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Introduction 
 
Safety is perhaps the important concern in the 
operation of a roller coaster amusement ride, 
and the patron clearance envelope is a critical 
component in the safe operation of the ride. 
 
If deciding upon the correct patron model were 
an easy task, then this report would have no 
purpose.  In fact it is the very ambiguity of the 
design standards that creates the need to better 
define the patron clearance envelope. 
 
That’s because the standards currently in place 
fall short of expectations.  This report will detail 
the problems of properly defining the patron 
clearance envelope and suggest remedial action 
for consideration in future revisions to the design 
standards. 
 
The Design Standard and the Patron 
Clearance Envelope 
 
The most widely accepted standard for the 
design and build of roller coaster trains comes 
from the American Society of Testing and 
Materials (ASTM) F24 Committee.  Practically 
every state and many foreign countries have 
either adopted or cited the F24 standards.  The 
primary F24 Committee document in use 
specifically for the safe design and operation of 
roller coasters is ASTM F2291 (1), which, among 
other things, establishes the definition of the 
patron clearance envelope. 
 
According to F2291, the patron clearance 
envelope “shall be designed to provide 
[clearance] adequate to minimize the opportunity 
for contact between the patron and other objects 
where said contact is likely to cause injury”1.  The 
document goes on to clarify exactly what 
constitutes contact, but it basically says that the 
clearance envelope is a region around the roller 

                                                 
1 ASTM F2291-14, Section 6.6.1, p. 10  

coaster train that is clear of obstructions during 
normal use.  Think of it as hole in space through 
which the train, and its patrons, can safely pass. 
 
The passenger restraint system is designed to 
keep the patron secured, but, in deference to 
placards and warnings to the contrary, there can 
be the opportunity for a patron to raise the arms 
above the head or extend them to the sides 
during the course of the ride. 
 

 
 
These figures from ASTM F2291-14 illustrate 
how the patron clearance envelope.  Note that 
any maximum reach has a three (3) inch extra 
extension (76.2 mm).  The first illustration shows 
a front view of a coaster car with low sides and 
lap bar passenger restraints, and the second 
illustration shows the same car with over-the-
shoulder restraints and low seat sides.  High seat 
sides minimize patron reach. 
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The Patron Model 
 
The patron model is based on anthropometry, 
which is the study of the measurements of the 
human body.  Not to be confused with 
ergonomics, the study of people’s interaction 
with the workplace, anthropometry only deals 
with the dimensions of humans.  Factors such as 
age, sex, race, and ethnicity are taken into 
account. 
 
ASTM F2291 states that “the minimum patron 
model shall be based on Dreyfuss Human Scale 
4/5/6, 7/8/9, SAE J833, or CDC 95th percentile, 
with an additional (extended) arm and length 
reach of 3 in.”2  Herein lies the problem.  Not one 
of these references provide the worst case 
anthropometric data to adequately address the 
patron clearance envelope. 
 
Patron Data - Dreyfuss 
 
Henry Dreyfuss Associates is a consulting firm 
specializing in the application of human factors 
in product design.  In 1960, Dreyfuss produced a 
comprehensive guide called The Measure of 
Man.  It contained measurement data taken from 
various sizes and ages of men, women, and 
children.  The data was compiled, graphed in a 
bell-shaped distribution curve, and classified as 
percentage categories called percentiles  
 
Mr. Alvin R Tilley, author of the Dreyfuss books, 
was a renowned expert in anthropometry.  He 
took the 1960 data and created three sets of 
reference books: Humanscale 1/2/3 in 1974, 
Humanscale 4/5/6 and Humanscale 7/8/9 in 
1981.  These works are cited in ASTM F2291.  
However, these particular works are more 
oriented to ergonomics than safety clearances.  
This collection specifically deals with the topics 

                                                 
2 ASTM F2291-14, Section 6.6.3, p. 10 

of Human Strength & Safety (vol 4), Controls & 
Displays (vol 5), Designing for People (vol 6), 
Standing & Sitting at Work (vol 7), Space 
Planning for the Individual and the Public (vol 8), 
and Access for Maintenance, Stairs, Lights, and 
Color (vol 9). 
 
Tilley worked created a more comprehensive 
volume called The Measure of Man and Woman, 
published in 2002 (2).  It contains the raw 
dimensional data needed to perform the spatial 
analysis of patron clearance envelope.  It is 
available in a single, hardcover-bound volume. 
 
A valuable resource for most work involving 
anthropometric data, Dreyfuss is universally 
recognized and widely used.  Whether or not it is 
the best resource for defining the patron 
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clearance envelope in an amusement ride 
remains to be proven. 
 
The Dreyfuss curve for stature in adult males 
 
The Appendices contain more detailed Dreyfuss 
data for comparison. 
 
Patron Data - SAE Standard J833 
 
The Society of Automotive Engineers cancelled 
Standard J833 in May 2003, so it is no longer a 
valid choice and should be removed from ASTM 
F22913. 
 
Patron Data - CDC and NHANES 
 
The third of the reference in F2291 simply states 
“CDC 95th percentile”.  The full description is the 
Anthropometric Reference Data for Children and 
Adults: United States, 2003-2006 (3).  It was 
published by the Centers for Disease Control 
and Prevention.  The report contains only a 
limited amount of dimensional data because it’s 
primarily use is a reference tool for studying 
trends in child growth and development and 
trends in the distribution of body measurements 
in the population.  The report is not intended to 
be used for patron clearance, even though that 
is its expected purpose as set forth in ASTM 
F2291. 
 
Since the early 1960s the federal government 
has conducted surveys on the effects of nutrition 
and exercise on segments of the American 
population.  The data collected in these efforts 
was called the National Health and Nutrition 
Examination Survey (NHANES) (4).  NHANES III 
(4)was performed in 1990 and it was used in the 
creation of the aforementioned CDC report. 
 
The only dimensional data provided by the CDC 
Report is the stature, upper arm length, and 

                                                 
3 http://www.standards.sae.org/j833 

upper leg length.  On its own merit, the data is 
not nearly enough to generate a dimensionally 
accurate representation of the human body.  A 
graphical representation of an adult male cannot 
be created using the CDC/NHANES data. 
 
NHANES does describe how age, race, 
ethnicity, and age can affect the stature of the 
adult male population.  The following table 
shows how the stature can vary within the 95th 
percentile sample: 
 

Race & Ethnicity, 
20 years and older 

Number 
Examined 

95th 
Percentile 

cm 
All races and 

ethnicities 
4,482 188.7 

Non-Hispanic 
White 

2,331 189.1 

Non-Hispanic 
Black 

943 189.6 

Mexican American 902 182.0 
 
NHANES Data for Stature in 95th Percentile 
Adult Male Population 
 
Interestingly enough, the data is not the same in 
both reports.  For example, the 95th percentile 
stature for adult males of all races and ethnicities 
is 188.7 cm in the CDC report and 188.0 in the 
NHAMES III report.  It’s not a big difference, but 
why a difference at all, seeing as how the data 
from NHANES III went directly into the CDC 
Report?  In any event, the data in NHANES, like 
the CDC Report, is simply too limited in scope to 
be of much use. 
 
As a sidebar, the weight of an adult male for 
dynamic loads per ASTM F2291 is 170 lbs4.  
According to the CDC Report, the weight for a 
95th percentile adult male for all races and 
ethnicities is 270 lbs.  That puts the F2291 
weight requirement into 40th percentile, which is 
even lower than the mean. 

4 ASTM F2291-14, Section 8.6, p.19 
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The CDC document doesn’t offer enough 
anthropometric data to justify its inclusion in the 
ASTM F2291 Standard.  Thus, by the process of 
elimination, only the Dreyfuss reference 
remains.  But, is Dreyfuss the best choice?  
Should it be used simply because it is the only 
choice left, or is there something better that 
should be used instead? 
 
Other Anthropometric Data 
 
There are other anthropometric references and 
the results were varied.  Some sources ‘borrow’ 
the work from others, and some do the research 
themselves for a particular goal. 
 
Source Stature, mm 
US DOT/U of Michigan 1861 
ANSUR 1868 
Drillis 1869 
Dreyfuss 1870 
NHANES 1880 
CDC 1887 

 
Comparison of stature measurements for 95th 
percentile adult males from various sources 
 
The early anthropometric work of Drillis et al (5) 
is interesting because it breaks the body down 
into segments and analyses each segment for 
length, mass, and center of gravity.  That type of 
data can come in handy when studying the 
effects of dynamics and weight distribution on a 
coaster car.  The report falls short of 
expectations when they try to generalize the 
population by applying proportionality constants 
using only stature to determine all other human 
body dimensions. 
 
The University of Michigan Transportation 
Research Institute under contract to the U.S. 

                                                 
5 http://oai.dtic.mil or search for assession number 
ada225094 

Department of Transportation (6) published a 
paper in 1983 to define a crash test dummy 
family.  There might be some useful information 
here, but it is rather limited because the crash 
test dummy three-dimensional model does not 
predict dimensions outside the confines of the 
vehicle. 
 
ANSUR (Anthropometric Survey) (7) was a study 
conducted by the U.S. Army and is the most 
comprehensive set of anthropometric data 
discovered in this study.  It provides the widest 
range of data points, the most complete 
descriptions, and, in some cases, larger 
numbers for the most critical dimensions.   
 
ANSUR data is for download as a PDF from the 
DTIC website5, or, to save time the data is also 
available via the online tool provided by the 
Open Design Lab at Pennsylvania State 
University6. 
 
ANSUR v. Dreyfuss 
 
Both references offer the range of data needed 
to build the patron clearance envelope.  ANSUR 
provides a few more points and some at greater 
magnitudes compared to Dreyfuss.  Some of the 
Dreyfuss data seems to be more concerned with 
safe extension than maximum extension, which 
might explain why some Dreyfuss values, such 
as overhead reach, are lower than the 
comparative ANSUR value. 
 
Dreyfuss provides CAD-ready tools, something 
not available with ANSUR.  The graphics shown 
in this report were created by scanning the 
images from the online library, importing into 
AutoCAD, and tracing over the lines on the 
screen.  The figures had to be scaled and 

6 
http://www.openlab.psu.edu/tools/calculators/Ansur
DataResult 
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stretched to fit the dimensions, whereas the 
Dreyfuss models can be purchased online7. 
 
This adjustment is applied to each dimension 
provided by Dreyfuss.  Setting up a spreadsheet 
makes this task a lot easier. 
 
Each dimension on the Dreyfuss adult male 
drawing was recalculated for 95th percentile and 
plotted on the following along with the ANSUR 
data.  See Appendix. 
 
Note that while there are many similar 
dimensions between the two, there are large 
differences in those critical reach dimensions 
(highlighted).  Overhead reach is considerably 
larger in the ANSUR model.  Also note that there 
are three blank spaces where ANSUR data is 
available but not Dreyfuss. 
 

                                                 
7 http://ergoforms.com 

 
Scale Models Dreyfuss (left) and ANSUR (right). 
The Dreyfuss model was digitized and scaled 
from figures provided in their text.  The ANSUR 
model was digitized and modified by the author 
to simulate the model. 
 
In a roller coaster application human reach is a 
major concern.  Overhead, side (span), forward, 
and back – these dimensions are critical.  As the 
table clearly shows, the ANSUR data is more 
complete. 
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Existing PTC Clearance Envelope Data 
 
Philadelphia Toboggan Coasters, Inc. has been 
building roller coaster trains for over 100 years, 
and in that time they have accumulated a lot of 
experience.  Patron clearance is not a new 
concept.  As far back as the very first roller 
coasters, the safety of the patrons was 
important, and as seasoned professionals they 
are aware that a placard advising patrons to 
keep hands and feet inside the car is not enough 
of a deterrent to prevent unwanted contact with 
parts of the structure. 
 
Over the years and through numerous designs 
for roller coasters, PTC has provided patron 
clearance data.  The responsibility for 
maintaining the patron clearance lies with the 
structure designer, so it is important that the two 
parties understand and know each other’s 
limitations. 
 
PTC has used its own patron clearance data 
since before there were any ASTM F24 
Committee proceedings.  Today, we have the 
F2291 standard, which includes patron 
clearance instructions, but this report has made 
it clear that the resources cited are either 
incomplete or not stringent enough for PTC 
standards.  Thus, we are charged with the task 
of comparing the PTC data with currently 
established works in anthropometry. 
 
PTC has always prided itself on its robust car 
design for wooden roller coasters.  The seat 
sides, fronts, and backs are high enough to keep 
even the 95th percentile adult male firmly seated.  
The seat sides reach to the armpits on the adult 
male, which allows only the arm to be extended 
to the side and limiting the reach.  The same 
holds true for the backs and fronts. 
 
Comparisons between the traditional PTC data, 
Dreyfuss, and ANSUR for overhead reach and 

span in a PTC coaster car are summarized in the 
following table: 
 
Measurement PTC ANSUR Dreyfuss 

Overhead 
Reach, 

Top-of-Track to 
Fingertips 

1,928 1,933 1,742 

Span, 
Fingertip to 

Fingertip 
2,462 2,495 2,456 

 
Data based on standard PTC car with high seat 
sides and individual lap bars 
 
In roller coaster parlance it is common to make 
dimensions reference to the top-of-track and 
center-of-track.  The spatial relationship of the 
patron relative to the top-of-track is determined 
by the design of the coaster car. 
 
Overhead reach is a major concern.  A car 
equipped with an individual lap bar passenger 
restraint keeps the patron nestled tight in the 
seat, thus preventing excessive overhead reach.  
The tilt of the seat also works to the designer’s 
advantage by shifting the center of gravity and 
making it more difficult to lean forward or reach 
up.  Individual lap bars, high seat sides and 
backs should always be specified if there are 
issues with the patron clearance envelope, 
especially in rides built before the advent of 
published design standards. 
 
Conclusions and Recommendations 
 
The anthropometric data referenced in ASTM 
F2291 currently being referenced is either out of 
date, out of print, or out of focus.  One 
anthropometric standard could be specified that 
provides the worst case data that can be used 
for the patron clearance envelope. 
  
While there is no single data that specifically 
deals with roller coasters (other than the PTC 
data), ANSUR comes closest to being the 
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desired standard if for no other reason than the 
way in which it treats the more extreme 
conditions.  The focus is more on anthropometry 
than ergonomics, and the 600+ page report goes 
into a lot more detail than any other document 
cited. 
 
Dreyfuss is a more modern and widely accepted 
resource, but it lacks the depth and breadth seen 
with ANSUR.  PTC’s anthropometric data, which 
has been the company’s standard for many 
years, does not have the depth of either ANSUR 
or Dreyfuss, but it matches the ANSUR data in 
the critical reach criteria. 
 
We therefore recommend to the ASTM F24 
Committee consider revising the patron 
envelope section of the F2291 standard and 
adopt the ANSUR anthropometric data for the 
99th percentile adult male and maintain the extra 
3 inches additional margin. Furthermore, we 

recommend setting a fixed vertical height from 
the patron seated position in the coaster car for 
overhead clearance, and assign data for each 
style of passenger restraint. 
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APPENDIX A – DREYFUSS v. ANSUR DATA 

 

Letter Description ANSUR 95th pct Dreyfuss 95th pct Var. 
a Acromion-Radiale Length 370 359 3.1% 
b Buttock-Knee Length, seated 668 651 2.6% 
c Buttock-Popliteal Length, 

seated 
546 534 2.2% 

d Elbow-Fingertip Length 523 514 1.7% 
e Foot Length 292 288 1.5% 
f Functional Reach 

(wall to thumbtip) 
865   

g Hip Breadth, standing 376   
h Hip Height, standing 1,008 994 1.4% 
i Knee Height, seated 605 602 0.5% 
j Lateral Epicondyle Height, 

standing 
546 536 1.7% 

k Overhead Reach, standing 2,497 2,329 6.7% 
l Overhead Reach, seated 1,530 1,373 10% 

m Popliteal Height, seated 476 480 0.8% 
n Shoulder Breadth, seated 534 505 5.3% 
o Height, seated 972 973 0.1% 
p Shoulder (acromion) Height, 

standing 
1,545 1,545 0.0% 

q Shoulder (acromion) Height, 
seated 

646 652 0.9% 

r Span, standing 1,961 1,945 2.2% 
s Stature, standing 1,868 1,870 0.1% 
t Wrist-Finger Length 210 206 1.7% 
u Shoulder-Elbow Length 

(bent) 
399   

v Functional Reach (wall to 
fingertip) 

945 909 3.8% 

 
Comparison of ANSUR and Dreyfuss Data, both 95th percentile adult male 
 
Small values for the statistical variation (Var. column) indicate close conformance between the two sets 
of values.  As the difference increases, the variation increases.  Note that the largest variation occurs 
with the overhead reach (sitting and standing) and functional reach. 
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ANSUR 95th percentile adult male, standing, span distance (left) and standing dimensions (right).  
Dreyfuss numbers shown in brackets [] for comparison. 
 

 
ANSUR 95th percentile adult male, sitting.  Dreyfuss numbers shown in brackets [] for comparison.  The 
dimension, l, overhead reach while sitting, is critical for overhead clearance in a roller coaster design 
specification. 
APPENDIX B – Selected ANSUR Data for 95th percentile adult male 
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FEATURE LTR DATA mm COMMENT 
Acromion-Radiale 
Length 

a 370 The length of the upper arm, from the tip of the shoulder 
(acromion) to the uppermost point of the lateral margin of 
the proximal end of the radius (radiale). 

Buttock-Knee 
Length, sitting 

b 668 The horizontal distance from the back of the buttock to the 
front of the knee, measured with the subject sitting. 

Buttock-Popliteal 
Length, sitting 

c 546 The horizontal distance from the back of the buttock to the 
back of the lower leg just below the knee, measured with 
the subject sitting. 

Elbow-Fingertip 
Length 

d 523 The horizontal distance from the back of the elbow to the 
tip of the middle finger, with the hand extended. 

Foot Length e 292 The length of the foot from the heel to the tip of the longest 
toe. 

Functional Reach f 865 The horizontal distance from the wall to the tip of the 
thumb, measured with the subject’s shoulders against the 
wall, the arm extended forward, and the index finger 
touching the tip of the thumb.   

Hip Breadth, 
standing 

g 376 The maximum breadth across the hips, measured with the 
subject standing. 

Hip Height, 
standing 

h 1008 The vertical distance from the floor to the level of the 
maximum posterior protrusion of the greater trochanter of 
the femur (trochanterion). 

Knee Height, 
sitting 

i 605 The vertical distance from the footrest surface to the top of 
the knee, measured with the subject sitting. 

Lateral Epicondyle 
Height, standing 
(Knee Height) 

j 546 The vertical distance between a standing surface and the 
standing lateral-femoral-epicondyle landmark on the 
outside of the right knee as measured with an 
anthropometer.  The subject stands erect with the heels 
together and the weight distributed equally on both feet. 

Overhead Reach, 
standing 

k 2497 The vertical distance between a standing surface and the 
tip of the right middle finger when the arm is extended 
overhead as high as possible is measured on a wall scale.  
The subject stands on the toes facing a wall-mounted scale 
with both arms parallel and extended overhead as high as 
possible.  The toes are 20 cm from the wall and the feet are 
about 10 cm apart.  The palms of the hands rest on the 
scale.  A block is placed against the top of the finger to 
establish the measurement and the measurements taken at 
the maximum point of quiet respiration. 

Overhead Reach, 
sitting 

l 1530 The vertical distance between a sitting surface and the top 
of the right middle finger of a seated subject whose arm is 
extended overhead is measured on a wall scale.  The 
subject sits erect on a flat surface 40.8 cm high with the 
right arm and hand extended vertically overhead and the 
palm of the hand facing forward.  Neither the back nor the 
arm touches a wall.  Block placed at the top of the middle 
finger spans the distance between the finger and the wall 
and establishes the measurement on the wall scale.  The 
measurement is made at the maximum point of quiet 
respiration. 
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Popliteal Height, 
sitting 

m 476 The vertical distance from the footrest surface to the 
underside of the lower leg, measured with the subject 
sitting. 

Shoulder Breadth, 
sitting 

n 534 The horizontal distance across the upper arms between the 
maximum bulges of the deltoid muscles.  The arms are 
hanging relaxed. 

Sitting Height o 972 The vertical distance from the sitting surface to the top of 
the head, measured with the subject sitting. 

Shoulder 
(acromion) Height, 
standing 

p 1545 The vertical distance from the floor to the point of the 
shoulder (acromion), measured with the subject standing. 

Shoulder 
(acromion) Height, 
sitting 

q 646 The vertical distance from the sitting surface to the point of 
the shoulder (acromion) measured with the subject sitting. 

Span, standing r 1961 The distance between the tips of the middle fingers of the 
horizontally outstretched arms is measured on a wall chart.  
The subject stands erect with the back against a wall-
mounted scale and the heels together.  Both arms and 
hands are stretched horizontally against a back wall with 
the tip of the middle finger of one hand just touching a side 
wall.  A block is placed at the top of the middle finger of the 
other to establish the measurement on the scale.  The 
measurement is taken at the maximum of quiet respiration. 

Stature, standing s 1868 The vertical; distance from the floor to the top of the head. 
Wrist-Finger 
length 

t 196 The distance between the stylion landmark on the right 
wrist and the tip of the right index finger is measured with a 
Poech caliper.  The subject places the palm on a table, the 
fingers together, and the thumb abducted.  The middle 
finger is parallel to the long axis of the forearm.  The two 
distal phalanges of the fingers lie on a flat surface 8 cm 
higher than the table. 

Shoulder-Elbow 
Length 

u 399 The vertical distance of the upper arm from the point of the 
shoulder (acromion) to the bottom of the elbow, measured 
with the elbow bent and the lower arm held horizontally. 

Functional Reach, 
wall to fingertip 

v 945 Derived by adding the value ‘k’ to the dimension from grip 
to fingertip 

Chest 
Circumference, at 
scye, standing 

* 1135 The circumference of the torso measured just below the 
armpits. 

Chest 
Circumference, 
below bust, 
standing 

* 1041 The circumference of the torso measured below the cups if 
the bra. 

Eye Height, sitting * 848 The vertical distance from the sitting surface to the outer 
corner of the eye (ectocanthus), measured with the subject 
sitting. 

Hand 
Circumference 

* 97 The circumference of the hand, measured around the 
knuckles (metacarpal-phalangeal joints). 

Hand Length * 210 The distance from the base of the hand at the wrist crease 
to the tip of the middle finger. 

Head Breadth * 161 The maximum breadth of the head, usually above and 
behind the ears. 
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Head 
Circumference 

* 593 The maximum horizontal circumference of the head, 
measured with the tape passing above the brow ridges 
(glabella) and the ears. 

Suprasternale 
Height, standing 

* 1535 The vertical distance from the floor to the lowest point of 
the notch in the upper edge of the breast bone 
(suprasternale). 

Waist Height, 
standing 

* 1143 The vertical distance from the floor to the level of the navel 
(omphalion). 

Head Length * 208 The maximum length of the head, measured from the most 
anterior point of the forehead between the brow ridges 
(glabella) to the back of the head (occiput). 

 
*Data supplied by ANSUR but not used in this analysis 
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BUTTOCK-KNEE = 
668 

EYE HT = 848 ELBOW-
FINGERTIP = 523 

POPLITEAL HT = 
476 

    

SHOULDER 
BREADTH = 534 

SITTING HT = 972 SHOULDER HT = 
646 

WRIST-
FINGERTIP = 196 

 
ANSUR Sitting Positions (graphics not available for every data point) 
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HIP BREADTH = 
376 

HIP HEIGHT = 
1008 

SHOULDER HT = 
1545 

STATURE = 1868 

   

 

SUPRASTERNALE 
HT = 1535 

WAIST HT = 1143 OVERHEAD 
REACH = 2497 

 

 
ANSUR Standing Positions (graphics not available for every data point) 
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APPENDIX C – TRADITIONAL PTC PATRON ENVELOPE DATA 
 
 
 
 
 
 
 
 

 Traditional PTC Patron Envelope Clearance, Side View 
 Shown with standard two-seat car and individual lap bar restraints 
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Traditional PTC Patron Envelope Clearance, Front View 
  Shown with standard two-seat car and individual lap bar restraints 
 
 
 
 



Copyright	©	by	Philadelphia	Toboggan	Coasters,	Inc.	(all	rights	reserved)	 Page	19	
 

 
APPENDIX D – PATRON CLEARANCE ENVELOPE USING ANSUR DATA 

 
  

ANSUR Patron Envelope Clearance, Side View 
  Shown with PTC standard two-seat car and individual lap bar restraints 
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ANSUR Patron Envelope Clearance, Front View 
  Shown with PTC standard two-seat car and individual lap bar restraints 
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APPENDIX E – PATRON CLEARANCE ENVELOPE USING DREYFUSS DATA 

  Dreyfuss Patron Envelope Clearance, Side View, 95th Percentile 
  Shown with PTC standard two-seat car and individual lap bar restraints 
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  Dreyfuss Patron Envelope Clearance, Front View, 95th Percentile 
Shown with PTC standard two-seat car and individual lap bar restraints 
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APPENDIX F – Calculations with Dreyfuss Data 
 

Data gathered from a large sampling is often depicted in a bell-shaped curve, also referred to as a 
distribution or Gaussian curve.  The data can be retrieved from these curves by applying the technique 
known as standard deviation. 
 
In the following example, the distribution curve for stature in adult males is used for finding the stature for 
the 95th percentile adult male as specified by the ASTM standard. 
 
The Dreyfuss equation for all 99th percentile data can be described mathematically as:  
 

2.326 99 50 8, 
 
where SD is the standard deviation. 
 
The Dreyfuss drawing9 gives the stature @ 99thpct = 1920 mm and the stature @ 50thpct = 1755 mm.  
Solving for the standard deviation: 
 

2.326 99 50  
 

99 50
2.326

1920 1755
2.326

70.94 

 
The value for the stature standard deviation can then be applied to other percentiles.  To find the value 
for the 95th percentile stature, the formula changes to account for the change in the slope of the curve.  
Using the standard deviation and the selected equation the stature can be calculated: 
 

1.65 95 50 10 
 

1.65 70.94 95 1590 
 

95 1.65 70.94 1590 1870	  
 
 
 
 
 
 
 
 
 

                                                 
8 Dreyfuss, p. 11 
9 Dreyfuss, The Measure of Man (front view), p. 11 
10 Dreyfuss, Table for Estimated Percentiles, p. 11 
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The 95th percentile Dreyfuss data in the following table was interpolated using the 99th and 50th percentile 
values and adjusted by the standard deviation. 

 

Letter Description Dreyfuss 
99th pct 

Dreyfuss 
50th pct 

Standard 
Deviation 

Dreyfuss 
95th pct 

a Acromion-Radiale Length 370 332 16.068 359 
b Buttock-Knee Length, 

seated 
673 599 31.29 651 

c Buttock-Popliteal Length, 
seated 

549 500 20.719 534 

d Elbow-Fingertip Length 529 480 20.719 514 
e Foot Length 298 264 14.376 288 
f Functional Reach  

(wall to thumb tip) 
    

g Hip Breadth, standing     
h Hip Height, standing 1,018 937 34.249 994 
i Knee Height, seated 624 551 30.867 602 
j Lateral Epicondyle Height, 

standing 
551 503 20.296 536 

k Overhead Reach, 
standing 

   2,329 

l Overhead Reach, seated 1,416 1,273 60.465 1,373 
m Popliteal Height, seated 495 444 21.564 480 
n Shoulder Breadth, seated 523 465 24.524 505 
o Height, seated 999 914 35.941 973 
p Shoulder (acromion) 

Height, standing 
1,590 1,440 63.425 1,545 

q Shoulder (acromion) 
Height, seated 

674 600 31.29 652 

r Span, standing 2,004 1,810 82.030 1,945 
s Stature, standing 1,920 1,755 69.767 1,870 
t Wrist-Finger Length 213 191 9.302 206 
u Shoulder-Elbow Length 

(bent) 
    

v Functional Reach (wall to 
fingertip) 

935 848 36.786 909 

 


