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Breaking down the Humpty 
Dumpty Theory. 

By David G. Curry, Ph.D., and Les Knoll 

F
alling from an aerial work plat
form is one of the most common 
lifting equipment accidents. 
Avoiding falls involves proper 
use of equipment, adherence to 

ANSI and OSHA standards and regula
tions during operation, and common 
sense work habits. 

from an aerial lift" for 
articulating boom and 
extensible boom plat
form-type lifts. A body 
belt is permitted only 
if it is part of a restraint 
system, but otherwise 
a body harness must 
be used and the equip
ment must meet the 
requirements of a fall ar
rest system specified in 
1926.502. This type oflift 
is singled out for special 
attention due to the fact 

Learning the requirements of stan
dards and regulations is one way to 
avoid falls. All aerial lift standards, in
cluding ANSI A92.2, A92.3, A92.5, and 
A92.6, require a guardrail system around 
the periphery of the work platform at a 
height of 42 inches, give or take 3 inches 
(Le., a range from 39 to 45 inches). Each 
standard also requires a mid-rail, and 
all rails must withstand a load of 300 
pounds applied outwardly or inwardly 
without reaching ultimate strength. A 
non-slip surface for the platform floor is 
also required. Operators need to ensure 
that guardrails are installed and access 
gates or openings are closed per the 

that the basket may be Both OSHA 1910.67 and 1926.453 require operators to be 
positioned such that a tied off when working from a boom lift. 
significant moment arm 
is formed by the boom 
itself, magnifying movements by the lift 
body (Le., small movements at the lift 
body are magnified at the basket). 

Occupants of aerial lifts are required to 

platform while elevated, and failing to 
securely close gates. Another infrequent-
1y encountered cause is the improper 
re-assembly of folding guardrails and 
rail sections that have been removed to 

manufacturer's instructions. 
maintain a firm footing on the platform accommodate oversized materials, such 
floor, and they are specifically forbidden as wallboard. 

These standards also cover the con
duct of operators while on aerial work 
platforms. ANSI A92.5, for example, 
requires the use of fall protection for 
boom-supported aerial lifts and suf
ficiently strong anchor points to be 
provided by manufacturers and utilized 
by all personnel in the lift. Both OSHA 
1910.67 and 1926.453 require that em
ployees must be tied-off "when working 

to stand on either mid- or top rails. The Recently, a barrage of unusual claims 
standards also prohibit the use of lad- regarding aerial lift accidents have been 
ders, planks, or other devices for achiev- made, contending that the occupants 
ing additional height. Despite these had either slipped or fell against the 
requirements, some of the most com- safety rail when elevated and had fallen 
mon causes of falls from aerial lifts are out of the platform. In truth, neither ac
reaching too far outside the platform, cident is likely to occur. 
standing on the guardrails, using boards 
placed over the handrails as an "exten
sion platform," attempting to exit the lift 
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Slips resulting in falls 
To show why slips resulting in falls 

on lifting equipment are unlikely, it is 
necessary to understand something 
about human location and the concept 
of slip resistance. Slip resistance refers 
to the resistance a shoe has while sliding 
across a walking surface, and in practice, 
a slip-resistance rating of 0.50 has long 
been recognized by OSHA, Underwrit
ers Laboratories, and ANSI as being the 
minimum criteria for a "slip-resistant 
surface" in the United States. 



While the recommended value of 0.50 
represents a slip-resistant surface within 
the safety community, it does not repre
sent friction required for human loco
motion under normal conditions and in
eludes a considerable safety factor. Data 
from a British government-sponsored 
research program regarding the likeli
hood of slipping during normal walking 
at different friction levels (the values are 
predicated on full-length strides) did not 
predict the likelihood of falling at higher 
friction levels. The function that fits the 
data is logarithmic in nature, which 
means that a relatively modest increase 
in friction levels results in a substantial 
increase in the odds against slipping. 

Slip Resistance 
Level 

.24 

.27 

.29 

.34 

.36 

Likelihood of 
Slipping & Falling 

1 in 20 

1 in 20 

1 in 100,000 

1 in 1,000,000 

Table 1: Likelihood of Slipping 

To a large degree, the likelihood of 
slipping is a function of the angle be
tween the striking heel and the walking 
surface. As the heel strikes the ground 
at an angle, the forces generated can be 
decomposed into two components: The 
first is directed vertically downwards, 
while the second is directed forward in 
the direction of travel. Friction between 
the foot and walking surface is required 
to counteract the forward-directed com-

ponent, and it reaches a peak level at the 
time of the initial heel strike. 

Two of the primary gait-related factors 
influencing the amount of friction re
quired are the speed that the individual is 
traveling, which is a major determinant 
of the force generated as the foot strikes 
the ground, and the angle where the heel 
strikes, which directly influences the 
amount of force directed in the forward 
vs. downward direction. The higher the 
speed or the more acute the angle at 
which the heel strikes the ground, the 
more friction is needed between the foot 
and the walking surface to overcome 
the forward-directed force component. 
Under conditions where the stride is 
shortened, the foot strikes the ground at 
a less oblique angle than under normal 
walking, and required levels of friction 
are reduced. 

A familiar example of this is our 
change in gait when walking on a known 
slippery surface, such as ice in winter. 
We almost unconsciously choose to take 
smaller strides, thus reducing the angle 
at which the heel strikes the ground and 
the forward-directed component of the 
force generated during the heel strike. 

In the case of an aerial work platform, 
stride length is largely determined by the 
dimensions of the surface. Humans tend 
to shorten stride lengths in restricted 
walking areas. Shortened strides result in 
less force being directed forward when 
the heel strikes the ground, requiring 
less friction to resist this force. The odds 
against slipping with shortened strides 
would be far more favorable than those 

in Table 1. 

Aerial work platforms are usually floored with 
materials such as diamond plate, expanded metal, or 
covered with a manufactured slip-resistant surface. 

Aerial work platforms are 
usually floored with materi
als such as expanded metal, 
diamond plate, or covered 
with a manufactured slip
resistant surface, which rou
tinely result in a slip-resis
tance value approaching 1.0 
even when wet. This leads to 
almost astronomical odds 
against slipping unless they 
are contaminated with some 
type of lubricant. In short, 
slips on the platform's work
ing surface are extremely 
unlikely to occur. 

Falls over the platform rails 
or sidewalls 

To a large degree, the rail heights 
around the platform are a function of 
two body dimensions. The first is work
ing elbow height, and in order to com
fortably work outside the basket, the 
arms must be extended outward overtop 
the confines of the guardrail system. To 
minimize stress on the shoulders and 
upper body and maximize safe reach 
outside of the basket, it is necessaty that 
the rails be below normal elbow height. 
Table 2 shows this height for a range of 
body sizes, and to accommodate the 5th 
through the 95th percent of male work
ers, the top rail should be at or below 
39 inches (the minimum height for rails 
specified in the standard) . 

Standing 
Height 

64.5" (2.5th percentle 

64.8" (5th percentle) 

69.1" (50th percentile) 

73.5" (95th percentle) 

74.3" (97.5th percentile) 

Working 
Elbow Height 

38.6" 

39.2" 

42.2" 

45.39" 

46.0" 

Table 2: Working Elbow Heights 

However, working elbow height is not 
the only body dimension that must be 
factored in. The second and more criti
cal body dimension is the height of the 
center of mass. In order for a fall to occur 
over an obstruction, it is necessary that 
the center of mass ofthe object be higher 
than the obstruction over which the fall 
occurs. The center of mass of an object 
can be thought of as the balance point of 
a group of objects (in this case, the seg
ments of the human body) .Another way 
of thinking about it is that it represents 
the single point where a stationary body 
could be balanced in eqUilibrium. Ac
cording to NASA, for a male of average 
height (5'9") and normal build, this point 
lies approximately 2 to 3 inches below 
the navel in a normal standing position, 
or between 54 percent and 55 percent of 
the body height from the ground. 

Weight has a relatively small effect 
on the center of mass. According to the 
Federal Aviation Agency, the center of 
mass falls within a sphere of about 2 
inches in diameter for approximately 
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I, ~ An alys is Body Type* 

Height** Thin Average Heavy 

64.5" (2.5th percentile) 35.1 " 35.3" 35.5" 

64.8" (5th percentile) 35.6" 35.8" 36.0" 

69.1" (50th percentile) 38.1 " 38.4" 38.6" 

73.5" (95th percentile 40.8" 41.0" 41.3" 

74.3" (97.5th percentile) 41.3" 41.6" 41.8" 

90 percent of the adult male 
population. The following 
table presents the approxi
mate height of the center 
of mass for upright males 
of varying body types and 
heights calculated using an 
anthropometric modeling 
package (female centers of 

Table 3: Approximate Centers of Mass for Workers of Differing Heights 

ward of the toes is always an 
unstable stance. Fortunately, 
the body's innate kinesthetic 
and vestibular senses nor
mally give the individual 
adequate information that 
their balance point is no lon
ger over their base of support "Centers of mass are approximates and are calculated based on an individual who is wearing shoes. 

**Heights are for unshod individuals. 

mass will generally be somewhat lower 
for a given height due to differences in 
body structme). 

Comparing the data in Table 3 to the 
ANSI A92 requirements that guardrail 
height should be between 39 and 45 
inches, it is apparent that a guardrail of 
even the minimum height would pro
tect workers up to average height when 
standing normally (Le., not standing on 
tip toes while leaning against the rail). 
A guardrail at the median height would 
protect workers up to the 97.5th per
centile. If an individual was to lean over 
the rail, the rail would likely still provide 
adequate protection because the body 
position required to accomplish this 
would normally force the individual 
back several inches to prevent interfer
ence between the body and the rail itself 

(Le., the bending point at the hip joint 
would be below the rail height, forcing 
the individual to stand farther away 
from it because the body and rail obvi
ously cannot occupy the same space). 

Guardrail heights must, however, take 
work issues into account as well. For a 
50th percentile male holding a 20-pound 
tool in a normal working position (fore
arms extended at right angles from the 
body) will move the center mass of the 
body-tool system approximately a 3/4-
inch upward and 1-1/2 to 2 inches for
ward. At this point, the center of mass of 
the body-tool system may be at or above 
the minimum railing height. Holding 
the same tool at shoulder height and at 
the full extension of the arms moves the 
center of mass upwards by almost 2-3/4 
inches and forward by approximately 

3-112 inches. Elevating the 
tool higher not only results 
in an increase in the center 
of mass height but also a 
movement laterally back to
wards the interior of the lift 
basket. 

The combination of guardrails and fall protection 
provides for a safe working environment for most, 
if not all, working conditions. 

Situations involving sub
stantial downward forces be
ing exerted by the worker at 
extended distances from the 
basket are highly complex to 
analyze and may place work
ers into inherently unsafe 
situations. Such situations 
should be avoided whenever 
possible. This is addressed 
in OSHA §1926.453(b)(2)(iv) 
where it states that, "Em
ployees shall always stand 
firmly on the floor of the 
basket!'; the same caveat is 
found in the ANSI standards 
dealing with these machines 
as well. Shifting the body 
center of mass to the point 
where it is either at or for-
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(the feet), allowing such situ
ations to be avoided by readjusting the 
position of the basket as necessary. Both 
the Center to Protect Workers' Rights 
and the ANSI design standards correctly 
caution aerial lift users to not climb on 
or lean over the guardrails. 

The center of mass can be elevated in 
other ways as well. Standing on tip toes 
can add anywhere from 1 to 3 inches to 
the height of the center of mass. Stand
ing on an elevated smface within the 
basket can result in an even greater rise. 
Either of these activities may result in the 
elevation of the center of mass above the 
rail height, depending on the individual 
and the height ofthe rail on the particu
lar lift in use. Both also violate the OSHA 
requirement to stand firmly on the floor 
of the basket. 

Other events that will generally not re
sult in a worker falling out of the basket 
(assuming the center of mass is below 
railing height) include walking/running 
into the rail or falling against it. In both 
cases, there is no upward directed force 
to cause the elevation of the center of 
mass. Theoretically, by running against 
it, it might be possible to generate suf
ficient forward-directed force to rotate 
the upper torso around the rail with suf
ficient momentum to lift the lower por
tion ofthe body, but due to the relatively 
limited size of the normal aerial lift bas
ket, this would be extremely unlikely to 
occm. Draping a body completely over 
the railing (imagine fainting and falling 
forward when standing against the rail) 
will not elevate the center of mass above 
rail height. A stumble and fall against 
the rail is unlikely to occur at a point 
sufficiently close to the railing to cause 
a potential risk because the height of the 
center of mass is reduced by the angle 
of the body as it falls. Due to increasing 
angles of inclination, the farther away 
such an event was to occm, the lower the 
center of mass of the body would be. 



The bottom line: Use railings 
and a fall arrest system 

Railing heights specified in the ANSI 
standards represent a compromise 
between the ability to perform useful 
work from the basket and the protec
tion of individuals standing inside it. 
Even minimum height rails will protect 
the majority of workers from accidental 
falls from the platform, assuming that 
they are working with reasonable care. 
Activities such as holding heavy tools at 
extreme distances outside the platform 
while working or standing on elevated 
surfaces within the basket are not repre
sentative of "reasonable care." Extreme 
downward-directed forces exerted by 
the worker at extended distances from 
the work platform can generally be 
avoided by the simple expedient of re
positioning the platform. Elevation of 
the worker above the level of the floor of 
the basket is always accompanied by an 
elevation of the center of mass. 

Rapid motions, such as running, which 
might potentially build up enough mo
mentum to initiate a fall over the railing, 
are unlikely to be an issue due to the 
relatively limited confines of elevated 
work platforms. The slip-resistant walk
ing surfaces also make loss of balance 
slips extremely unlikely, provided the 
flooring is kept free from contaminants 
that may lubricate the walking surface. 
Workers also must exercise reasonable 
care to ensure that all gates and other 
openings are closed on the platform 
while working on it. Both OSHA and 
ANSI standards mandate this. 

A fall arrest system, which is required 
on most aerial lifts, is designed to cover 
situations wherein the prescribed railing 
system may not be adequate to handle 
all situations. Unfortunately, some 
workers may see this requirement as a 
"suspenders AND belt" mentality and 
assume that the protection provided by 
the railing is adequate in all cases. Such 
an assumption is incorrect and may 
leave the worker unprotected against 
certain types of fall mechanisms. The 
combination of the two, with each cov
ering the potential shortfalls of the other, 
provides for a safe working environment 
for most, if not all, foreseeable working 
conditions. _ 
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