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The Foothills Bypass – from design to construction 
 
N.P. Koor, D. Hadley & J.R. Hart 
Scott Wilson (HK) Ltd 
 
 
 
 
 
 
 
 
 
 
 
 
ABSTRACT: The Foothills Bypass is a dual 2-lane highway on the western side of Tuen Mun in the New 
Territories of Hong Kong. The road is constructed on 1.7 km of embankment along the foothills of Tsing 
Shan and on viaduct at its northern end where it links with a grade separated interchange. The stabilisation of 
a large area of existing instability (Area 19) forms a major and integral part of the works. The bypass 
embankment was incorporated into the stabilisation of Area 19 as a toe weight with additional filling and 
extensive sub-soil drainage also being applied to the slope as part of the stabilisation measures. This paper 
briefly describes; the  design of the Area 19 stabilisation works; the construction works and; the results and 
implications of confirmatory site investigation made during construction. 
 
 
1 INTRODUCTION 
 
The Foothills Bypass is a 2.6 km long, dual 2-lane 
road from Tuen Mun West (near Butterfly Beach) 
connecting to Wong Chu Road (Figure 1). The road 
is constructed on 1.7 km of embankment along the 
foothills of Tsing Shan and 0.9 km on viaduct, 
which takes it over Lung Mun Road to connect into 
Wong Chu Road. Associated with the bypass 
construction is the stabilisation of a large area of 
instability (600 m by 300 m) located within Tuen 
Mun Area 19, up-slope of the proposed bypass. 
Total construction cost for the embankment and 
slope stabilisation works is in the order of 400 
million Hong Kong dollars. 

Area 19 has had a long history of instability both 
geological as described by Langford et al. (1986) 
and, more recent due to borrowing activity in 1977 
as described by Hunt (1982) and Taylor & Hadley 
(2000). At the time of designing the Foothills 
Bypass embankment, it was assumed that the 
landscape along the bypass route south of Area 19 
(Figure 1) did not contain similar geological 
instability as Area 19. However, due to uncertainty 
in this assumption and, the lack of available ground 
investigation at the design stage, a detailed 
confirmatory site investigation programme was 
carried out during the construction phase of the 
project.  This paper briefly describes; the design and 
construction of the Area 19 slope stabilisation works 
and, the results and implications of the confirmatory 
site investigation. 

 
 
 

Figure 1. Foothills Bypass. 
 
2 GEOLOGY, GEOMORPHOLOGY AND 
HYDROGEOLOGY 
 
The geology of the Tsing Shan range area is quite 
varied and this is reflected in its geomorphology 
(Figure 2).  The upper very steep slopes of Tsing 
Shan, which consist of megacrystic fine to medium 
grained granites, dominate the surrounding 
landscape.  Downslope, the granite gives way to a 
distinct set of rounded spurs and associated less 
steep slopes underlain by metasedimentary strata of 
the Tuen Mun Formation, which comprise siltstones, 
quartzites, tuffites and conglomerates. 
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Figure 2. Tsing Shan range looking south-west  
(see Figure 1). 

 
Further downhill, and marked by another change 

in gradient, is the subdued and gently sloping terrain 
of the footslopes, which are underlain by volcanics 
also of the Tuen Mun Formation.  The volcanic 
rocks consist primarily of andesitic lava’s. The 
andesite weathers to a firm to stiff becoming very 
stiff greenish grey slightly clayey silt with closely 
spaced relict joints. The joint surfaces, frequently 
polished/slickensided as a result of previous 
movement and often manganese-coated, are 
generally discontinuous. In addition to the joints, 
continuous (c. 10’s of metres), low angle, through-
going, shear surfaces have been observed in the 
uppermost few metres of the weathered andesite in 
Area 19 both during investigations in the early 
1980’s (Hunt 1982) and during the current 
stabilisation works. These shear surfaces are smooth 
undulating and often highly polished and striated 
and are interpreted as being the surfaces of rupture 
of both recent and relict landslides. The presence of 
such discontinuities within the soil mass has a 
significant effect on its overall behaviour, 
particularly the mass strength. Large areas of the 
gentler lower slopes are covered by Quaternary 
colluvium. 

Groundwater monitoring results indicate that 
groundwater levels within the colluvium and the 
decomposed volcanics vary both seasonally and in 
response to individual rainstorms. Generally, 
however, no large rapid rises in transient 
groundwater levels, in response to individual 
rainstorms, are observed within either the colluvium 
or the underlying volcanics. The responses that do 
occur tend to be over a period of three to seven days 
or longer. Perched groundwater levels often develop 
within the colluvium, particularly during the wet 
season. Vertical ground water flow is generally from 
the colluvium into the decomposed volcanics below.  
Artesian conditions, frequently encountered within 

the footslopes of mountain ranges, have not been 
observed. 

The Foothills Bypass is founded generally on 
colluvium overlying completely decomposed 
andesite along most of the route apart from the 
southern end where it is founded directly onto 
partially weathered granite. 
 
 
3 GEOLOGICAL MODEL RELATING TO 
INSTABILITY IN AREA 19 
 
A geological model based on that proposed by 
Langford et al. (1986) explains the origins of the 
instability in Area 19 and is consistent with 
observations made to date. The model postulates that 
during the Quaternary Period, rapid erosion through 
the colluvium and completely decomposed andesite 
by downcutting streams resulted in landsliding with 
the surfaces of rupture being mainly within the 
partially weathered andesite.  The relict surfaces of 
rupture are very weak and are believed to be at or 
close to residual strength which has been measured 
as low as  = 9 (Taylor & Hadley 2000). It is 
believed that it is these very weak relict surfaces of 
rupture that were reactivated during the borrowing 
activity in 1977. It is likely that such failure planes 
are present within the andesite up to its contact with 
the metasediments. 
 
 
4 AREA 19 SLOPE STABILISATION DESIGN 
 
One of the greatest challenges to the design of the 
slope stabilisation works was the determination of 
representative mass shear strength parameters to use 
in the design. This is covered in detail by Taylor & 
Hadley (2000) and is not repeated here. 

Figure 3. The comparative approach. 
 
The “comparative approach”, which made the 

fundamental assumption that the present slopes are 
metastable, was used as the design tool. This method 
comprised assigning unity to the factor of safety and 
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Figure 4. Sequence of works for 6m deep trench drain installation in Area 19.
 
 
constructing a family of potential slip surfaces 
within the decomposed volcanics in the existing 
ground model in order to determine the 
corresponding shear strength parameters along these 
slip surfaces (Figure 3). The values determined for 
the drained angle of friction () varied from 12 to 
20 and were critically dependent on groundwater 
assumptions.  This range is in general agreement 
with both the back analysed shear strength 
parameters and the results of laboratory testing 

(Taylor & Hadley 2000). The drained cohesion (c) 
was varied between 0 and 2 kPa during this exercise. 
The essence of this approach is that a particular slip 
surface and its corresponding shear strength 
parameters were then inserted into the proposed 
earthworks layout and the resulting factor of safety 
determined (Figure 3). The fundamental benefit 
derived from this approach is the enhancement 
achieved in the design factor of safety. 

The bypass was constructed on a 20 m high fill
 

Figure 5. Construction sequence – Area 19. 
 



Figure 6. Trial trench log with interpretation. 
 
embankment, which forms a toe weight to Area 19 
with filling up-slope at an angle of 11º (Figure 3). 
Sub-surface drainage in the form of 6 m deep 
counter-fort drains at 12 m centres were 
incorporated together with extensive surface 
drainage measures. To monitor the long term 
performance of the slope stabilisation measures, a 
comprehensive network of geotechnical 
instrumentation is being installed and linked to an 
automatic monitoring system which allows real time 
movement and pore pressure to be observed. 
 
 
5 CONSTRUCTION IN AREA 19 
 
Construction of the Foothills Bypass commenced in 
early 1999 and is due for completion in the last 
quarter of 2001. The landslide stabilisation works in 
Area 19 will cost approximately 140 million Hong 
Kong dollars and consist of; removal of about 0.2 
million m

3 
of unsuitable soil from the slope; 

construction of 17 km of 6 m deep trench drains 
(Figure 4); and, the compaction of 1.8 million m

3
 of 

fill to form the embankment toe weight and slope 
filling. The construction phase of the project 

required significant geotechnical monitoring and 
control and therefore a  full time Resident 
Geotechnical Engineer was part of the site 
supervisory team. 

Critical to the success of the slope stabilisation 
and to avoid large-scale slope movements was the 
sequencing of the drainage and earthworks in Area 
19 (Figure 5).  Excavation fronts were limited to 
50 m wide bays to allow trench drain construction 
and filling from the toe up.  This ensured that 
unloading at the toe of the slope was minimised.  It 
also meant that support was removed only over a 
relatively short width thus limiting the size of any 
incipient ground movement into the excavation. As 
the deep trench drain construction (Figure 4) was 
generally in advance of the bulk excavation it had a 
stabilising effect by actively reducing pore pressures 
in the slope and reinforcing the ground ahead of bulk 
excavation. This procedure proved very successful 
and only small-scale containable slope movements 
were triggered during the initial excavation and 
trench drain construction stage. 
 
 
 

 



Figure 7. Aerial photograph re-interpretation. 
 
6 CONFIRMATORY SITE INVESTIGATION 
SOUTH OF AREA 19 
 
Extensive confirmatory ground investigation, not 
possible at the design stage, enabled constant 
refining, and updating of the geological model used 
to develop the geotechnical solution for the bypass 
works. Trial trenching to the south of Area 19 
(Figure 6) combined with geomorphological 
mapping and re-interpretation of aerial photographs 
established that areas of instability and relict 
landslides existed along the embankment route 

(Figure 7). These fossil or relict landslides occur 
within the completely decomposed andesite and 
appear to be of a similar form to those described in 
Area 19. Block samples of completely decomposed 
andesite containing shear surfaces were tested in a 
large shear box and measured field strengths of 
c=0 kPa and = 12 to 19 which are within the 
same range as determined for Area 19 (Taylor & 
Hadley 2000) and close to the mass strength 
parameters used in the “comparative approach”. 

Following this work, the geological model derived 
for the route south of Area 19 was modified to take 



into account the findings of the confirmatory 
investigation and embankment stability was then re-
assessed. The weak shear surfaces within the 
andesite resulted in embankment toe stability having 
less than the required factor of safety and therefore 
embankment redesign was required.  To ensure that 
the progress of the contractor building the bypass 
was not compromised, a “bolt-on” solution of toe 
berms, designed to increase toe stability, were 
adopted along the down-slope side of the 
embankment (Figure 1).  Due to space restrictions 
and the existing topography at one critical section, 
ground improvement in the form of grout columns 
(66 no. of 750 mm diameter 12 m long at 2 m 
centres) constructed using the continuous-flight-
auger technique were required together with a rock 
fill toe berm (Figure 8).  The grout columns enhance 
the shear strength of the completely decomposed 
andesite and disrupt the continuity of any continuous 
weak shear surfaces.  The continuous-flight-auger 
technique was adopted due to; suitable ground 
conditions; speed of construction (a production rate 
of up to 5 per day was achieved); and, the method is 
both quiet and vibration free which was critical due 
to the close proximity of the Tuen Mun Riding 
School. The embankment south of Area 19 is now 
complete including the toe berms and no instability 
has been recorded to date. 

Figure 8. Toe berm with ground improvement. 
 
 
7 CONCLUSIONS 
 
For projects in geologically unstable areas, a sound 
engineering geological model is required for an 
economic and safe design. Adequate ground 
investigation information during design is vital to 
ensure major re-design is not required during 
construction, but ongoing investigation, mapping 
and verification tasks as construction proceeds are 
also essential. An experienced engineering geologist 
or geotechnical engineer, full time on site, thus plays 
an essential role in the success of the construction 
phase of projects in geologically demanding areas. 
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 DOUBLE CORROSION PROTECTION OF LONG SOIL NAILS 

AT DEEP BAY LINK – A CASE HISTORY 
 

 

Nick Koor1 & Anson Cheung
2 

 

 
Abstract: Preliminary soil nails up to 30 m in length were installed at the Deep Bay 

Link project to test the effectiveness of grouting long nails. The nails incorporated a 

double corrosion protection system consisting of a corrugated HDPE sheath. Each 

preliminary nail was successfully tested to two times the design load and several were 

exhumed to inspect the grouted nail section. Grout was seen to have completely filled 

the internal and external void around the corrugated sheath with excellent contact 

between the grout and the surrounding saprolite. Permanent soil nails with double 

corrosion protection up to 28 m long are now being successfully installed at the site. 

 

 

INTRODUCTION 

 Deep Bay Link (Figure 1) is a duel-three lane trunk road providing a strategic link 

between the Hong Kong Shenzhen Western Corridor and the existing Yuen Long Highway. 

Due to its strategic nature the HK$4.0B project has been fast tracked with a construction 

period of 28 months. Gammon Construction Ltd. are the Main Contractor for the northern 

section and construction is currently underway and due to be open to traffic by end-2005. The 

link traverses the broad low lying valley separating Yuen Long and Tuen Mun and is primarily 

supported by a reinforced concrete viaduct except where the road passes through the northern 

extremity of the Tsing Shan Range (Figure 1) in a 40 m deep cut. Soil nails support the cut 

which has up to 60° side slopes and nails up to 28 m long. It is the soil nailed slopes in the 

northern part of the project which are the subject of this paper.  

 

THE SITE 

Topography 

 The northern part of the site through which the road is in cut is characterised by a north 

south trending valley surrounded by rounded granitic hills. The valley bottom is at about 

+40mPD and the surrounding hill slopes have elevations ranging from about +60 to +80mPD 

which slope gently towards the valley at about 30. Ephemeral streams drain into the valley 

from the surrounding hills. The natural terrain is generally sparsely vegetated with small trees 

and shrubs with some areas of gulley erosion where the vegetation is sparse. 

 

Geological Setting 

 The Hong Kong Geological Survey Yuen Long Sheet 6 indicates that the site of the 

major cut is located in an area underlain by regionally metamorphosed fine grained granite. A 

major slip strike shear zone which trends north-east separates the fine grained granite from 

Tuffs and Tuff Breccias of the Tuen Mun Formation about 200 m to the south-east. Zones of 

intense shearing along this shear zone have produced mylonites within both the granite and 

volcanic rocks of the area. Quartz veins and minor quartzphyric rhyolite dykes are also 

                                                 
1
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Figure 1 - Deep Bay Link & associated road transportation routes in Western New 

Territories – Hong Kong 

 

present within the granite. Quaternary superficial deposits occur within the valley floors and 

are generally termed debris flow deposits on the geological sheet but they may be better 

named colluvium. Little colluvium is shown to exist on the granitic side-slopes. 

 

 

CUT SLOPE DESIGN 

Ground Conditions 

 Detailed ground investigation consisting of vertical drillholes, trial pits and laboratory 

testing confirmed that the site is underlain by metamorphosed fine grained granite with little 

or no colluvium being present. The granite is variably weathered with continuous Grade III 

rock as encountered in the drillholes at between 5 and 40m below existing ground levels, the 

shallower being in the base of the valley. Mylonite zones were also encountered in the 

drillholes and later observed in the cut slope face. Groundwater levels range between 0 and 

20m below existing ground levels. 

 

Slope Design 

 Limits set on land-take for the project predicted the adoption of either steep soil nailed 

slopes or some form of vertical retaining structure supporting a cut slope. Due to programme 

and cost considerations it was decided to adopt the steep soil nailed solution (Figure 2) as 
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Figure 2 - Layout of cut slopes at northern end of Deep Bay Link 

 

these would be quicker and cheaper to construct. Soil nailed slopes were designed with slope 

angles of between 50° and 60° incorporating over 2000 soil nails. Slopes up to 40 m high with 

up to five berms have been designed using conventional techniques used in Hong Kong 

(Figure 3). Due to the relatively steep side slopes and conservative design groundwater levels 

adopted, the nails supporting the lower two berms are up to 28 m long and have a design load 

of up to 460kN. The slope design life is 120 years. 

 

 
Figure 3 - Typical section through cut slopes at northern end of Deep Bay Link 

 

Ground Aggressivity 

 In order to assess the potential corrosion of any steel elements installed in the slopes, a 

series of tests were made during the ground investigation to determine ground aggressivity. 

The testing and corrosivity assessment followed the recommendations made by Murray 

(1993). The results of the testing are summarised in Table 1. The results indicate a ranking 

mark of -6 which indicates that the soil condition is likely to be aggressive and therefore 

For Section see Figure 3 

Preliminary Soil Nail 

Installation Zone 



corrosion protection is required. This result agrees with the study reported by Shiu & Cheung 

(2003) where they state that a significant portion of the local (Hong Kong) soils has a high 

corrosion potential. 

 

Table 1 - Aggressivity table 
Item Measured Value Marks 

Soil Composition 

Material containing not more than 75% and 10% of particles 

passing the 63 micron and 2 micron BS sieve sizes 

respectively.  The material passing the 425 micron BS sieve, 

when tested in accordance with BS 1377, have a plasticity 

index less than 6 

0 

Groundwater level at buried 

position 

Soil nail reinforcement will be submerged under design 

groundwater table 
-4 

Resistivity (ohm – cm) 10,000 or more 0 

Moisture Content Average 25.5% -1 

pH Value Average 5.2 -2 

Soluble Sulphate (ppm) Average 105 0 

Cinder and Coke or made ground None 0 

Redox potential Average 417 +2 

Presence of sulphate and hydrogen 

sulphide 
0.09% (None) 0 

Presence of carbonate 0.18% (Trace) 0 

Chloride ion (ppm) 200 -1 

 Total -6 

 

Buildabiltiy and Corrosion Protection 

 Several factors have to be taken into account when designing long soil nails in corrosive 

ground conditions. They are; the buildabiltiy of the nail; what corrosion protection system to 

use and; potential grouting difficulties. These three critical elements need to be considered 

holistically rather than in isolation.  

The high nail design loads require the use of standard 50 mm deformed bars (Fy = 

460N/mm
2
) or smaller diameter (c.36mm) high yield bars such as that manufactured by 

Dywidag or Macalloy (Fy =1080N/mm
2
). Other options such as carbon fiber strands were 

considered, but at the time of design such systems had not been used in Hong Kong and 

therefore the time constraints for Government approval ruled out their use. The pros and cons 

of using the two bar types are at Table 2. Due to the obvious practical difficulties in installing 

28 m long 50 mm deformed bars the high strength bar option was investigated further as 

lead-in times for material ordering and shipment were available within the Contract period. 

 

Table 2 - Pros & cons for different bar options 
Attribute Standard Bar (50 mm) High Strength Bar (36 mm) 

Availability Easily available in Hong Kong Limited number of manufacturers 

Weight Very heavy and difficult to man-handle Much easier to man-handle 

Testing Most laboratories in Hong Kong set-up 

to test 

Difficult to test with modifications 

required to test rigs 

Corrosion Protection Standard zinc protection Zinc protection not recommended – use 

other methods such as plastic sheaths 

Quality Control Variable depending on source Very good quality 

Lead-in Time Short Long – three months or more 

   

At the time of designing the nails there was no real guidance in Hong Kong on what 

corrosion protection measures are applicable to soil nails for different ground conditions. 

From the test results it was considered that the steel needed full corrosion protection. 

Concerns regarding the potential for hydrogen embrittlement of high strength steel elements 



which have been zinc coated, Arup (2003), meant that an alternative to standard zinc coating 

was required. Options such as heat shrunk plastic or epoxy coatings to the bars were 

considered, but finally a double corrosion system was adopted consisting of a HDPE 

corrugated full length sheath which surrounds the bar and is filled with grout in lieu of the 

zinc coating. Manufactures of the high strength steel provide such double corrosion systems 

which compliment their range of bar sizes and include couplers, spacers and end cap with 

integral grouting tube. The Main Contractor opted for the Dywidag-Systems International 

double corrosion protection system (Plate 1). This consists of a 100 mm diameter sheath with 

end cap for the 36 mm diameter high strength bar to be installed into a 150 mm diameter hole. 

 

 
Plate 1 - Dywidag-Systems International soil nail double corrosion protection system 
 

 In order to address the constructability and grouting issues relevant to such long nails, 

eight preliminary soil nails up to 30 m long were installed at the site, load tested to two times 

the design load and exhumed for inspection. It is believed that at the time of writing that these 

soil nails are the longest installed with a double corrosion protection system in Hong Kong. 

 

PRELIMINARY SOIL NAILS 

Installation 

 The eight nails were installed at a location (Figure 2) which would later be within the 

bulk excavation for the cut slope formation so that there was; an opportunity to expose the 

nails after testing; inspect the grouting and the grout/soil contact; and take samples to be saw 

cut so that the full nail cross-section could be visually inspected. The preliminary nails also 

gave the Contractor an opportunity to test different installation sequences and systems. 

Preliminary nail details are summarised in Table 3. Initially the soil nail hole was designed to 

be 150 mm in diameter. However, due to difficulties in keeping the alignment of the hole 

straight for such long nails the sheath and steel bar could not be fully installed. The hole 

diameter was increased to 165 mm and installation become easy taking less than half and hour. 

Internal and external packers were used to isolate the test length and the nails were grouted 

using standard grouting equipment with the annulus between sheath and soil being grouted 

prior to the internal void. The sequence for the construction of the soil nails with double 

corrosion is at Figure 4. 

 

Pull out Test Results 

Each preliminary nail was tested to two times the design load using standard testing 

equipment. All the preliminary nails passed the pull-out tests, the results are at Table 3.  
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Figure 4 - Installation sequence of soil nail with double corrosion protection system 
 

Table 3 - Preliminary nail details and results of pull-out tests 

Soil 

Nail 

No. 

Dywidag 

Bar Size 

(mm) 

Nail 

Diameter 

(mm) 

Bar 

Length 

(m) 

Bond 

Length 

(m) 

Effective 
in situ 

Vertical 

Stress 
(kN/m3) 

Test 

Load 

(kN) 

Max 

Shear – 
Soil/Grout 

(kN/m2) 

Measured 

Residual 
Movement 

(mm) 

Measured 

Maximum  
Movement 

(mm) 

Allowable 

Residual 
Movement 

(mm) 

PT1 36 165 20 2.0 189.7 95 92 1.42 8.0 6.0 

PT2 36 165 25 2.0 217.1 100 96 2.56 11.9 6.0 

PT3 36 165 20 4.0 175.2 205 99 4.80 15.3 12.0 

PT4 36 165 25 4.0 181.8 240 116 4.43 21.8 12.0 

PT5 36 165 20 6.0 100.8 210 68 4.77 13.3 18.0 

PT6 36 165 25 6.0 114.4 235 76 2.41 12.2 18.0 

PT7 36 165 30 6.0 134.5 225 72 2.32 21.1 18.0 

PT8 36 165 30 8.0 109.8 280 68 1.61 27.8 24.0 

 

Nail Inspection 

 Once tested, three of the longest nails were carefully excavated (Plate 2) to allow close 

inspection of the nail and to facilitate sampling. Samples were also taken from the exposed 

grouted sections and saw cut (Plate 3). Several observations were made: 

(1) The grout was continuous over the bond length (Plate 4) with no signs of voids 

apart from close to the packer. 

(2) Some grout escaped past the external packer (up to 2 m) which generally formed a 

coating around the drillhole surface with a void between the grout and the sheath. 

(3) Nail PT6 showed signs of crown collapse in the drillhole. The grout within the 

over-break contained inclusions of soil. 

(4) The grouted diameter measured on nail PT6 ranged from 165 to 180 mm. 

(5) The grout over the bonded length had excellent contact with the ground (Plate 4). 

(6) The nails deviated from the design inclination of 10° to the horizontal by up to 10° 

for the 30 m long nail PT8. 

 

Stage 1 Stage 2 Stage 3 



(7) The saw cut sections revealed continuous sound grout in both the internal and 

external annuli (Plate 5). 

(8) The corrugated sheath tended to float during the grouting of the outside annulus 

however the steel bar remained central (Plate 5). 

 

The installation, testing and exhumation of the preliminary piles demonstrated that the 

corrugated sheath and steel bar could successfully be installed to up to 30 m and that the nails 

could be fully grouted to their distal end. This gave the designer and Contractor confidence to 

proceed with the permanent works installation. 

 

Plate 2 - Preliminary soil nail Plate 3 - Preliminary soil nail 

 being exposed   being saw cut 

 

Plate 4 - Exposed preliminary soil nail Plate 5 - Section through grouted 

     preliminary soil nail 

 

 

PERMANENT NAIL CONSTRUCTION 

 At the time of writing approximately 430 nails with double corrosion protection between 

24 and 28 m long have been successfully installed at Deep Bay Link (Plate 6). Initial 

difficulties were experienced using standard Hong Kong soil nail grouting equipment. The 

Contractor was not able to fully grout these long nails and there was leakage from the outside 

annulus into the central annulus. The Contractor has modified his grouting procedure by using 

slightly larger diameter grout pipes (increased ID from 13 to 17mm), utilizing a pressure grout 

pump (HD Engineering Ltd GP60) and simultaneously grouting both annuli. On average each 

28 m long nail takes about 3 hours to drill in saprolite, 15 to 20 minutes to install the 
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corrugated sheath and steel bar and 15 minutes to grout. 

 

 
Plate 6 - General view of 40m high cut slope at northern end of Deep Bay Link during 

soil nail installation (March 2005) 

 

 

DISCUSSION & RECOMMENDATIONS 

 The preliminary soil nail installation programme at Deep Bay Link demonstrates that 

nails up to 30 m long can be successfully installed and grouted using off-the-shelf double 

corrosion protection systems. As successful installation is very much contractor and ground 

condition dependent it is recommended that similar trials as these are made on projects where 

long nails are required. Zinc coating high strength steel is not recommended due to the 

possibility of hydrogen embrittlement. Grouting the annuli should be carried out 

simultaneously to avoid sheath floatation and possible grout leakage from the outer to inner 

annulus or vice-versa. For such long nails it is more efficient to use pressure grouting pumps 

with larger smooth bore grouting pipes than normal to ensure a continuous grouting process. 

Care should be taken when specifying nail diameters for long nails with double corrosion 

systems and designers should allow at least 30 to 40mm clearance between the sheath and the 

drillhole wall to allow for installation difficulties. The maximum drillhole deviation of 10° 
measured for the 30 m nail affects the horizontal nail capacity by less than 5% and is therefore 

considered not to be a concern bearing in mind the conservative design methodologies 

adopted in Hong Kong. Shiu and Cheung (2003) observation that many soils in Hong Kong 

are aggressive is supported and the authors recommend that the use of carbon fiber soil nail 

strands be further developed for Hong Kong conditions. 
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Geotechnical construction risk management at the Foothills Bypass Project 
– Hong Kong  
 
Nicholas P Koor 
School of Earth and Environmental Sciences - University of Portsmouth 
 
Abstract: The Foothills Bypass is a dual 2-lane highway on the western side of Tuen Mun in the New Territories of Hong Kong. The 
road is constructed on 1.7 km of embankment along the foothills of Tsing Shan and on viaduct at its northern end where it links with a 
grade separated interchange. The stabilisation of a large area of existing instability (Area 19) formed a major and integral part of the 
works. Stabilisation included, staged excavation, deep trench drain installation, and filling works. Geological hazards that represented a 
risk to construction and long term performance of the project were; high pore pressures; low strength relict shear zones (��r = 9˚); and 
collapse features. These geotechnical risks were managed by ensuring that the appropriate staff were engaged on site in combination 
with effective communication between site staff, the design team and the contractor. A key risk management tool was the continuous 
development of the conceptual ground model through all stages of the project. 
 
1  BACKGROUND 
 
1.1  Scope 
 
The management of geotechnical risk and the benefits that a proper risk management framework can bring to a project are 
unquestioned by most ground engineering professionals (geologists, engineering geologists and geotechnical engineers). Geotechnical 
risk management frameworks embedded in the over-all project risk management strategy and the use of geotechnical risk registers 
during a Civil or Building Engineering project are seen as positive moves in the construction industry. These bring benefit to the 
construction team in terms of reduced design and construction risk, and to the Client in an overall reduction in financial risk.  

This paper describes; the geological hazards identified at the Foothills Bypass project; the construction and long term risks 
associated with these hazards; and the geotechnical risk management strategy adopted during the construction process to mitigate and 
manage these risks. Key to the risk management strategy was the continuous refinement of the conceptual ground model by an 
experienced site team. A brief case history which demonstrates this important risk management tool is also presented in this paper. 
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Fig. 1. Foothills Bypass & Wong Chu Road layout with connection to Tuen Mun Highway 

 
1.2   The project 
 
The Foothills Bypass (now Lung Fu Road) is a 2.6 km long, dual 2-lane highway connecting Tuen Mun West (near Butterfly Beach) to 
the Tuen Mun Highway via Wong Chu Road (Figure 1). The road is constructed on 1.7 km of embankment along the foothills of Tsing 
Shan and 0.9 km on viaduct, which takes it over Lung Mun Road to connect into Wong Chu Road and the Tuen Mun Highway. 
Associated with the bypass construction was the stabilisation of a large area of relict instability (600 m by 300 m) located within Tuen 
Mun Area 19, up-slope of the proposed bypass. Scott Wilson Ltd. was commissioned in 1995 by the Territory Development 
Department (now the Civil Engineering and Development Department) of the Hong Kong SAR Government to investigate, design and 
supervise the construction of the Foothills Bypass. Construction commenced in October 1998 and was substantially complete in 
October 2001. The Main Contractor for the project was Gammon Construction Ltd. and the total construction cost for the road 
embankment and slope stabilisation works was in the order of HK$400M (US$50M).  

Area 19 has had a long history of instability; geological (Langford et al. 1986); and recent due to borrowing activity in 1977 (Hunt 
1982; Taylor & Hadley 2000). The instability triggered in 1977 was active through the 1980s and 1990s causing ongoing maintenance 
and stability issues for various Government Departments and effectively sterilising the land at the toe of the slope. The design and 
construction of the bypass incorporating the stabilisation of Area 19 is described by Koor et al. (2001) and Thorn and Koor (2002). 
During the design process significant geological hazards were identified which if not properly managed, could have resulted in 
potential loss of life during construction, disruption to the construction process, dramatically increased construction costs and, 
increased long term maintenance costs. 
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1.3   Conceptual Ground Model 
 
Fundamental to any geotechnical risk management strategy is the identification of all possible design and construction geohazards. 
This relies on experienced ground engineering professionals working as a team to initially identify as many of the hazards as possible 
and then to translate these into potential risks to the project. To ensure that all the major hazard elements are identified, a well 
constrained conceptual ground model as described by Fookes (1997) must be constructed. For the conceptual ground model to be a 
useful tool throughout the design life of the project it must evolve as more ground is exposed, especially during construction. This 
ensures that appropriate design and construction solutions can be applied to problems as they arise using the best model available. The 
model should be used throughout the design life of the project to aid the interpretation of any ground related defects and updated as 
these are investigated and remediated. This evolution of the geological model during all phases of the project, especially during 
construction when more ground information is exposed than at any other time, proved an invaluable tool in managing geotechnical risk 
for the Foothills Bypass project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2.  Geomorphology and general geology of the foothills of Tsing Shan 

 
The geology of the Tsing Shan range is varied and this is reflected in its geomorphology (Figure 2).  The upper very steep slopes of 

Tsing Shan, which consist of megacrystic fine to medium grained granites, dominate the surrounding landscape. Down slope, the 
granite gives way to a distinct set of rounded spurs and associated less steep slopes underlain by metasedimentary strata of the Tuen 
Mun Formation, which comprise siltstones, quartzites, tuffites and conglomerates.  

Downhill, and marked by another change in gradient, is the subdued and gently sloping terrain of the footslopes, which are 
underlain by volcanics also of the Tuen Mun Formation.  The volcanic rocks consist primarily of andesitic lava’s. The andesite 
weathers to a firm to stiff becoming very stiff greenish grey slightly clayey silt with closely spaced relict joints. The joint surfaces, 
frequently polished/slickensided as a result of previous movement and often manganese-coated, are generally discontinuous. In 
addition to the joints, continuous (c. 10s of metres), low angle, through-going, shear surfaces are present in the uppermost few metres 
of the weathered andesite in Area 19 (Figure 3). These were noted during investigations in the early 1980s (Hunt, 1982) and during the 
more recent stabilisation works. These shear surfaces are smooth undulating and often highly polished and striated and are interpreted 
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as being the surfaces of rupture of both recent and relict landslides. The presence of such discontinuities within the soil mass has a 
significant effect on its overall behaviour, particularly the mass strength.  

Large areas of the gentler lower slopes are covered by large tracts of Quaternary colluvium containing a high proportion of granite 
clasts (Figure 3). Both older, weathered and locally cemented colluvium and a younger looser colluvium are identifiable. These 
materials appear to have found their way onto the foot-slopes by both debris flow and less intense transportation processes such as hill 
creep. A hazard assessment conducted in 1996 identified that large-scale debris flows emanating from Castle Peak could be anticipated 
during the design life of the road and these would probably traverse the proposed route (SWK, 1996; Hadley et al. 1998).  

 

Fig. 3.  Relict shear surface in completely decomposed andesite exposed during Area 19 stabilisation works in 1998 
 
Groundwater levels within the colluvium and the decomposed volcanics vary both seasonally and in response to individual 

rainstorms. Generally, however, no large rapid rises in transient groundwater levels, in response to individual rainstorms, are observed 
within either the colluvium or the underlying volcanics. The responses that do occur tend to be over a period of three to seven days or 
longer. Perched groundwater conditions often develop within the colluvium, particularly during the wet season. Vertical ground water 
flow is generally from the colluvium into the decomposed volcanics below.  Artesian conditions, frequently encountered within the 
footslopes of mountain ranges, were not been observed although several spring or seepage lines in Area 19 and further south were 
encountered during construction  but these were related to topographic controls rather than artesian conditions. 

The Foothills Bypass is founded generally on colluvium overlying partially weathered andesite along most of the route apart from 
the southern end where it is founded directly onto partially weathered granite. 

A geological model based on that proposed by Langford et al. (1986) explains the origins of the instability in Area 19 and is 
consistent with observations made during construction. The model postulates that during the Quaternary Period, rapid erosion by 
down-cutting streams through the colluvium and completely decomposed andesite resulted in landsliding with the surfaces of rupture 
being mainly within the partially weathered andesite.  The relict surfaces of rupture are very weak and are believed to be at or close to 
residual strength which has been measured as low as ϕr′ = 9° (Taylor & Hadley 2000; Koor et al. 2000). It is believed that it is these 
very weak relict surfaces of rupture that were reactivated during the borrowing activity in 1977. It was considered likely at the design 
stage that such failure planes were present throughout the partially weathered andesite up to its contact with the meta-sediments. 

 RELICT SHEAR 
SURFACE 

Colluvium 
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1.4  Construction in Area 19 
 
The bypass was constructed on a fill embankment up to 20 m high, which forms a toe weight to Area 19 with filling up-slope at an 
angle of 11º. Sub-surface drainage in the form of 6 m deep counter-fort drains at 12 m centres were incorporated together with 
extensive surface drainage measures (Figure 4). To monitor the long term performance of the slope stabilisation measures, a 
comprehensive network of geotechnical instrumentation was installed and linked to an automatic system which allows real time 
movement; pore pressure and rain fall monitoring.  
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Fig.4. Typical section through the stabilisation works in Area 19 
 
The landslide stabilisation works in Area 19 involved the removal of about 0.2 million m3 of soil from the slope; construction of 

17 km of 6 m deep trench drains (Figure 4); and the compaction of 1.8 million m3 of fill to form the embankment toe weight. The cost 
of these stabilisation works were approximately HK$140M (US$17.5M). Critical to the success of the slope stabilisation and to avoid 
large-scale slope movements in Area 19 was the sequencing of the drainage and earthworks (Figure 5). 

 

 
2  GEOTECHNICAL HAZARD AND RISK MANAGEMENT FOR THE FOOTHILLS BYPASS PROJECT 
 
2.1  Risk management in Hong Kong 
 
It was not until the publication of the Environmental, Transport and Works Bureau Technical Circular (Works) (ETWBTCW) No 
6/2005 – Implementation of Systematic Risk Management in Public Works Project’s in 2005 that risk management strategies became 
common practice in Hong Kong for Public Works Projects. However, the fundamental premise of reducing risk by the adoption of best 
practice in investigation and design, good communication and an integrated team approach (Clayton 2001), is the basis of any good 
geotechnical design and practice. This framework is embedded in the work practices of major Consultants and Contractors in Hong 
Kong, which, together with appropriate Quality Management Systems, ensures that geotechnical risks are minimised even without a 
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formal risk management strategy. So, although a formalised geotechnical risk management strategy was not in-place for the Foothills 
Bypass project, the risks were effectively managed through sound engineering practice. 

 
2.2. Main Geotechnical Risks 
 
The main geotechnical hazards and their consequences identified at the detailed design stage are listed in Table 1. 
 

Fig. 5. Construction sequence in Area 19 to prevent large scale instability during bulk excavation, trench drain installation and filling 
works. 
 

The major hazards to the permanent works posed by; weak relict shear surfaces within the completely decomposed andesite in Area 
19; high pore pressures in Area 19 and; long run-out debris flows, were identified and taken into account at the detailed design stage. 
They are described in detail by Hadley et al. (1997), Taylor and Hadley (2000) and Thorn and Koor (2002).  
 
 
2.3  Geotechnical risk management during construction 
 
At an early stage in the project it was identified by both the Consultant and the Client that given the geological and geotechnical 
complexity at the site the key personnel representing the Consultant and Contractor must be full time on site to ensure that the 
geotechnical risks were properly managed. Therefore a full time Resident Geotechnical Engineer (RGE) responsible for the 
supervision of all the geotechnical works for the project was provided by the Consultant. The Contractor was also required, through the 
Contract, to provide a full time Geotechnical Engineer to work closely with the RGE. Due to the complex geology at the site, the RGE 
selected was an experienced Engineering Geologist. This appointment was seen as critical to the success of the project.  

Geological hazards that could not be properly constrained during the detailed design stage included: 
(a) The presence of relict shear surfaces in the completely decomposed andesite south of Area 19 
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(b) The presence of collapse features within the completely decomposed andesite 
Geotechnical hazards which had to be managed during construction included: 

(i) Large scale instability triggered during construction in Area 19 
(ii) Collapse of deep trench drains 

 
 

Table 1. Major geotechnical hazards identified for the Foothills Bypass project 
 

Major Hazard Event Consequence 

Relict weak shear surfaces 
within completely 
decomposed andesite in 
Area 19 and further south 

1. Area 19 earthworks and 
embankment instability  

1. Potential loss of life and long term maintenance issues. 
 

2. Large scale instability triggered 
during construction 

2. Potential loss of life and major construction disruption – 
land issues if failure extends beyond site limits 

3. Deep trench drain collapse during 
construction 3. Potential loss of life - construction disruption 

High ground water levels 
in Area 19 and further 
south 

1. Pore pressures higher than design 
values in Area 19 triggering 
movement 

1.Increased maintenance cost 

2. Seepage lines not identified 
during construction 

2. Internal erosion of earthworks leading to embankment 
collapse – potential loss of life - maintenance costs 

3. Flooding of excavations 
especially deep trench drains 

3. Deep trench drain collapse – potential loss of life – 
construction disruption 

Long run-out debris flows 
and floods 

1. Debris flow damage to Area 19 
earthworks 

1. Blocking of drainage and erosion of earthworks leading to 
slope failures – increased maintenance costs. 

2. Debris flow impacts road 
embankment 

2. Flow overrides embankment impacting traffic – possible 
loss of life 

Collapse features - 
completely decomposed 
andesite 

1. Undermining of road 
embankment leading to collapse 
(sudden or slow moving) 

1. Road collapse – potential loss of life and maintenance 
costs 

 
To manage these hazards and the associated risks to the project, certain management and technical constraints were incorporated 

into the construction stage of the project as detailed in Table 2. This sets out the risk management strategy for the geotechnical 
elements of the work. 

 
 
3  CASE HISTORY – EMBANKMENT STABILITY SOUTH OF AREA 19 
 
Extensive confirmatory ground investigation, not possible at the design stage, enabled constant refining, and updating of the geological 
model used to develop the geotechnical solution for the bypass works. Trial trenching to the south of Area 19 (Figure 6) combined with 
geomorphological mapping and re-interpretation of aerial photographs established that areas of instability and relict landslides existed 
along the embankment route. These relict landslides occur within the completely decomposed andesite and appear to be of a similar 
form to those described in Area 19. Block samples of completely decomposed andesite containing shear surfaces were tested in a large 
shear box and measured field strengths of c′=0 kPa and ϕ′= 12 to 19°, which are within the same range as determined for Area 19 
(Taylor & Hadley 2000) and close to the mass strength parameters used in the slope stabilisation permanent works design. 

Following this work, the geological model derived for the route south of Area 19 was modified to take into account the findings of 
the confirmatory investigation and embankment stability was then re-assessed. The weak shear surfaces within the andesite resulted in 
embankment toe stability having less than the required factor of safety and therefore embankment redesign was required.  To ensure 
that the progress of the contractor was not compromised, a “bolt-on” solution of toe berms, designed to increase toe stability, was 
adopted along the down-slope side of the embankment (Figure 1).  Due to space restrictions and the existing topography at one critical 
section, ground improvement in the form of grout columns (66 columns of 750 mm diameter, 12 m long and at 2 m centres) 
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constructed using the continuous-flight-auger technique, were required together with a rock fill toe berm.  The grout columns enhance 
the shear strength of the completely decomposed andesite and disrupt the continuity of any continuous weak shear surfaces. 
 
Table 2. Management of major hazards for the Foothills Bypass project 
 

Major Hazard Management of Risk Outcome 

Relict weak shear 
surfaces within 
completely 
decomposed andesite 
south of Area 19 

1. Construction phase site investigation 
comprising; re-interpretation of aerial photographs; 
geomorphological mapping after initial site 
clearance; focussed ground investigation consisting 
of deep trial trenches; and laboratory testing of 
large block samples. 

1. Identification of relict shear surfaces associated 
with landslides within the completely decomposed 
andesite in the embankment foundation. Shear 
surfaces had strengths as low as c' = 0 kN/m2 and 
�' = 12º. 

2. Refinement of geological and geotechnical 
model. Analysis of embankment stability with the 
inclusion of low strength shear surfaces. 

2. Where the colluvium was less than 5m thick the 
factor of safety against basal embankment failure 
was less than the required 1.4. 

3. Redesign of embankment to take into account 
low strength foundation and to minimise the 
disruption to the construction process. 

3. “Bolt-on” solution of toe berms designed to 
increase embankment toe stability. At one critical 
section, ground improvement required together 
with a rock fill toe berm. 

Large scale instability 
in Area 19 triggered 
during construction 
possibly extending 
beyond site limits 

1. Detailed construction method statement 
developed by Contractor for Area 19 construction 
with close collaboration with RGE. Excavation 
fronts limited to 50 m wide bays (Figure 5) to 
allow trench drain construction and filling from the 
toe up. 

1. Methodology ensured that; unloading at the toe 
of the slope was minimised; support removed only 
over a relatively short width thus limiting the size 
of any incipient ground movement into the 
excavation; deep trench drain construction in 
advance of the bulk excavation had a stabilising 
effect by actively reducing pore pressures in the 
slope and reinforcing the ground ahead of bulk 
excavation.  

2. Ground movement and real time ground water 
monitoring by contractor incorporated into the 
construction methodology. 

2. Only small-scale containable slope movements 
were triggered during the excavation and trench 
drain construction stages. Ground water 
monitoring indicated substantial lowering of pore 
pressures within the andesite and colluvium 
achieved. 

3. Detailed mapping carried out by RGE during 
construction in Area 19, with the results fed back 
into the geological model. 

3. Mapping confirmed original geological and 
geotechnical model for Area 19 was correct. No 
design amendments required for Area 19 
stabilisation works. 

Deep trench drain 
collapse during 
construction in 
Area 19 

1. Detailed construction method statement 
developed by Contractor for trench drain 
construction with close collaboration with RGE. 
Trench box system adopted. 

1. Trench boxes used to support sides to allow 
access for sub-soil drain installation and drainage 
filter compaction. No reportable injuries made. 

2. Ground movement and groundwater monitoring 
in association with over-all construction in Area 19 

2. Localised movement into supported trench – 
movement initiated along sub-vertical relict joint 
sets in the completely decomposed andesite.  

Collapse features - 
completely 
decomposed andesite 

1. Construction phase re-interpretation of aerial 
photographs and detailed geomorphological 
mapping after initial site clearance. 

1. No evidence of closed circular depressions 
found during mapping. These depressions could be 
interpreted as backfilled ponds used for cultivation 
– still a possible hazard but road embankment 
design utilised a geotextile mat to span soft spots . 

 
4  CONCLUDING REMARKS 
 
The Foothills Bypass project was geotechnically challenging. A key to the successful completion of the project was a comprehensive 
risk mitigation strategy. The key elements of this strategy were: 

� Suitably qualified staff resident on site throughout the construction period to supervise the geotechnical elements of the 
project. 

� Positive communication between the design and construction team with frequent site visits made by senior members of the 
design team. 
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� Close and co-operative working relationship between the Consultants’ and Contractors’ geotechnical teams to ensure 
properly designed and detailed method statements and temporary works. 

� Continuous refinement of the conceptual ground model throughout the construction phase of the project. 
 
This last point proved to be an invaluable tool during the design and construction phases of the project in mitigating geotechnical 

risk. Slope deformation and ground water monitoring in Area 19 after construction was complete, was fed back into the ground model 
which is effectively maintained and updated through periodic Engineers maintenance inspections.  

The role of the Geotechnical Engineering Office (GEO) of the Hong Kong SAR should not be underestimated in the process of 
geotechnical risk management and reduction in Hong Kong. The ETWBTCW No.29/2002 - Geotechnical Control for Slopes and 
Retaining Walls sets out the policy and procedures on geotechnical control for man-made slopes and retaining walls in Government 
projects undertaken by Works Departments or their Consultants. The details of all permanent geotechnical works for man-made slopes  

 
 

Fig. 6. Trial trench log south of Area 19 – sheared raft of completely decomposed andesite landslide debris overlying granular 
colluvium 

 
and retaining walls are required to be submitted to GEO for checking at the; project planning stage; detailed design stage; 

construction stage and; at project completion. This process ensures that geological and geotechnical advice and reviews are made by 
highly experienced professionals through the investigation, design and construction stages of any project. As such the GEO become an 
important member of the risk management process, although the design responsibility and therefore the design risk is firmly and quite 
rightly the Consultants responsibility. It is the opinion of the author that this process represents an excellent tool for ensuring that major 
geological hazards are not missed and that design strategies are fit to cope with these risks because of highly complex ground 
conditions in Hong Kong, and often accelerated design and construction process (super fast-track projects) becoming more and more 
common. The GEO has similar roles in; the geotechnical control of tunnels (ETWBTCW No. 15/2005) and foundation designs in areas 
underlain by cavernous marble (ETWBTCW No. 04/2004). 
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