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Figure (1): Particle size distribution curve

Passing percentage
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Table (1): Characteristics of Firouz Kuh sand (direct shear test)

S5 () jen =YY
Sl S GRP i L) 3 Sb S O e
A eslnal 00 e mm L1 5 A MM ol Culis Ve mm
a8 5 el 3,58 OF 53 &S s o el O35 sl
S5 SIS L Jlasl 5l ol i oS as Ol sl S
Ao 0SS O (50 sland 53 5 S sl s

3d o 4 S35 L

355 Jlesl e ¥
Gl oo Ve bl (S S Sl il
el e e W IS e b s s Jlesd
5 ol A i eslacul (11 kgfsec Jsles) aids 55 S
DS Lt b F S L bl (’K'v“ 53 8L
oS S S s S ol Sy el (s e
S O 5 S50 Db (bl el il Ll edll
Sl e 00 s e Ll 1) Sl Jlide iy o8 55 0
(V) S 53 OB ol als el S0 et 4 5Somd 0 55

el 0 03l QL;;

b4

o Lo mhes o 60k bk

ozw‘éucdﬁ)j&&w.ww)ﬂ&JWﬁ
3)5e Sl e 5 Cudls 3 LS anle (55 b ilesl 55 el

TRV b@.ﬁﬁ)%dﬂjb))\.\aﬁ axdllas

e e &

G (9 -
L s e Olal ibide S8 sladie 555 1 Lialesl ol
&_i\)'lézL_i)';lJ_xJQlj_?u_.a‘QTs\_;i}AQ;ﬁ&iki4{4;.-}5
53 sl el LSS Sl 5 Olabl S (6 L Lo iales]
S s atlo y olb AT Gl gers iash ol
S 0 8 ) pad iy e s o 40 50 Jasl OIS
‘Ju_ujdf»);;,%ﬁ\;\,wCsbwvsb;ww;
" CM} szsa)‘v\;‘&ku’AWJaM Jl.o&‘ )L)L.u.a

A

AR leT Je - Y
uAK_.L{LA)T 6LAQJ_A)T e aJL‘L\_w‘ J)\}d uAKnliLﬁ)T OL‘J\:Z‘
(Sadr S s o el 8o B S D e el
aslsl ys ol \_Acq..iﬁ) ) - ‘CMOKAJMJ T g

el 003 Oy 48 games il Sla S5

oslizul 340 Sl —V -\ -Y
3l 63559 b e 31 e tan% nl sla el plnil 61
e ek ) Ol S S ale cnl laails a3 s
5,30 4uwle (USCS) S (ghuaad (gl 5 Ao s ol
el glaasls JK’:W 3,8 2 JASP ey S ps
(1) JS2 55 (ASTM DB54) ol YY1l GS auls
oS 8l s e edalie ol eslitul aule (gAudils joie
A8 s el e 5y bl S anle l 28 Dl
b oialasl ol gl sl ol o3y 0L (V) s s Of b
s st Salen W] (o) s bl 51 Lol =b
L s oo by o o515 b Sialesl O e 3 0 i aile
A s e Ol 4y =1430.L KN/MB o sases O35
VS‘JJ [P ;ﬂﬂdq_w Lau':.ibﬂdwﬁ Sy as S
LS 5 Crl 580 U550 Gl 33 (o ) ol 4, S

ik



Y40 J:;/Y a)l.q.i/r.a:.jl,iaﬂ;

Sl s asle 0em Cubs 4 5 ) Cm ks 5o 1y K2
ijmJ_LsgL;JY)J@QMJ b rad s s3bedds
Lgbijcqulab Il (g gad s eslanasl Yo om Jsb
Sl oty o8 b3l 3 ASTM EBM 5 kel ald
o dgtie g3 b oS (655 Ik 5 3150 pukiga 63
(el b el 5 238 513 iS850 e
3 ekl A 5 YV GPR (Y 8 Slamad sy (sl o
e JSLLEe EVY 5 67T s 5w el olg a>

O Glbl SLst iy ey Sl 03,5 Jlab ()
Csl LS ol sl aale el g Lamad sy ol
o= OAE S5 L s el smad s (555 Blob edaw sl
m e Gl pad ) e Sl (Sb 3 L e
ubom‘u@.&ﬁ)mﬁy.\}\élﬁ4:5))[54.3@\)5..)\.1
3540 3l s bsmas 5 a3 iy Lo islosl gl ol asliz
o3lizad (sl o s IS5 .

,;)..i = o> (f,) Jg.& BE Lhu:‘il"J‘ LS‘J" ol

Al Ll mm s e Ol

osm»]b)f&ﬁ%‘jh@&ﬁ)&wgﬂj](i)d@

10 ci I.’)cm

Figure (4-a): Set of micro piles and cap
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Figure (4-b): A view of micro piles coated with glue
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Figure (2): Reaction frame employed in the research
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Figure (3): Sand reservoir, load ring and foundation; ready for
test
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Number of | Installation angle

M-F-6-N M-6-N micropiles (N) | of micropiles (8)
M-F-0-2 M-0-2 2

M-F-0-4 M- 0-4 4 0
M-F-0-6 M- 0-6 6

M-F-0-8 M- 0-8 8

M-F-15-2 M- 15-2 2

M-F-15-4 M- 15-4 4 15
M-F-15-6 M- 15-6 6

M-F-15-8 M- 15-8 8

M-F-30-2 M- 30-2 2

M-F-30-4 M- 30-4 4 30
M-F-30-6 M- 30-6 6

M-F-30-8 M- 30-8 8

M-F-45-2 M- 45-2 2

M-F-45-4 | M-45-4 4 45
M-F-45-6 M- 45-6 6

M-F-45-8 M- 45-8 8

M-F-60-2 M- 60-2 2

M-F-60-4 M- 60-4 4 60
M-F-60-6 M- 60-6 6

M-F-60-8 M- 60-8 8

Table (2): Tests in group 2 and 3
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Figure (5): Test program in the present research. a: Reference
test (Ref-Test), b: Second Group (M-Test), c¢: Third Group (M-F-
Test)
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Figure (8): The load-settlement curve of M-Tests
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Figure (6): Solidification of cap and micro piles in the third
group
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Figure (7): The load-settlement curve of Reference Test
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N installation angle of micropiles
Number of 0\
micropi]es 0 15 30 | 45 60
2 1 |117(1.28|1.74| 2.35
4 11098 141|185 177
6 1] 107 |112]137] 14
8 1| 08 |145]133] 139

Table (4): Magnitudes of K in terms of installation angle of
micropiles (N=2-8)
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0 Number of micropiles (N)
(degree)
2 4 6 8
0 1 227 | 401 | 549
15 ! 189 | 3.64 | 3.76
30 1| 25 | 353 626
4 ! 24 | 316 | 4.18
60 ! 171 | 239 | 3.24

Table (3): Variations of J in terms of Number of micropiles and
different installation angle
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0 Number of micropiles (N)
(Degree) 2 4 6 8
0 11 1.49 2.59 351
15 0.99 1.36 3.44 3.83
30 0.76 1.17 1.69 2.30
45 1.16 1.69 1.98 2.53
60 1.07 1.42 1.67 2.33

Table (5): Magnitudes of P factor in terms of number of
micropiles in different angles (6=0-60°)

L cma bl plad 52 &8 S Ol o P polis a5 L
c,.}}dwl@_;ﬁjijlf_iﬁj\asww\ajﬂ);
05 5 @L3) e (8L o addllas 5550 o 500k
e Sl ol S e Al o 2 (S0 Sl s
SN SR ECOR S PSS I PSP S PYP
oS Ol on (S Db an bl ol IS8 (S g 03503
cab_f);a.,\_.ie;u;_wl‘_gu@_.ij-i):l,\_x:Ag;JAASg;.éJf
e g sk o b sl S S gl ol sl 5 at
ol iy ol ol bedd

S DSl L alsl sl 5 S=J 28 Sy sl 4
B s LS el il glacn s L ke
s SUD dm 05 o 5 (S)) OF s s 5 (D)
(Loy3 V0 510 0) o ol 3l i 3lis gl 5 0l
o) e D5 53 Al 8 Q) g 38 Sk Slds
B0 o2 o @B S5 A o sl b 4 L ks
u,f,.l;".1'25.‘6)5)\54.5LHJC«A‘&))TJ[..{A{VJ'Y.M(WM
L Jel8 olad 53 SN 48) o505 8 6l " o 500 o8
SN (VL e 3ls 63 3l i 8 ol gl (ol S
jg;_wnubh:.auoi)\mgm@&w;u@;ﬁ) 1
T o S O3 e L L 5 05 e R
olde il g Sa5 @B 5 Dk 5 S dslons SIS
(V) 5 (00) sl S 5 05568 Sy/D sl sN 50 Cilise
.C,M‘a.l..ilv.w)

03,5 s (8l it 525 8 L5 Y sl Sl eslinel s
Cﬁj_:¢59:30°)>&6))ui:5UEJJ»&L»AMJ;:L‘J):&
N=8 5 N=6 =l s .l s |y e oy iy 045° 5

Slataws oS 55 5 enps als 0-Gy) Lo sas NS L,

%Y

oot Ol s la s — ede dle

M-F-Tests sl fiolo3l s = b gla oo (1) S5

Test Code: M-F0-2 —o— M-F-06 —=—
1200 | H OO MF04 o MF08 o
HY=13.8 kN/m® a2

1000

0 25 5 75 10 125 15 175 20
Displacement (mm)
M-F-15-2 —=— M-F-1

Test Code:
1400 |— P MF15d e MR

5-6
5-8
T

bk

TR N}
0 2.5 5 7.5 10 125 15 175 20
Displacement (mm)
M-F-30-2 —e— M-F-30-6
M-F-30-8

Test Code:

—
M-F-30-4 —o— —a
800 e ‘ ]
7—=l . N.
700 | = o Lo
600 o
| -
— 500 | A
< L i
& 400 - -
‘6 .
[V -

0
0 25 5 7.5 10 125 15 175 20
Displacement (mm)
. M-F-45-2 —e— M-F-45-6 —=—
800 Test Code: M-F-45-4 —o M-F-45-8 —— _ ¢
" T T T T T g
[1¥=13.8 KN/m 7
700 — —
|- -
600 — —
|- Q
= 500 — —
£ F ]
8 400 |- ~
‘6 L =
% 300 | —
200 — —
100 —
O+ | L [ R B
0 2.5 5 7.5 10 125 15 175 20
Displacement (mm)
. M-F-60-2 —o— M-F-60-6 —=—
00 |5t CO% M-F-60-4 —o— M-F-60-8 —=—
" e L B B B
| [r=13.8 ki’ 5
700 a

I | I | I | I | I | I | I | I
0] 25 5 7.5 10 12.5 15 17.5 20
Displacement (mm)

Figure (9): The load-settlement curve of M-F-Tests
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Abstract:

Improvement of bearing capacity of existing foundations is of great significance. There exist many methods
for practical purposes. Micropileisone of the most promising methods. Micropile is a replacement pileof
small diameter(usually less than 300 millimeter) which is frequently reinforced using steel elements. To
construct a micropile, steel reinforcement is placed in the borehole after drilling the borehole and
subsequently the grout is injected into it. Micropiles transfer the structural loads to the deeper and stronger
layers of the ground and confine settlement (similar to conventional pile foundations). They also improve the
mechanical properties of soil layer such as density, bearing capacity, permeability and compressibility.
Owing to their advantages, micropiles are widely used asfoundations of new structures construction and also
forreinforcing the foundation of existingstructures.

This research aims at experimental investigation of bearing capacity of foundations reinforced with
micropiles under the condition of static loading. A small-scale physical model of a foundation reinforced
with micropiles was developed and a series of static loading tests were carried out on.

The model micropile-foundation was located on loose sand. Density of the underlying soil was kept almost
uniform throughout the tests. The foundation model was circular and 100mm and 50 mm in diameter and
thickness, respectively. It was made frompolyamide and considered to act as a rigid foundationduring the
loading owing to its material and thickness.

This foundation was reinforced with a group of micropiles with 6mm and 200mm in diameter and length,
respectively. These model micropiles were made from threaded steel bars. In order to mobilize friction, sand
grains were glued to the surface of the micropiles. Various arrangements of micropilesincluding the number
and inclination angle of micropileswere tested. From the comparative examination of the observed behavior
of micropile foundations, the influence of micropiles’ arrangement on the mechanism and improvement of
bearing capacity of foundation was investigated. Number of micropiles used in the group varied from 2 to 8.
Micropiles were inclined at different angles (0°, 15°, 13°, 45° and 60°) to study its influence on the behavior
of foundation reinforced with these elements. In order to quantitatively assess the degree of improvement in
the bearing capacity of surface foundations reinforced with micropiles, an index R called “Network Index”
was introduced in this study. The index R of unity means that the bearing capacity of foundations reinforced
with micropiles is simply equal to the summation of the individual value of the surface foundation and that
of the micropile group. There is an upward trend in the rate of index R when the number of micropiles is
increased. On the other hand, in high numbers of micropiles used to reinforce the foundation, index R
declines with increasing of inclination angle. In the case of micropiles with low-inclination-angle being
implemented, bearing capacity is improved remarkably; an index R of 1.997 is achieved in this study where
8 micropiles inclined at an angle of 15° were used to reinforce the foundation.

Keywords: Foundation, Bearing Capacity, Micropile, Inclination Angle, Number, Network Index.
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