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Objective: This article describes the derivation of strap lengths and adjustments to 
fall-arrest harnesses and the development of harness size configurations. Background: 
Updated harness sizing configurations are needed to accommodate diverse populations 
in the current workforce. Method: Three-dimensional torso anthropometric data from 
243 women and 258 men were incorporated into eight validated equations to develop 
a cost-effective harness sizing plan and to define strap lengths. Results: To met strap 
adjustable range goals and to accommodate 95% to 98% of the estimated population, two 
sizing options were identified. Conclusion: Study outcomes suggest system improve-
ment with three to four sizes for women and three to four sizes for men, on which the 
adjustment ranges of the torso straps were within 15 to 17 cm and within 20 to 23 cm on 
thigh and hip straps. Application: This research provided harness sizing and cut-length 
information for harness design to reduce the risk of worker injury that results from poor 
fit or improper size selection.
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INTRODUCTION

About 6.3 million U.S. construction work-
ers were exposed to fall hazards in 2009 (U.S. 
Department of Labor, 2009). Early efforts to 
protect workers from falls involved a simple fall 
protection system consisting of a waist belt and a 
lanyard. Studies of serious injury resulting from 
prolonged suspension in a waist belt led safety 
professionals to recommend the use of full body 
harnesses exclusively for fall arrest. The full body 
harness is an arrangement of straps designed to 
contain the human torso and to distribute loads in 
fall arrest to the areas of the body best able to resist 
the forces of a fall. This includes load-bearing 
straps around the upper thighs, pelvis, chest, and 
shoulders (Figures 1A, 1B, and 1C). In 1999, the 
Occupational Safety and Health Administration 
(OSHA) promulgated a construction standard 
under 29 CFR Part 1926 Subpart M that prohib-
ited the continued use of waist belts for fall arrest 
and specified that only full body harnesses shall be 
used in a personal fall arrest system.

The modern full body harness has evolved 
to become a more comfortable, easy-to-use 
body support system that offers a high level of 
security for a variety of work tasks at height. 
However, the basis for determining proper  
fit of the modern full body harness is rooted 
in data extrapolated from earlier military  
studies conducted on service-age males from 
the 1970s and 1980s. Lacking more robust  
data, manufacturers of full body harnesses were 
left to develop their own sizing schemes in  
the past several decades, based on little more 
than the anecdotal evidence of their end-user 
customers. Moreover, U.S. regulations and 
national consensus standards offered no guid-
ance on proper size and fit for fall protection 
harnesses, aside from a suggested body weight 
limit of 59 kg to 141 kg for users.

Unlike the workforce of the early 1990s, when 
full body harnesses first came into widespread 
use, today’s workforce has changed to include a 
wider range of body sizes and weights as well 
as an increased participation by female workers 
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Figure 1. (A) Vest-type harness, front view; (B) overhead-style harness, front view; (C) rear view of vest and 
overhead harnesses. The seven key harness component dimensions for the two types of harness are (a) back strap, 
(b) chest strap, (c) front cross-chest strap, (d) front strap, (e) hip strap (gluteal furrow arc), (f) thigh flat strap (thigh 
circumference), and (g) thigh bikini strap (trochanter-crotch circumference).
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exposed to the hazard of falls at the workplace. 
In addition, changes in U.S. demographics have 
resulted in many smaller, lighter workers in the 
U.S. labor force from Asia and Latin America. 
Changes in U.S. diet have also created demand 
for fall protection for heavier workers whose 
weight exceeds 141 kg. Over time, each harness 
manufacturer was left to adapt their harness 
designs to the needs of diverse populations. In 
some cases, manufacturers attempted a “one-
size-fits-all” approach to harness sizing in an 
effort to further simplify selection and reduce 
costs, whereas some manufacturers simply 
ignored the trend.

The efficiency of the full body harness in dis-
tributing the forces of a fall to the areas of the 
body best able to resist these loads depends, to a 
large extent, on how the harness is fitted to the 
body; the goal of harness design is to establish 
the minimum number of sizes capable of achiev-
ing proper fit of the harness to the widest range 
of foreseeable body shapes and sizes. In 2002, 
the National Institute for Occupational Safety 
and Health (NIOSH) and experienced fall pro-
tection manufacturers entered into the study of 
harness sizing with a goal to collect data that 
were immediately useful to manufacturers for 
achieving proper harness fit with the least num-
ber of sizes. Using 3-D full body scan data from 
108 men and 108 women, Hsiao, Whitestone, 
and Kau (2007) developed two logistic regres-
sion models per gender group to predict the best-
fitting size for each of two tested harness types 
(vest type and overhead style; see Figure 1) with 
a total of eight equations. The effort was a sig-
nificant step toward reducing the risk of worker 
injury resulting from improper fit.

To transfer the initial research findings to gen-
eral harness design and manufacturing practice, 
two additional sets of data are needed: sizing 
configurations for small-size men and large-size 
women and strap lengths for manufacturing  
purposes. First, while Hsiao et al. (2007) captured 
the 3-D torso shape data and human–harness 
interfaces of 108 women and 108 men from the 
four racial categories (White, Black, Hispanic, 
and Other), an expansion of the study to a larger 
population to include small-size men and large-
size women is desirable. However, it is plainly 
cost-prohibitive to conduct the same type of fit and 
scan study as Hsiao et al. for a larger population. 

One solution to this tractability issue is to apply 
the eight logistic regression equations from the 
Hsiao et al. study to an existing, large-scale human 
3-D scan database, such as the Civilian American 
and European Surface Anthropometry Resource 
(CAESAR) database (SAE International, 2008),  
to obtain a better assessment of the physical 
variation of the U.S. workforce.

Second, strap lengths for each harness size 
need to be determined for design and manufactur-
ing purposes. However, strap length determination 
is affected by adjustment range. Currently, there 
are no standard methods or anthropometric data 
in the literature that can be directly used for deriv-
ing harness adjustability and sizing. The same is 
true for determining strap length configurations. 
Fortunately, technical experts from the harness 
industry were able to share their criteria on har-
ness adjustability on a general basis. Per interac-
tions with the harness manufacturing industry, the 
common acceptable adjustable range limit is 17 
cm for the back strap, chest strap, front cross-chest 
strap, and front strap and 23 cm for the gluteal 
furrow arc, thigh circumference, and trochanter-
crotch circumference. A conservative adjustable 
range limit is 15 cm for the back strap, chest strap, 
front cross-chest strap, and front strap and 20 cm 
for the gluteal furrow arc, thigh circumference, 
and trochanter-crotch circumference.

With the availability of (a) the logistic regres-
sion models to predict the best-fitting size from 
the Hsiao et al. (2007) study, (b) a wider range of 
human torso sizes and shapes from the CAESAR 
database, and (c) the criteria on harness adjustability 
from the harness industry, the creation of a harness 
sizing scheme that optimizes the number of har-
ness sizes and strap lengths for the current working 
population in the United States can be achieved. 
This article outlines the derivation of strap lengths 
and adjustments to the fall-arrest harnesses as well 
as resulting harness sizing configurations. Through 
an iterative process, this study determined the most 
favorable number of harness sizes and their strap 
lengths while meeting the common and conser-
vative adjustment range criteria for each harness 
component and provided sizing charts associated 
with the newly defined sizes. The results of this 
study have had a direct impact on harness design  
and have a potential impact on the develop-
ment of national standards for fall-arrest harness  
sizing configurations.
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METHOD

The entire harness sizing research was 
divided into eight steps (Figure 2). The first 
three steps were reported in the Hsiao et al. 
(2007) study, which identified existing best-
fit harness sizes for 216 construction workers, 
examined their harness–torso interfaces, and 
established eight logistic regression equations 
for predicting best-fit harness size. This article, 
focusing on the derivation of strap lengths and 
sizing configurations, involves (1) quantifying 
torso dimensions and shapes of selected repre-
sentative CAESAR body scans and applying 
their torso dimension and shape information 
to the aforementioned eight logistic regression 
equations to predict the best-fit harness size for 

each of them, (2) grouping the predicted sizes 
to form an initial sizing system and calculat-
ing the initial strap lengths, (3) evaluating strap 
length configurations against the strap adjust-
ability criteria and refining and determining 
the most favorable number of harness sizes, 
(4) determining the ultimate mean length and 
adjustability range of each harness strap, and 
(5) providing sizing charts associated with the 
newly defined sizes.

Quantifying Torso Shapes and Predicting 
the Best-Fit Harness Size

Harness size prediction equations. In the 
Hsiao et al. (2007) study, eight logistic regression 
equations for harness sizing prediction were 

Figure 2. The entire harness sizing research involved with eight steps of action. The first three steps (Actions A, B, 
and C) were reported in details in Hsiao, Whitestone, and Kau (2007). This article on the derivation of strap lengths 
and sizing configurations involves the last five steps of action (i.e., Actions 1, 2, 3, 4, and 5).
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developed and validated to correctly classify 
96% of the study population for the vest-type 
harness and 100% for the overhead-style harness. 
This study applied the body shape information 
obtained from the selected representative body 
scans of the CAESAR database to these eight 
equations to predict the best-fit harness sizes for 
these representative body scans. Each equation 
was based on upper and lower torso breadth and 
depth as well as height, weight, and gender, which 
will be further explained in the next section, 
Quantification of Torso Shapes and Dimensions. 
Standard (STD) size was set as the reference 
size; the resulting probability for choosing a 
specific size versus STD fell between 0 and 1. The 
equations for the vest-type harness are described 
in Vest 1 though Vest 4 and the overhead style in 
Overhead 1 through Overhead 4.

Vest 1: The probability of wearing extra small 
(XSM) size instead of STD size for men is 1 /  

[1 + exp(–386.137 + 2.874breadth
low

 +  
2.837breadth

up
 – 2.111depth

low
 + 0.675stature + 

1.157weight + 1.756depth
up

)].

Vest 2: The probability of wearing XSM size 
instead of STD size for women is 1 /  

[1 + exp(–385.676 + 2.874breadth
low

 +  
2.837breadth

up
 – 2.111depth

low
 + 0.675stature +  

1.157weight + 1.756depth
up

)].

Vest 3: The probability equation of wearing extra 
large (XLG) size instead of STD size for men is 1 /  

[1 + exp(287.430 – 7.9breadth
low

 – 
 

6.007breadth
up

 – 6.557depth
low

 + 1.119stature +  
1.7349weight + 4.6849depth

up
)].

Vest 4: The probability equation of wearing XLG 
size instead of STD size for women is 1 /  

[1 + exp(353.459 – 7.9breadth
low

 – 6.007breadth
up

 – 
6.557depth

low
 + 1.119stature + 1.734weight +  

4.684depth
up

)].

Overhead 1: The probability of wearing XSM 
size instead of STD size for men is 1 /  

[1 + exp(–681.075 + 3.894breadth
up

 – 3.66depth
low

 + 
 3.164depth

up
 +1.854stature + 2.441weight +  
2.001breadth

low
)].

Overhead 2: The probability of wearing XSM 
size instead of STD size for women is 1 /  

[1 + exp(–657.348 + 3.894breadth
up

 – 3.66depth
low

 

+ 3.164depth
up

 + 1.854stature + 2.441weight + 
 2.001breadth

low
)].

Overhead 3: The probability of wearing XLG 
size instead of STD size for men is 1 /  

[1 + exp(79.220 – 0.386breadth
up

 – 2.464depth
low

 +  
1.77depth

up
 + 0.035stature – 0.409weight –  

0.038breadth
low

)].

Overhead 4: The probability of wearing XLG 
size instead of STD size for women is 1 /  

(1 + exp(81.315 – 0.386breadth
up

 – 2.464depth
low

 +  
1.77depth

up
 + 0.035stature – 0.409weight –  

0.038breadth
low

)].

In these equations, breadth
low

 is the breadth of the 
lower torso, breadth

up
 is the breadth of the upper 

torso, depth
low

 is the depth of the lower torso, and 
depth

up
 is the depth of the upper torso.

Quantification of torso shapes and dimen-
sions. Four bounding box dimensions as well as 
body height, weight, and gender were used as 
input parameters to the harness size prediction 
equations. The bounding box dimensions were 
the maximum breadth (side-to-side distance) 
and depth (front-to-back distance) of both the 
upper torso volume space and the lower torso 
volume space, which were extracted from the 
CAESAR 3-D scan images. The 10th rib loca-
tions were used to separate the torso images into 
the upper and lower torso regions (Figure 3). 
These dimensions were empirically tested and 
found to suitably explain the interaction of the 
general body shape and dimensions with har-
ness fit (Hsiao et al., 2007).

Sample selection. For anthropometric surveys, 
good sampling involves determining the sample 
size as well as determining the sample structure in 
terms of age, gender, and race. The gender factor 
was the most critical issue for the harness sizing 
study (Hsiao et al., 2007).

The needed within-cell sample size (i.e., the 
number of participants needed for each gender 
group in this case) can be calculated using the 
following equation:

where | – υ| is within-cell accuracy, X u
  ¼ d  sffiffiffi

n
p , is the 

sample mean of the subgroup, υ is the true 

X u
  ¼ d  sffiffiffi

n
p ,

X u
  ¼ d  sffiffiffi

n
p ,
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mean of the subgroup, n is the sample size, σ is 
the standard deviation of the subgroup, and δ  
is the eccentricity (1.96 for 5% two-sided 
probability).

Based on the standard deviation of stature from 
the CAESAR database (73 mm for women and 
79 mm for men) and the desired cell accuracy of  
10 mm for this extended study, the estimated 
sample size is 204 for women and 240 for men. 
Namely, at a 95% confidence level, the sample 
sizes of 204 to 240 would have sufficient power 
for the sample mean to be within 10 mm of the 
true mean of the gender group. The sample 
size was set at 250 as the starting point for each  
gender. This sample size is small enough to be 
cost-effective and large enough to contain the 
human variation needed to allow investigators to 
examine a full range of body sizes.

Given the physical differences among racial 
groups, the ethnic mix of the U.S. population 
needed to be taken into consideration. This can 
be achieved in two ways. The first option is to 

replicate the demographic profile of the U.S. 
population so that minorities are represented 
at their actual percentage relative to the entire 
population. The advantage of this approach is 
that it allows for a direct estimate of the popula-
tion parameters without weighting. An alterna-
tive is to have a balanced sample containing the 
same number of males, females, Whites, Blacks, 
Hispanics, and individuals of other races. Such a 
sample is suitable for testing between-group dif-
ferences, such as sexual dimorphism described 
in Hsiao et al. (2007). This study involved the 
use of the latter option.

During the subsampling process, the authors 
encountered a problem wherein the Hispanic 
segment of the population could not be prop-
erly represented: Of the overall 2,382 CAESAR 
participants, only 33 were Hispanic males and 
18 were Hispanic females. We took all Hispanic 
participants and gave a target of 75 for each 
remaining race category by gender to reach  
the goal of 500 participants overall. Because  

Figure 3. (A) and (B): The 10th-rib location was used to separate the torso images into the upper and lower torso 
boxes. (C) and (D): The maximum breadths and depths of upper and lower torso volumes were defined as upper 
and lower box dimensions. Figures 3A and 3B also show female and male participants, respectively, with the same 
overall torso length but different size and shape between upper and lower torsos.
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of the possibility of unusable scan data, we 
decided to construct a larger random sample of 
95 participants from each category. Thus, we 
selected a random sample of 95 participants 
from each gender and race category, and then 
we randomized their order and included the first 
75 usable participants in the final sample.

The final sample data turned out to include 
258 men (76 White, 75 Black, and 107 Hispanic 
and other races) and 243 women (75 White, 75 
Black, and 93 Hispanic and other races), for 
a total of 501 participants. The Hispanic par-
ticipants were rolled into the Hispanic-and- 
other-races category to comply with the year  
2000 National Health and Nutritional Examina
tion Survey (NHANES) guidelines in present-
ing small counts. With this process, the use of  
sampling weights is critical to obtain proper 
survey estimates. The sampling weights for 
men were 34.45 for Whites, 5.10 for Blacks, 
and 6.63 for Hispanics and other races; whereas 
for women, the sampling weights were 34.21  
for Whites, 6.42 for Blacks, and 7.91 for 
Hispanics and other races.

The sample of 501 participants from CAESAR, 
with their corresponding sampling weights, was 
evaluated to adequately represent the year 2000 
U.S. population as presented in the 1999–2002 
Centers for Disease Control and Prevention’s 
(CDC; 2004) NHANES database. The evaluation 
includes (a) Kolmogorov-Smirnov tests to com-
pare the empirical distribution functions of stature 
and weight between the NHANES sample and 
the selected CAESAR participants to determine 
if those CAESAR participants would adequately 
represent the U.S. population, (b) post hoc Siegel-
Tukey (Dispersion) tests to confirm that the data 
being used for harness size prediction did not dif-
fer significantly from the population, (c) determi-
nation of whether they are meaningful to harness 
design when post hoc distributional tests on gen-
der and race subgroups show statistically signi-
ficant differences between the selected CAESAR 
and NHANES samples, and (d) adjustment of 
sampling weights for unequal cell sizes.

These 501 representative CAESAR scans 
were subjected to the procedure of extracting 
torso dimension data and using the data as input 
to the eight logistic regression equations to predict 
the best-fit harness size.

Categorizing and Grouping Predicted 
Harness Sizes

Three possible sizes of harness can be 
expected initially, on the basis of the eight 
logistic regression equations, for each gender: 
XSM, STD, and XLG. The strap lengths and 
their adjustment ranges for each harness size 
were first calculated after the grouping of pre-
dicted harness sizes was done. The final sizing 
structure, however, was determined according 
to the iterative process as described below.

Evaluating Strap Length Configurations 
Against the Strap Adjustability Criteria

Seven key harness straps were evaluated: back 
strap, chest strap, front cross-chest strap, front 
strap, gluteal furrow arc, thigh circumference, 
and trochanter-crotch circumference (Figures 1a 
through 1g). They were labeled as Key Dimension 
1 (KD1) through Key Dimension 7 (KD7), respec-
tively. Although some harness manufacturers may 
use additional dimensions (usually, additional 
fractions of the seven straps mentioned previ-
ously) in determining strap cut lengths and sewing 
locations, the seven key dimensions serve as the 
general primary dimensions. The strap lengths and 
their adjustment ranges for each harness size were 
first calculated per the grouping of predicted har-
ness sizes and gender.

For the smallest size (XSM), the lower bound, 
mean, and upper bound represented 1st-percentile, 
50th-percentile, and 97.5th-percentile cut length, 
respectively, and the adjustable range  = 97.5th 
percentile – 1st percentile. For the middle sizes 
(STD), the lower bound, mean, and upper bound 
represented 2.5th-percentile, 50th-percentile, and 
97.5th-percentile cut length, respectively, and 
the adjustable range = 97.5th percentile – 2.5th 
percentile. For the largest size (XLG), the lower 
bound, mean, and upper bound represented 2.5th-
percentile, 50th-percentile, and 99th-percentile 
cut length, respectively, and the adjustable range = 
99th percentile – 2.5th percentile. This cut length 
configuration strategy was useful in covering 
extended XSM and XLG sizes cost-effectively 
while accommodating approximately 96% to 98% 
of the estimated population.

These adjustment ranges for the seven straps 
were evaluated against both the common and  
the conservative adjustment range criteria to 
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determine whether a specific size structure (i.e., 
any of the three initial sizes) needed to be further 
divided into two or more sizes. The common 
adjustment range of the back, chest, front cross-
chest, and front straps lengths (KD1 through 
KD4) was set to be within 17 cm, and the thigh 
and hip straps (i.e., gluteal furrow arc, thigh  
circumference, and trochanter-crotch circum-
ference; KD5 through KD7) to be within 23 cm.  
A conservative adjustable range limit was set at 
15 cm for KD1 through KD4 and 20 cm for KD5 
through KD7, which would potentially result in 
a larger number of needed harness sizes.

Determining the Ultimate Length and 
Adjustability Range of Each Harness Strap

Once a new sizing configuration (i.e., three, 
four, or more sizes) was defined and the strap 
adjustment ranges were verified to meet the com-
mon or conservative adjustment range criteria, the 
mean length and adjustment range of each harness 
strap defined in the previous section were consid-
ered the ultimate length and the ultimate adjust-
able range for each harness strap.

Providing Sizing Charts Associated With 
the Newly Defined Sizes 

An anthropometric sizing chart for harnesses 
is the link between the statistical calculations 
leading to the new sizing system and the “real-
world” requirements for assigning the best-fit 
size to a person in a fast and accurate manner. 
For practical purposes, any size selection chart 
must be based on dimensions that are readily 
known or easily measured by the harness user. 
Body weight and stature are well known to indi-
vidual workers and have fine correlations with 
harness sizing determination and thus were 
used in presenting the new sizing charts (Hsiao, 
Bradtmiller, and Whitestone, 2003, p. 1248).

RESULTS

Initial Sizing Prediction and the 
Adjustable Range for Each Harness 
Component

Table 1 indicates the predicted numbers and 
percentages of men and women by race from 
the CAESAR sample for each size of the vest-
type and overhead-style harnesses. Tables 2 and 

3 contain strap adjustment ranges by predicted 
size for men and women and for harness type, 
respectively, based on an initial prediction of 
three sizes for men and three sizes for women. 
The tables show that the adjustment ranges met 
the common adjustable range limit of 17 cm for 
KD1 through KD4 and 23 cm for KD5 through 
KD7 but not the conservative adjustable range 
limit of 15 cm for KD1 through KD4 and  
20 cm for KD5 through KD7. Bold italic text 
in Tables 2 and 3 indicates a value greater than 
the conservative adjustable range limit; some 
sizes were divided to meet the adjustable range 
limits.

Assessment of adjustment ranges for vest-type 
harness for men. Table 2 shows that the adjust-
ment ranges for size XSM fall within the conser-
vative limit. However, problems existed for size 
STD with the KD3 (front cross-chest strap), KD6 
(thigh circumference), and KD7 (trochanter-crotch 
circumference). Furthermore, there was a problem 
with KD6 in size XLG.

For size STD, we examined KD3, KD6, and 
KD7 against body weight for outliers and found 
no participants appearing to have a major effect 
on the adjustment ranges. We conducted a dis-
criminant analysis to determine which variables 
contributed most to the separation of the sizes; 
predicted vest size was the grouping variable, 
and KD1 through KD7 were the independent 
variables. The first discriminant function had 
an eigenvalue of 0.462 and explained 78.6% of 
the variation in the data. KD3 (front cross-chest 
strap) was the most important variable related 
to size separation. A four-size system was then 
defined by dividing size STD into new sizes—
small (SM) and medium (MD)—for KD3. 
Optimum results were obtained by assigning 
participants with a KD3 value of less than or 
equal to 72 cm to new size SM; participants with 
a KD3 value greater than 72 cm were assigned 
to new size MD.

For the XLG size, we examined KD6 (thigh 
circumference) for outliers. A bivariate plot of 
body weight and KD6 for men showed that 1 
participant had a much smaller value for KD6 
relative to all other participants of the same 
weight. Omitting this participant reduced the 
adjustable range to 15.5 cm, which met the 
20-cm conservative adjustable range goal.
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Table 4 contains the adjustment ranges for 
the four-size system for men, excluding the 
one outlier. The four-size system, consisting of 
original sizes XSM and XLG and new sizes SM 
and MD, met the conservative adjustment range 
limits, except for the range of KD7 (trochanter-
crotch circumference) for the MD size (20.2 
cm), which is 0.2 cm greater than the limit. The 
0.2-cm deviation has no practical importance. 
In summary, per the conservative adjustable 
range limit of 15 cm for KD1 through KD4 and 
20 cm for KD5 through KD7, four sizes of the 
vest-type harness for men would be needed. 
However, per the common adjustable range 
limit of 17 cm for KD1 through KD4 and 23 
cm for KD5 through KD7, three sizes for men 
would be sufficient.

Assessment of adjustment ranges for vest-
type harness for women. Table 2 shows that 
the adjustment ranges for KD6 (thigh circum-
ference) and KD7 (trochanter-crotch circum-
ference) are more than 20 cm in size STD for 
women. In size XLG, the adjustment range for 
KD3 (front cross-chest strap) is more than 15 
cm. We again conducted a discriminant analysis 
to determine which variables contribute most to 
the separation of the sizes, using predicted vest 
size as the grouping variable and KD1 through 
KD7 as the independent variables.

The first discriminant function had an eigen-
value of 2.27 and explained 96.9% of the varia-
tion in the data. It showed that KD7 was the most 
important variable to account for size separation. 
Size STD was divided into sizes SM and MD to 
define a new four-size system. We used a bivariate 
plot of body weight by KD7 and experimented 
with different values to determine where the 
boundary between the sizes should be by locat-
ing the value that minimizes the adjustment range 
limits within sizes. Participants with a KD7 value 
less than or equal to 86 cm were assigned to new 
size SM, and participants with a KD7 value more 
than 86 cm were assigned to size MD. Given that 
the adjustability range limit of KD3 for XLG 
is the only overrun and is so close to the goal of 
15 cm, we feel that creating a five-size system 
was not necessary. Table 4 shows the adjustment 
ranges for the four-size system for women, which 
includes original size XSM, new sizes SM and 
MD, and original size XLG.

In summary, four sizes of the vest-type harness 
for women would be cost-effective in meeting the 
conservative adjustable range goal. If the com-
mon adjustable range limits of 17 cm for KD1 
through KD4 and 23 cm for KD5 through KD7 
are applied, three sizes of the vest-type harness for 
women would be sufficient.

Assessment of adjustment ranges for over-
head-style harness for men. The adjustable 
ranges for the original three sizes were within 
the specified conservative limit goal (Table 3) 
and within the common limits for overhead-
style harness for men. No additional sizing 
adjustment processes are needed.

Assessment of adjustment ranges for over-
head-style harness for women. Table 3 shows 
that the adjustment ranges for KD3 (front cross-
chest strap) and KD4 (front strap) in size XLG 
were greater than the specified conservative 
range limit goal. We examined these measure-
ments for outliers that may be affecting the 
results by evaluating the distribution of KD3 
and KD4, respectively, relative to body weight. 
There were two observations that stood out from 
the others. They were for the same 2 participants 
in both tests. We did not consider them outliers, 
because these participants fell well within a rea-
sonable distance from regression lines. The gap 
between these 2 participants and the others was 
most likely attributable to sample bias.

We conducted a discriminant analysis to 
determine which variables contributed most to 
the separation of the sizes. We used predicted 
overhead size as the grouping variable and KD1 
through KD7 as the independent variables. The 
first discriminant function had an eigenvalue of 
2.78 and explained 98.1% of the variation in the 
data. It showed that KD7 was the most impor-
tant variable contributing to size separation, 
although the adjustable ranges of KD7 met the 
original goal of range limit. We used a bivari-
ate plot and experimented with different values 
of KD7 against body weight to determine where 
the boundary between the sizes should be placed 
so that the range limits of KD3 and KD4 could 
be resolved; the original size XLG was divided 
into new sizes large (LG) and very large (VLG) 
to create a four-size system (Table 5). Optimum 
results were obtained by assigning participants 
with a KD7 value of less than or equal to 92 cm 



TA
B

LE
 4

: A
d

ju
st

ab
le

 R
an

g
es

 o
f H

ar
ne

ss
 C

om
p

on
en

ts
 fo

r 
th

e 
A

lte
rn

at
iv

e 
Fo

ur
-S

iz
e 

Sy
st

em
 fo

r 
M

en
 a

nd
 W

om
en

 fo
r 

Ve
st

-T
yp

e 
H

ar
ne

ss
 (i

n 
m

ill
im

et
er

s)

M
en

W
o

m
en

Si
ze

H
ar

ne
ss

 C
o

m
p

o
ne

nt
Lo

w
er

M
ea

n
U

p
p

er
R

an
g

e
Lo

w
er

M
ea

n
U

p
p

er
R

an
g

e

X
SM

a.
 B

ac
k 

st
ra

p
 (K

D
1)

62
5

66
9

72
1

96
57

8
65

4
70

2
12

4
b

. C
he

st
 s

tr
ap

 (K
D

2)
15

9
19

7
25

2
93

13
9

17
2

20
4

65
c.

 F
ro

nt
 c

ro
ss

-c
he

st
 s

tr
ap

 (K
D

3)
61

0
64

9
69

9
89

55
8

64
3

70
1

14
3

d
. F

ro
nt

 s
tr

ap
 (K

D
4)

52
0

57
6

63
1

11
1

51
1

58
8

63
7

12
6

e.
 G

lu
te

al
 fu

rr
ow

 a
rc

 (K
D

5)
47

2
57

7
66

9
19

7
54

4
62

4
68

1
13

7
f. 

Th
ig

h 
ci

rc
um

fe
re

nc
e 

(K
D

6)
42

6
52

0
57

1
14

5
46

9
55

8
63

8
16

9
g

. T
ro

ch
an

te
r-

cr
ot

ch
 c

irc
um

fe
re

nc
e 

(K
D

7)
57

1
68

3
75

0
17

9
60

6
68

9
75

6
15

0
SM

a.
 B

ac
k 

st
ra

p
 (K

D
1)

66
9

71
1

76
0

91
63

6
69

1
76

7
13

1
b

. C
he

st
 s

tr
ap

 (K
D

2)
18

7
21

5
24

2
55

14
8

19
6

24
2

94
c.

 F
ro

nt
 c

ro
ss

-c
he

st
 s

tr
ap

 (K
D

3)
65

0
70

0
71

8
69

63
9

69
6

77
5

13
6

d
. F

ro
nt

 s
tr

ap
 (K

D
4)

57
1

61
4

64
9

78
57

1
63

3
69

8
12

7
e.

 G
lu

te
al

 fu
rr

ow
 a

rc
 (K

D
5)

54
4

59
8

68
3

13
8

60
8

66
7

74
7

13
9

f. 
Th

ig
h 

ci
rc

um
fe

re
nc

e 
(K

D
6)

50
5

56
8

64
2

13
7

53
5

62
4

70
9

17
4

g
. T

ro
ch

an
te

r-
cr

ot
ch

 c
irc

um
fe

re
nc

e 
(K

D
7)

64
8

72
0

80
2

15
4

67
6

78
5

85
6

18
0

M
D

a.
 B

ac
k 

st
ra

p
 (K

D
1)

68
5

74
6

82
9

14
4

60
8

69
1

74
9

14
1

b
. C

he
st

 s
tr

ap
 (K

D
2)

20
8

24
2

29
1

82
15

6
19

8
23

2
76

c.
 F

ro
nt

 c
ro

ss
-c

he
st

 s
tr

ap
 (K

D
3)

72
1

74
9

81
8

97
64

7
71

7
79

5
14

8
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
61

1
65

1
71

5
10

3
59

5
65

0
71

8
12

3
e.

 G
lu

te
al

 fu
rr

ow
 a

rc
 (K

D
5)

57
2

61
6

71
4

14
2

63
3

72
1

79
7

16
4

f. 
Th

ig
h 

ci
rc

um
fe

re
nc

e 
(K

D
6)

53
2

61
0

72
8

19
6

68
9

75
6

82
8

13
9

g
. T

ro
ch

an
te

r-
cr

ot
ch

 c
irc

um
fe

re
nc

e 
(K

D
7)

69
4

78
6

89
6

20
2

86
7

88
0

96
4

97
X

LG
a.

 B
ac

k 
st

ra
p

 (K
D

1)
70

4
75

0
81

3
10

9
65

3
72

3
75

8
10

5
b

. C
he

st
 s

tr
ap

 (K
D

2)
21

5
25

7
28

4
69

19
9

21
2

25
2

53
c.

 F
ro

nt
 c

ro
ss

-c
he

st
 s

tr
ap

 (K
D

3)
72

7
77

0
85

7
13

0
70

7
72

9
87

2
16

5
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
60

9
65

9
72

0
11

1
63

7
67

5
78

7
15

0
e.

 G
lu

te
al

 fu
rr

ow
 a

rc
 (K

D
5)

59
3

64
2

71
5

12
2

69
4

76
1

77
1

77
f. 

Th
ig

h 
ci

rc
um

fe
re

nc
e 

(K
D

6)
58

3
63

9
73

8
15

5
71

0
74

8
82

5
11

5
g

. T
ro

ch
an

te
r-

cr
ot

ch
 c

irc
um

fe
re

nc
e 

(K
D

7)
77

1
85

2
93

1
16

0
84

9
90

0
99

4
14

5

N
o

te
. X

SM
 =

 e
xt

ra
sm

al
l; 

SM
 =

 s
m

al
l; 

M
D

 =
 m

ed
iu

m
; X

LG
 =

 e
xt

ra
la

rg
e;

 K
D

 =
 k

ey
 d

im
en

si
o

n.

509



TA
B

LE
 

5:
 

A
d

ju
st

ab
le

 
R

an
g

es
 

of
 

H
ar

ne
ss

 
C

om
p

on
en

ts
 

fo
r 

th
e 

A
lte

rn
at

iv
e 

Fo
ur

-S
iz

e 
Sy

st
em

 
fo

r 
M

en
 

an
d

 
W

om
en

 
fo

r 
O

ve
rh

ea
d

-S
ty

le
 

H
ar

ne
ss

  
(in

 m
ill

im
et

er
s)

M
en

W
o

m
en

Si
ze

H
ar

ne
ss

 C
o

m
p

o
ne

nt
Lo

w
er

M
ea

n
U

p
p

er
R

an
g

e
Lo

w
er

M
ea

n
U

p
p

er
R

an
g

e

X
SM

a.
 B

ac
k 

st
ra

p
 (K

D
1)

62
5

68
3

72
9

10
4

57
8

65
6

70
2

12
4

b
. C

he
st

 s
tr

ap
 (K

D
2)

15
9

20
6

24
8

89
13

9
17

2
20

4
65

c.
 F

ro
nt

 c
ro

ss
-c

he
st

 s
tr

ap
 (K

D
3)

61
0

65
7

69
9

89
55

8
64

3
70

1
14

3
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
52

0
57

5
61

8
98

51
1

58
4

64
6

13
5

e.
 G

lu
te

al
 fu

rr
ow

 a
rc

 (K
D

5)
47

2
58

0
62

5
15

3
54

4
62

4
68

6
14

2
f. 

Th
ig

h 
ci

rc
um

fe
re

nc
e 

(K
D

6)
42

6
52

8
58

7
16

1
46

9
55

7
63

8
16

9
g

. T
ro

ch
an

te
r-

cr
ot

ch
 c

irc
um

fe
re

nc
e 

(K
D

7)
57

1
68

8
75

2
18

1
60

6
68

9
75

6
15

0
ST

D
a.

 B
ac

k 
st

ra
p

 (K
D

1)
67

5
72

7
80

3
12

8
63

0
68

6
74

6
11

6
b

. C
he

st
 s

tr
ap

 (K
D

2)
19

2
22

4
27

4
82

14
8

19
4

23
8

90
c.

 F
ro

nt
 c

ro
ss

-c
he

st
 s

tr
ap

 (K
D

3)
66

3
71

7
78

9
12

6
63

9
69

3
76

8
12

9
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
57

5
62

8
67

7
10

2
57

1
62

4
69

1
12

0
e.

 G
lu

te
al

 fu
rr

ow
 a

rc
 (K

D
5)

54
5

60
5

68
8

14
3

60
8

66
3

74
7

13
9

f. 
Th

ig
h 

ci
rc

um
fe

re
nc

e 
(K

D
6)

50
5

58
2

65
0

14
5

53
9

62
2

73
2

19
3

g
. T

ro
ch

an
te

r-
cr

ot
ch

 c
irc

um
fe

re
nc

e 
(K

D
7)

65
5

73
9

84
7

19
2

67
6

77
4

85
9

18
3

LG
a.

 B
ac

k 
st

ra
p

 (K
D

1)
—

—
—

—
65

0
73

5
79

6
14

6
b

. C
he

st
 s

tr
ap

 (K
D

2)
—

—
—

—
17

5
21

3
24

3
68

c.
 F

ro
nt

 c
ro

ss
-c

he
st

 s
tr

ap
 (K

D
3)

—
—

—
—

69
0

74
1

77
6

86
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
—

—
—

—
61

0
67

5
69

8
88

e.
 G

lu
te

al
 fu

rr
ow

 a
rc

 (K
D

5)
—

—
—

—
62

4
69

4
76

2
13

8
f. 

Th
ig

h 
ci

rc
um

fe
re

nc
e 

(K
D

6)
—

—
—

—
67

6
69

1
77

8
10

2
g

. T
ro

ch
an

te
r-

cr
ot

ch
 c

irc
um

fe
re

nc
e 

(K
D

7)
—

—
—

—
82

2
85

2
91

0
88

V
LG

a.
 B

ac
k 

st
ra

p
 (K

D
1)

70
4

75
9

84
2

13
8

67
0

74
7

74
9

79
b

. C
he

st
 s

tr
ap

 (K
D

2)
21

5
25

9
29

1
76

19
9

21
2

25
2

53
c.

 F
ro

nt
 c

ro
ss

-c
he

st
 s

tr
ap

 (K
D

3)
72

3
78

7
85

7
13

4
72

9
73

0
87

2
14

3
d

. F
ro

nt
 s

tr
ap

 (K
D

4)
62

4
66

7
72

4
10

0
65

0
67

9
78

7
13

7
e.

 G
lu

te
al

 fu
rr

ow
 a

rc
 (K

D
5)

59
0

64
9

72
3

13
3

72
1

76
1

79
7

76
f. 

Th
ig

h 
ci

rc
um

fe
re

nc
e 

(K
D

6)
58

3
65

7
76

2
17

9
77

1
77

9
82

8
57

g
. T

ro
ch

an
te

r-
cr

o
tc

h 
ci

rc
um

fe
re

nc
e 

(K
D

7)
74

6
85

2
93

1
18

5
92

1
92

7
99

4
73

N
o

te
. X

SM
 =

 e
xt

ra
sm

al
l; 

ST
D

 =
 s

ta
nd

ar
d

; L
G

 =
 la

rg
e;

 V
LG

 =
 v

er
y 

la
rg

e;
 K

D
 =

 k
ey

 d
im

en
si

o
n.

510



Harness Sizing and Strap Length	 511

to new size LG. Participants with a value greater 
than 92 cm were assigned to new size VLG.

In summary, four sizes of the overhead-style 
harness for women would fit the need of female 
workers with the conservative adjustment range 
goal. When the common adjustment range lim-
its of 17 cm for KD1 through KD4 and 23 cm 
for KD5 through KD7 were applied, three sizes 
would be sufficient, with an exception that KD3 
and KD4 need to be slightly extended to 18 cm 
(in lieu of the 17-cm common adjustment range 
limit) to cover at least 96.5% of the estimated 
population.

Anthropometric Sizing Charts

Two sizing options for each of the two har-
ness types were identified to meet two strap 
adjustment range goals (i.e., common and con-
servative ranges). Figures 4A and 4B show 
the distribution of predicted sizes for men and 
women for vest-type harnesses. The solid lines 
indicate the size boundaries of the predicted 
sizes of Option 1 (three sizes for men and 
three sizes for women), with body weight and 
height as the reference parameters. The dot-
ted line shows the additional size boundary for 
the extended four-size system (i.e., Option 2) 
for the vest-type harness for men and women. 
Specifically, in Figure 4A, the two size bound-
aries (solid lines) were defined by two logistic 
regression models:

Model 1: Probability of wearing XSM size 
instead of STD size (set as 0.5) = 1 / [1 +  

exp (–59.803 + 0.565weight + 0.126stature)].

Model 2: Probability of wearing XLG size 
instead of STD (set as 0.5) = 1 / [1 +  

exp (–17.893 – 0.107weight + 0.174stature)].

The dotted line was defined through a logis-
tic regression model:

Model 3: Probability of wearing SM size instead 
of MD size (set as 0.5) = 1 / [1 + exp(–32.369 +  

0.148weight + 0.112stature)].

Similarly, in Figure 4B, the two size bound-
aries (solid lines) were defined by two logistic 
regression models:

Model 4: Probability of wearing XSM size 
instead of STD size (set as 0.5) = 1 / [1 +  

exp (–59.780 + 0.628weight + 0.100stature)].

Model 5: Probability of wearing XLG size 
instead of STD size (set as 0.5) = 1 / [1 + 

exp(–24.816 – 0.160weight + 0.259stature)].

The dotted line was defined through a logis-
tic regression model: 

Model 6: Probability of wearing SM instead of 
MD (set as 0.5) = 1 / [1 + exp(16.523 +  

0.184 weight – 0.215stature)].

The same logistic regression concept is pre-
sented for overhead-style harnesses for men and 
women. In Figure 4C, the two size boundaries 
(solid lines) were defined by two models:

Model 7: Probability of wearing XSM size 
instead of STD size (set as 0.5) = 1 / [1 +  

exp (–153.046 + 0.885weight + 0.531stature)].
Model 8: Probability of wearing XLG size 

instead of STD size (set as 0.5) = 1 /  
[1 + exp(15.522 – 0.291weight + 0.074stature)].

In Figure 4D, the two size boundaries (solid 
lines) were determined by two logistic regres-
sion models:

Model 9: Probability of wearing XSM size 
instead of STD size (set as 0.5) = 1 / [1 + 

exp(–77.447 + 0.594weight + 0.224stature)].

Model 10: Probability of wearing XLG size 
instead of STD size (set as 0.5) = 1 /  

[1 + exp(3.430 – 0.256weight + 0.127stature)].

The dotted line was defined with a logistic 
regression model:

Model 11: Probability of wearing LG instead  
of VLG (set as 0.5) = 1 / [1 + exp(2.161 + 

 0.237weight – 0.175stature)].

It must be noted that some harness users may 
need to try on more than one size to select the 
best-fit size because the overall combination of 
their body dimensions governs the size; body 
weight and stature only partially explain the 
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Figure 4. Distribution of predicted size by weight and height for (A) vest-type harness for men, (B) vest-type har-
ness for women, (C) overhead-style harness for men, and (D) overhead-style harness for women. The solid lines 
indicate the size boundaries of the predicted sizes (three sizes for men and three sizes for woman for both vest-
type and overhead harness), with weight and height as the reference parameters. The dotted lines indicate the 
additional size boundaries for the extended four-size system for the vest-type harness for men and for both vest-
type and overhead-style harnesses for women. Where a dotted line is presented, the legends with parentheses 
indicate that the harness sizes were derived from an original size.
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variation of torso–harness interfaces among 
individuals. Nevertheless, the sizing charts 
serve as a quick practical guide for harness 
users to make a proper size selection.

DISCUSSION

Harness Sizing Determination

In this study, the conservative adjustment 
ranges of the back, chest, front cross-chest, and 
front straps were set for no more than 15 cm and 
the thigh and hip strap (gluteal furrow arc, thigh 
circumference, and trochanter-crotch circum-
ference) adjustment ranges for no more than 20 
cm. The study results determined that four sizes 
for men and four sizes for women were the few-
est sizes needed for the vest-type harness and 
three sizes for men and four sizes for women 
were adequate for the overhead-style harnesses. 
A few strap components turned out to slightly 
exceed the preset range but were not extreme 
enough to warrant further size extension.

The study results also determined that three 
sizes for men and three sizes for women were 
adequate for both the vest-type and overhead-
type harnesses when the common adjustment 
range limits of 17 cm for KD1 through KD4 
(back strap, chest strap, front cross-chest strap, 
and front strap) and 23 cm for KD5 through 
KD7 (gluteal furrow arc, thigh circumference, 
and trochanter-crotch circumference) were 
applied to accommodate at least 95% of the 
estimated population and, in most cases, 98% 
of the estimated population.

In standard harness design practice, the func-
tion of harnesses, worker task requirements, and 
the physical characteristics of the user group can 
affect the adjustment range limit and thus the 
determination of sizing systems. For instance, 
fall-arrest harnesses used in tower erection 
would benefit from a tighter adjustment range 
limit for a better positioning function, which 
would suggest that harness designers could 
employ more restrictive harness range limits 
for tower erectors. By contrast, general pur-
pose fall-arrest harnesses, which are used in a 
broader range of tasks requiring fall protection, 
should afford a wider adjustment range limit to 
accommodate a wider range of body types. The 
diversity in harness design constraints reflects 
the functional requirements of different harness 

designs, such as increased need for positioning 
while suspended, as well as the relative degree 
of variance or invariance in body morphology 
found in certain occupational groups.

Accounting for these different kinds of con-
straints makes good business sense; designers 
must be aware of the characteristic range of 
body types as well as harness functional require-
ments so that they may adapt design adjustments 
to accommodate these constraints. This study 
not only described a method to define harness 
sizing schemes based on designers’ intent to 
meet requirements of worker task and harness 
functions but also provided two sizing plans 
for the harness industry. Harness manufacturers 
may choose one of the plans on the basis of their 
adjustment range goal of harness components.

It also must be noted that an adjustment for 
clothing or other equipment is necessary in anthro-
pometry research and practices (Hsiao & Halperin, 
1998). In the harness design application, we need 
to take into account the additional clothing work-
ers wear in winter; however, harness users typi-
cally want one harness for all seasons.

After consultation with a harness manufac-
turer, we determined the following values for 
harness design. An average of 2.5 cm is sug-
gested for the back strap and front-cross chest 
strap in that the two straps extend from shoulder 
to thigh. The value is derived from the calcula-
tion that 1 cm is used to cover the total thickness 
of clothing layers at shoulder and thigh (0.5 cm 
thickness for each location) for summer cloth-
ing and 4 cm for winter jackets, which results 
in an average of 2.5 cm. For the thigh and hip 
straps, an increment on circumference of 3 cm 
for hip-thigh areas for summer clothing (2π × 
0.5-cm thickness of clothing layers) and 12 cm 
for winter pants or overalls (2π x 2-cm thickness 
of clothing layers) was adopted, which resulted 
in an average value of a 7.5-cm addition. Some 
manufacturers may even require an additional 7 
cm for the thigh-hip area for better mobility for 
certain designs. No additional allowance would 
be needed for the chest strap and front strap.

Sizing Structure and Strap Lengths  

In harness manufacturing practices, torso straps 
and thigh-hip straps may be fabricated on differ-
ent production runs or equipment using standard-
ized machine settings. Adjusting manufacturing 
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tolerances for strap production machinery to incre-
ments smaller than 5 cm may be cost-ineffective 
or technically impractical and affects the success 
of transferring research results to practice.

Taking the sizing scheme of three sizes for 
men and three sizes for women for the vest-type 
harnesses as an example (Table 2) and consider-
ing just trochanter-crotch circumference (thigh 
strap) without the torso component, we could 
recommend four thigh strap sizes: universal 
XSM (57.1 cm to 75.6 cm for both genders 
combined: 57.1 cm to 75.0 cm for men and 60.6 
cm to 75.6 cm for women), universal STD (65.5 cm 
to 88.2 cm for both genders combined: 65.5 cm 
to 87.8 cm for men and 67.6 cm to 88.2 cm for 
women), male XLG (77.1 cm to 93.1 cm) and 
female XLG (84.9 cm to 99.4 cm).

Similarly, considering just the front cross-
chest strap (Table 2), we can suggest four sizes: 
universal XSM (55.8 cm  to 70.1 cm for both 
genders combined: 61.0 cm to 69.9 cm for men 
and 55.8 cm to 70.1 cm for women), men STD 
(65.6 cm to 81.5 cm), women STD (63.9 cm to 
77.6 cm), universal XLG (70.7 cm to 87.2 cm 
for both genders combined: 72.7 cm to 85.7 cm 
for men and 70.7 cm to 87.2 cm for women).

If we consider the back strap, chest strap, 
front cross-chest strap, and front strap as a group 
(Table 2), it is also reasonable to suggest five 
combined torso-strap sizes: universal XSM, 
men STD, women STD, men XLG, and women 
XLG. In this regard, it is possible for a har-
ness manufacturer to consider merging women 
XSM (torso) size with men XSM (torso) size 
to become a universal XSM size, along with 
a XSM size thigh-hip strap. Similarly, it is 
reasonable to use a universal STD size thigh- 
hip strap for both women STD (torso) size and 
men STD (torso) size. The men XLG (torso) 
size will have an XLG thigh strap, and the women 
XLG (torso) size will correspond with a super-
extralarge (SXL) thigh strap. The combinations 
would result in five sizes in total; this suggestion 
was made solely on the basis of existing practices 
in the harness manufacturing process.

Similarly, considering just hip and thigh 
dimensions without the torso component from 
the sizing plan of four sizes for men and four 
sizes for women for the vest-type harnesses 
(Table 2), we may conclude that there are six 
recommended hip-thigh strap sizes: universal 

XSM, universal SM, men STD, women STD, 
men XLG, and women XLG. We also can sug-
gest seven torso-strap sizes: universal XSM, 
men SM, women SM, men STD, women STD, 
men XLG, and women XLG.

However, composing composite harness 
designs for both genders is not a straightfor-
ward exercise. Merging a woman’s size with a 
man’s size introduces additional complicating 
factors related to proper harness fit. The Hsiao, 
Friess, Bradtmiller, and Rohlf (2009) study 
demonstrated that increased inclination of torso 
suspension angle (hence, fit failure) was associ-
ated with a reduction in torso length and a more 
developed chest (i.e., women’s torso shape); a 
more upward design of back D-rings for women 
than the current unisex design is desirable to 
minimize this fit problem. Furthermore, because 
of differences in pelvic structure, women have 
demonstrated a “flatter” thigh strap angle than 
men. A flatter thigh strap angle is correlated to 
an increase in torso suspension angle, hence in 
fit failure (Hsiao et al., 2007). Finding a balance 
between designs and the manufacturing process 
(fewest possible total sizes) is both an art and a 
science and will require further efforts to mini-
mize effective design variance by gender.

Differences in Cut Lengths Between the 
Existing and Newly Proposed Sizing 
Structures

As a demonstration, Table 6 presents differ-
ences in cut lengths between existing and newly 
proposed sizing structures for two harness com-
ponents for the vest-type harness: chest strap 
and thigh strap (trochanter-crotch circumfer-
ence). It is clear that to save some materials, the 
chest strap length of the current harnesses can 
be reduced from 35 cm to 26 cm for XSM size, 
from 35.5 cm to 30 cm for STD size, and from 
39.5 cm to 30 cm for XLG size. The thigh strap, 
however, needs to be enlarged for all sizes to 
accommodate the current worker population. 
That is, the adjustment range for men XSM 
would be 57.1 cm to 75.0 cm (plus 7.5 cm for 
clothing: 64.6 cm to 82.5 cm) and for women 
XSM would be 60.6 cm to 75.6 cm (plus 7.5 cm 
for clothing); the thigh strap range of existing 
unisex XSM of 39 cm to 66 cm seems too tight 
for harness users. Detailed information on other 
harness component cut lengths, sewing points, 
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and connector locations are not presented here 
because they are associated with manufacturer-
specific proprietary materials.

Sample Size and Sampling Strategy Issues

The prediction equations derived from 216 
participants in Hsiao et al. (2007) were adopted 
in this study to predict the best-fit harness size for 
individuals based on their gender, torso shape, 
body weight, and body height. It is worth men-
tioning that the average weight and stature of 
the 216 participants were very close to those of  
the general civilian populations that were described 
in the 1999–2000 NHANES (CDC, 2004; Hsiao, 
Long, & Snyder, 2002). The current study  
design included a stratified random sample of 
501 out of 2,382 participants from the CAESAR 
database, a national 3-D anthropometry survey 
(Robinette, 2000; SAE International, 2008), to 
increase the statistical power needed to estab-
lish an inclusive harness sizing system for the 
national civilian population. With the addition of 
the strata from the larger 3-D body scan database 
from CAESAR, the constraint on determining 
the adjustment range of harness components for 
small-size men and large-size women (because of 
small counts for these two sizes, as noted in Hsiao 
et al., 2007) was adequately satisfied.

CONCLUSION

Updated harness sizing systems and designs 
are needed to accommodate a diverse work-
force in the construction industry. This study 
identified an improved harness sizing scheme 
of three sizes for women and three sizes for 
men in lieu of the existing four- to seven-size 
unisex system for both vest- and overhead-type 
harnesses. The adjustment ranges of the back, 
chest, front cross-chest, and front straps were 
within the 17-cm common range expectation, 
and the thigh and hip straps were in the 23-cm 
common adjustment range. To meet the further 
goal of tightening the adjustment ranges of the 
back, chest, front cross-chest, and front straps 
to be within 15 cm and the thigh and hip straps 
within 20 cm, harness sizing schemes for vest-
type harnesses would require four sizes each 
for men and women. For the overhead-style 
harnesses, three sizes for men and four sizes for 
women appear necessary.

Harness manufacturers can use the parameters 
in Tables 2 through 5 plus the adjustment for 
clothing (2.5–7.5 cm) to set harness cut lengths 
for improved harness assemblies. The new siz-
ing charts were graphed by gender, body weight, 
and body height in Figure 4 for manufacturers’ 
consideration in developing next-generation har-
nesses. Workers can use the new sizing charts to 
select a proper harness size, which would help the 
construction industry reduce the risk of injury that 
results from poor user fit, improper size selection, 
and failure to don the harness properly. It should 
be remembered that some workers may need to 
try on more than one size to select the best-fit size 
because the overall combination of their body 
dimensions governs the size; body weight and 
stature alone do not exactly define who wears 
each size.
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