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Simplified finite element method of modeling gaps between
buildings in an urban seepage field
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2. Key Laboratory of subtropic Architecture, Ministry of Education, Guangzhou 510640, China)

Abstract: In an urban regional seepage field, thousands of gaps between building foundations make finite element modeling and
analysis very difficult, because the size of the field is larger several order than the gaps’. In order to overcome the problem, based on
the analytical solution of the gap flow, the seepage field was divided into outside and inside parts. In the outside, the flow was
modeled by half a well whose diameter equals the gap width. In the inside, the flow was modeled by a uniform flow. Between them a
local additional hydraulic head emerged. A coefficient was deduced to take into account the local hydraulic head loss. With the
coefficient and the well point hydraulic head modified method which is employed in seepage finite element analysis, a modified line
element formula was gained. The formula accuracy was examined. Using the modified line element to model gaps, in neighborhood
of gaps inlets or outlets, the element size can set to be one-third to one-fourth of buildings side length without losing accuracy.
Examples show that modified line element can model gaps between buildings precisely and efficiently. It can greatly reduce
complexity of using finite element method to model an urban regional seepage field.
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Table 1 Relative errors of head
BB ARFIME h [f N

AXR2E E/ %

/Q1kT / XQ/kT /(h™-h)/Ah
1.5 0.2728 0.2728 0
1 0.1361 0.1437 -0.34
0 -0.0923 -0.0977 0.24
-0.1 -0.1473 -0.1477 0.02
-0.5 -0.3477 -0.3477 0

A (4 A (7, ARIZEIMX — e A
Kk By EéﬁWE*E@&E‘UK% h, Z [H] E‘J7J<§‘<%?'\J
kT L T kT ZL
gln(—) 2 Q9 a (8
kT L kT ZL
KF: a=—-y, ﬁﬂ%%él*ﬁﬂi@@m, a RUABIRKE;
E NBEH N AR IR INBE ) R4
ft o 621—1n(4/7t)
T
X (8) B hgERah it i H A,
WO A, 5 3 WU AR, HinsE ZIﬁ
AR THEH N AR SRR B IR Sk 3 2%, AN ifmT A
B EEBRIR AN T TRtk . AEAMX edg mT R A — i
IR, BN L, 88N Xl et h
— 5, RN L IEAAAE R K Sk 3 2%, i
BAONBE ) 2R3 E IMLAE L&

D)



176 b +

b 2007 4F

3 Tt AT PR OCRE > R

R (8), FEAT FRICHE P XS T 44 kR
AN b

(D fEZ AR —IF L JRRC (8) il
1 IR CEAMNME WEAZT S L, 7K
I3 N = AT BTG, FME IEH KRR T I

(2) 2N XK B TANER I, B (8)
T 3 TSI

(3) ¥30 (8) HER 2 T SR B B g
B HA S AE R Lo BT
3.1 FHAFERITEF R

A BT, JF R 2w X, 2k
FERHBACEE . — R s e — AT AL, DU KRR
FEWAMAASK Z AT, K ARG S, itk
SEBr ) 8 SCHR4, SIHES T IR A 4 NS A
AR IEARAL B IE A5, SCHERI6]UIHE S T @ N —
=R R RI IE AR E IE AR, Ha Rk
(10> P, i@ sURIET R Bl s A2 — AN
HE—5oc, Wi 4 P, BTN 4, T i
MK R b, s FAK IR a, Ma,, s TSR e r,
AR IR IE R ARy, A

_ 2 ¢i 1 (aiz — ai2+1 )1n(ai+1 /ai)
SRS z(ﬁ,-( w
b, 1n(a,-a,-+1/’;f)—814v¢ij:29aw (10)
2b; kT

b SR P L fO8 R — AN TR BT
BEATINBORA, BURECA ¢, /> ¢,

L r, =LA (10) BEATVHE, BIRT1930AH
BT (8) HE 1 WURACKE IE .

AY

0,0 ' ha

B4 —R=ABHETHEIE

Fig.4 Head modification in well nodes

3.2 S

Pl (&) M5 3 I, WG4 XK A TA
LTt, THE X a MR ITTKE . BT AUK
KRS TE B Ay, 4% HYON 1D AR 1 =5 358 B m 7k Sk 4%
R M B IR 54 DALY AR I 2 50 BT

T W ITRA

a 0o 1

Ahg:(ZJréeréjk_T:?Q (1

L AD ARG HAFRKEE H
B g LRIy h— AR BTNy, DA% — 88
RUKSKAE IE R AR Sk R m #1247
THEL, BAERI o 2 AT, HE S 4% 1t
T EAER L R (1) BEATALHE, AL it T
G TN IS IR (1) £ PR TR G FROT AT b B, 4
Sw=¢6=0 Bar,
3.3 A RXKTERE

TR R R b AT IR
TR 50507 1 O 8 N 1ALk B TC AN AT ] b2,
BN e A ST 1 A6 5 724
AR SR 5307 2R IRORS BE O o T8 I LA S B
UL IXAN A, THERIANE S PR, Hb R KR
H, WEXEOABAER, PR R=300m, ZE
JET =10 m, ZAMPERMAKK A AWK A
h —hy=5m, %K a=300m, 4% 2L=50m, &
&R k=50m/ d.

:300_59| 54 R=30
4
[

hL ' hR

B 5 BAHHESHERBEEAm)

Fig.5 Parameters of model(unit:m)

M (8) HEEREO N

02 R a
k—T(;lnz+Z+ 2E)=h,_ —hy
FRNHFHHES R 48R R 0=3100 m/d, &
N AR Q A IR ENE=(Q' -0)/0, O N
HIR TG 6(a)~ )& E, LK
6(a)~(g) A IRk B TR RI Ak J7 2 AT PR e R 7Y,
Bl 6(h) A — AT BT . St AR 6 22 ke
2R . HTHEERI A2 HT0, SERE Q' H
TR EA R
. kT2L
Q=7—%—m

AB

a2

XA hy by 53R AE N ERSEH N T 50 m AR (17K Sk
B L, & A, B AR E .



51 Bk B4k RIX B PR U IR T BT T A ik

177

R2 HEREHR

Table 2 Accuracy assessment
GIMANOR B WIOTE R R ICTTTE ARSI TT T

LT NGN o’ E o’ E o E
/m /m*-dt /% /medt /% /mPed /%
200 3409 1000 3319  7.08 3093 -0.21
100 3354 820 3223 398 3088 -0.39
50 3279 578 3099  0.03 3085 -0.48
25 3195  3.07 2975  -4.03 3102 0.8
10 3143 139 2786 -10.13 3126 0.84

5 3126 0.84 2618 -1555 3106  0.19
2 311.1 036 2687 -13.30 3117 055

MNF 2 WTLUE Y, R V20 A5 21 42 B
(U SZ B TT RIS s AR /N, IR Ko Bk AT R
TRUE VS 2E TRPRE BE o 1 — AT PR el 21 R {467
V5 [V S5 PR 52 5 B8 S N 1 BRI T T A 06 20K R AR 235
WE 6. v LU, a0 S E L
TCITIERENEER,  HvH SRS B2 32 I &l 4 1) i AR
Ko

ALY
AN
XN

Q00
K
YAV

~

(a)2m (b)5m

<D
ay
/A A’“V}‘
Jo ASTRE
o AV
oYz BErhéN
DA SR
=E Ce
N SR
\ TN
&

() 10 m (d)25m

(€) 50 m () 100 m

() 200 m () —ATIRITER m)
T BT RORGER A LR HIC T RN

B 6 AN TR S TS R R

Fig.6 Accuracy assessment with different meshes
4 ZEILFAEHIN T O
FERS DR G54 2 . SRR 2 (1 s, A SHA

ST AR A IR A R R R RS
JEMEDL. BT CIA S 8 2 g8 3L RVE I b i, b
TR T L RIR R, B TE TR A R S
— A RITI T A BT IR . B T RHAK S5 R
R RT S A R A PR TT AR RI 43 rhont £ sadk
T TN, BRI &2 A AR 5
Pt RAE/N T 0.2 %, TRk 7 v 10 BR G A% &I 43
Wi 7)o, 5ea — M BRIG A% KI5 an ] 7(b)
I 7).

1500
1000
500
0
0 500 1 000 1500 2000
(947 NI, 1464 NI
(a) RIS R
1500

NN

1000

500

|
0 500 1 000 1500 2000
(26 804 145, 50 280 ML)

(b) — A PR T T SR 2 (i

1500

1000

500

0 500 1 000 1500 2000
(1356 M54, 1978 NI

() — A BRITHI TSR B (A )

B 7 ZLEILFER BB SR m)
Fig.7 Examples of multiple gaps(unit: m)



178 b +

b 2007 4F

% HYON T AR I B K/ Dk BHK &5 W B R il K
13~1/4, 2305 30 mAAf. wHEBR 42N
10 m, & RECH 50 m'/d, KAKHs, 224Kk
30 m, ZEMUBHIK 5 IR 48K a 2 100 m, £
MgE K a Xy 300 m, PHEEEMTEE W N LE R
3515, 10, 20, 30, 40 A2 50 m, WU 4 454%
ZIAITRIEE S 100 m, 55 5 4c4% 550 4 4850 im) i
200 m.

3 FATEREREXHRE

Table 3 Relative error of discharges

faitk. fA R G
g9 sk ik s A

/m /m Qo O Q170000 0> (2 0Q0)/Qo

/m’-d! /m’ed! /% /m’-d' /%

s 100 1034 1056 2.08 105.9 2.41

300 909 920 1.23 92.1 1.28

o 100 2143 2172 1.37 2218 3.52

300 1900 1914 0.72 194.4 2.31

b 100 3897 3933 0.92 409.8 5.18

300 366.6  369.7 0.83 379.5 3.50

5 100 5312 5371 1.11 562.0 5.80

300 5269  529.9 0.58 544.6 3.37

s 100 6813 6884 1.05 716.5 5.17

300 6834  685.8 0.34 708.8 3.71

5 100 7578 7639 0.80 807.3 6.53

300 7741  780.2 0.79 800.8 3.45

B 7(a) ST A2 BRI R — AT BR Gk
BREHL I E R 3 Pin. WEATUE L, &
W5 IR R O, te— AT BR G N w57
TR O BN, KM ZE N - 2.08 %, T/l
—0.34 %, HREEHER 2 ML, 2R ESS
FESEmRALL, BAA R SSENE. 54,
M BT R GV R K 0 1 8 5 TR A VA AR
i, RZEAEOR, R FAEL N 6.53 %, 1
TR B ST E, — B PR IGIE A% 20
RIFH R

MAGI T UL, B8 B sh 1 wifb oH A 2Q
12 B RAH SN BE T, w] DU I b i oK
DI N ST IR IS, 98D T A Rl 3 1) A
H, NAKRIE . AWK b, X 2
AR HES EL A, R AN X — i 2k
BIE KPR B A T T 68, AT A e R 5
e

5 4 @

(1 AR EGS iy 4 % . X

K RUEE SR AN RS RIZ LA R S A e
FFELHG TR KRR, 51 AME IER L Bk
X BB R IO4ENE, LR b IR R
S BEBRT A O LK S50 I 13 ~ 1/4 I
EEVBERAE R, e T BB Rk
OB A3 R, 828G T TSR

(2) HURSEBREINMNTR, 258 4 i,
A4 SEBRAEN 5 T IS RIS XISy, 44
AN AR B4R IR, SEAMX i
AL AR, BINHIRLD R e, st
1N T DREE 1 o KBTS A A T 5 6
Sk, HEAREI L) Rk, R %
R, SRR AU IE AR, 48T
A7 2SR e P LD D 165 4 3 )
HHITEAR.

(3) St A BIIAE T R R 5
B T2k e AR AN, RIS SR E T 15
2 SR 52 23 R P L e W

2 % 3 MR

[1]  FREAs, JEfhHegn . R /KRS el 8 BuE 7% M.
B B AL, 1990.

[2] Strack O D L. Theory and applications of the analytic
element method[J]. Reviews of Geophysics, 2003, (2):
1 000—1014.

31 ERER. UKD (2D SmimshfEiem]. Jbat:
I AREUA HRRAE, 1990.

4] BMER. LS B R EE ). A s,
2002, (3): 257—262.
MAO Chang-xi. Numerical computation of seepage flow
for wells and well row[J]. Rock and Soil Mechanics,
2002, (3): 257—262.

[5] ZHG, BRF. A BRIGE T SRS RN e sk Ad
BH[T]. /KF)2E3R, 1984, (5): 41—50.
LI Zu-yi, CHEN Ping. Singularity adjustment of wells in
seepage field calculated by FEM[J]. Journal of
Hydraulic Engineering, 1984, (5): 41 —50.

[6] WUk, JURNFR, TKEE AP INERAT TSR s
RALERT]. KRR, 2003, (4): 74—79.
CAO Hong, YIN Xiao-Ling, ZHANG Ting. Relief-well
point adjustment in finite element method for 2-D
seepage in horizontal plane[J]. Journal of Hydraulic
Engineering, 2003, (4): 74—79.



