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Abstract

Application of the soil nailing method is continuously extended in maintaining stable excavations
and slopes. Occasionally, however, ground anchor support system may not be used because of space
limitations in urban excavation sites nearby the existing structures. In this case, soil nailing system
with relatively short length of nails could be efficiently adopted as an alternative method. The
general soil nailing support system, however, may result in excessive deformations particularly in an
excavation zone of the existing weak subsoils. Pretensioning the soil nails then, could play
important roles in reducing deformations mainly in an upper part of the nailed-soil excavation
system as well as improving local stability.

In the present study, the analytical procedure and design technique are proposed to evaluate
maximum pretension force and stability of the pretensioned soil nailing system. Also proposed are
techniques to determine the required thickness of a shotcrete facing and to estimate probability of
a failure against the punching shear.

The predicted results are compared with the limited measurements obtained from the excavation
site constructed by using the pretensioned soil nails. Based on the proposed procedure and
technique, effects of the radius of a influence circle and dilatancy angle on the thickness of a
shotcrete facing, bonded length and safety factors are analyzed. In addition, effects of the reduction
of deformations expected by pretensioning of the soil nails are examined in detail throughout an

illustrative example and FLAC® program analysis.
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Bridge

. Modified bearing plate

sahe tﬂi—‘imhl QoA It £ dFelMe
T & £ e vhedt <kes 19 89 7
< 37 °JS& Heh g A A ekzA s, 313 8
o) aAA R T2 & He AgHe] e
89 244 Be] A (bridge) & AHE3L] 4719
Aoz FNTIE 2HE 2E 5 ol
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3 A" Ao, AAANQ AfAs D A
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zegid xdvds] Aja"le] A9 53] £4)
Al Hx $zEleE AHHA 9 %}%}Xd%:i}ﬂ ks
A VA 2A4E 2F AFH ez AL
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% = &4 (probability density function) Iejz
2xgc 729 e A5 vot 5
o] & A% WAl Bz, -F4(Z =R-
...... X,)L0)8 sHAAEES
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53 8§(F)e P[Z <0]=P [g (X, X, X,
X o<0]2 AYEH, A =(R ) A18)
o zZo] Ao AFEE FEEL FHol
wel ohi zpe)rb Qlovt dbHer 9%5% o
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R =1-P, (18)

=3 B89 HrlHANAM A= Ag
(reliability index, B, 2}(19))7} A}gE =4, o=
Z9 ()T TEHXHe, )9 W](ratio) ZA]
Ao, o]& Ed2 A3t FrHe =
g 42003 2ok

B= (19)
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A (20)0] =FHOE FAAFREGZS
{cumulative normal distribution function)2 2]}
3, AlZle A7} FORM(First Order
Reliability Method, 23 9)oll 2] ZAA =,
0-m2E o g3t AHBo] HE WU
(Smith, 1986).
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Vermeer & Borst(1984)7} A A&t z}88 An= R
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_ 250 ---i-{ @ Dilstancy angle=5"
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34 Z% 2.73 3.36 5.02 5.15
454 2% 4.25 4.45 7.29 6.94
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794 % 12.59 10.95 17.64 15.76
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Pretensioned soil nailing system
5 -
-
3]
&8
2
& 200
©
W}
<
Q
=3
-
L=95m — el
1.60
I | ]
1 2 -3 4 5
Excavation step
% 20 7 Sgike] Wigl MXZol(L)ol e g v

AT ANYE =l Wrste 1 Aste
Hlm EASE olsle] & ¥Ael Hgd o
Qo) AAE WYe) 7 9 A e 4R

ul
~

ZeHA WY Ae B 97 ANEE
=dz H71E HYREe 19 ~ 59 Y
77 2ol 27t Agsielen), A dFT 2

7VA] 73S0l Zpz}el] tﬂi 7+ 23
& i%!ﬂéa%—p: 2P oz w3
et

a3 209 A#E vz A, 60me] &
< Zo] Yd& At ZAuMae 71
=4, ZAE A 7iepA] o= dub &
g3 FHe A9 (L=90m ¥ 95me) A-$)
Rty 4 FAGAE kgl 238 B4
HrlEe A oAES o & 9ldh A
A BAAF|Z st vk wAIX] FRAFAM
7|&AZ] A (2 19 Fx) vde A
2 o)7} AHE AS-Soll, AT Auknstdy
AL )il Wt e ol AAse= A
+ g AR H4 24, 2T7HE
AL 283 FrF 5 9= zZalEHld R

o

Jll‘ﬁ il
a3 203

A AFAA d AR §2 1% 19 WdH AlAaRe] &g A4 7=
SEEEC
H 742 BANO ALSE MY Mo Wrn EFEHA
B & - N
= T ERIEE y (Ym) Lf=oparzt, $(°) Z|CHZIZ, Tmax (ton) e (kg/om’)
xuEaN| B F | ERFEA | R | ERMX | B R | EEER|® P @ruy
#1 nail=4.23 0.18
MHE 1.80 0.20 25 3.41 # 2 nail=5.33 0.22
| L«# 3 nail=6.51 0.21 210.14 25.02
#4 nail=7.78 0.16
b 4
x3e 1.90 0.17 28 2.79 45 ail—9.08 017
distribution lognormal normal lognormal lognormal
¥ 8 ZZ|HM AAiigial A|AR0| cfE 2= siME 2o
£ = U HE UUR|YT X
HXEH | AzEXS | BYEd HASA | NIEXS | BUHD
Z2|HM Y (he) (B) | &E(Pr) (he) (8) | &E(Pr)
#1 nail 3.78cm 3.52 0.0002 7.93cm 1.53 0.0630
# 2 nail 3.67cm 2.52 0.0059 8.43cm 1.66 0.0485
# 3 nail 4.19cm 2.33 0.0099 9.80cm 1.70 0.0446
# 4 nail 4.70cm 2.07 0.0192 11.08cm 1.67 0.0475
#5 nail 5.37cm 2.11 0.0174 12.53cm 1.77 0.0384
axnm | F ARE 2w ELEEE L
Z4% . X 970
CAFE : 989 SRS : 93%
124 B4R 2R - 1999%F 48




8. ME[= 2H

A 2UUdE A" AdwAe] 2
Rd‘i‘rﬂ)riﬂoﬂ g e Frte A=)
A e 474 HE Fas sF9R
ivﬁi 3] ARz A5 AF= A
ArEsidet. B4 AME-
= 7o goF Ao glow,
H 4] JFEIH 2Euse delg el
Al ZHT= 5, 10°, 15°) W 33y uA(R=
05 ~ 20m) 2] ¥l w2 12711 (218 12
~ 14 Fzx)e) okt e Sst] 2 A
£ =d= Frisigen. o9 Wasd W3t
Hyzksh 2FHaE Smith(1986) Y Kitaura
& Tkemoto(1988)2] AA|H4-& H1=z 3l 2
Aatgdch 2 Ao A48 fHdHe R4
7b EAEe 29 11 €l $gsio

EE B BAL o) 3%eA] At $2 %]
Aoy 8 F3)e] AL wl2 5t vjY7kA|
BYAE FHFgE F Az 2AHE F
W3 2 Azbe = 8ol 2.9fg]e] i)

% 89) A7 Avind Jdubxqwe) A
A A2 Gg A7 vz ZA F7HH
ol A% YR ez HAd HLHE A=
34712(95% o]t tha uga= Ao
Yehgov, AXGRES 48 Aol A
HeA ol AQFA At vjre] Iixwtst
Ho| A3 FHaAFEE 292 Yol A =
of, AFH oz I sl Bz ZUEE A
E Yepiz slet qtek olg) e Azl BA
Aaizl durAel SH_AA 7 2(95% o)) & =
FA 1A B ASolE, nizts BA (Smith,
1986)& Z& &gl ZA Qe ulXHE
1:{:‘_4\_5.9‘ g}-o]-‘s}oc’ .‘i’_ ):5./‘1}_3_:_ ] nH‘L} _:"-,7]_2-1 o]
Hole} wits AN S stgd Hodsie
A7y 29 = Z:x]o]] gAM s A=
Aol o] Zo]AR) B A o=, 2rA S
A2red(2 479 7%l LRFD uhA]el B4

' }EFHsE A 2A3d)E Eil
5 sz AW FA5E e #YA

e 2

¢
=
J

Do
wa,
2y
X

rlo ‘n%
oln
dlo

Az

..{

O

Sstslol A PYHE H% Fusie P
o3l AF= 277h Shsaok

53 eI, =3 A F 5’2}7‘4 °l A
e b I % wEste] A FAjg
p s ‘:’rﬂ-goi L80t/m’, W ¥wpR7he 25° %
ARG A ML) AA ol HATe
2 2E S0emz. vlYZe)(L)E 10m=, AX7
() 15°2 3 vjde] ¢y HA03
4 e ddoe] QAuke AARAL BE
1.0m=, E3F 2)8}pe] ofsre T3ty £w)

E AaddgAe] FAE 10emz $A ZHAE o
L. AggbdE 7)Fe] %ﬁlﬂh At vde
AlZ7Ps e A E e AHES vl o A=
40ton °lxieh. M Ar2E HAHG o8
o et 4L HLao], 9 5Pl A

A AR A AR oA, 2
@‘ﬁxﬂ«] ﬁ'\__g_': I /Ko 1—;]_
R filﬂ"éz]%lﬂ% 27} Hrlsle

Limit installation depth(cm)

IE

75 85 95 105 115 125 135
Req. thickness of facing(cm)

22 21 AAR US| AR SANFIZOISt)

BEMBTE2EHFNE 125



E =AI3 13 213 ek O 219 240
/‘1. golgo]rlAl ZHF)L 552, =3F Y
WA (R)-L 05mE 747t 71Ashedd).

I3 219 AAE AsEd, AEyA e F4
£ 10em= 3l H=3 Nt W)Yol FHoA=
40tond 7}EHA He A9 AT HdY X7
o] FAE Bem A= ATHEE & = ok
o] A JPAE A vWldY AAZe] 50cm
= oA Fro FAA 2E s, ofe
93 s Autozs, (1) AWPAL FA+:
10cmE 292 $x3hA] e v de] shAA
A7 o) g 50emZ 7] A8 shske 1A

25ton 2 F4A A= werd) (2) 71sl

A7Ee HYRel 40tono 2 FA3HA
°ﬂ deﬂtﬁxﬂvl FAE 12emz ZYAT)E
FHolet. 1tk §3] Hed (1) %

o ‘H%H*i—t— ol LA 7L HE7]E o

HFE A 53] Ho4F Harl slen. ¢
of thE AEZA3e Hesid 93 2o

FLAC® Z=z1# #|X4d3}, 25ton2] 7]
< 7Ee A CdAEE Hu4EEd
094mm AHX2A], A ZdA]e] & Lw97]
(F&70]2] 02%)%] 20mm oWl Aoz
et A3 A2y P29 AFeEEFeR
s At vde] AXFelrt A A= oA
Hojok 3l ASole HAHA f—i}-‘i’- 2 A

2

[}

¢

20 o L rulo
-
I

1

o

oft
g )

5% AW DAL-ARRAY &85
£9971F Aol AAE FYAo= T3
r goA wmel 279w

2 QoL 24U FAT Y sl
AH D AA SIS T A ne
A, ¥ A8 7bedel F Aoz

Zowy 2999 Asge] 2HE Fol

ol AT AA Y ATE $Ea17]
A9, B AMER D AL AR et
AN AR L 1) e 294
w3l Azsie] ZAsE HAURE AA 9

126 154k $28% - 19994 48

RN, 2) 2FHE e A
o # 9 shelolAigst Bt A 19e)
PAYAZel B¢ A7) AT AP, =
& 3) AwEAe) 2R Spsel

AFE B Solch d2AnE ATy
2 St AA Y AgAsh W - 2, &

4
Lo

AT AN A3 9 Age] Agee BEAos
g3t =Y AANIEE ol T2

49 YY A2Ye) TEY FAD olsjelw
cholalolA] 7 Y jad WA F FdRel
W& 3 9 FLAC® Z233& ol43 Ze
L RQAYY N2 PP
e R CEEE
2Ee o GelsR chgst 2k

AT AN YA AP
G we] Aol meh wat thol o &
7} o ek 27T wREAL) £
3 Qg e 2
dee Are S e A adide
e £ Zdo] sle] 9l

—~—~
[A\S]

5&
) AR AR "H‘Q‘ﬂ]“} zHAL 78

ZAA M 2] AA L2, ZeEl
A3 pehA] e 9wk 29v99 FH9
£l Bl 2 Z7)1&e] wlxA wlmst
£°]—J— Mo, 7k FabA o A2 i’-‘ﬂ
Mg FHaIs o) e IA
Bolx vt g =Ze{rlAde] 71siAl ‘%l%l
E A el 5
=L 71 @ 75l vl ‘Q“Vq
Ashe Ve, 2
FE B3 A SAAGHRE =eduly 14]‘34_
of gl Agshe A dub 2dvd= TRl
A 8FEE AHHA L £ Aol FUsiA
u FEHe2E 933 QFFAE oS W
FEA A2 e 27t -

) =R 2ddd] AlzEle] WA
=3 HAAR2 3E z=Rlde] ZisiAl Fs)
B qgs) 4AZe) Al FeEd AgE
Gasigon ol Ed. 83 Avel Ao

. o o

ot A
Mo 2
o 5

ele 10 0% & ol X X o
) to o



EALZol EAlste] e JEAE
H& Aoz dAEHE it 2aduids) e
FARE, He 2AAZE Ad F 94 &2}
t Zgd 29V YF) Aa"le] a44e §
8, ot WeEAdE AP 2AE 4 Ue
7FsAd el Z1d =

(4) olAA2] AdF AF71Y L Hel
o vdg Hg3tejzts Zegdg gtz
A, ZgAE A shebA] e it
Jd= e ALY Aoyt ¥R 1 A
) Box 2 ZADGAE o ge] 238 ¥
A 7 s 237t A o 2 sk ol
22 A =z 29 o, "k 7|ENE
of AAdte] EAiste] U HA Aot At
He A4 AR AtusiaAs Wys
o HAERE oS JAs= A gy A
Aol %‘ri A8t ey5E L F
e ZIRA 2dvds A
A HeA el A3 7idEd.

(5) 71E kAt A$ ek sAgE
ol MlwA FA HriEe], A duk¥ez A
Al A4EE e {475 vFdle A
S A AR GRS H 4t ARHA
257 Zhaet viEe] AYAdAe ot
SAGEE W& 4 AT 7HeAd o] A"

A o] S AEE ZElWA 2UVYE A
2EE HS ATl o - 14317 AL
N2AF 4R 2 2FolA AAD
2 AAZY, =8 SAAGR 5o AgFS
A% gl -aﬂxhz]]z;;. =5 =3 ;(]_4:;{4 o F 7‘j7~

e xHe] I

T AFE AHREE 06 AFINLALY
(1996.11~1998.11)8] 78] AL (HA)H =,
R&D / 96-0041)ell 23 ZAx}e] YrAL w3
=, olol] ZHAbE=UT,

b0

3
Ao
ror

L AN RER(19%). TI2]E ZZAHMA, digte

233

271 (1992) N2 B2 ek Ae)

% Q7 TR A3k DA,

3. 2 2e)5(1995), “Nailed-Soil 22 A)2) 3] lzh=

ol %", A FE A, A1, A28, pp79~97.

4 a9, AEAH09%), BE ZIele FRAA,
SIRE:

5 BA5(1992). ZA47)1eabE HT AREEe 7]
Zo| &, FP|AM I

6. AASHTO(1996), Standard Specifications for
Highway Bridges, American Highway and
Transportation Officials, Inc, Washington, D.C.

7. ACI(1996), Note on ACI 318-95, Building Code
Requirments for Structural Concrete, PCA, Chicago.

8. FHWA(1996), Manual for Design and Construction
Monitoring of Soil Nail Walls, Publication No.
FHWA-SA~96-069.

9. Freeze. R. A. and Cherry, J. A.(1979),
Groundwater, Prentice Hall, New Jersey.

10. Hanna, A. and Ghaly, A.(1994), “Ultimate Pullout
Resistance of Groups of Vertical Anchors”,
Canadian Geotechnical Journal, Vol. 31, pp.673~682.

11. Kitaura, M. and Ikemoto. T.(1988), “Reliability
Analysis of Embankment in Consideration of

4%}1

Randomness and Uncertainties in Soil Properties
and Intensity of Ground Motion , Journal of JSCE,
No0.499/ [1-10, pp.413~425.

12 Liang, Y. R. and Feng, Y. X.(1997),
“Development and Application of Anchor-Soil
Interface Models’, A Short Course on Soil Nailing,
Ground Anchoring, and Anchored Excavation, The
Graduate School of Industrial Technology and
Environment, Dongguk University.

13. Smith, G. N.{(1986), Probability and Statistics in
Civil Engineering, William Collins Sons & Co. Ltd,
London.

14. TRB(1987), Reinforcement of Earth Slopes and
Embankments, National Cooperative Highway
Research Program Report, Transportation Research
Board, Washington. D. C.

15. Ugural, A. C.(1981), Stresses in Plates and Shells,
MeceGraw-Hill Inc., London.

16. Vermeer, P. A. and Borst, R.(1984), “Non-
Associated Plasticity for Soils, Concrete and Rock”,
Heron, Vol. 29, No. 3, pp.1~64.

(EHXE 1998 11, 19)

BEMBRTE2GRLE 127



