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Minimum Recommended Factors of Safety
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Failure Mode Resisting Componeat Symbel Static Loads"’ Seismic Loads
(Temporary and
Temporary | Permanent Permanent
Structure Structure Structures)
Gilobal Stabelity {Joog-term) FS, 1.35 (.59 1.1
External Global Stabality {excavation) FS ..!"" NA
Stability Sliding FSa 13 1% R
Bearing Capacity FSy 25" 30" 239
Internal Pullout Resistance FSy 20 1.5
Stability Nail Bar Tensile Strength FSr 1% 135
Facing Flexure LT 1.35 1.5 1.1
\ Facing Punching Shear FSp 1.35 1.5 L1
Facing Strength
H.-Stud Tenstle (AT Bolt) FSyry 18 20 1.5
H.~Stud Tensile (A32S Bolt) FSyy 1.5 1.7 1.3
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Ultimate Bond
Material Construction Method Soil/Rock Type Strength, q,
(kPa)
Marl/limestone 300 - 400
Phyliite 100 « 300
Chalk 500 - 600
Soft dolomite 400 - 600
1 . Fissured dolomite 600 - 1000
Rock Rotary Deilled Weathered sandstone 200 - 300
Weathered shale 100 - 150
Weathered schist 100 - 175
Basalt 500 -« 600
Slate/Hard shale 300 - 400
Sand/gravel IIOOI» 180
Silty sand 100 - 150
Rotary Drilled Silt 60 - 75
Piedmont residual 40 - 120
Fine colluvium 75 « 150
Sand/gravel
low overburden 190 . 240
Cohesionless Soils Driven Casing high overburden 280 - 430
Dense Moraine 380 - 480
Colluvium 100 - 180
Silty sand fill 20 - 40
Augered Silty fine sand 55- 90
Silty clayey sand 60 - 130
. Sand IR0
et Couted Sand/gravel 700
Rotary Dnlled Silty clay 35 - 50
Driven Casing Clayey silt 90 - 140
Lhtas % . 7
Fine-Grained Soils Soft clay
YA 20 - 30
Stiff clay
Augered SO 40 - 60
Stift clayey silt
Calcareous sandy T
90 - 140
clay
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Hoch L odesne Soil | obesaniess Sail
Rk 1ype Average ulthmane Anchor ype Aversge ultioiae Aschoe nype ‘ Averase wliimae
pand stress boad swese | bood stress
(MM {MPy) {MPz)
Cranite and basalt 1.7-31 Cirmvily-grontad anchoos ani.a07 Ciravity-groutad anchons |l).0'. IR Nl
(swughe shatt) (swughe shaft )
Dolomete Ieswedane 14-21 Preccane-grouted sechon Prosssre-groated sechon
(swnighe shas) (spdghe shatt)
Saft hmestome 1-14 o Sovt sdry clay ani-o07 ¢ Feemad sand Das -8
oo, detse - dense
Sates and baod shales Nx-14 o Sikycliy ADr-9.07 o Mod-coarse sand 011-080
Cwipravel |, med
emae
Son shakes n2-n4 o Sulf day, mod Hpt-a 0 o Mol —comne sl .25 -0%7
high plasticiry Cwigrreel |, dense
very dersa
Saadevncs 0%.17 o Very stuft clay, med ant.e.17 o Sily sands 17041
e high plasicity
Warherd u7-.04 o Soff cay, mod LALIEL Ba o D glacnl wll 0.5 - 1L32
Samdsooo plesaicany
Chalk p2-1.1 o Very siff clay, mod Ol14-0.58 o Sundy grovel med. DX1-138
plastiony Souse-deinse
Wanhceed Madt 015025 o Very saff sanddy i, Q28 -0.3% o Sardy graved. dense- 028 - 138
mad. plavscily vexy derow
Coscacic 14-23
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Eg=2x108 KN/,

k
F,Grout = 200 Mpa = 200 g/cmz

E,Grout = 15100 /Fg(;rout = 213500 kg/cmz = 2.135% 107 kN/_,

Bar Dia.= 32 *1073m , Nail Dia.= 10 * 107 ? m

T VA
A =7 (D) =7 (32%107%)% = 8042+ 107 m?

T VA
A=7(D)* =7(10%107°)? = 7.854 107 m?

Ay =A—A; =7.854 1073 —8.042 % 10™* = 7.050 = 1073 m?
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eq:Es(

Ay
A

)+Eg(A

-9
A

8.042 « 10~*

=3.965+107kN/ ,

7.854 % 1073

EA = 3.965 * 107 * 7.854 %« 1073 = 3.114 * 10° kN

EA(S, = 2) = 1.557 « 105 KN/

EA(S, = 1.5) = 2.076 » 105 KN/

EA(S, = 1) = 3.114 « 105 KN/

>+2.135*107*<

7.050 * 1073

Futimate = 0.6 * E, * Ag = 0.6 * 4200 = 8.042 = 20265.84 kgf

o o Seglie sl (Shg s ads —F Jgo

Yo

gl il g e |
“Es(kN/m2) 2.000E+08 |
Fg Sllury(kg/cm2) | 2.000E+02 |
Eg(kg/cm?2) 2.135E+05 |
Eg(kN/m2) 2.135E+07 |
Bar Dia. (mm) 3.200E+01 |
Nail Dia. (mm) 1.O00E+02 |
As(m2) 8.042E-04 |
A(m2) 7.854E-03 |
Ag(m2) 7.050E-03 |
Eeq(kN/m2) 3.965E+07 |
EA(KN) 3.114E+05 |
EA(Sh=2)(kN/m) | 1.557E+05 |
EA(Sh=1.5)(kN/m) | 2.076E+05 |
_EA(Sh=1)(kN/m) | 3.114E+05 |

7.854 % 1073

)
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F. Shotcrete = 200 Mpa = 200 kg/cmz

E. Shotcrete = 15100,/F, = 213500 kg/cmz = 2.135% 107 kN/mz
Eg=2x108 KN/,
Fels e oo A SlaB a0 8 9 e (Bl Ve Culs b o SO 6l
Shotcret Tick.= 10 * 1072 m,Bar Dia.= 8+ 1073 m
A, = %(D)Z - %(8 +107%)2 = 5.027 % 105 m?
A=1x1xt=1%1%10%x10"%2 =10* 1072 m?
Ll Chz 2 50 yie S sk 4y 0 Sl Vool <o SO Gl mse e 0 6l VY ojled IS0 5l

A =A—7%A;=10%1072 — 7% 5.027 * 107> = 9.965 * 1072 m?

bh* 1 -2)3 —5.,4
e _ (As) p (Ag) S o108 (351921070 oo, (2965 <107
= — —= | =2 =% * ; * *
¢4 *\A4 9\ A 10+ 1072 10 x 1072

= 2198107 kN/_,

EA=2.198+107 x10 * 1072 = 2.198 * 10° kN
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EA(1m * 1m) = 2.198 » 106 KN/,
El =2.198 %107 *8.333 % 107> = 1.832 * 103 kN.m?
a5 ple o VY ojleds S ub 09l o aB 1oy 0)lans o SOLEL 5l au e e 0 59 (6 Al 4 Cod (il yo

)18 0929 3 8 Jsb e VF 2o S5 e 20 58

Cross Section of Shotcrete

- - 0.15m 1
'- . . . . . . O.lm
Front View of Shoterete |
r ]
1.00m
J ! ]
- 1.00m -

0dd o SOl (5 0)lns el jo o o Ss (655 1,8 Comdg VY S

8 Bl 51 0l5 ¢35 5k B oo A S5 L oSk Job  51e VY 4 9V5h LEALSag e AN 5l

P ld e Bl o S e p S ekS VYO il o egatte (39 pusld (o

Pshotcrete = 2250 kg/m3 ,Weight of 12m Bar =5 kg
_ 14
Weight of 14 m Bar = 2°* 5=5.833 kg

Yy



G ol il ] e 5 ENGEO

. = . . . INCORPORAT D
Oblpl wgls Sl s ol (6, aaiime 059 0 AT
oL SuSig55 a8 b

Weight of concretein Im * 1m * 0.1m = 22501 1% 0.1 = 225 kg
Weight of steal in 1m * 1m * 0.1m = 5.833 kg

Weight of shotcrete in 1m * 1m * 0.1m = 225 + 5.833 = 230.8 kg

Weight of shotcrete in 1m * 1m = 230.8 * 0.01 = 2.308 kN/m/
m

Zod g R Seglie polie 6 adS VY oojled Jga 10 i mS (e Sl jo oY plp 1y g eley S LG yo g

ol 00U oo)ﬂ 60}[55

Y el (3 Cu,SSLL i Seglie slo (Sg -V Jga

Fe(kg/cm?2) 2.000E+02
Ec(kg/cm2) 2.135E+05
Ec(kN/m2) 2.135E+07
Es(kN/m2) 2.000E+08
Thickness(m) 1.000E-01
Bar Dia. (mm) 8.000E+00
As(m2) 5.027E-05
A(m2) 1.000E-01
Count of bar in 1m*1m shotcrete 7.000E+00
Asb(m2) 3.519E-04
Ac(m2) 9.965E-02
Ic(m4) 8.333E-05
Is(m4) 1.407E-09
I(m4) 8.334E-05
Eeq(kN/m2) 2.198E+07
EA(kN) 2.198E+06
EA(kN/m) 2.198E+06
EI(kN.m2) 1.832E+03
Specific Unit Weight(kg/m3) 2.250E+03
Weight of 12m length of @8 bar(kg) 5.000E+00
Length of bar in Im*1m(m) 1.400E+01
Weight of bar in 1m*1m(kg) 5.833E+00
Weight of concrete in I1m*1m*0.1m(kg) 2.250E+02
Weight of shotcrete in Im*1m*0.1(kg) 2.308E+02
Weight of shotcrete in Im*1m(kN/m/m) 2.308E+00
Poisson's ratio 2.000E-01

YA
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F. Shotcrete = 200 Mpa = 200 kg/cmz

E, Shotcrete = 15100/, = 2135009/, =2.135+10"kN/ ,
Eg=2x108 KN/,

Pyl yie e A jlad a0 Ko gy cBle Ve culbs b o ,SSLE (6l

Shotcret Tick.= 10 * 1072 m,Bar Dia.= 8 * 1073 m
T T
Apar = Z(D)Z = Z(S x*1073)2 = 5.027 * 107> m?
A=2+1*t=1%1%10%10"2 =20 * 1072 m?
SOy ¥y el o e Lol yie SO ok 4 0 Ko Voslass <o 5SS 5l auye s o sl VA o Lot IS 5ub
: f“‘i)“)\/\ o)l.o.lfa sza &.b RPN u,,L.._el JL..M:‘ Js..\:> )l

A, =A—14% Ay = 10% 1072 — 14 % 5.027 * 107> = 1.993 * 10~ 1 m?

bh3 1 -2\3 —4...4

Lpie = 2 * 18260 cm* = 3.652 * 10~*m*

Agpite = 2% 113 cm? = 2.260 * 10™2m?
Yq
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Ag = Agpite + 14 % Apgr = 2.260 % 1072 4+ 14 % 5.027 « 1075 = 2.330 * 10™2m?

A Ay s (2-330%1077 . {1993 x107"
Eeq=E5<—>+Eg(—>=2*1O * + 2.135% 107 *

A A 20102 20102

= 4458+ 107kN/
EA = 4.458% 107 20 * 1072 = 8.917 x 10° kN
EA(1m * 1m) = 4.458 » 106 KN/
I =1, +Ipye + Ad? = 1.667  10™* + 3.652 * 10~% + 0.2 * 0.152 = 1.040 = 1073 m*

El = 4458 % 107 * 1.040 * 1073 = 4.638 * 10*kN.m?

ol oy el asly ali8l Wl Ve 4 Soo s IPBIB00 Lo 40,5 a8lal Loyl s SBuw 45 040 oo ooalive

20 aS auls oo VA o el S Bub g s AB10 04l CoySOLE Sl aue s 12 (39 (6 Al 4 Ceandd

Cress Section of Shotcrete

' = = {L15m

Fromt View of Shotcrete

1.00m

- 2.00m -
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Dshoterete = 2250 kg/m3 ,Weight of 12m Bar =5 kg

14
Weight of 28 m Bar = z* 5=11.67 kg

Weight of concrete in Im * 2m * 0.1m = 2250 1 * 2 % 0.1 = 450 kg
Weight of bar steal in 1m * 2m x 0.1m = 11.67 kg
Weight of pile steal in Im * 2m * 0.1m = 2 * 88.3 = 176.6 kg

Weight of shotcrete in 1m x 2m x 0.1m = 450 + 11.67 + 176.6 = 638.3 kg
Weight of shotcrete in 1m * 2m = 638.3 * 0.005 = 3.191 kN/m/
m
&5 O O Seglie polie 6 aodS A ojleds Jouzr 50w pS (o0 B )0 Y pln Ty 0 plsy Cems LG o
f o led oo dmloe |) IPBI shaiio ol Jooss 0590 (1 Coomd (ol 50 ol 00 03551 (53Y 48

Fuitimate = Ta * Aspite = 0.4 % 0y, * 2% 113 = 0.4 * 2400 x 2 x 113 = 216960 kgf
= 2169.6 kN

A
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Fc(kg/cm2) 2.000E+02
Ec(kg/cm2) 2.135E+05
Ec(kN/m2) 2.135E+07
Es(kN/m2) 2.000E+08
Thickness(m) 1.000E-01
Bar Dia. (mm) 8.000E+00
As(m?2) 5.027E-05
A(m2) 2.000E-01
Count of bar in 2m*1m shotcrete 1.400E+01
Asb(m2) 7.037E-04
Ac(m2) 1.993E-01
Ic(m4) 1.667E-04
Isb(m4) 2.815E-09
Iss(m4) 3.652E-04
Ass(m2) 2.260E-02
As(m2) 2.330E-02
Eeq(kN/m2) 4.458E+07
EA(kN) 8.917E+06
EA(kKN/m) 4.458E+06
I(m4) 1.040E-03
EI(kN.m2) 4.638E+04
Specific Unit Weight(kg/m3) 2.250E+03
Weight of 12m length of @8 bar(kg) 5.000E+00
Length of bar in Im*1m(m) 2.800E+01
Weight of bar in 1m*1m(kg) 1.167E+01
Weight of concrete in 1m*1m(kg) 4.500E+02
Weight of soldier pile in Im*1m(kg) 1.766E+02
Weight of shotcrete in 1m*1m(kg) 6.383E+02
Weight of shotcrete in Im*1m(kN/m/m) 3.191E+00
Poisson'’s ratio 2.000E-01
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Namee Ground Improsement PRosc Type 21
Desoriprioes Hy - Nobammad Reza Nabiradels

Klnd: SLOPE /W -
Nethad: Bshop, Ondmany and lanbn, - 3
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Vo by Lot | .
Surhunge (L Veigh) S wy -
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Elsation
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Name: Soll No.o1
HE Mods: Mo Cadomb, Value 16 &N /m®
Cohwston: 15 kPa, Phi: 35°

s [H] n L © o =] L] @ - o

Hstance

DAY (ST L S (s oplas oo 1] IS5

.‘mm:l;nmmmwnm;lhwl)w('t 2
Destriprioe: By : Mohanwmal Sezatabizales

Kied SLOPESW N S
Nethod Behog, Ordmary and Janbu e
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ot Name: Soll Nam )
Modek Mote-Couband, Valie: 16 I8 "
Cobeston 15 &Pa P 35 *
X Il " ! ! Il I I
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Distance
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Name: Ground Imprevemant Project Type 03 :
Description: By - Mohammsad Reza Nabizaded 3
Kind: SLOPE /W <
Method: Bishop, Ordinary and |anbu,

Surctawge Laad | .
Surclompr (Usst Weoghn) S 2N’ .

Dirsceon ) Yerecal -
PP LI P rg

I

Edewation

"I Nomme: Soit Naoit
Moded: Mohr-Coulomb, Value: 16 kN/m’
Cobesion: 15 5P, Phit 35 ¢

1 » “

Distance
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Namc Gmund lmpruw.-ment Pro]cct'l‘ype 01 !
Description: By : Mohammad RezaNablzadeh x
Kind: SLOPE/W )
Method: Bishop, Ordlnaryand lanbu i

Surcharpe Lowd: L
Surcharge (Uit Weight): 5 58/ m’

Direction: Yertial a7 . I .
o Yertioa e a0 r7a) TeTs s 0 e s . . .J_:S 3 "

IR EEE Y

Name: Soil No.01 -
Model: Mohr-Coulomb, Value: 16 kN/m”
Cohesion: 15 kPa, Phi: 35 °
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1510 1.571 Morgnestern- Price

1.485 1.531 Spencer

1.450 1.540 GLE

1.507 1.529 Corps of Engineer #1
1507 1.520 | Corps of Engineer #2

1.495 1.528 Lowe- Karafiath

1,504 1.485 Junbu Generalized

1.510 1.542 Sarma (Vertical Slices Only)

1513 1.623 Bishop

1.621 ! 1.584 Ordinary

1513 | 1.566 Junbu
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Horizontal Displacement

vetr. T e v e IS oo
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| Sv=15, Sh=V ...| 34 | 05/11/15

Koxhiyoki Kabuto, Japan
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Horizontal Shotcrete Dsplacement

m;; Sh=V ...

e

["3a (051115 Kawniyoki Kabuto, Japan
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Shotcrete Wall Forces

L

[PLAXISES
e e oT1s, sh=v .. | 34 050115 Kohiyow Kabeto, Japan

S B N g P S PP LIRS E PSS i L

s

R R e e
e LA .

Under Surchare Displacement

.Im:si:ns, Shav..| 34 [05/12115  Kenhiyoki Kabuto, Japan
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Name: Groumi Improvement Project Type: 01
Description: By : Mohammad Reza Nabizadeh

Surcharge Load: 1 Kind: SLOPE/W : z
Surcharge (Unit Weight): 5 kN/m" Method: Bishop, Ordinary and Jarbu,
Direction; Vertical ) , .

- O Leegmy 6, N Sgecig 2 -
- TehN Leegth 1 m Ancheor Specing 2 m
o TOM Longth 17 m Nl Spaving: 2m \

- TetalLeegtr 1T m Nal Spacing: T
- Totsl Leegtt: 17 Nl Spacing: 3 m
Tode) Loegty 18 m Nt Spating. 2m

Totnl Loegts 16m Mot Spociag. 2m
_ Totw Loegth 16m Naw Spacing: 2m

~ Tolm Lenghh 18 N Spacing. T
3 Totn Loagiy: 12 Nk Spacing. 1m

Totel Lergtt: 12m Nl Spacing: 1 m
Tobtsl Loogm: 12 m N Spacing 1 m
- Totwl Leegth: 10m, N Spacing: Tm
Totw! Laegth: € m, Nad Szacing I m
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Name: Soil No.01
Model: Mohr-Coulomb, Value; 16 kN/m®
Cohesion: 15 kPa, Phi: 35 °
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Name: Ground lmprovemwcnt Prméct Typc 02 :
Description: By Mohammad Reza Nablzadeh
Kind: SLOPE/W

Method: Bishop, Ordinary and ]anbu

Surcharge Load: 1
Surcharge (Unit Weight): 5 kN/m?*

et bt

Direction: Vertical ‘ P g i . 1.508
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Name: Soil No.01
Model: Mohr-Coulomb, Value: 16 kN/m?
Cohesion: 15 kPa, Phi: 35°
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1.613 1.615 Ordinary
1.521 1.593 Junbu
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Name: Ground Improvement Project Type 02
Description: By : Mohammad Reza Nabizadeh
Kind: SLOPE/W

Surcharge Load: 1 Method: Bishop, Ordinary and Janbu,

Surcharge (Unit Weight): 5 kN/m?*
Direction: Vertical

Tatdl Lasgrc & e 401 Spanrg 2

Totd Leagth 15 m Anchar Specing I 1v
Tatdd Lesgiy Y& m Wed Spaceg 2

Totel Lasgx 0 m Nal Sgacing I
Vbt Langoc S5 m Nad Spacigy 21

. Tatd Leags 53m Nad Sgecing 13m0
Totd Lengthy Y5 m Nl Zpacryg T4

Tobd Lacgey A5m hal Specing 'O
Total Langec 2 m. 1ol Spacig ' 0

Totd Lasgy 12 m Nal Sgacing 'y
Totdl Langty 12 m Nad Spaceg ' iy

. Total Leagsx “2m Nad Spacing ',
Totd Loagc 32 m, Wl Spacigy '
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Name: Soil No.01
Model: Mohr-Coulomb, Value: 16 kN/m®
Cohesion: 15 kPa, Phi: 35 °
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Name: Ground Imprevoment Project Type 03

Description: By : Mohammad Reza Nabizadeh . ¢ " yss
Kind: SLOPE/W '
Method: Bishop, Ordinary and Janbu,

N
e

Surcharge Load: 1
Surcharge (Unit Weight): 5 kN/m?
Direction: Vertical
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Name: Ground Imprevoment Project Type 03
Description: By : Mohammad Reza Nabizadeh
Kind: SLOPE/W

surcharge Load: 1 Method: Sarma (vertical slices only),

Surcharge (Unit Weight): 5 kN/m*

Direction: Vcrtical Totd Largiit 24 m, e Soeceg: 2 re Shweee Coapacity: 21244 W

Totel Lesgh S Ml Zpacing 2m

e Totai Lung® 16 Archa Zgackg I

/- == o Torm Long 10 3 Nad Specing e
/0 Tors Langm 18 0, Nad Spaang I
/‘_ur.ln’ 16 0 Nl Spiing T e

Totm Lang® 15 0 Nd Spminng 20

/a
e

- Tt Leog 13 Ned Spacing I

/ o Tobw Loagt 12 m Nad Spacing I e
/ o Tor Long® 11 0 Nl Spesing 21

Name: Soil No.01
Model: Mohr-Coulomb, Value: 16 kN/m?
Cohesion: 15 kPa, Phi: 35°
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