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Parameter Sand Cushion

Specific Gravity 2.66 2.61
Maximum Dry

Density (KN/m°) 177 16.52
Minimum Dry

Density (KN/m°) 13.38 13.62

Dso (Mmm) 0.6 2.1

Cc 0.5 1.14

Cu 2.33 2.94

Table 1. Physical properties of soils
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Scaling
Parameter factor model  Prototype
Outside Diameter 2 29 440
(mm)
Inner Diameter ) 20 426
. (mm)
= LlslngijthI (mn]l) A 400 8000
odulus o 6 6
elasticity (kN/m?) 70x107 200x10
Axial stiffness 2
(EA) A 4616 1846320
E Width(mm) Iy 300 6000

Table 2. Properties of scaling effect (A=20)
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Fig. 2. Schematic view of testing apparatus

(a):Lateral view of setup  (b): General view of setup with
its attachment

b Sy lanls St ganals e ¥ IS
100

.
.
.
.
.
.

e}
o

N
o
.

—s-
o

sand ] cus
A

0.1 1 10 100
Grain Size(mm)

Fig. 3. Diagram of Particle size distribution (sand and
cushion)

Passed Percentage(%)
(o]
o

N
o

0
0.01



WWAVIL /T esled / eadoes o335

WIS 53 pbe cll 158 5 Y L SID 5 /0 5 e
5(SID) b 4 Aol G 6 s Dok S
Sy (HB) woly dey 4 o SGAL Culbis co
O ol S Sl esh 5 et age il
Joe end 5 43S 5 S e e et Iob s o
Jodr L3 baohlsl ael ol lamed 3 55 e

] o L 0.5)_51 (Y‘) a)Lo.«i

LaialesT adis 0 IS
B=30cm

>
| —
mI Cushion
Sand
| g
o=
<> u
S —
* 200 cm g
Fig. 5. Geometry of tests
Slislesl asl s ¥ Jgd
Test series H/B S/ID No. of test
1 0-0.17-0.34-0.5 - 4
2 0.17-0.34-0.5 2-4-6 9
Table 3. Tests Program
@ -r

e Sl s 56 V=Y

et pad a3l Conld Sl edd Jbo ik, (V) IS
s s e OLE 1, b el il clacalins s
ol L HIB il LTy £ Y L, SID s a
SPHB i bl DL Sl Ly b e SRl
G TESTHB i U S e s el 3L TE 4 oYY
Sl Do SAS Ly, ) /0
Bl s el o8 Sl WY Cabis o
sl alies i ol IS ub s e b Jl
anle 5 od SR g Olgee =) 50 0 Jole 4w o
dsb oo edd dlesl gl s 5o 36 =Y 5L IS 51 o 5

s Sl Y s S 0B AT s et

111

e Ol pes (lige Lasi = el doee
wsly Jle (G35 i SUt as OAS o3bel 5l a
Soramio pl S 50 5 edd els I3 ot e 2
Sl Sl Hke 4 s e R (S ssdes
RSOV PSS WS S 00 BTG J.A;.» b glagl 4 oS LVDT
Voo Glaesl oo 5 sla Cose o 8L S5
2 030k sl 5l o S Do s cl 8 S LS
G oosdpe o3l I8 St (g5, ol Syse w0 L
by Sledbl Cld gl 5 s 5l L8 caddd Ol s
Lo 52 GlamS el Sl bged ool a8 @
il ks el e ¥ hake a3 5 et g
@.w\aﬁes\;ow(i)Jii);Lm@wa:M\JNJ
SF o Sbped 53 SSaol 5 sy 5 5,0 sk
Vool 4 plagS il (P3) a5 S slaset 5 (PD)

(PZ)LS)L.\SCQM)J el 0 e Jdsb 5o e Sl
ot S hd aad ol Soy amlee sk o
el il B Sl el al S e
PSR IO SOIINC NSRRI
Alas ol 53 35 e 0, JaalS 53 iU s SOl B S

el 0 plonil adin e 03l (55 SialesT Y

Lhcq.& s “)ﬂ E) b;«-‘[bi k3 ‘s-m"

*’
= o EIW
Strain Gauge ﬁh : i
4‘5\ I”
Section Of Pile ﬂ db
P2 P3 éI
i o o0 o dio
§ o ¥ o EI
oo o0 | = ih
30cm P2 Pl - P3

Pile Arrangement
Fig. 4. Arrangement and location of piles

23 s e 0l 1 bsbl ek (0) S

Dok Glawle S g5, Gl £ ol s latbesl
Sy gl H/0 5 YL GVl HIB L s s
4 oped oy Ok A= s S S, e Sls
Slatlesl 3 ol med sy Sl L oalis sk

GVl HIB L st asly ) Smbesl 4 £33 S



OLes 5 (5355 73 dams

53 a8 pll Sllllas 0 Ol e bl slaasl )
bes Spdple oS b aR0LST s ol
el sla ass 5 sed gLl [22] OLSen 5 Jsms
ol edalin S 55 23 Sl ag Gl 345 0l
) s Sxall Sl il L s sk 4 o
Sl b 1L 5 Gl b JLd e 1/0 @
s oobe 4 b Rl gl Sl me Y oa ik
ool s YV LIS HIB s o Sl g bl

sl Yl s ol el Oladles s ol

Sl gl el Jlo i s filie 53 (gL HLES Ol is A JS.&
feed Szl il (gla
S/D=6 :» S/D=4 . S/D=2 : 4l

~
o
o

S/D=2

o O
o o
T T

o
o
T

—0O— H/B=0.17

Bearing Pressure(kpa)
=N W g a oD
o

00 r —n— H/B=0.34
00 —o— H/B=0.5
0 , , , ,
0 5 10 15 20
5/B(%)
(N
800 SID=4
= 700
o
< 600
o
5 500
]
8 400
a
o 300 —o—H/B=0.17
§ 20 ——H/B=034
& 100
0 —o0— H/B=0.5
0 5 10 15 20
5/B(%)
(o)
600
T500
<
© 400
=
1]
8 300
o —0O— H/B=0.17
2200
E —o— H/B=0.34
8 100
0 by —&— H/B=0.5
o8 L )
0 5 10 15 20
3/B(%)
@

Fig. 6. Variation of bearing pressure with normalized
settlement for different height of cushion (a) S/D=2, (b)
S/D=4, (c) S/D=6
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Fig. 7. Variation of bearing pressure for different height of
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Fig. 11. Variations of axial stress and frictional stress

along the corner pile (P3) in different thicknesses of
the cushion
(a). Distribution of the axial stress along the pile
(b). Distribution of the frictional stress along the pile
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Abstract:
Because of the existence of concentrated forces and high bending moments at the junction of pile and raft in
structure with a high load using the non-connected pile raft foundation can be an appropriate option for the
foundation of the mentioned structures. In this system, the piles and the raft are not connected and a cushion
is used between the piles and the raft to redistribute the forces.in this state, load transmit from raft to pile by
the arching mechanism that forming in cushion layer. The behavior of pile raft because of the interactions
such as: pile-pile, pile-soil, pile-raft and raft-soil is very complicated. The pile used in pile raft for two
purpose: 1- reduce the settlement and 2- increase the bearing capacity.
In this study, a series of experimental tests were conducted on a non-connected pile raft located on a sandy
soil in order to investigate the effect of parameter such as cushion height (H) and pile spacing (S) in forms of
non-dimensional form (H/B & S/D) on load-settlement behavior, pile bearing ratio and axial and frictional
stress in center and corner piles. For this purpose, cases H/B= 0.17, 0.34, 0.5 and S/D=2, 4, 6 were
investigated. The axial stress in piles measured according to strain gauges that installed in the perimeter of
piles.
The results show that in three state S/D=2, 4, 6 optimum state occur in H/B=0.34. With increase H/B, the
forces applied in piles is decrease and then the pile bearing ratio is decrease. The maximum pile bearing ratio
occur in H/B=0.17 and the minimum occur in H/B=0.5.
In the low level of the load major of the load protected by raft that with increase the load level, pile bearing
ratio increase and stable in a specified value. Because part of the load is transmitted to piles by the soil
around the piles, the maximum force applied to the piles does not occur at the tip of the piles and a negative
friction is formed in the upper part of the piles. In the upper part of the piles, the displacement of the soil is
more than the displacement of the piles, resulting in the formation of a negative friction and the formation of
a positive friction in the bottom of the piles. With increase the H/B, the value of negative friction increases
and neutral axes (a location of piles that displacement of soil and pile are equal) move down. In various pile
spacing (S/D=2, 4, 6) and in three states (H/B= 0.17, 0.34, 0.5) maximum bearing pressure was observed in
S/D= 4. In S/D=2 maximum interaction effect (pile-pile) and minimum confinement of sand and in S/D=6
minimum interaction effect (pile-pile) existed and confinement of sand has insignificant effect because of
high pile spacing. In three states H/B= 0.17, 0.34, 0.5 minimum pile bearing ratio in S/D=6 and maximum
pile bearing ratio in S/D=4 were observed. Maximum negative friction in S/D=6 and minimum negative
friction in S/D=4 were observed. In all states in corner piles negative friction is more than center piles.

Keywords: non-connected pile raft foundation, Laboratory model, sand, cushion
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