b slamle s 32 @8y ol o1 2 35 50 31 21 610551 1 (AL lo3T (ouw)

G S0 Y 0e2g

Foband wygi HLadl gl olea T IS 0318k asl () Bols ole

Ol ey o oDk ol5T ol&zils clisizs 4 pole axlg oyl jas  cwaige 09,5 )
a-bagherzadeh@srbiau.ac.ir .l ! <yl x5 « codl 83T olKitils lidios g pole Ay ()l yoe cwikige 05,5 -Y
U‘)”‘ ‘Q‘)‘ef ‘SA}{.MJ‘ éb" oKisls ‘u.:ds).e,w J..>l3 ‘u‘).o.c ‘swd.,.ero os)f -y
Ol eyl i eeedla] ol5T ol&isls clisizs g pole axly oyl jas  cwaige 09,5 -F

TS

i g ST a8 (ol Sl 955 IR 53 Bylo ISl 45 3,5 525 a3 ¥ lon S by 0 10,150 (55 53
20 99900 o (o 4 (2, )k 4igRul 0g2rg Judda 45 WS (o0 1B 3 0 5l @)l G,k ced (b sl 5l sl
Sleusle s 1 28ly slo 1o o1 Joo S (595 1 P Buutlo 3T dini (! o il oni SIS (o1 325 L g 09 g0 iS5 L2 (o Az
Sopd Jao dlewgar (g3g0e 3y I THL o, laSHk cod wigliie (65,18 o 9 Cwlis b s SHU Y L oles g (Ko
5 o gl Yo 515 518 b Y95 iy 51 (slailgiunt (y30 53/ sSd 5 Joka (6l ghaloT sl 00k Sl (gt — S s (ol Sz 5
ol 485 oLl 35 30 31 )5 503t 1 59 Chnis S5 5 (5 451,5 S0 g ol yundi |y o gy 1 ol ks Lol ot Y+ 1|
sl o (Ko (lausle s 4 Comd glopl (o Sz Gl SEL 3550 5l ) Sl g nd 4 D92y o5 Canl o] Silky @bl
Caolsd g (ol (o B D) ¢ [+#YBD 3550 51 2,5 ) 610 lo s (o Gid 2 oo nnd S3U gaY 9929 L slamlo piws 50 a5 5 y9bay
T35 b b Red awlo gl lonld (o G5z (. yeS 5 ol ool Cawdds d2 B AT byl +/OD (5,518 Gos 5 /YD ms S50 Y
] A1 G0y PO idlS b so/bits a5Cusl sl Cawdds 4z 53 FIA b ply +/+FYOD 35 o

s olols
Sloyld (o 35y 3l ZH Hbletuzo SHLAY (g (S (gL cud,b



oo —)

SE SIS Gl gole Saw (il B 5l n el (ornl piuaansST 3o 6 SIS 5 (alan 50 50 5 e 6,951 S
52 i 5 oY ploj SIS L S oo )8 Aol Y (g9, SISl s pman slaaY Gl e g 0edioe JSS
5 Sl pbolinl SB- slafds 251 098 b a¥lee JS25 JWo e 023505 o0 S8 S 890 Caled )3 9 wamd o0
sl 00l gy 0 SS90 (959 exd L AVl Sl Baion (ol 5o ¥k (res Coeal Lo o

50 [0)500 Sl )3 35250 BT Ygans wilonds Ly S Kes (533 ool 1 o el laig, 15T a8 by
S92y Sy oo 5 @il e gl co ISBT SiSS 5 Slalllas o y?—"-’-“ a5 il U sleaY gl ol (S g 005
Baliite ( SeiSTs) bt 1530 5 o~ S 18,y Wl o Lol sl 4zl 326 ol 530 glaayy

€5 onl Gamyd oS WgS o0 Y8 S he 5l @) ISl oy yo lag (35 0 GINSLL 2 edle )lge 5l (g ks o
@ 0% Sz g Wlees SRlgSh G 0 JLad wedioe 3y (0w &S (2la S S50 00t e et (o 4 2l S )18
lojlailccnlnly sab oo 201 (228 BB Hob a2 623k udyb g wib oo I BN S 0 5l )l Sk GRIPIL g oot il o 3las]
IV15 e oLt | e 5 e il o

(Se by hend SI (59) 2 GREE 2518 Jio plyed) 4Y 93 SL 2l )b byl addllas Gudow iy o
b gy 2 8 e S B Ll mea VR0 el 4385 50 5 Y 4 S (g5, asdllan 5 [FY]ous plonl s
Sl s Slalllas s 536 Y Samgrll clopls & 52 355 5l 5,4 il o o Js [¥ o) Al el 43 50 00
S @y g0 S oS Y 0925 :slo @5 0 ¥ AY S a0 0ol plxil Sldllas jidw pl jo el ool sl
b oo B35 50 5l 2 9 635 0 sla)l Sl o Y wis

5 son b Sl lasls f e Jly o Lo @b Sodib p (B3 ind SHL VS 0929 STl e 5 5l
2 labmMe b sk a il (FB) (g (250 e Sz 998> 5| 2aS o556 s Y (625,18 (Bos amiliz 45 Wiogad (3138
s Yy 3529 45 035 el G825 (nl )0 eizees Sl Sl g ol Rk Sedib g (S el )
IV ]oss 8oy Aeas™Bis )b cud )b rals el Wlgh oo (59)l50 ;0 S50

L S5y Gl glasle s @ly lonls g 18, (olboSz s S50 Jo lagiales] plonl b ) en 5 (5 S
\Bss\):;q Gos )0 xd Y (o) joe lead aisle Gams SLAYG s @lasls yis ol Gaad ol Billas aidges gy
DIVl als g =SB i (S 5 lopls (f 25 )k 28,1 51, b i (g 252 B)

Sllllas 5 slasgarme 5535 b gho anle » jae 550 5l 25 5L ST a8 )lgil o )18, colid sl Sl
s Apdls L olom Y oS 50 Sl S ok eolaad by S35 sloay )l plitesr IS ueis L) g0 5 a8
el 001315 (s 9 j50mbk oS e 5l 295 g amle

ey slaws il b ol b b o 45 03905 alimdlo cgone sl low § 2Eile] mls Ll 1 Glsls ol
O YA w5835 slaa¥ age sl oud aslllas Ll 5 S sl il oo (WD) S ciilio (ol ol STl 2 555
Sy S 0utiS grhe 58 cizman ool 0w St ez 5 5,0 (B) o o 4w S5 Y sk s
DTl o Gl iy (o loaienils 5 5k <o3S 50 5l 29,5 oS polie 1o @hpl cud o

S5 L oadiasi amle 55, 2 3550 5l @B Lk o ol (o U St sy » (BRlesT aslllas & (s 5 S
5 S oSl byl 35 s 5l ) Sl g eaitS s an 3l bl slaieds Sales s iy slaie ol sl s
odBCo s Ll (sl p )b At polaw 0 (A5 )2 b Sasdge 13 i 5 )b Sedyb Jlaged Bedou (nl o wSelxils S
LY flec sas @il oocdCagis

Geios opl po sl &l ble 5 5550 5l gyl sla)k couinle 5 (28 59, 2 (2 Bk omin @S MBSl 5 eslS )
@lral » Cosgaze Jlosl Gt il 9 35 00 5l )5 10 0 oo 2 ) 2la)l Glejee Hob 4 Culyi oo 45 b wS Ly el



§isog0s Sl olal> Sl Sy By 9 o yawdl 0l e glredld b duglis ;o alBisle;l ol oS Jles! o
[\Q]M 43‘)‘ MLQ SS9y » ol 6)|Af)l.| LSLQgs' &J‘“’)’ 9 L5a3‘
dLbday e 0)454.1 9 lea.,y LSLQJL, 0095 )." Lv c\.]a;‘) 5o Lsésm uLa...a.?u as w‘ G@‘j SLQ[S 5053 d*a.’}u c\.....m...: ey La
‘w| o ‘Bl.’?u‘ ;)./a )‘ C)L‘> Ls)‘g\f)la ).1‘ )\b leoflo ) U’“‘“}P WM 9 QS'LQA 6).1)l) u..ﬁj.b » M J)la 4.'\/ LSBL‘> S
sl sl )b wlgihg 6,18, Ll il el oli8l & cwgmime jgbas Wilgh so iy Sladllas g Slidod plosl aie) du) oo Hlaias
S35 255 o S BN b 55U casdllas (pl o lply 00,5 e o g G5z 5 6l Cud )b oy g Lol )0 0550
5 bt slo el LSl 0,5 o5 5 Lawgte (oo il b 88l cins S5 Y 059 b slawle yiws &8l slopls o
obie S=oS S d Jow alwgay a5 Qb oo 550 Dldllas 4 Cons dslllas oyl 6)9]55 Olsie a slopls o ol oo, @L.,

.QQ;‘SA @ @—JBW

A lojT anly -Y

NI i 3 e sl 350 sinlosT olfiams bl 3 ol Y-

VS ) e slal g 5550 5l B SIS L cslopls (o «S5L AV Gl cnls slaarY Jold (o) 3590 Aline (S5 JSCS
Oy oo 23S a5 )3 o (PBde Sas (Sm 3ES (oo hlS e i S5 2 g 009 o gt lopls (o el o ools i
s b S s ol ) e allls (gl T haliss Uy cioms 40YSs 5 (gl s tunsl pellias g5 90 ol i S5
i dole &) e Chonds _teglie Sloogias bglas 5 S3haY iz el oot ool SP ganaib b g Liwgte oo
(Y St ol o a5l 5 ol LoliBlSz 8 altle;] Jow dajiole)l plil (gl sl oo ooliz

Figure 1.Schematic of physical model
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Figure 2. A view of the physical model and loading farme
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Figure 3. Footing core for circular footing and loaded locations
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Figure 4. Gradation curve for sand
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Table 1. Geotechnical parameters of sand used in model tests



Figure 5. Results of direct shear test on sand bed, with effective stress level (16 kPa < 6v < 46 kPa)
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Table 2. Geotechnical parameters of weak materials in model tests



Figure 6. Results of direct shear test on weak layer, with effective stress level (16 kPa < ov < 46 kPa)
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q, =0.3y.D.N, .S, +1.3C.N..S. )

Ng= tan2(45+§).e”-ta“'/’ )
N, =2(N, +1Dtang (Vesic, 1973) )
N, =(N, -Dtanl.dep (Meyerhof, 1963) )
N, =(N,—-1)tan1.32¢ (Martin, 2005) )
Nc =(N, —=1)cotg W)
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Table 5. Comparison of the ultimate bearing capacity of circular footing model with the analytical formula of
different researchers
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Figure 7. The pressure-settlement curve of circular footing located on homogeneous sand bed, with a weak thin
layer with thickness of t/D=0.1
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Figure 8. The pressure-settlement curve of circular footing located on homogeneous sand bed, with a weak thin
layer with thickness of t/D=0.2
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Figure 9. Comparison of normalized values of the ultimate bearing capacity of circular footing (BCR) versus
normalized eccentric loads
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Figure 10. Rotation of circular footing due to eccentric load
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Figure 11. A view of circular footing rotation due to eccentric loading with a weak thin layer in small scale
physical model
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Figure 12. The pressure-rotation curve of circular footing located on homogeneous sand bed, with a weak thin
layer and thickness of t/D=0.1
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Figure 13. The pressure-rotation curve of circular footing located on homogeneous sand bed, with a weak
thin layer and thicknessof t/D=0.2
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Figure 14. Comparison of ultimate rotation values of circular footing for homogeneous sand bed, with a weak
thin layer under the influence of eccentric loads
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Experimental investigation of eccentric loading effect
on circular footing located on sandy bed with a weak
thin layer

ABSTRACT
In some cases, there is.a weak thin interlayer in the soil profile, which may not reveal these complications in

geotechnical studies. also, most of shallow footings are subjected to eccentric loads that due to the existence of such
loads, moments are imposed on the footing and as a result, the footing rotates and the pressure under the footing
does not remain uniform. In thisresearch, an experimental investigation has been carried out on a circular footing
model located on a homogeneous sanddbed with a weak thin layer with different thickness and depth of placement
under vertical eccentric loads by small-scale physical model of soil-footing system. Physical model tests are
performed in a cylindrical steel tank with.an inner diameter of 70 cm and a height of 70 cm. Investigations have
been carried out by changing the thickness and depth of placement of a weak thin layer due to eccentric loads. The
results show that the existence of a weak layer and eccentric load has increased the rotation of circular footing
compared to the homogeneous sand bed. So that in the sand bed with a weak thin layer, the maximum rotation of
circular footing has been obtained equal to 8.2 degrees for eccentric load 0.0625D (D is the diameter of footing)
and thickness of weak thin layer 0.2D and depth of placement 0.5D and the minimum rotation of circular footing

for homogeneous sand with eccentric load of 0.0625D is equal to 4.5 degrees, which shows a reduction of 45%.

KEYWORDS
Bearing capacity, rotation of footing, weak thin layer, eceentric load, circular footing.



