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ABSTRACT 
 
Industrial warehouses are often constructed on structural fill subgrades and the floor slabs can be 
designed based on an elastic modulus (E) assessed by the earthwork designer or structural engineer. 
In the last decade, several hundred simplified plate load tests have been undertaken during 
construction for several such warehouses in Western Sydney constructed on up to 8 m of residual clay 
/ shale structural fill. The plate load test was found to be a quick and direct method to confirm the 
adopted E or if possible, to adjust the design E for more efficient slab designs. This paper presents the 
testing methodology including the apparatus used and the method for estimation of the elastic 
modulus. Typical results and statistics of the database are provided. 
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1 INTRODUCTION 
 
Industrial warehouses are often constructed on structural fill subgrades and the floor slabs can be 
designed based on an elastic modulus (E) assessed by the earthwork designer or structural engineer. 
In the last decade, several hundred simplified plate load tests have been undertaken during 
construction for several such warehouses in Western Sydney. These warehouses were constructed 
on up to 8 m of structural fill comprising typically residual clay and weathered shale and within cut with 
the subgrade comprising typically stiff clay or better material. 
 
The plate load test was found to be a quick and direct method to confirm the adopted design E or if 
possible, to adjust the design E for more efficient slab designs. This paper presents the testing 
methodology including the apparatus used and the method for estimation of E. Typical results and 
statistics of the database are provided. 
 
This paper does not attempt to review the literature on plate load testing but tries to demonstrate from 
recent experience the usefulness and practicality of undertaking simplified plate load tests, particularly 
for industrial developments. 
 
 
2 TEST SETUP 

 

The method of testing comprises loading of a single 300 mm or 500 mm circular steel plate using a 
hydraulic jack. The counterweight of an excavator is often used as kentledge for the testing within 
compacted fill or cut subgrade. The settlement of the plate is measured by a single, centrally located, 
dial gauge as the load is applied, relative to a fixed reference beam. The simplified plate load test 
setup is shown in Figure 1 and Figure 2. The authors note that this is not strictly in accordance with a 
commonly quoted American standard, ASTM D1196-93 but it has been found that the simplified setup 
is sufficient for its intended purpose. 
 
 
3 TEST METHODOLOGY 

 
Prior to testing, a very thin layer of quick-set grout is often used to smooth the surface and ensure full 
contact beneath the plate.  It has been found that using a stiffer material (eg grout) as compared to a 
material less stiff (eg bedding sand) than the subgrade under the plate gives fewer seating problems 
and allows better assessment of the elastic modulus of the subgrade.  
 
The plate is then incrementally loaded to a maximum load with plate settlements recorded after each 
load increment. Using a 20 tonne excavator as kentledge, the maximum reaction achievable is 
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approximately 72 kN (7.3 tonnes) which corresponds to a pressure of approximately 370 kPa for a 500 
mm diameter plate. The maximum load is essentially limited by the type of kentledge used (eg size of 
excavator) and the bearing capacity of the fill or cut. The equipment can achieve a load of up to 
approximately 12 tonnes by using a 30 tonne excavator as kentledge. 
 
 

 
Figure 1. Test setup schematic 

 
 

 
 

Figure 2. Test setup 
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Plate settlements are recorded at each load increment during loading. An unload-reload loop is 
undertaken at half the maximum load and unloaded at the maximum load. Figure 3 shows a typical 
load-settlement plot of a test. With this test procedure, several tests can be completed in a day.  
 

 

Figure 3. Typical load-settlement plot from a plate load test 
 

4 INDUSTRIAL DEVELOPMENTS 
 

The construction of an industrial warehouse on an undeveloped or redeveloped site in Western 
Sydney often starts with the bulk earthworks undertaken to a specification prepared by the structural, 
civil or geotechnical engineer (ie the earthwork designer). These warehouse structures typically 
comprise steel frames founded on shallow footings with reinforced concrete slabs on grade.  
 
In addition and often completely separately, a geotechnical engineer provides geotechnical design 
advice to the owner, builder or structural engineer.  It is not uncommon for this advice to contradict the 
earthworks specification prepared by others. 
 

4.1 Loading and design 
 

Industrial floor slabs can be designed based on an elastic modulus (E) of the subgrade assessed by 
the earthwork designer or structural engineer and shallow footings can be proportioned based on an 
“allowable bearing pressure” provided by the earthwork designer.  Common loads that are considered 
by the structural engineer / slab designer include wheel loads, racking post loads and uniformly 
distributed loads (UDL). In the authors’ experience, for typical warehouses in Western Sydney, racking 
post loads are between 2 tonne to 7 tonne and UDLs between 20 kPa to 40 kPa but these loads are 
increasing as larger buildings are required. 
 
 
5 GEOTECHNICAL DESIGN PARAMETERS 
 

In the authors’ experience, for these Western Sydney warehouses built on clay / shale structural fill or 
shallow clay cuts, the following design parameters have been appropriate for design of efficient slabs 
and footings: 
 

 Allowable bearing pressure (ABP) of 150 kPa for the design of shallow pad footings. 

 A design long term modulus (ELT) of at least 10 MPa for the design of the warehouse 
slabs. 

 
In contrast to normal earthworks control (eg density testing), plate load tests provide a more direct 
assessment of both of these parameters. 
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5.1 Allowable bearing pressure 
 
Typically, the maximum pressure is approximately 370 kPa for a 500 mm diameter plate. This is 
approximately 2.5 times the ABP adopted. Structural engineers have been able to proportion 
efficiently sized pad footings for typical industrial warehouses based an ABP of 150 kPa satisfying 
both serviceability and strength requirements. 
 
5.2 Elastic modulus 
 
The elastic modulus (E) for each plate load test can be estimated using elastic theory, for a rigid plate 
on a homogeneous material.  This estimated E relates to the initial (virgin) loading, but does not allow 
for any “bedding in” that may occur upon initial transfer of load to the subgrade. 
 
Industrial floor slab design methods provided in CCAA T48 (2009) are based on linear analysis using 
elastic soil behaviour incorporated into the design model with the key parameter being Young’s 
modulus (Es).  
 
Depending on the loading conditions (eg rapid or sustained loading), a short term modulus (EST) or 
long term modulus (ELT) may be applicable for design. The authors consider that EST and ELT are not 
taken to be undrained and drained conditions but rather ELT should take account of creep and other 
time effects. 
 
The authors recognise that many soils exhibit non-linear stress-strain behaviour (even at small strains) 
so, although convenient, calculation of a soil stiffness using linear elastic theory has limitations. As 
such, we consider Es to be mainly an index. 
 
The elastic solution for a rigid circular vertical loaded area on a semi-infinite mass is provided in 
Poulos and Davis (1974), equation 7.8, and after rearranging, the elastic modulus (E) is given by. 
 

E = Q/ D (1 - 
2
) (1) 

 

Where Q = total load 

  = vertical surface displacement 
 D = diameter of plate 

 = Poisson’s ratio 
 
Given the short duration of the test, a Poisson’s ratio of 0.5 is adopted for a conservative assessment 
of E.  Figure 4 shows E estimated from equation (1) for a typical test. 
 

 
Figure 4. Estimated E for a typical test 
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It has been observed from several hundred tests undertaken within similar subgrades that the stiffness 
of the tested subgrade varies typically within the range shown in Figure 5(a) and Figure 5(B).  It has 
also been observed that the load-settlement behaviour can be non-linear up to the maximum test 
pressure as shown in Figure 5(c) and 5(d). The E for these tests has been estimated based on the 
linear potion of the load-settlement plot in the lower pressure range. Typical total settlements following 
loading to 370 kPa range from 3 mm to 18 mm. 
 

 
 

Figure 5(a). Estimated E for a typical test Figure 5(b). Estimated E for a typical test 
 

 
 

Figure 5(c). Estimated E for a typical test Figure 5(d). Estimated E for a typical test 
 
6 PLATE LOAD TESTING AND RESULT SUMMARY 

 
Several hundred simplified plate load tests were undertaken for several industrial warehouse 
developments in Western Sydney. Figure 6 shows a summary of the results for these tests.  
 
Over 70 of these tests were undertaken on a subgrade comprising well compacted clay / shale fill or 
shallow residual clay cut subgrade. The results confirmed that a design elastic modulus of 10 MPa 
adopted for initial design was appropriate as more that 95% of the tests indicate an E greater than 10 
MPa. In some cases, site specific testing was undertaken which resulted in the earthwork designer 
being able to adjust the design E to achieve more efficient slab designs. 

ANZ 2012 Conference Proceedings 887



 
CCAA T48 (2009) provides typical short and long term Young’s modulus (Ess, Esl) for various 
subgrades. Typical values for a “silty clay (CL)” subgrade are Ess ranging from 33 MPa to 36 MPa and 
Esl ranging from 23 MPa to 25 MPa.  No basis for these values is provided. These values are up to 2.5 
times higher than those measured by plate load testing on actual subgrades. The authors consider 
that a 500 mm diameter plate and 8 tonne load is probably a reasonable representation of a typical 
industrial rack load as it presents to the subgrade beneath the concrete pavement.  On this basis, it is 
considered that the T48 moduli might be more appropriate to small strains at subgrade level due to 
wheel loads than they are to rack loads. 
 
Over 40 tests were undertaken for a particular site on a subgrade comprising well compacted clay / 
shale fill with approximately 15 % topsoil blended into the fill. This testing was undertaken in order that 
the earthwork designer may be confident following changes to the material specification, the design E 
of 10 MPa provided was still achieved. It is noted that the estimated E from approximately 12% of the 
tests was less than 10 MPa. An additional control implemented by the earthwork designer was to limit 
this topsoil blended fill to be placed up to 1.5 m below the bulk earthwork level. This process saved the 
project considerable money compared with the alternate of removing the stripped topsoil to waste. 
 

 
Figure 6. Plate load test result summary 

 

7 CONCLUSION 

 
The simplified plate load test has been found to be a quick, cost effective and a direct method to 
confirm the adopted design E and in some cases, to adjust the design E for more efficient slab 
designs. This provides the earthwork designer and the structural engineer / slab designer confidence 
that their design is appropriate. 
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