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M X TR T PR B SR A R AE S, MR E W =AMREN EERENFRIR, R
AETEAHRBREENTOLBE —ARETHLOREK . E—BANE HE—MBERMH
SEAR L, A LR A 1976 £ M =AW X 80 m 43P TM B4 A 1986,1996,
2006 SEE T =AM HIX 30 m 3 F R TM BIRZR X E B THREE AW T SO0 b 1 ik
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DA S5 AE 3 SR B 5 BT = A WS T R AT LI R R B 3 AR A i A IR, AbZE AR R
RUIERAM ., B =AM RRA SR AER 2 m DASAENRLEHGHZE, &
PR R, 2 RUF L Bk e ECSE RSN S B K E RN,
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DR S Ef<<80 kPa) . AR KA HH:
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Fig.1 Bearing capacity distribution of natural Fig. 2 Administrative Map of Dongying City

foundation in Dongying City
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RAMERE S BE S HmwmE 1 fin, AEFRRUER  RBHRE EEFHFERM
AR, ERETAZ MR XEL AL KB OIBRRREERETASHE —EN
ME, WRETHARAFLBMR HORFEREEEHS S0 FIEEOEREH; KB+
EXRAHATHRAEN=AMTAHHEARO RO, mARELAR S - RAEARKX
HEH:RBIEEREFEAHR TARETGTHRRYIN.FE2H T BEKES . BFIE
THEZ A0 RSCHEE ISR,

AEWMHBRUMABERMR =8, KETHFTBEXR.AQ.GDP K& 2 frx,

2 WRF®
2.1 HEFRIE
2.1.1 #ERKE

BELL 10 a HEIFRAY 1976—2006 4F-FY Landsat MSS/TM B 35 5 17 = A I 3h X B 4R
4 F AT RN RS G AT ERBEN T ERBRIBTEAYER. RESRN - DER
FAbHE ; 2) %) 2 H ik , B SL FIE AR 5 3) BF AN AR BORMBIE s 4) S48 FI 1, 3BT B AR R 4
ENLHER S B CHEROBRE, Wi EEN,

2.1.2 ZHFTEKE

EHNWERSEANSHWRE EH . EHER . GUR R ZE. ETEA A X, M
MNFAREHABEZEANER AER. . BERNHRE -G —HNHAE A, TEMAAR
FEREHREAE R AN —REEEEFINBEEBRETRT (LT BENT
W Z B HUED -

D — kgt , MRS+ S E 2EN 9~12 kPa;

DMAREE T EMEEERN 14~16 kPa;

DIEPRLEMER 13~15 kPa;

OHHELR-BY Sy R 5 15~17 kPa;

5)BY Sy e 5 B 16 ~18 kPa;

OEREHER 13~15 kPa,

2.2 WMEFZE

SARBFERTEVERNS ZRANT®, 4 BB LM ER &4 T K
EHEARNEMS AT ERERERNMSE T EE HESENESE  RER
HEM BMERTENEATIEE. UTAZTERMENITESR.

1) #% He A 2 i A e S st & + I E

DIEHME TR BEN T
DHBERES P
_F+G
G=y+A-d &)

A F O IE % 6 AR BRS8N An v & i, RS HEAEEMRET LN EE
TG A RH EEE B, e T KA DL T AR A R R s A p R E R,
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YT A, L #1643 FIAER AN K ERNTEE; y A LW RAEE B 20 kN/m®;d K
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OMEZEREE Z, WfE:

Z, = Z— < 0.2 4

Ao, M FE PR B ANRE 77 50, 0 B9 BN T 5
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3 HrREMENENE

3.1 BIREEFYEANE
3.1.1 HRARZAYERBE

FIFEETN 1976 EHRTM=MAMMKX 80 m 43 ¥R TM BIREHL M 1986, 1996,
2006 AFE T =AW X 30 m 43R TM BEER, SR B AFRELARXERNTHY
ZALEGL . B 3~ 5 R FILl 1976,1986,1996,2006 4-F T =M W b X ) TM &R
BRI E B 5T X ST R AR R B

AP AR B MBI 5T X L B A B AR ON - AR B T A0 % X R 3R A M 40 500 X 10* m?
(2009 FEF R L E L EE ; BRI EERAMER 22 900 X10* m* (2009 )8 . H&
XEFHBNBE 2006 FHRREAABERLEITUERGE D, ERXXBFEHTX
B P TR B T, 2009 R E S M E AR /N TR BUE, A TR E T AR S 2009 4F
EHEBEME(EM=ANERESETRRERAR)  MEBZEBEN=ANFLERER L
A E R B 2009 EM R RBEAMBREBKEEERLRY . £ 2 AWRRXE
BEFMEABREITE.
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B3 REWFORXEFAEABEE

Fig. 3 Interpretive charts of the building area in central region of Dongying City

B4 BANEBAEAREE

Fig. 4 Interpretive charts of the building area in Kenli Country

5 MBEEREFFEE

Fig.5 Interpretive charts of the building area in Gudao Town
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x1 FXBREFESHEKINARREFAAMERLE T R(10° m*)

Table 1 Statistics of the construction land area interpreted and collected for the studied regions(10* m?)
AR IFEREE E g £

BT X 38 1976 4 1986 4 1996 4¢ 2006 4

= 2009 48 = 2009 4
RERX 1865 4131 10 919 27 600 29 835 40 500
BAE 823 2 338 3974 10 300 13 436 22 900

R2 MEESEFEEFAMAREITR(10' m*)

Table 2 Statistics of the construction land area newly increased in the studied regions each year(10* m?)

BT X8, 1976 & LLRT 1977—1986 £ 3 1987—1996 £ 3 1997 —2006 £ & = ain

FEBRX 1 865 2 266 6 788 16 650 27 569
BFIE 823 1515 1636 6 301 10 275
W54 115 636 979 2 077 3 807

3.1.2 HRARPHHFRGAL

U EE SREMX PR ZSEAHE RN G T T, Br MU AR F S0 B R
ATt RBROALE & RE W ZERE O X 5T X F 8 R EaE 7 1, W P 3 Rk
M ESHEAFFERRE=2LRBTHNERAEHRE), S4EX2. 1.2 HAFHBIEK
AR AR X ER YRR S PR ME T E R BUENR 3 Fin.

x3 HREREFRAHEEYER FHFTHLEHR

Table 3 Statistics of average storey and load of buildings in the studied regions in different time periods

20 HH42 70 42 20 HH42 80 4L 20 HH42 90 4 ] IF 2006 48
L. TR TR TR TR
TR /kPa FHEE /kPa FHEK /kPa TR /kPa
REREX 1.0 9.0 1.5 15.0 2.0 15.0 3.0 13.0
BHE 1.0 14.0 1.0 14.5 1.5 14.5 2.0 15.0
005 4 1.0 14.0 1.0 14.0 1.0 14.0 1.0 15.0

3.1.3 MIARBAEEHAZ

EMERERNENT M T ZEMEENEEES. #RATST 5.0 m 5(#
BRTE TR ER 4 50 ZEalF5  BEE 6l #IRTE 0. 5~5. 0 m Z RIS # B/ T B fil
TR 4 FEREREAR R RS . ERBERABRT 0.5 m,

ROTZET — M E B F I B - b5 BB BT 5T B 3k e B 1% DB 43 51 4
15 EA 25 ERIERSN, % /B T b 3B 1 F A0 sty o R b A R R R, (R 938 3 T ¥k 54T 4
Br, A5 B E AR R R, Y 25 EEAYEMER A 1. 8 m i, Hig EZ 2R A
L 44, 308N 3.8 m(1/17. i, MEZ LR BGERF 1. 64, ZBFRETKPLKRBERELK
BIE, KM L EREHEERAREAY R AIES, BERETEAPHEMER
d=1m,
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3.2 HIREERNE
REAEFIMEM=AMBRX T ERNFREL. FET=ANLEL R B L

4m;Ft 2 mpBE 6 m DIT AT OKMEE 2 m, 5% 4 frn. ARFITALH

RAEE v=19.1 kN/m’ , s F + I RIRFLBR L e=0. 75, EREK d=1 m, RI\AF -

HREEAR,BAAFERT LRWAENS.
®4 BER=AMMEELTEHEXSBEITRD

Table 4 Soil parameters in the Yellow River Delta Region™*

A AL T A A BB
mEER TERDEL TR L RiLR 0~5 m 5~10 m >10 m
HREE/EN  m—3 19.1 9.1 9.5 8.5 8.5 8.5
FLER L 0.758 0. 758 0. 780 1.310 1. 460 1. 330
FE4 &%/ MPa~! 0.170 0.170 0. 200 0. 745 0. 855 0. 900

RBEAL 2.2 TIAHESR . EEANEK 2. K83 R4 WPYER 1, PHHE M
EAR S BR AT A3 BF 5 XS B B A B 7

2006

F= >77¢'S=1x9X1865X10"+1.5X 15X 2 266 X 10* +2 X 15 X 6 788 X 10* +

i=1976

3 X 13 X 16 650 X 10* = 920 760 X 10* kPa D
p— F4+G_ F+yG°A-d: F+20°A°d: 920 760 X 10* 420 X 27 569 X 10* X 1
A A A 27 569 X 10*
~ 53. 398 kPa ®
P, = p—yd =53.398—19.1X1 = 34,298 kPa €))
H—LTUFRRREN PLOREK 1976 —2006 £FEHY I BOMETIEERE SGR 5.
x®5 FETHPLOHBEEFAWMSEMEREER
Table 5 Land subsidence caused by buildings in central region of Dongying City
THEERS THEmEn HEX E O RE RE
+ K g ;f ;ggg E octi—1) T od oxti—1) T ou h+H & wf Jafl AS; S
B2 B Z/m /kPa /kPa Hi/m 2 2 Ry # B BRE /mm /mm
* % = * /kPa /kPa /kPa £ eli €2i
0 0 19.1 34. 30
o
b3 1 1 38.2 34.16 1.0 28.65 34,23 62,88 sz 0.463  0.454 5.8
+ 2 2 47.3 33.20 1.0 42,75 33.68 76.43 B 0,459 0,451 5.8
3 3 56, 4 31.28 1.0 51.85 32,24 84,09 + 0,457 0,449 5.5
o 4 4 65.9 28,40 1.0 61.15 29, 84 90. 99 ¥ 0.934 0,893 21.6 72.6
+ 5 5 75.4 25,38 1.0 70. 65 26, 89 97.54 t  0.921 0.883 19.6
6 6 83.9 22,36 1.0 79.65 23, 87 103.52 0.896 0.885 5.4
i 7 7 92,4 19.48 1.0 88.15 20,92 109. 07 i 0.892 0,883 4,8
8 8 100. 9 17.01 1.0 96. 65 18. 25 114. 90 0.888 0,881 4,2

RS ZRAEBERE P LK 1976 —2006 485 9 F B E E B PLFE72. 60
mm, £ LB TEE 2. 42 mm,
A BRI, a5k EGRAIE JUS4E 1976 —2006 FEFAYIBLEIER. B
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A 1976 —2006 4 FY FECH T PH UL 33. 29 mm, £ PV R 1. 11 mm; P
H1 19762006 47 2 5191 F B T PR UL 7. 04 mm, P YTRER 0. 23 mm,
4w #

S e AR R (A0 B BT X 8 LT B R I 5 X B S0 T
25 b S B T UL B U358, BT LA DB S ORI 2 B T M Ok IR O o
R0 45 T D S 0 R 0 S AT 4T » 3 SR B = 3 T UL 0 3 £
B BAT I
4.1 SRHR I EBESBENH

ESRMAT LY XA I TR M AD R AR,

TUA B YR 3ok R B AR T SUR M MR H6 T R B — SRRl
P B R R BR3P R SR MR — SO 5 1 R 9 A0 X4 6l 1049
— 1902 4F R I BHHIR R A R BOPT B0 LB T 3t 1974— 1077 bR B P42
Bk 4 12519861989 IR FHRRON 6 251902 IR EEFHREN 5 2.
REMENRE SR, GF N RRAPRE T HPHEARRA LB T LRME, b
SR M 10741092 4F f S SURMUR A 28 , A SCTE RHAR 25 4 X 0 R MBI ot
A AR TR A IR S R SRS R B B — SR B R R AR AL (B AR A
VBB AR ARE T . T A A SO BT X R U4 T R A R 1~3 12

Ho S B LR B H S0 B R PR T A A, R SRR B S B
T T NEESUSHE HOBE 28 50 976 0 0 B b B R 0R R 20 B 7 9 R R S5 7 31
PRMRBIT RIE R AR . HEURMRRE AN RE 1085 42 M HIEH 0%
RS BH BT K SRR A LR GB50009—2012 (S BALTE ) K0
WU BEFPH BB 15~20 kPa, RETH 1983 4R EETIT, 1061 47 % H 0y Hl /5 1 B R e
A FUH — SR AR B B BT DL AR AR B B SERR A B4 & B SUATRHY A A, TE A3
RGP BRI T 9~15 kPa,

ST R 2 B LRI AT S VLR 0 R AR MR T S T S T
WUy BB B A PR A T LR S 40T U B 0 kL o B R R
e 0 A S 2 T R R BRI T B s b T I SRR T
LTI 40 2 R o 8 0 R e U R B0 Ty R A R R 5
R K 3 B T U B 1 G R R A S R B VL R
4.2 HHERTHEEN

SR VIR IR % E B4 BRI (a0 A 2R %) A NE
FOBRMR HIRE T W SERG TR B H R BEIROE T ARNES
AR 5 TS A L S B SO BUME . B B SMBR ST R S R S VR,
L3 34K I 0 M R T 5 T L U R K RO SR A
SO RTABFURR M IR S B AR RIIR IO TIRR 2 28 (FA RS SEM T
M, DT8R S A SO S R T B R A R A

2002-08 WWAR B R Ik T BV AR B 0 AR 2 T A I T 83 B — kR . =k
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HER RIS r — %K HE R, 2002-12—2008-06, —F K MR D32( FARE T L IME R
3O B W B B UL B R KBS AL, TLFE R 77 mm, PLFEE &R 14 mm/a, D30 FRE T
LR X AR 0D R UL 8 8 /O 34. 9 mm, PLFEE Ry 6. 3 mm/a, BKFYULEER N
55. 95 mm, P PLHEE F 10. 2 mm/a"** , B: RPN GRERART TREN =4
RITTRER 2 BUIRERR 29. 7%, MIARET 2002-12—2008-06 o TREH ALK EL YT
BEEN 3.0 mm/a, SAXHEFTBRETHORMREHA S LN FHYIER 2. 42 mm/a
AR A AR ARk X1 B 450 BF 5 2 A BT = A D s TET 0 o i D XK 8 4 IX SR UL 3R 7E 10~ 30
mm/a; P2 F 5 F F PSInSAR $AR X} 1992—1995 4R 7R B AR 30 X 01 P4 3% X A7 L T
VIR 5 5535028 7. 4 mm/a f1 7.1 mm/a, 1995 4F B A 2 578 # R 7 B T 733
ULRERE H K 6. 8 mm/a, FIEFFES PR, EILHERT =AW X & T X8
&Iz M2 3 31 R B R A X T YLE RN 3. 42 mm/a, AT LUE 3. 42 mm/a BFHE A
ARERIFRTIFER B XM S5 A BT 8 o T 2 AW 85 300 TR BUE
HEAN 37 58 A FT RE S| A A 1A R B DR R 0BG T OK VEE RN, 58 bt R B
B2 ] B K B R R A g DX M M Y 52 s LR B A LR, T DA R B
R ESEREA .

4.3 MINE A=A E IR H 4 ER

B = U X T A B AR SR B S 8T AT il B T K B IR TR B
B XA G 2 3 DL R UURY 45 R R S 80k Kb YR R i T4 E
KENBHUEETEREFRBTRERREER -, B OTIREERE 10~25
mm/a; BHEEESIUNEF =AW B X T FTHERR 1~2 mm/a; £ EES AR E
= AR EUURY B B RA R 3~4 mm/as XIRESES R R IR E A MIFR X i
TR AT IX 10 mm/a; A SCHFEAF ) B = A Ui 3 X2 S0 77 38 5 3000t T O g s 2
A 0.23~2.42 mm/a,

FR I T 240, S SR T 8 B TR T AR B R A /N T SR T K 0 T B e T R
B, A Y N BOE B KOR UL R B T RS T IER, SRETRY B4 &
NEREZE, EAEZXFREREM=AMWRKNBRT , AN =AM XERYRNREE
AT 5, A B B it K LR A A — M EERE R,

5 & ik

DASCGEL BRI kR ERY B M E IR, RG] 1976 —2006 £RE T
X BFIE RS EE A R BN P E i R 2 5108 2. 42,1.11,0. 23 mm,

2) BT AR AR AL AH Lo T 3 8 3 N AR AL TR S T LR P R BB K

DEMBEIBRFTHRSEMEGE . ZTRE METEENE, B THATEERS. R
I ZERR.

4)3E 5 5 B = AN KA T K 5 T UL UURY B EIE A IR B TR
BRI R, B Y B B0 IR R AR B 2 X LR B S5 R B, IR
W K B BT = A N s X 3 T LR BT ST R BT
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Impact of Artificial Construction on Land Subsidence
in the Yellow River Delta Region

XU Li-wen"?, HUANG Hai-jun', LIU Yan-xia' ,BI Hai-bo' , WANG Geng®,
YAN Li-wen' ,DONG Hui-jun*
(1. Key Laboratory of Marine Geology and Environment, Institute of Oceanology,
Chinese Academy of Sciences ,Qingdao 266071,Chinaj;
2. University of Chinese Academy of Sciences, Beijing 100049 ,China;
3. School of Urban and Environmental Science, Liaoning Normal University, Dalian 116029, China;
4, Reconnaissance Map ping Dongying City Hospital , Dongying 257091, China)

Abstract: By selecting Landsat MSS/TM data obtained in four years (1976, 1986, 1996
and 2006) in the Yellow River Delta Region and taking Dongying City as the study ob-
ject, the remote sensing images of three typical regions with dense buildings (i. e. center
region of Dongying City, Kenli County and Gudao Town), which were acquired at dif-
ferent time periods, are interpreted by using ArcGIS software, thus obtaining the chan-
ges in the areas of the three regions. By using the layer-wise summation method of soil
mechanics and combining with the economic development and building load of Dongying
City, the contributions of town buildings to land subsidence are calculated. The results
show that the annual average land subsidence caused by the town buildings in central re-
gion of Dongying City, Kenli County and Gudao Town from 1976 to 2006 was 2. 42 mm/
a, 1.11 mm/a and 0. 23 mm/a, respectively. These are in good agreement with the re-
sults from the existing data.

Key words: Yellow River Delta; Dongying; land subsidence; layer-wise summation

method



