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1. INTRODUCTION 

This report presents the results of a limited scope research testing program, carried out by Ground Science on 

the supplied Equine Safety mat. The scope of works herein was commissioned by Ian Pearse of Gallop Track 

Pty Ltd (the client).  

2. PROJECT BACKGROUND & UNDERSTANDING 

It is understood the project involves the assessment of a new foam rubber type mat system to be used under a 

fibre sand track or horse racetrack crossing.  

Geotechnical testing is required to determine selected performance characteristics of the mat in a variety of 

settings and uses. The testing will focus on laboratory testing of the hydraulic performance that are to simulate 

proposed construction techniques and variations that replicate existing designs.  

The factual findings in this report are based on the information collected at the time of the report preparation and 

the supplied product. Any variation in the manufacture or supplied of the Equine Safety Mat product is beyond 

the scope of our commission. In the event of such changes, further advice should be sought from Ground 

Science. 

3. LABORATORY TEST PROGRAM 

The aim of stage two was to perform horizontal hydraulic testing, a proposed profile simulation test cell using Rye 

Back beach sand including a lab test program of the sand’s characteristics and mat deformation by wheel 

loading in the laboratory. The following outputs and methods were employed:   

• Determine the horizontal hydraulic conductivity using a specifically manufactured Perspex test 

apparatus with the supplied equine safety mat sandwiched within the Perspex panels. 

• The test apparatus was manufactured to house a water reservoir at one end which would supply water 

flow to the end of the mat (38mm height) while fully encapsulating the mat from the other four sides in 

6mm thick perspex. The supplied mat was trimmed to size and installed into the Perspex cell resulting in 

a tight fit (silicon gel was required to assist with the installation along the mat edges).  A falling head 

pressure of water was used with the end of the enclosed mat and cell exposed to the atmosphere with 

the water having the ability to exit freely. Refer to photographs of equipment.  

• The testing was completed on two lengths of the mat, to consider the potential for a reduction in flow 

rates over a greater distance. Setup one measured 500mm in length by 500mm in width, with the larger 

setup measuring 860mm in length and 500mm in width. The mat is 38mm in height.  

• The testing was completed using a flat grade and also at a grade of 4% on both setups one and two. 

Weights were added to the top of the Perspex cells to minimize flow seeping along the upper and lower 

surfaces. 

• Circular Perspex tube (with a porous base) – The proposed construction profile was constructed in the 

Perspex tube consisting of a 100mm layer of blue metal 5mm – 7mm drainage aggregate, overlain by 

the 38mm mat and a supplied Rye Back Beach sand. The sand was placed to a depth of 200mm. The 

tube was placed in a container with water filled up to allow water to enter the base of the tube, forcing 

air out of the profile to achieve saturation. The saturated tube was placed on a free draining surface and 

allow to stand for 24 hours. Observations were made to determine if a capillary Fringe was formed 

(Perched Water Table). 

• Testing of the sands characteristics including Moisture Release Curve to determine the Capillary Fringe, 

Moisture Retention at 200mm suction, Particle Size Analysis and Stability of the raw sand and with 

fibres. 

• A deformation test program was completed to simulate wheel loads on the mat using a Ground Science-

developed test rig called the Gmehling Turf Tester (GTT). The device has the ability to load up a solid 
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rubber wheel that travels over the surface. The weight loading simulates the equivalent of a semi-trailer 

truck and greater. The depth of an indentation in the mat surface is measured after passes of the GTT. 

 

4. TEST APPARATUS 

4.1 Horizontal Hydraulic Flow using 500mm x 500mm sample – Test Rig 1 
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4.2 Horizontal Hydraulic Flow using 860mm x 500mm sample – Test Rig 2 

 

4.3 Gmehling Turf Tester (GTT) – Test Rig 3 
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5. TEST RESULTS 

5.1 HORIZONTAL SATURATED HYDRAULIC CONDUCTIVITY  

Testing of the horizontal water flow through test rig 1 involved the setup being placed on a lab trolley and 

checked to be seated at zero grade. 20kg of weights were placed on the top of the Perspex box as some bowing 

of the central area was observed due to the tight fit of the mat. Two 20kg sets of weights was required for the 

larger test setup. 

The water reservoir was filled up to a range of head heights above the mat and the time to drain recorded. It was 

obvious that the flow rate with a larger head resulted in a quicker drainage capacity, with a slowing down as the 

head height equalled the thickness of the mat. Our testing included a range of heights to simulate possible fibre 

sand depths over the mat system. 

Note: Calculations were determined using the head height above the top of the mat. 

The results are summarised in tables 1 - 4 below. Test photographs are also presented in Appendix B.  

Table 1: Summary of Test Results - Test Rig 1 (0.5m x 0.5m pad) @ Zero Grade 

Test No. Water head height (mm) Average Hydraulic Conductivity 

#1 108 10,130mm/hr 

# 2 143 14,112 mm/hr 

# 3 210 24,014 mm/hr 

Table 2: Summary of Test Results - Test Rig 1 (0.5m x 0.5m pad) @ 4% Grade 

Test No. Water head height (mm) Average Hydraulic Conductivity 

# 4 82 12,947mm/hr 

# 5 181 17,497 mm/hr 

# 6 202 19,729 mm/hr 

 

Table 3: Summary of Test Results - Test Rig 2 (0.86m x 0.5m pad) @ Zero Grade 

Test No. Water head height (mm) Average Hydraulic Conductivity 

# 1 109 2,125 mm/hr 

# 2 217 6,424 mm/hr 

# 3 242 4,756 mm/hr 

Table 4: Summary of Test Results - Test Rig 2 (0.86m x 0.5m pad) @ 4% Grade 

Test No. Water head height (mm) Average Hydraulic Conductivity 

# 4 112 1,637mm/hr 

# 5 132  2,030 mm/hr 

# 6 150 2,314 mm/hr 
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Large volume flows under high water pressure head 

 

Smaller volume flows under lower water pressure head 
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Slower flow rates observed on long mat length 

5.2 PERSPEX TUBE PROFILE TEST RESULTS 

The testing of the proposed profile was setup in a perspex tube to provide a visual window of the materials and 

their performance once saturated. The fibre sand used for this trial was at a mixing rate of 1.3% fibers to raw Rye 

Back Beach sand. 

 

The testing involved placing the Perspex tube with the proposed profile into a container and slowly raising the 

water level that surrounded the tube. This allows the water to enter the profile from the drain holes in the base of 

the tube and force the entrapped air out of the profile to the surface and achieve full saturation. The tube was 
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then withdrawn from the water reservoir and placed on a free draining surface and allowed to drain for up to 24 

hours. The top 75mm of the fibre sand profile was sampled and tested for its moisture retention. The result 

indicated a moisture content of 14.8 %. This moisture content indicates the Capillary Fringe (CF) of the fibre sand 

material to be lower than the top 75mm. The saturated zone (CF) typically holds 21.5% water and would be too 

wet to traffic across. 

It is noted that the moisture retention test in the persepx tube, may be influenced by the underlying mat and 

drainage gravel causing a suction on the water as it drains thus aiding in excessive water removal. 

 

The fiber sand mix was tested for Saturated Hydraulic Conductivity at 16 and 32 drops of compaction. The 

results indicate the fibre sand to drain at 320mm/hr and 260mm/hr respectively. Test reports are presented in 

Appendix A. 

 

The raw Rye Back Beach sand was tested for Particle Size Distribution (PSD) to provide an understanding of the 

performance of the testing employed. The sand is considered a relatively fine sand, with the following PSD 

presented below. 

 

Table 5: Summary of Test Results 

Sieve size (mm) Percentage Retained 

2.36 0.0 

1.18 0.3 

0.600 2.1 

0.425 6.9 

0.300 24.4 

0.150 62.3 

0.075 3.8 

Pan 0.2 

 

The Rye Back Beach sand was also tested for stability on both the raw sand and with the sand mixed with 

supplied fibers at a rate of 1.3%. The stability testing indicates the raw sand on its own is unstable (with a ratio of 

7.1 at 32 drops), compared to the mixed fibre sand which was found to be stable (with a ratio of 16.4 at 32 

drops). Full test results are presented in appendix A. 

 

5.3 MAT DEFORMATION TESTING  

The GTT apparatus was used to simulate the loading of heavy vehicles such as a B-Double semi-trailer that may 

traffic the mat to assess its crush potential. It is not envisaged that the mat itself would be trafficked, but rather 

the full profile design including a fibre sand layer. Typically, a B - Double truck vehicles apply a load of 3kg/cm2 

(30 tonne/Square meter). Whilst this is heavier than the types of vehicles that traffic equine surfaces including 

track crossings, it is an assessment of the strength of the mat and an indication of potential damage to the mat. It 

should also be noted that the mat will be approximately 200mm below the loaded surface and as such the load 

on the mat would be lower than these values. 
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The GTT frame unloaded applies a ground pressure of 4kg/cm2 (409 kPa) (40 tonne/Square meter) which was 

used to traverse the mat with a single pass while placed on a concrete floor slab. Two measurements were taken 

of the surface of the mat using a crossbar with a hole in the middle to give a datum depth. After a single pass of 

the GTT, measurements were taken again and recorded as the depth of deformation. The testing was repeated 

with the load increased to 5.4kg/cm2 (531 kPa) (54 tonne/Square meter). The results are presented in Table 5 

below. 

Load Applied Deformation after pass 1 Deformation after pass 2 

4kg/cm2 (409 kPa)  

(40 tonne/Square meter). 

1.45mm - 

5.4kg/cm2 (531 kPa)  

(54 tonne/Square meter). 

- 0.45mm 

 

The deformation of the mat (38mm thick) under a load of 4kg/cm2 (409 kPa) (40 tonne/Square meter) resulted in 

a 3.8% change in thickness. The subsequent loading with 5.4kg/cm2 (531 kPa) (54 tonne/Square meter) resulted 

in only a further 1.2% or a total of 5% deformation. It was observed that this deformation was temporary with the 

mat rebounding almost back to its original shape over time. These measurements were completed on a concrete 

floor, therefore the measurements are not indicating the mat will not deform, particularly if placed on a weak 

subgrade, as it is flexible and resists crushing.  

 

Mat loaded with 4kg/cm2 (409kPa) (40 tonne/Square meter) Deformation barely visible after loaded pass 
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Mat loaded with 5.4kg/cm2 (531kPa)  

(54 tonne/Square meter) 

Mat before loaded pass 

 

Mat loaded with 5.4kg/cm 2 (531kPa) 

(54 tonne/Square meter) 

Deformation barely visible after loaded pass 

 

6. HYDRAULIC COMMENTARY 

The laboratory testing has identified that the Equine Safety Mat drains at a variety of rates depending on the 

head pressure employed, the length of flow to an exit point, and the grade upon which it is laid. These are critical 

elements to be defined in any profile design. 

An observation made during testing of the horizontal water flows through the mat, showed that the drainage rate 

at 4% grade under higher pressure heads would force the water to exit the mat at the top side (vertical pores) as 

it found an easier path to exit, than travel through the internal voids. The distance back from the exit point where 

this occurred was influenced by the head pressure. As the head pressure reduced this effect was reduced until 

no water was observed exiting at the top of the mat. It should be pointed out that the top and bottom surfaces of 

the mat are irregular and channels exist at these faces producing a water pathway. 
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Water entering the surface of the mat will always find the easiest pathway to an exit point. Based on this 

understanding the butt joins of the mats may provide a straight-line exit and such higher flows may occur at mat 

joins. This may result in some erosion in straight sands and in particular fine sands. Where fibre sands are used 

this may be reduced.  

The mat contains a geofabric cloth on the top side of the mat which does not address the joins of the mat if laid 

out over a larger area. There may be a need to lay a larger roll of geofabric cloth over the complete zone to 

prevent sand migration into the joins and pore spaces. The selected sand and geofabric cloth to be placed over 

the mat may over time block the porosity of this material and should form a part of the consideration in any 

design (clean free draining sand and or fibre blend).  

The designer must understand that the material/sand placed upon the mat, will contribute to the drainage rate of 

the full pavement design. In this trial the limiting drainage rate of the fibre sand (260mm/hr) indicates that the mat 

may be suitable to place on a compacted subgrade or subbase without the need for a gravel layer, as the 

infiltration rate into the mat is far slower than the capacity of the drainage rate of the mat. 

It is our opinion that the profile design should consider a gravel layer under the mat to aid in the removal of water 

for high-use tracks in higher rainfall regions. The gravel layer may be excluded in lower rainfall regions and 

should be assessed on each project-specific site. 

7. DISCLOSURE 

This document is detailed for the sole use of the intended recipient(s) or its authorised representatives. 

Distribution of this report may be carried out at the Clients discretion and must be reproduced in full. Should you 

have any questions related to this report please do not hesitate to contact the undersigned.  

 

For & on behalf of  
Ground Science Pty Ltd 
 

 
 
 

Ernie Gmehling Ass Dip Eng (civil) 
Principal 
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8. LIMITATIONS 

The advice provided in this document (as per our commission) is not designed or capable of identifying all soil 

conditions, (which can vary with products chosen). The advice given in this document is based on the 

assumption that the test results are representative of the overall soil conditions.  However, it should be noted that 

actual conditions in some parts of the site might differ from those found. If further sampling/ testing reveals soil 

characteristics significantly different from those shown in our findings, Ground Science must be consulted. 

The scope and the period of Ground Science services are described in the document and are subject to 

restrictions and limitations. Ground Science did not perform a complete assessment of all possible conditions or 

circumstances that may exist.  If a service is not expressly indicated, do not assume it has been provided.  If a 

matter is not addressed, do not assume that any determination has been made by Ground Science in regards to 

it. 

Where data or product has been supplied by the client or a third party, it is assumed that the information is 

correct or specimen representative of the product, unless otherwise stated. No responsibility is accepted by 

Ground Science for incomplete or inaccurate data supplied by others. 

It is recognised that the passage of time affects the information and assessment provided in this document. 

Ground Science’s assessment is based on information that existed at the time of the preparation of this 

document. It is understood that the services provided allowed Ground Science to form no more than an opinion 

of the actual site conditions observed during sampling and observations of the site visit and cannot be used to 

assess the effects of any subsequent changes in the quality of the site, or its surroundings, or any laws or 

regulations. 

Any drawings or figures presented in this report should be considered only as pictorial evidence of our work. 

Therefore, unless otherwise stated, any dimensions should not be used for accurate calculations or 

dimensioning. 

This document is COPYRIGHT- all rights reserved. No part of this document may be reproduced or copied in any 

form or by means without written permission by Ground Science Pty Ltd. All other property in this submission 

shall not pass until all fees for preparation have been settled. This submission is for the use only of the party to 

whom it is addressed and for no other purpose. No responsibility is accepted to any third party who may use or 

rely on the whole or any part of the content of this submission. No responsibility will be taken for this report if it is 

altered in any way, or not reproduced in full. This document remains the property of Ground Science Pty Ltd until 

all fees and monies have been paid in full. 
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9. REFERENCES 

• AS1289 Testing of Soils for Engineering Purposes. 

• Rootzone Laboratories International test methods under license  
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APPENDIX A 

Test Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Stability Drop Cone 

A C N 105 704 078

13 Brock Street Thomastown VIC 3074, P (03) 9464 4617 Email reception@groundscience.com.au

Client: GALLOP TRACK PTY LTD Job No: S3032

Project: EQUINE SAFETY MAT Report No: AC

Location: -

Test Date: 24/10/2022

Sample ID: RYE BACK BEACH Sampling: By Client

Sample No: #1

16 Drops 

32 Drops 

Rootzone Laboratories International Pty Ltd  -  Method 9
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25/10/2022
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Stability Drop Cone 

A C N 105 704 078

13 Brock Street Thomastown VIC 3074, P (03) 9464 4617 Email reception@groundscience.com.au

Client: GALLOP TRACK PTY LTD Job No: S3032

Project: EQUINE SAFETY MAT Report No: AD

Location: -

Test Date: 25/10/2022

Sample ID: RYE BACH BEACH + FIBRE Sampling: By Client

Sample No: #2

16 Drops 

32 Drops 

Rootzone Laboratories International Pty Ltd  -  Method 9
KDate of issue: 

25/10/2022

Aaron Palmieri

Compression Resistance, kPa Cone Resistance, kPa Ratio, %
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Test Results - Natural Moisture Content

ACN 105 704 078

13 Brock Street, Thomastown VIC 3074, P 03 9464 4617 Email reception@groundscience.com.au

Client: GALLOP TRACK Job No. S3032

Project: EQUINE MAT RESEARCH TESTING Report No. AE

Location: THOMASTOWN Test date: 26-Oct-22

Test Method

Sample Id  Depth Moisture AS 1289 2.1.1

m Content (%)

#1 Perspec cell 75mm 14.8

Approved Signatory Ernie Gmehling

Date of issue  26/10/2022

B
Comments:

Moisture Retention of fibre sand @ 200mm depth

NATA  Accredited Laboratory No. 15055
Accredited for compliance with ISO/IEC 17025 - Testing

GS044/R Oct 20 

version 5 App EG



Saturated Hydraulic Conductivity

A C N 105 704 078
13 Brock Street Thomastown VIC, P 03 9464 4617 Email reception@groundscience.com.au

Client: GALLOP TRACK PTY LTD Job No. S3032

Project: EQUINE SAFETY MAT Report No. AE

Location: - Test date: 27-Oct-22

Sample number   Remoulded Bulk density Hyd conductivity Bulk density Hyd conductivity

Sample Id / Depth moisture content at 16 drops at 16 drops at 32 drops at 32 drops

% t/m3 mm/hr t/m3 mm/hr

#2 14.3 1.458 320 1.478 260

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0 #DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0
#DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0
#DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

0
#DIV/0! SET NO.? #VALUE! SET NO.? #VALUE!

Water temperature
o
c 21

 Test method  Rootzone Laboratories International Pty Ltd - Method 5

Comments

Aaron Palmieri

Date of issue: 

27/10/2022
K

RYE BACK BEACH + 

FIBRE

0

0

0

0

0

0

0

0

0

SR044.1/R V1 Jun 2016 App SB



Moisture Release Curves

Client: GALLOP TRACK PTY LTD Job No: S3032

Project: EQUINE SAFETY MAT Report No: AA

Location: -

Test Date: 18/10/2022

Sample ID: RYE BACK BEACH Sampling: By Client 

Sample No: #1

Comments:

Test Method: Rootzone method - 6

Date of issue: 

21/10/2022
KAaron Palmieri
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Bulk density 1.49 g/cc
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SR035 R V2 June 2020 App KC



A C N 105 704 078

Particle Size Analysis
13 Brock Street Thomastown VIC 3074, P (03) 9464 4617 Email reception@groundscience.com.au

Client: GALLOP TRACK PTY LTD Job No. S3032

Project: EQUINE SAFETY MAT Report No. AB

Location: - Test date: 24/10/2022

Sample Id: RYE BACK BEACH  Sample No. #1 -

Material Description: SAND, fine to coarse, brown 

D90 #DIV/0!

sieve size mm % retained % passing 

13.2mm 0.0 100.0

9.5mm 0.0 100.0

6.7mm 0.0 100.0 Test Procedure: AS1289 3.6.1, 2.1.1

4.75mm 0.0 100.0

2.36mm 0.0 100.0

1.18mm 0.3 99.7

600um 2.1 97.7

425um 6.9 90.8

300um 24.4 66.4

150um 62.3 4.1

75um 3.8 0.2

Pan 0.2 Aaron Palmieri
Approved Signatory

Natural Moisture Content % Date 25-Oct-22
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APPENDIX B 

Photograph 

 

Set up showing profile in Perspex cell with Fibre Sand 

 


