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Evaluation of the Effect of Ground Reinforcement with

Small-Diameter Piles Based on Load Tests

Su~Yong Cho

Department of Civil Engineering, Graduate School

Pukyong National University

Abstract

The application of micro-pile technology becomes increasing due to its
economy and construction efficiency. The technology has several
advantages over conventional pile technology such as less construction
noise and vibration, light equipment, and lower cost etc. It can also utilize
soil’s bearing capacity to support loads from superstructures. An existing
design method is solely dependent upon empirical methods derived from
the design principles of piles or anchors. The objective of this study is to
investigate the reinforcing effect of micro-piles in order to incorporate
soil’s bearing capacity into the design of micro-piles. The reinforcing
effect of micro-piles on the bearing capacity of foundation soil has been
investigated by performing plate load tests on foundation soil reinforced
with micro-piles and numerical analvses. The modulus of deformation of
foundation soil reinforced with micro—piles could be determined by
analyzing results from plate load tests. Numerical analyses using modulus
of foundation soil, obtained from plate load tests, can predict settlements
of foundation soil with micro-piles. Both plate load tests and numerical
analyses exhibited that foundation soils with a moderate bearing capacity
could be effectively and economically reinforced with micro-piles instead
of pile foundations. In order to increase an applicability of micro-piles, a
future study requires that the effect of micro-piles depending on
reinforcement ratio should be evaluated further.

Keywords : Micro-piles, Economy, Efficiency, The bearing capacity, The

settlements, Deformation, Plate load tests, Numerical analyses
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2 ALEF ARSI ANz E el HASE T

Al bak s et

B

s

rr(l—

o} 71 A,

25

v -

A
}

v)

Qe

At w7
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: Hanrahan-& w73 »9) 938 A s

s obejel wAR

........................................................ (33)



41 ctgd AE

411 394 Z2aY

B ZAgoA Wygsfe $3te] ALE-3+ PLAXIS(Finite Element Code for
Soil and Rock Analyses)t= A|u¥bsj] & 2219 {3ta4 | Z2aio=
A, 1987\d Netherland®] Technical University of DelftollA] ¢deFst E&2] Alx] A&
A A4S el A olg AubEol AukFE Fofz EAEo] de A}

|53 9l

4.1.2 M A5 (Ed)

W3 =X (Deformability) 2 Z|utel] &EL 71stAY 2 2 A o)
A ZNkel} WMol A7) = S ofn| g}

(D) BEAF 2 F3et

=
54 % 09 ANAFE FHSE o8 Aok EFl 0E N-gkz

2ol dEZA AueA WA N-gtate] AadAE a5 2o] Ak
stgon], ole] mzw EEANPAAA AGE Dol Atk EEAIATA

g ol&3te] FAG WAHAFY U E 429 #h

(D Schmertmann (1978)¢] <t

Ed:' aN(kg/cmz) ....................................................................................... (3.4)
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I 4.1 Schmertmann2 A 2toll A agt

2e |4E we wad A= A9 wE 39 v | g | A0l 2o
a 4 7 10 12~15
% 71N, @ Bl o g4
(@ Hisatake?] #|<t
O N [ e (3.5)
@ E=zu FFEAA
B = 28N (KE/CM2) weoreerimeermsssmerssssssssssisss s s (3.6)

@ Argsiol] g ANbAP A

AEEFol whE A v % 429 E 43% 2k

42 HEASo vl g
Soil E(kg/cn) Comment
Sandy Gravel 800 ~ 3000
100~250
Sand : Loose, Dense 500~1000 | Depens on Posson's ratio, test method,
Silty Fine to Silty Fine 50~200 and confining pressure in triaxial tests
50~180
Shale 1400 ~ 14000 'If under about 1500, may be troublesome
Slit 20~200
3~30  Depends heavily on triaxial cell pressure,
Clay : Soft, Medium 45~90 sample disturbance
s 70~200
Stiff Leda Clay, 650~ 1100 and water contenr
Norwegian Clay, Marine Clay 250 ~500qu | U= unconfined-compression strength
L 14~70 o o
Glacialm till 100~ 1600
Loess 150 ~600 Depends heavily on porosity n and

water content

_23_



A gke] FH A AT (kg/cn)
Peat 1~5
dE =gt 5~40
2% 40~80
wEsig  80~150
1) _ ZAasy - 100~200 B
gdsicg 500~ 800
Z}zk a3 2 - A48 & 1000~2000
orn 47t A A 1500 ~ 3000
o de7t gl Ay ‘ 3000~ oo

Aol TR e Topdul B A&t O H 44 H 457 Eoh

F 4.4 &M o] A xZolSH|(L. Hobst and J. Zajic ol 2| &)
. AHEE 1~4) FEGED | ARAS E(10°P)3 EokEul(v)
s (§] T - o« >
- ' [10°Pg] | W=/ | Wxkdf ERUN
o aae s wag 600014k 5000021 4| 20000 ~50000 | 5000 ~20000
by A% HAHY, FALS 0.10
a) F-2E e} shdeh WA | 150014k 2000001 4 5000~ 20000 | 1000 ~5000
2| bR EERY gy, FALE| | -
o) AAG HAY, AT E 0.15
a) 3 shoh, WY . - ~ .
, D EAS RN, 09 100914 5000014 | 1000=5000 | 500~1000
Vi) BEEEe g By T T o
d) AAE =AY, g F 0.20
A ) F3hE Ak, B 100014 [500~1000] ~300~500
b)F-& F3e] HAM k2 | 025
IR 20~100 | 500~1000
| 02
6| wuEsay seme aag |- 07D 0 =500
e s T, -
T o

42 7|x° otHH HE
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421 AsAE M8

B oo gaAwon 4R AE JxAwel HEAAY 44 2 Y3
o] AL 9T A WFAFE P8 A5 FRASFAES AN
QAom A E et ek

N

O F17 Auke] g ¢1500mm HHAAAE ¢ 104
@ 277 2% B Aol @ ¢1500mm FRAFAE 1 1A

422 HENstAl" At

ll

ARASAG] ABRE ol Gote] AF~HATA, log F ~ log W3
Faate] o] BHorRE O AuiesAs @ HEAAH, @ WAAS
2 argatge

4H
[

off o

© 3-&A#4
AE712 A A ANg2n Adstsel Mool Antel g5o] s
gorev Algdadistsooths & s}?_o_ HEEtel, B ex R HL Hrlst
W F] 8 XA HL 62.27 tonf/moldd Aoz Hoky

® s8] 47 :
qazp-{—Lqu'xnyf

3

- 1 767 + 1 x3%(1.8x0.5+1.7x0.7+0.9x1.8+0.9%2.3+0.9x3.0 +1.0x2.2)

=62.97 tf/m?

o] 714,

pr G ope L =g e gt
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o

N, AR ASEA =o@ maAwe 6 Azl weAwne 12, g4
=3

E AukE 39 #E AME = 33 &
y ! BEZ 18 tf/m?, RdlZ, HEZ 17 tf/m®, T3EF 1.9 tf/m?
D, : @9 Zo] =105m (FFAA FZ2AAA C-A BHE A& 19 41 #FX)

l [ 7NN (
N )
% I t\\ (. j 4
! (I
| 1
RN .
f: I
| LI AN i
1 | ; 5
% b S 34
| ! 'l \?1>\ J
'\l ‘ . 2
‘ [ N
1 ¥
NN AN I
(]
L

A8712 A AHY AFZABE ol &3t A ASE F3 5 59
S o] &3te] & Alg fAdAMe] WMBASTE AAEIH 66437 kegf/en,
660.50 kgf/en2 H 7k 662.44 kgf/cwe] o},

® W 1: E,=IxBx(1—v)xK,=664.37 kgf/cm®

ANA, 1, ¢ Zl2AEe a4 ZAe o BAANE AF-dI3A
3t 0.79
voo ke ¥ebgH] = 03 A&
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: Aol 27 = 150cm

2
— {1 =V5) 660 50 kef/cm?

® Uy 2 Es 9xs
o 7]|A, r: A stEe) WA = %Q
A%, o FHFFE

vl = 0.3 A&

@ HE7Z2 A AH ANY Aol o
AZ712 A A AgdE a9ksH X 459 #r.
HE A5 U271 A XH A" H3lel <
T 7 4 7 g ot
2] ukak e A K (kgf/em) 61617 -
W &) A 2= vk 664.37
agAs o en 662.44
E(kgt/cm) uh 2 660.50
& &2 ) E(qa) (tf/m) 62.27 -
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Bearing Capacity, q(kgf/cf)

13

12

10

gl 7
-
i
A

4\.\

o~ ® -

(wo)s ‘luswaj|ilag

a2 42 g-s M (HE7]|= AX|H - &5

100 ¢

o

(w/)64)b Bo| ‘A}j1oede) Buliesg

10

Settlement, logs(cm)

a2 43 logq - log s
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el Ngdn AgetEel HAUlA =Auke] aEo] wAE)
z) ore Aoz wuryl, AP USE(00t) S FEEEoR st o)A

5
oz FHEXRHE FGrletd FHEX AL 6227 tonf/meldd Aoz HATH
t}.
® 3 &2 A A
—P+L N, xyD
3 “No>w Dy
- %OA% L3 (1.850.54 1.750.7+0.9x1.8 +0.9x2.3+0.9x3.0+1.0x2.2)
— 62.27 tf/m?
o 7] A,
PR EE D FAA de @
N, @ AAE AFEA =& ZgAhe 6, oA 2exuke 12, A&
Aure 39 g AHE = 38§
¢ EEZ 18t/md, Y% HEZ 17 tf/m’, EHEZ 19 tf/m’,
D, : ©¥Ze] =105m (FHAAE FERALMA C-A diS A8, 19 48 F
%)

AE712 B A ANFAAE o] &3t Ak AsE 73 7 &9
RS oGt & Alg fAeA e HIAASFE AHAHIPH 94431 kgf/on,
938.81 kgf/em® B 3t 941.56 kgf/cmo] T},

@® U 1 E_ =1xBx(1-v)xK,=944.31 kgf/cm?
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T

o71A, 1, ¢ Z1Z&AM] @ Aol de] QA= Ar=dgAsa 079

v i Ake] ¥olFH = 03 &
B A& A% = 150cm
K, Ak Al 8757 kef/cn

o3

XX — 2
® W 2 E.= ’lgles'ﬁ xq=938.81 kgf/cm?

I

A7), 11 Ashwe] wr

st g @ AR, vi Auke] XolpFH] = 03 A&

S

@ A8/ B AH g Ay g9

712 B Ao Add3E ackstd i 463 2t

H A6 HEJ|E B XIH™ A8 el ok

7R 4 7 ER
ARk A Ky (kgf/em) 8757 -
a4 1 94431
2 T 941.56
E(kgf/cm) PG | 938.81
3 -& 2 X & (qa) (tf/m) 62.27 o] -
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Bearing Capacity, q{kgf/ o)

11 12 13

10

o

op142q + 1317

e N

]
>

\
~

o~ Lo ] -

(wo)s ‘Juswales

100

(=]

(a0 /364)b Bo| ‘Anoede) Buueeg

10

Settlement, logs(cm)

- a7g ¥5 22 Ay

12 451log g - log s

(3) AE712 BAAAQeAE A
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@© 3-&AA4
® Zz AAA HNHAY  a g, =55.0tonf/m?
® AE AAAAY FHEAANHL2 ARHAY ol dez XA HA hat <A

e WEIH(E 473R).

F 47 ME fIxlol Mol 5 X x|

TR Ay HAgsks gE A 582 A9
AE71% A AF A1 0 o] ubAl ] OFO 62.27
TR A ,2/00 tonf /5] gz_] L tonf/mio) At
=712 B AH N . 62.27
‘ L5 =1 393 o) O
72712 B A4
(mT7d U5 200 tonf |gHo] WX FEF . 6227 tonf/m’
B A ED
2 WA
AP A7 298 ALAFE T 487 2
T 48 ST Al Z3 X|vto HE Ao Q9F
T A gkdb e Al 4= My A
A7z A AH (‘13‘5’_7‘:} 2] gk) 6.161 kgf/cr 662.44 kgf/cw
AE71% B A (FRZAAEH * 3.406 kgf/cn 366.22 kgf/cn
TSR A 2o UE e " ,‘
_1117]'/(]]?1“) 8.757 kgf/cm 941.56 kgf/cm




12.26cm?)

®101.6mm, t=4mm( A

g
: 1.5m>1.5m

% o)

N

#24

./\]

1494k gf/cm?® = 14940tf/m?

E=

AT 1494

7

941.56 kgf/ems Fx AAA

kgf/creh wawatd zpol7b v A AA EAPE

48

PN
=

tez, Algddae] Ay

AAA FRREATE Apol7t HAYs

3
oy

423 71 A4

149 Aa

70

-

(1

bl gel7t glom

s

bo 253

Eiaa

t

BT
E
mhy

N

=

ﬁ,o

e

jrel

Azt ofe A

SR

) Mico pile 2] W& A

™
L

{

AE L e RS
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Ex(A,~A)+E XA,

E:

po AtA,
2
213.65x(nx-1—5f~— 12.26)+pr12.26
798.24 = —r—
4

E,=829598.74kgf/cm* = 8295987 .4tf/m*

of7|M, E,; &T74 95 B @A

A
-
E, @ ARkl A, Ap RAE Ao WA, A

@ Mico pileX 7= uke] W3 Al 54H4
MAE AT TE HIATE o)t 74 HAAC wE
of et AFTE A oo #ot

® 1.0<1.0m

E = ESX(AS_ AD) + EDXAQ,
T A+A,

2
366.26><(1r>< l%Q- - 12.26)+829598.74x12.26

wx100%
4
= 1660kgf/cm?

® 1.2x12m

g EX(AZA)FEXA,
b AtA,

2
366.26x(nxi2-0— - 12.26) +829598.74x12.26

4
nx120°
4

= 1265.17kgf/cm?
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@® 1.5x1.5m

g _ EX(AZA)HE A,
b= A+A,

2
366.26x (1 120" — 12.26) + 829598.74+12.26

4
1x150%
4

=941.56kgf/cm?

A7z Ak Bl Bew An Faete] #A7F 0.5~35m el
olon] 3¢l By oF AFRIEE of 17y 477 2}

a3 46 HE71x gHE

%I__._ ggg 7 B -

22
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(AEH?)

Py
| D
%

2
=

(4) 948 DATA
AE7 2 A A] AFREE XwbATE 3E 4979 72}
Z 49 X utd =
WHE A4 | Lol 1:]-_?,]1&? A 2k e
A % | ro- [T ejeree BT Agg | Hx
(tonf/m’) | 4] (t/m’) | (tonf/m’) ©)
Miero 10710 - 16600 A5
1.2x12| . 126517 | 03 19 2 30 2 v}of
Pil ~Coulomb o] 3t
"€ 115x15 94156
38 Mohr 3662 | 0.3 19 2 30
) | -Coulomb
Z 39 Mohr | 50000 | 03 20 33
~Coulomb
WRAHA A ST AEPEEY] BYAT K 4109 2
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H 410dF57x229 =44

T 7 2 d | EI(tf - m/m) EA(tf/m) o (tf/m/m)| H] I
ol E Elastic 653,566 3,485,685 3.75
F =213 " 99,922 1,859,032 2.0
® oluE
-t = 1.5(m)
- E.= 15,000V f, = 2,323,790 (tf/m?) {f, =240 (kgf/cm?)}
X 3 y
cp= L0xLST g 9g(m?)

12
- EI = 653565.9 (tf - m*/m)

- EA = 3,485,685 (tf/m)

- o = 1.0mx1.5mx2.5tf/m® = 3.75 (tf/m)

-t =10.8(m)
- Ec = 15,000V fy = 2,323,790 (tf/m?) {fy =240 (kgf/cm?)}

1o 1.0x0.8°
12

- EI = 99,922.97 (tf - m?/m)
- EA = 1,859,032 (tf/m)
- ® = 1.0mx0.8mx2.5tf/m?* = 2.0 (tf/m)

= 0.043 (m%)
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® A T

- AN B v FEkE 1y - 560 t/m’

F2H 1 150 tf/m’

® A9 A%
W el A e 2

-PHASE 1 : 7A&& 4
-PHASE 2 : A% 35 A8}

@ | =
Axx 9 A vHeE 1Y 487 ok

. .
..................
..................
..................
..................
...................
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smmermen Mg R

FAF 15 tontim” OIIHE SIS 55 tonfim

RN Ry e R R 222227 B
(Acrd)

Sy

N
XA 15 tonf/m’

‘%QE‘ ‘ l ‘

OHIIE IS 55 tonf/m®

Micro Pile B2 XIg d

o
0
02

(B¥hd)
a2 48 Mot

424 HEJ|E A B WA H R

eV AGRY siMA e 3 e dEE a9 499 2ok

O3 49 HEIE A T 4FEdT

Actdo] i3t MY LS A7 &) 17AEZ 17 411~4.167H] YEhi AT



O CTC=1.0m ¥«
WReA A T2 | 2UsE ok I 2on, @ AYAFFAAR)
& 2040cmol ™, ® Hol ®SASAL  1/11740H, Awast A HBAH)
o © HAsRe 1758meld, @ Ao PEFALe  1/23470)ch 1)
4108 77t Aurad e}, WEEE el Aol

a8 410 HE71x HAME E( 5, =2.040cm)

12m o 2%

AP Ay 25 V2H9E @ HAAFF A A4 2.337cmolH,
® Ao P5Aee 171048019, Azt ARBADY © HhHse
& 1.850cmel¥, @ Hdl #5324 1/1623°1ch. 19 411, 412+ 2%
AR g ol WAME LS UEbE Aol
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12x12m 2
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337cm

2

ax

8m

(

| st
-

2 4.12 WSl e

a
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@ CT.C=15m ¢ 4%

WA AT TERE J)2090E okl 1w 2o, A AR @ AP
& 2773cmel®, ® Aol BRE A 1/89310, B M © ANAEF
A 1/1126°1ch. oke 2@ 413, 4142
2zt AQurdg st AAMEEE ek ol

ol
NI

flo
oo
=
)
(@]
3
2
£
®
i
=2
-z
ol
o
5:{_11
N
lo

a2 414 WY WE (6, =2.773cm)
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(3) 7 RATA we AdY Y 2

8

O HHA Bt

gl wode o4 NFLEE
7 15x15m B7Z2A HAopLAde] 2 Ho HA FF53skzo] §&x o=
otA3 Aog FAIGHATHE 4.1

T AN UE JIx9f o¥H HE

. N H oy H-5 3 et
= n Ho A9 38Uy N 518 912}
(cm) (cm)
(rad)
A7 HEIANA]D 2040 5.0 1/1174 o 1/500
HAANE | — - -
(1.0x1.0m) [BA & 1.758 5.0 1/2347 1/500
B 3 0K 0K
[ , .
2T BEHIANE 2337 5.0 1/1048 1/500
97w | -
(1.2x1.2m) |BA & 1.850 5.0 1/1623 1/500
0 i | OK 0K
A7 TEIAAA 2773 . 50 1/893 1/500
w7k =) ak | - —
(15x15m) |[BA&| 2140 5.0 1/1126 1/500
H) 3 0K 0K

z 2 sy Astel
ounz%4mm7w17z%smyw:ag§@%aﬁq.n%ﬂ@ﬂa%

=5 ?'5}951‘1}.

_43_



18 4.15 Micor Pile Bl X T

a3 416 XU d

Hygaddy x5 7% 17, 4183 #Zow @ Ho)sl=F
2 2773cmel™, ® Hul FE5 A3z 1/893¢)w, zukd stz e ©

X

Hel= 1" 4

A get e 1.780cm, @ Hol 57 1/21330) )
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3 418 Y'Hak H9

(6, =2.773cm)

T 412 HE7|= AcHH M AT
2 o FHo AR SN ALY R TR FHER
(cm) (cm) (rad) Azt
i;fﬂ‘?—f AQA| 2773 50 1/892 1/500
@ ;#52111%*.0 ) (BAE] 1780 5.0 1/2133 1/500
Woao 0K _ 0K B
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425 7129 4ZAE A= 4%

() HAAsAE 23

© 3&AAH

I AAA HAHALGS  q ., =55.0tonf/m? o2 HAANSIAIE A= F 413
I 2ok zZ Alg Yoo FExAH L A HPHAGYG older 27
Hol| tfste] A Ao 2 YEPRETE

# 413 HEASHAIE 23t

2w Al s o 5] Q2] %
AEZ712 A A A ghi-o] WAy ] 62.27
(717 A9 200 tonf g | tonf/molx
AE71% B A H ah&o] dhal | 62.27
 (RRFANY 200 tonf oo tonf/m’ ©] A
agrlx B4 o] W
(277 25 200 tonf oL © 62.27 tonf/m’
ALY i
@ WEASF A A3
A ARt L BRI A AN i 4149 o, RBA F A
o] MEHAF7} U156 kgf/er 2 D AAA A7 D5 B3R 24 Wy
A 1494 kgf/enet vlastd zpol7t vz A WAE2LE A|FAne] Wy
Ass Jesta 729 HAA S ST dart ok
T 414 HEAT MF 1
T % 2 gkRkE A 4= & A vl 1
AE7I2 A A Y . ‘ .
Gz Ay 6.161 kgf/cm - 662.44 kgf/cn
AE712 B AH ,
(A 9 3.406 kgf/cm 366.22 kgf/cm

8.757 kgf/c | 941.56 kgf/cm
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(2) 71z AN AEdH

A el ot AR E Vx| RAMHEEE 1Y 4199 o

: \::/,

».182 l 8,000 I 15,000 - I \u.{x

712 4.19 oHE M siMol ofsto] AME Y Eo BUHWE

AA THe) RN AT @ HoletEe 277meln, ® A TEAsY
=

o 1 oz 3 o
= goy == Fedl

N

|58 ntEsloze oA st A

IE 415 7| =2 chH M HEAIHA-A ctH)

. . HojuA 528
i SFELICEEE _
7 g  [AWESRAHSES % SERER
(cm) - (ecm) |
i o (rad)
e
A 92773 5.0 1/893 1/500
(1.51.5m) : 2 ‘
(AP 1010m)) ]
W 3 0K 0K
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