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o & SSL R I 0.3
HEHEE ¥ (N/m) 17.7
FORER - &R
nEA4 o (kPa) 0
RATE 2 (R it) | BRI(ER)GEEE
Bt ¢ (R) 28
-R 2R EED
1§« %k > E (kPa) 5,000
PR E g s PN 17.7
7 ORERE -G ALR R4 0 ¢ (kPa) 5
CDG 3 IC=0 9 lag Xed Bt @ (R) 35
A e 1% ¥k > E (kPa) 25,000
SN 0.3
PEHEERE Y (/) 24
iuép%b ~ M R # < fx#c > E (kPa) 2.2 x 107
p: S LY 0.2

RS EN T, 3

PLAXIS2D # p 3+ 5 $t 3 2K ik o
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£33 A 17Y 4 etk RS I Roa] S

BA A
e 8 S B
|
T16 : 26,808
T20 : 41,867
ghe kB EA (KN/m) T25: 65,467
& 2L
T32: 1.07 x 105
T40 : 1.67 x 105
1 & ETI i o
X R m
V1 bR 1.0x 10 15
2L Fmax, comp (KN/m)
7 T16: 61.7T20:
Bk A 96.3T25 : 150.5
Fmax, tens (kN/m)
T32 : 246.7T40 :
385.4
e B E > EA
2.7x106
(kN/m)
kR 0 El
fie 7 G 1 19,980
(kNm2/m)
£ > w(kN/m2) 35
o 0.2
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R S 54 HiE

Fbos 4 PR g g () 17.7
(B v 2w A 0 ¢ (kPa) 0
i 4 ) Bt > @'mon(R) 28
MEH g g 0N 17.7
A (R 1) FERT 5 R 0 G (KPa) 0.267G'v

Bt o (k) 0

FEE g s r(Nm) 17.7
CDG nEA o ¢ (kPa) 5

Bt 0(R) 35

Loose Fill (liquefiable)  Loose Fill (non-liquefiable)

1.0 m DPWT
4 A
R.C. Grillage System . 21 degrees
6.0m 207r|cg'gr:,r
i
4 Slope Height
33.7 degrees v Delineation Line T =100m
CDG

Bl 41: 19 63 Bimeta
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ATF ) 3(F 7R i RATE S R DR L)
Description: Loose Fill "
Bulk Unit Weight = 1800 kg/m® x 9.81m/s? Sip FOS
° s 1 0.869
= 17.7 kN/m 2 0.975
Cohesion = 0 kPa 3 1'0?5
Friction Angle = 28° 2 1‘211
Description: CDG S 1.400
Bulk Unit Weight = 1800 kg/m® x 9.81m/s’
= 17.7 kN'm*
Cohesion = 5 kPa
Friction Angle = 35°
40
-
]
[y DGWT
o
E=
$
o 28
3
m 6
24
z CDG
20:10 40 &0 &0 70 a0 80
Distance (m)

Slip EOS Description: l:.mr-'dl (mm-&!usﬁabls} 5
1 1.336 Bulk Unit Weight = 1800 kg/m_x 9.81m/s
Uine Load Value1: 3,83 kNm 2 1.214 = 17.7 ki’
Une Load Valuez: 11.49 kNm 3 1.140 Cohesion = 0 kPa
Lin: Load Valued: 19.16 kNim 4 1.104* Friction Angle = 28°
Lime Load Valued: 26.82 kN/m 5 1.128
Line Load Value5: 34 48 kNm 3 1.144 Description: Loose Fill (Liguafiabla)
Lime Load Values: 42.15 kMm . . 3 2
Line Load Vialus7: 48,81 KNM 7 2.378 Bulk Unit Weight = 1800 kg‘miu 9.81m/s
Uno Load Values: 57.47 kNim g ;g;';' = 17.7 kN/m
Line Load Value®: 65.13 kNim g =
Line Load Valug10: 72.80 kNim tlo’v=0.267
{Total Required Load = 383 kN/m, .
Edquivalent Stabilizatng Triangulir Préssuio = 42 5 kPa Description: CDG
Total Basal Shear Force = 3 kPa x 18 m = 54 kNim Bulk Unit Weight = 1800 kg/m® = 9.81m/s®
Basal Shear Force Acting with Each Line Load along Slope Surface = 5.4 kN/m) = 17.7 kNim®
Cohasion = 5 kPa
Loase Fill (iquetable) Friction Angle = 35°
Loosa Fill (non-liquafiabie)
~ Pressure Disiribution " 20,7 00000
" L
» 21.0 degroes  DPWT
=) WT
&* sskra L
E=n 59
§ ™ 5355?53 L
W o 5
5 \ B
& s
M
2
20
0 & b &0 n LY 0
Distance (m)
. s 2, R q 2, . H s [ 2 N =
Bl 4.3 : %155 5] 37 Rt Bk AAD 4o cnd R4 P2
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4.4 3+ gragst

AT PR R L A AR s TP b 1Y R kg
TR B T E KT ER (B RT3 20 R A ) Hapdpand &
Bk PEAL 56 B » T AT oRT R et BT 1 A d43% 0 TR A
BoA» i % % (GEO-HKIE (2011) ¥ 5.4 &) e b sl B4 ek 3+

2P kRt g i (L F 46 &

Bk 4 bt p ok TS e RS 15 (¢ < BRF| Y g &
fridqpend B4 B dosr A3L 4 E S fedb R E R g E doi s

A32 JE%nB i 2 TRt E 1t K F L gk & (GEO-HKIE

=l

(2011) % 53 &) B ¥ 3 &K A4cB 4.4 #77 ©

5 (e 6] 3R & 3 4 ER)

Laose Fill {non-liquefiable)

Locss Fill {kquefiable)
207 degiee

L Delineation Line B 1.0 m DPWT
»
R.C. Grillage System 1 . 0.0 carems
- G0m -
MOW 1 [ 08 -
» Y ' ' Slope height
M S 1 v -‘ :"I".‘I'.‘"": DOWT =1aom
- N 1
L TRERE
1 Soil Nails at 1.5 mcic y
a3 v Inclined at 20 degrees
o
E n L
=
a2 v
= " coG
= s
2 . Soil Nails at 1.5 mefc yrikdh
=iy Inclined at 56 degrees
4
R -
2
-4
1" FeCrs m
4
[ ROW T 110
4
=] 2 xn 40
Distance (m)

Bl 4.4 : %6 ic8 5] 3¢ cnd i B 37
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oy

H=

10,00

m
Degrees —
Slope Geometry
Slope argle =
Fill lope hedght
Fill strength: - P 0.4
assumed Ky = 0.5
Caa 0.267 o
MNote : (i) Min. FoS = 1.1 for liquafaction
Stabilizing Pressure
Normal stabiizing pressure u = (13 kPa {sea SLOPEW analysiz in Figure 2.3)
Basal shear resslance © = 3 kPa “Miamum basal shear resistance has bean assumed
Basal shear force Fy = 54.08 Lt *Shear foroe B applied on the whole siope surface
Haorizantal spacing = 1.5 m
Vertical spacing = 1.5 m
Spacing between nalls on the 270
inclined slab =
Total rumbser of rows = 7
- Slope surface
Vertcal
datance Individual
from L3, from il
crast (m) a (') 8.(m) crast (m) o (kPa)  Lyim) FlL(kNm)  F(kNm) Fy{kN'm) forse (kN)
Row 1 0.50 20.00 1.25 1.26 8.26 2.26 9,30 11,54 §.83 17.30
Row 2 2.00 20.00 1.50 275 18,18 2.70 3569 44.30 26.23 £6.44
Row 3 3.50 20.00 1.50 425 28.05 70 €2.47 7752 45.90 11628 |
Row 4 £.00 £6.00 1.50 6.76 37.95 2.70 £9.24 §9.24 0.00 133.66
Row § 6.50 56.00 1.50 T.28 47.85 .70 116.01 116.01 0.00 174.02
Row 8 B.00 58.00 1.50 8BTS 57.758 .70 142.T8 142.78 0.00 4.7
Row 7 9.50 56.00 1.25 10.00 66.00 225 139.43 139.44 0.00 209.15
Tolas 594.92 §20.82 Ta.e 931.22
Max. value= 142.78 21417
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. 2r 2Ll g2l
A12:4 a2t ont i
Soil Parameters
Type 1, LOOSEFILL ¢'= 0267 oy Y= 17.7 kNim?®
Type 2. CDG ¢- 50 kPa y= 17.7 kN/m?
Duilihele dinmeter (D) = 0.15 m
Unit weight of water, v = 981 WNa'
Hozontal spacing = 1.50 m -
Sacrificial thickuess = 2,00 /R’—'—/

—
e powT

e
=

Slip surface

& = 0.0
9= 5.0 ¢

?'_.'pe 1 matenal

—

—

M :
—

Type 3 matenal

Depth 10 mid-paint of the effactive bond leng
for each type of materials

L, Length of soil nail in active zone
Lgs : Effective bond length

A. Tension Failure of the Steel Bar
Characteristic yield strength, i, = 460 MPa
Partal factor for tensile failure of steel bar. F+ = 115
Force
Bar Required R: o u:l::::u:::“
Row No. Lovel (mPD) | Length | Bar Size | Horizontal Spacing (m) | per unit q
(m] width
(KNfm) Te (kM) T+ (kN) TeiT,
1 39.50 5.80 T16 1.50 11.54 17.30 45.24 2.61
2 38.00 9.00 T20 1.50 44 30 66 44 B0.42 1.21
3 36.50 10.50 T25 1 50 7752 116.28 138 54 1.19
4 35.00 9.50 T25 1.50 £9.24 133.86 138 54 1.04
5 33.50 10.80 Ta2 1.50 118.01 174.02 246 30 1.42
6 32.00 12.00 T32 1.50 14278 21417 246 30 1.15
7 30.50 11.50 T32 1 80 139.44 209.15 246 30 1.18
Minimum Ty/ T, = 1.04 oK.
WU O Tgrf 1r = a.iz > 1 won.



Shear Failure of Adjacent Ground
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Allowable pullout resistance provided by the soil-grout bond length in the passive zone:

Tz =(n0Dc'+2D 0o, tand) * Ly Fog

The rock-grout bond strength for weathred rock mass of PW90/100 or betier= 0.35 MPa
FOS against pullout falure at soil-grout interface (Fa,) = 1.5
LOOSE FILL = { 0126 + 0.000 oy ) * Les Fsa
cDG = ( 2356 + 0.210 0, ) » Le IFss
Soil Nail Scheduls Table
Bar Ari Force
: Required per -
Row No. Level (mPD) Length |Bar Size| Horizontal Spacing (m} | Les(m) La(m) unit width Required
{m)
(kN/m| T, (kN)
1 35.50 5.80 T16 1.50 280 3.00 11.54 17.30
2 38.00 9.00 T20 1.50 6.00 3.00 44 30 66.44
3 35.50 10.50 125 1.50 7.50 3.00 77.52 116.28
4 35.00 9.50 T25 1.50 7.00 250 89.24 133.86
5 33.50 10.80 132 1.50 830 250 116.01 174.02
[ 32.00 12.00 T32 1.50 950 250 142.78 214 17
7 30.50 11.50 T32 1.50 11.00 0.50 130.44 200.15
Allowable
Effective Vertical Sress Allowable Pullout Resistance in Soil Embaddad Pulout A:‘“l"abe
ulout
Row No. Rock Length | Resistance in i
o\ (kPa) Tsos_son (kN) Rock | Resistance
LOOSEFILL CDG LOOSEFILL CcDG L jm) Teocon (N) | Too (kN) Tea/ T,
1 N/A 3540 0.00 18.28 0.00 0.00 1828 1.06
2 N/A 70.80 0.00 65.91 0.00 0.00 68.91 1.04
3 N/A 102.66 0.00 119.60 0.00 0.00 119.60 1.03
4 N/A 127.44 0.00 135.92 0.00 0.00 135.92 1.02
5 N/A 143.37 0.00 179.68 0.00 0.00 179.68 1.03
6 NiA 155.76 0.00 222.14 0.00 0.00 222.14 1.04
T N/A 13275 0.00 221.77 0.00 0.00 221.77 1.06
Minimum of Tye/T, = 1.02 =1 0.K.
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Al3: R AHm Fn R ER A0t

Width of grillage beam = 600 mm
Thickness of arillage beam = 300 mm
Embedment of grillage beam = 300 mm

) 8 Q)

o (s Ly

0.30 m 2.70
ﬁ .e
R
o L e £y
0.30 m 150 m

% Coverage of Slope Surface = 53%

O.K. (L.e. % Coverage =50%)



Section Properties of Concrete Grilage Beam
Widin of griiiage beam, b=
Dapth of grillage beam, h=

Minimum cover of grillage beam, C=
Concrete strength, .=

Characteristic strength of steel bar, f,=

Plan View

Proposed reinforcement
No. of steel bar =
Diameter of steel bar =

Aran afstanl A =
Areaofstesl A=

Diameter of stirrup, ¢, =
Effective depth, d =

47

(a) Determine Design Bending Moment and Shear in the Grillage System (Longitudinal Span)
(i) Design of Bending Reinforcement (Longitudinal Span)

Design moment M=u'"L**Sh/8

=c

iinimum reinforcement = 0.13%bh =

K

Leverarm,z =

Therefore, A, (Required) =M/ (0.87 “fy*z) =

§7.75 kPa
79.18 kNm

3

234 mm

MIlbd?*f V=
W RET ey
0.6+ ,/7(0.25-K/0.9)"d =

(ii) Design of Shear Reinforcement (Longitudinal Span)

Designshear V=u'"L"Sn/2=

Design shear stress, » = \Vibd =

970 mm* <A, (provided) =

1742 kN

0.86 N'mm’

¥ = 0.79” (100A/bd)"™ * (400/d)" * {f,,/25)"*

Y —
NG. Of sieei bar =

Diameter of steel bar =
Spacing of links along the member =
Area of steel, A, =

Tm

0.75 Nmm*

0.5V, <v<v +0.4= 038

Area of shear reinforcement, Ay, = (0.4%b,*S,) / 0.87f,, =

{iii) Checking on Axial Tensile Force (Longitudinal Span)

ANA
Design bending moment =

The axal tensile force qenerated with respect to the bending moment are within the allowable capacity of the beam as shown in the chart below

oK

Axlal Force - Bending Moment Interaction Diagram of Grillage Beam

1257 mm? OK.

where 1 ,= 1.25

1.15

where f,, = 250 Nimm?

P s i P

Axial Force, N (kN)
g

-500
-1000

1500

2

(79:18-78.96)

-200 -150 -100

50 0
Moment, Mxx (kNm)

50

100

150 200



48

Area of shear reinforcement, A,, = (0.4%b,*S,) /087, = 220.69 mm* OK. wheref, = 250 N/mm*
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botwean Soil

ail & Grillage Beam
(i) Bearing Faillure of tha Basa Plata

Madmum dasign shaar sress, ., =
lAaxmum soil nail loag, V =
Width of base plate. b, =

Deptih beiow sieel piale. o, =
Concrele cover, C=

Ear reinforcement, § =

Effective depth of nail head, d, =

Wiud
21417 kN
150 mm

Vorws = 357 Wmm® <08 1. 4,38 Nimm* K.
{iij PuRching Faiure at the Nail Head
us
Flan
— W i
—_ Ua us _
. Row §
< 0.60 m Row 6
__.—-—'-_-‘ _._._._-_-_-_-_
< 105m | DBOm Row 7
ZL T Soll Nail Heed
Pr in
Mo, of sleel bar = 3
Diamotor of steol bar = 20 mm
Areag! desl 4 = 242 mm’
Width of nail head, b= €00 mm
Efaclive geptn of nad nead, d. = 100 mm
Punching force, F = 21447 kN
Uz 5170 kFa
Up= 5390 kFa
FOrce from Soll, Fo, = (U,#U, )/ 2 * £nea of sail nall head
= 18.01 kN
Hence, Fognos = Frai= Foa
] 195.18 kN
DQuter perimeter 1.54 from loaded amea, u = 1800 mm
Hence, v=\ud = 1.08 NWmm*
Diesign concrets shear strength, v, = 0.79 * {1004 fd) '™ * (400/d|' * (f,_28)™ where 7 o= 125
ra
= 1.10 N'mm* V= 1.08 N'mm* Ok
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ALG : Fk A s s 4 TP

~

- |
\/?//i/ // b Embedded Grillage Beam ‘l’ 300 mm
/’ 7 \L Fu
A Cross-section of grillage beam

L= 18.03 V ’|‘

<IoSS SoCion o grggc ool

8= 33.7 Degrees

|Weight of grillage structure, F, = 69.20 kN/m
Weight of backfill inside the opening, F, = 44.69 kN/m
Total Weight of grillage structure and backfill, F,, = 113.89 kN/m
Force component along potential sliding direction, F', = 63.18  KkN/m
Resisting Force
A fis, ZFy= 7896  kN/m
loose fill F = A An ey
SN 54.08 KiN/m
133.05 kN/m  JF_ = 6318 kN/m = 211 OK. (1)

Note: The evaluation of force equilibrium along the potential sliding direction ensures that there is sufficient resisting force to avoid excessive slope deformation due to the
weight of the grillage structure when the underlying loose fill liquefies.

[Refer to GEO-HKIE (2011) - Section 5.4]
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Slope Geomelry
Glope angle = aar Degrees
Fill siope height = 10 m
Material Properties
Fill strength: Conf met® 0.3

assumed K, = g

e,= 0@0
- ity FoS = 1.1
tabdli P

Normal stabilizing pressure u = ar.e HPa
Basal shoar resistancs 1= 3 xPa
Basal shear force F.. = 54.08 KN/
Horizontal spacing = 1.5 m
Werlical spacing = 1.5 m
Spacing between nails on the 270
inclined glab = '
Total number of rows = T

1803 m

33.7 Degreas I

for iquefaction

{see SLOPE'W analysis in Figure 3.2)

“Minimurn basal shear resistance has baan assumad
“Shwar force is appied on the whele slopa surface

Slope surface

Verhical
diatAncE Inclivicual
from £8, from nail

crest (m) wi’) S, (mn) creslim) 14 (kPa) Lyim) Fy(kNim)  F (kM'm) Py (khim)  force (ki
Raow 1 0.50 56 1.25 1.28 10.88 2.25 12.28 12.25 0.00 18.38
Raw 2 2.00 56 1.50 2.75 2393 2.70 47.05 47.05 0.00 70.58
Row 3 3.50 56 1.50 4.25 36.98 2.70 82.34 82.34 0.00 123.51
Flow 4 5.00 56 1.50 5.78 50.03 2.T0 117.63 117.63 .00 176,45
Row 5 6.50 58 1.50 1.25 £3.08 2.70 152.92 152.92 0.00 229.38
Row & 8.00 56 1.50 B.TS 76.13 2.70 188.21 188.21 0.00 282.31
R 7 9.50 56 1.25 10,00 87.00 2.25 183.80 183.80 0.00 275.70

Total= T84.21 T84.21 0.00 1176.31

Max. valuss 18824 28231
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-1 2r 2l 22l F
A22: 1 &3 ant g
Scil Parameters
Type 1. LOOSE FILL ¢= 0200, 17.7 khim’ & 0.0
Type 2, CDG <= 5.0 kFa 17.7 kNim* & 350
Dnithole diamater (D) = 045 m
Unit weight of water, 7, 9.81 km’
Horizontal spacing = 150 m -
Sacrificial thickness = 2.00 mm _/—~"_f
DGWT
-~ el
Type 1 matenal
—
L -
- Type 2 material
D Depth to mid-peint of the affective bond length for
.--—-"""_”._ each type of meterials
Type 3 matenal

L, : Length of soil nal in active zone
L. : Effectiva bond length

Shp surface
A Tension Failure of the Steel Bar
Characteristic yield strength, f, = 460 MPa
Partial factor for tensile failure of steal bar, F, = 115
Allovrable
Bar Force Reguired RFWW . Tensile
Row No. Level (mPD) Length |Bar Sze| Horizontal Spacing (m) per unit width e Force
(m) (ENm) - - .
T, (kN) Tt (kN T:IT,
— — - — - ]
1 30.50 4.50 T16 1.50 12.25 18.38 45.24 2.46
2 38.00 7.00 T20 1.50 47 05 70.58 B0.42 1.14
3 36.50 9.00 T25 1.50 8234 123.51 138.54 1.12
4 35.00 11.00 | Ta2 1.50 117.6 176.45 246.20 1.40
5 33.50 12.20 T32 1.50 152.92 229.38 246.30 1.07
[ 32.00 14.00 Tao 1.50 188.21 28231 407 15 1.44
7 30.50 13.50 T40 1.50 183 .80 275.70 40T 15 1.45
Minimum T,/ T, = 1.07 =1 QK.
Minimum of Teg/ T, = 4.39 =1 0.K.
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Shear Failure of Adjacent Ground

Allowable pullout resistance provided by the soil-grout bond length in the passive zone Tse =(aDc'+2Dg tanf)* L. Fea
The rock-grout bond strength for weathred rock mass of PWS90/100 or better= 0.35 MPa
FOS against pullout failure at soil-grout interface (Fsg) = 1.5
LOOSE FILL = ( 0.084 + 0000 ¢, )"
CDG = ( 2356 + 02104, )"
Soil Nail Schedule Table
Force
Bar . . Required per For(_:e
Row No. Level (mPD) Length |Bar Size Horizontal Spacing (m) Les {m) L, (m) unit width Required
(m)
— (kN/m) T.(kN)
1 3950 4.50 T18 150 2.00 250 12.25 18.38
2 3800 7.00 T20 1.50 4.50 2.50 47.05 70.58
3 3650 9.00 125 1.50 6.50 250 82.34 12351
4 2500 11.00 T332 1.5C 2.5¢ 2.50 11782 17645
5 3350 12.20 T32 1.50 9.70 2.50 15292 229.38
] 3200 14.00 T40 1.50 11.50 2.50 188.21 282.31
7 3050 13.50 T40 1.50 12.80 0.70 183.30 275.70
Allowable
Effective Vertical Stress Allowable Pullout Resistarce in Soil Embodded Pullout "’P“"I‘I’a:‘t'e
ullou
Row No. Rock Length | Resistance in .
ovie o, (kPa) Too e N) . =™ | Resistance
LOOSE FILL CDG LOOSE FILL CDG L (m) Tso o (KN) | Teo (KN) Tsa /T,
1 NA 61.95 0.00 2049 0.00 0.00 20.49 1.11
2 NA 105.28 000 7395 8.00 0.00 73.9% 105
3 NJA 127 .44 000 126.21 0.00 0.00 126.21 1.02
4 NIA 145.14 0.00 186.12 0.00 0.00 186.12 1.05
5 NIA 162.84 0.00 236.44 0.00 0.00 236.44 1.03
] NIA 177.00 0.00 303.12 0.00 0.00 303.12 1.07
7 NUA 150 45 000 280,70 0,00 0.00 289.79 1,05
Minimum of Ty, T, = 1.02 - 1 0K
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A23 G REFF AW

Width of grillage beam = 600 mm
Thickness of grillage beam = 300 mm
Embedment of grillage beam = 300 mm

® 9 ?

0.30m 2.70
—>

L0
0.30 m 150 m

% Coverage of Slope Surface = 539, O.K. (Le. % Coverage >50%)
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Width of grillage beam, b= €00 mm

Depth of grillage beam, h= 300 mm
Minimum cover of grillage beam, C= 50 mm
Concrete strength, f.,= 30 Nimm?
Characteristic strength of steel bar, f,= 460 Nimm?
Plan View
Soil nail
Row 5
Row &
Row 7
Proposed reinforcement
No. of steel bar = 4
Diameter of steel bar = 25 mm
Areaof steel, A, = 1963 mm’
Diameter of stirrup, ¢, = 12 mm
Effective depth, d = 226 mm
(a) Determine Design Bondlng Moment and Shear in the Grillage System (Longitudinal Span)
(i) Design of Bending t (Longitudinal Span)
Design moment M=u'*L?*Sh/8
U= 76.13 kPa
M= 104.37 kNm
Minimum reinforcement = 0.13%bh = 234 mm’ 0K
K= M/ (bd" " f) = 0.11 O.K. (i.e. <0.156 - No compression steel is required)
Leverarm,z=  (0.5+,7(0.25-K0.9)"d = 192 mm
Therefore, A, (Required) =M/ (0.87 * fy" 2) = 1359 mm? < A, (provided) = 1963 mm’ OK.
(i) Design of Shear Reinforcement (Longitudinal Span)
Design shear V=u""L"Sn/2= 154.39 kN
Design shear stress, » =V/bd = 1.14 Nimm?
_
Design concrete shear strength (v,) = 0.79 * (100A /bd)™ * (400/d)™ * (_s25)"* where 7 ,= 1.25
Tm
= 0.878 Nimm?
Detail of Shear Link;
No. of steel bar = 2
Diameter of steel bar = 12 mm
Spacing of links along the member = 200 mm
Areaof steel, A, = 226 mm”
/According to Table 6.2 in Code of Practice of Structural use of Concrete 2013
0.5v,<vev +0 4= 0.44 < 1.14 < 1.28
Area of shear reinforcement, A, = (0.4*b,*S,) / 0.87f,, = 220.69 MM’ O.K. wheref,,= 250 Nimm’
(iii) Checking on Axial Tensile Force (Longitudinal Span)
Auial tensile force generated = 0.00 kN
Design bending moment = 104.37 kNm

The axal tensile force generated with respect to the bending moment are within the allowable capacity of the beam as shown in the chart below
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Axial Force - Bending Moment Interaction Diagram of Grillage Beam
5000
A
3000 Bl [
z / |
= 2000 r
z / \
-
g Fal ™y
o 1000 Com 7
3 !
< T
Tension \ /
=-1000 ~ - ‘\\
\ __,/ (104.37,0)
-2000
=250 =200 -150 =100 -50 0 50 100 150 200 250
Moment, Mxx (kNm)
ion P ies of Con: rill m
(b) Determine Design Bending Moment and Shear in the Grillage System (Transverse Span)
1 n
Plan View Soil nail
Row §
ﬂ Row 6
1 [
Row 7
Section Properties of Concrete Grillage Beam
Proposed reinforcement
No. of steel bar = 4
Diameter of steel bar = 20 mm
Area of steel, A_ = 1257 mm*
Dia. of stirrup, &, = 12 mm
Effective depth, d = 228 mm
(i) Design of Bending Reinf: (T se Span)
Since Row 6 requires the greatest nail force, use resultant pressure at Row 6 to determine the design bending moment. Hence resultant pressure,
Design Moment M=u'*L*Sn?/8
= £9.60 kPa
M= 52,93 kNm
Minimum reinforcement = 0.13%bh = 234 mm? OK.
K= i/ (bd” = 0.06 O.K. (i.e. <0.156 - No compression sieel is required)
Lever arm, z = (0.5+ ,/(0.25-K/0.9)" 213 mm
Therefore, A, (Required) =M/ (0.87 *fy* 2) = 622 mm? < A, (provided) = 1257 mm”

Area of shear reinforcement, A,, = (0.4%b,*S,) / 0.871f,, = 220.69 mm* O.K. where f,, = 250 N‘/mm*
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A2.6.1: #A] K= ek A
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Bulk Unit Weight — Saturated (kN/mq)

Poisson’s Ratio

Young's Modulus (kN/m?)
Cohesion (kKN/m?)

Friction Anale

()

1D Name Type Veat v Erer Cref 9 Y
N/m’] | (-1 | wmA | k/m?] | [e] | [e]

1 CDG Drained 17.7 0.30 25000.0 5.0 35.0 0.0

2 Loose Fill (Before Liquefaction) Drained 17.7 0.30 5000.0 5.0 35.0 0.0
- Liquefied Fill 1m UnDrained 17.7 0.30 5000.0 3.0 0.0 0.0
4 Liquefied Fill 2m UnDrained 17.7 0.30 5000.0 4.8 0.0 0.0

6 Liquefied Fill (bottom seam) UnDrained 17.7 0.30 5000.0 8.3 0.0 0.0
- Non-liquefied Fill Drained 17.7 0.30 5000.0 0.1 28.0 0.0

Glossary of
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D Name Type EA El w v M, N,
kn/m] | (NmZm] | [kN/m?) -] [kNm/m] | [kN/m]
1 Facing Elastic 2.664E6 19980.0 35 0.20 1E15 1E15
Glossary of
Axial Stiffness  (kN/m)
Flexural Rigidity
(kKNm?/m) Weight (kN/m?)

Poisson’s Ratio

Maximiim Rendinn Moment
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Free Length of Soil Nails

D ‘ Name EA IFmax, compl ‘matens| |
| [kny/m] [kN/m) im] |
1 T20 41867.0 6.6667E14 96.3 |
2 T25 - 65467.0 b.6667EL4 150.5 |
3 T32 | 1.0733ES 6.6667E14 246.7 |
4 T40 | 1.6733E5 6.6667E14 3854 |
5 Tie | 268080 | 6.s667E14 61.7 |
Bond Length of Soil Nails
ID Name Type EA N,
[kNfm] [kN/m]
1 T20 Plastic 4,19E04 96.30
2 T25 Plastic 6.54E04 151.00
3 T32 Plastic 107605 247.00
4 T40 Plastic 1.68E05 385.00
5 Tié Plastic 2.68E04 61.70

Glossary of Symbaols:

EA: Axial Stiffness (kKN/m)

Frmaccomp: Maximum Compressive Force (kN/m)
Fmaxtens:  Maximum Tensile Force (kN/m)

Glossary of Symbols:
EA: Axial Stiffness (KN/m)
Np: Maximum Axial Tension Force (kN/m))
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- 10e embedment Non-porous | 24.0 | 0.20

2.2E/

Glossary of
~ Bulk Unit Weight — Saturated (kN/m®)
Poisson’s Ratio
Young’s Modulus (KN/m?)
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Elevation (mPD)

Distance (m)
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Elevation (mPD)
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DPWT: Design Perched Water Table

1mDPWT
(For details, please refer to Figure 3.3)

Max. Pore Pressure = 11 kN/m*

300 Fum Lot ] L @m
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Distance (m)

22.00 24.00 26.00 28.00 30,00 32.00 3400 36,00 38.00 40.00 42.00 +4.00 46.00
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o
2 Loose Fill (Before Liquefaction)
EN Liquefied Fill 1m
4 Liquefied Fill 2m
Liquefied Fill (bottom seam)
Non-liquefied Fill
Toe embedment

Elevation (mPD)
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Elevation (mPD)

42,00
40,00
38.00
36,00
3400
32,00
30,00
268,00

26,00

18.00

22.00

Distance (m)

30.00 32.00 .00 36.00 38.00

Max. Slope Deformation = 108 mm

[*10”m)

130,000
125.000

120,000

[===19% 000
90,000

85000

80,000
175000

110000
——165.000
160,000
155.000
150,000

——HA5.000
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Grillage

structure ———u

/7
—

Ve

1802 m

g;; ‘* 6= 337 Degrees

Slope Geometry

Slope angle =
Fill slope height =

Material Properties
Fill strength:
assumed Ky =

Css™
Noie : (i)

res:

Normal stabilizing pressure u =
Basal shear resistance 1=
Basal shear force F, =

Horizontal spacing =

Verticai spacing =

Spacing between nails on the
inclined slab =

Total number of rows =

~
337 Degrees
10 m
04
0.5
0.267 ay
iiin. FoS = ii
42.5 kPa
3 kPa
54.08 KN/m
1.5 m
15 m
2.70
7
Fa
Fra
F
B TRy
Fa. X

for iiquefaction

10.00

(see SLOPE/W analysis in Figure 4.3)
*Minimum basal shear resistance has been assumed
*Shear force is applied on the whole slope surface

w
§
%

s

Slope surface

Vertical
distance individuai
from xS, from nail

crest (m) ol S (m) crest{m) u(kPal Lo(m) FilkNm) F(kNm) FkNm) force (KN}
Row 1 0.50 20.00 1.25 1.25 5.31 2.25 5.99 7.43 4.40 11.14
Row 2 2.00 20.00 1.80 2.75 11.69 2.70 22.99 16.89 42.79
Row 3 3.50 20.00 1.50 4.25 18.06 2.70 40.22 29.56 74.88
Row 4 5.00 56.00 1.50 5.75 24 .44 2.70 57 .46 0.00 86.20
Row 5 6.50 56.00 1.50 7.25 30.81 2.70 74.70 L 0.00 112.06
Row 6 8.00 56.00 1.50 8.75 37.19 2.70 91.94 91.94 0.00 137.91
Row ?l 9.50 56.00 1.25 10.00 42.50 2.25 89.79 89.79 0.00 134.68
Total=  383.09 399.77 50.85 599.65
Max. value= 91.94 137.91
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Type 1. Fill liquefiable) ¢= 0267 o, 17.7 m® o= 00~
Type 2, CDG o= 50 kPa 17.7 wim® = 3so-
Type 3, Fill (non-liquefiable) c- 0.0 kPa 17.7 wom? ¥= 280°
Drilhole dameter (D) = 0.16 m
Unit weight of water, 1, = 9.81 pm’
P*:uli;llltal.spaclnq =_ 1.50m ~ _—
Sacrificial thicknass = 2.00 mm /_/ —

T DGWT

L aem= . Type 1 material

=== Depth io mid-paint of the effective bond length
— for each type of materials

Type 3 material

=~ L, Length of soil nail in active zone

: Effective bond length
“— sipsurace G =

A, Tension Failure of the Steel Bar

Characteristic yield strength, f, = 460 MPa
Partal factor fer tensile fallure of stsel bar, Fy = 1.16
Force Alowable
. Force
Bar R Required Tensle
Row No. Level (mPD) Length |Bar Size ,.HO‘ ol per unit Required Force
Specing (m) .
{m) width _
(kM) T, (kN) Ty (kN) T,
1 39.56 8.6 T16 1.50 .42 11.14 4524 4.06
2 38.0 10.9 T16 1.50 28.52 42.79 45 24 1.06
3 36.5 11.1 T20 1.50 43392 74 88 8042 1.07
4 35.0 9.4 T2 1.50 57 45 B6.20 138,54 1.81
5 335 111 T25 150 7470 112.06 138 54 1.24
[ 32.0 12.7 T26 1.50 01.94 137.01 138.54 1.00
7 30.5 13.0 T32 1.5 89.79 134.58 246.30 1.83
Mirimum Tr/ T, = 1.00 €1 0.K.
B. Bond Failure between Grout and Steel Reinforcement
Design cube strength of cement grout at 28 days f;, = 30 MPa
For type 2 deformed bar, p = 0.5
FOS against puliout failure at grout-reinforcement interface (Fep) = 2.0
Allowable bond stress = Ultimate bond stress / Fag = [ f (fu)"?]/ Fop = 2738.62/2=  1369.31 kN/m”
Allowable pullout resistance along grout-reinforcement interface = [ (fo,)'?]* 7~ (d-28) Log/ Fer
Resisting Zone - for soll nail design
Resisting Zone
R Effective Bond Length in Each Layer (m) Depth to Mid-point of the Effective Bond Length (m)
No:' Fill (liquefiable) Fill {non-liquefiable )} CDG
FAl (ncn-inGatiable); | EWl (iquefabls) coe Fill (iquefiable) | waTer [ P (0™ | wargg [ FILOO- ey, ioetiabie)] coG | waTer
1 0.00 0.00 1.50 0.00 0.00 0.00 0.00 1.50 1.20 0.30 0.00
2 0.00 0.00 3.60 0.00 0.00 0.00 0.00 1.50 2.20 1.20 0.00
0.00 0.00 4.60 0.00 0.00 0.00 0.00 1.50 3.20 1.40 0.00
4 0.00 0.00 5.70 0.00 0.00 0.00 0.00 1.50 3.20 3.00 3.60
0.00 0.00 8.00 0.00 0.00 0.00 0.00 1.50 2.50 4.20 5.40
8 0.00 0.00 10.30 0.00 0.00 0.00 0.00 1.50 2.10 5.30 7.00
7 0.00 0.00 12.40 0.00 0.00 0.00 0.00 1.60 1.30 5.00 7.30
Force
Bar Horizontal Required Force Nn‘fﬂﬂa
Row Ne. Level (MPD) Le(rr;gjtn BarSZ2| spacing(m) |t (M| LM | perunt | Reeured | pgictance
(kN/m) T, (kN) Tor (kN) Toal T
— — — — — — —
1 395 9.6 T16 15 1.50 8.10 7.43 11.14 77.43 6.95
2 380 10.9 T16 15 3.60 7.30 28.52 4279 185.84 4.34
3 36.5 11.1 T20 15 4.60 6.50 49.92 74.88 316.61 4.23
4 35.0 9.4 T25 15 5.70 3.70 57.46 86.20 514.93 5.97
5 335 dafi] T25 15 8.00 3.10 7470 112.08 722.70 6.45
6 32.0 12.7 T25 15 10.30 2.40 91.94 137.91 930.48 6.75
7 30.5 13.0 T32 1.5 12.40 0.60 89.79 134.68 1493.59 11.09
Minimum of Tgr/ T, = 423 >1 0.K.
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A33 HEZEGHF REFE AW

Width of grillage beam = 600 mm
Thickness of grillage beam = 300 mm
Embedment of griliage beam = 300 mm
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% Coverage of Slope Surface = 53% O.K. (i.e. % Coverage >50%)
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A4 153w BHEX 22l

SEChon E) Gt B
Width of grillage beam, b= 600 mm

Depth of grillage beam, h= 300 mm
Minimum cover of grillage beam, C= 50 mm
Concrete strength, 1= 30 Nmm?
Characteristc strength of steel bar, f,= 460 Nimm?
Plan View
Soil nail
Row 5
Row &
Row T
PBroposed reinforcement
M. of steel bar = 4
Diameter of steed bar = 16 mm
Ared of steel, A, = 804 mm’
Drameder of stimup, ¢, = 12 mm
Effective depth. d = 230 mm

{a) Determine Design Bending Moment and Shear in the Grillage System (Longitudinal Span)
(i) Dasign of (Longitudinal Span)

Design moment M=u'* L**Sh/8

U= 37.19 kPa

M= 50.99 kNm
Minimum reinforcement = 0.13%bh = 234 mm’ OK.

K= M/ 15 ol = 0.05 O.K. (Le. <0156 - No compression steel Is required)

Leverarm,z= 0.5+ ,7(0.25-K/0.8)"d = 215 mm

Therefore, A, (Required) = M/ (0.87 "fy* z) = 592 mm* < A, (provided) = 804 mm* OK.
(i) Design of Shear Reinforcement (Longitudinal Span)
Design shear V=u'"L*Sh/2= 75.42 kN
Design shear stress, » =Wbd = 0.55 Nmm?
According to Table 6.3 in Code of Practice of Stuctural use of Concrete 2013
Design concrete shear strength (v,) ¥, = : o il ad where 7 .= 12§
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Secttion Properties of Concrets Grilage Benm
(b) Determine Design Banding Moment and Shear in the Grillage System (Tranaverse Span)

Plan View Soilnail

Row 5
Row &
Row T

Secton Propertes of Concrets Grllage Baarm

Propoped reinforcement

o, of ste] bar = 2

Diameter of steel bar = 16 mm

Aren of sieel, A, = 452 e’

Dia. of stimup, &, = 12 mm

Effective depth, d = 230 mm

(i) Design of Bending Reinforcement (Transverse Span)

Since Row & requires the greates! nai fofce. use resullanl pressure al Row 6 1o delerming B design bending momenl. Hence resullan pressure.
Design Moment M=u'* L $1° /8

U= 34.00 kPa
M= 2586 kMm
Minimum reinforcement = 0.13%bh = 234 mm’ LK.
= Mg " T )= 003 UKL (e <0156 - N compression sbeed |s requined)
Lever arm, 2= (0.5+ 7 (0.25-K0.9)"d = 223 mm
Thesedore, A, (Required) = M/ (087 * 1y~ 2) = 280 mm? < A, (provided) = 402 mm’ 0K

(if) Dwaign of Shear Reinforcoment (Tranaverse Span)
Design shearV =/ "L " Sa /2= 08 kN

Design shear stiess, » =Vibd = 0.50 Nimm*

Design concrete shear strength, v, = 0.79 ° (100A )™ * (400 * (1. 25/ where ;.= 1.2%
s 0.51 Nmm®

Detad of Shear Link:

Mo, of steel bar = 2

Diameter of steel bar = 12 mm

Spacing of links along the member = 200 mm

Areacl sleel, 4 = 228 mm’

0.5, <vu 40 4= 0.256 < 0.500 < 0§11

Area of shear reinforcament. A, = (0.4*h,°5,) /0.87(, = 22069 mm’ 0K whare f, = 250 Mimm®
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(c) Design of Connection between Soil Nail & Slab

{ii Bearing Failure of the Base Plate

Maximum design shear stress, v, = Viud

Maximum soil nail load, V = 137.91 kN
'Width of base plate, b, = 150 mm
Perimeter of base plate, u, = 4 * 150mm = 800 mm
Depth below steel plate, d, = 180 mm
Concrete cover, C= 50 mm
Bar reinforcement, § = 16 mm
Effective depth of nail head, d, = 106 mm
Vingw = 247 Nmm® <08 Ty, 4,38 Nmm’ oK.
(i) Punching Failure at the Nail Head
us
Ub Plan View
-_-_‘_‘_"_—‘—.
0.60 m
2.70m
Proposad reinforcement
No. of steel bar = 3
Diameter of steel bar = 16 mm
Area of steel, A, = 603 mm®
Width of nail head, b = 600 mm
Effective depth of nail head, d, = 106 mm
Punching force, Fiu = 137.91 kN
U= 33.29 kPa
U= 34.71 kPa
Farce from scil, F_; = (U,#U,) / 2 * Area of soil nai head
= 12.24 kN
Hence. Frotmet ® Fooi« Fooi
= 12567 kN
Quter permeter 1,5d from loaded area, u = 1872 mm
Hence, v = Viud = 0.63 Nimm?*

Design concrete shear strength, v, = .79 * (100A/bd)" * (400/d)™ * (£, 25)'° where 7 .= 125

= 092 Nmm*  >y= 0.63 Nmm* oK
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A36 IR G 4 T R

L‘ -
Embedded Grillage Beam .l_ 300 mm
Cross-section of gri beam
Driving Force
VWeignt of grillage structure, F, = 69.20 Knim
Weight of backfill inside the openning. F, = 44.69 khim
Total Weight of grillage structure and backfill, F, = 113.89 kMim
Force component along potential sliding direction. F'. = 6318  kN'm
Resisting Force
Available resisting force along the siiding direction from sub-harizental nails, ZF = 5085 kN'm
Resisting force due 10 liquefied loose fill, F, = 54.08 Khim
Therefore, ZF +F\,= 104983  kNfm [FL= 6318 kNm = 1.66 O (>1)

Mote: The evaluation of force equilibrium along the polential sliding direction ensures that there is sufficient resisting force fo avoid excessive slope deformation due to
the weight of the grillage structure when the underlying loose fill liquefies,
[Refer 1o GEQ-HKIE (2011} - Sex 54]
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Liquefiable Loose Fill

In-situ material .
In-situ

Atiose Rl
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Non-liquefiable Loose Fill
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BALLAHA 17 6 (2 /B4 A4 =87 kPa)

Load Cases:

— rT—— Pressure induced in grillage in worked o 'Gpa
example 2 at this position = 76 kPa Width = 0.6 m
= spacing of soil nails = 1.5 m Thickness = 0.3 m
[Tt
T e Hence,
o o 76 kPa x 1.5 m = 114 kN/m
e
Py &
T~ % |
i <ERE e N R | & L AT T" l“.ﬂaul I f*tﬂ.“
Soil Nail Soil Nail Soil Nail Soil Nail Soil nail Soil Nail Soil Nail
Row 7 Row 6 Row 5 Row 4 Row 3 Row 2 Row 1
(Bottom) (Top)
B ',a 1 i [= BS:
The grillage segment with the longest span and maximum loading
condition of a uniformly distributed load is chosen and assumed to
be simply supported for structural design.
Y

theta: 270 phi:0 Continuous Beam - Loading (87kN/m2x1.5m=130kN/m)
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Maxlmurn Bendmg Mornent = 104.37 kNm

Load Cases:
—— 1PTiieofcase 1
Maximum Bending Moment = 69.70 kNm
Maximum
Bending Moment
52352 l'l \ 498 468
i | i A 401 401
f \ I,-' \ I;f "'lli. ;I,-\\ 27.4 274 )
\ 1 T.". f \ / 16.7 16.7
31|'\ ;’; L \ 4 .-"1 _Eh\ 5 /L_E}\ : /f 17 \\.LJT],/ i u.__erfTi QEy 2
ARVVAR VAR AR
- 2= 16.8

thata: 270 phi: 0

Bending Moment. Mz

Canfinum e Raam . Randinn omaont
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Load Cases:
=— 1P Title of case 1

Simply Supported Beam Assumption:
Maximum Shear Force = 154.39 kN

Maximum Shear Force = 156.00 kN

Maximum Shear
Force

118 116

93.3

&0
.A m e
il b 3 14 4 | .15 5 6 & 17 7 18 B 1T 19 0 _2

130
152

L,

Thota: 270 pht:0 Continuous Beam - Shear force

Shear Force, Fy



B.12: A4dt &

104

B4 R B+ %4 (kN)
%% B

(kPa) R i e @R ER
50 88.7 89.9 1.30%
87 154.4 156.0 1.03%
100 177.5 180.0 1.41%
150 266.2 270.0 1.41%
200 354.9 359.0 1.14%
350 621.1 629.0 1.25%
500 887.3 898.0 1.19%
1000 1774.6 1797.0 1.25%
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B.2 — Ir Leslie Swann # & & ¢ %f ¢ crdieF

Earth pressure divided into 10 number of point loads File Name: Trial_006D.gsz

Name: FILL (Undrained) L1 Value: 5.41 kN/m

L2 Value: 16.22 kN/m
Model: S=f(overburden) 3
174g1.5641 2131381769 482 52 2P IESPIE yy weight: 177 kymo L3 Value: 27.03 kN/m

A 300,187 409196 $6P.0R. P TP %1% TauSigma Ratio: 0.268 L4 Value::37.85 khlim

1_33;,1_15."‘45‘11_19.11.472"2:4_4_)?'._3334 515.80.753 Minimum Strength: 0 L5 Value: 48.66 kN/m

‘ - ; i~ | ine: L6 Value: 59.48 kN/m
"hazg vsgi{sgrasyt 22 oAP 37 8sg 07 %0 Plezometric Line: 2 L7 Value: 70.29 kN/m

* 02024 015 :
1.4161.0391 9341.5191.29@.9;94856.24 ) Pt
. - . ® J Y 147 Name. CDG .

. 1.3671,273-0471 2501 6551 469256257 "7 Model: Mohr-Coulomb t?o"é!.’.ﬁ;“’} 't$227k3N|mfm
2471 __129,2931.6231.3@.@13}._9791,?5.57.5 O Unit Weight: 19 KN/mé _ .

g * % o1 agt 3301 761 4762 628317 215 Cohesion: 5 kPa

i N, NN b

= -1_41}_0341.139'1,3931.3951:‘:7923.73.95.915 ;m: 35° —_

£ % - 1 4123 0088.260 Piezometric Line:

5 B .2._5_5;11.359.0521.1391.51:5 418 008

2711.8462,1536.301
J11791.2871:0981.27 8482158

®
45
. ¥
(@)
o
E
=
o
© Total Required Load = 540.69 kN/m
L) Equivalent Stabilizing Triangular Pressure = 60 kPa
w CDG Total Basal Shear Force = 3kPa x 18.02m = 54.07 kN/m
Basal Shear Force Acting with Each Point Load = 5.41 kN/m
20 | | | | | | | |

5 10 15 20 25 30 35 40 45 50 55
Distance (m)

Fig. 1 B 1
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Earth pressure divided into 20 number of point loads

Name: FILL (Undrained)

el L1 Value:
1.75]1.303.3001.9841 398 .992. 538.2044.8855.7618.724 En_dil‘j S_——;(QV??UI:&?"L 15 Veliis:
4 aaams 06154955132 L L 0 L3 Value:

: 13-31 121T411'4°7‘ “5“""' e .4 TawSigma Ratio: 0.268 L4 Value.
16741, 1531 4551 4281 433‘3 "3? B571.625.13F ; Minimum Strength: 0 L5 V:Iﬁ::

. : i :
. 1 33;1 sem 1511 458!, 4911 54? 948, 3326 8128. 223 Piezometric Line: 2 L6 Value:
1,429 20 2371 131,040 0389 155 2p L7 Value:

« o Name: CDG el
1 augi oam 223 2541 663 01 _gs 2375 6727.668 : L8 Value:

4 *.32224 51?,335 Model: Mohr-Coulomb L9 Value
. 2 189" 132* 039‘ 25?' 31§03 Unit Weight: 19 kN/m? L10 Value:
&t 2?71 1491 1071 asm 4az¢ agsﬁ 38F- 114 ~ohesion: 5 kPa L11 value:
e mm 2321 1?51 -m.u 5151 sega 7553 %07 Phi: 35 ° L2 V:IE::
. : : 25% 10451 24 234, 52§ 3334 26;3 701 Piezometric Line: 1 L13 Value:
‘ % 2151 14@ 1001 278 45?1?;5550 L14 Value
. s @ L15 Value:
® L16 Value:

L17 Value:

L18 Value

L19 Value

o L20 Value:

Elevation (mPD)

-

Total Required Load = 540.69 kN/m

1.35 kN/m
4.06 kN/m
6.76 kN/m
9.46 kN/m
12.17 kKN/m
14.87 kN/m
17.57 KN/m
20.28 kN/m
22.98 kN/m
25.68 kN/m
28.39 kN/m
31.09 kN/m
33.79 kN/m
: 36.5 kN/m
39.2 kN/m
41.9 KN/m
44.61 KN/m

:47.31 kN/m
:50.01 kN/m

52,72 kN/m

File Name: Trial 006E.gsz

Equivalent Stabilizing Triangular Pressure = 60 kPa
Total Basal Shear Force = 3kPa x 18.02m = 54.07 kN/m
Basal Shear Force Acting with Each Point Load = 2.70 kN/m

5 10 15 20 25 30 35 40 45 50 55

Distance (m)

Fig. 2 " 2
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L1 Value: 0.15 kWM 131 Value: 9.16 kNm

L2 Value: 0.45 kN'M 132 Vialue! 9.48 kN'm

L3 Value: 0.75 kN'm L33 Value: 9.76 kMim
Mamea: FILL (Undrained) L4 Value: 1.05 kN'm L34 Value: 10,06 khN'm
ropp s3p s TP 57 T Model: Sai{overburden) LS Value: 1.35 KN'm L35 Value: 10.36 kNim
0 m#“#mwm:n.?mm L6 Value: 1.65 kN'm |36 Value: 10,66 kN'm
RETE X A o 1A 0B "mw Ratic: 0. 268 L7 Value: 1.95 k'm 137 Value: 10,98 kKN'M
167 0ap 260 A2 0 IR R 24 um Strength: D LS Value: 225 KN'm  L38 Value: 11.26 kNm
b e g1 1) 308 A 1R T8 240 00 Tiazometric Line: 2 L9 Value: 2.55 KN'M  L36 Value: 11.56 kNim
. |unlu-!11*ﬂf-"¥'“1’"i‘“'-i'm L10 Valuwa: 2085 kN'T L40 Value: 11.87 kN'm
] 1.1 1-! I'ﬁl’-###m.:m L1 Walue: 3005 kMY Ly Vialow, 12217 KNG
L B ero878 Model: Mohe-Coulamb L12 Vales: 345 kM L42 Value: 1247 KN'm
18701300 14 eyt anp el Waight; 19 kN/m? L13 Valea: 3.75 kN/M L43 Value: 12.77 kNm
RE TR B g "y - & kPa L4 Vialua: 4.08 KN/mL&4 Value: 1307 KNm
1842 18] 171 A0 81 SR AT Py g5 - L15 Valua: 4.36 kN'm 145 Value: 13.37 kNim

2o TP g 140 a8 T 08 Plezomaetnc Ling. 1

Jap g vip mpazR e e L16 Value: 4,66 kiN'm L8 Value: 13.67 kNim
L17 Value: 4.96 kN'm  LAT Value: 12.97 kNm
. L18 Value: 5.26 kN'm  L48 Value: 14.27 kNm
- L18 Value: 556 kN'm  L49 Value: 14.57 kNm
L20 Value: 586 kN/m  L50 Value: 14,87 kNm
L21 Value: 8.16 k'm L5 Valua: 15.17 kMm
i LZ2 Viduw: 548 kMM LS2 Valug: 1547 kNim
L23 Value: 6.76 kN'm  L53 Value: 15.77 kNim
LE< Valuw, 7.00 kNG L3 Vakes. 10.07 BEMNm
L25 Value: 7.36 kN'm LSS Value: 16.37 kNm
L26 Value: 7.66 kN'm  L56 Value: 16,67 kNm
L27 Value: 7.06 kN'm  L57 Valkua: 18.97 kNm
L28 Value: B.26 kN/m  L58 Value: 17.27 kNim
L25 Value: B.S6 kN'm LS5O Value: 17.57 kNm
L30 Value: B.86 kN'm  LBO Value: 17.87 kNim

| | Total Peguired Load = 540 60 kMim
o = w sEquivalent Stabilizing Trianguiar Pressure = 60 kPa
Tolal Basal Shaar Foros = 3kPa x 18.02m = 54,07 kW'm
Basal Shear Forca Acting with Each Point Load = 0080 kN

Fig. 4

) sap 0 357 2 SO0

&

« n 8 8 = & 8 & & B

Elevation {m>D)

®l 4
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70 -
Umax = 60kPa
60 -
Required Soil Nail Length
R1: 6.0m
50 - R2: 9.3m
. R3: 11.0m
s a7
E : .7m
5 R6: 16.0m
E30- R7: 16.0m
w
Total Required Length =
20 - 83.3m
10
0 — - - - —x T . T T |
0 10 20 30 40 50 60 70 80 a0 100
_ Distance (m)
—e— Fill I -=¥=-=-GWL
—— Ground Profile —— Bottom Boundary + Line Load
70 4
Umax = 72kPa
60
Required Soil Nail Length
R1: 6.5m
50 - R2: 10.2m
R3: 12.2m
o R4: 12.4m
£ RS: 15.0m
S R6: 17.5m
E 30 R7: 17.6m
o
Total Required Length =
20 - 91.4m
(Increase in Total Length
=9.7%)
10 4
0 — . . — r . . . .
0 10 20 30 40 50 60 70 80 90 100
Distance (m)
—— Fill PGWL -=¥== GWL

—3— Ground Profile

—— Bottom Boundary +

1 6

Line Load
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0010 L3 B BB P

L1 Value: 1.66 kN/m L17 Value: 5486 kN/m
: L2 Value: 4,99 kN/m L18 Value: 50.54 kMN'm
Madeh Sottorrdes)  L3Value:831kN/m  L19 Value: 53.06 kN/m
Uit wmht: 17.7 kM/m® L4 Value: 11.64 kN'm L20 Value: 55.59 kN'm
Tau/Sigma Ratio: 0.268 LS Value: 14.96 kN'm L21 Value: 58.12 kN/m
Sip Ma. F.0.5. Minimum sh.engti.l_ h LG Value: 18.29 kN'm L22 Value: 60.64 kN/m
l 1.393 md i Al L7 Value: 21.61 kN/m 23 Value: 63.17 kNim
2 1.378 i L8 Value: 24.94 kN/'m L24 Value: 65.7 kN/m
3 1.258 Name: CDG L9 Value: 28.26 kN/m L25 Value: 68.22 kMN/m
Uit Waight: 19 kN/m? L11 Value: 34.91 kN/m L27 Value: ¥3.28 kW'm
1.2%8 Cohesion: 5 kPa L12 Value: 38.24 kN/m L28 Value: 75.8 kN'm
® Sty L13 Value: 41.56 kN/m  L29 Value: 78.33 kN/m
o YU L14 Value: 4489 kN/m  L30 Value: 80.86 kN/m
L15 Value: 48.21 kN/m L31 Value: B3.38 kN/'m
L16 Value: 51.54 kMN/m L32 Value: 85.91 kN/m
45
40 —

id

cDaG Total Required Load = 1503.79 kN/m
Equivalent Stabilizing Triangular Pressure = 100 kPa
Tolal Basal Shear Force = 3kPa x 30.08m = 90.23 kW'm

Elevation (mPD)

T
Fig. 7
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Mame: FILL {Undrained)
Model: S=l{overburden)
Unit Weight: 17.7 kN/m?
Tau'Sigma Ratio: 0.268

L1 Value: 1.66 kN/m
L2 Valua: 4.99 kN'm
L3 Value: 8.31 kW'm
L4 Valuea: 11.64 KN/m
LS Valua: 14.96 KN/m

L17 Value: 54.86 kN'm
L18 Valua: 50.54 kM/m
L19 Value; 53.06 kM/m
L20 Value: 55.59 kM'm
L21 Value: 58.12 kM/m

Slip No. F.0.S. : - L6 Value: 18.29 kN/m L22 Value: 60.64 kKN/m
i 1.351 :::::::ﬂ'ﬂm'“'. R L7 Value: 21.61 kN'm  L23 Value: 63.17 kN/m
2 1.398 ’ L8 Value: 24,94 kMN/m L24 Value: 85.7 kN/m
Model: Mohr-Coulomb L10 Value: 31 59 kN'm  L26 Value: 70.75 kN/m
Unit '\I"n"aighl- 19 kN/m? L11 Value: 34.91 kN/m L27 Value: 73.28 kN/m
L Phi: 35 * L13 Value: 41.56 kN/m L29 Value: 78.33 kW/m
Pi&inmtric Line: 1 L14 Value: 44.89 kN/'m L30 Value: 80.86 kMN/m
’ L15 Value: 48.21 kN/m L31 Value: 83.38 kM/m
L16 Value151.54 kN/'m L32 Valua: 85.91 kW/m
]
5
- m I
(]
o
E s
=
£
& - Total Required Load = 1503.79 kN/m
W Equivalent Stabilizing Triangular Pressure = 100 kPa
Total Basal Shear Force = 3kPa x 30.08m = 90.23 kM/m
20 | I | | |
5 10 15 20 25 a0 35 y 45 50 55
Distance (m)

Fig. 8
® 8
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Distance (m)
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BA: " HHMIFE G HIA TR iNT

e H) (k)

Distance (m)

Worked example (drained condition)

Elevation (m)

i Sk FOS
Description: Loose fill 1 P 0874
Wt: 1800kg/cum x 9.81m/sq s 2 n.a7s

= 17.7kN/cu.m 3 1.074
%e;ﬂm OkPa 4 1.195
— ;o
» 1I
Wm@m: o 9.81m/ . i
: cumx 9. 50.5
=17 . TkN/cu.m . L
Cohesion: 5kPa
Phi: 35 degrees
Ful
DGWT
| i | I = I
0 40 50 50 70 80
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https://www.elegislation.gov.hk/hk/cap528
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