiE i T2 22 0 R b e L) 2, TR
S F BT, YO EIEAR N HETE, K 166 m, YE 68.4 m,
it T 7 SR ek . 8N IERAE L, B0 500 mm,
BEJE N 4 mm, BEIEST K 10.5 m, FEPERE E=200 GPa,
THAS LA 0.3, Ml KR ) PR & 20 k=10 000 kKN/m’*, 4§
SAEL SO E T IHDCR K R SH0E I K [20].

15 S0 s 0 5 10 15
HF AR L A B /m
B2 HEESHEEES 1R
Fig.2 Comparison of calculation values and case 1

FR 4l A SR i, A8 4 ot 28 T A0 ot 350 B8 5
90 m, AT LA A 28 (=90 m, '8 i) KK 05 R 8 k=
10 000 kKN/m*x0.5 m=5x10° Pa, 15545 i i K £, $4¢ 18
Vo RE (51 i ) BE 5

EI=200% 10° x7r’s = 200 x 10° x 3.14 x 0.25* x 0.004 =
39.25x 10° N - m?

DLAZ S5 1) B8 fe KUK AL AL B R s o A, 15
WIZHOCN w=32.99 mm, M,;=394.15 KN-m. U5 & &1
(I A S DAL SCHRAE 5 AR SR TS AT LA,
3R, THEAE S S E Y& B A &R, WA
S AR 5 T A A X R 25 11.99%, /N T SCHERE
18.0%.

AT 5 R AR S X LRI, AR SC T IR
J7 V5 B TSR SR 55 S0 B0 A O R 25 BEAR T SR 46
F, AR SO IR 7 A BRAY . STk [3] ASCRR [20]
435 LA Winkler b 3 G245 71 1 Pasternak 1 & 2 A 744 7
SE T OB B M X, (BR80T 5 2y, B kak
LIRS o A SCLL = AR eR R 6 B it 2 R, 15 )



- 148 - 7K SC b o T e I oM
5t . =1
—B— 2 4y
0r —o— SEE et
-5 SCHk{E .
s —10|
£
@E 15| <
fi_ -20 © 9
N -25 I 4 < S
o
_30 (o]
- a A
-35 a,
Gl . “
—100-80 —60 —40 —20 0 20 40 60 80 100
R AL SO B/m ° 4
B3 HEESHREE 2 bR .
Fig.3 Comparison of calculation values and case 2 » * Y
b E -y
< L4} a
- " NN Ed e . 2
TR BB RO 0 F K2, TR B T R . . PR
T R £ (3 S0 R0 2 0 W 250250 2000 250] 250
1 1

oAy LA KA it T 3 i s, HAE S5 T B A 7R
— 5 I fin 22, (ELE MR & B2 g, PR Ot o e g A 3t
AT ORI AL TN, o5 B TR LA S5 .

3 BLIMBEABIITEA

3.1 TR
mi H AL T, BT EE Y 21.0 m, AR
P $0LEE TR 7 M K 8] i PR B R A, SR TSR FH W i S
o FAZ A HG B IS, BINE L T Z )22 2
WA A 1 m, I DA JE 320 38 3 1) v e U 4 . BT
I AE X 8 R ISR 1 R
*x1 TEYESH

Table 1 Physical parameters of soil

+2 JBREm FiE/kPa PEEEES/(°)  EJE/(KN-m?)

AL 0.5 0 8 16.5
¥R 0.5~5.6 16.8 22 193
[ 09~73 185 20 19.2
i 4.7~10.6 30.6 12 20.6
e 0.8~6.5 6 15 17.4
WA+ 35~215 17.6 20 19.1
WAL A 19.2~27.5 33 22 215

Ry b KR 450 m, JE A T R X B T
TR 10 660 m*. FEHTAMI 43 41 A L ) A 2R, B 4 ik i
BRI O IK R B A F 8.5 ~ 30.0 m 2 ], K]
BE AR R — P WA LR R 5 A8 20N [ 4t
B, W A R S 2.0 mx2.3 m, BLFL I TE 2.0 m,
K 1e5 0.45 m, 5 2.3 m, SR HE AR, TREE 98 A
9%k C30, ¥ HTEEE K 0.25 m, R EE K 0.25 m, B
038 Sk 3 Wi T JLART RS Gn 8T 4 s o

B4 BLREBEHHEE (B mm)

Fig. 4 Pipeline tunnel section (unit: mm)

3.2 FEIM A

FEHUZR N A e 7 A8 2 5 SR BE O R 58 4T AT
R G RE BLAT B < DT BH AR A A R S R B
KR 5 s

D RS0 A8 2 A B T Il S A B 9 A U7, B I I G
FEZ) R 150 m, I 5 2% 5 GX01—GX09, Hid GX02—
GXO08 I /5 8] #E 34 24 20 m, GX01—GX02 8] E 4 12 m,
GX08—GXO09 [A] i 24 15 m. CX4 Fl CX5 & 7 Ml b BE
4 PR AT AL, A 4 o 0 A 28 T 0 5 1 B /N B S
=2 frR.
3.3 HLRUIENE T
331 UiREALRE S AT

HR A B it T2 5K, X AS ) il T s 490 A T e i £
HEAT 431, YEH GX04—GXO06 WL I il & 18 6 fr 7 o
Jit T353R 5 AR B, B T 3 it T.(56 0 ~
14 K); TG T JEHTHF2 (56 15~ 30 X); T
BRI T FESUIF S (58 31~ 56 K); VARG T
U Z (B 57~ 72 K); VIR R T.. BHiH42
(3 73~93K).

IE 6 AT LLF Y, FEBTHF 2T, 48 DT & 5 it T
Bf ] AR S L PR G &R, TR A FHIZ W], 32 A [ B
FRAZUR BE R AT AP SR IR g, A R DT R B T
M3, 7E5E 93 K, SIS . P e, e 232
PO [ VR R, A LR DT AL RS Y RN, B TR E
332 WAZEITHA

HR A £ 2 12 280, 45 40 TR0 B 1 - X P BE 4



2024 4F

JER, G RGO A2 R b M AT AR TR A RS T AT - 149 -

YASET =R S5

¢'GX09
Es5 MNESERTFEMLEXR

Fig.5 Location of measuring points and plane of foundation pit

x2 NREEROZKE
Table 2 Length between measuring point and foundation pit

W BB /mm e e i 5 /mm
GX01 23617 GX02 14 549
GX03 11209 GX04 10 744
GX05 11497 GX06 17 048
GX07 13 250 GX08 7778
GX09 13174

109 o=17°, 22 (D A3 2 2 FEHUT 2 52 0 48 2 i L
B X fre SN A

17
Z0 = Htan(45— g) = 25><tan(45— 7) =18.49m

HiL 7 2 Wk A T TR R R A R €30, Hog
PEBL R E=3.0x10* MPa, 45 25 s 18 W i A 1 45 1 46 faf
e —25 TR, D% T 40 2 W B R

BH3—bh3)
12

3.03x3.3'-2x2.3"
12 B

ElI=3x 10‘°><(

3%x10"x

2.19%x 10" N-m’

UL DX B 45 (8] 43 A1 E SR 5% B0 28 A R A T DR A5
RN 8 2 A5 A R DT R (B T o 26 15 S, AR
i SRy S A Al 0 kALl e, AR 40 BE b I TR (R, FRAR
Pk 5 URE M BE B E A A KO DIRR(E, A 2
TR S AR YR DTREME . DL GXO05 A5 R, 2 X GXO05
DU BT 78 7 B R 3B R A, GXO05—GX09 4 A A 1E
Mo AR 2 TP NS BTG IR B T, 4 K £
BRI A5 AR AE TR DX 06 B 5 3 PR 22 0, BRI i B

AT HRUE A 52 M0 3 L P9 )45 268 RO B, B GX01—GX09
BRI . 280 R BE N 147 m, T DASEST TR X 3T
AR B ECH (=150m. RG2S BOLK R 5
ky=1.0x10" N/ m?®, 45 1 A% e S 0 UL, D) ¢ i) 3 PR
¥ ZR0M k,=1.0x10"x3.03=30.3 MPa, H 0458 B
b R 0 R it oh DU ASHECHE UL B3, Bl T T PO X
(R4 2R A0 B A A D U ARHEL, T 3 BT GXO03 fify B A
DAL CX4, R 4E 3X (2) Hb 2 UTRA il 42 pR BT LR
WD AL E DI R 0. LA GXO05 bt RS, & GX03
B 25 R 40 m, Jits T Sk I3 B CX4 L A% 00 434 5 30 4n
B 7 BT .

LG RS MR, 1155 00 AR T 5 [ 4 45 4 4 A X
BT R $,=19.22x10* mm?, R Peck %5 A [ HF5E
JICAR T AR b 2 DT R DX TR L L4 5 4 0 v i AR
A, KRR R B R SR — R 2, (BESE
BUIFHE . S prad R A S I BT ALIE T AR T,
HARZ R BN, AR T LT, BT X R
8 £, AT SR A Y GXO03 37 B 1 e KT 7 4 -

25, 2%19.22x 10*
5. =2 JZXPEEX D hg 09
X 18490 mm

FE SCIESTUTIG X B A0 i B R T B B & L
Rh 28 0 = AT 40 A0, GXO03 T #2853 2 1 BE 5
11 209 mm, 3% 5 1E _F 07 0 i 2 DT FAE A«

20.79 % (18 490—11 209)
18 490

M 2 (3) ] i 580 H O A B A LR O R
RULENFE N
0= 8.19 =8.96 mm

Cos(z ><n150 X4O)

)R, AT DL 300 IV 30048 28 rhocs b0 X 0 1Y
Hi e TR 43R 6.88 mm Al 5.02 mm.,
3.3.3  HEAE S SEIE T E

PEICTT A A I S5 TR A% 5 1T B s an 1] 8 o
o M8 BT LI H, WA S S5 1 BE 0 AR fh ks
W) BB, AR T i = T SE I E . GX01—GXO05
I A5 0 % L 45 SR B T GX06—GX09 Y I 25 45 3, &=
FLF AT GX01—GXO05 il 5 5 347t i 48 3L A P17,
FHEZE R ACH A, [ GXO05 5 LG, Jbn o B 5n
T BE A LI 2R S AT AN AT B SE BRI L
T T A 5 S I 15 2 A, E N A T R A B A
a5 R AE R EAAE L . XA Rt T30, DU A
TR i v 110 255 SR X6 40 2 500 b T 4 2 1 U R A7 B8

=8.19 mm

Ogxos =




- 150 - 7K SC L T 52

LN K&/ d NI KA/ d
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
" "
-2 by ; ; } —a— GX04 2y —m— GX05
Y T %1‘-&
4t i : 1“ wi
é 6 % ﬁi E —6r ‘LI
¥ gt 1 1 ¥
® | | = -10F
“1or | | \! -2t \
2w v v T W VsV
14 -16
(a) GX04il s (b) GXO059 i
ML KK/ d
0 20 40 60 80 100 120 140 160
| IR T T T T T T '
.
n —m—GX06
2N
= ﬁ".‘.‘%ﬁ:ﬁ
£ 6p b
5 Y
BN
_10.
,12.
TSI 403 T3y (Vi) Vi
-14
(¢) GXO6 £
Boe EBEZ&AMEEMETETHXER
Fig. 6 Pipeline settlement changes with time
1185 /mm TR 0 5 S A i R A A A v
0 R S P FCSIORON BB, M BN T S . M
o -—cx 1525 W L A 22 9 43 A A8 B0 TT DA e AR SO B
Tm 4 e AN > y > N N
-5t ., 7 A5 B A T R 0 R A e VA 4 VTR O T S
\.\. .
£ 10} \‘. T TR o
% sl e 2 B 7 s T 6 391 GXO7—GXO09 T 5 5 10 32
T QP 10 firk. I 10 6] LI H, KRR GX0T &
—20 F N N NN
_.-*’) RIS H TN T H AL PG 5 X GX09 Il 45 i =, H % 4t
25k . M Hri 4 BE 85 15 GXO07 I A4 B 85 30 (R A 26 (L B B A
SIS :
H7 CX4MRaR F GXO7 T 5 {8, 332 B GX09 il £ 55 GX08 il 15 A
Fig. 7 Incli t f CX4 .
o7 Theinometeremes A8, A5 AR T 1 T ZEVE B BT GXO9 T A AT X4
A5, T A R 22 4 1 0 7 334 W ASEOMT
MAIE] 8 SR TT LA, GXO07 I 52 58/ T GX08 HF A5 UM BB T 1 T B A S8 A, 1%
(1, S GXOT7 I B LRI B B A T GX08 [ FLFR R ¥ koo FUASRIBE EL 4542 D, M ULIE(E 6 7

MR EIEGTRE RS, 290 2 5 X R, VIR TEEEESE IR RKE 15, 5 DSHOHE LU R 0 i 5E
Wiy, Z=AEGT LM B, LRI, AN, BRI, — M = T 2 A, TR X
GXO08 ] 1 55 HESTC T A AL IR, H LR [EAR X 2 K TR T M R BT s 2, R TR,
O M S MBS TR E A R R HAR I, T(E B 3 1k A 9 b 2R 8 g R R R B0E F E 10x10° ~
T EAE/DN T LME . NI 9 hul LI, RZE 40x10° kKN/m® Z 8] . AR 4J SCHR [3] F1SCRR [20] A9 25
DU T BB v T S, R 22 R K R0 GXO07 % ARy JE R 5 R AR T 12>10° kN/m?® I, JHG o 8



2024 4F JREMR, S5 FEYUITZ R b A R TR AL A A A O - 151 -
Ir 2
0 —u— [T —u— Y5
b N e mmsg or —o— TS {E
E 2t £ 2t
& &
B 3 %
& o
& &
= -5t = 6}
_6 -
_8 -
_7 -
-8 L L L L L L J -10 L L L L L L )
-150 —100 —50 0 50 100 150 —-150 —-100 —50 0 50 100 150
LR ZE L A /m LR Z 0 A /m
1 -
ol - VIR
—o— IVISEIE
g It
£
B 2r
=
Y
_4 -
75 -
*1.50 *1.00 *30 O 5.0 160 léO
MR 2 O U S /m
8 TREMESENESIHEELR
Fig. 8 Comparison of calculation values and measured values in different construction time
L — AR ARR /N AN, 7E T RS T
o} I 5 LR S T M S AT I AL B, LR IR R 8
< PG TE B v, K A S AR AR X A ke 8 el (02 8% Y
i W X TR D MPTE W EL R A B E , %

S O O X O L
WFFFFFE S F S
PSS
90 MtESHHERE

Fig. 9 Errors between measured value and calculated value

WL R/ d
80 100 120 140 160

27 —=— GX07
al —o— GX08
—— GX09

THF/mm
&

LI O VIV W

10 GX07—GX09 =7t B R E T X R
Fig. 10 Changes of pipeline settlement GX07 to GX09 with time

RS20 0. bl %0, X T 09 T2, k. D Al
ET 19 U 70 A BR 10, HC(E A e 2 XoF e 2 1) 8 2 UL
(58 A I B Ny NI D 7 N G o 0 Q= B BT
2R 6 AT A BE 1 %48 LR IT R ) 20 AR 52 0

(1) TR o BUE Y B

DUTITH 1) 48 R DR 60 7% i 4 o Rk, 7543 30l 1 5
26=18 mm F1 36=27 mm A (145 L VTR A, % L an & 11
Jiis e N 11(a) n] LUA HY, 0 K, U0 R il 2T 1R i
“I 5N, BTRR R R 27, ik 3 B M 3R TR
Xof AR 1 18 ) RS S M IR R K . AL 11(b) e mf
PLE o BOR, TH A8 4K BE Oy 1) 1 0 % £ 722 {5
K, o WBUE X UTREN B B B 35 . 23 A 41
(IR IR, 24 1=140m, TR ih 22 B e o B3 A, B 3
AR 52 M 1 L 24 2Ry 1710

O BU(E 35 TR IR T I A FLECHE , HR /N 32 SR
DB B9 29 9, SCRk [3] A SCHR [20] i A =
B )R AR 5 S s b T UTC B 1R e BRUMEL, PR b5 A 5



7K SCHb BT TR b S

g2

- 152 -
3 -
ol —&— =9 mm
73 -
—6
= L} bd
Eor -~/
B IS -
& b PR o
= 18 ha 2 104
,21 L
24
727 AA A
730 1 1 1 1 1 1 1
-150 -100 =50 0 50 100 150
HUT AL Z 0 S B /m
(a) FHFEEITZE
0.4
—&— =9 mm
031 o 518 mm AN
02+t —4— =27 mm WA g\
ﬁ s /.'.'.
0.1 Ae® -
= jammm
R0t
& aniyes
¥ 0.1} :.iI"...,o'/./
EN o % i
02 e
-03 Wl
-0.4 L L L L s s N
150 -100 —50 0 50 100 150

LR 20 A /m
(b) FHEERATEL K B R

11 FEFEGETHERAMEMLE

Fig. 11

Pipeline settlement curves with different o

24 Ja] R # 00 AL R A LY, 0 I B BT O SR 4R
TS R A SR o AR M T AE R R I AR A B R AL
AJ SR L BT S FEAE B 2 7 8 A kL s AT
B, (BN 25 R — T A D 22

(2) A BE 13U 195

o R A DL R AL RS 23 T R R A AU AR R AR AR
RGN %AVAT, Z Y5 R B PR R A0, AR 2 Ak
GUig S AR R B “Z i, WS 265 2t 0F
AR TAT . BRGEIURE VAT ISR E
PN A A AR TR AR AR DL DI S i XN, R 3 K
JERYIUESE T PRl . JE T X —SEPR iR, $2 T
2 BT E G R I AR, D9 A U
7 B

— R OLT, R LT O Bk, (BRI
HIJEARAS S, X5 R B0 IR AT 23y LR LR T
PEAT R, WA 12 s .

T 1 FEGTHN HL, 5E LT, HURRE X
i JEE YU L AT A A, RIS L PN A A K S T
KAR A, WA 2 5 RE ST RN AT G R, X 2 BEAR
A TS A 20 o AR, W3y SR 2k K
JEE BT DX 5 VTR 9 ) 2 B K

0L 2: BTN HE, HE LA FAT, DI IX

Eaad
Lk
X

s T
CERE

Il Il
z,,§ A
L L
VUREIX T I VUK TE
(a) TL1 (b) T2
el i el Il
,”‘ (" Zy Z,
I i 4
VLB TE I VURX TE I IR TE I
(¢) T#3 (d) T4 (e) TS

B 12 RAEIDATHITEKERE
Fig. 12

Calculation length under different working conditions
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