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1 GENERAL PROJECT INFORMATION 

1.1 INTRODUCTION 

The purpose of this Structural Engineering Impacts Report is to outline the current structural retention system & design 

criteria for the proposed development for the purposes of verifying there is no impact from the proposed development on 

Northern Busway Tunnel Structure. 

 

The design criteria in this report is a combination of prescribed Australian Standards and good engineering practice. Our 

Engineering design brief is to provide an economical structure that is buildable, durable throughout it’s design life and to 

best protect adjacent properties both in the temporary and permanent cases. 

 

The design intent provides a structural scheme which will not impose any greater loads to which the Northern Busway 

Tunnel has been designed to resist. 

 

Note that the project is still subject to final detailed design, and has not been subject to final building or operational 

works approval. 

 

This brief is to be read in conjunction with the related documents prepared by the project team. 

 

1.2 PROJECT DESCRIPTION 

1.2.1 GENERAL 

Generally, the structural framing consists of reinforced and post tensioned concrete slab systems supported by reinforced 

concrete columns. 

Residential tower loads are generally transitioned out at upper floor levels so that the loads fall outside the busway tunnel 

zone to alleviate heavy vertical loading directly onto the tunnel.  

Lift core and stair walls are generally reinforced concrete as the lateral stability elements which are also located outside 

the tunnel zone. 

1.2.2 FOOTINGS 

Generally, the primary footing system for the development consists of pad and strip footings. All footings shall be found 

in natural material. Footings have been designed using bore log information from geotechnical report 87424 by Douglas 

Partners dated February 2016. 

We also referenced and compared this with the DTMR Northern busway geotechnical layout plan No.201/U30/B2 - 

547798 & geotechnical long section dwg No. 201/U30/B2 -547801 which are in the location of the Lamington Markets 

development. The two reports generally align. 

1.2.3 RETENTION 

The site perimeter retention system consists of a conventional concrete soldier pile and infill shotcrete wall system. 

Temporary anchors will be installed in piles as excavation progresses. These anchors will be destressed and redundant in 

the final condition. 
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The retention system adjacent to the tunnel consists of non-anchored piles. 

1.2.4 SITE CONDITIONS 

The Geotechnical profile consists of a sloping bedrock layer of Brisbane Tuff, overlain by fill and insitu silty clays. The 

rock is found between 8 and 18m below the surface, and is identified as being high to very high strength at the base of the 

excavation. 

1.3 DESIGN STANDARDS 

The Structures have been designed and certified by a Registered Professional Engineer in Queensland (RPEQ). 

 

The structures have been designed in accordance with the National Construction Code (NCC) as well as the relevant 

Australian Standards and other documents as follows: 

 

National Construction Code 

AS1170.0  Structural Design Actions Part 0 General principles 

AS1170.1  Structural Design Actions Part 1 Permanent, Imposed and Other actions 

AS3600  Concrete Structures 

AS3798 Guidelines on Earthworks for Commercial and Residential Developments 

AS2159 Piling Design and Installation 

 

1.4 PREVIOUS MEETINGS / ADVICE 

Initial concept sketches were issued to DTMR by KANE Constructions Pty Ltd in May 2015. Comments were received 

from DTMR which were responded to and then a follow up meeting held to discuss the queries with DTMR and Arup in 

early June 2015. 

At that meeting, the proposed structural intent was generally accepted with any finer details to be closed out during 

detailed design. 

The design information contained within this report provides further details to these initial 2015 concept stage meetings. 

Refer Appendix D. 
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2 SHORING ADJACENT BUSWAY 

TUNNEL - DESIGN CRITERIA 

2.1 KEY BUSWAY TUNNEL INFORMATION 

Based on the information provided, key items to note are: 

— The tunnel adjacent the site is of cut & cover construction (CC) consisting of bored pile walls propped at the top by 

the tunnel roof structure. 

— Top of tunnel RL varies between approximately RL 24.00 at the South end and RL 25.200 at the north end along the 

length of the proposed development. 

— At the southern end of the site, there is approximately 2.2m between the natural ground surface and the top of the 

tunnel. 

— At the northern end of the site, there is approximately 2.3 m between the natural ground surface and the top of the 

tunnel 

 

2.2 BUSWAY TUNNEL DESIGN PARAMETERS / 

RESTRICTIONS 

The limitations of loading on the Northern Busway are defined in Airport Link | Northern Busway | EWAG Design 

manual BC-PBA-GLSTR115-RPT-0100-G-01. An extract of the design restrictions / limitations is below: 

 

2.3 BUILDING IMPORTANCE LEVEL AND DESIGN LIFE 

The design life of the building is to be 50 years. It is classed as a building importance level 3 in accordance with the 

National Construction Code (NCC) Table B1.2a (Figure 5-1) as specified by the Building Certifier. 

All temporary ground anchors used in the development are specified as a minimum design life of 2 years.  

Any rock bolts used are to be hot-dipped galvanised or grouted full length to achieve the minimum required design life. 
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2.4 GEOTECHNICAL 

Initial site investigations were initially undertaken by Douglas Partners, with their findings summarised in report 87424 

dated February 2016.  

Further site investigations and detailed geotechnical analysis of the shoring system will be undertaken in the form of a 2D 

Plaxxis Analysis to check the impact of the proposed staged excavation on the Busway Tunnel. 

2.5 DURABILITY 

Concrete grade and cover to reinforcement shall be equal to or in excess of the requirements in the relevant standards for 

the relevant exposure conditions. 

 

All concrete structures shall be designed for the following exposure classifications in accordance with AS 3600 Section 4. 

 

LOCATION EXPOSURE 

CLASSIFICATION 

MIN F’C MIN COVER 

Surfaces of members in contact with the 

ground (No Damp Proof membrane) 

A1 40 MPa 50mm 

Base and Sides of footings A1 40 MPa 75mm 

Exposed surfaces of members B1 40 MPa 30mm 

 

2.6 WATERPROOFING 

No waterproofing system is proposed to the shoring and retention wall, and it is expected that groundwater seepage may 

be visible on the exposed faces of the shoring wall. 

Sub-soil drainage systems will be installed both behind the wall face and in front of the wall face on the floor slab to 

capture any groundwater that may seep through the wall. The shoring system is designed to be a “drained” system, and 

has not been designed as a watertight structure. 

2.7 DEPTH OF EXCAVATION 

Lowest basement excavated level adjacent the Northern Busway Tunnel is RL10.360 locally at the northern end of the 

site but is RL11.160 for the majority of the length, which also accounts for a drainage layer below the slab estimated to 

comprise 200mm thick gravel. 

A half basement level 6 with excavation level RL8.360 is offset approximately 16m or greater away from the busway 

tunnel and is therefore not considered to be the critical excavation. 

2.8 IN GROUND SERVICES 

Several in-ground services are located adjacent to the proposed excavation works. The design of the shoring wall will 

consider the potential impact of soil displacements and anchor installation on these assets to ensure that no services are 

damaged due to the proposed excavation and shoring works. 

Detailed site investigations have been undertaken to identify the existing services adjacent to the proposed excavation. 

Refer to Appendix B for more detail. 
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For permissible clearances for excavation equipment, deflections and permissible vibrations, please refer to specific advice 

from the service providers. 

In the absence of specific advice, differential settlements behind the retention wall have been limited to 1 Vertical: 500. 

Lateral Movements 

Geotechnical design of the shoring wall will be designed to limit the potential impact of vertical and horizontal soil 

displacements caused by the excavation and shoring works on adjacent in ground services. Detailed geotechnical analysis 

will be undertaken to ascertain movements and confirm that there are no negative impacts on external services or adjacent 

structures. 

Ground Anchors 

Ground anchors are to be coordinated by the Contractor to maintain minimum clearances to all in ground service and 

existing structures.  Minimum clearances are as follows; 

Existing Footings, Piles and Structures: Min 1.5m clear 

Electrical services: Minimum 1.5m clear 

All other services: Minimum 1.5m clear 

 

2.9 DESIGN LOADING 

2.9.1 TEMPORARY LOADING 

Temporary loading will occur on the tunnel roof during construction only. The load will be from the dead weight of wet 

concrete when constructing the structure spanning across the tunnel. 

Excavation to construct this structure will result in the removal of 1.2m depth of soil (20 kN/m3) = 24 kPa relieved 

pressure above the tunnel. Additional allowable loading on the tunnel roof is 25 kPa, Hence the allowable load from the 

development on the tunnel is 24 + 25 = 49 kPa. 

The new structure concrete beam depths are 1.5m max (24.5 kN/m3 x 1.5) = 37 kPa temporarily loading the tunnel roof 

until the concrete has cured. Void former is proposed beneath this structure to alleviate inducing any future loading onto 

the tunnel roof. 

2.9.2 HORIZONTAL LOADING 

Geotechnical 

Horizontal soil loading will be determined by detailed geotechnical analysis with consideration given to site geology and 

soil strength parameters and determined in accordance with the Douglas Partners report 87424. 
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2.10 LATERAL MOVEMENT 

Shoring Walls Displacement Tolerances  

Shoring Walls Estimated Displacements 

Lateral movement of the shoring wall will be calculated using the additional geotechnical analysis to be undertaken. 

 

2.11 PROPOSED MONITORING REGIME 

In order to measure the impact of the project on the adjacent Bus Tunnel, several different monitoring tools are proposed. 

Structural monitoring is to be carried out for the duration of the proposed excavation and shoring works to confirm the 

performance of the wall system and to ensure that the adjacent Bus Tunnel are protected from damage due to differential 

settlement and vibrations. 

Proposed monitoring equipment includes; 

— Continuous Automated Vibration Monitoring with continuous recording throughout the monitoring period 

— Geotechnical monitoring including in-ground Inclinometers and in-ground peizometers to measure groundwater 

movements behind the retention wall at key locations 

— Total Station Survey with prisms on key assets and structures that are sensitive to movements. 

2.11.1 VIBRATION MONITORING 

Continuous vibration monitoring equipment is proposed to be installed on the existing tunnel structure to ensure that 

vibrations due to the proposed excavation and shoring works do not result in structural damage to the tunnel or services 

Vibration Limits 

Vibration limits to prevent damage to the adjacent Bus Tunnel are based upon review of both international and local 

standards, and are presented below; 

 

 

COMPONENT HORIZONTAL 

TOLERANCE 

(PLAN) 

OUT-OF-PLUMB 

/ VERTICAL 

TOLERANCE 

MAXIMUM 

PERMISSIBLE 

LATERAL 

DISPLACEMENT 

REFERENCE/NOTES 

Capping Beam and Shotcrete Facing – 

Typical walls including cantilevered 

walls adjacent to streets/footpaths 

 

+/- 75mm Wall height/75 +/-25mm Tolerances are per AS2159 and MRTS63. 

Permissible lateral displacement is based upon 

limiting differential settlements behind the 

retention wall. 

Capping beam and Shotcrete Facing 

including cantilevered walls - 

Adjacent Existing Structures  

(Northern Busway Tunnel) 

+/- 75mm Wall height/150 +/-25mm The design of the retention wall adjacent to 

these structures is to be such that the 

displacement of the adjacent tunnel is less than 

the limits prescribed.   
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Adjacent Bus Tunnel: 

 Vibration Limits Relative to Frequency  

Asset 1 - 10Hz 11 - 49Hz >=50Hz Notes 

Adjacent Bus Tunnel Structure <=10mm/s 10mm/s -

19mm/s 

 20mm/s Based upon guidelines in DIN4150  

Other Assets: 

Asset Vibration Limit (1-80Hz) Notes 

In-Ground Services and Public Areas 

(Footpaths, Roads, etc.) 

25mm/s Based upon criteria in BS5228-4.  

2.11.2 GEOTECHNICAL MONITORING 

Several different monitoring tools are proposed for monitoring the geotechnical behaviour of the proposed excavation.  

These include; 

In-Ground Inclinometers 

An Inclinometer is a sensor that is lowered into a bore hole drilled into the ground and is used to measure small variations 

in ground movements over time.  Inclinometers are very sensitive and are able to pick up minute displacements in the soil 

profile behind the retention wall. These measurements are then used to verify the stresses in the soil profile behind the 

retention wall and is a valuable correlation tool to verify that the retention wall is performing as expected. 

Total Station Survey 

Covered in more detail below, displacements of the retention wall and key assets adjacent to the proposed excavation will 

be tracked over time with a total station survey system. This measures the physical displacement of the structures. 

Timing 

Geotechnical monitoring is to commence prior to excavation commencing on site and continue until the temporary ground 

anchors are released. 

2.11.3 TOTAL STATION SURVEY 

A total station survey system measures the displacement of specific monitoring points and is used to track displacements 

over time. This monitoring is to be used throughout the duration of the excavation works to ensure movements of the 

retention system and adjacent Bus Tunnel Structure are within the prescribed limits.  

Total station survey will be undertaken by a registered surveyor using an automatic system, with readings taken daily 

during excavation works.  Readings are to be compiled in a concise report format by the project team and issued for analysis 

and review monthly. 

Timing 

Total station monitoring is to commence prior to excavation commencing on site and continue until temporary ground 

anchors are released. 
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Trigger Levels 

Displacements of the retention wall will occur as the wall is progressively excavated and anchors are stressed.  Preliminary 

geotechnical analysis has been undertaken to confirm the expected displacements, and these have formed the basis for the 

limits below. 

Note that although deflections of the retention wall are related to movements of structures and services adjacent to the wall, 

they are not necessarily in direct proportion (ie, a 10mm lateral movement of the retention wall may not correlate directly 

to a 10mm displacement of the structures behind the wall). As such, the deflection limits below relate directly to the 

retention wall in isolation and WSP defers to the specific deflection limits for the adjacent structures separately. 

Trigger Level Green  

(Normal) 

Amber 

(Proceed with Caution) 

Red 

(Stop work and rectify) 

Displacement +/-15mm 

 

+/-16mm – 25mm >26mm 

 

2.11.4 TRIGGER LEVELS AND PERMISSIBLE MOVEMENTS 

Trigger Level Green (Normal) Amber 

(Proceed with Caution) 

Red 

(Stop work and rectify) 

Description Structural displacements and/or 

vibrations are within the 

expected range of permissible 

movements. 

Structural displacements and/or 

vibrations have exceeded normal 

operating range, but are less than the 

limits nominated in the “Red” trigger 

level.  

Adjacent structures may have been 

affected and should be inspected 

Structural displacements and/or 

vibrations have exceeded the safe 

limits and works are to stop 

immediately until the source of the 

vibration/displacement is controlled. 

Action required Construction progresses with 

ongoing monitoring continuing. 

Temporarily halt construction works 

within 20m of identified alert area. 

Conduct visual inspection of area 

identified by alert and confirm if any 

damage has occurred. 

Works to commence once source of 

displacement/vibration is identified and 

mitigated as required  

Halt construction works within 50m 

of identified alert until source of 

movement/vibration is isolated and 

controlled. Provide temporary 

stability measures as required to 

prevent further displacement or 

damage occurring. 

Conduct visual inspection of area 

identified by alert and arrange for 

inspections by asset owner and/or 

project engineer to confirm extent of 

damage.  

Works to recommence only once 

asset owner or site engineer have 

given approval.  
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3 STRUCTURAL RETENTION DESIGN 

ADJACENT NORTHERN BUSWAY 

TUNNEL 

3.1 STRUCTURAL CONCEPT 

A key component of this project is the construction of underground carparking adjacent to the Northern Busway tunnel to 

service the proposed development requiring excavation of the basement structure to critical case of RL11.160. 

The proposed structural concept and excavation methodology is designed to be completely independent of and protect the 

existing busway structure, and maintain operation of the tunnel throughout construction. There is no requirement for any 

new structure to interfere or be located within the Busway Tunnel structure. 

It is proposed to install a piled retention wall offset along the length of either side of the tunnel to support a new structure 

spanning across the tunnel width thereby surrounding and creating an independent ‘gantry’ to the tunnel. 

In the final state, all vertical load from the new development is directed and supported by the new structure. Surcharge 

loading is supported by the new piled wall adjacent to each side of the tunnel thereby alleviating any new load on the 

exiting tunnel structure. 

The ‘gantry’ is independent of the existing tunnel and the design allows for future modification to be carried out on the 

tunnel without reliance of the new development and vice versa. 

The new structural system consists of reinforced concrete systems that maximises the life of the structure to a design life 

exceeding 50 years. 

Reinforced concrete elements ensure a low maintenance finish. Maintenance (if required) can be done within the new 

development. 

3.2 RETENTION SYSTEM SELECTED 

The most appropriate retention system selected for this site consists of:  

The Site Perimeter 

Conventional temporary anchored soldier pile and shotcrete infill panel system.  

Adjacent the Busway Tunnel 

Non anchored free spanning soldier pile system using the anchored soldier pile wall along Lutwyche Rd as a ‘deadman’ 

anchor wall. 

Permanent Restraint 

Permanent lateral restraint of the shoring wall is to be provided by the wall facing spanning vertically to the basement floor 

slabs. 
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Temporary Restraint 

If it is envisaged that permanent wall restraint via the new structural floor slabs takes longer than expected, (exceeding the 

temporary anchor design life), the anchor sub-contractor is to visually inspect each ground anchor head and carry out 

necessary testing (such as lift-off testing) of all anchors to confirm the condition of the anchors are satisfactory and the 

design loads are still being achieved. Depending on the results of the inspection and testing, re-stressing of various anchors 

may be required or additional anchors be installed to ensure the wall continues to perform as intended. 

The anchor sub-contractor is to implement an agreed inspection and maintenance scheme to regularly check the anchors 

are performing as intended. 

Locking off floor plates 

In order to limit the impact of shrinkage of the floor slabs on the wall movement, floor plates are to be structurally connected 

to the shoring wall a minimum of 180 days after pouring. Expected additional long-term lateral movement of the floor 

slabs after locking off the temporary movement joint is 5-10mm.  

Connection of the floor plate to the wall is to be provided by temporary movement joints. Reinforcing starter bars for the 

future connection of the structural floor slabs are to be installed to the face of the retention wall by the shoring contractor 

during construction of the retention wall. 

Destressing Temporary Anchors 

Anchors will be fully destressed once the permanent restraining basement floors have been cured and locked off.  

3.3 CONSTRUCTION CONSTRAINTS 

3.3.1 BASEMENT EXCAVATION 

The proposed site is underlain by fill and insitu soils over weathered Brisbane Tuff. 

The insitu soils and moderately weathered layers of this material are expected to be excavated via conventional 

excavators with rockbreakers and heavy dozers with ripping required to help break up the insitu rock. 

Between 8-18m below existing ground (Approx RL 18 to RL 10) is identified as being slightly weathered, very high 

strength, and may require controlled blasting to allowed for efficient excavation rates.  

This process is common for deep basements in the Brisbane, and has most recently been undertaken on the Queens Wharf 

project adjacent to several significant heritage structures without incident. The blasting operation is designed with pre-

drilled holes around the perimeter of the excavation to limit vibrations on adjacent structures and over break of the rock, 

preserving the quality of the adjacent rock mass and so ensuring that adjacent properties are protected. Vibrations during 

the blasting are carefully monitored and the blast controlled such that vibrations remain below the pre-agreed limits 

identified in section 2.11 of this report. 

3.3.2 NORTHERN BUSWAY TUNNEL 

The Northern Busway Tunnel runs through the proposed site and the basement shoring system has been designed to 

enclose and confine the existing rock and soils around the existing tunnel structure to ensure that the tunnel is not 

impacted by the proposed excavation works. 

Refer to the attached proposed construction staging included in Appendix A of this report for the proposed excavation 

staging adjacent to the tunnel. 
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APPENDIX A – 

SUPPORTING STRUCTURAL 

DRAWINGS 
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TUNNEL

TOP OF PROTECTION SLAB (VARIES)
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STAGE 2
2. CONSTRUCT TRANSFER BEAM ABOVE TUNNEL ROOF SLAB. POUR ON VOID FORMER
    IN STAGES, LIMITING LOADS ON TUNNEL ROOF TO 20kPa MAXIMUM.

3. START EXCAVATION OF BULK EARTHWORKS. EXCAVATE IN LAYERS EVENLY BOTH
    SIDES OF EXISITNG TUNNEL

4. INSTALL GROUND ANCHORS AND STRESS TO PRESCRIBED FORCES PER
    GEOTECHNICAL ENGINEERS SPECIFICATION. WHERE REQURIED, PROVIDE BATTER
    SLOPES PER ADVICE IN GEOTECHNICAL REPORT.

NORTHERN BUSWAY
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5. CONTINUE EXCAVATING EVENLY / CONCURRENTLY ON BOTH
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    WALLS.  BATTER SLOPES TO SUIT GEOTECHNICAL REPORT.

6. INSTALL GROUND ANCHORS TO SOLDIER PILES
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STAGE 4
7. CONTINUE EXCAVATING EVENLY / CONCURRENTLY ON BOTH
    SIDES OF TUNNEL TO MAINTAIN EQUILIBRIUM ON TUNNEL
    WALLS.  BATTER SLOPES TO SUIT GEOTECHNICAL REPORT.

8. CONTINUE TO PROGRESSIVLEY INSTALL GROUND ANCHORS
    TO SOLDIER PILES
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STAGE 5
9.  CONTINUE EXCAVATING EVENLY / CONCURRENTLY ON BOTH
     SIDES OF TUNNEL TO MAINTAIN EQUILIBRIUM ON TUNNEL
     WALLS. BATTER SLOPES TO SUIT GEOTECHNICAL REPORT.

10. INSTALL GROUND ANCHORS TO SOLDIER PILES.

11. INSTALL SOLDIER PILES AND STRIP FOOTINGS OVER TO
     SUPPORT NEW COLUMNS AND INFILL WALL OVER
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NORTHERN BUSWAY
TUNNEL

TOP OF PROTECTION SLAB (VARIES)

STAGE 6
BUILD NEW FOOTINGS, COLS, WALLS, SLABS AND
TRANSFER BEAM OVER TUNNEL AS PER NORMAL
CONSTRUCTION SEQUENCING

TRANSFER BEAM, REFER PLAN
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