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Fig. 1. Schematic view and details of the physical modeling system
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. bottom boundary
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. ile skirted strip footing located on san
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Table 3. Test program details
s Sl S S oledde 3 g pdibiote] e LT Y

g.)i“"’ J—:P QT )‘ Q:JS j.]a.ﬁ).p E) sl J\.&‘)} S99
“ C'AA;'ﬁ)Jb} w S &in )‘ 40.3.\ 2 oj')&& ML’LS"
J:‘ el YL J}J;- é}? LQ)L.JJJ.& DL awlo CJlJJ a)‘.bl
53 5l Ul e (S soledde 53 1 elide sl

[B1530] s 8

S gladb mls g

(N g sl iala3l) Gl 5,0 ,UT N8

dde b (SSS5535 0055 S 5l mpp 00 eolal S0
Cyod 5 Jhe oo BLIL gy Old Cow S o5l
0351 dgdeall I3ly 53 S e glaj,e AL e A3l
Sl S aa g laj e olde S S glade L3 Js
035 Sydome abais Sl 5 Sl lag e U o sl
Balps b gl il SIS A (S5 dbe ey s

4&.&”)@‘}) L)'i‘ )" ';ﬂgj‘j'; J&)ﬂ }\)}A J.ib 6)'1.,4

¥4

G s il iy S elde 5 (S5 ssled
23 Sl (Bl wiged Sy s Gl A b
ladiged sl (o iledte 53 ele BT B S
glals Sty s Glag Gl o & bl S8
e BT sy wns L3 oy O Kaass el (555,5
oo Jale aw a8 Wlesls Ol Ol Kimgsy Liles S aslllas
D2 4 dle D3 o3I G (23 522 21 20 9]
527 aé]@ﬁjﬁycmmﬁp)[zmzs 24] o
[29] (1440) 1,8 5,18 o b o S moly (28
G oor 51 8,5 B/Dsow s ols el BT &5 cuils ol
G nl 53 il sl edaloas 4 mls s e
&y B/Dsov% s 5 0350 e oo + Y0 1 Dsooy s
S ol S 5y el o Ve Bl mEe o 5 e
e bl byl e b T il s eile

ol dp s el Gl S e s Sl e s L



I 5 ool sl e

...ML«ng)f.C«&ﬁ)\fa.\..i)b‘\._.!d)b}&j:é)&@ﬁbjwlh«

(Y G sl zalasl) il 5,0 6T Y-8
s ale gk s b Sl e S Sl sl
S ool el (SO (s3leduts il
ol 3 e oo v bl dise Sl S ol
Cily G 153 S5l gy ol el s e Lo
A e g 25 Al i B T i
S Ga GlP g St Ul sl e s 4 S
osls OLES (A) I3 55 Cilsses X/B (slacamd L slulo
OOV S e P OO DO N ] BT R GIU P
ol 1SS ol e ) e alol Gl L s il
SRS sl ol Sl g alol il oS sl 0L sl
Aol oS s s S gl e b Sl
2 An e 3 S bl i slaslgs Sl
A et s sl b sl e b

23l 6Bl Sl e XBZS 55 508

Y ) il e BT i 5l Sl gas A K3

Pressure (kPa)
200

Settlement (S/B) %

—=—  Test No. 08, x=0B —o—  Test No. 09, x=1B
empemm  Test No. 10, x=2B —_—

——— Test No. 13, x=5B
—8— Test No. 14, x=6B —&— Test No. 15, x=7B

Fig. 8. Pressure -settlement curves with different x/B
ratios

Slawls f s padiny Lok Hlaad )l (g -2
bd\muij@.&ﬁjbo,\,&)ld (5\)‘))&\)&3‘)
Aol 5 bapadyey Jsb il gl bl SBT3 8 o s

Settlement (s/B) %

il G sl Sop S sl 4 b bl
&S ans e 0L Sl s ks Wil mls [32] wal 5t
oo A Y B0 Sles Lo e b o oS ol S
o S s S s ale g a3l
oie 4 [33] 355 0 sk b B Gl 4 e Sl
sl s b b b Gl o e S s

s o2 ol S s gl Gl 5s S s el
Calbies 4 g 2o Dolae s slanbesl 55 5 ess
Cabies wxia bl s o GliS 4wl Blsl Sk
me s B S s g (2 e e Dl S
R A e sl VS e a GlE g et UL e
il glacans b don VO el JE L glasls S
IS8 s Al el sds esls 0l (V) Ko s Z/B
Dy Gl mhaa o Aol B85 & sl ol (7)
Gk S bl Wl o ae Hln ps 5l eS 2V
Pl S Z 8 Sl Ko ol w sl a3l 8
AU s Giledte @l Slos S AL Lo
Sl e X 5l K55 ZB il lacans 55 5,108 e

Liledls ‘jio.h Cm._:».;—)l..v

() ) i e ST i S Slsged Ve IS
Pressure (kPa)
400

600 800 1000

—=—  Test No. 01, Z=1B —o—  Test No. 02, Z=2B
= Test No. 03, Z=3B
—T— —— Test No. 06, Z=6B
—8— Test No.07,Z=7B

Fig. 7. Pressure-settlement curves with different Z/B
ratios



\i"‘ dL.v/‘\b)L«J:/Yi c)}Q

ool 53 Ak VL LB slie s oS e J b
b LS e A6 1 el &S syls s sdaled o
sy o Jde S5 [B4] S50 5 sl ses Olss
odlitl glawle o pr s o oo Voo Vo slal g odd
e g 23 S 05 S e &5 s ol T s S
Sl sl s B ol b b lanls e R
5 S e dade Al sl pases
ol jpame o 6k Sud b oas Wsls OLAS [35] O, Sen

Mboxb)}mhﬁéf)b@jbf\f-\voux\j}&

logad s o Aol 104
530 BOR L bgadny o alol 26 3ied ol Lo
2 g tm ol b s sl 28 1S
SANE T bradip,y ol rads, bodd Jhad o 1,
e A R R S e SR
Jsb v 5 bpadny o alols 51 b Olze « |, BCR
wwu@;ﬁ&“aiﬁu&..&)&ow%
s el iy b s b il S0 baeds
Sl eslizal b o ol (sla a3l (sl glie K55 (S
ol 5l L s pd e stalie mady, il clad b
e 53 Ml A (S g St (o
Aol a3 odd jpams b o 26 Gk S b
Gl bl i s BB sk 6 bl o
b sbalases anslie Cnl ol jpame b olE
S 33 DL sl jgeamme g ol jsame (Gl g Dl
035 he olss ple 4 Cawd /D=2 3 BCR il
Ol s powe 53 ol &) Cl’“ Wl Olge 4 ol
2 b gl S b aedn s S das e

Sl s VY B S/D=10 s 5 0 Y0 b S/D=2

'J‘A)LSA

s =
Loodd sl o gladie conds slie candlles o5l s

M(K&)JMOJJJM&}@.«;I!)

¥y

Gty ol ) 23S 5 anlllas 3 bamadip ) oo
etz 4 spms oS s Ol (et ) ol
P e o S$cedi 5 Shes 5 b c b
s baedn, dpb GRIBIL s s s ) Glanle
5ol NIl gl Ci b laaadny e ol als
S il gl e e S s
Ol (S/B, %) ol ol Olge 4 Ay g g o
A3l B) g 2,55 (S) i OF 53 & Wisd o w0l
Jolst 5 e gadsb ol el ol slasls sal
el sk esls Bl @) JSE s byaedy, il
A sl 2l sl S bl S5 iy 8 kil
oot e Sl eslitad b i =L e 1 il
slie bl et L Gl lasa ssde e s
Cod b edd (Sl sl A ey S ke
it Qm) medsey bodd Jbad Gol8 o ¢l 26 st
oAl a5l (8) Jsd L3 (Qo) ad Os ool
ot b 3 SO jpame s 4 gk b
s D156 4y ol el o 0303 0L BCR s
@ Sl s b4 bl ol o 2l sl el b

Sph e a5 ad O Sl

by dob 6t
Sl 2 Fb et dsb S o sk w
(2 025 4 gt dsb) ol U il gla 2o
JJ.@‘@M&J\JQW(\')MJ)c&fﬁ@@ﬁiﬁ)
ﬂ‘?‘@@dﬂ)p@}‘&ﬂ)b“”ﬂ}q&
oM)‘:u&&_@dj)b%ﬁjjow‘ubﬁj&u
(2 P et Db e RISIL et b
ol o b s sl ol @L:j oo el azils
ot At i Job S A s s Opl s



SLen 5 ok 3l g e (5 et bedd Jsad (sl o 8, AT aalllae

Pressure (kPa) Glacans 53 pad s bodd sl (ol o i bl pe AL ISS
0 200 400 600
0 , , , (+0 548 ¥ 5,.)S/D ;L/B ilz
Pressure (kPa)
0 100 200 300 400 500 600
0 ¥
5 —B—  Test No. 21, =28, 5=2D
X —o6—  Test No. 22, =28, S=4D
= emmppms  Test No. 23, L=2B, S=6D
a
= 5 -
go1 =
5 g
+— (%)
D =
(%] cl0 +
15 + —B— Test No. 26, L=3B, S=2D “E"
| —e— Test No.27,L=3B,S=4D @
| e Test No. 28, L=3B, S=6D b=
(%]
I 15 +
20 L
Fig. 9. Pressure-settlement curves of MSSF with
different L/B and S/D ratios
20 +
gtz Jsb et olol 2 BCR ol i A+ Js . g 100 200 300 400
4 ’ —5—  Test No.I16, L=1B, 522D
T -.-m-- s=2D —6—  Test No. 17, L=1B, S=4D
L . e.— s=ap et Test No. 18, L=1B, S=6D
[ . a.- s=6D
37 _.-m 5+
g | R a
<. F e TR @
g2t BT a |
g [ Lok g1
[aa] I 127 € L
1 % ]
[ g
(%]
0+ : : | 15 1
0 1 L/B 2 3 _
Fig. 10. Variation in BCR (Qn/Qo), in terms of .
. . . . ’ Test . 03
micropile skirt lengths ratios (L/B) (S/D) 20 L [TEstoernes
J O 5 obad o ple b e bt Jaue
S/D
Quit (kPa)a QOy Qm 0
2 4 6 8 10
Series. 01 (Test No. 07)
Without skirt 0 164 ] ) ) ] )
Series. 03 (Test No. 16-20) 1 - 268 246 243 216 214
L/B 263
Series. 04 (Test No. 21-25) 2 B 397 358 318 293
Series. 05 (Test No. 26-30) 3 T 484 416 379 362 346

Table 4. Ultimate bearing capacities of strip footing with and without confinement
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Abstract:

Recently, the modification of bearing capacity and the reduction in settlement of existing foundations and
buildings has become one of the important topics in the field of geotechnical engineering. Also, the foundation
of the buildings on the problematic and flowing sand bed, especially in the coastal strips is inevitable. In
general, when faced with problematic soils such as loose soils with low load-bearing capacity, high settlement,
liquefaction, disturbed soils, etc., there are two ways for geotechnical engineers, one of which is to use bearing
elements in the soil and the other is to improve and modify the physical-mechanical properties of the soil
mass. In addition to acting as a bearing and settlement-resistant element, the micro pile also improves the
bearing strength of the surrounding soil due to the injection of cement slurry. In many projects, micro piles are
used as structural elements. In fact, micro piles are small replacement piles (usually less than 300 mm in
diameter) that are often accompanied by steel reinforcement and cement grout injection. Micro piles can be
designed and used at any angle and for different purposes, including bearing axial and lateral loads, replacing
conventional piles, or as part of a soil-pile system, depending on the purpose of the design. In this study, by
physical modeling, the effect of using micro piles on the edge the foundation on sand bed was investigated.
For this purpose, the effect of the boundary conditions of the chamber was first investigated. The parameters
included the width of the foundation (B), the distance of the foundation from the end surface of the tank (Z),
the distance of the foundation from the right/left wall of the chamber (X, X'), unreinforced bearing capacity
(Q0) and unreinforced sand settlement (S0). Also, the investigation of the effect of the distance of the
foundation from the lower surface of the steel chamber to the width of the foundation (B) showed that when
the distance of the foundation from the lower surface of the chamber was less than twice the width of the
foundation, the lower boundary affected the results of physical modeling. The evaluation of the lateral
boundaries given the distance of the foundation from the chamber wall (X) to the width of the foundation
showed that for X/B>5, the lateral boundary had no effect on the results. Influences of various micropile skirt
configurations were investigated, including micropile length (L) and spacing between two consecutive
micropiles (S) on bearing capacity-settlement. The micropile skirts improved the bearing capacity of shallow
foundations, depending on the L/B ratio and spacing between micropiles depending on the S/D ratio. Analysis
of the results indicated that improved bearing capacity upon increasing the length of micropile skirt and
reducing the spacing between two consecutive micropiles. Comparison of the pressure-settlement curves
showed that in constant micropile lengths, the optimum Bearing Capacity Ratio (BCR) was in S/D=2. Further,
the skirt piles reduced the settlement of strip footing. The Micropile Skirted Strip Footing (MSSF) led to
increased failure surface and, depending on the pile length and spacing micropiles, it changed the failure
pattern of the soil.

Keywords: Bearing capacity, micropile, physical Models, failure mechanism, confinement.
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