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1. INTRODUCTION

This report describes geotechnical studies carried out by Shaw Urquhart Pty Ltd at the

site of a landslide on Coast Road, approximately 1km south of Lennox Head. At this

location, Coast Road, the main transport route between Lennox Head and Ballina, is

located on a fill embankment which carries the two-lane road over a broad embayment

in the hillside. The embankment is around 200m long and rises to approximately 7m

above the natural ground level. It is understood to have been constructed around

1971, with a footpath berm added in 1995-1996.

In January 2011, a 40m-long section of the north eastern (down-slope) side of the

embankment experienced a landslide, and a further 50m of tension cracking extended

north westerly along the Coast Road shoulder. The landslide occurred progressively

over a number of days and resulted in an approximately 4m-high slip scarp in the

edge of the south-bound carriage-way. The south bound lane was closed to traffic and

remains closed at the time of preparing this report.

It is understood that the embankment has been subject to creep and on-going minor

pavement cracking since 2005.

Shaw:Urquhart was commissioned by Council to carry out geotechnical studies to

assess local subsurface and geological conditions, identify the failure mechanism and

extent of the failure and formulate options for stabilisation and remediation of the

road embankment.

2. FIELD WORK

Field work for the geotechnical studies consisted of the following elements:

 At the request of Council, an initial visit to the site was carried out by a

Geotechnical Engineer from our Brisbane office (Dr. Philip Shaw) on the

morning of 7 January 2011. Discussions were held with Paul Busmanis, Greg

Heathwood and Max Beecher of Council regarding clearing of vegetation and

survey work to assist with identifying the extent of the landslide and

providing slope geometry for use in slope stability analyses.

 Subsequent to clearing of the vegetation along survey lines and around the

perimeter of the landslip, an Engineering Geologist from our Brisbane office

visited the site on 12 January 2011 to map the site features and local surface

geology and to assess site access for subsurface investigations.

 Eight test pits were excavated at selected locations on 1 February 2011 and a

further single test pit (TP3A) was excavated and test pit TP7 deepened on 8

March 2011. The test pits were excavated in the full time presence of an

Engineering Geologist who was responsible for locating the test pits, preparing

field logs of the soil profiles encountered and retrieving representative soil



10644/1-C 2

14 July 2011

samples as required. Test pit locations, with the exception of test pit TP8, were

pegged and surveyed by Council.

 Four boreholes were drilled to depths of between 12.75m (borehole BH1) and

15.75m (borehole BH4) between 3 February 2011 and 10 February 2011. The

boreholes were all located on the pedestrian access path which runs along the

central part the north-eastern embankment batter. Boreholes BH1 and BH2

were located within the landslide area, borehole BH3 was located approximately

10m north-west of the landslide and borehole BH4 was located approximately

60m north-west of the landslide.

 The boreholes were drilled in the full time presence of a Geotechnician who was

responsible for locating the boreholes, nominating and directing sampling and

testing and preparing field logs of the soil profiles encountered. Boreholes were

drilled using auger techniques until an obstruction or increased resistance was

encountered. The boreholes were then deepened using diamond coring

techniques. The borehole locations were pegged and surveyed by Council.

3 SITE CONDITIONS

3.1 Surface Conditions

The site is located approximately 1km to the south east of Lennox Head where Coast

Road crosses a gently-curved fill embankment which carries the two-lane road over a

broad embayment in the hillside.

To the south west of the embankment, natural hill slopes rise steeply to the crest of a

prominent escarpment. At the base of these slopes, the ground levels out to fall at

around 10˚ to the north east, under the road embankment and towards the nearby

coastline.

The height of the crest of the embankment above natural ground is typically around

7m at the south eastern end and 5m towards the north western end. The

embankment profiles at selected locations are shown on the survey cross-sections

presented in Appendix D. From these survey cross-sections it appears that the down-

slope, north eastwards-facing batter was formed at around 30˚ to 45˚, steeper

towards the south eastern end. The batter has a stepped profile, with a 3m-wide

berm forming a pedestrian access pathway. In the area of the landslide, it appears

that around 1m to 1.5m of fill has been placed on the ground to the north east of the

embankment for a distance of around 10m to 12m from the toe of the road

embankment.

The batter on the up-slope side of the embankment is typically around 2m high and

formed at around 30˚. The embankment cuts off the natural drainage paths from the

adjacent hill slopes and an unlined drain runs along the up-slope side of the

embankment to collect surface water flow and channel it into a stormwater pipe

crossing under the embankment towards its north western end.
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Vegetation cover on the road embankment batters is grass, with long cane grass on

the filled area to the north east of the road embankment and areas of scrub and low

trees.

The landslide is around 40m in length and occurred towards the south eastern end of

the embankment. The rear scarp of the failure, located adjacent to the edge of the

south-bound road seal, is approximately semi-circular with a central straight section

and, at the time of the investigations, was approximately 3.8m in vertical height at its

highest point. The ground level at the base of the scarp, on the pedestrian pathway,

appears to have dropped by between 1m and 2.2m and “before and after” survey

cross-sections provided by Council indicate that the toe of the embankment has moved

down-slope by around 6m to 7m.

A number of large, open ground cracks were noted within the failure zone, resulting in

terracing of a section of the rear scarp on the north western end and, what appears to

be rotated soil masses, in the central area of the landslide.

3.2 Local Geology and Subsurface Conditions

According to the published geology map of the area (1:100,000 scale “Lismore” sheet),

the site is underlain by weathered volcanic rocks of the Tertiary Lismore Basalt. This was

confirmed by site observations.

Generally, the site is underlain by varying thickness of embankment fill underlain by

natural colluvial soils.

The embankment fill consists predominantly of red brown, silty clay with varying

amounts of gravel. Other soils types present include but may not be limited to clayey

gravel, clay/gravel/cobble layers and sand.

The natural soils present on site consist predominantly of silty clay and silty gravelly clay,

varying in colour from dark grey to blue grey and grey brown, with red brown and orange

mottling. The natural clay soils are generally blocky and friable to varying degrees.

Layers containing basalt gravel, cobbles and occasional boulders are present. These soils

are interpreted to be colluvium and/or hillwash, derived from the down-slope movement

of soils from the nearby raised escarpment.

The subsurface conditions encountered in each borehole and test pit are summarised in

Table 1.
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TABLE 1: SUMMARY OF SUBSURFACE CONDITIONS

Generalised Soil Profile

FILL Silty

CLAY/Clayey

SILT

SAND,

Clayey SAND

Gravelly

CLAY/Clayey

GRAVEL

GRAVEL,

COBBLES,

BOULDERS

Test Location

Depth (m)

BH1 0.0-4.4 4.4-5.0, 8.6-

10.4, 10.85-

12.2

-- 5.0-8.6 10.4-10.85,

12.2-12.75

BH2 0.0-4.0 4.0-13.9 -- -- 13.9-15.0,

15.0-15.6

BH3 0.0-2.9 2.9-3.3, 5.0-

6.5, 7.0-

12.5, 13.0-

14.15

3.3-4.4 4.4-5.0, 6.5-

7.0,

12.5-13.0

BH4 0.0-1.6 1.6-2.5, 4.0-

10.55, 13.8-

14.6

11.0-13.5 2.5-4.0,

14.8-15.4

10.55-11.0,

13.5-13.8,

14.6-14.8,

15.4-15.75

TP1 0.0-2.0 2.0-4.1 -- -- --

TP2 0.0-0.8 0.8-3.0 -- -- --

TP3 0.0-2.1 2.1-4.2 -- -- --

TP3A 0.0-1.8 1.8-5.7, 6.3-

6.4

-- -- 5.7-6.3

TP4 0.0-1.3 1.3-2.0 -- -- --

TP5 0.0-1.8 1.8-4.1 -- -- --

TP6 0.0-1.0 1.0-3.2 -- -- --

TP7 0.0-4.1 4.1-6.0 -- -- --

TP8 0.0-1.0 1.0-2.5 -- -- --

Engineering logs of the boreholes and test pits are presented in Appendix A along with

explanation sheets describing the terms and symbols used. Borehole and test pit

locations are shown on Figure 1.



10644/1-C 5

14 July 2011

3.3 Groundwater

Groundwater inflows were encountered in a number of the boreholes and test pits in

various materials and at different depths. These groundwater levels are summarised

in Table 2.

TABLE 2: SUMMARY OF GROUNDWATER INFLOWS AND STANDING WATER LEVELS

Test Location Depth (m) Standing Water Level Depth

(m)

BH1 NR NR

BH2 2.8 4.0

BH3 NR NR

BH4 NR NR

TP1 2.0 NR

TP2 0.8 NR

TP3 2.3 NR

TP3A 4.2 NR

TP4 1.0 NR

TP5 NE NE

TP6 1.0 NR

TP7 1.5 NR

TP8 NE NE

NR –Not Recorded NE – Not Encountered

4. LABORATORY TESTING

Atterberg limits tests along with a direct shear test, were carried out on an

undisturbed sample of firm clay from 5.5m depth in borehole BH2.

The results are presented in Appendix B.

The direct shear test obtained peak shear strength parameters of cohesion 68.10kPa

and friction angle 37.7˚ reducing to residual shear strength parameters of cohesion

60.9kPa and friction angle 37.5˚. These results are not consistent with expectations

for firm clay and have been ignored in the analyses. From discussions with the testing

laboratory, the sample may have contained a localised concentration of peat fibres

which have resulted in the unexpected higher strength.
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5. GEOTECHNICAL ENGINEERING DISCUSSION

5.1 Construction History

From information provided by Council, it is understood that the Coast Road embankment

was originally constructed around 1971. A toe berm was constructed around 1995/1996

to provide support for the existing road batter and to form a pedestrian access pathway.

It is understood that the current landslide occurred on or around 7 January 2011 after a

period of heavy rainfall. Eyewitness reports indicate that the initial movement comprised

tension cracking with minor slumping (in the order of 0.3m) over a limited length of the

embankment, but that the movement continued over a period of several days until the

rear scarp was around 4m in vertical height over a length of about 40m, with the crest of

the scarp at the edge of the bitumen seal.

5.2 Landslide Geometry and Mode of Failure

The landslide is located at the south eastern end of the embankment on the north

eastern, sea-ward side. The zone of ground movement is approximately 40m long (north

west–south east) by 35m wide (south west – north east). A survey record of topographic

features and site observations relating to the landslide is shown on Figure 1.

In plan view, the rear scarp of the landslide is broadly semicircular and has extended

approximately 0.8m behind the crest of the embankment batter. The height of the rear

scarp of the landslide is around 4m. The body of the landslide is crossed by a number of

large, open ground cracks, some of which are shown on Figure 1. The north western side

of the landslide is terraced, with approximately three small slip scarps with vertical

heights of around 0.2m to 0.6m.

From survey and site observations, the surface of the pedestrian path has dropped by a

round 1m at the north western end of the landslide and 2.2m at the south eastern end.

Evidence of off-sets of layers of soil in test pit TP7 indicated that the rear scarp of the

landslide has a vertical displacement of approximately 2.4m.

In terms of the mode of failure of the landslide, surface survey data and observations

from test pit TP7 of the shape of the slip plane indicates that the landslide is formed from

two to three rotated blocks and possibly one translational or lateral sliding block of soil,

with the base of the landslide located within or at the base of a layer of natural firm silty

clay. This model closely fits the geometry of the upper and middle part of the landslide

however the lack of evidence of an obvious failure plane or zone of significant soil

disturbance at the toe of the landslide is problematic. Also, site observations indicate

that the landslide has rotated in a horizontal plane with the centre of rotation in an area

approximately 15m north-west of test pit TP5.

An interpreted cross-section geometry of the landslide based on survey Cross-Section 2 is

shown on Figure 2.
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The trigger for the landslide is speculative, but raised groundwater levels in the natural

soils and in permeable soil layers within the embankment are likely to be contributing

factors.

5.3 Remedial Works – Within Landslide Area

5.3.1 Computer Stability Analyses

Computer stability analyses of the landslide were carried out with the assistance of the

computer program SLOPE/W. The analyses were carried out in two stages, as follows:

 Stability analysis of the landslide to confirm assumptions regarding the soil

effective stress shear strength parameters and groundwater conditions at the time

of failure.

 Formulation of options for remedial works.

Stability analyses were carried out for the pre-failure batter geometry as interpreted from

previous survey provided to Shaw:Urquhart by Council. The analyses indicated that the

original batter had a factor of safety of around 1.0 for raised groundwater conditions. It

is expected that this would result in initial creep movement of the outer part of the batter

followed by larger-scale movement as soil peak shear strength parameters reduced to

residual shear strengths. It is understood that heavy rainfall at the time of failure may

have raised the groundwater level within the embankment to a critical level.

The stability analyses for the remedial works were carried out using assumed effective

stress shear strength parameters for the various soil materials, based on our experience

with similar soil types elsewhere. The analyses considered both raised groundwater

levels and suppressed groundwater levels where additional drainage measures are

proposed. A traffic loading of 20kPa was also assumed.

The design of the remedial works adopted a target factor of safety of not less than 1.5 for

long term operating conditions for the re-constructed embankment.

A number of options for remediation of the landslide area were assessed. These included

the following:

 Excavation and replacement of the failed soil mass with reconstruction of the

outer face of the road embankment and construction of a toe berm to support the

new construction. This option does not provide an adequate factor for safety.

 Partial or total excavation of the foundation soils beneath the road embankment in

conjunction with the use of geofabric reinforcement and/or improved drainage.

These options are feasible and would permit reconstruction of the pedestrian

access path.

 Leaving the landslide debris in place and supporting the existing batter using

bored piles at the crest of the existing road embankment or supporting a

reconstructed batter using bored piles on the existing footpath alignment. Only a
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preliminary design has been carried out at this stage but these options are

feasible. The footpath alignment would need to be permanently closed unless

further works were carried out to stabilise the landslide area.

The geotechnical issues relating to each of the above options are discussed in Section

5.3.2. For the purpose of remedial design, Cross Section 2 has been taken as

representative of the landslide area.

5.3.2 Options for Landslide Area Remediation

5.3.2.1 Construction of Toe Berms

This option has been considered in an attempt to minimise the amount of earthworks

carried out at the site whilst allowing reconstruction of the pedestrian access path.

It has been assumed that the landslide debris will be excavated and replaced with

engineered fill. The outer face of the road embankment will be reinstated with batter

slopes no steeper than 1V:2H and two berms. The location of the berms will vary

depending on the location of the pedestrian access path but for the purpose of analyses

the upper berm has been assumed at RL20.5m and 3m wide and the lower berm has

been assumed at RL19m and 2m wide.

Computer stability analyses were carried for a variety of different heights and widths of

rock-fill toe berms constructed at the base of the re-constructed embankment to provided

additional toe support. The results of the analyses indicated that this option was not

feasible as the potential slip surfaces simply moved towards the down-slope side of the

embankment without an acceptable increase in factor of safety. This was due to the

presence of the soft to firm clay layer within the foundation subsurface profile.

This option does not provide an adequate factor of safety.

5.3.2.2 Partial or Total Excavation & Replacement of Foundation Soils

These options are shown in schematically on Figures 3 to 6 and allow for reconstruction

of the pedestrian access path. The requirement for partial or total excavation will depend

on the nature of the replacement materials, drainage conditions and the factor safety

considered acceptable to Council.

Computer stability analyses indicate that it is necessary to excavate and replace the

landslide debris and the low strength foundation soils (soft to firm clay) down to the

surface of the stiff clay which was encountered at about 6.5m to 7m depth in boreholes

BH1 and BH2. The inferred extent of excavation and replacement for each option is

shown on Figures 3 to 6.

In order to maintain stability during excavation and replacement of the foundation soils it

is necessary to entirely remove the existing road embankment. Preliminary analyses

indicate that a short term factor of not less than 1.3 can be achieved during construction

and after the road embankment is removed by excavating at 40˚ with a 2m wide mid-
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height bench. Depending on the actual conditions exposed at the time of construction it

may be possible to excavate with steeper slopes.

Test pit TP7 encountered a loose layer of gravel and cobbles in a silty clay matrix with

strong seepage and organic odour within the central part of the existing embankment.

This suggests that unsuitable material may have been disposed of by encasing it within

the core of the embankment.

It has been assumed that the road embankment will be reinstated with batter slopes no

steeper than 1V:2H and two berms. The location of the berms will vary depending on the

location of the pedestrian access path but for the purpose of analyses the upper berm has

been assumed at RL20.5m and 3m wide and the lower berm has been assumed at RL19m

and 2m wide as shown on Figures 3 to 6. It has been assumed that the road

embankment will be constructed of clayey materials similar to the existing construction.

Different factors of safety are obtained depending on the nature of the material used in

the replacement zone, the adequacy of subsurface drainage and whether geofabric

reinforcement is used in the reconstruction of the road embankment. The factors of

safety for each option are presented in Table 3.

The results of the stability analyses suggest that feasible options are clay replacement in

conjunction with geofabric reinforcement or rock fill replacement. The use of geofabric

reinforcement in conjunction with the rock fill is not necessary but if used will provide

increased global stability.

If graded rock fill is to be used, geofabric separation layers will be required above

and below the rock fill. A free draining, durable, well graded, crushed rock fill

material with a maximum particle of 150mm is recommended. The material should

be placed in layers not exceeding 300mm in thickness and compacted by a minimum

of 6 passes of a smooth drum vibrating roller or grid roller of at least 10 tonne static

weight. The compaction should continue until no further reduction of the layer

surface height occurs.

The free draining rock fill will be able to accommodate seepage from the surrounding

area and will not be susceptible to softening during periods of elevated groundwater

levels such as may occur during periods of prolonged intense rainfall.

The installation of high strength, uniaxial woven geofabric layers at the base of the re-

constructed embankment will assist in improving stability. The analyses indicate that

two layers of 200kN working strength uniaxial woven geofabric would be required,

installed at the base of the embankment during the early stages of the embankment re-

construction.

The lowered groundwater level option assumes that subsurface drains can be installed to

lead water from the rock fill replacement zone and permanently maintain a lowered

groundwater level beneath the road embankment.
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Toe drains and table drains under the embankment should be constructed for the clay fill

option to prevent raised groundwater levels developing within the road embankment.

TABLE 3: FACTORS OF SAFETY FOR EXCAVATION & REPLACEMENT

Factor of SafetyCondition Analysed

Clay Fill in Replacement

Zone

Graded Rock Fill in

Replacement Zone

Partial replacement with

elevated groundwater levels

1.31*/1.35 1.40*/1.51

Partial replacement with

elevated groundwater levels

and two layers of 200kN

geofabric at base of road

embankment fill

1.59 1.64

Partial replacement with

lowered groundwater levels

Not considered feasible 1.41*/1.58

Total replacement with

elevated groundwater levels

1.35*/1.36 1.45*/1.56

Total replacement with

elevated groundwater levels

and two layers of 200kN

geofabric at base of road

embankment fill

1.61 1.74

Total replacement with

lowered groundwater levels

Not considered feasible 1.61*/1.69

* Factor of safety of lower berm.

5.3.2.3 Piled Support

These options are shown in schematically on Figures 7 and 8 and been considered to

minimise work within the landslide area. The pedestrian access path would need to be

permanently closed unless further works were carried out to stabilise the landslide area.

The options involve leaving the landslide debris in place and supporting the existing

batter using bored piles at the crest of the existing road embankment (Figure 7) or

supporting a reconstructed batter using bored piles on the existing footpath alignment

(Figure 8). Only a preliminary design has been carried out at this stage and further

detailed analyses would be required, along with the involvement of a specialist piling

contractor if these options are to be considered further.
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Preliminary design indicates that for the option shown on Figure 7, 20m long, 1200mm

diameter piles at 1.8m centres will provide an adequate factor of safety. Lateral

deflections at the pile head are estimated to be in the order of 80mm. The piles would

be installed from the existing road embankment and for in-service use would require the

road to be moved towards the hillside to provide sufficient width for a road shoulder. It

is assumed that road crash barriers could constructed within the capping beam. It will

also be necessary to construct shotcrete or panel facing on the upstand section of the

piles to bridge the gaps between the piles and support the soil.

The option shown on Figure 8 assumes that the outer face of the road embankment will

be reconstructed at 1V:2H with the toe supported by a capping beam connected to 15m

long, 1200mm diameter piles at 1.8m centres. Lateral deflections at the pile head are

estimated to be in the order of 100mm. Preliminary discussions with Wagstaff Piling

indicate that to enable this option to be constructed will require a temporary working

platform to be constructed across the landslide zone using layers of geofabric and gravel

supported on timber piles driven into the underlying natural profile.

If the pedestrian access path is to be reinstated, further stabilisation works will be

necessary.

5.4 Remedial Works – Outside of Landslide Area

5.4.1 Computer Stability Analyses

Tension cracks were observed in the road shoulder to the north of the landslide as shown

on Figure 1.

Cross Section 6 was selected as being representative of this area and the subsurface

profile of borehole BH3 was used in the analyses of the stability of the existing road

embankment. The subsurface profile is similar to that at the landslide location in that

there is a significant layer of soft to firm clay at depth beneath the road embankment.

For assumed peak shear strength parameters and groundwater conditions similar to

those likely to have occurred at the time of the landslide to the south, a factor of safety

of about 1.3 was estimated. This is less than would generally be desirable at this

location. If the subsidence observed in the existing road embankment is assumed to be

due to the presence of the soft to firm clay layers and the shear strength is reduced

slightly to take account of strain softening, a factor of safety approaching 1.0 can be

readily obtained with the rear scarp of the potential failure surface at approximately the

location of the existing tension cracks.

If large scale failure of the road embankment, as has occurred further to the south, is to

be avoided, it is recommended that remedial works be carried out to arrest the creep

movement and improve the stability of the embankment in the area extending from the

current landslide to the car-park area to the north.
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5.4.2 Options for Remediation

5.4.2.1 Partial Excavation & Replacement of Foundation Soils

This option is shown in schematically on Figures 9 and 10 and includes provision for the

pedestrian access path.

Computer stability analyses indicate that it is necessary to excavate and replace the low

strength foundation soils (soft to firm clay and firm to stiff clay) down to the surface of

the very stiff clay which was encountered at about 8.2m depth in borehole BH3 which is

approximately 1m deeper than at the landslide location. The inferred extent of

excavation and replacement is shown on Figures 9 and 10.

In order to maintain stability during excavation and replacement of the foundation soils it

is necessary to entirely remove the existing road embankment. Construction excavation

batter slopes similar to those recommended in Section 5.3.2.2 will be acceptable.

It has been assumed that the road embankment will be reinstated with batter slopes no

steeper than 1V:2H and one berm at about mid-height. The location of the berm will

vary depending on the location of the pedestrian access path but for the purpose of

analyses the berm has been assumed at RL18m and 3m wide. It has been assumed that

the road embankment will be constructed of clayey materials similar to the existing

construction.

Different factors of safety are obtained depending on the nature of the material used in

the replacement zone, the adequacy of subsurface drainage and whether geofabric

reinforcement is used in the reconstruction of the road embankment. The factors of

safety for each option are presented in Table 4.

TABLE 4: FACTORS OF SAFETY FOR EXCAVATION & REPLACEMENT

Factor of SafetyCondition Analysed

Clay Fill in Replacement

Zone

Graded Rock Fill in

Replacement Zone

Partial replacement with

elevated groundwater levels

1.18*/1.28 1.49

Partial replacement with

elevated groundwater levels

and two layers of 200kN

geofabric at base of road

embankment fill

1.58 1.65

Partial replacement with

lowered groundwater levels

Not considered feasible 1.64

* Factor of safety of lower berm.
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As for the landslide area, the results of the stability analyses suggest that feasible

options are clay replacement in conjunction with geofabric reinforcement or rock fill

replacement. The use of geofabric reinforcement in conjunction with the rock fill is not

necessary but if used will provide increased global stability.

If graded rock fill is to be used, geofabric separation layers will be required above

and below the rock fill. A free draining, durable, well graded, crushed rock fill

material with a maximum particle of 150mm is recommended. The material should

be placed in layers not exceeding 300mm in thickness and compacted by a minimum

of 6 passes of a smooth drum vibrating roller or grid roller of at least 10 tonne static

weight. The compaction should continue until no further reduction of the layer

surface height occurs.

The free draining rock fill will be able to accommodate seepage from the surrounding

area and will not be susceptible to softening during periods of elevated groundwater

levels such as may occur during periods of prolonged intense rainfall.

The installation of high strength, uniaxial woven geofabric layers at the base of the re-

constructed embankment will assist in improving stability. The analyses indicate that

two layers of 200kN working strength uniaxial woven geofabric would be required,

installed at the base of the embankment during the early stages of the embankment re-

construction.

The lowered groundwater level option assumes that subsurface drains can be installed to

lead water from the rock fill replacement zone and permanently maintain a lowered

groundwater level beneath the road embankment.

Toe drains and table drains under the embankment should be constructed for the clay fill

option to prevent raised groundwater levels developing within the road embankment.

5.4.2.2 Piled Support

This option is shown in schematically on Figure 11.

Stability analyses indicate that a piled solution providing lateral support of 300kN/m

length of embankment will increase the factor of safety of the existing embankment to

greater than 1.5. For the soil profiles in boreholes BH3 and BH4, this can be achieved by

installing 12m long, 900mm diameter piles at 1.5m centres along the pedestrian access

path alignment. It is recommended that the piles be connected by a capping beam.

In addition to the piles it is recommended that 150mm diameter subsurface drains be

drilled into the base of the road embankment as shown on Figure 11 at not less than 3m

centres. It will be necessary for the drains to be spaced between the piles.
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5.5 Other Necessary Remedial Works

In addition to the specific items discussed for each remedial option it will be necessary to

improve the existing stormwater drainage associated with the road embankment.

An adequately sized, fully lined table drain should be constructed on the up-hill side of

the embankment. Stormwater collected by this drain should be conveyed in pipes

through the embankment and discharged on the down-hill side of the embankment. The

discharge should be sufficiently down-slope so as not to result in water infiltrating the

embankment foundation. Adequate erosion protection should be provided at both the

inlet and outlet structures.

It is recommended that suitably experienced personnel inspect the exposed foundation

materials at the time of construction and prior to placing backfill or embankment fill to

ensure that the exposed conditions are consistent with the design assumptions.

All earthworks should be carried out in accordance with guidelines of AS3798-2007. It is

recommended that fill placement be carried out under Level 1 supervision as described in

AS3798.

6.0 PRELIMINARY COST ESTIMATE OF PROPOSED REMEDIAL WORKS

6.1 Earthworks Options

It is understood that preliminary estimates of costs associated with the earthworks

options (excavation and replacement) will be prepared by Ballina Shire Council.

There are a number of options and the extent of earthworks required for each option is

shown on the various cross sections of Figures 3 to 6 and 9 to 10.

The approximate extent of the various earthworks options is shown in plan view on

Figure 12 along with the piling options.
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6.2 Piling Options

Wagstaff Piling has assisted Shaw:Urquhart is preparing preliminary cost estimates for

the various piling options which are shown on the cross sections of Figures 7 to 8 and 11.

The approximate extent of the various piling options is shown in plan view on Figure 13

along with the earthworks options.

Preliminary cost estimates are as follows:-

Mobilisation/Demobilisation $50,000

Within Failure Zone - Crest Piles (Refer Section 5.3.2.3)

Chainage 1020m to 1072.2m

30 No. 1200mm diameter piles at 1.8m

centres and 20m long (14N28, W10 @ 150

spiral)
$600,000

Within Failure Zone – Pedestrian Access Path Piles (Refer Section 5.3.2.3)

Chainage 1020m to 1072.2m

Preparation across failure zone – 60 No 210

diameter HW timber piles at 2m centres

and 12.5m long

30 No. 1200mm diameter piles at 1.8m

centres and 15m long (14N28, W10 @ 150

spiral)

$66,000

$450,000

Outside Failure Zone – Pedestrian Access Path Piles (Refer Section 5.4.2.2)

Chainage 960m to 1027.5m

46 No 900mm diameter piles at 1.5m

centres and 12m long (10N28, W12 @ 100

spiral)
$315,000

For and on behalf of

SHAW URQUHART PTY LTD
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APPENDIX A

ENGINEERING LOGS OF BOREHOLES & TEST PITS
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Silty GRAVEL:  fine to coarse grained, pale grey, low
plasticity fines.

Silty CLAY:  high plasticity, grey, some fine grained gravel.

Clayey SAND:  coarse grained, grey.

Silty CLAY:  high plasticity, dark grey, some fine to medium
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Silty CLAY:   high plasticity, red brown.
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Silty CLAY:  high plasticity, grey brown, to orange brown
and red brown mottled.

GRAVEL and COBBLES: fine to coarse grained, grey brown
to brownish grey, with silty clay matrix.
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APPENDIX B

LABORATORY TEST RESULTS



 
 

 

                                                                                        
ATTERBERG LIMITS TEST REPORT    

 Test Method:  AS1289 2.1.1,  3.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1    
Client: Shaw Urquhart Pty Ltd Report No. 11020651-AL 
    
Project: Coast Road, Lennox Head Test Date: 10-16/03/11 
  Report Date: 22/03/11 
 
 

Client ID: BH2 Depth(m): 5.5 Sample No. 11020651 

 Liquid Limit (%):           

 Plastic Limit (%):  

 Plasticity Index (%):       

82 

45 

37 

 Linear Shrinkage (%):         

 Field Moisture Content (%):    

15.0* 

63.2 

 
 
 

 
 
 

Remarks: The sample/s were tested oven dried, dry sieved and in a 125 – 250mm mould. 
*Crumbling occurred. 
+Curling occurred   

The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly 
stated.  Reference should be made to Trilab Pty Ltd “Standard Terms and Conditions of Business” for further details. 
Sample/s supplied by the client  Page: 1 of 1 
 This Document is issued in accordance with NATA’s 

accreditation requirements. 
Accredited for compliance with ISO/IEC 17025 
The results of the tests, calibrations, and/or 

measurements included in this document are 
traceable to Australian/National standards  

N ATA Accredited Laboratory Number 9926 
Form Number:GT004-5 
 
 

Manager 

ACCURATE QUALITY RESULTS FOR TOMORROW’S ENGINEERING 
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Client Report No.

Project Test Date
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Description Sample Type

Failure Criteria

Notes/Remarks: Please review the results if the Cohesion is above 2 kPa when plotted with a line of best fit

Graph not to scale Sample/s supplied by the client Page 1 of 4 REP03302

Laboratory No. 9926

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd            ABN 25 065 630 506
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This document is issued in accordance with NATA's accreditation 
requirements.  Accredited for compliance with ISO/IES 17025.  The 
results of the tests, calibrations, and/or measurements included in this 
document are traceable to Australian/National Standards.
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Notes/Remarks: Please review the results if the Cohesion is above 2 kPa when plotted with a line of best fit
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 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd            ABN 25 065 630 506
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This document is issued in accordance with NATA's accreditation 
requirements.  Accredited for compliance with ISO/IES 17025.  The 
results of the tests, calibrations, and/or measurements included in this 
document are traceable to Australian/National Standards.

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Client Report No.

Project Test Date

Report Date

Client ID

Description Sample Type

Failure Criteria

37.7 68.1 R
2

Specimen Dimensions (mm) Shear Stress (kPa)

Rate of Strain (mm/min)

Initial Moisture Content (%)

Initial Wet Density(t/m
3
)

   

Notes/Remarks: Please review the results if the Cohesion is above 2 kPa when plotted with a line of best fit

Graph not to scale Sample/s supplied by the client Page 3 of 4 REP03302

Laboratory No. 9926

DIRECT SHEAR TEST REPORT

Peak

Test Method: AS 1289.6.2.2 / KH2 based on K.H. Head Vol. 2

Shaw Urquhart Pty Ltd 11020651- DS

Shear Angle (
o
) 

0.008

45*19

0.997

CLAY-brown Three Individual Undisturbed Soil 

Specimens

Stage 3

Stage 2

Stage 1

Cohesion (kPa)

Normal Stress (kPa)

63.2

1.567, 1.562, 1.572

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd            ABN 25 065 630 506
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This document is issued in accordance with NATA's accreditation 
requirements.  Accredited for compliance with ISO/IES 17025.  The 
results of the tests, calibrations, and/or measurements included in this 
document are traceable to Australian/National Standards.
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Notes/Remarks:  
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DIRECT SHEAR TEST REPORT
Test Method: AS 1289.6.2.2 / KH2 based on K.H. Head Vol. 2

Shaw Urquhart Pty Ltd 11020651- DS

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.
Trilab Pty Ltd            ABN 25 065 630 506

Coast Road, Lennox Head 7/03/2011

21/03/2011

BH2 Depth (m) 5.50

CLAY-brown Three Individual Undisturbed Soil 

Specimens

This document is issued in accordance with NATA's accreditation 
requirements.  Accredited for compliance with ISO/IES 17025.  The 
results of the tests, calibrations, and/or measurements included in this 
document are traceable to Australian/National Standards.
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APPENDIX C

COPIES OF TYPICAL COMPUTER STABILITY ANALYSIS PRINTOUTS
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APPENDIX D

SITE SURVEY CROSS-SECTIONS
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APPENDIX E

SITE PHOTOGRAPHS
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Photo 1: Regional view of Coast Road and the landslide area, looking north west.

Photo 2: Regional view of Coast Road and the landslide area, looking west.
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Photo 3: View of landslide head scarp and edge of road pavement, looking south

east.

Photo 4: View of landslide head scarp and ground cracks on pedestrian path, looking

north west.
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