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1. Abstract
This report summarizes the results of a controlled laboratory impact surface test that
was conducted on sand by Grace-Kells Consultant Inc. for Greely Sand and Gravel.
All testing was performed to procedures specified by the Ottawa-Carleton District
School Board and outlined in a report titled New Playstructure Sand Testing (March
2001). The test used a Triax 2000 Impact Surface Testing device to measure the
impact attenuating properties of the sand sample.  The purpose of the impact test
was to establish the highest drop height attainable that yielded both a HIC of less
than 1000 and a peak G-max of less than 200 in both a dry and a wetted state.
Results are recorded in tabular form. In addition tests were performed according to
OCDSB procedures to ascertain water saturation and flow rates for the sample.
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4. Summary
4.1. Surface Impact Tests

Surface Impact Tests were performed on two separate sand samples (ie.
washed sand and unwashed sand) under two conditions - wet and dry. The
sand was first placed in a testing crib in a dry condition and tested.  Once dry
testing was complete, the sand in the crib was wetted with 30.8 litres of water
and another series of impact tests were performed on wet sand. 

The highest drop heights with a HIC less than 1000 and G-max less than 200
were as follows: 

Ottawa Playground Sand Dry 390 cm
Ottawa Playground Sand Wet 270 cm
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4.2. Saturation Tests
A volume of 14.1 litres of dry sand was placed in the testing apparatus. A
measured quantity of water was added until the sand became saturated and
water started dripping out the bottom of the apparatus. 
The volume of water to saturate the sand sample was  3.9 litres.

4.3. Drainage Tests
A volume of 14.1 litres of dry sand was placed in the testing apparatus. A  
continuous stream of water was poured over the sand and the time measured
from start until water started dripping out the bottom of the apparatus. 
The flow time for the sample was 1 minute 50 seconds.

5. Introduction
Greely Sand and Gravel contracted Grace-Kells Consultant Inc. to perform surface
impact tests on a sand sample according to the procedures established by the
Ottawa-Carleton District School board in a CALL FOR QUOTOTATION 2000-10-26
and subsequently described in a report titled Ottawa-Carleton District School Board
New Playstructure Sand Testing (March 2001). 

1. Method
1.1. Location

The tests were performed in a heated garage space at 5362 Bank Street,
Ottawa.  The tests were conducted over a concrete floor.

1.2. Sample
Approximately 1 cubic metre Greely Ottawa Playground Sand was
supplied by Greely Sand and Gravel.
The sample was collected and stored on the concrete floor of the testing
garage for 1 week prior to testing (see sieve analysis Appendix B)

1.3. Apparatus (see Appendix A for details)
1.3.1. Equipment used for laboratory impact surface testing 

- 19 mm thick plywood crib 76 cm x 76 cm x 60 cm deep c/w drain
holes and lined with geotextile filter cloth
- Triax 2000 Impact Surface Testing device 
- digital probe thermometer
- Steel hand tamping device
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- gas powered 81 Kg. Vibra plate
- digital stopwatch

1.3.2. Equipment used for the saturation and drainage tests 
- Plastic garden watering cans (2)
- 14.1 L burlap bag suspended from a steel pail with bottom removed
- digital stopwatch

 
1.3.3. Test Procedure

1.3.3.1. Dry Impact Surface Tests
Sand was placed in the plywood crib then loosened and levelled to a
depth of approximately 46 cm. A plywood sheet was then placed over
the sand and the gas powered vibra plate was placed on top and run
for 1.5 minutes to compact the dry sand. The vibra plate and plywood
sheet were then removed and the  sand surface scraped if necessary
to bring the finished compacted sand depth to 41 cm. The Triax 2000
was installed over the centre of this test crib and an initial series of 3
drops was performed from a given height with the results recorded.
The average of the last 2 drops was calculated and recorded as the
HIC/G-max value for that height.
The entire loosening and compaction procedure was then repeated
and another series of 3 drops held at a height 30 cm up or down as
required with the results again recorded and averaged. The
procedure was repeated until a  maximum passing height (where
both the HIC was at or below 1000 and the peak G-max was at or
below 200) as well as a minimum failing height (where either the HIC
was over 1000 or the G-max was over 200) were both recorded. 

1.3.3.2. Wet Impact Surface Tests
Based upon values determined in the original OCDSB tests of 2001
the sample in the crib was wetted with 30.8 L of water. The OCDSB
had decided that this would simulate the field conditions of a well
drained playground site after a rain storm. The water was added to
the the sand sample in the crib from the plastic watering cans. The
sand was then loosened with a garden spade, levelled and hand
tamped with a steel hand tamping device. The sand surface was
scraped if necessary to bring the compacted sand depth to 41 cm.  
The Triax 2000 was installed over the centre of this test crib and an
initial series of 3 drops was performed from a given drop height with
the results recorded. The average of the last 2 drops was calculated
and recorded as the HIC/G-max value for that height.

p. 3 of 5Greely Surface Impact Testing 2009

2009-06-17Grace-Kells Consultant Inc.



The entire loosening and compaction procedure was then repeated
and another series of 3 drops held at a height 30 cm up or down as
required with the results again recorded and averaged. 
The procedure was repeated until a  maximum passing height (where
both the HIC was at or below 1000 and the peak G-max was at or
below 200) as well as a minimum failing height (where either the HIC
was over 1000 or the G-max was over 200) were both recorded.

1.3.3.3. Saturation Tests
A 14.1 L sample of dry sand was placed in the burlap testing device.
Prior to placement the burlap was wetted with water. Water was
added in small measured amounts from a measuring cup until water
was observed to drip from the underside of the test device. This was
determined to be the saturation point and the total amount of water
added to reach that point was recorded.

1.3.3.4. Flow Tests
A 14.1 L sample of dry sand was placed in burlap testing device.
Prior to placement the burlap was wetted with water. Water was then
poured continuously from the plastic watering pails on top of the sand
at a rate that ensured a continuous film of water was maintained on
top of the sample. Once water began to flow out the bottom the test
was stopped and the time from start to finish recorded.

2. Results
2.1. Surface Impact Tests

2.1.1. Ottawa Playground Sand - Dry Condition
Date of Test:  2009-06-17
Max Drop Height with Peak G-max ï  200 and HIC ï 1000 :   390  cm

758/147667/136850/158594/143390

537/121558/123517/119534/134360

Avg 2&3
HIC/Peak

Drop 3
HIC/Peak

Drop 2
HIC/Peak

Drop 1
HIC/Peak

Drop
Height (cm)

Note: due to limitations of the testing equipment and facility the maximum
height that drops could be made from was 390 cm;
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2.1.2. Ottawa Playground Sand - Wet Condition
Date of Test: 2009-06-17
Max Drop Height with Peak G-max ï  200 and HIC ï 1000 :   270  cm

1044/1841547/242542/127350/98300

588/136609/137568/135283/89270

Avg 2&3
HIC/Peak

Drop 3
HIC/Peak

Drop 2
HIC/Peak

Drop 1
HIC/Peak

Drop
Height (cm)

2.2. Saturation and Flow Test
2.2.1. Ottawa Playground Sand

Date of Test:  2009-06-17
The volume of water to saturate the 14.1 L sand sample was 3.9 litres.
The flow time for the 14.1 L sand sample was 1 minute 50 seconds.

Tests Performed by:  ____________________________      Date: 
Peter Kells
Grace-Kells Consultant Inc.
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Appendix A 
Apparatus

p  A1 of 2Greely Surface Impact Testing 2009

2009-06-17Grace-Kells Consultant Inc.



Saturation/Flow Test DeviceHand Tamping the Wet Sample

High Drop HeightCrib With Dry Sand After Drop

Tamping Dry Sample with Vibra PlateSand Storage, Crib and Triax
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Appendix B 
The Samples
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Ottawa Playground Sand
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Ottawa Playground Sand
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Appendix C 
Surface Impact Data
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Ottawa Playground Sand - Dry Tests
Sand Temperature:  21 degrees C.

Dry Test Drop Height:  330 cm

815686141Avg 2 &3
8156301333
8157421492
8104601261

VelocityHICG-MaxDrop

Dry Test Drop Height:  360 cm

850537121Avg 2 &3
8535581233
8485171192
8485341341

VelocityHICG-MaxDrop

Dry Test Drop Height:  390 cm

885758147Avg 2 &3
8856671363
8858501582
8805941431

VelocityHICG-MaxDrop

Ottawa Playground Sand - Wet Tests
Sand Temperature:  22 degrees C.

Wet Test Drop Height:  240 cm

694373102Avg 2 &3
693242763
6965051292
693242821

VelocityHICG-MaxDrop
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Wet Test Drop Height:  270 cm

738588136Avg 2 &3
7396091373
7375681352
734283891

VelocityHICG-MaxDrop

Wet Test Drop Height:  300 cm

7801,044184Avg 2 &3
7821,5472423
7775421272
772350981

VelocityHICG-MaxDrop
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Appendix D 
Certificates
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