
Automated Plate Load Test
The proprietary Automated Plate Load Test (APLT) system is a one-of-its-kind 
system developed to perform fully automated static and repetitive/cyclic plate load 
tests, per AASHTO, ASTM, and European test standards. Cyclic tests are performed 
with precise control with up to 100,000 cycles per test. 

Plate load testing has been widely used in geotechnical engineering for foundation 
testing and is the long standing “gold” standard for assessing the in-situ pavement 
foundation support conditions. 

APLT was designed for rapid 
deployment and testing of pavement 
foundations, stabilized materials, 
embankments, and compacted fill. 

The APLT system is capable of 
conducting the following tests in-situ:

• Modulus of subgrade 
reaction (k-value)

• In-situ resilient modulus (Mr)

• Confining stress-dependent 
resilient modulus (Mr-σ)

• Strain modulus (Ev1, Ev2)

• Bearing capacity test (qu)

• Shear wave velocity/modulus 
test (vs)

• Proof wheel rutting (δ)

• Cone penetration test (qt/fs)

• Borehole shear test (c, φ)

• Rapid in-situ air permeability 
test (ksat)

• Tube sampling and extrusion

Modulus of subgrade reaction (k-value) measured 
using a 30 in. (762 mm) diameter plate subjected 
to static load steps is used in rigid pavement 
design in the U.S., while strain modulus (Ev) 
with one or two quasi-static load cycles using 
a 12 in. (300 mm) plate is used in Europe. 
Static plate load testing has traditionally been 
considered time-consuming, difficult, and often 
too expensive as a routine measurement. The 
APLT system was designed to provide rapid, 
safe, state-of-the-art testing of in-situ pavement 
foundations to overcome previous limitations. 

In the new AASHTOWare™ Pavement ME Design 
guide, resilient modulus (Mr) values are used in 
both rigid and flexible pavement design. The 
APLT system was designed to directly measure 
and develop the confining-stress-dependent 
Mr input values using the universal model. 

Until now, Mr has only been obtainable from 
laboratory triaxial tests (AASHTO T307) or 
using empiricism. 

Compared to falling weight deflectometer 
(FWD) testing, APLT has the advantages of: 
(1) applying a conditioning stage (i.e., 100+ 
cycles) prior to testing design values, 
(2) using confinement control to directly test 
on the foundation layer (simulating a laboratory 
triaxial test), and measuring both the peak, 
recoverable, and permanent deflections (Fig. 1) 
(FWD measures only peak deflection). It is well 
established in the literature that application 
of conditioning load cycles and use of stress 
control are critical to predicting in-service 
design values. The APLT accomplishes both of 
these using an advanced electronic-hydraulic 
control system.   

Figure 1  Cyclic APLT to determine Mr Figure 2  Plate load test setup with 18 in. (457 mm) plate diameter

APLT 
Capabilities

INGIOS GEOTECHNICS, INC.
P.O. BOX 184
GILBERT, IA 50105

INGIOS.COM



Figure 3 APLT system field setupAPLT System & Capabilities
In response to the limitations of the current approaches and test 
devices, the APLT system was designed to rapidly measure k-values 
and Ev values through static testing, and directly measure in-situ Mr 
through cyclic testing considering the influence of number of cycles, 
stress level, and confining pressure. With the automated control 
system, the APLT measures permanent deformation under cyclic 
loading (100,000+ cycles), which is critical in assessing long term 
performance. Results are used to develop service life performance 
models. The APLT can be configured to various U.S. and European 
standard test methods. 

The in-situ composite Mr values are determined using the well-known 
Boussinesq’s half-space equation and elastic or resilient deformations 
measured from the tests. Layered moduli information from the 
composite values are extracted using Odemark’s method of equivalent 
thickness and are verified using independent field measurements. 

Figure 3 shows the APLT equipment and Figure 4 is an example of the 
data output with stress cycles, cyclic and permanent deformation, 
stress-displacement relationship, number of load cycles, and in-situ Mr. 

The patented (U.S. and foreign applications) APLT unit is automated 
with a programmable electronic-hydraulic feedback control system  
that eliminates operator errors and bias during testing. The APLT 
system self-weight can provide a reaction force of 7 tons and can  
be increased to 15 tons to conduct tests using larger plate sizes.  
A remote controlled scraper blade is mounted on the APLT and uses 
an auto-level guidance system to smooth uneven surfaces prior to 
testing. Shelby tube samples are pushed and extruded on-site for 
subgrade characterization and additional testing. The APLT system 
was designed to provide safe working operations both day and night.

Figure 4  Example output from APLT system
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Test Capability / Notes Test Method Conformance  (PARTIAL LIST)

STATIC TESTING

Plate load test to determine modulus of subgrade 
reaction, k-value. Available plate sizes: 6, 8, 10, 12, 18, 
24, 30 inch diameter. k-value calculated as average 
deflection of plate divided by plate stress (selected for 
material and loading conditions). 

Capability to measure plate edge and/or center. 
Corrections available for plate bending, plate size,  
and moisture content (i.e., saturation).

AASHTO T222  
Standard Test Method for Nonrepetitive Static Plate Load Tests of Soils 
and Flexible Pavement Components, for Use in Evaluation and Design of 
Airport and Highway Pavements.

CRD-C 655-95  
Standard Test Method for Determining the Modulus of Soil Reaction U.S. 
Army Corps of Engineers.

ASTM D1196  
Standard Test Method for Nonrepetitive Static Plate Load Tests of Soils 
and Flexible Pavement Components, for Use in Evaluation and Design of 
Airport and Highway Pavements.

DIN 18134 
Determining the Deformation and Strength Characteristics of Soil by the 
Plate Loading Test.

REPETITIVE/CYCLE TESTING

Cyclic (repetitive) plate load testing to determine the  
in-situ elastic and resilient modulus. 

Confining stress-dependent cyclic (repetitive) plate  
load testing to determine the in-situ elastic and  
resilient modulus. Elastic and resilient modulus are 
calculated according to the well-established  
Boussinesq’s half-space equation:

E, Mr = (1-v 2) f so (a / do )

do for resilient modulus uses recoverable deflection.

AASHTO T221  
Standard Method of Test for Repetitive Static Plate Load Tests of Soils and 
Flexible Pavement Components for Use in Evaluation and Design of Airport 
and Highway Pavements.

ASTM D1195  
Standard Test Method for Repetitive Static Plate Load Tests of Soils and 
Flexible Pavement Components, for Use in Evaluation and Design of Airport 
and Highway Pavements.

AASHTO T307

Standard Method of Test for Determining the Resilient Modulus of Soils 
and Aggregate Materials (this standard’s load pulse requirements, 
sequencing, and cycle numbers are used to establish the in-situ load pulse 
durations, loading values, and number of cycles).


