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An Experimental Study on Optimum Slanting Angle in
Reticulated Root Piles Installation
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Abstract

Load tests are executed on model reticulated rooct piles (RRP) to figure out the opti-
mum slanting angle in the piles installation. One set of model RRP consists of 8 slanting
piles which are installed in circular patterns forming two concentric circles, each of which
is made by 4 piles. Each pile which is a steel bar of 5mm in diameter and 300mm in length
is coated to become a pile of 6.5mm in diameter. The slanting angle of the model RRP
varies from (° to 20°

Comparing ultimate bearing capacities of the model RRP of different installation angles,
it is observed that the ultimate capacities of the RRP increase as the installation angle
increases until 15°, and the optimum slanting angle of the RRP is around 15°. The ultimate
bearing capacity of the 15°—RRP is found to be 22% bigger than that of the vertical RRP
and 120% bigger than that of the circular surface footing whose diameter is same with the
circle formed by outer root piles’ heads. However, it is noticed that when the slanting angle
of the RRP is increased over 15° the uitimate capacity starts to be reduced. The ultimate
capacity of 20°—RRP is even smaller than that of the vertical RRP by as much as 5%.

From the observation of the load —settlement curve obtained during the RRP load tests,
it is known that as the slanting angle gets bigger the lpad —settlement behavior becomes
more ductile.

2 X

2 dTFelide o8 7Hx8 et A A zhE 2 B3 O8] FeinsE A zEte Ry E R
A st #le]d (raining) 2 2 AukE 2 obF AFATEE sl 28 FejRge g

fgq, Agoletn e EEFH3} B
*3AY, Agdeta ety EXgest b
Y, PA R FH N BETR) 2ws
s R R, At vt E3-Re

GEME TS 20



ARz FIAAF Abele] fAE H|EY Fhdvh BALES
A7+e ZHe A7 Smme] gl BalE 37 Al
stk e, By 18 gevlx
2 ate] b A H 3 vl waped v

AP A e d A abzte] 15°4 v SA A o) Hefr} sl glrh ebd A Abzbe] 157l Be)uhse)
FEAAHL Ay kv o] FTAAHT} wlwspd 22n0) 3, Aoz by PedF
A9} vi@shd 22%2 FAAH FrLEAN7) Asdch wbdel| epd A Abzte] 209 A+ S
R A8 & =] WejnrEe] A A R} 5% 4R e 1RSS5 gl sk - s
gL e AAde] Qi Sl Ankdctsty] e g vlepie, el A Abzde) 1071 At
352 SAAAR e gt F A G fFAse FAS Rk s A Abe] 15 20°%
Z7ksba A sk S ZIE—M gt Fol = AL Frlshiz Adde] vk ohebA, el d A Abzt
o] gli= Ao WeldE, FPAAHE ¢ ﬂrﬁ}ml gt wrlegts FAZ st o]2A] ¢

o 0°, 10°, 15°, 20° 2} e} A
L7 #Ae] bSmm, o7} 300mm7} ¥ ==
& Axpsld AstAdE FAE oS SEAAEE T F

3L Aabz ez} %—ﬂﬂ—t— o144 (ductile) 7 5-

2 ¥el 7o oakgic)

LME
284 MalatE(reticulated root pile)

FAlell RAAA7E Bl A4 75~250mmel
A7 VR AF EzdE G508, Ad
epel 5 A, F3b A shA F-3s o
FEE7) Edrol] Aplo R HA gle] wHFE
elo} ol LA = ool Aaksts Hel #Hab
sled, i Ao A st 84E Ak
g3 o2 MAste FRES AAEAY =
L Ak wksl Al j e FaRE 7| E
4, A b ela AAHe] ok 7 &
T8 i?& 5ol de] 2ol qich

2EA WD P FAe dde
s BE FFe Kol A8 7, B
g Autell A E FrhE ]l ¢3S 3 w2 Al
Fo| shesta, Ay R /AE AHEstE

2 2he] F3bel| AebE A gt R A
FE afoldt AF 5o Tt Ge 5ol
alq.[l)

e}, o]¥ AL E 293l RRP.E
o] 4% Ak A} o F)xe] AR nbdel] it
odata] HA4o| o} WY s AA ¢ gl

30 Hll4E W2 - 1995F6H

on, Reubge] A7, de], AAH, 4
“J"‘J Soll 7 71 o] 9oL, A =3 A e

Faba gz Aol & e BHe 3
% Azz wHgshe 2y P dSd s, ¢
K7 A2he WEAA ASHAIRE AL, B
AN SH AN BAL w3y shed
7 R AHE AAlshe ol sk,

2. DEAME AR R EHA

£ 2YHAYPM = Beuse] yeEanE
78+ Lizzie] A" Vo 2glsld 4z +
AE 2y 2% W dES 7 ebdA A
Wk A7 afEkA S dAlstel s vl
2xdog wi 43 dov|=E Aabsle] 28}
A1g S gk AstA el AR ZYERLE
0%, 10°, 15°, 20°2] el A Al2-& 2t =% Smm
2} 3o v E 7 ZloE A e] 6.5mm,
7|7} 300mm7} HEE 3tk FUd M
2pzhe zhs 8o RRE-S 40y 2] =
2 e FAYA HI=E v sgled 2zt
A el Ao 4709 wEL Hydela] B
ot o 13 ZFUEee ] AL AYES
sll o o F: FAlAbe] UE Bl 2E T4



Qo) BEE AYRE A2 P Es
soich 2¥ 9y FLvlEE wE S
oA MY oY Hode YIS 4
A% Mmmz el Aasidch 299 2
R tE Rewse) Y4 29 1 29 7
th 2% 2614 2t BHEAARZRE Vet

ZDmmI I

I3 1. st By elubRe) six

Bk wlFo] 266, YR} 47%,
Hobgzte] 35°, wEAIFrE 19321 HefA|ube.
E RYIE PEEE BEE Tl dAT
e EX 4 Ldme¢} Felel 4% 27 Smm
A AE B A AR Y B2
2] AP Zo] Im, He]7} 2m, =017} 2.5mo]
<t

AYAAE 29 33 Frh A P4
g 2yAte] 2dbd fel EF8 e ¥

300mm

% 2. iR g4

2E Hel A3t w2 As 479 5
SRS AT o F4A 2R 5 S )
3t stF—AUstF FAE de £oR sy
I_—']_.(S)

[ s
3]
hY
® 3 @
@ &
I ~®
®'\

v

@ sieve

@ H beam

@ proving ring

@) swivel head
loading ram

(& loading plate

(8) model pile

@ model box
bred th=1m, length=2m,
height=2.5m
above G.L : steel box
below G.L : concrete box
supporting structure

a3 3. Ay

AYANS E2 Vehid E 19 gow 2
Jle By Uy 7)o disjm 43 As

WA TR 3]



AYe AAse] BF-AFITAE Q. 3 AEHD Y 2N

E1 Ay A 3.1 S EFAMZARZLEE S| K| 2
94| 1st | 2nd | 3rd [ 4th | 23 W7z 2% e A Az e wlEe] o SR A
eldar | o0 | 107 | 15° | 20° - & ®2¢} Zromy 7} el A Abztel ¥ FHE—
Uy 3| 43] | 43] | 43 | 43 43 sk e ad4e) ol 135E 72 R
load(kg} load(kg)
00 4 8 12 16 20 24 28 32 36 40 44 48 52 NI 12{16 202428 32)36140)44 |48 52
——
P2 [T
_ i ‘ a
£ ! / i ’é \’
E 1
A £
“ g 1
5. 2adV, E g j
2 7 Z - |
B 1] / 3 1 3
¥ 4 w'
2 12
16 i6
{a) e} Apzbe] (° Uf {b) ebA 7 Abzte] 10° U
load{kg} load{kg)
0 4 8 12 16 20 24 28 32 36 40 44 48 52 0 4 8 12 16 20 24 28 32 36 40 44 48 52
O‘WW‘“‘"«A*"E* 0 Ny
L Pt L tﬂw et
L TN RN w
N TR
NN ) AMWAR
£ {1 Y\
=1 (=}
: (] AW
& 8 % 8 R N
§ NVl E LT
¥
1 L L 2 \
12 12 N
D+
= h
16 16
() b A Abzhel 157 Y of (d) ebd 7 Atzte] 20° i

O 4 9% A Az shE - AT

32 1% WM - 1995E 6 B



Aol sl FRAARE dehlz gloo SR 2] AAYRo] AlasE: Yol 5
ol & HaFS Uit Ao A5 A & F§r|AH 22 5= Terzaghi/ Yelinek
Aoz FAFgch FAAHL 15—zt £ o] -L35ted HAstg ) 6710

E2 ehdAAze] Wi o SexAY

0° 10° 15° 20°
18] 23] |35] |43] [13] | 28] |39] [43] |13 23] |38 |43] |15] | 23] | 3% |43
8k 2 4 (kg) 32.2|34.3(409(33.0 (34.3(39.6 (40.9134.8 |48.5|42.2 |45.9|35.3|31.7|33.0|38.3| 30.3

bl Azt

& FEA A4 (kg) 35,10 37.40 42.98 33.33
50 - w3 By 9% L]z B 45 A
T b R ALk T HF - s T Y
~ 40;; ______________________ R % """ T T4 6m e 3RAAEe B39 R
< oy B3 v 9y 9E r1as SuAAY
= ok Aq (s L [ 2 3 1 a
o 1 SR A H (kg) 237 1 251 | 17.1 | 13.2
T} | 332 7 27 212 (kg) 19.78
[ | e geg - £ -
03 - - + S E20h 25N ¥ 5 9%e) B A Akl
A 15°9 o) kAR o] Hujsb Wk, ebd A}
Zho] 15°0] Welutmel IPAANHE WY ¢
a3 5. WE ebd A Azt S| Y 27|29 S AHA vlwspd 2.2 o] 1,
QA Welwrme] 799} vl waba 2% ITA)
load (kg) AY 2o Estot ok e, e Abztol
ool B 1216 20 2478 32 % 404 4852 opq nyge) FYAANHE A% PelwE T
SavAY QARG 0} 5% e gl bk
\4\ ™ \l“‘« - — =
4 . 32 SHE —AlHY 2Me| oAt
\ “N\ e -3l FA(aHAA Re wkg)
~ 8 T o] x| Mgl A4, B Vst T
£ A de A Aotz Yolg vere, g
g \,1 D, AAlzke) 1072l A9, 5 ITAAH =
3 YASE S F AR ghE FAshe S Baln
. M AT, et 15, 202 FrbsbuA shEe T
‘ Y QA Gl 2D o w AL ZrbEe A%
0 o) vk mahd W) Ebd7 Abzte] Q1 7
i N Solt FRAAHE Esbsiel 138 wrie
y = FAG sl ol 9w PAZ Wit

Z715he WA {ductile) A5S BY F o2 4
a8 6 =Y 4y ¢e 7lxd shE -k T4 4=t

WEMAE TR 33



3.3 7tat &S S5

Bemge] IEEIAE 4R getn
a7} el d A At e & ds B o]
Ao g e peldme] Hafd wyzlel, 3
ool W& WZ, o|& =EFAUH TS A4t
st

a2, P 2EEFE sl 9

E 4. AHAAFE Fold whE ), 9% 2E T2 w3

a, WELAE oS he) BETe)s) Y 4
Mol FERY2 PRI, A4 Lolol 4
o] wo] Fhate HE BAYOED sh 47
o) WA Aststdck AEW, BT Qo
A B o) g dHo] ¥l v
o oqleh TS el d AR Atz @
g A9 Aol Ve 13oleh,

ARZ

o el A apzt 0 10° 15 20°
A EEA () 9} 572 46.24 46.24 46.24 46.24
= ) &5-g} 10.89 10.89 10.89 10.89

o | A=tHel{cm) 30.00 29.54 28.98 28.19
& A4 (cm?) 46.24 31.36 68.89 132,25

A w | Ao {em) 30.00 29.54 28.98 28.19
2 HA (em?) 10.89 39.69 96.04 174.24

o | '#AAe](em) 46.24 23.12 23.12 23.12

% HZ (em?) Rolo et ¥ | 1560 10.26 7.56

A Wy | g del(em) 10.89 5.45 5.45 5.45

% 2 (em?) ol oz} Fo 5.67 3.73 2.75

(a) sbd bz} 0°

{b) ebd A Abz} 10° (e} e AL 15°

(d) =hdA Azt 207

I3 7 M FE B 34

M OFEIE B2 - 1995F 6 H



Ao M= dFshadRe] 27 2 AgA
A5 B8 78 284 B S AY
HsleptE FR% SgA e ¥4-s weis)
o APt 12 o)A =t 7t efd A Azt
of whg 1A WepdRe| bz x)eH ) &
s Rghae] A Apolea] ojw 5
HA S alo} B ol Hvl,

3.4 A Ho o] st MEHT ol&gt
2te| vl
oz epdmed O MY Ak SR
22 30.1kge vleEPic) Vesicd) wE71x
FEHAANH A vpi & ol B3l By u}e
=7 A7 eage] SR AHE A
0 )8 59} il

5 dd Welgsel digt ddghst o2k Wl

(Vesic %)
Zo | gt
ehd® | AAY | Qg
{Qs) (Qp)
s A2 g 15.6kg | 2.37kg | 17.97kg

2 mhajof ofg M35 | 1947kg | 23.22kg | 42.69kg
3 A=Y 283 1031kg | 65kg |16.81kg

Ay Az} - .1kg

AgAze ous S¥AAH AN gHL
o} 2uf 7t ad, £ S E PR AAY
o A% 92 wmeld g AXYH &
WEFelol g A A e stolghs Vet

Rl A ubelld Felge] Gge WA
e} BA] tot ®alz) vl ad =8y
FEFARAC] Ax 4 Aol FEESE g
£ 18} & o] BEoln ngre] Aubxal
S 13~2 Apololeh™ odx Rejulsel o
g S AP AYGE L5 FTA A
#Hel ez vyl TR FelAE g 196
olct,

4. 48 ¥ ATAA|

£ A9QATE 9% Az B 2%

A FegEe] 32| 23 Wk ool ] ¢
g Zeg 23 25 Rewged oigl A}
AlgE AAlstgel AgAFARYY 92 AE
& oh37) 3k

(1) ¥ Aol g 23AUF Hije) upz
oo ks S8R AE.2, o7,
10°, 15°, 20°9] 4717 eldAx 2 F €}
A7 Abzrel 157 of Horl gglen,
2 2y A3 JeriE A
o] 22u), A Wejus Fghx)x]# 9
1.2249) o]gict.

(2) st5—FslFAL efd7dslzte] g
Aol HHF Mt} (general shear
failure) el 5 Jtehfar el 7 apzte)
ez AFellw FH "7 (local
shear failure) eS8 vlelliglc), o}
A, epd7A Az gl Ao eutm
£ SRR AH G 2wl sl5S
2 F AR el o] 2R w HAR
Wzt F7keke A (ductile) A 52
B 7oz o abgic)

(3) ¥ AR 1EA Wejune) Iz
HE& HYE 3= epd A A S gto} n
7l S1%F e g o} oo|m fyuldk 3
Azh, 29w, A e, 3% F2A47H
of m}E Bz AHFl It AF
7} Bels|ojolg}l rlol FHHoT=
AZ| EFE sl AT |A3A o)
¥ g 3}c}

ok

b

o
o

1, Lizzi, F.(1964), “Root Pattern Piles Un-
derpining”, In Symposium on Bearing Ca-
pacity of Piles, Roorkee, India.

2. Underpinning and Retention(1993), Edited by
8. Thorburn & G. 8. Littlejohn., Blackie Aca-
demic & Professional, 2nd edition., pp. 84~
156,

3 1= (1991), 2 FZel gl ¥ e
o] Alub Bk H el gk 3, Aed, 9}
ALele) =i

BEMA TRNE 35



. Z80(1988), Y AL EE e AlH Y
A& 518 #lo)d (raining) g2 o] & A7, AL
of, Aatebe] =8

. A Y(1994), 184 FejwEe] A A
W AYE?, AL, dAres] =8

. Dieter Salden(1980), “Der Einfluss der
Sohlenform auf die Traglast von Funda-
menten”, Baugrundinstitut, Stutigart.

. Alam Singh{1981), “Soil Engineering in The-
ory and Practice —Geotechnical Testing and
Instrumentation”, Apt. Books Inc., pp. 358~
413.

Winterkorn, H.F. & Fang, H.Y.(1975),
“Foundation Engineering Handbook™, Van
Nostrand Reinhold Company., pp.557~595.

. Tomlinson, M. J.(1986), “Foundation Design

36 Flife HWoW - 1995464

10.

1L

12,

13.

and Construction”, Longman Scientific &
Technical. pp.398~501.
Tomlinson, M.J.(1977), “Pile Design and Con-
struction Practice”, A View Point Publi-
cation, 3th edition. pp.97~183.
Das, B.M.(1990), “Principles of Foundation
Engineering”, PWS—KENT Publishing Com-
pany. pp.444~495.
Vesic, AS.(1977), “Design of Pile Foun-
dation”, Trasnportation Research Board. pp.
1222,
Poulos, H.G. & Davis, E.H.(1980),
Foundation Analysis and Design”,
Wiley & Sons., pp.19~38.

(Hd =} 1994. 9. 26)

“Pile
John



