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Abstract: The field monitoring data of borehole in land subsidence region indicate that the compressive strain is significant in
clay layers above saturated sand layers. To study this phenomenon, a small sand-clay interbed model box is built, in which the
distributed strain monitoring fiber, water table and settlement mark are embedded along the vertical direction. Three
draining-recharging test cycles are carried out, and the variations of strain of soil layers, height of water table and settlement
amount are monitored. The test results show that the overall permeability of soils decreases, and the soil layer is compressed
during the three draining-recharging cycles. The delay phenomenon of water pressure variation exists in the clay layers. In the
draining tests, the negative pressure of pore water is observed in the clay layers, and significant compressive strain is also
observed in the same region. Considering the previous studies, the monitoring data of borehole and the results of model tests are
compared and discussed. It is concluded that the release and supply of water in the clay layers is not equibrium when draining
in the sand layers, which leads to the emergence of negative pressure, and the extra effective stress and compressive strain are
generated in the clay layers. With the fluctuation of groundwater table, this effect may result in the continuous slow
compression in the clay layers above the sand layers.
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Fig. 1 Stratigraphic section of borehole in Shengze, Suzhou and
curve of corresponding strain
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B4 25 H T RO R BR B . 7E R AARTEK
AT (B4 (a)), 7K B /KT RS AT S 3
b, SHRFE 3 (a) B 55 em AKAEEE 4 S K4 (b)),
HeKIF a6 JE, RS 2 o KRG HE S, AL BT
REfFrE D &K, BT RLEBEREUN, FLEM
TR 2 7K AE B SR T 12 M iz, A7
EEMEMG . BT KPR AENE AT, FEE
L ER EHUKERT RAE, FEEKTRAE
TR . fELERAEFERT, KA FRIK
Bl E T, KALE R ERICE 41 em, FEXTRY
THE 3 (@) KRN EES B, B4 (o, BEK
Pyt — 2 HE S, AR KR T KA B i
BARYHE 2 SN BKAE U BUOKALE 7K AL B
VAT, KA R ARk S) BT Rk, 55 em K
RIEAE 12.8 h IRHEEEE 43 cm (K 3 (a), ZJafRHF
A GBI 3 (a) [ C Do TEEE RS =Wk
AGREE T, A MEE R 55 em KAL) BkE] .

FUEMGAER L E PRI, i — IR HKE,
%12 45 cm A1 35 cm &b /KA 73 A %3 15 em AT 9 em,
Iy WIAFAES 30 cm A1 26 cm KM UL . T EVER
s, LERLERIAE R BT R Z LR
W, TEREHKIE ST, oKL R RIS R T DL T i
LR . TR E R R R B TR R E K
wmR, FLHoKEENEMT, TR RS, ik
. Bk, MWE 3 () WTUES], #LEME
B E] (35 cm, 45 cm A& F 2 h) HEF _EER
B (55 em T 11 ). iRIEE 4 (o), WEARMET

KALELE LA E R, IR SRS DL 4 AT RE
FEAEARA BT, B3 () 1 55 cm, 45 cm A1 35 cm
IRAEE () 26 BTy R T AR RO = . 1X—
FAA N I SeHE T L E R, Rl R L2 R
FAERER

60| |F-5- F
551 B N (st B D g (55 B PE !
Nanel EEe _Elf
40 % ([ “o
1 (| % B Tt
3 i H W % iz
30 = =1 = ) 3
i w w o
R A
BASS R & g e
(a) Hkai  (b) Hokpl (o) Hkd

4 HkgRRTERKETHREE
Fig. 4 Variation of water pressure in soil layers during draining
process

2.3 FEIREERBITESHH

IERAE bR FoA— BB SR E . WENEE
REEOR, BAGEN SRS EE 25 L 2 Em], Jf
Al HE KR R T R LR EE R R Ak
KRG, 55 em KA E YIRS CRIRIAE K AL & D
N 62 em. WILPTIE, fEH—RHKIAK: 12.8 h i,
ARHEN 55 em = BEAL KB, IKALE R BUOR IR LB,
BB E] (de) 24 12.8 he

BRI AR 41 cm, BIRTE R (4) 4 1320 em?,
KALHT 62 cm [£2E 60 cm, HEKEN 2640 cm’. K56



1750 H O+ T OB % M

2017 4¢

MBS E TN 1.4 gem’, @HEN 1.7 gem’, W
BRI BN 2.6 gleny’ s EIL TS HY, 24K AL R B,
W R H N AEAIRAS B, L Sebad K &R 2 S ik
U 16.2%, BIKAZ TP Z 60 cm [ EF+)Z L3R
55 em AL S2PRHEKZ1 09 1066 cm’s B, K47 HT 62 cm
B2 55 cm MHKE (1) N 3706 cm’s Bt E EE
N 50 em, BB REFEIKLZE (dh) N 8.5
emo. FHZJEE (AL N30 cm. KA LN AL
THHE LR 1EE R

K=V-dL/dh-dt-A) (1)
BENE—RHoKRLE B B BiE 250N 2.15%10°
cm/s.

[FIRERE, 1545 2058 ORI ES = IR HEKR IR+
JE15i5 2B 51N 8.50X 10 ° en/'s F18.42X 10 cnv/s.
HER A E — HRE KGR G, TARIZIE R B0,
ZENAERREE s YOS — R K S, LR RAER
Z FLIRE %A G5 AR AL

60 -

py
® 2
50 i/
40 ‘*,{‘ £
£ L.~ -
%30 -~
<
wl D
;: "
10 "\m’/ %
—{)ooo—soo 500-1000 <500 0 500 —1000 —500 0 500
% [f] ¥ 5/1076 % [f] ¥ 35/1076 % [f] ¥ 5/1076
(a) HF—&Hk (b) FWHEK (e) =K

——1h —-11h-—=-12h —e—1h —=-20h
—4—31h—>—48h 48h —A—45h—»—74h

——1h —=—17h
—4—33h——67h

5 HekigiEeh R RE A R
Fig. 5 Variation of soil strain along depth direction during draining

process

3 1RBELTEEARPESFES
3.1 TEXAEMNT

B 5 KRR AR AR A G £F R AR X AR 4
s NARE AR HEK BTG4 RS N R H AT U5
AUE N, EHKE Th i, &2 RN AR
ZJEB AN R, BEE KA R, B2 R N
AR AESHEIB G K, BKAASINT 1000X10°, kD
R AR AR N . — 5 T R R B BRI
AR, TERFEN J1ER R AR N 55— 7T,
M 5 aTLLE S, 18 3 RFEKREeH, #H2md b
HIAAAEE PR R RS, X 5 KA AR 57UE X
LB 8 HERHEN, B RE 3 L2 TR ORI
N 5 T2 R AUE TR K.

WKl 4 (o), 75 FHPESKHHE, AL
E K B R R 5 KA B, &L ERAE
TEE T, KEHE ERREKSE M 20k
Hly O B AW/ N . X TAE O kUL b+ Bk,
Wk 4, H BRMEFTZ M KE KT HTRE
(F>Fy), KX AR 2= A1 RSB 1. 280
M, 4T O ALU R R B, HR R ZFIKE
FIEK (F>Fs), RIS A 427 A 1) b il A
F71. AT, BTHOKER HEHIGE, AKXk
PRI UL X O N RS 1, S
TR B KRR,

HASERME, 7£K 5, &2 E#Fo~
50 cm) HIERIASAE 11~12 h jaRE ok, AR
PAERFHI10h (£ 1h) AJ520h (£ 31hED 1
MARARL . TAER 3 (a) Y, IX—Hf B2 Einb)2
(55 cm) MZEEE (35 cm A1 45 em) /KAZ 2R
TR SRR R B X —ILG 2P U A,
T ER R BB TR RS 7R 3 UGRE
SRS, T EAE R E 7 R P AR N AR N
-205x10°, -286%10°F1-224x10°,
3.2 TREIMMEFRITE

Bl 6 N —HE KR I TR bR AR it 26 . 7EF%
KIFEESE, & EMUIREFREET R, H7E 10h AA K
ABksh. B, EEEEZE 50 cm F1 55 cm AT FRTE
10 h Zb 58K BTG )ORGE TR . X —BL G 57K AR
fhashinfl, HEZEBR. K3 (@ H, 55 cm KAL
76 10 h ARIRGE R P&, FFreAfin g, i i B AR s
e EESRFANLER, KOE RSN EBksh. BT
TR TR K, AR NAR N, D2 A DT B
Bm Eksh (E6). B KERSE—DH, KE
TR RGN, YRR R K. 7EE 6 10
h £ 12 h B, +J2 40 cm F1 50 em P =% 30 cm
BRI K, XE5KE S (a) FHINE T E R AR K,
DA B 3 (a) HoRAI M FRAZART R, BEEH T L E )
SRR T 2 R .

B E] /h
0 10 20 30 40 50
T T T T 1
20 em
30 cm
g —~0.05 .—10cm 40 em
N
B
d .10}
S
B
-0.15
........................... 55 cm
50 cm
-0.204

6 FE—RHKR RIS

Fig. 6 Displacements of settlement mark during first draining tests



9 1

XA, SR HRIE KR T RDR B AT MR AR A 1 1751

RIGLE RIS, 16 55 cm 4b+ 2 VTR BT &
299016 mm. F—J51H, HGEF NN AR RS F
H— kBRSBTS 0.123 mm, HLUiRE
PR IUAR A /N o X PP 22 AT AR th TR e 4
FISBAR T, INA5 AR IS AR R R 2 T B e SEBR ARG /N

4 7 R

W AR R, T EHK S S5 E 2
R BLGUE, HERIE R I RS . AR
F0, BTN RSB, HN KRS
REARAL R LR 5 %, A0 00 L R T U1,
TRk, BB MO LR R, MRS SE
W, IR, A KRR, BT
B LRSS RREIR, FHBEAKE, LR
K TE S B GE  B E  JR AT R NG, TTAE
TE BRI R LR, SRR R L % 2 SR LR
FUBOK B T4, BIESEEFLBUK R 3 2,
T8+ Rsis ZH0K, L3 EFLBUK R A K i
WAE LR, [EEEELBKEBTRD, 6
SR I

SRR RS R R, RS R, A
i 52 /Ko7 A A B D6 R A T e R . 62
(SR BE B HE A LR R B8, 5 LR
B AR HEKRE B RHE A s A ) &, X
Sl e T A R K LA I et T P
2, HHEK BB R, AU A R ) 0 3
TREHENN, AT RS TR A N R R R
35 1 [R] 25 6 T 37 96 49 LA £ WL 86 0 L858 R 1
T A T 25 K TR e B S 5 U 5«

AUGRI T, FUE X LR KRS X 349 B
FL R g, BIBSE BRI Rk
KU K T BE R R TR . AR, R
BT LRABETRKSIN, MRS L2
ST R TR ZE TR AR E . M 1 AT
Fill, 898KE (B ERAERX 5% 4KE (i)
B EAL, TS KRR, TiARkT, BT
BIRVA RO, SRR LT8R b R34,

TEHEKE AR, bR 2 A SRR
i, HJE, FEREAGRRR, bR IRECE RSN
EJE. SCREEXTRRE T S 808 R AR 2 IR K
TR ES . M LB, 58— AKE
bR R I R R R, T — A KRR
PN 3T K BR AR, 4 AR A A S A
ST, TTLASEI, KGR ER R T K b2 2 B 1
2 UK TR RS B R N . 2 KBRS, $E5T

WY R 2R 5 MBS AN B 45 . FEET ARG L
tr, WARBIRDE L5 I SRR R AR B R A
WHLR . XFMEAILR T RE S 220 LR SRR
IS 5, RHLRA 5T it — 2B I AT 7

5 & i

ASCIFIE T % /NS B LR B AR LS, BFA
100 J2 R - SR FEHE AR /Kt T o 2 A /K I £
A, T T 3 4.

(1) HEREARARER T, KA B MR R I e 18
W, tERKBEREE, LIRS . HRE AR
th, B R EE KRR LS.

(2) TERRLA T HR EHKGE R, B+ 2T
KPSEH I E. [FR, oG RT, FER
L AR B R R X

(3) MFBLBBEREN, EBEHKE, L3
KT B B AN, S8 T B R K R
AT, (R EILBUK T B E . 78 5UE
TERT, e f U E O A E /1. Bt
EHEAB RS L2, SXFAIMALE /1 S 5+
JE P I R R, IR T

B BOEERR T SONACHR I T ARE A INME G BT
AEFEFWSHHr TR T, 72— R8s !

SE -

(1] B, 5k =, MUR, . b Mok S 5
F LN ). ZEPUZERR 5T, 2003, 23(6): 585 - 593. (XUE
Yu-qun, ZHANG Yun, YE Shu-jun, et al. Land subsidence in
china and its problems[J]. Quaternary Sciences, 2003, 23(6):
585 - 593. (in Chinese))

[2] CHEN C, PEI S, JIAO J. Land subsidence caused by
groundwater exploitation in Suzhou City, China[J].
Hydrogeology Journal, 2003, 11(2): 275 - 287.

(31 ZkVE. 778 M X M TR S H A T DR B[], 28I
2L, 2005, 25(1): 29 - 33. (JIANG Hong-tao. Problems
and discussi ons in the study of land subsidence in the
Suzhou-Wuxi-Changzhou area[J]. Quaternary Sciences, 2005,
25(1): 29 - 33. (in Chinese))

[4] POLAND J F, DAVIS G H. Land subsidence due to
withdrawal of fluids[J]. Reviews in Engineering Geology,
1969: 187 - 270.

(5] MHECH, BEARE & =, & LigXKEmipEs i+
ZARTEAERF FE[T]. A - TRES4R, 2005, 27(2): 140 - 147.
(YE Shu-jun, XUE Yu-qun, ZHANG Yun, et al. Study on the



1752 A= T

2017 4¢

deformation characteristics of soil layers in regional land

subsidence model of Shanghai[J]. Chinese Journal of

Geotechnical Engineering, 2005, 27(2): 140 - 147. (in
Chinese))
[6] Jiti/NG, BESRME, REH, & WX EKZERGLEE

AR TEARRIERE FE[I]. /K SCHBR TFEHL, 2006, 33(3): 1 - 6.
(SHI Xiao-qing, XUE Yu-qun, WU Ji-chun, et al. A study of
soil deformation properties of the groundwater system in the
Changzhou area[J]. Hydrogeology and Engineering Geology,
2006, 33(3): 1 - 6. (in Chinese))

(7] 5k =, BEERE, MG, & WA ARG AR R
WIS 5[], A& J1%%, 2005, 26(12): 1869 - 1873.
(ZHANG Yun, XUE Yu-qun, SHI Xiao-qing, et al. Study on
nonlinear creep model for saturated sand[J]. Rock and Soil
Mechanics, 2005, 26(12): 1869 - 1873. (in Chinese))

[8] R . & Hh 245 i I i T I B v S5 P I AU 43 AT ).
TREEI%E, 2013, 41(12): 22 - 26. (WU Rong. Simulation
analysis on the hysteretic of ground subsidence considering
strata structure[J]. Geotechnical Investigation & Surveying,
2013, 41(12): 22 - 26. (in Chinese))

(91 Bk BH, ot W, Arf-T, AR ShKSAE T M im TR RO Y
58 i 5 [J]. Eh%iﬂ%?ﬁwk, 2012(3): 18 - 20. (CHEN
Yang, JI Peng, YU Jun-ping, et al. Experimental study on
ground settlement effect by pumping[J]. Site Investigation
Science and Technology, 2012(3): 18 - 20. (in Chinese))

[10] WU J, JIANG H T, SU J W, et al. Application of distributed
fiber optic subsidence

sensing technique in land

monitoring[J]. Journal of Civil Structural Health Monitoring,

2015, 5(5): 587 - 597.

[11] HORIGUCHI T, KURASHIMA T, KOYAMADA Y.
Measurement of temperature and strain distribution by
Brillouin frequency shift in silica optical fibers[C]/
Proceedings Volume 1797, Distributed and Multiplexed Fiber
Optic Sensors II. Boston, 1993: 2 - 13.

[12] HORIGUCHI T, KURASHIMA T, KOYAMADA Y.
Measurement of temperature and strain distribution by
Brillouin frequency shift in silica optical fibers[C]/
Proceedings of SPIE - The International Society for Optical
Engineering. Bellingham, 1993, 1797:2 - 13.

(131 F&  BH, iF M8, av@R-T, 55 KSR AF N MU Ui RO
ORRWSZT MR %h%?ﬂ%ﬁwk, 2012(3): 18 - 20. (CHEN
Yang, JI Peng, YU Jun-ping, et al. Experimental study on
ground settlement effect by pumping[J]. Site Investigation
Science and Technology, 2012(3): 18 - 20. (in Chinese))

(14] R 2. 25802 S5 I M T R JS 1R AR, 3 A 0],
TREEI%E, 2013, 41(12): 22 - 26. (WU Rong. Simulation
analysis on the hysteretic of ground subsidence considering
strata structure[J]. Geotechnical Investigation & Surveying,
2013, 41(12): 22 - 26. (in Chinese))

[15] SHI X Q, XUE Y Q, WU J C, et al. Characterization of
regional land subsidence in Yangtze Delta, China: the
example of Su-Xi-Chang area and the city of Shanghail[J].
Hydrogeology Journal, 2008, 16(3): 593 - 607.

[16] WANG G Y, YOU G, SHI B, et al. Long-term land subsidence
and strata compression in Changzhou, China[J]. Engineering

Geology, 2009, 104(1/2): 109 - 118.



