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See soil-nail head details

Cement grout sleeve

Soil-nail
reinforcement

Coupler

EX Y Y $:5i & X

Cement grout sleeve

Reinforcement

7 Galvanised mild steel plate

Concrete
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Soil-nail head Bearing stress
/ Passive zone
Facing

Soil nail

Bending and shear

Tension

Shear stress I'ension

Potential failure surface

EEE RE G 0 1 4T 1 bR jé a1 5 A gre Aja 4 o
4 - %Mﬁff’”’ﬁr‘i%éﬂ\ﬁw T (1) 2 ERBEEERERD EY e R &
RigehE B o (1) 2 &fosr 3 b end g &71)@ bk e G BEE R A
PR ety B oo

-

FreERe XTI HE ALY EREN o PP e IR IPE A
{13’5 f’f‘%?ﬁ% FRED KD E L WARPRA PIBIL LR L FRlG o s
@1%14 v Bt e B R Hllz’;ff\-_"%s%?vo l__i’:g«fp et fgY L‘,gq’r,ﬁg?\.,,_ﬂ T
2 g 4 Jostd 4 aeads B (Jewell & Pedley » 1992) o it 2. T o 4ok
i 4%@@1@%%@ L o SR L §ﬁ4fj’i§1ﬂ o T A MREALB TG 2 Y

NS S NEECL SAACER RS e S AR SR & 1 OF Sl e )
T "*7'1“—"%*& o fRm ood A freht AP R e 0 B H R T F X T))
g B U] o ¥ T o Lovd 3 2 (Jewell & Pedley, 1992; FHWA, 1998) -

<

24 Fro ¥t brd B4 nPo — dLkW o 4o 3.2 T 0 2 4
&gﬁ% ;II-:_J y m’ﬁ %;;:,]vg_;f:g?j ETIEALR DB Ao m o] o N L Erdp e KT 2 e AL
ZEES

5 Bt B 2 4 Y feid 2 4 T kb RSN BER 2RV R
)i"Lrﬁ g ] 3%‘”‘3:&1_ s F| Pt d grena B (TR zf@”fﬁi;]*m ( Clouterre » 1991; FHWA >
1998) o Jr4 4 ?fa‘%]" T*E,.l v g R g Fla - B 3 bra X PR 1ﬁm 2 A SR

Flot o AR R r A ) 4 BI33K T T A S T e A PR R R

21



Legend:

Qs

e

Og

p Soil nail

Potential failure surface

Soil nail

(b) Mobilisation of Compressive Force in a Soil Nail

Inclination of soil nail to the horizonta
Orientation of soil nail with respect to the potential failure surface
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. . . Reinforcement
Reinforcement in tension . X
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Legend:
Text Extra shearing resistance due to the reinforcement
Oyy Vertical stress on shear plane

Note: Figure based on Jewell & Wroth (1987).
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BiEE S %

Bt RELE R 3 Rl
Fraction passing 63 pum sieve <10 %
P of fraction passing 425 pm sieve < 2, and 2
Organic content < 1.0 %
10 % < Fraction passing 63 pm sieve <75 %, and
Fraction passing 2 um sieve <10 %, and
P of fraction passing 425 pm sieve < 6, and 0 Geospec 3
gL\ i
G Organic content < 1.0 % Test Methods
Any grading, and 6.1,8.1,8.2,85
P1 of fraction passing 425 um sieve < 15, and ) 8.6and 9.1
Organic content < 1.0 % (GEO, 2001)
Any grading, and
PI of fraction passing 425 um sieve > 15 and -4
Organic content < 1.0 %
Any grading, and
Organic content > 1.0 % -4
>10,000 0
bt (ohm- < 10,000 but > 3,000 -1 |BS1377:Part3:
c;n = ( < 3,000 but > 1,000 -2 | 1990, Test 10.4
) < 1,000 but > 100 -3 (BSI, 1990)
< 100 -4
N Geospec 3
NP < 20% 0
kmzt N 00 Test Method 5.2
> 20% -1 (GEO, 2001)
Above groundwater level and no periodic flow or seepage 1
Bk Local zones with periodic flow or seepage -1 -
At groundwater level or in zones with constant flow or seepage -4
6<pH<9 0
5<pH<6 -1 Geospec 3
pH - Test Method 9.5
4<pH<50r10>pH>9 -2 (GEO, 2001)
pH < 4 or pH >10 (See Note 1) ’
AT <200 0 Geospec 3
‘/'f_—,“‘,_nl<5t4¥_ _1
(ppm) > 200 but < 500 Test Method 9.3
> 500 but <1,000 -2 GEO. 2001
> 1,000 -3 ( ' )
b & None 0 )
Exist -4
< 100 0 Geospec 3
§ o =3 "2 | TestMethod 9.4
> 500 4 (GEO, 2001)
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. .. failure .
(d) Tensile Failurg,gk.SQil Nails

Failure of
head-reinforcement
connection

Potential failure

. surface
(g) Structural Failure and Connection
Failure of Soil-nail Head

(e) Pullout Failurg gty .

7 Soil nail /
T s /
e = Local 1 i
Ground ]\// failure '
flows &/ Bearing failure between -
around \ﬂ\/ under s%oil-nail soil nails \‘) J
soil nails %{-— head ‘\ ‘ )
o N
(a) Failure of Ground around (b) Soil-nail Head Bearing (c) Local Failure between
Soil Nails Failure Soil Nails
Breakage *
-
~ Bending
and
~ shear
~y
. > NRT > .
Potential Potential Potential
failure i

0] Bendir%ﬁtlérfe%ear

Ground-grout Interface Failure of Soil Nails
(or Grout-reinforcement
Interface)

Structural . Structural

failure of failure of

soil-nail head facing

4
Failure of \D

facing-reinforcement
connection

Potential failure
surface

(h) Structural Failure and Connection
Failure of Facing
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(@) —%} : Hot-dip galvanising with a minimum zinc coating
of 610 g/m? to BS EN ISO 1461: 1999 (BSI, 1999) plus
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corrugated plastic sheathing in accordance with the General
Specification for Civil Engineering Works (CEDD, 2006a),

(b) —#% : Hot-dip galvanising with a minimum zinc coating
of 610 g/m® to BS EN 1SO 1461: 1999 (BSI, 1999) plus a
2 mm sacrificial thickness on the radius of the steel
reinforcement, and

(c) =4k * Hot-dip galvanising with a minimum zinc coating
of 610 g/m? to BS EN 1SO 1461: 1999 (BSI, 1999).
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—=4 - Hot-dip galvanising with a minimum zinc coating of 610 g/m? and corrugated plastic sheathing

4 - Hot-dip galvanising with a minimum zinc coating of 610 g/m” and 2 mm sacrificial thickness on the
radius of the steel reinforcement

=4 - Hot-dip galvanising with a minimum zinc coating of 610 g/m’
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Finished

slope surface 4 Soil-nail head

’ Cement grout sleeve Corrugated plastic sheathing
Coupler covered with
heat-shrinkable sleeve

as necessary

Hot dip galvanised high
yield deformed steel bar

S
Centralisers
AJ
End cap
Tvpical ion
Centraliser

7

Hot dip galvanised high

yield deformed steel bar -4 Cement grout sleeve
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Corrugated plastic sheathing
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The allowable tensile capacity, T+, of a soil nail is given by:

f A
_ Y
T = (5.1)
F
where fy = characteristic yield strength of the soil-nail reinforcement
A" = effective cross-sectional area of the soil-nail reinforcement
Fr = factor of safety against tensile failure of soil-nail reinforcement

TS B R g i SRR S D A LR - P
et 4T d N B S TER A E RN rag 4 ' A A R e ¥k o d 4 S
Fapfdfed FHBBROG R A1 EAL P Py L ERT s fIE E
Jhro REd g AR I g AR PN ITY T etk BEEFE M o A
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The allowable pullout resistance provided by the soil-grout bond length in the passive
zone, Tsg, can be determined using the effective stress method:

CP.L+2D [ oc*
Tse L s (5.2)

— \

Fse

where ¢! = effective cohesion of the soil
Pc = outer perimeter of the cement grout sleeve
L = bond length of the soil-nail reinforcement in the passive zone
D =

outer diameter of the cement grout sleeve
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'y = vertical effective stress in the soil calculated at mid-depth of the soil-nail
reinforcement in the passive zone, with a maximum value of 300 kPa

L~ = coefficient of apparent friction of soil (1” may be taken to be equal to tan Y,
where ' is the angle of shearing resistance of the soil under effective stress
condition)

Fsec = factor of safety against pullout failure at soil-grout interface
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The allowable pullout resistance provided by the grout-reinforcement bond length in
the passive zone, Tar, is given by:

® [T P L

Fer

Ton = e (5.3)

where f = coefficient of friction at the grout-reinforcement interface, which depends on the
bar type characteristic in accordance with BS 8110 (BSI, 1997), e.g., 0.5 for
high yield deformed steel bars

characteristic strength of cement grout

effective perimeter of the soil-nail reinforcement

fCU
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L = bond length of the soil-nail reinforcement in the passive zone
factor of safety against pullout failure at grout-reinforcement interface
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. 45° 3 Slope Angle < 55° 55° 3 Slope Angle < 65° Slope Angle ¢ 65°
Soil Shear Strength
Parameter near the Diameter of Diameter of Diameter of
Slope Surface Soil-nail Soil-nail Soil-nail
Reinforcement (mm) Reinforcement (mm) Reinforcement (mm)
hl c' (kPa) 25 32 40 25 32 40 25 32 40
2 800 800 800 600 600 800 600 600 800
4 600 800 800 600 600 800 600 600 800
34° 6 600 800 800 400 600 800 400 600 600
8 600 600 800 400 600 800 400 600 600
10 400 600 800 400 600 600 400 600 600

600 800 800 600 600 800 600 600 800

600 800 800 400 600 800 400 600 800

36° 6 600 600 800 400 600 800 400 600 600
400 600 800 400 600 600 400 600 600
10 400 600 800 400 600 600 400 400 600

600 800 800 400 600 800 600 600 600

600 600 800 400 600 800 400 600 600

38° 6 400 600 800 400 600 600 400 600 600
400 600 800 400 600 600 400 400 600
10 400 600 800 400 400 600 400 400 600

600 600 800 400 600 800 600 600 600

400 600 800 400 600 600 400 400 600

40° 6 400 | 600 | 800 | 400 | 600 | 600 | 400 | 400 | 600
400 | 600 | 600 | 400 | 400 | 600 | 400 | 400 | 600
10 400 600 600 400 400 600 400 400 600
AR O A A M
(@ £ EF AT Rk SR

(3) 2 &#Eehdh | RS 250 F F -
(4) Adghwed 4 dg ey 175844 F 9% § %% (ShiugChang » 2005) -
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Overburden

pressufre

AAL

Where : W:LY

N
o
—

Sﬂ_ 7 Vias \‘ tan '

p=7@ r)tanpeit? )

2cos( " +\ k(l sin)')
L
14 2)
®s
Legend:
w Size of square soil-nail head (m)
T Design load of soil nail (kN)
© Unit weight of soil (kN/m®)
(s Inclination of soil nail (radians)
®s Slope angle (radians)
ry Pore pressure parameter (= u/©
h) u Pore water pressure (kPa)
h Depth of overburden directly above point in question (m)
i Angle of shearing resistance of soil under effective stress condition (radians)
Note: Method after the UK Department of Transport (DOT, 1994).
W54 FRIAMBEL 2 HFRPS N
Soil-nail Head Size Reinforcement

400 x 400 x 250 3T16U-Bars both ways

600 x 600 x 250 3T16U-Bars both ways

800 x 800 x 250 4T16U-Bars both ways

150 x 150 x 20 Tk
galvanised mild
steel plate

Grade 30/20 concrete or
30 MPa sprayed concrete

Reinforcement

Notes: (1) All dimensions are in millimetres.

(2) The clearance between the steel bar and the hole of the galvanised mild steel plate should

not be more than 2 mm.
(3) Construction requirements of a soil-nail head should be referred to the General
Specification for Civil Engineering Works (CEDD, 2006a).
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F Moments or forces aiding stability

Moments or forces causing instability
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Xp Soil nail

P, =P,sin (a+8)
Py =P, cos(a+9)

*Tl

-

6 S“ B r].‘11
P Y
.ﬁk‘ N1+ =S T, =T, sin o
¢ Ty =T, cos o,
e B2 ‘
—— @ of base of wall
- N

(a) Forces on Retaining Walls
(Water Forces Not Shown)

Sliding Failure

Activating force F, = P, + Uy,

Resisting force
F;

Factor of Safety F, =
a

Overturning Failure
Overturning moment M |

Il
;&'_d

*
=

U, =U,sin a
Uy =U,cos a

(b) Water Forces on Retaining
Walls

Fr = Nl tan 6h+Rp+ ETih where N1:W+Pa\' +ET1V +Ulv-U2
i=1 i-1

-U, xy tUyx,, (See Note)

n
M, = Wx,, + RayySe & %’mn}’yi +IT, x;
i=1 i=1

Resisting moment € = B/2-(M;-M,)/N,

Eccentricity B M,

Factor of Safety

Bearing Capacity Failure

Effective pormal load Q, and shear load Q, imposed on the foundation are given by Q, = N,, and
Q, =F,- £ T, respectively. Guidance on design against bearing capacity failure of the foundation is
given in Appendix A of Geoguide | (GEO, 1993). Unfactored parameters should be used to calculate

the ultimate bearing capacity Q , of the foundation.

Factor of Safety F = Qu
Q
Note: When M, is negative, there is no need to check for overturning failure.

UENEERSTS ¥ 8 ol & < INPRLEL T SEER TR R
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4 Fall 1:50
-—

Existing concrete Galvanised mild steel plate

retaining wall

-~
Cement grout sleeve Concrete
eﬁ\cﬁ\ (L U-bars
.\té\i‘{ow both way
Qo'\\’“m
Note: Drawing based on GEO Report No. 165 (Lui & Shiu, 2005).
W58 F7 3 B2 RBBM> 2 &L A

o B A
Soil-nail head <1 Dowel T <1

T TAT T T T I T TR
—FHr gt — A =
S S o Y A IO ey s

J J

Reinforcement

B A
Elevation

Existing retaining
wall surface

Existing retaining

Fall 1:50 Fall 1:50 wall surface
- -

Links Links

Reinforcement
Existing wall surface to be

Reinforcement
Existing wall surface to be

] ™ roughened to form key roughened to form key
\ Cement grout - Cement grout
sleeve ? sleeve
£ s
, . Nagy

Galvanised fem[-\r Dowel

mild steel plate Ce, cay
Concrete tie beam Concrete tie beam

Section A-A Section B-B
Note: Drawing based on GEO Report No. 165 (Lui & Shiu, 2005).
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Skin wall ~
(refer to Detail 'A") - \\
“"\ \\
~~ Soil nail
Existing ground \'
- Existing retaining wall

/

Dowel
Cement grout sleeve

7

/i

Galvanised mild

steel plat
sieel plate Soil-nail reinforcement
%\
3
) Soil nail Cement
Skin wall - grout
sleeve
Reinforcement - |
Existing
retaining wall
Concrete — P
4
/4
Detail ‘A’
Note: Drawing based on GEO Report No. 165 (Lui & Shiu, 2005).
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Steel wire mesh and
erosion control mat

with surface hydroseeded Hessian bags filled
with soil mix

Steel angle
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nt

Anchor bolt
Reinforcement
ical .
— Steel angle Anchor bolts
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%’ (hessian bags not shown) o
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2= A A
S T z ~®— Hessian bags filled
*lg = g with soil mix
o 3
g = L
@
= > Anchor bolt with
F galvanised mild
steel plate
400 soil-nail head
- 600 soil-nail head »
800 soil-nail head
Tvpical Elevation
(erosion control mat and steel wire mesh not shown for clarity)
Notes: (1) All dimensions are in millimetres.

(2) For further details refer to Standard Drawing Nos. C2106/4&5 promulgated by the Civil
Engineering and Development Department.
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Existing slope profile — Load transfer Dial gauges for Test soil nail end plate
steel frame measuring plate
with T32 movement Dial gauge for
: bars as legs measuring head
¥ Hydraulic displacement
jack
1000 x 1000 x 75 mm min /\
A Load

cast insitu concrete pad o !
seated perpendicular to
the test soil nail

Cement grout
sleeve

Test soil nail

Frictionless support to
the hydraulic jack
(refer to Detail 'A")

6 mm fillet

weld all
round

700 x 700 x 6 mm
steel seating plate

Tripod

Steel channel reference post

1500 mm min.

Set-up for Pullout Test

Cast insitu concrete pad

Steel seating plate

y
glﬁ?ugélet weld Ball bearing
A r free to move
Test soil nail in x-y
» est sorl nal direction
- . .
ol o b, 180 mm dia. opening
S g' 1 at centre of steel \
seating plate and ¥,
load transfer steel y
Y frame
Load transfer steel
300 mm frame with T32 bars X
e - as legs
| 700 mm - Detail ‘A
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Section A-A
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| Lo f \-def . | f I
Testing Procedures+

1. The test soil nail shall be loaded in stages: from the imitial load (73) via two intenmediate test loads
(Tpr; and Tprz)to the maximum test load .+

2 Ipri shall be the allowable pullout resistance provided by the bond length of the cement grout sleeve
ofthe test soil nail +

3. Iprzshall be Tpr; times the factor of safety against pullout failure at soil-grout interface (Fsg)+

4. The maximen test load shall be 90 % of the yield load of the test soil-nail reinforcement (7p) unless

the ultimate ground-grout bond lead (Tyy) is reached dunng the test. Feinforcement size larger than that of
the working soil nail should be used in the pullout test, where necessary, to allow the development of Ty prior
to reaching Tp.+

Lh

Tashallbe Tprsor 3 % of Tp, whichever is smaller+

6. During the first two loading cycles, Tprr and Iprs shall be mamtained for 60 minutes for defonmation
measuranent. The measurement at each of the cycles shall be taken at time mntervals of 1, 3, 6, 10, 20, 30,
40, 50 and 60 mimtes. If the test soil nail can sustain the test load subject to the acceptance criteria given
below, the load shall be reduced to I and the residual defonmation shall be recorded, after which the test shall
procesdto the next loading cycle +

7 In the last loading cycle, the test load shall be increased gradually from Iz straight to the maximm
test load and then mamtained for defonmation measurament. The measwement shall be taken at time
mtervals of 1, 3, 6, 10, 20, 30, 40, 50 and 60 mimies. If the test soil nail can sustain the test load subject to
the acceptance crtena given below, the load shall be reduced to Tz and the residual defonmation shall be
recorded, afterwhich the testis completed.+

3. If the test soil nail fails to sustain Tpr;, Tors, or the maxinmamn test load in ary cyele, the test shall be
tenminated and the soil nail movement against residual load with time shall be recorded. The measuraments
shall be taken at time intervals of 1, 3, 6, 10 and, every 10 minutes thereafter over a peniod for at least two
hours. The measurements shallbe taken for a longer period where considersd necessary +

Acceptance Criteria+'

The test soil nail iz conszidered to be able to sustain the test load if the difference of zoil nail movements at
6 muirutes and 60 minutes does not exceed 2 mum or 0.1 %% of the bondlength of the test soil nail +
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» Deformation

Testing Procedures+

1. The procedures for a creep test are similar to those for a pullout test except that only one loading
cycle is required. Hence, it may be camied out as part of a pullout test. Typical procedures for a pullout
test and the definition of Tz, Tpr; and Tprs are given in Figure 6.3+

2 The test zoil nail shall beloaded from Tz to the creep test load (T:)+

3. The creep test lohd (T7) is defined as the allowable pullout resistance provided by the bond length of
the cement grout sleeve of the test soil nail times the factor of safety against pullout failure at soil-grout
nterface (F5g), which is comesponding to the intenmediate testload Tprs for a pullout test.+

4. The creep period shall be desmed to begin when It is applied. The load shall be maintained for

60 minutes for defonmation measurament. During the creep perod, the measurament shall be taken at time
mtervals of 1,3, 6, 10, 20, 30,40, 30 and 60 minutes +

Acceptance Crteria+
A test soil nail shall be considered acceptable when:+

(2) the difference of soil nail movements at 6 minutes and 60 minutes during the creep period does
not exceed 2 mum or 0.1 % ofthe bondlength ofthe test soil nail, and+

(b} the overall trend of creep rate (e, soi nail movementlog time) is decreasing throughout the
creep perod.+
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