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This report presents the results of our finite element modelling of the proposed

excavation and retention at

commissioned by Arthur Maroon

accordance with our proposal (Ref: P3

The proposed development at

 Demolition of the existing building

 Installation of a contiguous pile wall

 Excavation to a basement bulk excavati

 Construction of a mixed use development incorporating

carparking.

The purpose of the completed modelling is to predict the movements induced below

the Main Western Railway Line (located to the west of the site on the other side of

the Duke Street road reserve)
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This report presents the results of our finite element modelling of the proposed

excavation and retention at 171-181 Parramatta Road, Granville

Arthur Maroon-Yacoub of Beraci Pty Ltd and was completed in

accordance with our proposal (Ref: P333717SYemail, dated 16 December

The proposed development at 171-181 Parramatta Road consists of:

Demolition of the existing buildings on site,

Installation of a contiguous pile wall along the Duke Street

Excavation to a basement bulk excavation level of RL1.8m, and

mixed use development incorporating two

The purpose of the completed modelling is to predict the movements induced below

Main Western Railway Line (located to the west of the site on the other side of

the Duke Street road reserve) as a result of the proposed excavation

Parramatta Road, Granville.
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This report presents the results of our finite element modelling of the proposed

181 Parramatta Road, Granville. The modelling was

and was completed in

16 December 2010).

consists of:

e Duke Street frontage,

m, and

two levels of basement

The purpose of the completed modelling is to predict the movements induced below

Main Western Railway Line (located to the west of the site on the other side of

excavation at 171-181
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Development of Geotechnical Model

To allow the impact of the proposed development on the Main Western Railway Line

to be assessed a geotechnical model of the site and its surrounds was developed.

This geotechnical model was then used in our numerical model to predict induced

displacements below the railway line resulting from the proposed development.

A geological model was developed for one cross-section through the western site

boundary. The location of this section is shown on the attached Figure 1. The

detailed cross section is shown in Figure 2. The model is based on the subsurface

results obtained from the boreholes completed during our investigation of the site

which was presented in our report Ref: 18756SPrpt, dated 16 August 2004. Of this

investigation, the only boreholes that extended to depths of greater than 1.5m were

Boreholes 1, 6, 10, 11 and 13; these borehole logs have been attached to the rear of

this report.

The model divides the subsurface profile into a number of soil and bedrock units.

Geotechnical parameters were selected for each geological unit based on the borehole

information, the results of field and laboratory strength testing and well established

empirical correlations. We have completed no investigation of the rail embankment.

In this regard it has been assumed that the rail embankment has been filled and has

been moderately compacted. Consequently, typical soil parameters have been

assumed for the fill.

This geotechnical model was then used as the basis for our numerical model. PLAXIS

2D, a two-dimensional finite element computer program was used to complete

numerical analysis. Staged modelling was completed for each part of the excavation

and retention sequence next to the boundary. The predicted cumulative

displacements below the railway line as a result of the excavation and retention

works at 171-181 Parramatta Road were calculated and are reported below. The

movements of the retention system have also been provided.
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Model Geometry

Cross Section 1 presents the model geometry and is shown in Figure 2. The surface

levels were based on the reduced levels shown in the survey plan prepared by Gary

Edwards and Associates Pty Ltd (Drawing Ref: 1618, Dated 12 July 2001) and the

structural drawings prepared by HKMA Engineers (Drawing Number: 6070-SO2, 03

and 04, Issues: B, B and A respectively). .

Surcharge loads have been adopted for both the rail corridor and the Duke Street road

reserve. In both cases a 10kPa uniformly distributed load has been adopted. In the

case of the Duke Street road reserve the surcharge load extends from the top of the

shoring system to the base of the existing retaining wall located on the boundary

between the road reserve and the rail corridor. In rail corridor the surcharge load has

been applied at the crest of the embankment where the railway tracks are located.

The geometry of the proposed retention system (ie anchor spacing, anchor level,

anchor inclination and loads, the location of the retention system and the reduced

level of the floor slabs) is based on the structural drawings prepared by HKMA

Engineers as referenced above. These drawings have been attached in Appendix A.

Geotechnical Parameters

A small strain soil hardening model was used to model the behaviour of the soils

while the shale bedrock was modelled using the Mohr-Coulomb model. The tables

below detail the parameters adopted for soils and the shale bedrock respectively.
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Geotechnical Parameters Adopted for Soils

Parameter Fill Silty Clay

Stiff - Very Stiff

Unsaturated Unit Weight

(kN/m3)

18 18

Saturated Unit Weight

(kN/m3)

21 21

Cohesion (c) (kPa) 0.5 2

Internal Angle of Friction () 25 28

Modulus (E50) (MPa) 10 15

Modulus (Eoed) (MPa) 5 7.5

Unload/Reload Modulus (Eur)

(MPa)

30 45

Shear Strain at 0.7G0 1.5 x 10-4 1.5 x 10-4

Reference Shear Modulus

Go
ref(MPa)

32 47

Geotechnical Parameters Adopted for Shale Bedrock

Unit Unit Weight

(kN/m3)

Cohesion (c)

(kPa)

Internal

Angle of

Friction ()

Youngs

Modulus (E)

(MPa)

Poissons

Ratio

Extremely Low

Strength

23 20 28o 100 0.3

Low Strength

or better

23 250 30o 500 0.25

Where soil or bedrock is in contact with structural elements, a reduction factor (Rinter)

of 0.5 has been adopted. This is applied to the soil or bedrock strength parameters

to model the reduction in shear strength between the two dissimilar materials.
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Structural Parameters

The following structural parameters have been adopted for the structural elements

Structural Parameters Adopted

Structural

Element

Bulk Unit

Weight

(kN/m3)

Youngs

Modulus (E)

(kPa)

Second Moment

of Inertia (I) per

meter run (m4/m)

Cross

Sectional

Area

Poissons

Ratio

Contiguous Pile

Wall (0. 5m

diameter piles)*

24 2.8 x 107 3.068 x 10-3 0.357m2/m

run

0.15

Floor Slabs - 2.8 x 107 - 0.2m2/m run -

Anchor – Bond

Length

- 2.8 x 107 - 7.85 x 10-3m2

per anchor

-

Anchor – Free

Length

- 2.1 x 108 - 4.28 x 10-4m2

per anchor

* Assumes a 50mm gap is left between each pile

The values in the table above per meter run are based on an anchor spacing of 3m.

The area of the free length of the anchors is based on 3 x 15.2mm strands.

The anchor and slab levels adopted in the model are presented below.

Reduced Level of Anchors and Slabs

Anchor 1 6m

Slab 1 (FFL) 8.6m

Slab 2 (FFL) 5m

Slab 3 (FFL) 2m

Model Stages

The model was run through a number of stages in an attempt to simulate the history

of the site. The stages are set out as follows:
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1. Apply surcharge loads.

2. Install the contiguous pile wall.

3. Excavate to RL5.5m (ie 0.5m below the level of Anchor 1).

4. Install anchors at RL6m. These anchors have been prestressed to 400kN with

an anchor spacing of 3m.

5. Excavate to RL1.8m, bulk excavation level (BEL). .

6. Install floor slabs at RL2m, RL5m and RL6.8m.

7. De-stress anchors.

Initial Stress State

The stress state in the model was developed by using the Ko method. A nil step was

then run after the initial calculation stage. The purpose of this nil stage was to allow

the stresses to re-orientate themselves to more accurately reflect the stress state that

will occur where a non-horizontal surface exists.

Results

The analysis results for both sections are tabulated below. We note that on

completion of analysis Stage 1 Apply surcharge loads, all displacements were reset to

zero. This zeroing of movements allows only the movements induced by the

excavation and retention at 171-181 Parramatta Road to be analysed. In the tables

below we have provided results of the modelling for stages 3, 4, 5, and 7. The

results summarised in these tables include both movements induced below the

railway line and movements of the installed contiguous pile retaining wall itself.

Figures 3 to 6 present graphical representations of the movements.
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Maximum Cumulative Displacement

Stage Cumulative Displacement* below

Railway Tracks (mm)

Cumulative Displacement* of

Contiguous Pile Retaining Wall (mm)

3 2.1 30.8

4 2.1 21.0

5 3.7 28.5

7 3.9 28.6

*Displacements are the vector values. The horizontal and vertical components can be assessed from

Figures 3 to 6

Based on the above results settlements induced below the alignment of the railway

track as a result of the proposed excavation and retention are less than 5mm, and

show only slight variation over the proposed construction stages. Nevertheless, we

believe that these predicted movements are in themselves conservative. The soil

parameters adopted are typically conservative. In addition, two dimensional analysis

by its very nature is usually a more conservative tool than three dimensional analysis

when predicting movements. Two dimensional modelling does not take into account

three dimensional effects such as the plan geometry of the excavation and

buttressing that occurs as a result of geometry that serves to limit deflections. In

summary, the predicted movements are likely to be greater than those likely to occur

in practice and probably provide an upper bound prediction of movements.

Factors of Safety (FOS) have been calculated at all temporary and permanent stages.

The FOS for each stage has been calculated using the c-phi method, which

progressively reduces the material parameters for the soils and bedrock until failure.

Consequently, as the factor is not a lumped factor, but targets material properties and

the uncertainties surrounding the material strengths, an acceptable factor of safety of

1.2 rather than 1.5 is generally adopted (Embedded Retaining Walls- Guidance For

Economic Design, Ciria C580). The FOS was calculated be to greater than 1.2 in all

permanent and temporary stages.
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The proposed retention system consists of a contiguous pile wall with one row of

anchors. Excavation to achieve BEL is likely to touch the top of the underlying shale

bedrock. To allow for the possibility of some over excavation in front of the

proposed wall we recommend that all piles have a minimum depth of embedment

below the proposed BEL (including localised excavations for footings services etc.) of

1.5m with a socket length within shale bedrock of at least low strength of 1m.

The proposed excavation and construction will result in the generation of some

behind-wall movements. Where services are located behind the wall, their integrity

and ability to tolerate the proposed movements should be checked. Where they are

unable to tolerate the movements, rectification works should be undertaken so that

they have the required flexibility.

Summary and Conclusion

The modelling has shown that the effect of the proposed excavation and retention at

171-181 Parramatta Road will induce minor settlements of less than 5mm below the

railway tracks. As discussed above, we believe that due to the limitations of two-

dimensional modelling, and the parameters and modelling techniques adopted

predicted settlements are probably conservative and higher than those that will be

experienced during construction, however the extent is difficult to quantify.

General Comments

Plaxis 2D Version 9.0 has been used to model the effect of excavation and retention

at 171-181 Parramatta Road on the Main Western Railway Line. Whilst all efforts

have been made to check the reasonableness of the reported results the simulation of

geotechnical problems by means of the finite element method implicitly involves some

inevitable numerical approximations. Consequently, while results have been

calculated to one decimal place, it is unlikely that their accuracy is to this order.

Observation of displacements during the proposed stages of construction should be

used to verify the accuracy of the analysis.
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The modelling has been based on information available to us, which has been

checked for accuracy to the extent reasonably possible. If additional information

becomes available at any stage during the project which appears in conflict with

current assumptions then we should immediately be notified and asked to review our

analysis.

Should you require any further information regarding the above please do not hesitate

to contact the undersigned.

Yours faithfully
For and on behalf of
JEFFERY AND KATAUSKAS PTY LTD

Woodie Theunissen
Associate

Reviewed by:

Paul Stubbs
Principal

Attached
Borehole Logs 1, 6, 10, 11 and 13 inclusive
Table A: Summary of Point Load Strength Index Test Results

Figure 1: Borehole Location Plan
Figure 2: Cross Section 1-1
Figure 3: Section 1 - Stage 3 Excavate to RL5.5m
Figure 4: Section 1 - Stage 4 Install 1st Row of Anchors at RL6m
Figure 5: Section 1 - Stage 5 Excavate to BEL RL1.8m
Figure 6: Section 2 - Stage 7 Destress 1st Row of Anchors

Appendix A: Structural Plans prepared by HKMA Engineers (Drawing Number: 6070-SO2, 03
and 04, Issues: B, B and A respectively
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Section 1 - Stage 3 Excavate to RL5.5m

Jeffery and Katauskas Pty Ltd
CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

Report No. 24711SY Figure No. 3

Max Wall Displacement 33.3mm
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Section 1 - Stage 4 Install 1st Row of Anchors at RL6m

Jeffery and Katauskas Pty Ltd
CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

Report No. 24711SY Figure No. 4

Max Wall Displacement 23.4mm
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Section 1 - Stage 5 Excavate to BEL RL1.8m

Jeffery and Katauskas Pty Ltd
CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

Report No. 24711SY Figure No. 5

Max Wall Displacement 34.6mm
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Section 1 - Stage 7 Floor Slabs Installed Destress Anchor

Max Wall Displacement 28.6mm

Jeffery and Katauskas Pty Ltd
CONSULTING GEOTECHNICAL & ENVIRONMENTAL ENGINEERS

Report No. 24711SY Figure No. 6


























