
Heather Olsen, Ed. D. Eric Kennedy, Ph.D.
Department of Health & Recreation Biomedical Engineering
University of Northern Iowa Bucknell University

In Situ Sampling of Safety Hazards Related to 
Playground Surfacing and Impact Attenuation Testing 

with a Variety of Surfacing Materials
CPSC-S-16-0061

Project Title: National Study of Public Playground Equipment and Surfacing
Contract Period: 10.2016 – 2.2018

Suggested Citation:
Olsen, H. & Kennedy, E. (2019). In Situ Sampling of Safety Hazards Related to Playground Surfacing and Impact Attenuation Testing with a Variety of Surfacing
Materials from Project No CPSC-S-16-0061.  Presented at F08 Subcommittee F1292. Houston, Texas: ASTM International.



To develop a methodology and perform in-field assessments of 
playgrounds in order to discern:

• The general safety status of playground equipment and surfacing 
throughout the United States; and

• The impact attenuation characteristics of safety surfacing of using a 
nationally representative sample of public playground surfacing 
materials.

Overall Purpose
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Deliverable #1 Development of a test plan outlining the methodology of a 
nationally representative sample of public playgrounds and the protocol for 
data collection procedures.

Deliverable #2 Creation of a safety checklist for identifying the safety concerns 
of playground equipment and surfacing.

Deliverable #3 Development of an impact attenuation field test data collection 
sheet.

Deliverable #4 Completion of on-site surface impact attenuation testing and 
evaluation.

Scope of Study

Project Number: CPSC- S-16 0061.



March & April 2017 
Finalized procedures for data collection sheets 

and test plan protocol

April & May 2017 
Modification to contract to notify playground owners, 
developed a data entry platform, kick mat procedures

May & June 2017 
Testing began, non-compliant surfacing

June & July 2017 
87 playgrounds tested with data 

entry

July & August 2017 
103 playgrounds tested, data validation, 

data analysis

August & September 2017 
Progress report submitted

Project Timeline
November & December 2016 

Developed a playground safety checklist, developed
impact attenuation data collection sheets, developed 

testing procedures

January & February 2017 
Approval of test plan, wrote letter for 

permission to test, sample was submitted

February & March 2017 
Pilot tested, edits to data collection sheets

October 2017 
Preliminary report and raw data submitted

November 2017 – January 2018
Final Analysis, Final Report, 

and Raw Data Delivered
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Deliverable #1 Develop a test plan outlining the methodology of a 
nationally representative sample of public playgrounds. Developed a 
protocol for data collection procedures.

Sample Frame Methodology
• Hired a consultant to get a randomized national sample of public playgrounds.
• Target was to test 400 playgrounds in 3 years.
• Marker placed at each identifiable playground via aerial imagery.
• Validation of identified playground by CSBR (name, address, location type).
• Independent recanvassing of each CBG to identify any missed playgrounds.
• Year One, 2017 tested 103 public playgrounds.

Deliverable #1
Sample Frame Development Methodology
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• 37 playground safety hazards identified
• Categories of Safety Checklist Questions

A) General playground considerations
B) General upkeep of playground
C) Surfacing
D) General hazards
E) Security of hardware
F) Durability of equipment

Deliverable #2
Create a Safety Checklist of Equipment and Surfacing

Deliverable #2 Creation of a safety checklist for identifying the 
safety concerns of playground equipment and surfacing.
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• Followed ASTM F 1292-13 
• Categories

A) Surfacing depth measurement
B) Air temperature
C) Surfacing temperature
D) Fall height
E) Peak, HIC, and velocity scores 

Deliverable #3
Develop Impact Attenuation Field Test Data Collection Sheet

Deliverable #3 Development of an impact attenuation 
field test data collection sheet.
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Test Plan Protocol 

The impact attenuation test sites were identified by the sites expected to have the least impact attenuation surfacing materials as specified in 
ASTM F1292 -13 Section 16.2.2. Procedures included testing a minimum of three different impact test sites in the use zone of each play 
structure (ASTM F1292-13, Section 16.1).  If there were more than one type of installed playground surface around the selected structure(s), the 
procedure included testing on each type of installed playground surface at a minimum of three test sites (ASTM F1292-13, Section 16.2)
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• Validated instrument
• Pilot tested the test plan procedures
• Test and evaluated first year 103 public playgrounds
• The first 100 completed were considered 100 of the 400 goal to allow for 

efficient use of project resources. 
• Playgrounds proximal to one another could be completed during the same 

travel time / trip.  

It is important to note that this non-random sampling of the first 100 cases 
limits generalizability of the findings both in terms of statistical power 
(small number of cases) and generalizability.  All findings summarized here 
should be considered preliminary and should not be considered a 
statistically representative sample of playgrounds in the US.

Deliverable #4
Completion of on-site surface impact attenuation testing
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• 103 playground sites
• 15,349 miles driven
• 3,687 drops performed
• 3,130 photos taken

• 15 States
• Connecticut (n = 4)
• Illinois (n = 26)
• Indiana (n = 6)
• Iowa (n = 5)
• Maine (n = 2)
• Massachusetts (n = 4)
• Minnesota (n = 19)
• New Hampshire (n = 1)
• New Jersey (n = 3)
• New York (n = 6)
• Pennsylvania (n = 5)
• Rhode Island (n = 4)
• South Dakota (n = 3)
• Texas (n =2)
• Wisconsin (n = 13)
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• There were multiple ways to analyze the data 

• It is important to note the perspective from which the 
data is being analyzed

• Statistical analysis
• Quantitative Analysis
• Qualitative Analysis

Data Analysis
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• The number of structures that were involved with drop tests 
per playground ranged from 1 structure to 14 structures. 

• The majority of playgrounds tested (88%) had two or more 
structures.

• A few playgrounds (n=12) contained only one equipment 
structure with one surface material in its use zone.  In these 
cases, nine impact (drops) were conducted in the use zone 
of each play structure.  

Field Testing Procedures 
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What Type of Surface Material was Present?
Surfacing Material

Single surface

Frequency 
(Public 
School)

Percent
(Public 
School)

Frequency 
(Public Park)

Percent
(Public Park)

Particular rubber 0 0 2 2.9
Pea gravel 1 3 8 11.4
Poured-in-place 2 6.1 1 1.4
Rubber tiles 2 6.1 0 0
Sand 2 6.1 7 10
Wood product 18 54.5 40 57.1
Surfacing Material

Multiple surfaces

Frequency 
(Public 
School)

Percent
(Public 
School)

Frequency 
(Public Park)

Percent
(Public Park)

Pea gravel, Other surfacing 
materials, Grass 2 6.1 1 1.4
Sand, Pea gravel, Other surfacing 
materials 0 0 1 1.4
Sand, Pea gravel, Wood product, 
Poured-in-place,  Grass, Dirt, 
Concrete 0 0 1 1.4
Sand, Poured-in-place 0 0 1 1.4
Sand, Wood product, Other 
surfacing materials 0 0 1 1.4
Sand, Wood product, Poured-in-
place, Concrete 0 0 1 1.4
Wood product, Dirt 0 0 1 1.4
Wood product, Grass 2 6.1 0 0
Wood product, Grass, Dirt 1 3 0 0
Total 33 100.0 70 100.0

• Most public playgrounds 
have loose-fill materials 
(95%).

• Wood products are the most 
widely used type of loose-fill 
materials (85%).

• Most playground structures 
have suitable surfacing 
under and around 
playground equipment 
(90%).
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8 out of the 103 playgrounds 
had one or more surfaces that 
were inappropriate to perform 
the impact attenuation tests.

Inappropriate surfacing to test

Inappropriate Surfacing 
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There were 415 play structures assessed
• 27 play structures were found to have an inappropriate surface 

material under and around the play structure.
• 87% of play structures fell below 200 g’s.
• 81% had a HIC score below 1000 at all three test sites surrounding 

each play structure.

*NOTE: Surfaces classified as "inappropriate surfaces" by field testers were categorized in the zero test sites column (judgement that all three test sites would exceed performance criterion).

Playground Surfacing Impact Attenuation Results
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• 93% of tested surface material (n=388) under and around tested 
play structures are meeting impact attenuation standards of <200 g

• 87% had a HIC score below 1000 at all three test sites surrounding 
each play structure.

Playground Surfacing Impact Attenuation Results

3 2 1 0 3 2 1 0
All Structures (n=388) 360 (93%) 16 (4%) 5 (1%) 7 (2%) 338 (87%) 29 (7%) 9 (2%) 12 (3%)

g -max HIC
# Sites Below 200g # Sites Below 1000
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Playground Surfacing Impact Attenuation Results
Public School and Public Park

3 2 1 0 3 2 1 0
Public School (n=124) 119 (96%) 2 (2%) 1 (1%) 2 (2%) 112 (90%) 6 (5%) 2 (2%) 4 (3%)

Public Park (n=264) 241 (91%) 14 (5%) 4 (2%) 5 (2%) 226 (86%) 23 (9%) 7 (3%) 8 (3%)
TOTAL (n=388)

# Sites Below 1000
g -max HIC

# Sites Below 200g
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Playground Surfacing Impact Attenuation Results
A Variety of Playground Surface Types

3 2 1 0 3 2 1 0
Sand (n=34) 29 (85%) 3 (9%) 2 (6%) 0 (0%) 28 (82%) 3 (9%) 2 (6%) 1 (3%)

Pea Gravel (n=40) 32 (80%) 5 (13%) 1 (3%) 2 (5%) 26 (65%) 7 (18%) 4 (10%) 3 (8%)
Particular Rubber/Crumb Rubber (n=1) 1 (100%) 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 0 (0%) 0 (0%)

Wood Chips (n=126) 122 (97%) 4 (3%) 0 (0%) 0 (0%) 114 (90%) 12 (10%) 0 (0%) 0 (0%)
Wood Mulch (n=7) 7 (100%) 0 (0%) 0 (0%) 0 (0%) 7 (100%) 0 (0%) 0 (0%) 0 (0%)

Engineered Wood Fiber (n=132) 130 (98%) 1 (1%) 0 (0%) 1 (1%) 127 (96%) 3 (2%) 1 (1%) 1 (1%)
Unknown Wood (n=0) 0 0 0 0 0% 0% 0% 0%

Rubber Tile (n=12) 12 (100%) 0 (0%) 0 (0%) 0 (0%) 11 (92%) 0 (0%) 0 (0%) 1 (8%)
Poured-in-Place (n=34) 27 (79%) 1 (3%) 2 (6%) 4 (12%) 24 (71%) 2 (6%) 2 (6%) 6 (18%)

Synthetic Grass (n=0) 0 0 0 0 0% 0% 0% 0%
Other (n=2) 0 (0%) 2 (100%) 0 (0%) 0 (0%) 0 (0%) 2 (100%) 0 (0%) 0 (0%)

TOTAL (n=388)

g -max HIC
# Sites Below 200g # Sites Below 1000
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Impact attenuation performance changed when structures were at the 9-12 foot
range (sharp 9% decrease) by g-max and a 36% change by HIC.  Structures less 
than 3 feet in height met impact attenuation criteria at all three test sites (99%).  
The majority of up to 6 feet in height (95%) met criteria at all three test sites.

21212121 • 121

Drop Height
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Playground Surfacing Impact Attenuation Results
Fall Height and Different Types of Surface Materials

Loose fill products experienced a sharp decrease in impact attenuation compliance 
at heights above 9 ft., while unitary products experienced a sharp decrease in 
performance at heights above 6 ft.
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• Rubber mats (17.5%) are being installed under heavy use 
equipment (i.e swings and slide exits). 

• Installation:  Below and Above Loose Fill Surface Material
• Both schools and parks utilize rubber mats under heavy use 

equipment.

Rubber Mats (Kickmats)
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The project tested to the standard.  Field testing challenges and recommendations:
• Review definitions of drop height, critical fall height, fall height
• Review the selection of a test site
• Validate 3 impact attenuation drops per test site
• Validate rationale for averaging drops 2 & 3
• Document and report environmental conditions 
• Sub-layer materials for documentation of field testing
• Remove tamping procedures from field testing procedures
• Review the purpose of the photos in F1292
• Elevated structures less than 18 inches to be considered to be excluded from field testing
• Remove critical fall height for field-testing
• Establish drop height for field-testing
• Interpret and report results from field testing
• Data can be evaluated to provide insight to minimum impact attenuation performance
• Procedures and instrument for ambient and surface temperature measure

Recommendations for Future F08.63 Discussion
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• Each year in the United States, over 200,000 
children are injured on playgrounds seriously 
enough to seek emergency room treatment 
(Hanway 2016; Tuckel et al. 2017).

• Upper extremity and head and neck injuries 
are a concern. Fractures of an upper limb 
account for approximately half of medically 
treated injuries, while head and neck injuries 
account for one third of all injuries (Adelson et 
al. 2018; Tuckel et al. 2017; Loder 2008).

• Annually 20,000 children visit U.S. emergency 
departments for traumatic brain injuries on 
playgrounds (Cheng et al. 2016).

The Problem: Playground Injuries Remain Stagnant
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Are Traditional Playground Standards Comprehensive Enough?

Thoughtful (!) innovation is needed to promote safe, active child play!

Field testing to 
examine the safety 
of playgrounds and 
obtain data on 
impact attenuation 
is important. 
Procedures, processes, and 
protocols should be at the 
forefront of standards.  
Laboratory based standards do 
not directly translate to field 
testing methodology. 

There is a need for 
more innovation 
related to risk 
assessment within 
current standards, 
which will advance the safety 
performance of installed 
playground surfacing 
materials. For example, testing 
for head injury is insufficient if 
upper extremity fractures are 
more common!

There is a need for 
innovative 
technologies and 
metrics, related to 
environmental 
factors. 
Envexposures present the 
potential for long-term or 
chronic health problems that 
may not present themselves 
until significantly later in life.
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