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Applicability of Soil Nail and Case Study

Jeff Sun  Danid Yao
M oh and Associates, Inc.

ABSTRACT

The soil nailswere first designed and installed in field in France. Because of their
advantages in construction efficiency, cost, and application in both temporary as well
as permanent structures, soil nails have been used for various stabilization purposes
and the technology has been significantly advanced since their first application. In
addition to the use in earth retaining structures, soil nails have been designed for the
slope stabilization in public civil works. This paper presents the advantages of using
soil nails for slope stabilization and the application restrictions. An example was used
to demonstrate the design methodology.
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3

N
4@mﬂmwﬁdﬁ»@ﬂw4ﬁﬁ&é$iﬁﬂ~ ARSI T A G 23
RATIRG B K R R T e AR R b 1 2 SN o 2 e R
Bthik- RZRHERE N 2P WA - P2 R N 3 - AT OF T
B gt 2 S 0 R e SR 4 2 B R B
ot et A RE AR TR - BT IR R A o g - e B2

A - BN I B UP LR S GRS T 0T
RF FHAEGE AR LR 2 PR 7 G A

J



SeFp A R PR A A
ﬁ*ﬁ@%ﬁoﬁ*ﬂ?&ﬁﬁﬁﬁ
T8 AKX B o B RL F

B B2 548 Bl 2 WY TR E BT 2 g
A pFeh B d P L TRRENR 5@%#"%&1;&%} BT o H3EA
AERERL 2 RHED B R BT T A E g B B - A FH
AR R 1972 Eakig o o A peng iR QA 2 gt F g R g S
B > E R THIRE i R K E ﬁia?JffS(U.S. Department of Transportation, Federal
Highway Administration) 2 % &+ 2§ % ﬁﬁi&l T R+ ¢ (American Association of
State Highway and Transportation Officials) B 4w ¥++ 4 3 (Byrne et a.,
1993 and Juran, |. and Schlosser, F. M., 1987 ) i& {7 - i 7| cnfes » 7 LB € & |4 o
Sy A g2 REEEIE R L

213 br2 ipgL

FETE A2 1 > 4 4T Bz R A R § T L U iR 1 2 i 4]

Mo 185 TR 2 FRURE 6 > L FTF P E ;’E AP A B AT
ZERPH P I I B ERLIETEE > 243

2L AT RPN ASE A4 R K MR E

(R S RNy [ SR ﬁmaﬂm%wm S VRIS R R iF
"ﬁlwqiff°

Lt gT2 RAF LA G o R EFL LTSI 2R EE] - R4
é*%i%x%/&@%%%éii%%ﬁ’d*ib AR sy - B
ﬁ’fﬁ%%mﬁﬁﬁﬁ’ﬂ&?ﬂﬁ*ﬁfﬁﬁifﬁ%Aﬁ#m@§°

AR T ATIBEM AT AL 2
FF—‘? %]L7*i’yr’}’-lfr )ﬁé‘_'ﬂ'”‘l‘p
Léé\;

X5 4p ?F 4 1Y )\g\ -l %513 ’ ?J:

s
W

¥
oy

)

i<
&

4%.

i@ﬁwﬁ@%awﬁsi»afﬁwﬁw'w£4y7§ﬂ Bize 24k 3
T TEHGREA o d EERE R A RARA LI R o
Dt g ivE o By e FA K A RKBRRZ e B B T2 1 &
Wi BG4 SRR B ER TR B G a4 A L
VAR Areinby T e B o snde R TP iRE N Y 4TS ’\"/\iiﬁiii%i%*?’ﬂ‘l
My S S HN K
LABR2 SR F TR RE I RS2 I A ik iR
Ao opr- R AR TR T A o
ar%ﬁ’r%g,ﬁﬁwﬁ EERE R S ST T S S A SR
ER- R 2~12m B ) gD e o Z e H W R B ok - A2 1B
ERIF R
G ERY N EY IR ORI ZTIAAP SR AL ot F R TR T

F o
W%
aw

74-

| 4=

i

NS

SEM ) o Al R RFIEFERA L R 2 R E o R A %vm
J AT IEREY F e E AR A RS %ﬂf’&?ﬁaé‘;%& T2 3gsep > ed wHEF

REE TR R R



SRR LIERN IR o s B s RN X O
Igjﬁ%;%ﬂzbmﬂ';’%’ g»ﬁ QF‘E J?’;IL )’;—“,f%b )‘L’]? d - 1gjﬁ:u Suo b —
?Léﬁﬁ%ﬁ B2 WL B gl AR EE {4

VO BRI B RTZRITR T 2 &2 RE L4483 bt
FLA F] b ET T % o B R 2 4B Esat #4135 4] Sunderland Direct Project 7 %]
- FlE A FREEE RFE AT 2 gt 2 7 7 (Unwin, H.,
zmn 2%t BParny s Soips 250 % Ll e
- 2 120K AELZ AR A AE T opb - T AR{S k@ F 16mm E T2 R A
MEHI A UET B EOML S - FHRARRAF LML b2 s 2%
P RARZF IR E G XN E - 3 TR - A RS KR
IR ERF2MNZ AL > EHEIR TRERBAF EH SIS 1
e RE 2 B H PR o
FHED B LY BB S g SF B L - BipE SR E s 5 i
2B 2 AR BRI TA S H K E YT i 120 F 0 FlR AR R A TS
@H#ﬁﬁ&%ﬁi”ﬁ%"E—i&iﬁﬁﬁéﬁ’%@ﬁAQQ@%ﬂ
#o B4Ry rRBAd &1 &Y 10%50 P
T o~ KR 6
poan e fehd gr3k3 2 2 5 Davis Method(Shen, et al., 1981) - “Modified”
Davis(Elias and Juran, 1991) - German Method(Stocker, et a., 1979) ~ French
Method(Schlosser, 1982)4- Kinematical Method(Juran, et al., 1990) » iz & 45 =
ENE v‘}?&t’ FF A BLTA LY FEE FERP R E S I AEYERY
PF> A B4R ekt Ao RS LB Ee s i AR ES
2RI o AT B - IR ERP R R
EIhd ERARRE R e 452 BA ST B
S ) R LS &
- R R IR Arang pUR R P SRR o
SR AR R O 7 h B R G & ot
grebplzo B G o
*1%7*?J%Zmﬁiia;ﬁg%ﬁﬁamgawpiu e dc R iE 7 i
BT A B EHT P Fk(hR)2 B RERIEFEAIT 0 A 2R
B >BE 7Aoo 2 47PFE G E- R % 207 B& R RAY R
g&;fﬁ%@p\ - ,&ﬁwgﬁv% i3 EH A CRLE o e 4 TR o PN
S P A S S AR R S L & RN IRUESE R i
TFH 2 2 F o AT 2 R SRR B B B0 S A0 2 Rl U
£ » w12 Janbu method(1954) ¢ Bishop Method(1960) +- ! ¥ it 22 Lk & > 1335 4
- B AT I AR RE R AR R R 52 ARG (8



ZERAE V- KR THFERVE I Frert ok RS L d 2K Sk O
tand)’sz PR G DR 2 B o0t Ryt - B4 SR BUR P ETEUR

PP RN AR E) 0 BErd ~ RNBURE PEBURZ F 2 5] BTSSR
igsm%%iwéﬁg%%i Frirz st ot g3t iimﬁii*&'r%ﬂiT s B
REIAPFANRF 2R PR - B AP e L EFFHETLNT AT
@i* PHRBICR P LR RPN - P A BEEE ERTB LR T R T

FERBES B2 P e Lok 2 42 T4 2 g B R - (FET
73%; TR »A\#fr—,'i’?ﬁraw;;fe.ri’# ?REWFET o BHETAATE S RN
FAcBl - T o
YT R - R ek
AL AR RTE B g R EIHEANSRR P2 ERT
Jhafid P A TRILEISCBAEALIMHE P RRICEHE Y BRI AR
AR RV RRICEIE Tfr /—rj\,«b«%w* e LI VR ™ g 3
PR T R TR (AFE o MEE TGRS ) A
%&.LT&B?FJHZ%%&M%»LA Teb R BEw o d IR R FAURRR
Y T ﬁﬁéﬂW% BB SEE 2 - BokiRRE 2
Byiszdd L3 Rrg12m, 24 2 V:H=10:04-
HPEFELRSHTER s 3 k(A2 B RERREFLSIT ) 2RI G AT
A F REARRT tlgii;f% T P52 % > thlic) %‘*&%QT\L 13-

RGP o

s

e

‘4— =5
»

Bl= 5 fl* Azt PR AT B %

d a2 gk v ol & 2 hiics 095<1.3 d & 2R B AR R R &
T AR TR P T AN Ed
S &)
Fl=7r><D><(C'+0'\',l><tan¢')><|l 2
F, =7 x Dx(¢+ ol x tang’)xl, 3

Fout: B 7 ; Prd R4
Foolifosr el s
2t BT RS i s
D: 4@5/{“:

CLo BT iz 2 #

0,02 ¢l o st i ﬁﬁ? i%i

AATRE L LB R AR = o o AR 2P BRI S e

BRI I o2 1 (B ALR) T 2 (RS 2 96 4 7 e

G NEE CR S S N Y R T S RIE

FRE A E R gk T FHRBISTRSN R L L 2

PAaenpe gL BRSO EARL 2 LR BEE FI% 2
FARPE AL o WE et DR GHARRATEE

AT BB hhet BPE 8L 5 WEE2 2 ¢ 2 3 4 (1202 30mm s p

-
[+ ==

9%
19



Ejﬁmm%ﬁwﬁﬁ»zmmmJWW‘@@L@“ Fﬂﬁ@xiaﬁqzzré)ﬁ’
H AR 24 2 BRFITHL37 BEAD %EJ *&#Qﬂ“»o“fi ot A4
¥ oreE G 4*%”‘ﬁ;ﬁﬁ§ﬂiﬂmu£
FBAREA S - A AR Bk BRREFL X 2B R B AR L& R
T Rl {i,ag&ﬁ+i@mﬁ&@z%@ﬁaﬁwﬁﬁ%¢#ﬁgﬁé
L RS
AR R M TR TR AR B LA PR e s )
AR N EFPSAASE L E TR ERZ B R RS I E PRI T
HHGHE R FTREAAIFRIE2%IRY B
E B3
1d 2z PPy vrugdidézpd < o R(F okl BA)BER
Aok R AR EEE IR TS f 1 . :
ERFFINEFER >R o BRI R R -
Zﬁﬁi%ég%ﬁﬁibﬁﬁ%%iﬁma’ilﬁiaé
AR IR S 1 8 SR RN S S EX AR} S A

}Ek S FE? L&#%m@i‘e‘]ﬁ‘ °

o

%#§§ﬁ’ila,?a&ﬁmaiyxﬁ&% ﬁ%”if

\vmb‘
Q
[
R
el
\;F
ks
=
$
v &
£
&
3.7
id
(\x
e
!y
?
T &
(w
9* e ﬂéji

y,Aﬁ%%ﬁzL&%ﬁ4w%%H’udfﬁmfk?ﬁr”i#i
4i@i%4gxiiﬂi@%%éi’a#i&%@i&m&%*? EH
AL FEHCLRGTTFLEP A 2 o THRB2ZE o

Sl WAIHRIBZBRFTHERIZL &I F RN B2 LRKTRK
PR A F o N 2 R 2 @R T G osehw 4T E3R
Ak ke F MR S DR G R ERRELEF 4L
R dr2 WAoo

1@\5 "&\\



Yes

FHAR T AT
> ¥

> ek
> FR

&
>
=K
&

Ix]
‘-\-'
=

|

|

'S

4—

FHAEEA T
> R
> Ekk
> FR

No

AR EER
2 BB

lYes

T AR AT
Heo 8T

No

[

I

]%‘]._

FHAR T T8 I

AR




Description: fgi i AR <L 55 7
Comments: ﬁf’ES,'ﬂlJii]}J

Analysis Met {) : Bishop
Seismic Coefficient: (none)

Soil: 1 Soil: 4
Description: 75 /[l + Description: "% 2t {*fi |
Soil: 2 Soil: 5
Description: “J<ydjEl FL\' + Description: | "% &' { “"FI'HFI [
w0 Soil: 3_ _ Soil: 6
Description: #+ Description: "% & (b ]yt F 1|
Soil: 7 S
35 .

Description: |17 s {“fib ] -7~

Height(m)

30

25

20

15

10

25 30 35 40 45
Distance(m)

Bl= fir et eim gl etz B

50 55 60

ORIGINAL GROUND

- SLIP SURFACE

[ GROUND WATER LE\/EL\

z

SOIL NAIL




Height(m)

40

NN GE Rk

Description: ﬁiﬁ%}%ﬂfﬁ?&ﬁﬁ

Comments: :ﬁf’E\
Analysis Method: Bishop
Seismic Coefficient: (none)
Soail: 1

Description: 75 gf[pil
Soil: 2

Description: ’Hﬁiifif, -+
Soil: 3

Description: .+

Soil: 4

Description: % [ F’Jﬂfii

Soil: 5

Description: {174 2t {fr} |

Soil: 6

Description: [ & [~ pﬁiﬁ[ﬁﬁﬁ F-‘ﬂ
Soil: 7

Description: {174 &t {fr} |

5 10 15

B =

20 25 30 35 40 45 50 55 60

Distance(m)

bo b X ks SRR

g3 RIEEH



A RFLATIARBN G AP hEFERZ 2PN S TR T S GIT o
Jilﬁ_éﬁ&i,h:%ﬁ R L FhE RS E NP g s ﬁmx,ﬁﬁvg&% TR
RN L S TEA N N S £ s

4 < pr

BISHOR, A. W. AND MORGENSTERN, N. (1960), “Stability coefficients for earth
slopes”, Geotechnique, Vol.10, No.4, pp.129-150.

BRUCE, D. A. and JEWELL, R. A. (1986), ”Soil Nailing: Application and Practice
Part 1, Ground Engineering, November, pp. 10-15.

BRUCE, D. A. and JEWELL, R. A. (1987), ”Soil Nailing: Application and Practice
Part 11, Ground Engineering, January, pp. 21-38.

BYRNE, R. J., WALKINSHAW, J. L., CHASSIE, R. G, DIMILLIO, A., KEELEY, J.
W.,, JACKURA, K. A., BRUCE, D. A., CHAPMAN, R., NICHOLSON, P.
AND LUDWIG C. (1993), Soil Nailing Summary Report, FHWA
International Scanning Tour for Geotechnology, Sept.-Oct. 1992.

ELIAS, V. AND JURAN, I. (1991), “Soil Nailing for Stabilization of Highway Slopes
and Excavations’, FHWA-RD-89-198, Federal Highway Administration.
JANBU, N. (1954), “Application of Composite Slip Surface for Stability Analysis”,
European Conference on Stability of Earth Slopes, Stockholm, Sweden.
JURAN, I., BAUDRAND, G, FARRAG, K. AND ELIAS, V. (1990), “Design of Soil
Nailed Retaining Structures”, Geotechnical Special Publication, No. 25, ASCE,

New York, pp. 644-659

JURAN, I., BAUDRAND, G, FARRAG, K. AND ELIAS, V. (1990), “Kinematical
Limit Analysis for Design of Soil-Nailed Structures”, Journal of Geotechnical
Engineering, ASCE, Vol.116, No.1, pp.54-72.

JURAN, |I. AND SCHLOSSER, F. M. (1987), “Soil Nailing in Excavations and in
Slope Stabilization”, National Cooperative Highway Research Program,
Report 290, Appendix C, pp. 258-312.

JURAN, |. AND ELIAS, V. (1990), “Behaviour and Working Stress Design of Soil
Nailed Retaining Structures’, Performance of Reinforced Soil Structures,
Proceedings of International Reinforced Soil Conference, British Geotechnical
Society, pp. 207-212

SCHLOSSER, F. (1982), “Behaviour and Design of Soil Nailing”, International
Symposium on Recent Development in Ground Improvement Techniques,
Bangkok, pp. 399-413.

SHEN, C. K., HERRMANN, L. R., ROMSTAD, K. M., BANG, S, KIM, Y. S. AND



DENATALE, J. S. (1981), “In Situ Eath Reinforcement Lateral Support
System”, Report No. 81-03, Department of Civil Engineering, University of
California, at Davis.

STOCKER, M. F, KORBER, G. W., GASSLER, G AND GUDEHUS, G (1979),
“Soil Nailing”, International Conference on Soil Reinforcement, Paris, pp.
469-474.

UNWIN, H. (2001), “Carbon Fibre Soil Nailing for Raillway Embankment”,
Underground Construction 2001 Symposium, Sept., 2001, London, UK.



