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Table 1. Hardening Soil Parameters [9]

Sl sl
SB iz g azg b (€) (S Vs \
S iz v azg b (P ) A3l SKhasl 445 Y
@ -Y- (V) elasl 4yl v
. ) ; Eref
S iz azg b (750 ) ol a9 ¥
ref __ ref e
E,.. =Es (EOZ; ) S5l apcl g b
ref ref _
4E50 (Eur ) 6)“&5)L.’ 9 6)‘01‘?)[‘. EoRwLan | LJ}M 4
Al Oyl o po v
S iz @ azg b (OCR) (gorSot iy o A
(1-sing) xOCR*™ Koy ol les oo !
10 m ol Ve

Co,SLs oyLledl -Y-Y

3 el oas solizal Y el 5l cu SO 5l doe sl
b () iy ol g5 o 0¥ ol FLACY 8l 5
b33 6y S alewgy ldl g5 el Canl StV (5,15, e
315 0T L Sadly g 2S00l g o0gy oled o S L e
03 e oS sl S Cens wilgiee 0Y slagled!
Slaglell (63550 b 00 s odsS 050 gl bl
Sl e s Sy S g5 50 8 DKT-CST g5 51 0¥
(6ol slasdbT jo ] sgi o 485 L o ey S5Ls Lol
caye s Ve GPa ann ¥l Joue b o g9 5l Sl s
30 oSSl Cwlbs uioren Gl ouls (5,8 2 ND yawle
4 ool S8 Ll Sgd e o8 Ve MM 6l b sl
pow 98 S L Y lodl uled axin  Saiws § SKlasl 4y4l;
el ol B % S bl olis

S 5,8, Joe T-Y
Sl 9,5 50 s FLAC™ JJ53la 5 10 S (g5, sla e

sladoe Jold Seiall 05,5 Wigd oo (Gl Sy 5
Jolis Seaadly 05,5 .l Sy 395l 5 S gl Szl

coadsS— 2ge Fm ST laos alex jl goawie sla o

YYM

odl a8 S i 1 6950 4 ol adlllas o lagS sumdaw Awse
UT )‘ 9 0992 p...o.u J.'b Sldlas U”‘ )‘ od.;o] Cawdy CUL.J aS Col

G Fe sy b Ol o3l 25k ol 5 3305 sl g
Sged oslaiuwl S sdmdw 0dgde ;o

Silwdae Olus 8 Y
ol e ol Jols giledae olsss ik ol o
O I8z 5 Je ol g0 Ll S ()18 Joe g S5Ls

Ded o Gl

T Gladl V=Y
S fre o5 NS Ee Gl ojle plans 50 Sl @ 4z g b
oolainl e il oe sl ao Gl 5l 0,5 o B aS
bole S g0 4 dlse slall FLAC™® J3dla 5 o il o
5 S plp o Wlgiee a5 WS e 18, BlS Sl g
el Sl i Cwglie Gl (Jy wiS Cwglie jlad
9,5 Hledl o sp i ol czrge (S g Al el oo
18] ass o Jinne B w1 i a5 D98 plall 5 9550
ek G225 b ATIT Y58 g5 ) e llas s el (slosdlT 5o

el 00 2,8 Ve GPa aceVl Jgon 9 F+ - MPa



FYAA B YYVA doxio Ve e Jlo A oyloud Y 093 ¢S ool (ol pos susdi 4yl

o 0O 0 O

Ht

o O O 0

rA A A A S A AN A

S bl b g gamgs Jue ) SO
Fig. 1. Two-Dimensional model and boundary conditions
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Table 2. The properties of soils considered in the sensitivity analysis
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Fig. 2. Normalized horizontal displacement and settlement of the wall crest versus the ratio of the model height to the
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Table 3. Information of the soil nailed wall in the verification analysis
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Zone X Displacement(m)
Cut Plane: front
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Fig. 8. Horizontal displacement of the soil nailed wall in the verification analysis
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Fig. 9. Settlement of the soil nailed wall in the verification analysis
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Fig. 10. Horizontal displacement of the soil nailed wall at a distance of 1.5 meters from the wall facing (Comparison of
experimental and numerical results)
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Fig. 11. Settlement of the soil wall up to a distance of 12 meters from the wall facing (Comparison of experimental and
numerical results)
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Table 4. Properties of soil types
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Table 5. The retaining structure designs for the various models
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Fig. 12. The contour of horizontal displacement and settlement for the 10 m model with the weak soil
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Fig. 13. The contour of horizontal displacement and settlement for the 20 m model with the strong soil
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Fig. 14. Three-Dimensional model of a convex corner

FLAC3D 6.00

©2019 Itasca Consulting Group, Inc.

Horizontal Displacement(m)
2.6369E-02
2.5000E-02
2.2500E-02
2.0000E-02
1.7500E-02
1.5000E-02
1.2500E-02
1.0000E-02
7.5000E-03
5.0000E-03
2.5000E-03
0.0000E+00

Settlement(m)
1.1292E-02
1.0000E-02
7.5000E-03
5.0000E-03
2.5000E-03
0.0000E+00
-2.5000E-03
| -5.0000E-03
| -7.5000E-03
-1.0000E-02
-1.2500E-02
-1.5000E-02
-1.7500E-02
-2.0000E-02
-2.2500E-02
-2.5000E-02

-2.7500E-02
-3.0000E-02
-3.2500E-02
-3.3558E-02

Cinnd S Uy (5 yi0 Vo 395 Comidd 9 31 o dils 5l yeuls 1O JSCi
Fig. 15. The contour of horizontal displacement and settlement for the 10 m model with the weak soil
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Fig. 16. The contour of horizontal displacement and settlement for the 20 m model with the strong soil
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Fig. 17. Variations of the components of along the wall, perpendicular to the wall and the total magnitude of horizontal
displacement at the wall crest versus distance from the corner tip: a) 10 m model with the weak soil, b) 20 model with
the strong soil
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Fig. 18. PSR diagrams of horizontal displacement at the wall crest versus distance from the corner tip: a) weak soil b)
medium soil ¢) strong soil
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Fig. 19. PSR diagrams of settlement at the wall crest versus distance from the convex corner: a) weak soil b) medium

soil ¢) strong soil
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Table 6. Maximum values of the PSR along the affected zone for the various models
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Table 7. The excavation stability safety factors
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Fig. 20. Failure wedges resulting from the stability analysis by the limit equilibrium method

SINF iy o d a5 jebilen weddie,liS e cloo s
> ol g, 5l el s 4 sango (slagliebl oy s
[V-] FHWA lual, sliw elal, (GeoSlope i530s )
Sk goaman slaglaabl co po aule sl sl 005y Jlre
GeoSlope ,I33le 5 aST,> sl oo oozl FLAC® 15810 5
o G sla e sl plaebl o po anlns 4y 08
slodse slp Gaman 5 Gamgs slagliebl cu o polie
Sin loosS Yo S sl 0ads )V Jgaz 5 cilisea
(o Jolss (3g,) GeoSlope 15dle 5 5 (sl Joloos 51 ol
) 658 S b gy Ve g chonss S b gym0 )+ slossS (sl
GosS iy 4 VY IS 5 VY USS piored 00 o0 ol

255 i o s Jsb 5 (g bt ] o s ol
Aot sl onds 48,5 a5 o led e azgi b gt ge b S LS
woazme S o ablite glae)lgs ol YH S5 Job) gamaw Jo

o oo 5 4l S alibloce golgriog Sal, (VF S

9 Gowgd sldow ylwl sgluab! o po duslic -#
ShRAu
Sl ool b ol axdllae sansd sl Joe glolials] oy po
o yo Jol wloas awlze FLAC? g GeoSlope 3300 5 g0 52
oy ool (5095 5 g Jol ) 5l esliinl b ) Lol

¥rag



FYAA B YYVA doxio VFr e Jlo A oyloud DY 095 ¢pusS ool () po i 4yl

FLAC3D 6.00

©2019 Itasca Consulting Group, Inc.

Zone Displacement Magnitude
Cut Plane: front
1.0229E+00
1.0000E+00
9.0000E-01
8.0000E-01
7.0000E-01
jj 6.0000E-01
5.0000E-01
4.0000E-01
3.0000E-01
2.0000E-01
1.0000E-01
0.0000E+00
Factor of Safety
Value = 1.47

Zone Displacement Magnitude
6.3791E-01
6.0000E-01
5 5000E-01
5.0000E-01
4.5000E-01
4 0000E-01

J| 3:5000E-01
3.0000E-01
2.5000E-01
2.0000E-01

1.5000E-01
1.0000E-01
$.0000E-02
0 0000E +00

Factor of Safety
Value = 1.47

s SB (g p0 10 395 Jowo gl Canglile als g 1 gluly oo 51 oo gumiaun 9 guarigd (Sidmnd sbaogs T JSCi
Fig. 21. Two-dimensional and three-dimensional failure wedges obtained from the stability analysis by the strength
reduction method (10 m model with the weak soil)
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Fig. 22. Two-dimensional and three-dimensional failure wedges obtained from the stability analysis by the strength
reduction method (20 m model with the strong soil)
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Table 7. The excavation stability safety factors
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Fig. 23. Various modes of nails azimuth in the affected zone: a) no azimuth b) constant 45 degree azimuth c) variable
azimuth
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Table 8. Maximum horizontal displacement and settlement of 15 m model for various types of soil and azimuths
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