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Abstract

In the present study an analytical modeling was carried out to predict mobilized shear
strength at the interface between the nail and surrounding soils by carefully examining the
behavior characteristics of nailed —soil excavated walls. Based on the developed model of
mobilized shear strength, the method of overall stability analysis of nailed —soil walls was
also developed using the Morgentern —Price limit —equilibrium slice method. The developed
analytical procedure could predict the behaviors of nailed —soil excavated walls during the
successive excavation stages, at the final stage of construction and post —construction
stages. To verify the validity of the developed model and method of stability analysis,
mobilized tensile forces of nails and overall stability estimated by the developed procedure
were compared with test measurements from three nailed —soil experimental walls having
different soil conditions. The effect of seepage pressures inside the soil mass was con-

sidered in the developed procedure.
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AAZAE g6(=10° 15°, 20°) S8 w3}AA
FLAC =213 s4-& Fgsiglen, siyd4
it Xif E.zt8) oo uhE w3y s
e L P g2 z=7)d Ao Aigle] 27
129 EA1E) e} cha A 02 fALgHS el
stdct oepd, olejzre HEMAAE Ed
g f(2) A E B A7 el
Abzhe Hele] A¥Wsi(ag13)z 7 sk
t}.

3. CLOUTERRE ZX A 1}ete] 8t

Schlosser " Vo] w2y CLOUTERRE
2 ggd 2dddy Y=z e} 19861
FE fdedel] A mpsdA g oy
o] #A o)A strain gauge 5 A EL Fsf
7} dld o] E9pek d3edAHe) FAGAEE
ZA=Gch A F2Zol+ Limo|gl s,
A fHo) ol AafstFe] 7R A) ok
nailed —soil AXAHHA ] HFFatzglel H,
= 70melglct. A =% | (grouted type)el
AP THel zk Jlde HaAzde] L&
6.0m{#A<t o g dxdde] A4,
7om(AEHeg HE A dAvde A
+) % 8.0m SFeldrt =7 AAA 27,
HEFZaAAA o A e Hae]
Aol A A stg ew o 37+ HF3FE

H 1 AEZ g AEE e Al
el gk, ¥= 160t /m*
Ak A ddA gzt ¢ = 38°
HdH3, ¢ = 041t/ m?
vlda 4, d, = 26mm
AFHA, dv = 10em
vde) d3gely,
L
= Thien J'an") =3600kg / em?

e A2y, o=10°
vl e} 42 43214, Sv = L0m

WA

e a4 27H, $y = 1.15m

ol Hy = 7.0m2] 0.3% A x4 2lmm A xo]
2t} Fontainebleau R#]2 o] F ozl FEx)
Hhe] oA 8l Alge] 45 Wde Al
T 3ol A= gl

3.1 FHORRIESH N2 S 24 %
HlLtx|2te| v|m
Schlosser 50 o] Zgape] G 2t o
do] Furef I#eAY F Hug) s
T e & T2 3} 3}
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N v H S S o2 =Asd ad
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\
!‘.. “\KO
"'._ Ka \‘\
1.00 ‘ A
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Schlosser 52 ob&e], AHIAY T
AP LE A es Hdn vde wa)
A F-oleban w3l vl glon, =gk HaF
HE-el A A Q1A Lo 27]w dFHe

BENA T S8 80



2 Tww® 40~50% Axz2bz sz gich
A g 3 ARl gk Ay 2
2 o] FoA A ster] wata] viv =] 57
Azl e 2 l4el A" T,
ZA4 Ao o Wiste AHRE, gut B
7+ E A (reinforced earth walls)$] 2 Sl
gl g gadig A slRREo g 7hhg
UHE 2 T d Z717F A 2p H4vsiod A A
A Fxyito]l T EA sl A S o}
ez glvth aide) Aidez A9 K,
(=10-sing) ¥ K.(=tan'(45°—¢/2))& A
AEATF 2 FFEGATE 22t el
Z Wdel 28 237 A= HAa
Tiow & THERE viddo] MAEA 92 o
2k FHAAE A o] A Sol] =t go] dlatE = Esta)
271E vEH Hr| $i§ uzlel Raxjeg
HAISHIch jdlded 419wl e T,
2] Zeod WEyAL, 2dvdy FHe 4
T AT YW 228" gl o E x|yl 9
S U —FHE Ale)g] ul S 3
Al e vt AP P ey ge] 23
14864 7] #4438 2 top—down ]9 A
A o olel] ulE WAl R oA el W
A (29 5 Ax) Fol F2 Bl Q=
ZAeZ oo}, w8 Schlosser & HEF
AtA o A HlALEIE nailed —soil 41§ ¥ ) 2
# A4 # g1 83 Bishop el 2]3 Eule
HYE2AL B2 Aaslgen, o Ads
FS,=11 A=xetil w3 wl gich A<
Schlosser &2 #LTFAAFe] 2hgs AF
AESE ARPe e Wi shdy Zo
HAH o2 A 72 7R 9] AFL 4
¥ ®.gkch,

%4t Schiosser 5o #HA|& Wlde] 2ula)
H A T FHZ539)e] viag 94,
AT AN 2d 2 oYL Edle fa8Y
ol(1¥4 Fx:)E e} vl —FHE o]
A7) dlAEE v gl Raledo) A ak
o] o]Fo] How, AadArE 1140 Ao
2 A= otk a¥ldel Ao g TAH 2

90 114 H2W - 19954 6 A

A7 A AFx & nailed —soil T2y 2] 23
9 A=E Aodste A5 grre] 0982 A
(23 7 AZ:)2 Ao HAGE xulFe)
A Ao Ao = wdA0)7 st otz A
A& fRre]l LORTh= zfe o iy o Hg3}
Zolol AA B4atelgl 45 A= A
olcd. 1142 v A -E A E o, 2. A}
gi 2ol Widol A 0.52~057 t/m A% ¢l
A @7 o]l 27 s, MMM ez B
u &7 x|} Al 7} u]aA A dAse 3
g Holi ik Z3149) AAbA] FellA A
o] - Fol= HELE vde] AR} Loj
7.5m3l 752 ok 4719 AR (L=8.0m)
B 728 A9 Ao} §=0982 2 A%
o, € A7 YE Ed 2 AAkE pajled—~
soil AW A HAAMNAHE FS,o2 1.072
Hzola, olohre =379 HAAUNYNEL
Schlosser 3¢] Zole HFP=AS g2 v}
Y Mg FS.=1103} 79 B4sE Aalo]
v}

3.2 BT L0 Ao W olF 1,5t
SZECIAIYE ¥Hsl b
3} Schlosser -2 ol A 7]%4% nailed
—soil A FAF o] 84, Al EHeZ HE 3
HAZ A% Y (No.3 nail, HA o] L=

15 f

$ ] e v
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oo I 1T T I LI L rTrt I' L Ll
0 28 50 78 100

days

3 15 A o) whE o W Rl A9 viele]
THARY T3} vl



75m, 2296 =)ol el LH s AHY W
35 ALsEe FHAER 243 A A)s)
o, Az 23156 o Ao gl
o},

150 e wAE SR A= 313
A 7 v - 49 gy e ol
Tiwe”F ©PA 3, nailed —soil 23 H AH P
oA ZAE AFAY Tolw, 2154 o &
Zo] ‘end of phase 3= @A A (276 3
Z)7HA18) F334] 2 No.3 nail®] Ad=]3hg]
Sol ®57F ¢hud A& owlgic) a9 15
o) 24 AE AR Aty g2 F3A|E
o] H&go| wte} No3 naile] wF==] T,
= HEF3AA]F 2k8 A4 ‘end of phase 7
7hA A& o2 F7MgE o T 02, ‘end
of phase 5" 7}A = F7}ge] @ 1 o) F2E
Z71g0) vl kgt g Rolx gk

Schlosser So] AA}1gF No.3 nail2] <1k
w3l 2 Haiele] v wE ¢lsf, e 3
Al el (28T A F3tge] HoE W3k4]
7)) B dF AA] 2 3 oL B0Z B
Zt(nailed —soil S2hH o] 23] AEE A
)sh= A& HIAIA AARE o 1¥
15 22 wA|xfe] qlek. 115 A zpzh
o] FabgA | == pghel H=xpH]l =27]
F7hs, 3ol HIY #Helilel 9}l No3

0 (nail tension)

8 16, WA AT Fel e AR TAAYY

naile] A9 HAHHF-o FHEL 7 #HA
LHADP 7} HxpE 27 2715 nailed —
soil T3] M EEH 9 B dF A =
do] 7} b} & wiedslw glry t1Y 154
Heoeg RAE £ A7 A4 Te 1916
o iAo =29 =, fods} 7t v
o) A YL 71F 22 FZ(unstable zone)
3 $-F(stable zone} 7}z}he] of <o A 37}
s dd —FHZ Alo]o] ubay g 44
g o}g L Ao F HAAHRA QAR
vde] Q48 T2 AAdstgch

3.3 HEE mHTbe) Hlm

ZF vl 23 23 So] k8% o
2 Schlosser 5= A fEH o s By B 7))
nailed —soil A@H Ao} ol Aut-S A apz]e
2 X3P = dhed osl, Ha Baajztx]
2] AFE AR ESI, Aple]l E3EE A
whetFage] FrhebA seo] st Ev)o F
o] A= w3 Faty ot Jale) ojt A5}
THol A2l M3 A| ol AT, A ¥H ¥
Zel o] Fdw, dAvlde] Tt (break-
age) W WHEFHF T wE Hghed o (sheared
zone) HA T2 ole)x= FHNE 2 A
¥}, £3F Schlosser 52 nailed —soil 4@y
A Baalgel di=Ed HPAH s S
Bishop ¥fHjell 2|3t ¥ale HyPxzAL B
2 &8 Hglo), E3A Y A =S ek
Bled of Fof] M AR xubghe)Ear yghe 197
t/m® o]glar Hale 9 ¥aue] Agsee
Akl e, of9fe) 272 Rl AW S
# Fd3tch Schlosserel] 2j3] o281 HAA
AotdEFL FS.=10 Axo|c} ol2a FA=
H gade] f3le HNARE T 24
2 A3 Aol Axgcl Schlossee S-2 uh3)
a2 glen, 2 Aate Y17 How xAH
o] <glt} Schlosser £¢] Bishop Wi« 24
T AEAST 5L EgE B A sfAH e o
& A AHE A4l Fol v TE BYos
Fi=Egen, A44" HAHAHAE FS,. 5t

WEAE THERE 9]



< 0998 Hxo]|i o|ufe] WL G174
Aoz xAse] it £ A7) s B
2 A4 FS.,# B ay17A Hidd e
o} fAabelA Hol= dipdAl A H (7% 57}
Ahds] AL A%, 1¥H2 3R] 9)x B2
Schlosser 5-2] M A|dH e} o] Ax§E o4
T slvk E=3F ¥ AT iAo A, 2L
A& FSn. kel 099821 7%l nailed—
soil A A 229 A F Aol Al
f7re 1.48e1ny, o] Aubel] & 7ha) Z3HA|
7171 o]3 & 3 FZ3e] up2 AEF Al
HFEE =098 X} nailed —soil ZF2HH A
o] AHE W7 2 AA AgHez YE
HFE3ge] H =70m2] 7 AEs& L5
7hA] Adedode] I Af-2A, olefE
B AgF2 o|&27A A= Schlosser So] WTE
T m7e dAHez P e
Z pdkEch F HA HAgdd A F4E A
M= 2lmm(=0.003 - H;, 3 &EZ3}o]
vlg gEgx A1) HredlA 90mm(=0.013 -
H., 37 x4) A2 2 Z7)=]¢iv} 2 Schlosser
T Bk v qlch o2 £ d-7e] Al4kwt
Aol A=, Schlosser o] A#WAie B3 S
g EHeog AgHegye £& 18 o
F 234 2k Al E A3 7] 98] 24
Aol 71=9d A5, AGS L{sle] A 4le)
T3 = sich
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I
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I
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4. Cartier—Gigan Z&Zd2telo| v

Cartier —~Gigan'> & #HIFFgoe] H =
5.6m2] nailed —soil AN (A etFL 7}
34 ¥%E)F AYEFH R AFsta, 7tz
2] Jldel 442] strain gaugeS A aled 2t
vd-& et s e 218 233
Aok F 879 Mg dAdg o, 43
AxHOZ FE] 20mAx ol Fe| AAH 3
WA i 4" FHe] o) Fejh
z+ dlde) AAlRe] LE 55m 2% Fals}
dck. HFEAdA AL 24 ARE AHR
o, HA AT R Skt A" YY) A
= WAz vd "o L] A
He AFANA 713 F dgEHe] A
w, sk AdAdde] HF9= AdAH Y 2y
7b ¥lxd wle|gt @45 vehl 2 gle) =3
HuelEs Ao {253 e Ao galF
o, o]&fel = A ALA A A oA H At
A28 pEE vl 6mm A =(H$Z3
olo] H,=56m2] 0.11% A x)s] 2p&-ghel] 1
= A7E Jehl gk Cartier —Gigane] 3
3 AEA AYPYRGAHEHR  Feue
14~22% A x)e] ey 3 dxyde] A
R B2 H2el HAE o),

E2 AWRE4S W dAvds) A9

T Ee, ¥ =204t/ m?

Azl [ HddA gz, =33

HjAg22, c =0

Hd3] 3, d = 26mm

A3, 4= 10cm

Wele] alAgEvly g = 3600 kg / cm?
Hide] HAZEE, 6=20°

dde] ¢ A 7H, Sy = 0.7m

dde R A7, Sy = 0.7m

il o

Cartier —Gigane| =HEZ2lchA|o] sl A
A&t Zb il o] &k Ay 7., 5
241 3} 3} o]



T, - cose, .

(TN - W Hor wAsh 1y
83} Zti 218« Hon TA|d 2xdx
£ AHYH 33l 7] B4 Schlosser 5
o 2y Aze} shAIA 2, A 2YIE A}
PR F R #ATE LHHE Lo 2717}
A3} asted AAHe YEYapo] EEA
747he- 73S vhehl 2 Qi)

TN
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8 18. Cartier —Gigan &3 B3}e}o] v

=% Cartier —Gigane] A A& #Hojgi=tad
Tomw ZH A 30} v g &), B A9 A
AlRd g g =2 Alate] o] Rz e
o 2 AR Y18 Aoz zAlEe]
Atk 1184 Hdog wAlE] & o2 A4l
Al nailed —soil ZabH 42 &3] A S
A o)she Al pgho]l 1.043) A9(1H8 &2)
2 A Ao At Sajcddel AT
2 ol F Ak ol 7lR] vEMALef ]l A$-E
ouldict. 131829 vlaAdntF Al of, o

A FotFel AaE dde A58 AYztae
E A7 AMARZE 34A R 0.03~1.06
t/m A= AA HriE e A73E vep 3z <l
th o714 FAHE WL HAAAE Tt
o] & A A2} Xpo| & Rol o] /i, F
G178 304 Cartier —Gigano] 93l 2 =
gF I FEF 7oA Guilloux —Schlosser”} =]
A =2, vl —FHE Afololl A AlAFo.w
B vhAAE u(=tan &/, 2(11) F=)
e dlele] ™Ay (grouted T driven
type), o Al E bt ] Tl ¢4HA
= 5ol oo} Yo mA Adste dA4E
Ee REHez My rs1Eslch Cartier —
Gigan® ¥4 4414 nailed—soil Z2 A
o] AA Al oA HrHAE FAR o2 3
gl wv} glem ozba AagA del gt Ay
gh vl - A S ot e g AdsE
uf, HA L] d-FAY AerE =104 A9
He # 2% 2 d7 sl 2lg nailed
—soil AFHA] HIAAIAE FS.. &
10604 o] o]e}d-& Axle 34ol|Al F4
% Schlosser &2 AH A2 AP A
MRS o 4 sl

5. Plumelle EAZx2l2] H|

Juran—Elias7} 2528 AF=EY%ex 7
g og B9% v o, Plumellex A+
ez glo] A FHe] 434l nailed —soil I
AAHHANE AFstz LA 2
el gk el T,..3% 2439
t}. Plumelle?} AA1%F nailed —soil <3=]4%)
WA o] HEEae] H = 7.0m o|gx, 43
g dd(FFrE FuEae ) 245
= 7hel 2} WYY HAAe] LE 6~8m A
Zolsich =3t AAA 2AAR, HgsAw
A Ao HAGE BToA] waysig e
2 #A7)= 23mm AE(HFZAZe| H =70
m?| 0.33% A %)elddrh SxA|ute] ReA4
T & 3ol HAse] glon, 245 uua
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7 T8 R29 A5 T

H 3 AL v A

el ZeF, ¥ =18t/ m?
AwzA | HgHdA gz}, 4= 38°
FHHHYE, c=0

vl o] A7, b= 107
e AR, Sy = 10m
vldde] YA, Sy = 1.0m

Juran—Elias®] =1%o nusl &
2 EWg, Plumelleo] #ZFZAdA o] dfa
A A 2} Wy S HAAE Tow &
Fa-4l 3} 3}od
LTN _ T, * cos e,

Y- H-8-8
oz waAstH 23 199} el Akt 3
Azhgt el H AN Kiars A

TN

0.00 0.25 0.50

1.00
32 19, Plumelle 23 Z3}e}e] v]w

94 114 F2W - 1995 6 H

kstony welbd el 57 Axjdld zhztell
gl 2194 HeoZ =AMR T, 5H AR
o] ol wW3E Awrg, 3% W 47l
7] ¥41% Schlosser, Gartier —Gigan 59 &
A zhel vpstrbA] 2, H A S r-g Ay shd
HEog 432 LHEE Tew d 27171 A
b zbaste] AAel EEYPAFe] T EAC)
7Vh8- A 8& 9A] vepl I glch

=g Plumellee] A HAAFH T,
22 Aaete] v wE s, & A7 AA 22
2 M-S EF Al4le] o] Feizien
A 29190 Mg sAHe] gl 1
Y 194 Aoz m=AEl 7 dqte] AR
nailed —svil F2PH A2l F2 YEE A
= AR Bake] L15al AS-E HAlAgdE &3
o Ajgt Axdedode] HEAH R MR T 1 of
PE 2|uke olx7lz] R A AFE o)
ol 23199 wlaANE A E o, AAH L
2 B o7 A4 A3 He) 0.28~1.06
t/m A= 2A FriE= AFHE vepia 9l
oh o7 M A W] gAY T, 3
o] £ AT A4S} zleo)lE HelT ojf s,
Plumeliee] nailed —soil = A4 Pol) A &8 o
FulFE ey ddef 3t Al H Ad3
] Zo] Juran ~Elias @d-7=Felv 23]
B s ] ¢fel o] F B A sA el A3
nbed sl Al gHle] A bzl ol7-gel e
o, o] AN uld —FHE Aloela] AA|
"o g W= wpEAA S pgt(=tand,’, 4]
(11) 3=x) 59 AtAe] 5837 Hgle] 3l
4 Zle.g wlejxv), w&k Plumellee] A3E
41218} nailed —soil 2 A o] AAA <] b
A Hrdse FAges Roy v gloed
alela], wAe] oAy Auzl f=1152
Al £ 45 ¥ A7 dHUE Ediz
Plumelle®] nailed —soil A& a2 A4
ot & FS,, & H7}sle] ®ghem o1 A3 FS,,
Fe 1078 Fzoln, o]2zre vty 34
47l A 7] A - 7]<&= Schlosser, Cartier —
Gigan %2 Agsale] 759 Ao wixdt
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¥ ¥ e =) EHe] 58 4] nailed —soil
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HEZEIA A 2 Lo SHuper i AA
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TN= —— —
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sle] Fold] wE MAHE Aw Mgt AFS
o B AN L Tt £ AT
AAl 2 Y A S B Ak A
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o] H, ¥ 60mo)x, 7} vlde] AAAe] L
B.0mE. BF st FAxiute] AR
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8209 AdF AEH pglel AATE
(AA-ER) HAr FrlsEe] A e]
Wi -3 E Ao 2 oS Huase]
i Ee] wedde] Azl AS) HAl
-3y Aapde) SR SRA
o] 53] Fea{4E o = Uck =3 27200
A pgle] 1.09] AS-E ATRd, sy 43
Yde] 7ol FEEAGT K(=tan (45°
—¢/2))3t B} 2314 el B WY
23 lAE TNgke] 24 Hrisle 4948 2
o]z glod, ool dE] F - Avty HAM|
el Aol AAEYA T K(=1.0-sing)
g Mol dide] 43 TNgle] W% =24
Br s AIE Holx gich o]z A
=3t Schlosser 5-o] utEl clelyl 23 A=

! ftad A S Ay es vy
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A4t 3= Juran—Elias’} 913 nailed —soil
ZE A o Ar|Hel A5 (231 H 2323
2tx)g ol Ax widdicly & 4 ik =
& Zbzte] pgrell slgE e v A
of| 22 3 23 20)E &) £, nailed —soil =3}
WA e] AAAa HdAS HRE A 1™
21ell =A|s)o] qloh Zr2le] AAE FAH
o2 Asud, =108 %9l nailed —soil
22 A 2] FAaAdA ok § FS,,a-2 1.088 A
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solck. gke] AHA o atel FS,.ae F7HES
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ql A- A E F71E = g el 3 gk
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E ATl A, AR RN A &
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AR Q1A e 27 9 Fed X 55 4
2317 #18 A7) o]Fe] Hrh olE i
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(FH3AE A TEF, HTIAF (EAH
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Fulo] WA} E | 2EeE AA]sks )
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