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ABSTRACT 
 
The Donaldson open pit coal mine is located in Blackhill, New South Wales. Three water 

pipelines, supplying water to approximately 100,000 people in the Cessnock and Maitland 

areas, traverse the mine site. A design for a bridge crossing over the pipelines was required in a 

short time frame to allow access to the western part of the site for mining purposes. The 

crossing had to accommodate 300 t hydraulic mining shovels and 250 t mining trucks and be 

able to be removed at 24 hours’ notice to allow maintenance of the pipelines. 

 

The paper presents the design approach and construction methods used to achieve the 5 year 

design life while also satisfying requirements imposed by Hunter Water Corporation (HWC). 

 
1 INTRODUCTION 
 
The Donaldson open pit coal mine is located in Blackhill, New South Wales. Three Hunter 

Water Corporation (HWC) water pipelines, supplying water to approximately 100,000 people in 

the Cessnock and Maitland areas, traverse the mine site (Figure 1). A design for a crossing over 

the pipelines was required in a short time frame to allow access to the western part of the site for 

mining purposes. The options considered include a crossing structure spanning over the existing 

pipes or relocating the above grade 900 mm diameter pipe underground. Building the crossing 

structure was assessed as the more economical solution. 

 

The paper presents the design approach and construction methods used to achieve the 5 year 

design life while also satisfying requirements imposed by Hunter Water Corporation (HWC). 

 

 
Figure 1: Pipeline location plan 



2 DESIGN 
 
The design criteria for the crossing required it to carry loads from 300 t hydraulic mining 

shovels and 250 t mining trucks with a 5 year design life. Some of the main design 

considerations include the following: 

 

 A requirement imposed by HWC to include a 2 m high by 5 m wide access space 

around the pipes to have access to the pipes for minor works if required.  

 The crossing is to be designed such that it could be dismantled within 24 hours should 

emergency access to the pipes be required. 

 

The design of the crossing comprised cast in situ reinforced concrete vertical walls on either 

side of the pipes and precast reinforced concrete top slabs supported by the walls, as shown in 

Figure 2. Footings for the structure comprised piles founded on bedrock spaced at 1.0 m centres. 

The walls were backfilled with engineered fill to provide a ramp approach for the mine vehicles. 

 

The design was undertaken using hand calculations and a two-dimensional finite element 

software, Phase
2
 by Rocscience Inc. 

 

 
 

Figure 2: Pipeline crossing design 

 

3 LOADS 
 

The loads considered during design were that due to two fully loaded CAT785B mining trucks 

and a CAT5230 mining excavator. The plant imposes a lateral load onto the structure as the 

plant approaches the structure and a vertical load on the top slab as it crosses the pipes. 

 

Shen (2008) provides details of loads considered during design and methods used in assessing 

the lateral earth pressure imposed on the structure. The service load calculated was a semi-

infinite UDL at the surface of 130 kPa. That lateral load models considered are summarised in 

Figure 3. 



The main lateral resisting element is the engineered fill placed against the side walls, this was 

specified as a well compacted cohesive and frictional fill.  A cohesion of 5 kPa, angle of friction 

of 35 degrees and elastic modulus of 15 MPa were adopted and considered that the adopted 

strength parameters are conservative for such a material.  The adopted modulus is equivalent to 

a stiff clay or medium dense sand. The piles were designed to mainly resist the high lateral 

loads imposed on the structure but also the vertical loads.  

 

For passive resistance, Coulomb passive earth pressure coefficients (given in Das, 1984) of Kp 

= 5.3, for a wall friction angle () of 10 degrees and Kp = 8.3 for a wall friction angle () of 20 

degrees. The square root of Kp has been adopted as Kpc which is consistent with the Rankine 

Solution. The passive earth pressure distributions on the resisting side of the structure is given 

as 
5.0)('2 pvphp KcK   and shown in Figure 4. 

 
Figure 3: Summary of lateral load models 

 

 

 
 

Figure 4: Coulomb passive earth pressure distribution 
 

In addition, the Phase
2
 analysis was interrogated to assess the earth pressures on the resisting 

side of the structure.  These are shown for increasing vertical loads on Figure 5 together with 

the Coulomb passive earth pressures.  It can be seen that at the service load of 130 kPa (broken 

blue line) the soil is not stressed significantly with respect to the available passive pressures.  As 

the applied load increases, more of the soil approaches the limiting passive state.  The Coulomb 

assumptions are considered to reasonably bracket the ultimate state. 



 
Figure 5: Passive earth pressure with increasing vertical loads 

 

4 ANALYSIS 
 

Stability analysis was undertaken by 2 methods, a simple hand calculation for a 4 pinned frame 

and two-dimensional elasto-plastic finite element analysis.  

 

The hand calculation was based on calculated service lateral loads from methods 3 and 4 shown 

in Figure 3 and Coulomb passive earth pressures and analysed per Figure 6. 

 

 
Figure 6: Pipeline crossing design 

 

The resulting factors of safety (resisting moment / overturning moment) are given in the table 

below. 

 

Lateral load models Coulomb Passive Resistance 

 = 10  = 20 

Surcharge 2.6 4.0 

Surcharge and elastic theory 2.0 3.0 

 

As can be seen, the minimum factor of safety of 2.0 is obtained for the combination of the more 

conservative load and resistance.  The actual loading is more likely a surcharge load with a wall 

friction angle () of 20 degrees resulting in a factor of safety of 4.0. 

 

It is noted that the actual resistance is spread over greater than twice the length of the loaded 

area and thus the factors of safety would be at least double those presented above. 

 



A two dimensional elasto-plastic finite element analysis of the structure was undertaken by 

increasing the applied load (semi-infinite UDL from 100 kPa to 800 kPa) until failure occurred. 

The overall arrangement of the analysis is shown on Figure 7.  The piles have been modelled as 

a two dimensional “wall” and thus the top of the piles deform less in the model than is likely in 

service. 

 

 
 

Figure 7: Finite element analysis model 
 

From the analysis, values of horizontal displacement were calculated for each load. An analysis 

for a “poor” fill material in passive resistance under the service load was also undertaken. The 

following horizontal displacements were calculated at the top of the passive side wall under the 

service load: 

 

 Less than 10 mm with passive resistance from engineered fill constructed in accordance 

with the design as shown in Figure 8(a). 

 Less than 20 mm with passive resistance from “poor” fill (ie fill not achieving soil 

properties presented in Section 3) as shown in Figure 8(b). 

 

The analysis indicated that provided the structure was constructed in accordance with the 

design, it would be stable under loads several times the service load and for the ultimate case of 

“poor” fill under service load. 

 



 
 

Figure 8(a): Horizontal displacement of passive side wall under service load 

 

 
 

Figure 8(b): Horizontal displacement of passive side wall under service load where passive 

resistance provided by “poor” fill. 

 

 

 

 

 

 

 

 



5 CONSTRUCTION 
 

The construction of the crossing is described in the following section. 

 

5.1 Bored piles 
 

The piles comprised approximately 3.5 m long, 450 mm diameter reinforced concrete bored 

piles drilled with a 5 t excavator fitted with a pendulum auger. The piles were drilled at 1 m 

centres through residual soils and socketed 1 m into low strength weathered shale bedrock. 

Reinforcement cages that formed part of the reinforcement for the side walls were lowered and 

concrete poured to the top of the bored piles. Some difficulty was encountered in getting the 

cages central to the pile holes and vertical. This was overcome by construction of timber forms 

at the top of the pile holes to centralise the cages and adjusting the base of the cages manually. 
 

5.2 Side walls 
 

The side walls comprised cast insitu reinforced concrete walls (34 m length x 2 m height x 0.4 

m thick) constructed on either side of the design envelope. The side walls were formed and 

reinforcement constructed as shown in Photo 1.  

 

 
 

Photo 1: Construction of side walls 
 
5.3 Top slabs 
 

The top slabs comprised precast reinforced concrete slabs (5.8 m length x 0.4 m thick x 2 m 

width) with corbels at both ends. Upon delivery to site, the top slabs were lifted into place as 

shown in Photo 2. Photo 3 shows the crossing with the structural components constructed. 

 



 
 

Photo 2: Top slabs 

 

 
 

Photo 3: Crossing with structural components completed 
 
5.4 Engineered fill, rockfall protection and safety bund 
 
Following construction of the crossing structure, engineered fill comprising of approved mine 

overburden material was placed adjacent to the side walls extending at least 5 m from the side 

walls which forms part of a ramp for the mining trucks. The engineered fill was placed in layers 

and compacted with a 10 tonne non-vibratory roller. Finally, a rockfall protection barrier and 

safety bunds along the edges were constructed. Photo 4 shows the crossing in operation. 



 
 

Photo 4: Crossing in operation 

6 MONITORING 
 
Four survey prisms were installed at the top of the side wall at each corner of the crossing. A 

baseline reading was taken immediately upon completion of construction. Surveys were 

conducted on a weekly basis for the first 3 months of operation reducing to monthly surveys for 

the following 18 months. Based on the design analyses, under service loads, less than 10 mm of 

lateral displacement was expected at the top of the side walls.  

 

The survey monitoring indicated lateral displacements varied between 0 mm to 20 mm between 

each survey undertaken. However, the data appeared noisy and did not indicate a clear 

movement trend. Given that the loads are dynamic and the crossing allows 2 way traffic, it is 

unlikely lateral displacement in one direction can be expected.  

 

The crossing has been in operation for over 7 years and thus has achieved the intended design 

life. 
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