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1. A&

Soil Nailing NATM(New Austrian Tunneling Method)$£} HA}%F %)%
(in-situ) Z|VRIFFYHeTN, Fapde] iyt FAY 2 BAAY AT T= A}
A2 HH(2H 1-a) B HHoZ, Ay} 200dd Fot 28 maprol Zofy
AMgE o] gtr). o] Zell A Shen®(1978, 1981)e) &]#], BAIHQ HA|UE +
- HB(EE xurei#H) Fo] FM tiilo] Lateral Earth Support System o]g} &
2]-¥+= Soil Nailing Systemo] ZPLE/glom(2§ 1-b), 60 ft ole] FAx|K
of 4o FHELx|dUrl EF o] BYLE 1 ojFo] Spiling Reinforcement
System oleh= FA T Aokl Bl dFAtel Yrf &F A 2).

Soil NailingZ 7|30 <A2¥, HILH QY HENE =3ty £
Ut BPA(FE # 8 re-bar§ AE3IM, nail ofel BelrthE ZaAEgA
flol v FEY TH(HYH LT one bar per 5 sq ft)22 ARIsle], x|
qhe] AR AYAE Fr U YAEE s gAD B 23 o=
7 9 gE X oAEE o8-S M= FYolt}

38 3 FAARE HHOF Soil Nailing UL ALY F9, &AM 4
FRFE NEFoE BoFu riigAl 22 + 12} shotcrete + nailing,
wire mesh + 2X} shotcrete + 2%tA] F2} ---). Top-Down Wralef 28] =& o
2 FA7F ABEY, fYAte] o= Axe] thr|(short-term) HAHE Ui
de 4. 3 -6 ft x| o7l vAE FAzYaNUY SARYP)ew B
welci el A gt EF YU o xSt} S A HHE ui
HAE ZFolo}l ¥t}

€ =TolA Soil Nailing B¥e AEg4d L 7ed, AZAA,
nailed-soil ERTZEL A%} soil-nail »E 2L Sof F{Y LRG| $4
chFo] Hon], A %A two-body translation mechanism@ ErjE UF 49t g
ST A ANHY AHAl, dAlC] g #H A3 5o #A)g} o]Fo] Ach =
¥ B A7 AHAH sMHe AYd HE F& # FF deA
(California} Davis Method W FLAC(Fast Lagrangian Analysis of Continua) 3
23] Az vja @ Eoe] ¢3E ]

2. 484y

Soil NailingZ M= W IKEER AYPAHL B, Asr2E 9 B &
I S ERAE AHE 2o oy SAXNENAR F2 0|83 SItHE
1). 53] S EAMA B9 Soil Nailing? 7MAFZES T2 o|§H st
o ololl oyt AU, oA AEJt chEd] BHE AU FR naild] FU1HY
d FAHEE AYI] &3] ol EY FHL u|H O Z(aesthetic facing)
M2dhe Zlgol niFIAT] dEolch v J1&d sy tEe] IR E
29 Hgo| HA HYrixojrke FHolY, ¥ o2 ZgroMi= 80 ft ol
BFFEE HZof Soil Nailing FHol &Y ul glch o]Yol = Soil Nailing
THE Fe7zged FE37] HY AE7 A o|Fojx] glom, WY shaft
o Axo] HEH o7} I 40l AFHoR FAFH QT

TR 9o olfFH: FAXRAA(FYY FINEZY, d=UHY
A, BREHd slurry HA F)e} vlaste] & uwl, Soil Mailing 342 E7A|
Fridd A& AU glen], o/ ¥EEER Helshd che Yt}

A G FAMH] - Soil Nailing T %9, dxi A7 2 223
849 hiR o] 85, EY 2 o2 FH TR o= Hrjy o slHo)
AP nail oJr}. shoterete EE 7|44 MHTIS thx] Ado] Ex|3t=(nailz}
nail Atele]) #2 BIE YA|37] #¥ FHAA YU (local role)o] Mo
o, metd By FA7E ¢fn M E AEG AL 2Un ). Ao
7L AEINE AW B ZIAEFAE 18t AuIAAE o]l &=

__20._



[8461° 1 32 Uays]

¥2)SAs jJ0ddns yraea [eiaje] jo SIB)ap UCIIIMIISUO) G- BT Buijreu [yos jo suoljearpdde urey ‘e-p 2

(951} ‘of KFIA
’ d\ WOLIPZ L Lqels ados

L1058 y3im payoed
panodun lug)
100) Quo “XGNY e

=
=

QS QM B/ - L0 X b

oy

SEld WU 1LY

PISTA Ul i9Y DY
{dhy) ieg-ay L,

SICY 19t 2O YAy

~T Ciddy puodag _ _ﬁ m| #2 iddy g5y

Ceng o jo woyog w

0-.8%

4
WAL E/-_ \./ R

— L e et
HOIEIIS TVIIdAL ?_ S e

53.4010n436 butuieyay

!
{dir} |
-5 |
b
S fssngnn e | o
usiexe ng o) ey dey | ooy !
10 v pue AH3 1SRN | g-.p W s - sdaig Ag ucLiearax3

* wprig 2ups)rg

-—21 -



Spila Set

L‘
-{’:‘l
>

-
e

Tadb tiN Y Thioa e

Sgila Sats Plccad
citer Zach Fourd

,‘
rie
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First Appt. 27 ' Second Appl. 27
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(b) Construction Details

2§l 2. Spiling reinforcement system
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1. excavation 2. nslling

P N

d.rainforced ehotcrata 4, excavalion

2%l 3. Construction process of soil nailing system

Reintorcing bors
Reinforang bars r-—' 9

Piate

Bolts

Plaot
Naits lote

Support of Circular Shafts Using
Metallic Facing and Soil Nailing

2% 4. Example of nailed soil shaft (Louis, 1981)



M 1. Some typical soil nailing projects

Type Type Height of Type Length of Spacing
of of structure of reinforcement (ft)
structure soil (ft) reinforcement (ft) V x H
Railway retaing| cemented
structure fine sand grouted bars
] e men 79 2 bars/reinf 13 to 20 3.3 x3.3
{Versailles) ¢ =32 0.5 inch di
(1972) Temorary| c’=400psf -9 1nch dia.
Urban retaining
sturucture Sanéy mirl
(Nice)(1975) ’¢ =35 36 grouted bars 26 6.6 x 10
¢ =200psf
Temporary
Urban retaining silty
sturucture colluvium driven tubes
(Paris}(1976) | and sand 39 40/49 mm 20 2.5 % 2.5
Temporary  |¢ =20°~35"
Retaning
structure for compact
underground moraine grouted bars
parking (France| ¢7=55° 16 I inch dia. 23 to 30 6.6 x 10
Alps) (1980) c’=0
Temporary
Cut slope
retaining clayey
structure soils grouted bars
. t . .
(France Alps) c’=0 20 1 inch dia. 30 to 33 6.6 x6.6
{1981) ¢ =28°
Permanent
Excavation
retaining sand with varying
structure sandstone 98 glr‘oit.:lt;d dbia:s 20 to 46 (average
(Lyon)(1984) layers : 6.6 x 10)
Permanent
Excavation
rerorine | e grouted bars
1
(southeast 0" =35° 36 i;C;odfi 23 to 49 6.6 x 10
France) ¢ =400psf 18.
Temporary
erructure  |seitt weel grouted bars
) . Ao 30 1% inch 33 4 x5
(Paris) ¢ =25 .
. dia,
Temporary c¢’=0
Excavation
retaining we:;ZT:ed grouted bars
structure . o 62 1 to} 16 to 30 [3.3 x 6.6
o =45 . .
(France) . inch dia,
¢’ =0
Temporary
Excavation for
facing of warl,
calcareous 131 - - -
tunnel entrance warl
{Rosti)




TRl wit), FARREY YW HZEAI) Soil Nailing FHY 29 of4s
o] th

Fel AlFFH - Soil Nailing2 whedt HF 9 elesl Aw)
(drilling by vibropercussion & grouting generally by gravity)& o|-83] A&
o] 7hsstel. EY Top-Down Ao 2% A AlFo|2g n|E T}F7)7} H]
A &49n, wlelq FZo| Lol U VHIAY AP Soil Nailing F
e H¥EAHE oS Acta € 4 ok

W3oi A H§Y - Top-Domn Yol ¥ QAY AFo| o|Re| A=
£, 80l U 2 38 2R $E B olo] AYY AN T2
o 7)shata WAH(AYe AASE Tehtel) R naile] BE, A4 Fol 4Y
o) FHssict,

HNutzde]l 3y - BM Ee Y § oFAEI EHE A3 A
A He BF, AFol vz AL e VFE KIKW: Soil Mailing B
<, slurry HA] @ HAUEZFY T4 vzt & o, AFY ol Hay
BA& AUA Hrh olo] Bt GuillouxFol BRI AlFA(EHo] =
HE HYXZol AFFAY JH& Y Qo] 70 ft. o JPHFEE 4AF
Ab, ZRA EA Y)E AV, FREAE 3T ApUEA 9 dAUH
AAE Hol oloiort WHEIYS ofH& wjFo) Soil Nailing FHLE HA
HAEe] AFo] #EFHLH, AR FIEE g FA] B FHolA
= AR B3t dojAgo] RaF gl

Fo4 (flexibility )- Soil nailing 208 ALY Foo] TREL,
A4 dyeld MIITIYUE o] FXEF wiay o], WN FAHL
21U glrh o]ty soil nailing T2AY RFEAL, FHxEte] £2]o]
oidt Mg A, YN O Z £ U FEH 2= 54 4
HA o2 BoFA Hrl o|2felx Gassler-Gudehus®] A-F@AIfo]| wE2W, F
A1 Fo] AR Afol® Aol Yol RUEA] ot ABEHol E A
o2 yEa vl glo], AHo] AF WS Ao HFAUE FHOT o
Ays]e] Hch

3 Jlad X =Y 2L

nailed-soil EFT1ZEY FH 123 24 HWA|¥Hin-situ ground), A
U & WHe B2l (nail E& nail + grouting) W AR Folrl, o] FY
o] FAEL 7le2 FZ&(construction rate)o] 2ujHog FRE] glcl
Soil Nailing 7j&8] AL A& fd4d el - & F8 328 9487
2] R AR W HAHE, FAN 25U FeeEle, 54U 83490 9@ o}y
¥ EZo MR YUYW FEA g AFANEF, dA HgHH 4 oot Ey
gte] 2. &Y ol ME oo AFH uls} Pol, Soil NailingZ JHHFL2Fol F
2 ol&He gtem, 1 ol FE B U EA HAI Y o
H]q Foltt, upeir ojtdE ZAY MAE ) HIT ® Az, Zreo] Mz K4
o] WAE & nailg] A= Y vy, UHY aFxo] FFEI = YFAdo]
23 714 E3E(EE ) mid Adn AR, 2 JaeMu] 3o o
Folx Sicl.

2z g 7

"} Soil Nailing FHol 2 AR5+ BZ2XE driven nail, grouted na
il, jet-grouted nail B K-A1¥}=x|-§ nail ¥2] 4FF olny, Z} nailof] VI



TFA AL N8 vhe3t o

driven nail - 2 ZgtA gl Ko A5 Q1= driven naild

dty ez, gro] #lx, 350 MPad] HRLEE A AZ02 HZEHE rod ¥
bar o], 27 15 ~ 46 om FE2| 22 A7|olc}. EY WY FEY FAH(2
~ 4 bars per sq m) 22 42| ojx0] o] B FAY HYRUA|ylo] Y&
Lig= %

driven nail2 zZ]Wh& oje] MFs}#] ¢} vibropercussion pneumatic E-
hydraulic hammer& o]-83%tqd HAE FAlLdE= =)yle] ElRIMC), B4 A4
24, axial channele] F2¥ nail?] 79 ¢H3] EIYE ¥ FH=YI}e] grou
t sealingo] 7}s%c},

o)} dAZHL Al B&TT} w2 T(4 ~6 bars per hour) AH|FHe]3
Sht, naile} Zol= ) 20 o AEZ A E 0 EY 2 ko] o|AMR(AS
Y B4 571 ZHEY AUx A-F o] o2)x] ¢},

grouted nail - grouted nail2 YWty o g e ZHE(AAL 15 ~ 4
6m FE)OZA 1050 MPa2] FEHZTE 3 glch =ute] FAdo) ule} A3
Holzlz 1 ~ 3 m B2 vkttt 43 o +HAAcR vz A3 +R(AA
£ 10 ~ 15cm %) ¥ nailo] HAWTH ool UAH nail & 29 &
= 2 Y 3o A|HE Fi= resin 58 22} Folat)l. nail-grout
Atele] B2 3dg #130 ribbed bar7} AMEH 4 glon], m¥F o] H3

S REE o83 24t 229l T3t

Jet-grouted nail - jet-grouted nail& F6+8-2] Z}x] rod9} grouted s
0il 2 o]Fold R AN, FAL 30 ~ 40 em AEZRA] 713}, vibrope
rcussion driving®} 19H >20 ku)2] jet-grouting® AYFH A ZI|G2 FH 2o
90| Louisol] o3 /L= AL B3 Ho| ¢AFe] Fr}, naild ZFp4(70 Hz
7k )2] vibropercussion hammer& ©] %3] A2|go]=|5 (21 5), naile] A
£ Ul B HAUE FoE AHNE Ei= resin LYol 73t 4
HE B resin® 72| rod U¥eo] AXH 2 AA (4 m)e] YUY B 5
3 A Brh Aol ngdelA ol Fol I F FHx ] hydraulic f
- racturingo] FLEE EAH] dAtE 7] I, AT = B3] AAE A
o Ay gAHA W2 EARIE(4 ) o[ &3] HAFHOE A Fo] £E L)
jet-grouting x| 7"H-2 FHzuke] Aty @ AubAigkE Rgsie], =3 3bd
Bl dAvtAy 9 AU @AA F7iAUch

FAPA]-g nail - FAPYA R nail L FPFZEN Y A& Ao
2o =3t& EFAYAHIntrafor-Cofor, Solrenfor)ef &]8j 7l glch. Ha]qt
Al % naild B2 T hsl] B3] 931 steel bar?} 2EF-E(grout) 3
Zxteix Qlrl. Solrenfor Nail( @ 6-a)e] -9, steel bar Ql &¥ I29E
= 73] E= oA OT uhgo]A HolAMo 2|3 RFIECE Intrafor-Cofor N
ail{1§l 6-b}e] 7%, ZIAEYA HI= IFE HEo] 8] A& U
F RAAA Fo giepy oj4Fdg SRS A dolld @A 27kA] &
T FAPRA] & nail olgolx, x|uteiA e AL Jlad sjdes Ao K4}
3t ERt o] F LT RIYH Frh2 el nail%e AFSE 4 2ch % of 24 1)
Zol M= EBYAHEC], ©]F(double) BEE HY 2 E resin-bonded epoxy nail
= 3188t ARR-3ta glcl

Moyt (facing )
AEgre] 07152 BAH 3 Alel R xuboj oyt A E ¥R}

3, @3 AL oltg yA|sin], =W U gl FHALOT Ny Atg B
37 fi Zolh whebd FALS dHAo2 AFF e HXHI, =¥ FHE
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|. VIBRO-PRECUSSION HAMMER \
2 SLIDING SUPPORT A

3 REINFORCEMENT TO BE INSERTED )
4.SLIDING GUIDE B

5. FIXED GUIDE A

6. SOIL TO BE TREATED

Z1g! 5. Jet bolting: Installation of reinforcing elements with
or without grouting simultaneously

LONGITUDINAL SECTION

PROTECTIVE TUBE
DRIVING CaAP

- GROUTING WITH INJECTION HOLES
JOINT o / WELDING

Ny e,

BOLTING
STEEL REINFORCING BAR

2% 6-a. 'TBHA' nail patented and developed by Solrenfor for
permanent structures

GROUTING PIPE
1" DIAMETER

GROUTING
MANCHETTE

CABLES ~ STEEL PIPE

2§ 6-b. Prestressed multireinforced nail 'INTRAPAC' developed
by INTRAFOR-COFOR, France



APA S Tl i Yoo Re& MAF oA, ojYols Fio] UYHE=
¢ APEAE Ar)rje] FEANEF Fdslor tioh AW FY W Mgl o}
2h, 4712 FR2] A=te] WAl AMEE I rt

shotcrete facing - shotcrete facing(10 ~ 25cm 5 )2 22 7}
A Fo] F2E AR JYLg ¥z 2 o|£EH QUr} ol Al
71, FEANE Y 213 9 FEE A 4 Y d4Folns fAN B
H3& HFtrl. =¥ shoterete facing® £8H wire mesholl &j3] Qytyog
H7to] o] o] |51, HEHOT 9IFLE 10 ~ 25m FH = shotcrete?d] g
H EPd(dutd o 12 gl 22} Eld, 2 9 ~ 12em FA)o] &3] Qo) o]
ARt 72 Algol vlad {3 4 AEY AL A vy, g3 z2E
A ZS dutAoz eFFE Jigady AAe wy vy Hg 2HZAY|A B
he WS WESIL glth §3] shotcrete facing®] W74, 2|3t A,
dEE FUSte J1FHE g SRV 5 T2 BH e o3 S UL
T Atk W-¢7] shotcrete facing®] AlFE EANE-§F Alo]d] HJ{WojN &
3¢ vjeE ogA sh= Aol alr}

welded wire mesh - 3 ¥ vire meshls guty o2 d¢tolL} S A
= 439 F(2FH, ¥ F)ol Adntg B3] A8 A= Ach,

S EEF] 3 &FE I E g A Huelgl - A7 @A
HALZARNE HHgle] GFI2Eo L L3 Rt a8y, 78 g2
2|E E 7 wide] Zelol /Use] FFEz2E] Ml 3HBo] YriEa 9l
£ d3elth ol 71 mide oy ojF, BAY Q) 7y 7o) £F
HES A= & 4 glvh =3 o]t 74 sid2, HAAHI wFo| x|
olRE ¥ wifE Y JisHAd AE AFUcl Y 7-a AALR AH
(C.Louis, unpublished results)oll Solrenfor F<4I|W-E ALY o} F HoFr)
AArziy Yejo] ZAzidE ME EER ZojA glon, Soil Nailing2 ¥d
BAo] HA®Ech 218 7-be A543 ERHS vi4AAd dEe] d2¥ 7]
4 E3E IdE BoEnt =Y 7 Axisidzt H3eld Z3zl=8 34
3= SitEeld wids F5 AME-Eo] it grouted nail2 Yyl eg alziy
ZH9HE 30 ~ 40 cm)o bar§ HEZ Z¢ oA Huigle] Hawn, o|of whaj
driven nail-& Uy¥tH o2 mE(cladding) Tt TS AT uhhe] o) MHAD
of 2},

4. A1Z2F, WA R Ha

nailed-soil o] FLRELY AlFE 371x|2] Fa% HAE wHEstA ®o}
- &, HAZQoI7IAY Z2, naild] A gl w4, T3 AR d2] Sol
Tl Soil Nailing®] 7]& W A|FAFL 2EYoT, Zaee= ¢ xdte] gt
& a3lan, Zuke] o|fE MY A Flo, ¥ WaAite] A Y A
Y A3HE WAFed FRALE F£3 A=t welM nailing MA(AHD
g B ) SAFE 7t AS3A dAs]o Ao} i)

ZAFANE Feld] HH EZFNE o] 1.5 ~ 30 nZPo] AEE IF
& UchA 2xdol2 dlod A|AEe] At} duirye®w, adle]l x|y ¥l
(short-term) M2 2z} ZAcIA glojy FHHQ GAMNE HHEII 2
E3fct. E{}, nailed-soil ¥ Aehe] £2¢E U 4 s FEAA B
IR E& WAIBH7] fIAE 224 F3I) R3of ¥c)

X 3t7t E2Fhe AF, HAY WiFAAE =] ZFolol oy, FAH
L2 (a) AWEY 245 I3 ¢ €2 A d(EelAE Te]=, 10
27, 30 ~ 40 cm Zol), (b) FERA2] Helo LA HuL vid 4 glo
N, ¥ Y TFolu SRES o B fUY 4 A, naile] AW

_28_



¢! 7-a. Prefabricated steel panels

2§! 7-b. Prefabricated concrete panels and nail connections
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e

ke X3S Zhstt WASH] $1% wifAld(naitRcl Hol7t P Fo
&2tAE FH) Folch olsh= ©el JduidE o183t FFT2EY
€ ERWEHR 2 454 e dg 1T #Fe 4AY + gt

Soil Nailing 7]&<2 +&H 732 dAjof &she, E HAx]
o upAAYYg AR [HUss] ¢ ol FEY AYriHA A
7} a7Ee] "rh wietd FEA L] AFE A FAA FAsta, dAdn
& ASHHos FYsi =gt S H97 H-HHo] o AT 3
WA Felsts 2ol A=Al WaA] Hrl

2

od
4

jn)
rE
R 2

L

5. nailed-soil EF-2ZE2 AF

nailed-soil EFFEEAM A-RAAa Aol HELL Rrpx] Helo
APA (2 8)E HUdstAl =, EI o2 YFAEL AFAB, B
X718 9 dRAGE Foll #Eo] olth

utﬁﬂ EF

BA(LE, Rges F)E uel FUEe oA gt didjde oln] &y
L A7) o]Folx it} M2 vt HAE ERHAM o HEY 47 1
UIA|Y F2 Aut-B7a) Alole] ulHASfo] BHE gyt A B73z]e] £
HEAY, rib effect, ARt WxE g PAFQ, MY el 9 o, BA o
4gote A 5) & HHI FE7] A% U2 AEE AFH 54
th oY AYA ZANE2 €A AR ERFZE GARELE JFYA ol &
2 oluh gt Yoz HPH HEMHY WU nailE BZE HA i
olojA|, npie] 23 AuF-H P2 HEAE Hele AL Halsich webd, WA
o] nailol th¥t full-scale QIUA|E ZAz}e} Yt BPE EFFZEY HAXY
S ME d@x 2@ A2} Cartier-Gigano] 2]3] o] o] Fcrl. Cartier-Gigan
of &ja] A3ME full-scale ¢IUAH Aol w2, driven nail -AHRE =|ub
Apol o] npM A4 dut BE EFEN dAY HEF = AW FAN BYS
Bolx glrH g 9). v cfE dxabgel &3 x[AE ule} Yo], Auk-B
7z} Atolef A W EE npAA e wAFE G2 S 7Ho A HfFe A
Tl vt RQE EHHA ZAe Ba FEANE XA Ho B2 A
o8 AAEYNEf] Z¥Ho| FukxlE ¥bH, grouted nail & #¥ MF-2 gk
Fx|ute] stFo] YN AAHE QUL A o FHoE ARk HF
walo] H3g oAl "rl EY grouted nail?] H$, ANF-BIEa] Alo]2 n}
2 2elEo &%k 2t Aol ofs] A%E UA =, o}& soil-grout
Ao 542 gyt B3E EFRYANS &8 B AFH FE= ¥A
3] ChE ofAlE RoFrl o7, il RE ERHAL] FRe o
F2 AMEEE FAY AFAEE nailo] HAEE Hxity} v|ayg of HAIA
HqAo] ME thE 4 arh uleld, YUt BAE ERHAo] cfjy dA=]He]
nail 2 BEZEE F2AMe OcfE ML= 23, =Y soil-nail H&F
W AchgHe FA(EE tHAS)S BHE AAI] A= AUAH
2% Frh
Soil Nailing?] 7% Yyidog, HAAHANE EUE doj HAHS.E
ARE-BLE 2ol "HA AlAAo|t). Guilloux-Schlosser: pressuremeter test 23}
& EUE AAE npadHe] ot Ay dAWYEE o&3l, driven nailol tf
3 Ak AL HAY o Fo] Jhgditie A& HoFATHIY 10),
331} Guilloux-Schlossero] driven nailell ths] M A%t ojUL ol&Fuby2,
TR Z =AY Aol dX|EE grouted naild F-§ VAALTIHE GASIA
A= B3 S AU ok g 112 ANkER 9 $3Zo)r ME ¢
2 4%, grouted nailoll thy} QA|3te] F7]| HIHE HoFch ¥ 112 F
ZHE A RE, 2Rl whE IEAY F7]8 FHrlgh Hile AFAHd 3
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Failure surlace

Fucy
b—q cloments .

o STABLE SOIL MASS
UNSTABLE SOIL MASS v

f ,
. Passive resistance
- Earth pressure K /
-+ .
\ ——
patt—- Shear ’ !. l. .'
4“:{ : " Shear resistance
.t against pull-out Anchor block
— .‘. -
o .
— . ‘ .
e Fassive resislance of slilt reinlgrcamont

2% 8. Schematic sketch illustrating discrete soil-reinforcement

action
0 10 20 5 0 | 2 N
Ty (KN/m ) u
2 1+, avERAGE
o u
s 17 KN/m.2 iy
S+ 8 . & 5r
[ 7 ]
O e
= =— SPECIFICATIONS FOR
A O * REINFORCED EARTH
[Ts L ]
S o—TAN ¢
to @ < 10+
] 1 L
Z{m) Z{m)

SOIL: SAND ¢=33° c¢=10kPo
NAILS: DRIVEN PROFILE

2§ 9. Soil reinforcement friction between a driven nail and
a granular scoil (Cartier and Gigan, 1983)
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U dANSE FY3l7] ARAE HAAUAYEe] W= Wedche A
=R UERiS glch Ty, A WG d3olN FFH A o]
2 BBVAE AulAE AT HAY J2AEE LY 5 Ut

2o WA £EAY

nailed-soil BERF2EL Z§, €2l £2 AeEHE 22 A 33ae
H 23 RfA9E AU oo, nleld Ezje ALY wrow Szadlo]
UHE ] HAME, A2 Aol nlAA g Uty ¢ apEH=
Hel Bt WA o 2 2|{hESI7E 27E e Aok meld B E nig
% stable zoneof] $]X[q) FHoAM WHE = olA|slo], Al&5}3 slofA] o4t
He Ad Ejfel Al 5 A Y YEo ¥ AU gsA H
THY 8). 2eu 2o Eo] jet-grouted nail T 2 AAL nail T4 Y
o] 7ol S(stiffer) B RATL Ald AU E§ o8] Hap=Q Al8Ye)
B 7HeEE R ofRolA Rdxle] 2ztH WPo T wWHEHE £FA e ko)
RB e FYE|ojof = AUE Yo, oAU +EAYHL YUFg W
= W&ol T4 o] &EE p-y YHE o] &3 AAH 4 9t}

M (facing ) ¥l

nailo] 2|8 Fto] F2Fol th3h A2 full-scale A HPEo] AAEHPL
W, ol mtEH K7L Hel, /g © ANAERE Sol €A clE AR
T u]ad Aol cis] SHHE o) AHHAE T2 AMEo)d 0.3x8 23}
3tA] ot HE Holil gy 12).

Soil Nailing®] 2-¢ Z nail& wie} 2Hg3ts Qe B, oul WY
E 8HolA ol &FAso| WA @} Ao KAl =R, 2 naile] o]
A FHof Yol AgI= HE ME A, of o] naile] AW EA] 1)
2ol 752 H(unstable zone?} stable zone® TEALE, 1¥ g)ew B £
slrth. 2L}, Soil Nailing?] Z-¢ 2] QA2 2LHL AAY o] 75wt
HE AINE ZRR] ZA oz, 3 ¢4# 3 Coulomb TZ]HH= FAto] o}F r}E
A& Yepdz gk

nail2 B7HE HANAHE2E gubAel RB7to] o|Folz MHEAMYE AME vl
¥ o E93 AP EASILL, ojaddE TR RAAMA Alolele HHY A
o|Ho| g} - &, FAH, B2 oyt dx7y, R Addzde g A
el 7)&7], gl B HAd Fol ME riEr},

A o] plAlr- F

nail 2 RB7}E= FAAR 22l Hallg AEECA|E ¢t BAE N
Ao s EAQY o[} gloy, o] AlZ2}A e Aol MWL W)
el ® A2 A4k gHo|Y(stress history) Foll iyt QAT Ao|F Xyt
ch. 2% 132 4 RAE Y o nmails® BEE HA) ] FH9o FAHH
3ol Yo zZlojof wlE HUF HoFrl AR U} Triz] TzAY AL
BEol glojA, B = 22|24t SHAENE FAEUNEN(SF Ko A2 -/
zgtele AU EF3 dch 2y, AR 28 ol HudAy
o] Zolo] mE WL ofF e YA st gl ooy Hujad
HEe] xloli=, Juran Fol 23 A|BE H£4E A7 By AUAEE B3
He)Hel7l A2 cl=ckes Aldel] 2 d#Eo 2o ¥ Ar)

nail?] HaztEe

nail®] YAAEE F28 dAUS F9 shjolrh. Y Audy U /i
243 F g AME o, 2 naile] REEE Ay ARAE A

—-33-



5] O
(@ O

THE TOP OF THE WALL {mm)
o

HORIZONTAL DISPLACEMENT OF

0 5 10 IS
WALL HEIGHT (m)

SOIL NAIL REFERERCE
Medium sand driven Gassler et al.,(1981)
Silty sand (3M) grouted Shen et al., (1981)
Fine sand (SP) to
clavey -sand {SC) driven Cartier & Gigan (1983)
Residual clayey silrt
weathered shale, sandstone grouted Juran & Elias (1986)
Fontainbleau Sand (SP) grouted Plumelle (1986)

2§l 12. Horizontal displacement of nailed soil walls
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2 AZY AUF ZMeuH)S, 53] 12 AgEPolA, nailg] Ay
2 AL AE o]+ HAYNE ¢ 4 UdcHa¥ 14). FIAHLZ naild o}zl
o2 7€ HAAETE O 2 752 Ho] oA4FE AW, o[& nail ¥
o] AduAEE UAAFE F}E YA Hrh ol&Y nail FapzHoljRe
2)8] F7l= AHwul Hel @AMy F/F Rdtcke A& ¢ 4+ AcHaY
14).

EF o 150 HAE o2, Yt BPYE BEYA(reinforced earth model
wall)2] ZH§ EAa1e] ZAzE dAEs HojdF3ge] 37 AL ZQ(3A
Ao e A EQY] A7 & Ko linedl] ZH = )& o 4 sk =¥ nail
o] dAJY N2 Zy X TFol sl WA HH2] F7lE nmail & wlE}
SUEl= AAHY Z7let Q3R gl YA v ok Oy, dANeE
AA W Ao v HLE = naild] Al HH(F, p =10 ~ 12° ¥e) W
oll M=, nails] AFHol FAtzte] Hrt niX= e 2THR] 23] YTk

6. R X FoY
22

Soil Nailing U2 A8 AE WA 2= A DANA feslor & Al
& Felstd vhe Ut

HEH A¥(clayey soils ] F$¢ - EHEL] F7le Z-tol uwet
nailz} FHANME alo]o] ol E& ¥ A3 F4AY 4 ok ®£¥, ¥
2o 7t BY AlAAEY AGATE FLAA FAH2E nailell &3k
AYe F/HF YUY + Ul I3y =X AYH o2 JYF u|Hs U2
o, o|glolx= =|yte] AzjolX MY wy AL Iy HUy HelE /KUy
4 olc). ¥ ol 24 Guilloux-Schlosser(1982)2 AMEE x|ulofl &2 15 ft.
¥ol8 soil nailing ¥ mtAlalE Ry up glch wlety z3be7t &)
3t HER At Ae, Uo7l AT HJY 139 nail AX 7} B8 HE
Zioj Wer © 4 glen, oUe Ao TR FE o]EEo 2
EAra ol 2] B A (conventional solutions) Bt} FAM|7}l cjx F71H 4% o)
£ A zietstoiof @ FHojr},

vl Bl Wel - naile] BAH Fulo) TREe) glojq
Aub-B 7y apole] @Aty B RUstyl HdAde FHAN 2P A
Ay W7t £75e] Ak uwiebd HUY =GN AMAEL] 3 o]
53] AEolol ¥ A% A € £2 Adrk 2 FEA-RAA o]
ol g (&, B U5y das)E fusty] ¢8 27EE ¥UY 3
S gutgoz g mm olfe] ®l2A L F7loln, oo AUWH VAUE F3F
Aol wlzw o] WPPEE HAlgold] 0.2 - 0.3 % =L A2 F7|o]
th EY ZAEAYE VISR U soil nailing FY e Ffol ddEHE
Hele, ZAEHAE Zhshe 2udA 3y B 277 A Hxy o
A& Holsr glcl

34
Soil Nailing 34 AMle HHH FL2 FoAda gon}, tigt 718 Azt
T naile] AL g SAYre] RAE(AdE &Y, corrosion-protected

naile]] 3%/ Solrenfor Nail %= Intrafor-Cofor Nail, 1@ 6 2kR)e] 3t
e S Ue] YR gt



(PREI ‘[P 313 uUBJNf) SadJ0] UCISUI}] ENEIXCE JO SnNio] 8y} o
pPuw sjucwadR[dsIp Buror] ayj jo UOIIBUI[OUJ 34} Jo 32817 Fl AT

|9pow Asoieloge

AoV Y3IHG SNOISNIONI 40 SN20) e
HOS 3H1 Nt 30V4HNS 3BNNIVY ©

H/Z M/2Z
[ e
yxf\ \O_
/\/ \I_
# 90
NMM vo
\oONn Y
-— 1 | .
H/0™c0z0 10 0O

H/0

g|sAlzUe 1iaaE ajul

—

+

H

HGZ2 0




(¥861 ‘% 32 wwunr)

S9JOJ UOISUD} ENEIXTE U0 UOIIRUI[OUI 3y} UO 3128J17 G BT

nem japow BujjeN Hog

wigzz'g wog =g H/Z ﬁ
wiggsry St o't
/ b O.O#
UV— ¥
\ /
/
/7

W/ /% g0t
ozrd ce \ 1 o}
SEANN

ad 2'01

HOEP e

) 2o o 0

8240 UoISuUa} Wwnuiixew

I2M 2P0 YUEBT padiojuidn

wag2s's wags's
WwI g9 *H ! ggr¢|

>m.—am.T¢.b /n—/

ADE.F

\ o AX-ARE
¥y / D¢ v 9ot

H/Z
O.—L

so

zZ'o Vo

9210} UO|SU} tINUI|XEY



7. gyl A dAAd X 24 E

Soil-Nailing FZMo] cit A7 EL YUA2® vhg3} L2 gL =
i

AN, B Q% B ), EY AR-R7ae) dEge(dy
2] e B Alle] AN F 24 TE) Fol BEY ST
i i AT

.z 53] AdelMe oAt AE

. B3] gty 2SI, HFFRE] tjt UFH ZHE

B4R g A& FuodAeY B PE

. A 7o) TR A

ZIeyoeg ME ChE 27[X8 H2PA& EClE Soil Nailing 34 3 A
Aubgel wAEe Sitt - & 43I APASHIAMMH(CIEHLE, Davis
Method)2} $-F%3 A3 H(kinematic limit analysis)o] o]|e}t-2 A 2ula
of sy, AME V&L BaFEY 2 g 7o JlagEef acl.

& o)M= two-body translation mechanism U HFFU(AMET FE2
A =2 2ATRH 12 A2)E 233 nailed-soil ER-FZF AN HUHE
Ao, T AARH Uil o]&3] dA W FHEH FEHo] o]Fo]
Hch ol&d F ¢33 Davis Method2}e] HzHAAMYUAE Y HAUHE F
of #3f) uiz, E4o] 4YE oy, oleox FIAC ZZ1jlo] 2|t npz|HA(z}
AFA7]) P ME w27 o Fo] Hrl

7.1 two-body translation mechanismof 2]%F ¢F4 8§ upyy
Gasslert= AEEHAH S& B3 AHAHEAYN 9 AAEx]dle] offl
nailed-soil EX|2] ¥2] I F(two-body translation mechanism)& %3l u}

glem, ¥ d7olNE of@ LT stef thedt P LAY A} o]
%of A}

T4 (active block )

-W3+S3+5S3sin82+ Nocos8ga+ Pw,cos6g = 0
Nj3+Sq00502~ Nasinbg - Pw,sinfz = 0

A7,
Sz = Natang ' + Ca’

Sz = Natang¢ '+ C3’

;. _tANO
tans FS,
Cz":-E‘ Cs _ h Cy

s T3 _Cs_ _ Cy
Cs _bd FS: _h Fsc

Wz=—£-hzcotez

_39_



h=H-Ltan0,

(a )passive block (b )active block

2§ 16. Tow-Body Translation Mechanism

H;:

29l 17. nail2] HFxdol



(W2-Cs “)sin(03-¢’) - C3 ' coso ' +Pyw, sing ’

N 3™ tane ‘sin(02-¢ ') + cos(82-¢ *)

+% % ¢ (passive block )

“W1—Ss‘ZTSinS"'S},SinB1+N1c0891+PW100831 =0

N3+ZTOOSE+SlcO891-N1Sin91-Pw.Sin91 =0

o 71 M,

S, = Nitano '+ C, '’

LT _ L Cg

Ci’=abcs= 5T FS.

Wi= 4 (H+hL
Ne Wi Cs")sin(®,-6*)+ 2. Toos(e+6-¢ *)+C) ’ cos¢-P w, sing ’

3 s = tand ‘sin(81-¢ ') + cos(B8;-0 ')

o= =

2 Yol Au-Bka) Alole] A¥agoR BAxf(nail Ex nail
+ grouting)®] FHubwt RS en}, izt Bz AloloM ol AElE FH )
ul3kA] ZH(Mohr-Coulomb ¥}2]-&)ol Taylor M ©|E(FS = FS, = F& )¢ 3§
3 RREHO|(F, L4499 uigR/o] sl ARy HEZo|)eo] s)
b S Wit Z Bbaje] Fwohaby T8 A4l k& gt

x.

Li= Lo~ cosls
- ) —H‘-
Xi T Ttand;+ tane

yv; = H;-x;tane

zi= H-yi
z; = z,-+%-x—i')-tans
Oyi = Y24
0y, = Koy,

z .2
0,,C08 6 -0, sin “

Tre T Tcos2: + sinZe tand
) 2D €5
T Su Il('cn:+ Fsc)



7.2 AN & E4FH

2 a7 E4ol AYE dAN ¥ ZFEFS T 23 180 EAF] o
=2

ofu] odAw ¥

A2 thE Zolu] RZi(R. = L/H, L = nail®] #Hcjgo], H = Z2tgo]) 2zt
of th3] naild] UYZAE (27 16)F 0° oA 30° 7= 5° YAL T ey 3
2. 0lof w2 HAHE FSua3te] H3E 9 Holowm Hzle 2% 199 FA|
o qlrt. 2 198 ZA3g AwRd, Rgte] Ftol whel FSu.gte]l Aap #H=A
B Ol HAE ¥ 4 vl E=F R = 0.62 ZHfole dAcA gutnes
AFEE HAUHE FSun = 1501 F njX[32 9lon, naild] HYiIAEE
Ruglol A Aol uwigl 37|71 chAd FI13ls(naild] A dx)wUsko] & ofe&FL
2 ¥ale) A Holx 9o}, cAMoeRE 5° - 10° Helol MNUEE ¢
4 3lch

LZLFELE S

Zou} RZbE 0.8 = olof PE«= nail®] HY{AY2A=E 10° (Z2¥ 19
2z)8 95, £ d3o] ¥ LY two-body translation mechanism HIuhy&
AHog Aln] £ A= 27 20 @ 210} FA|E QUrt. F, passive block @
active block®] ZAAHo Tz} $AHA ALIh=(M2 Qi Per) 2oz 7}
AL (3Y) s 77 HE FolAlE - &, AL % 2304 49
7|9ef 2]3] 22etHE FSun R ¥ H(passive blockol] 3|EE=)2] FAlzx
6o AFHos AAsE A¥E 2Y 20 ¥ 218 T3 ¥AY 4+ Qr).

AErY ¥

fAlo] A3 EE P4 (rainfalls) Foll o] N3] 3=, =%
nailed-soil Futo] T2 HAIHfacing) HIE HFol HAY wieMAZ o
2Ee] Qe A - F HESYo] A F, H2UAE FSunit R naild
A4zt e g A=A el A2l ME ujay dies 39 22(R = 0.8 %)
ol EAIEo] vt 2§ 229 HAAFE EMIH TPl ALY A9, MY
Jzte = AZAof v 5° BE(F 10° oA 5° &) Zfopx|= ZH¥F Ho| gl
O, FSunt2 1.73¢0A4 1.14% 0.59 A5 wlolr] 2 ¢}

Davis Method H]Z

+38 AP NP Davis MethodE o] &3] A4tel L3
& FSunt P naild] HAAMAZAEE, £ A7 AR ge] 9o A
Z vjay Hzhe 2% 23(R = 0.8¢) H-p)el EAIEC] qlrt. ¥ 232 FdE
AHEE, FSundk nail?] AFJzt=o] uie} 0.32 - 0.39 FE & AF Py
Y ZA¥7t A AL den, o8 P I 240 EAJE FAA(A &
#71) ¥4 vZE B dE=Eol At - & A vigF/o| HAR nailg] 2
°](Z} nail?] ubAgy Aile] FHAE KEHo|)7L 2712 & Ed=E
& A7 WYHe F¥ XEY BAE 7PET Davis Method BT} o HAojx|&
ol dde] glrh HAiIAEE £ AF AYe HF¢ 10° FER Davis
Method?| 73-f-ofl siE= 15° of ®[3] 5° F= 22 H YL viepiz Qlch
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AT ™ AN ]
Ve soil nad T
\ $=14" 3 1
132=%am % Su=S,=1lm ?1.74:
\ diai =007 m ® ]
% i =0025m b5 ]
F oim =i g ]
AT 31.73:
/‘\‘/ = ]
Legg, ‘ ]
:1%,'18“.-5’)""" 1_72-.; T T T T LA
a5 40 45 S0
Il g (deg.)
2.0 - g 21. 6,-FS 2] #H
7 | 2.0

1.8

P

U)ELG- z

= \ 1.5 s
1.4 N ]

Q000 R;=0.6

neoeg R,=0.8

E eooor R,=1.0

1.0 T - ‘ . i
0 5 10 15 20 25 30

inclusion angle (deg.)

FSrn(n

- Q0eoe saturated condition
{ oopooodry condition

¢ 19, dASH (r=1.8 t/m’, =34, Sy=Si=1.0m ) 051 N St s
inclusion angle (deg.)
2.6 ]
3 i 29 22. BEA B ygYzEo BE
3 1.8 . ]
2.4 3 :
] 1.6
Z ] i
e etttk bl lshlin Sttt s q
2.2 7 NIRE
p [ X
i Na(pa.-‘v-)
T Vteee 1.2 >
2.0 4 Bavis method
1.720 ‘ 1.725 " 470 J ogoow 2—-body transiation
factor of safly
1.0 . .
0 S 1]0 1I5 2ID 25 30
2@ 20. N3guesive rNsaceive 2 83 inclusion angle (deg.)

28! 23. Davis method ¢f2] wjZ 1
(23l 4, 2L08F)

of,
o
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FLAC X2 3! Hz2leolol vl

FLAC Z2I & ol&3] Aaisolzl o] HxbH3 E(maxinum shear
strain)®] WAEA AL AZY W(F, TH)S 17 256 EA|Ho glrh. ol g
ATEE, & Ao s dde] g niziEay) itz ANyes Ae
A A 3& Yyehdz lch

8 aot W d&

2 Aol M Soil Nailing FHoll B Hutajel o] 24 o]Fo] Mo
=, E¥} two body translation mechanisn®& ECthZ ¥t 34wy ) o|F &
& dAdY HAE olFo] Hclh AAE siMubHole VT4t odgio] Y
Holen, HAYY HUE F& #I3 Davis Method EF FLAC & I847}9) A=
Bl 9 EAo] oh&d ffEigich. o§7A Soil Nailing 2o H&A 7|
22 B W BF Soil Nailing FHY UAE #I3) War He g 2
FelstA ol Ul

- B3 ofz{¥ AN vz ¥ wf Acjyer gahs} HEG AHG
XU oot w2 AP Y A @ YA 28 FARlEE
AHE3HA] o] HAY FAdo] ofabx]o] A} shotcrete T 7|4 A
Heh2 whA] FRA PN 1A =, wepd vy EA7 ¢n
=3 /A s AEE 53 F YA "k

- VAR AR A4 Jle(naile] o), W W dXry, A
At Fol BHEH)E viay ARFA 49U 4 don, E3t FHapey
A ZRHE AESHA S]] A 2e] olald VAU F¥ F3I] fKastc)
ol = FAl EFol H22 FAE TANAL B {3 877} v
33 flch

© AR Y2 Fo| F2Fel vzl B W) 724 f44& AW
nailo] HATH Fupol FXEL, ATt AM A3l 9 RS O
At THE AUA Hrl. E oA 7Y KL, FHs
ol O3l w2 AYYE o2 Al ALE HyElo], §3I) AW oy
A|Holl A Seil Nailing FYE H&do] 7|tfso] At

* Soil Nailing 7]& 2] Hai7lxle] YA WM FUL HIYLE o] Fof
Arhes ARo] Z3 BFelME dH} - &, YHMe] HY2 Soil
Nailing 7]2] o]&% FHojMe ¢ 9l Ad o] ¢ dLE 3}
Aol to& FxEolof ¢ Ao}, wetd P2 Fe Soil Nailing
T HEE By fdlAe, oy F4& A A8 /Y
Z|Qboll thell Soil Nailing MAL] A%, F-BZA2 Y228 5
Hu® S4U WAt glon, olF M YoM YUY B
o] EHQl d7 B UA dHelMe RYHY o) =X 27Fo)
Fch o2yt A7 & Y 7] ARFHID UdE AAGY ¥, e
A Ao M F2AL HHF oiF3}7] HY AHY 2|2 #A|, E=Y
AAY HEAH |Wof] LEHO 2 Soil Nailing FHUE A8 £l
AR A BY Fol= A 7Y A2 st
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