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Abstract Finite element analyses were performed to find out the load bearing behavior of three kinds of shallow
foundations. The analysis results for strip footing showed that local shear failure mode could be observed for a zero
dilatancy angle and general shear failure mode could be seen for non-zero dilatancy angles. The ultimate bearing loads
for non-zero dilatancy angles were approximately 1.5 times higher than that of a zero dilatancy angle. General shear
failure mode was observed for circular footing and square footing regardless of the dilatancy angle. The ultimate
bearing loads for a non-zero dilatancy angle were slightly greater than that for a zero dilatancy angle. A comparison
of the load-settlement curves for three kinds of footing showed that the load bearing capacities for non-zero dilatancy

angle were greater than those for a zero-dilatancy angle.
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H %*1% o\j —5‘]—231:}— ]—Pé ]E]_}:

A 7129 S gL SO Auldme Fzol
7|2E AAEhE FS Addhay S 8ate 233 g} Adubddaly(general shear allure), ERRe

a7 A = AAT Fart gtk 712 (local shear failure) &1 A ww}s (punching

2 o

Ate]l A 7h sk Agols dRTEE] F shear failure) 2 Uis 5 ATHTL @A Fe7)Zo s}
=g o] wAsY 9ol mEt = SHE RSl o sexXYy Fetgs 247 uw Pl AAE
= g meb Z)zARe] dgeta s A A% sta glot XX g Hahe 71z aF-ug] A5
ZNZAA el ate] g2 AT1-5PF A & Aeiy dojAuw sF-uAES FuH o 37}

= dde] o] 244 AAY dSHS Prandtle®] A7+ o zy A4 Y= 7 2AA7) b & 4 IS

[6lol 248k QIth. Prandtled 493 F4% F5A17F Aot} o)¢} Beds) Sx|aiAe 7% at5-H 9]
*Corresponding Author : Su-Hyung Lee(Korea Railroad Research Institute)

Tel: +82-31-460-5399 email: geoxlee@krri.re.kr

Received July 10, 2014 Revised (Ist August 25, 2014, 2nd September 25, 2014) Accepted October 10, 2014

6322



sz 1A AT B A5

F2 oot AT WHoIH T F o AT A QAN D& F) FHLEE ok HYE
B o8 Aolk meb

bl 53], %9 WA ZH(dilatancy angle)ell W& 3}5%]#]
7%%% é_hﬂk’_‘LX]— O]'M

2.

0]

HA47H

ol

7129] S AAAE XS HE & freta
Z2Q ZSOILS ARE-SFATHE]  aA oA Wk
Mohr-Coulomb2 25 4 g3tl=dl & AHe 3. s Znt & 2
15kPa o] a WHupzzhe- 25° ot} a2 ) akA Whe]
A9} Eobn)= 242 30000kPa ¥} 0.3t} & 4ol
2 = AR 7Pl e B3 AE
9} Folgr|E= Zh2 30,000000kPa 2+ 0.20]T. 814 ofl A
A 7122 Wr2e 4372 T3 gAY
209 w71z A5 HHAHPESN A (plane strain
analysis)s st Hi A7) A5 A
(symmetrical analysis)g S35t Hv FA4E 7%
o] 79 3AAE FaAsHA Hrh Vxe ZH7|
(surface footing) 2 7}48}9l =] 7] % vigAL &3} 7]
Zubet Abelo]l A7 §1= AZ vt rough base)

rE
{o

W) zol B Aol glo} el Haswst ot
A1) WSIHE S B 7o) ket ek Fig, 13} 2
o, w729 Fe mz /Mgt ons A A E Im
o £& sejstged Aol e AAzACRE A4
AN H95e FUFon WE TEHAZL
o ollxe 3 L QAo Wl FEAAT,

Fig 1o Heit} 915 451409 UAMES 5 &
w B374o] gl A9 V1% QA
RnE A1z AAGRS Gt FawlE 2
> 9t Fis 1()%} Fig. 102 53l o 5+ Ql%ol 4%

—[o

to] o) 3 1) s oF A
om 7]-740]—},\‘L ]}_9] E_E..Q_ 2]']'1; _5_}_0:”:]_ /‘]’X]EQI 7(‘] 210] 3)\ ‘4’ ]}\]9’] -?411]1]51‘_‘ zj‘i‘_{%-l}"]’]oo}(\)
GAZEAS A7) TS WA FH=d) v % = B3 vk =gk WAzl 5 2k 83 <l Aol
wal mele] Ao AsA ARATe] waw ygzre A0 HIA] WAME PG s el gle} Zpol7p

5ol AEARAGING )0 1/3 Ao ghe wo, = 19 Sl k5 lvh Tz A e A e

28 myjo) A4S B34 5° olate s Hola A 3 7g7tol| whe} W)W (dispacement map)S &3l

kil Flg 29]— 2t}
FARRE] A9 W7+ 0° o|tHl Bolton® TH) . .
A

o] 2 YR disto] 4 (1) B 4] 2)9} 22 47

(¢3

[o=

_ & B3l & & o] /2N A 59y
a=305k  (HEEHE) W o Qlof A713ets} Wolge] B ggelo] Falo] u
a=6.251, (AHHAEE ) 2 ]9 o 4= oIt} Fig. 17} Fig. 20 27HEAS E3) 2
u) APEAR] ol m7]ze] BhE FAH Aol =
2 (D3 2 0A 2 BZA S (relative dilatancy  9g7+S medsfol de Aol sFEA X AFe] BALL 7}
index), Z, 2} (3)7 o] XHET T & g Adnk mrlzel R sk Hels 4
7ol whet R Fig, 39 23 4 Fa 79 5

I,=5D -1 (0<1I,<4) ) get(Q, )& YR Table 19 2.

6323



FEAS71E8 8] =2 A Alsd A0E, 2014

o

(@ =0

AR AN e
D

b a=5"

A AAAASAAIA A
e, ,’,, LI
¢ T

() a=83"°

[Fig. 1] Displacement vector at failure with
angle(strip footing)

dilatancy

6324

[Fig. 2]

() «=83"

Displacement map at failure with dilatancy
angle(strip footing)



a4

2
T

gis

o

is

o] 515 A1) A 5o

=

© 7]

—

Fria,

&

[mivineasauzammm

B=

Load (kN)

oy z T oRo %o R
g g G T
k= = 9 T T =
ES] kS| = ) Wo o
= N ok W
5 R S
LT T T B = T
S = o o o BB
N ] £ B __ﬁog o=
[ = =) ~ oY Y =
|| £ ° o & o ,...mu MAﬂ OQT
rai ° p=1 o 10 = ot =o 0
S N i cE FIe R
g .3 S &9 o xX o
it 1 < 85 ° & kit owm P
+H H s 2% = T g5 RT 9Y o
HHEE SO 23 ¢ P
g ] 23 85 wZT N X
H ! 5 2 S S ol N
33 | IR S5 B o X
& | = d\ o — ‘_IAA_VH TO ﬂo
a2 RZ) 0 T A
[ Zh-11] = o Eo .
= g [a s o = =
A S o
— ._Mu_ < X oF
< o o+ Te) a2l
23 g BV o oo
L ._W. < N e
& _ — ey e R
3 K o &R %% 3 B®® W o o
g R ®Dd gy DT ST
o~ Gl 0 ) =
5 (3|8 LAz RTTgsdEF
g = @ R G o N B M R
- 2w W o BN o BK 5 T
= = ° RIS K T B =
2 £ A oy 2 PN g I BT PTT T
3 2 m S W o ® g D B
S e TEENEAT & oa BN -
e = m 0| 8 Q um S wp © AJAI o5 o oF —
P E =) © N o BN au o T wj = L
~ <z 8 RO T meo g B om X =
o 7 " —_ 9 = ] = — o
2l 4 v g b e 39 ﬂo%mﬂi%ﬁaﬂﬂ'm«mﬁﬂm 5
7 g ¢ 5 3 =3 o of o I T W g e X ]
o o @O 5] on @ = s E.o X o o = +H f [~ 3
gLz 2 2 A I - R i [
cow | § B |o8 S hem Lk g 5 e o
. 8§ <% i.m?wﬁ%ﬂmruﬂﬂem -
= - 21 QG o ey PR X HH —
5 0 AT o0 i ~ — ) H m|
—— iy ‘m S = e a oo o H MM i Rt H B
£ ‘ o o=
9 = s 0 o1 o N = T = . N T
No = E =
° g3 88 2y g 2= = o o g % N85 E @ . EEElE 1
© 9 9 9 g o | — I o?_ o fist ,mfl ~ 5.0 3 X E ,D!
© o o © e - | oy = e L2 —
— m M= T T B g s
(w) Juswapas ™ @ 3|~ L — 2 o oy X
. © < o N e R w oy E .
o @ oo N o5 owodx T w0
L = Jo B W N R W e WY oo N

6325



A7) &3t Ei=52 4] A15d A10E, 2014

gl

k]

>
Q
g 5 0w
E -
o < —_—
= c
= = -
z £ MM
[0} W ~
E o ¥
. & 2 o
i ® . & mm
= B0 10 - !
o 2£ I e ¥
2 B S gE <
= = 2 g 8 oK
E o € & ot
[P h—1 el
g 3 5 2
3z £ S -
%,m\ 0 o LE
a2 %,n(b\ 0
2w a2 3
A s 2 e .
— Ag§ W
~ — oy
% (e 0] o~
i s &
L
—
o o T o
oy g N L R T S
T 1o T s = ﬂ?ﬂmomﬂmha/egwﬂwﬂ
) _z,u . “ i o w0 BT ok m o O ,hm &
O mm m e oy wm T R LW " E N
B < _canm;ﬂmuﬁﬁﬂ%ar.
‘WL = = = 0 \w.oﬂ__lll —_
g o T S o S = e s X o
T o= Bo 8 LT 35 % ST IR
. [C = | 2 S = BB oo = e m@ NI
R < 2 s N = e < = B
ey = I ﬂﬂﬂ.ﬂﬁ;@l = N
= = b= © mo ok B o) R T o B,
o o T © o] 2 [ ol o OF oo ny
T o= o o 3 o E Ty BT o
=P 2w S > S A R N e
W TS S - 3 E R E TR b ML TR
=T 7 = in £ ook g _/OAT < N g
0 )
ar s g \ B ?mﬁﬁmﬂ%ﬁ#%wﬂlﬁﬂom
o W A W ! 2 o o o0 o nr Wv ﬂ7Ar L g ® o))
"o T R R gLl ELR TS
,.:L ]‘Dr| o ‘&E o T ; . : — Eo o = o OW Ho” =) MH ,vZM e i o
T e o L a4 m e u s e & FEEERTEIE
m% o KO o o o 1=} o . © Yo o o5 e S on W T o
Y " (w) wewapies e 8K g o o No ™ BT AT <
o = o e o T =
™ ooy T o = X N G R
Mo 5 0 o B O S®mE M ®

1o

°

A

o] W97}

g)]:

&

= A b

=

slo] 34 7]

6326

=0"

(a) a



E27)| 29 FAAAF BE FAF4
735 Aukd el dAsHE AR 9 7L s e] gl - 2) 987z} AAE 7]z Ak s At w2
o wjs] F& & 4 Utk Fig 8& B3l & F %ol 7] A g7t EAe e BAGle] Al 7% L
ZAE A FHRAR] F Aol Fghste] o2 7h AYF) Ao Aake] B7E wAlste] bty
I L N LR ES L R PP el 5 glom BPzo| 9 4e
3% AL Fig 914 2k of FAA7H gl 735l sl Rk Rk Faba)
Fol glolME Bzl U 497k gl B9
Load (kN) nl3) oF A& 7|z A9 8%, A7 2] A9
. 0 10.00 2900 3000 9% Z7}srach
3) Al FRe) G Zol vste] 14 B3 Qe 3
—on | FAARAL AR o) YA F5E 55
: A%ee] He & Ak
£ 02 | 4) Felzol ojg FA SN ke SR o 24
g o 2 ) es]z AAe oA SN S
03 | T Odegree ' Aggond AFANASS & o FelHom
778 degrees ! A2 4 9 Aoz slhE
04
[Fig. 9] Load-settlement curve (square footing)
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