[ Downloaded from mcej.modares.ac.ir on 2025-07-29 ]

[ DOI: 10.22034/24.1.83 ]

shpgh — ele dlxe
ot Olyes (g
V¥ Jlo o) ojlads F 0,95
A b AY Sl

Slawlo (319 gt (5 99 51 Cud 3B (U § 51 (SS9 38 S 3lw S
ad b ovw 5 3lug

T St dilg p TOULS s ;*"‘°|,5r3, Sl ¢ Germ Ol

LSA)L..:‘ bbi NS e Q‘J.gj dl g ‘Li."é LD 4&:&4}55 e ] c}; QQJ’ZSD ngx;;\; -\
@3’\”" bbi e@‘: cu)& Q\J.@_: J;-‘} 4‘;'\_.9 0 ASESls ‘&ﬁ&)jj ‘.;w.)v.é.d o}; )lﬁ)l;'m\ -y

A5 wkige 5 ool 3 Ll s oyt (USG5 wdige 0l g sl =Y
Email: a_razmkhah@azad.ac.ir

VERY/ VYV s s @JU AR ARVAR VI RGOt PPN '@JU

G Ul slafSs 5 by o b OLgS slaelis dagolo S (Sun5 0o (g Ul ile (S sla il o3 SIS 53 (g 08 5013 o550
HB e 4y Sl b 26 511l kol 4w OF olg b b b (S1 Jls e LS 53 (g 8013 O3 L3 sl AL bzl g 0l
Olye a4 ad 3l eslizal Al slad 4 L tlr op tege 51 SO Sb Slo et Co 5 b S b sae ) ool Bl Al e S8 g s
o bV e 5 Bl b s e b b g 5l S b g Ll g2l Sl el Jo ol S a0 S s
Je (G pl 53 ez on S 4 S 515 a1y (SonS (5055 S (g 3 S s (S puass Ll 5 sl L oS Al s mhes
d Ges gla el 5028 S 15 bl e (B (ISl o lanle Sls st Dpslae 5o ) G G L el (leg 5 g S
b b s oo ad Sl ealinl S 313 OLES gl il A e S 5 Sk S b () il 2B Sl L S5 Al s (HY)
39dome 53 5k S b Gl d U Cad g S8 e 4 e (HEL,2,3,4B) 4 Gee (151 L s S e et Sl 5 500k
Y ) e ol an Gl 2B S ol Ll sk 4l e SR e S5l Sl 4y S Ao YYY B )08
53 S0l b I e St 265l eS8 Aol R S ol 0L gl b w88 3 kne bl Ol s B
G55 ols SR 5 dls | (st b it e et g i g 53 o 3T bl 53 o 3hgy O
A S ol e Gl S e (Sl Ol 4 ad Sl ealiad raes UL e a8 ad Sl eslid 36 Syl 20 0 cd
Shealzal S50 copl e dle il oo a8 Ao o VY B esgilos o Sly el 2L A5 B Aol ialS 5 ad Ges Il 4 dtes s
Ghls glale Sl el Soslame 55 s o S b 0L o5 @ 5 55 15 L3l s Ol (SesenS 855k 5 0lal sy 4
Sl Soslae 53 g 6 SU18 Ol L3 il e ek Dol Cnt S ad Sl eslinal L oS 03 g sle (sla jie g 53 5 )Ll i
e el o YE U BN (i e g 0ol Sa oS e (H1B, 3B) &) Jsb (BIBI L g 2,s ke 10 et o
Sl SesnS S5l Slid 26 51 Aol 5w il 4w 5 w8 (SonS S s5le ks Carse 4 Sl eslitud (e

Al e ks Gl sl s wals SomnS w Ges oS 5 b S S

=z

SeS S g3l (S (5l b B S iled e Gl s cslanle Sl et 1 SOWST OB 519
AY


mailto:a_razmkhah@azad.ac.ir
http://dx.doi.org/10.22034/24.1.83
https://mcej.modares.ac.ir/article-16-67669-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-29 ]

[ DOI: 10.22034/24.1.83 ]

e laale Jls s ook cd b bl (S iled e

Silwdde 5l el ol 2 Sl 4 S 13 G 30
(YY) b 5 [3] (Y+09) OLKen 5 Ll (S 5 (sode
o Ges IRl L slad o b cd b s el 0L [4]
=l Sl 5] (719) OLen 5 Llagd by o il 53
Cod S anle S b4 g S sl AR
Sy s dslie 4 Solg 3 5wty S (IS L
O a5 ple bwg otd €l @l b G sl

Ll e 3l ol o SO gla bl s i
Soldde b lsad sla g 3 Shas oy a0 Siasi cpdr
O s YD Wlastls ey wdlr Ol cow S
8] Yol (7] Yool (pidess 5 (LY <[6] YeoY
(ST 10] YeoA L 5 W 9] YoV (g LN
5 e 18] Y e B 5 A0 12] YT [11] Yo
B YV Il s [15] sy ([14] Y10 OSes
Slawle Sb s alide S8 Jlaad o AL
o il 03 S LI S5 5 se B (IS L
S5 Aoy Sl 5 Sk s IS wd db 36 Jals
a Yerd Jlo 5 [16] pesilsl Sl 03 ten oo
ot b eddmhes slopls 5 e g S0k S E
B el sy ale il slagS1 S 55y Slamine
o b eslinal S s e OLE 55 4 S0 Sialesl
semr BB Bl Cel Gl gl 5 e 2 s Glamio
s o515 s g B BT st e gl b b s
Codd 5 S0k Sed B ad w65 5 4 Ges i
L A7] ODA) Ol ) 5 L BB ey Jbad
L3S S s e S ledde el
Olse 4 ad 51 eslinal S sl 0L sl s 4 mls
e Slale fen s IS8 Gl gl g 53 g
Sloss A gals 5 olg sl cd b gl 00 Ll
3 dyemme dpdi g eSOk g A4 Coed Sl
s B dgb o e e [18] (YY) O
Hles S GLIL 0l cd b p e S S s
2ol ol LSS Gl gl Jlaad o (S Jue
el A ale Ao 00 St ol oS1S L S

A&

Aodko .

el il izl (6l st SUS 3 Ly il 035l
Wl g by Glsnd SIS 53 o 65013 Sl glases
= b O Glao)lgs gl po S (Sos 55 o i
wlllas & (ol O Kimss Al o G, Jll sl IS5
Mmook Doslme 3 slag Gl B G
wils S5 Sl Sl LIS s L oS Sl lastls,
St g6 5l alol 4w O ol b o b il
2 eSS Al e S ey LBl w
U (SonS mhaw 5,55 e 4 (S Sl ed sl
S b opg el ol boile Sl als
Sl e 1 S S S ool s st
Sl fay s Dl 4 SIS 8 edige > Slide
e Slolbl 5 b b b Il ke 4 sl
Sl (Sla,ps awda C’)Lpl Qgad Olge a4 Sl ol
ile die g 5 S (SlaediS ) guamee S| elizal 5 St
Saad g A3l e i, ul Jled Sl ad 5 el Jil Sl
LoVg o 5l Sl b s glad b b o 5l S5
Bl bl Lo S el L ple o
ol Ko 058 IS (g 5 S s SAS ) e
SeeS o Job R L e e Jsl &) S5y
T Sl S b Gl Bl Glaly 5 i s S
3 Gl Sk s o ad s 5 pl 5D el
IRl K osd e b o g Bl js i Rals
s Sl et sk 5 b S b s s sl el
AT

Msad o3 Sas b5l 5 s p 4 SOl OLSER S5
OLea 5 b Ll 5 gaue JJLT 5 S soledde b
obad o Kb s gsde s 4 V444 JLe s [1]
(Y444) 55 Llals uﬁ@ﬁs« S gy IS8 glegls
P A (S5 Gle gl Joad o s 0b b b L) 4 2]
Getos )3 el atls V_‘,LB Gl o VS\J:'“ awle
Eo GNIEL 5 g plad (L 031 I S
e T 5 5 il olSams (S5 (3ledie b S e |


http://dx.doi.org/10.22034/24.1.83
https://mcej.modares.ac.ir/article-16-67669-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-29 ]

[ DOI: 10.22034/24.1.83 ]

VT Jl /Y ol / el 5 09
ol asdllas 550 (sla )y Lles S (50055 1 ediSpelons
5 Sl gl 4 Cad Sl o 515 ol ] Ges
Olis gsde 5 S Joe el el oas Slo e 4l
S 0 Guls o ol ke 4 ad Sl eslinal 45 s s
Sk Cabb s 3 s JB T lale Sl s
0 ad sl esliad 58 Yevo Jle s [32] (.La 540
Ll @l cou cglanle Sly G yslns
Sy50 Sy G 93 Sgdowe el 58l e Sl ealinad
S eslial S 2l by Gl mls el o0l 13 aslllas
J Ol e 5 aiS Gl i olb SRl o se 4
035550 5 Lslay ssde o ool alS sl
o8l SIBENCERT Silwdds 31 glas o =s [33] (Y21)
53 il sl bl s plasl ) Sy 35 0L
Ol Gas S Ol sl adlllas cpl (o) ol a3 S L
St gb 5l g ol s (Sl gl 4 o (Sl
b Sl ey g 2w Ges Lol (g 25 &
Gols o Gl ol Olge 4 ad 3l eslixal S sl ol
Sl bos axdls g0l e b il s ey BB 5
Syt A b S b Rl Ol cad Uk
g Ssbedde Glatlesl 5l Glae e (G cpl 3
Lol (Sl lanle Sl nd Sooslme 5 ot SOl5 g
Sl Cediml ol oLl sk 4 Goses W) S
il oo ol gla e S plal BB (g LEE (1S L
b sl ol el 5 (Hy) o Ges walllas ol o
s bl bl cl o B/B) o o8 4 Sl s
AUl s s el AT Je 10 sliws el 3
S35 (g (SIS (i plie 4] e
St Soslme 53 A Lok Silegr SIS o SRS

== 8 Sl o Y
ShJw 9 (S Gl ol L)Y
DL 3T

0o addles ol s eslatal 3550 S giledde oKs

Bl 5 el antle g Ol Al Ol T oKl

A

e Oles lige (Sa 5 — ele ds
@ Sl Sbb sse s o Sl eslinad oS ol 0L
[19] (TeY4) oppsame 5 L3V 355 00 Y,IV-Y AY e
moply oSG Ty b b bl sl eslid 306
S Siledde s el oS e s
Ve st B 1 b e b ad 5l eslinad oS sl Ol
T Ll G 3 WV alS (g g oesls Bl s s

S

Sl 2 Shas 5k Sl Joe slaialasl (S5 b
3 Opdly) ol sdd Ll Ol Kiass 5l oy bwy
Youor J21] Yeor ObKes 5 0, 20] V48A (il sl
5 05 By Sk mle die latlesl Sl s e S (22
Sao obad g mely o sk 4 [23] (VoY) il
5 Bl (Soges ISl Cow el iS5 LE aube
Gl o331 ol Sl s 3 o plol 5SS
= ARt EY s s gbad o B gl e b oS
4 T [24] OLSes 5 Lle sl aBly ol 31 el elans
oo S g e bl eS8 GBSl e 2
bonsad SRl Jdod 5 aims Gk S el oS98 i
Sl b ST pman ilastls a5 sk Sl Sl eslind
= St Sl sl lasT s [25] (YY) Ol
GOMELL o aily (S ey ey S (g5 p e
les S &l 1y (28, 5 58 e 5 e

5 Bl GUELL S5 o sl e Rl
55 55 adllee sy5e gode b ) eslizad L kS
1444 5 [27] 149A 26] 144Y (s kil 5 il ) S
ol il 51 (slas pome .([29] 149N (5, U:; 28]
son o8ae 4 [30] (V1) O 5 (ool Lo 55 3 5dms
DL S ARG N R - - e
kES  Bl S 5 L cou sUls g SeeS
el 0 ¢L>,L;\

Slosed LS 3 ad Lol mhes Ol5 g S e
w8 15 sl s UKy 5l Fp ey S
2 s Gl Seib [31] (Y1) SH6 ohe o
ook 5oad boebdmhes S s Sl et Ol


http://dx.doi.org/10.22034/24.1.83
https://mcej.modares.ac.ir/article-16-67669-en.html

[ Downloaded from mcej.modares.ac.ir on 2025-07-29 ]

[ DOI: 10.22034/24.1.83 ]

e laale Jls s ook cd b bl (S iled e

Vv b bs S Lo Gk Sl S
S esliial b o sl izmen A (6 xS o3Il (5 5 5hS
53 (6, Selll e Bl V0 ey S L eal iS b s
B sl Ll
g s o LB L SV S b s e plrals

ol Cﬁbﬁ dl.sho.)\b

S

S sl 5 ol dde S L sl bl 6l
Lol (il 5 0l (Sl I 50 5o (Glanls Sl 1l
e 65 Aol @l Ges gla bl (gases ) S
Sk b b (Gl fE) (Sl et 4l (Sl £
33 R 3 (g Cedd amen 5 ol (il 5 eldd Lo s
L ey CoaS ol Wbl eles e a3 S k5 s s
sobonlbsl Sl A A o o S 4 s
el oS (V) s 5 (V) IS s G sl el
Sl SISl als ke Lo pasie O35 ol o
s 8l s 5 Jde s S ez Jode 5 S
el olislesT 3 eslizal 5 50 St calis

G (sla el 5 Sl L Y s

2 \ B,

| Soll
fig. 2. Schematic view of variable parameters in this research
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Table.1. Testing program considered for different parameters
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fig. 1. Schematic view and details of the testing system
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fig. 3. Grain size distribution curve of Firuzkuh sand (N0.161)

Sy gt

s

p ting and skirts v

fig. .tr|

Slo3T il 9 Sibw oo (595
SRl S (S oled e 3 bl o Sedes 31 S
Collae Lol b s s 4l i (laeslal s
S b s b e gleeslal e (s3ledie
s oS She Al s Sl By cp 5 ytedas
S 5SG oS15 sl (Je sl 3 Vb s s (0S5
G50 03 el 4B S 15 w3550 (S Al ST 5 a3
25 0 Peb S b sl asle SL gles 0L
Solrdde s glie 4 o il 3558 o ol ol dlaioes
33 2w okt bl amio 5l Glale e Ses
ol bode gl 5o lasle i 3Ll Gl e s
LS eslinal 45l 5y e Slu 0 CS > Ce o b 2o sl 00
CPsate U35 (e 5 peS 4oy b0 IS8)

°°ﬁ&ﬁ¢&)@%&?¢&ﬁ,§t@@jb;wu&;>

AY

Tlan Olasin 1Y
oled) 058558 b anle Sl G ol g -
Gl Il e s eslizad (6515, doys S L AT
S008I OT dous AAEY 5 a3 sl eslizal 550 anls
asle Olge 4 V1) o5led 05855 08 anle .conl ot |55
Gl anle op 30 me g 54 e alid Ol s skl
5 Ghakls o Ll ki o Kbl Sllas
IS s S s lstead (ilesT pollas awle S0 Slasiin
iS5 ISt Dl edd DY) st 5 ()
e bl sl pl Gl VY0 5 Y S a Ll
Gualls s Glasls Sy 3 LS sl
3 S SUS josate O)y 0 gh e kil el
2 PSS VANV S ATV oS a aale ol
A[35] YoYY bl [34] YoYY (65:Kn) ol xS 20
Cb b S e ap gLl s gLl kil e S
[36] Y414 (5,81 5 o5l5 wuld) ils dalp 3L sk
S lls s Sb sy G ol U (3T] Y

el oS S e

b;)‘jj:ﬁ A S PO u’ﬁl.ﬁﬁ Olasin YJJ-\?

Firuzkuh Dsg, mm €max €min Gs
(No.
161) 0.35 0.943 0.603 2.658

Table 2. Physical characteristics of Firuzkuh sand (N0.161)
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Series. 02 (Test No. 24-28) b/B 1 8115 86.68 98.38 116.23 168.19
Series. 03 (Test No. 29-33) 2 104.18 108.06 118.36 143.22 181.68

Table 3.Ultimate bearing capacities for the reinforced and unreinforced strip foundation models near sandy slope
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Tilt (degree)

Test series model No. B h/B S/B=2% s/B=5% s/B=10% s/B=15%
Tesngo. +0.36 +1.25 +2.89 +4.69
TesZtONo. 1 -0.36 -1.20 -1.81 -241
Series. 04 Tesztho' 2 0 -0.55 -1.27 -2.21 -3.00
TesZtZNo. 3 -058 -154 -2.70 -3.53
TeSZtSNO- 4 -0.74 -2.05 -4.23 -5.94
Te32t4N0. 0 +0.12 +0.33 +1.08 +2.02
TesZtSNo. 1 - 0.26 -0.79 -1.63 -2.46
Series. 05 TeeNe 2 - 047 -118 -2.07 -2.74
Tes?:c?NO. 3 - 055 -1.52 -2.72 -3.70
Tes?:cSNo. 4 - 0.68 -1.85 -3.86 -5.40
Tes?:cgNo. 0 +0.03 +0.19 +0.63 +1.09
Tes:;cONo. 1 - 0.28 -0.83 -1.87 -3.05
Series. 06 Tesél'\'o' 2 2 - 0.55 - 1.46 -2.63 -3.70
Tes:;)[ZNo. 3 - 0.73 -1.95 -3.53 - 4.69
TeS:;,ISNO. 4 - 083 -2.28 -4.66 -6.29
x The model is failed
+ Clockwise U

- Anticlockwise O

Table.4. The measured tilt values for strip footings with/without single side skirt resting on the horizontal ground of sand slope
for various settlements
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Abstract

Foundations are sometimes located either on a sloped surface or near the crown of a slope. Obvious
examples can be seen in the footings of bridges abutments, foundations near excavations, retaining walls,
and electric transmission towers built on mountain slopes. When the footing is placed near the edge of
sloping ground, the bearing capacity may be significantly reduced, depending on the location of the footing
concerning the slope. Therefore, the bearing capacity and stability of a slope is one of the most important
research issues in geotechnical engineering. The adjacent soil's bearing capacity and the slope's stability can
be increased by installing continuous confining structures like skirts. Skirted foundations are a type of
shallow foundation with internal or lateral skirts made of steel or reinforced concrete. Using a skirt due to
confinement of the soil beneath the foundation and transmitting the shear Failure at the level of the skirt tip.
In this research, a series of laboratory tests were conducted on strip footing models adjacent to sand slope
whit one side vertical skirt to evaluate the load-settlement response subjected to vertical compression
loading. The effects of skirt depth (Hs) and setback distance (b) of the model on the bearing capacity and
settlement of skirted foundations were studied. The results of the model tests have shown that using skirts
improves the bearing capacity and settlement values of skirted foundations compared with shallow
foundations without a skirt. The ultimate bearing capacity of skirted foundations increases up to about 104 to
232% with increasing the ratio of skirt depth to foundation width. To investigate the effect of setback
distance on the skirted foundation behavior, three different distances of footing from crest to the width of the
footing of 0, 1, and 2 were used. The results showed that the increase in the ratio of the distance of footing
from the crest to the width of footing caused to increase in the ultimate bearing capacity of only footing. The
results showed when the skirted footing is placed directly at the crest (b=0), increasing the depth of skirts
leads to a significant increase in the bearing capacity. By increasing the edge distance from the slope crest to
the footing, the effect of utilized skirts decreases. The Settlement Reduction Factor (SRF) decreased from 4
to 72% with the increase in the depth of the skirt and with a decrease in setback distance. Furthermore, the
effect of a single-side skirt strip foundation resting on the top of the sand slope was investigated on the
values of foundation tilting and failure mechanism. Evaluating results showed that strip footing near the
slope has a clockwise tilt angle and after using one single skirt the tilt angle got changed. It was observed
that in setback distance b/B=0 under s/B=15% with an increase in skirt depth (Hs=1b, 3B), the reduction
values of footing tilt were from 46 to 24%, respectively. In the end, utilized skirts affect the failure
mechanism and dependent on skirt length and setback distance change the failure pattern of the soil, face
failure to toe, or base failure.

Keywords: Sandy slope, skirted foundation, physical modeling, bearing capacity, settlement, failure
mechanism
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