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Numerical analysis on the bearing capacity behavior of footing foundation above void
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The cavity effect on the bearing capacity of footing foundation was investigated analytically by using the
elasto-plastic 2D FEM analysis. Several factors, such as the void location and the void shape, affect the bearing
capacity behavior of footing foundation. The load and settlement relation of footing foundation was analyzed
for different conditions of the void. In the FEM analyses, the geomaterial was supposed as an elastic perfectly
plastic material. The analytical results indicated that there is a critical effect region for the void under the
footing foundation. Only when the void is located within this region, the bearing capacity of footing foundation
varies considerably with the void location. In addition, it was also found that the bearing capacity behavior
depends on the cavity shape, such as circular and square.
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THhE, BCRIF09UELLRE, DEDLHIZZ=HD
WEBE BCROI Y =75, ZZHOFE % 5 L /- ik
OXFENEHBHNCEETHIENTES,

Y/B=ay(Y/X) +b, (14)

Bearing capacity ratio : BCR
(ratio of no-cavity condition)

” O BCR=0.9
A BCR=03
& BCR=0.7
O BCR=0.6

Y/B ratio

7
BCR209 7

i
0.0 1.0 2.0 3.0 4.0
X/B ratio

F-20 LRFrXEFEHICRIZTEEDI4—H
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3.6 ZROMBIFrIHNCRIEITREOELY

2 RICHTAYE FEM &84T % VW C, RO E DS

WRIZTREIIOWTHETL, UTomAMELNL.

(1) T WERE-ABOLTELABEOHEMILT
HAE D, ZEEAHBAICEETIUL, N
KFLA 2L, BROMEIESISEVGE
FTEIIETL, L0/NSRHETRAKL.

(2)  BCR & SR #HWVT, ZREITHEINIRITTE
BrEslGHI Lz, FO/RE, By LEE
PREE X PEAEIE B O 3 fELL LRI, BCR &
SRIZFLT, BLALEEZRIZE W, ZDZE
ERIL, TGOS OE L S CIZEHETS
A2 ERRE L MEES N WEIRICAHYS T 5.

(3) HBOBEIERRIE, 2R S 22
T AMBETIERELY, BCRIMET L7, LaL,
TP EES» O HDREE )DL L, ERHIE
DRI EF L1274 D, 2 OO BCR 134
10&7%5.

(4)  ZHADNLE L BCR DRRIZ, 3 kGZER oM
TERRTED, ZAPEEIENVIEICHEET S
2L, HEIDOTEICEDE BCRAWNSL kD, T
Mzxt LG, ZRFEEr LM 513E, BED
TEE~IEDE BCRWKEL 25,

(5)  ZHRAOMNBEE BCRDI VY —nb, RO HE
AW L BRI A ICEET AL
PR TH 5.

4. EROHRFXHHICREBEITER

4.1 FHEBRE—LTHESLY

B-21 13, RO EWHERE % 2L 2RO ERE
RO EEL — O T & & ZEEROFAIL T AR
THhb., FIZiE, Casel (WB=0: Z2fi#EL) L VB
1.0 DRFEMN L7 — XA %RT. Case8 & Casel0 FIE LT
ZHTHY, Case9d & Casell IZHALERETH S, 22H
WiHEIF& A 12, Case8 & Case9 7% 28.27m’, Casel0 & Casell
250.78m’ TH 5. AR L EFBERIL, WK A A58
T5E, ZROBIKIZE ST EDAHENML T Casel 12
FEDNT WA, Case8 & Case9 DIER LY, WEEA &
2 YPELUTHIUEL, XFRHNIIHBEFOHHAE L
Lk, I, WIHEA O/NEV Casel0 & Casell DF
BEro AR ZENER LA, MBOTFHOZE,
WTIEFE A DK E V> Case8 & Cased IZHERTESTH S,
-22 i3, WiEfE A 27 2827Tm> DRI LR TH 5.
Casel2 & Caseld IZZHRARDIESAFHTH Y, Casel2 i
Y/B/50.5, Casel4 |3 YIBH%5.0 Td 5. Casel3 & Casel5
EZERERAHETH Y, Casel3 id /B #°0.5, Casels
& VB 2750 THbH. HILEIEFEOZERILC, o
XFRNE, VB HEMT B EEMLTW5, YIBAS50D
Caseld & Casel5 13 Z2{H A3V Casel L ITIZE L TH D,

F 72, BRI L A IOES LV, ZHSFL T,
Y/B %*0.5 ® Casel2 & Casel3 &, Z2RILIKIC & B34 EH
DEFR NS, KA Caseld DIFFEI I,
ZERFRDIE S D Casel2 L D b RKEV D EDOZ &M
5, AR EAREROZRHEIEL, MEEHOFFKE
VS, ZERORE Y EMEEAIZL T, ZFEBIRIC L
LERHOENRL D,

—

15000 Casel I(Circle , A=0.78m?)

Casel(W/B=0)

?

Casel10(Square , A=0.78m?)

Footing pressure q(kN/ m?

5000 Case9(Circle , A=28.27m?)
Case8(Square , A=28.27m?%)
0 P T T T SR
0 2 4 6 8 10
Relative settlement S/B(%)
E-21 FEMRE—AMLTERR (V/8=1.0)

:

Casel5(Circle , Y/B=5.0)

Casel(W/B=0)

Casel4(Square , Y/B=5.0)

Casel3(Circle , ¥/B=0.5)
Casel2(Square , Y/B=0.5)

Footing pressure q(kN / m? )

1 L i 1 1

0 2 4 6 8 10

Relative settlement S/B(%)
H-22 FEEE AL THR (4 = 28.27m)

4.2 ZTRAWBRICLDTHFHDE
ZEHOKHEEA £ EX YA R—ORE & IELFEOZEH
*HTLHBOTRSIOW BCRy %, ZFEBKICI A
BHoEZEEMGHET 5720, X (15) TEEL -
BCRs A 1.0 DRHIME \ISLH S DENE L, BCRHS 1.0
PEthiud, ZHNIAREROEFFKE N, RF0
Gycreo S EZTARRPABLOEBORRTETH Y,
Gysquo\ E ETAERBEF RO EROBRRTETH 5. &
B, BITEOEEHEL, 3. L FERIC logg-logS HiFRIZ
THEEENLIEI1FNEOWEL L7,

BCRs = qy(iete) / y(quare) ()

B-23 ISR OMERE A & EBREBRICE BXEHL
BCR; DEMETH 1), H-24 132 DFE S & 22HFARIZ &
AZEFENROBBETH L. ZNFROKT OB, &
N2 X o TR L7 1 v 71 T H Y,
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-23 i3 (16) »ofEml, E-24 13X (17) »5H1E
WLz, TNERDORFD g & as, byl b, TLT, ¢
&, RAN2EEPLRILEHTHA.

BCRy :Z%)ers (7)
7 30 1 o wB=05

- A Y/B=2.0

25 O V/B=4.0

2.0

1.5

1.0 {1
0.0 10.0 20.0 30.0
A(m?)
(-23 ZZREOMERE ZRBRIC L 2XFHHEORER

Bearing capacity ratio : BCR
qy(Clrcle) /qy(Square)

30 r

N

O A=3.14m?
A A=12.57m?
[0 A=28.27m?2

25 1
20

1.5

1.0

Bearing capacity ratio : BCR
qy(Clrcle) /qy(Square)

00 10 20 30 40 50
Y/B ratio
F-24 ZRORE ETRBRIC L B3ZHFEHEDORMR
B-23 IZRT LSS, VB BDT 4 v T 4 ¥ B
BCRiX, WIZ10LLEDETHL, ZOZ ks, ZEH
DWIETE A LES YHE—DEFE L HERIRO 2/ O
HEOTHENZ, EFRL D OHBOEROHAKRE <
b, ZLT, ZHOKEE A "KEL%5L, BCRs
MU ERBIROZEPIKELS R A, 72720, YIB W
05 D7 4 vF 1 v 7B, A DT 2827m* DEET BCRy
P28 THAH, THIHLT, VBHFE20D7 4 VT4
v RO BCRs 13, ADHEINL THIT & A LHEMET,
RKMEA R 125 THDH, ZLTC, VBHFA40DT 4 v T
4 ¥ 7 HHRD BCRsI1Z, A 2SHEIML TH T & A LHINET,
BAMELH 1.0 (BCR>1.0) ThHbH. Lo kb,
FEE Y HEEEE B O 215 L2, BCRs 2513 LT
Y, ERRRICEAERHNOENITILEAE L,
R Z Lid, B-24 5052 5. BCRIIEIZ 1.0
ULETHY, ViBINEL DL BCRIHEML T 5,
72721, BCRs D¥SINOERNL, WIEE A I L > TR 5.

BiZIE, A DS 2821m* DT 1 v F 1 v 7L, VB AT
0.5 DEFIZ BCR 2.8 TH B, 2K LT, AH3.14m°
D7 4T 4 7RO BCRIE, YIBAT0.5 DEFIZH 1.25
THY, YB HBFELLTHIZEAEHENML V., TDZ
Ehs, BEOWTERE A 273.14m* £ ) H/NZ V2RI,
BCRs 13T ey, ZZEIERIC X 2 OENZ
EAETR N,

(-25 i, B-23 £ [HM-24 % 3 RCEBTRLAZB DT
b5, BRAERPZIRDIRIZTHEEOKE 2T, WH
A ELIREY, LT, BCR, TR S N5 #iH CaHE$
LI ENTEDL, 3RILEMTO BCRs 13, ZEROWERE
ALESYILEoTER->TWS, WTHE A NS,
TV EICHEET 52T &, BCR (& HEOEmEIZED
ER10L>Tn5, 7272, BCRIZ 10U LETH 5.
ZHITH LT, WEEAPKE L, BONEBICEETS
ZWIzE, MEOTELNE» > Twb, 21T, BCRs
DBEKMEIIH 28 LhroTwab, DEDOZ e, WE
BADVKEL, BUWMNEBOERIZE, ZRPRICLSE
BOOENEE D, Thbh, 3.0OFRELEEOH
R LY, BROBTAEENCRELSEETRIZ
TEAETHIE, ZRBIRICE AEFNOZELEE IR
b, BT, XIB & YIBA/INEL, #FLT, WBWWKE
WL, ZBAOTRIC L o THFHOEISEEIC L 5.

N

Bearing capacity ratio : BCR
qy(cnrcle) /qy(square)

A=0.78m?

®-25 ZERORZ LMFEML
ZRMRIC L BTFALICRIT TR

4.3 ZROTBRIZFHIRIEZTERBDOELD
2 RICHEEAYE FEM AT % F\C, ZEIBIRIC & 5 28
DXFHOELBET Lz, dHEe LZ=RERE, HE
CIEFHERTH L. FORHEE, LTOHAIEONT,
(1) M EMRE — B0 T & & ARRIROMTIE T
BARE D, EHOKHEEA LHES ¥ 256 LEE
2o L EFRERE BT 5 &, HHEFHIEAE
OB HRE,
) ZIERIZE B2 XFRHELFEMT 5720,
BCR; # ™72, BCRs &3, FAEEREHT S
WM DOHRPEDOLFHT & IEHTBER AT 5 ik
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DIEBOFTHN DO TH B, A H3.14m
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DEK10 &E%Bb. —F, MERAPKEL,
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DESHEIIR S,

5. BbHHIC

ZEHEET A HBOIHIFEON, BHHOME LE

RPEEO T RIZT B % BAERTIC & - THRES

L7z, BONLBITERE, 2 2oBELHVTERN

VZERG U 72, 1 213 #F /7 I (Bearing capacity ratio : BCR)

ThY, ZWHIFELLVHEEORRITE & SBHTT —

ADBERWMEOKTH S, b9 1 2L TH (Settlement

ratio : SR) T& Y, ZEEAHHIE L 2 WHIBORRREETO

HBEOL T L BN — ADBEKEE COXEBEOR T =

EDWTHAB, #LT, BCROAY¥—E Y, ZR%E

A HBOEROIIFN2EHICEE L, Lal,

HEROIK AR 2 XHB & T 501218, UTIORERE

BH5b.
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