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1 INTRODUCTION 

Pits (or Manholes) are hollow rectangular prism 
structures made of reinforced concrete. A pit is usu-
ally buried with an open end at the ground surface. 
To prevent the open end creating hazards or allow-
ing unwanted materials to enter, the open surface is 
covered with a removable ‘lid’ made of either con-
crete, cast iron or galvanized steel. These structures 
allow junction points (or service points) for under-
ground cabling such as electrical supply, internet, 
telecommunications and other services. Although 
they rarely exceed a depth of 3m, some structures 
can weigh in excess of 30t (BVCI 2014). 

To account for top and side wall loading in con-
crete pit design, CUBIS have considered static loads 
from the Australian Standard ‘AS3996-Access Co-
vers and Grates’, with some reference to RailCorp’s 
engineering specification ‘SPM0123-Reinforced 
Pre-cast Concrete Cable Pits’, and ‘AS3600-
Concrete Structures’. ‘Top loading’ is considered 
well researched/understood and thus, well designed. 
On the other hand, ‘side loading’ is less understood. 
Consequently, CUBIS have been forced to take a 
conservative approach with this aspect of the design 
“to meet leading authority and industry standards 
and requirements for telecommunications, commu-
nications and electrical applications” (CUBIS 2017). 

Side loading, or more specifically, ‘lateral pres-
sure transmitted through the soil from an adjacent 
vertical load’ is estimated using linear elastic earth 
pressure theory from the late 1800’s (Bousinessq 
1885). This current methodology does not account 
for a variety of variables including surrounding un-

saturated soil characteristics, the interaction between 
the unsaturated soil and the concrete, the pit geome-
try, the application of the adjacent load and the ef-
fects of an asphalt layer. With this in mind, it is be-
lieved that the concrete pits are over designed. 

Beside the obvious additional material costs, 
there are also financial implications concerning 
transport and installation of pits that are over de-
signed. Due to the excessive weight of some pits, 
there have been cases where they have been dam-
aged during handling and/or broken from their lifting 
points during installation. To investigate optimiza-
tion opportunities through improved load estimates, 
CUBIS have engaged the Geotechnical Engineering 
Centre (GEC) at the University of Queensland (UQ) 
to perform numerical simulations on vertical loads 
applied adjacent to buried pits and validate these 
models with a field experiment. 

1.1 Scope of work 

The desired outcome of this research is to develop a 
methodology to accurately estimate the lateral load 
experienced by buried concrete pit structures due to 
an adjacent vertical load. To do this, it was proposed 
to setup a field experiment where vertical loads 
could be applied and pressure measurements could 
be recorded at the pit wall. To account for a more 
diverse range of loading, fill material and pit geome-
try, the field results could then be replicated in a 
numerical software to perform parametric analysis. 
Laboratory testing was also conducted to character-
ise the unsaturated soil materials, used in the field 
experiment, for the software parameter input. 
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2 FIELD WORK 

The field experiment was conducted at ‘Batesford 
Lime and Sand Quarry’, Fyansford-Gheringhap 
Road, Fyansford, Victoria, Australia. ‘Douglas Part-
ners Pty Ltd’ (DP) were contracted by UQ to assist 
in performing the experiment safely and successful-
ly. The following summarizes the key aspects of the 
experiment and as previously stated, the results were 
used to validate the numerical models described later 
in this paper. 

The testing location was an elevated area of the 
mine that was not being used for limestone and sand 
extraction. This testing area consisted predominantly 
of weathered intact limestone. There was also sand-
size limestone at surface level from weathering and 
crushing of the limestone during extraction. The wa-
ter table was estimated to be 15m below the testing 
area (DP 2016). 

To construct the experiment, an excavation meas-
uring 10m long, 5m wide and 1.8m deep was created 
at the test area. To prevent the excavation from 
flooding during a heavy rainfall, a water extraction 
well was set up at the corner of the excavation and 
the base of the excavation was first filled with a 
300mm deep drainage gravel layer covered by a geo-
fabric to prevent fine particles filling the pore spaces 
of the drainage layer. 500mm of unsaturated sand 
was then compacted over the drainage gravel with a 
vibrating roller to a depth of 1m below the surface. 
A 1m x 1m x 1m custom, unreinforced, 40MPa pre-
cast concrete pit was fabricated by CUBIS for the 
field experiment. This approximately 1.5t pit was 
placed in the center of the excavation, on the com-
pacted sand. The two opposite pit walls that inter-
sected the major axis of the excavation were fitted 
with 5, 150mm diameter, 350kPa pressure cells, see 
Figure 1 for details. 

 

 
 

Figure 1. Pressure cell arrangement on opposite pit walls. 

 
An extra 500mm of unsaturated sand was then 

compacted in the excavation and around the pit. 

Lastly, 500mm of unsaturated sand (Side A) and 
425mm of unsaturated ‘road base gravel’ (Side B) 
were simultaneously compacted on opposite sides of 
the pit. Note, ~75mm deep from the ground surface 
was left on ‘Side B’ to allow for an asphalt layer. A 
schematic drawing of the cross-section taken along 
the major axis of the excavation is shown in Figure 
2. 
 

 
 
Figure 2. Schematic drawing of the cross-section along the ma-

jor axis of the field excavation. 

 
Using a 120t excavator, hydraulic jack and steel 

column a vertical adjacent load was incrementally 
applied at different distances from the pit wall to dif-
ferent plate sizes. 39 tests were completed ranging 
from 50mm to 2m away from the pit wall on 1m, 
400mm and 200mm steel loading plates. A maxi-
mum 40t load was applied; although some tests were 
terminated earlier due to bearing failure and/or un-
safe settlement of the loading plate.  

3 LABORATORY TESTING AND INPUT 
PARAMETERS 
 

Approximately 10-15kg of drainage gravel, unsatu-
rated sand, unsaturated gravel and both, intact and 
disturbed, surrounding limestone were sampled, 
placed in plastic bags, sealed with tape to preserve 
the moisture content and transported to the laborato-
ry at UQ. To characterize each of the materials, a 
Particle Size Distribution (PSD) test was performed 
in accordance with AS1289.3.6.1-2009 and Direct 
Shear tests were carried out on the unsaturated sand 
and gravel materials in accordance with 
AS1289.6.2.2-1998. Furthermore, the International 
Society for Rock Mechanics (ISRM) suggested 
methods for determining ‘Uniaxial Compressive 
Strength (UCS) and Deformability of Rock Materi-
als’ and ‘Indirect Tensile Strength by the Brazil 
Test’ were modified in an attempt to characterize the 
~75mm asphalt layer. 

3.1 PSD 

Figure 3 and Table 1 show the results of the PSD 
analysis. 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. PSD curves for back fill material used in the field ex-

periment. 

 

Table 1. Summary of PSD analysis for unsaturated materials 

used in the field experiment. 

Sand Gravel 
Crushed 

Lime 
Drainage 
Gravel 

Grain size distri-
bution 

    

Gravel content 
(> 2 mm, %) 

43 68 0 100 

Sand content 
(≤ 2 mm, %) 

57 32 100 0 

Coefficient of 
uniformity 

11.5 16.75 2.25 1.00 

Coefficient of 
curvature 

1.00 1.25 1.00 1.00 

Specific gravi-
ty  

   

Unified soil clas-
sification system 
(USCS) 

SW GW SP GP 

 
As expected, the crushed limestone PSD indicated 

it could be characterized as a poorly graded fine 
sand. Note, the larger 10 percentile of limestone par-
ticles were pieces of broken seashells that had been 
fossilized within the limestone. The unsaturated 
‘sand’ and ‘gravel’ materials were well-graded sand 
and gravel respectively with few fines. The ‘sand’ 
was approximately 57% sand and 43% gravel while 
the ‘road base gravel’ was 32% sand and 68% grav-
el. Although the ‘sand’ and ‘road base gravel’ mate-
rials seemed very different visually, their PSDs were 
surprisingly very similar. Finally, the drainage gravel 
was a poorly graded coarse gravel with 5% very fine 
particles produced from the weathering of coarse 
particles. 

3.2 Direct shear 

Table 2 summarizes the results of the direct shear 
testing. 

 
Table 2. Summary of Direct Shear results for the unsaturated 

materials used in the field experiment. 

Material Angle of Friction Cohesion 

Sand 45⁰ 20kPa 

Gravel 50⁰ 15kPa 

3.3 Other Input Parameters 

Considering the samples from the field were com-
pletely disturbed, it was very difficult to use the Tri-
axial machine to determine the Young’s modulus 
and Poison’s ratio of the unsaturated sand and gravel 
materials. Alternatively, it was decided to use avail-
able literature to bound a two-dimensional (2D) par-
ametric study to best estimate the elastic input pa-
rameters. Table 3 summarizes the estimated input 
parameters and Section 4 describes the numerical 
model used to perform this study. 
 
Table 3. Estimated elastic input parameters. 

Material Young’s modulus Poisson’s ratio 

Sand 200 MPa 0.15 

Gravel 200 MPa 0.15 

 
Lastly, using a nuclear density gauge during the 

field experiment, the total density of the unsaturated 
materials was measured to be approximately 
2000kg/m3; while, the dilation angle and tensile 
strength were assumed negligible and were taken as 
zero. 

3.3.1 Soil-concrete Interface 
Further 2D numerical analysis determined it would 
be best to model the unsaturated soil-concrete inter-
action as an interface with Mohr-Coulomb (MC) 
failure criterion. The friction angle and cohesion 
were determined with direct shear laboratory testing 
while the dilation angle and tensile strength were 
assumed to be zero. When applying a numerical 
interface boundary, it is permitted to assign values 
for shear and normal stiffness. For this particular in-
terface scenario, the developers of the numerical 
code, Itasca, suggest to use a high normal and shear 
stiffness determined by Equation 1. 
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where kn and ks are the normal and shear stiffness, K 
and G are the bulk and shear modulus of the sur-
rounding material respectively and ∆zmin is the 
smallest width of an adjoining mesh ‘zone’ in the di-
rection normal to the interface 
   Using a concrete specimen, 24 direct shear tests 
with medium and highly consolidated unsaturated 
sand and gravel field samples were performed. The 
predicted friction angle and cohesion results of this 
testing are shown in Table 4 below. 
 
 



 
 
Table 4. Results for unsaturated soil-concrete interface testing 

using Direct Shear. 

Material Compaction 
Angle of 

Friction 
Cohesion 

Sand Medium 22⁰ 0kPa 

Sand High 26⁰ 12kPa 

Gravel Medium 31⁰ 0kPa 

Gravel High 32⁰ 6kPa 

3.4 Asphalt 

Asphalt (or asphalt concrete) usually describes a 
compacted <19mm gravel (GP) aggregate and bitu-
men mixture. Depending on the temperature, bitu-
men chemistry/content and aggregate characteris-
tics/content and loading case asphalt can behave 
very differently. A variety of scholarly articles de-
scribe attempts to characterize the strength and fail-
ure mechanisms of asphalt via laboratory experimen-
tation; although true, there is not a unified 
methodology. Consequently, an effort to characterize 
the ~75mm thick asphalt layer in the field experi-
ment was made. 

45mm diameter core samples were taken from the 
field experiment back to the lab at UQ. 4 samples 
were selected, appropriately machined for UCS test-
ing and fitted with 1 radial and 1 vertical 40mm 
strain gauges. To break the samples within 5 to 10 
minutes, as described by the ISRM methodology, a 
0.01kN/s loading rate was used. Please see Figure 4 
for the UCS load verse displacement curves. 

 
 

 
 
 
 
 
 
 
 
 

 
Figure 4. UCS load Vs. displacement results 

 
From Figure 4 it is obvious asphalt is much to 

ductile to be a perfect MC material. Although true, it 
was decided, on the grounds of simplicity of the nu-
merical model, to characterize this material using the 
MC failure criterion. To complete this, specimens 
from the core samples were prepared for Brazilian 
Tensile testing and 7 successful tests were complet-
ed. See Table 5 for the results and apparent MC pa-
rameters. 
 
 
 

 
 
Table 5. Results of UCS and Brazilian Tensile testing on as-

phalt specimens. 

Average 

Young’s 
modulus 

Poisson’s 
ratio 

Average 

tensile 

strength 

Calcu-

lated 

friction 

Angle 

Calculated 

cohesion 

2GPa 0.25-0.35 1.65MPa 20⁰ 1.15MPa 

4 NUMERICAL ANALYSIS 

The software chosen to perform the 2D numerical 
analysis, mentioned previously, was FLAC. FLAC is 
a commercial, 2D finite difference code developed 
by Itasca Consulting Group. It is particularly well 
suited for simulating the behavior of soil, rock and 
other materials that may undergo plastic flow when 
their yield limits are reached. The model space is 
discretized into ‘zones’, whose shape are modified to 
represent the geometry of interest. In FLAC, it is 
critically important to accurately represent the 
boundary conditions and material properties of the in 
situ conditions the modeler is attempting to simulate. 
This particular software package was chosen for this 
research due to its significant versatility and flexibil-
ity in conducting numerical modeling. 
  To successfully construct a working FLAC model, 
it was important to represent the boundary and load-
ing conditions appropriately. The limestone excava-
tion, in the field experiment, was believed to be rela-
tively rigid in relation to the stress it would have 
experience. This suggests that the geometry of the 
excavation could serve as the geometry of the 
boundary used in the model. Secondly, the incre-
mental loading conditions used in the field were 
simulated by inflicting a displacement per computa-
tional step (velocity) at the boundary location where 
the load was being applied. By doing this with a very 
small displacement per step (10-7m/s), a pseudo-
static simulation was induced. Although 2D was use-
ful to test the boundary/loading hypotheses and per-
forming certain parametric studies, it should not be 
used to accurately predict the field results. 
  Considering the nature of the field experiment, it 
was logical to proceed with 3D studies. To perform 
the 3D analysis, FLAC’s more powerful twin ‘FLAC 
3D’ was used. By extending what was learnt in 2D, 
field results were successfully represented in the 3D 
model’s. Figure 5 shows the field results (solid line) 
against the simulated results (dashed line) for load-
ing conducted on the 400 mm square plate at 500mm 
away from the pit wall, on the unsaturated gravel 
side. 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. FLAC 3D Vs. field results - 400mm square loading 

plate, 500mm from pit wall, unsaturated gravel. 

 
Similarly, results for loading on the 1m square 

plate at 500mm away from the pit wall, on the as-
phalt are shown in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. FLAC 3D Vs. field results – 1m square loading plate, 

500mm from pit wall, asphalt. 

5 CONCLUSIONS 

Currently, CUBIS use the peak predict pressure and 
other assumptions to simplify their design method-
ology for lateral loading on their pits. Taking this in-
to account, it was possible to create design charts 
that related the adjacent vertical load, the loading ar-
ea and the peak pressure; see Figure 7 for details.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Peak simulated lateral pressure Vs. applied load for 

1m (green lines) and 400mm (black lines) square loading plates 

at various distances from the pit wall. 

Note, the peak pressure for loading conducted on 
the unsaturated gravel side was similar, but slightly 
more conservative compared to the unsaturated sand 
side; hence the gravel results shown in figure 5 were 
generalized to be used for highly consolidated, poor-
ly graded, unsaturated granular material. As a result, 
the chart in Figure 7 allows the CUBIS design team 
to accurately and easily predict the peak lateral earth 
pressures for various loading scenarios. 

6 FUTURE WORK 

Plans to laterally load pits in the UQ structural me-
chanics laboratory have commenced. The goal is to 
load pits in such a way so that they experience simi-
lar lateral pressure distributions to what they would 
experience in the field. During this pit deformation 
will be observed. There is also plans to over load 
pits and document their failure mechanism. It is hy-
pothesized that these tests will be useful for design 
serviceability and Factor of Safety (FOS) studies. 
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