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Abstract

Contributing factors to 621 occupational fatal falls have been identified with respect to the victim’s individual factors, the fall site,
company size, and cause of fall. Individual factors included age, gender, experience, and the use of personal protective equipment
(PPE). Accident scenarios were derived from accident reports. Significant linkages were found between causes for the falls and
accident events. Falls from scaffold staging were associated with a lack of complying scaffolds and bodily action. Falls through
existing floor openings were associated with unguarded openings, inappropriate protections, or the removal of protections. Falls
from building girders or other structural steel were associated with bodily actions and improper use of PPE. Falls from roof edges
were associated with bodily actions and being pulled down by a hoist, object or tool. Falls through roof surfaces were associated
with lack of complying scaffolds. Falls from ladders were associated with overexertion and unusual control and the use of unsafe
ladders and tools. Falls down stairs or steps were associated with unguarded openings. Falls while jumping to a lower floor and falls
through existing roof openings were associated with poor work practices. Primary and secondary prevention measures can be used
to prevent falls or to mitigate the consequences of falls and are suggested for each type of accident. Primary prevention measures
would include fixed barriers, such as handrails, guardrails, surface opening protections (hole coverings), crawling boards/planks,
and strong roofing materials. Secondary protection measures would include travel restraint systems (safety belt), fall arrest systems
(safety harness), and fall containment systems (safety nets).
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The construction industry has been identified as one
of the most hazardous industries in many parts of the
world and falls from height are a leading cause of
fatalities in construction operations (Sorock et al.,
1993). In Taiwan, Chi and Wu (1997) showed that falls
contributed to more than 30% (377) of 1230 work-
related fatalities. In seeking to understand the causes of
these incidents, epidemiological analyses are of value in
revealing the factors associated with fatal injuries.
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However, care is needed with the choice of classification
scheme for the analysis as this can materially affect the
outcome (Chi and Wu, 1997). Appropriately defined
classification categories are also important in forming
the basis for effective accident prevention programs
(Hinze et al., 1998).

The research presented here developed a coding
system to facilitate the categorization of fatal falls in
terms of the cause of the fall, the fall location, individual
factors, and company size, in order to determine
the importance of contributing factors and to derive
effective protection strategies. A total of 621 fatal falls
were coded based on the classification scheme. The
Finnish Multi-Linear Event-Sequencing Method (Aal-
tonen, 1996) and the Operationalized Model (Tuominen
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and Saari, 1982), which treat an accident as a flow of
events, were adopted to determine potential causes
preceding the fall event (Chi et al., 2004).

1.1. Classification scheme

1.1.1. Cause of fall

Causes of accidents are not easy to isolate, especially
in fatal accidents (Cattledge et al., 1996). Drury and
Brill (1983) derived hazard scenarios in terms of the
actors (individual), the prop (the tools, instruments and
equipment), the scene (environment), and the action
(task) from incident reports. They emphasized that each
scenario suggested at least one feasible and effective
intervention, but such an intervention strategy was
appropriate only to that scenario. The current study
adopted Drury and Brill’s (1983) scenario analysis to
characterize the causes of work-related fatal falls in
terms of the individual, the task, tools and equipment
used, and managerial and environmental factors. Each
accident report was reviewed several times to itemize the
detailed causes of fall under each factor. Individual
factors included: bodily actions (e.g., climbing, walking,
and leaning against), distraction, insufficient capacities,
and the improper use of personal protective equipment
(PPE). Task factors include overexertion and unusual
control, poor work practices, and the removal of
protection measures. Tools and equipment factors
included mechanical failure, unsafe ladder and tools,
or being pulled down. Management and environment
factors included unguarded openings, lack of complying
scaffolds, unauthorized access to hazard areas, contact
with falling object, and harmful substances.

1.1.2. Accident event

The US Department of Labor (2003) has 11
categories for fatal falls. These include (1) falls from
stairs or steps, (2) falls through existing floor openings,
(3) falls from ladders, (4) falls through roof surfaces
(including existing roof openings and skylights), (5) falls
from roof edges, (6) falls from scaffolds or staging, (7)
falls from building girders or other structural steel, (8)
falls while jumping to a lower level, (9) falls through
existing roof openings, (10) falls from floors, docks, or
ground level, and (11) other non-classified falls to lower
levels. These categories were used directly in this study.

1.1.3. Individual factors

Age was coded as in our previous study (Chi and Wu,
1997). Worker’s experience was classified after Butani
(1988) into six different levels to compare the relative
risk of injuries for different levels of experience. These
levels were 0< to<l1, I<to <5, 5<to <10, 10<to
<15, 15<t0<20, and >20 years. Company size was
coded according to the categories used by the Directo-

rate-General of Budget Accounting and Statistics
(1997).

2. Methodology
2.1. Accident report of fatal falls

The current study analyzed 621 case reports of work-
related fatal falls occurring during 1994-1997. All
accident reports were extracted from case reports that
were published by the Council of Labor Affairs of
Taiwan. Each accident report identified the type of
industry, age, gender, experience level of the victim, the
source of injury, the company size, as measured by
number of workers employed, accident type and any
other factors which were judged to be relevant. Following
Drury and Brill’s (1983) in-depth investigation, individual
factors (gender, age, experience level of the victim, and
use of PPE), task factors (performing tasks), environ-
mental factors (fall location), management factors (com-
pany size measured by number of workers), and cause of
fall were coded for each fatality report for analysis.

2.2. Statistical analyses

Standardized mortality ratios (SMR) for each strati-
fied gender, age, and company size group were
calculated, along with 95% confidence intervals (Kelsey
et al., 1996), using the working population of the
Taiwanese construction industry in 1994-1997 (Direc-
torate-General of Budget and Accounting Statistics,
1994-1997) as the reference group for the calculations.

Cramer’s ' and Phi coefficient analysis, based on Chi-
square, were used to examine the relationship between
factors (Kurtz, 1999). Where expected frequencies were
less than 5, Fisher’s exact test was used in place of Chi-
square (Mehta et al., 1992).

3. Results
3.1. Frequency analysis

Frequency analysis was performed on each coded
variable. This indicated that the majority of victims were
male (572, 92.1%), between 25 and 44 years old (319,
51.4%), worked for companies with less than 30 workers
(164, 26.4%) (Table 1), and had less than 1 year of work
experience (500, 80.5%) (Table 2). The SMRs of various
population segments were taken to be significantly
different when the 95% confidence intervals of their
SMRs did not overlap (Chi and Chen, 2003). Significant
differences in SMR were found among different gender,
age and company size groups. Different categories,
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Table 1
Frequency distribution and SMR for stratified gender, age, and company size, together with SMR groupings derived from the statistical analysis
Factor Frequency Y% SMR 95%ClI SMR groupings
Gender Male 572 92.1 1.05 (0.97-1.14) B

Female 49 7.9 0.64 (0.47-0.84) A
Age Under 24 70 11.3 0.89 (0.69-1.12) B

25-34 138 222 0.66 (0.55-0.78) A

3544 181 29.1 0.91 (0.78-1.05) B

45-54 116 18.7 1.23 (1.01-1.47) C

Over 55 113 18.2 3.17 (2.61-3.81) D

Unknown 3 0.5 —
Company size <5 54 8.7 2.75 (2.07-3.59) D

59 60 9.7 2.13 (1.62-2.74) D

10-29 50 8.1 1.10 (0.81-1.44) C

30-49 11 1.8 0.60 (0.30-1.08) B

50-99 7 1.1 0.32 (0.13-0.65) B

100-499 1 0.2 0.03 (0.00-0.19) A

=500 1 0.2 0.05 (0.00-0.26) A

Unknown 437 70.4 —

according to the SMRs, are indicated by alphabetical
letters (Table 1).

The SMR indicated that males are more likely to be
victims for fatal falls in the construction industry. Our
previous analysis of national and cross-sectorial study of
occupational fatalities indicated that female workers in
high-risk industries, such as construction, and mining
and quarrying have a lower fatality rate than their male
counterparts (Chi and Chen, 2003). Possible reasons for
the difference may be that female workers work fewer
hours (Messing et al., 1994), and females are seldom
employed in outdoor jobs or in jobs with extreme
conditions (Lucas, 1974). Female workers were more
likely to suffer fatal falls when performing cleaning and
housekeeping tasks (11 cases), or doing plasterwork of
building interiors (8 cases).

A U-shape relationship was found between age and
SMR (p<0.05), indicating that age (or most likely
experience) was beneficial to workers for a certain
period of time, but became less of an advantage over a
certain age (Laflamme and Menckel, 1995). Fatal falls of
aging workers (aged 55 and above) could have been
caused by reduced sensory capability (e.g., decline of
vision and hearing), and reduced physical strength and
flexibility. Young workers (<24 years old) were
suspected to suffer fatal falls due to inexperience and
carelessness (Chi and Wu, 1997).

The SMRs in the analyses related to the number of
workers are estimated. The estimates are based on the
number of workers employed for companies that had
fatalities in 1994, and the number of workers employed
in all construction companies in 1996. This is because
the Directorate-General of Budget Accounting and
Statistics (1997) only had 1996 data. There was a
significantly increasing SMR with decreasing company
size (p<0.001) as with Buskin and Paulozzi (1987).

Possible reasons for the greater risk with decreasing
company size might be due to smaller companies’
inability to afford safety programs and personnel, or
because smaller companies are less likely to be inspected
by relevant government agencies and often perform
inherently riskier work (Buskin and Paulozzi, 1987).

Approximately 87% (537 cases) of the accident events
can be classified as falls from scaffolding, staging, from
existing floor openings, from building girders or other
structural steel, from roof edges, through roof surfaces,
from ladders, falls down stairs or steps, falls while
jumping to a lower floor, and from existing roof openings
(Table 2). Causes for fatal falls were also evaluated. More
than 40% of the cases could be attributed to lack of
complying scaffolds (160) and unguarded openings (104).
Lack of complying scaffold was coded into lack of
platform (58), lack of scaffold (55), and lack of fixed
barrier (47). Being pulled down was coded with respect to
the agent that caused the pulling. There were cases of
being pulled down by heavy objects (21), hoists (9),
trolleys (6), collapsing materials (2) and ladders (1).
Inappropriate protection was coded into unfixed covers
(15), insecure barriers (11), broken PPE (6), ineffective
safety nets (2) and lack of secure anchors (1). Harmful
substances and environment were coded into bad weather
(rain, strong wind, thunder, and earthquake) (13), bumpy
and restricted walkways (7), poor lighting and ventilation
(3). Removal of protection measures was also coded into
removal of barriers to facilitate materials handling (15)
and the release of anchors after finishing a task (6).

3.2. Association between factors and between levels of
factors

The Cramer’s V coefficients indicate that significant
associations exist between gender and cause of fall
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Table 2
Frequency distribution of other contributing factors
Factor Frequency %
Experience Under 1 year 500 80.5
1-5 years 84 13.5
5-10 years 18 29
10-15 years 4 0.6
Over 15 years 9 1.4
Unknown 6 1.0
Accident event Fall from scaffold, staging 189 30.4
Fall through existing floor opening 128 20.6
Fall from building girders or other structural steel 70 11.3
Fall from roof edge 65 10.5
Fall through roof surface 44 7.1
Fall from ladder 26 4.2
Fall down stairs or steps 11 1.8
Jump to lower level 2 0.3
Fall through existing roof opening 2 0.3
Fall from floor, dock, or ground level 51 8.2
Fall to lower level 33 5.3
Cause of fall Unguarded opening 104 16.7
Bodily action 62 10
Poor work practices 44* 7.1
Improper use of personal safety equipment 23% 3.7
Hurt by falling objects 22 3.5
Overexertion and unusual control 16* 2.6
Unsafe ladders and tools 7 1.1
Distraction (carrying other tasks) 6" 1
Insufficient physical and mental capacities 5% 0.8
Unauthorized access to hazard area 57 0.8
Mechanical failure 3 0.5
Lack of complying scaffold Lack of platform 58 9.3
Lack of scaffold 55 8.9
Lack of warning barrier 47 7.6
Being pull down Heavy object 21* 34
Hoist 9? 1.4
Trolley 6" 1
Collapsing materials 2% 0.3
Ladder 1? 0.2
Inappropriate protection Unfixed floor cover 15 2.4
Insecure warning barrier 11 1.8
Broken personal protective equipment 6 1
Ineffective safety net 2 0.3
Lack of secure anchor 1 0.2
Harmful substances and environment Poor weather 13 2.1
Bumpy and restricted walkway 7 1.1
Poor lighting & ventilation 3 0.5
Removal of protection measure Removal of barrier 15% 2.4
Release of safety belt 6" 1
Others 6 1
Unknown 40 6.4
Total 621 100

#Unsafe acts of persons.

(V' =0.222, p<0.05) and between accident event and
cause of fall (V' =0.273, p<0.001) (Table 3). The
significant association between gender and cause of fall

(Table 4) indicated that female workers were more likely
to fall from heights due to inappropriate protections (6
cases, ¢ = 0.084, p<0.05) and the removal of protection
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measures (5 cases, ¢ = 0.110, p<0.05) as compared with
their male counterparts. However, the data show that
male workers were more likely to have fatal falls. They
suffer a larger number of fatalities from falls and the
SMR shows that males are at greater risk.

Case reports of female victims show 6 inappropriate
protection cases. There were 3 with unfixed floor
coverings, 2 insecure warning barriers, and one case of
broken PPE. All 5 cases where there was a removal of
protection measures involved the removal of barriers to
facilitate materials handling. The authors suspected that
female workers were less protected because they com-
municated less frequently with the male workers.
Females may not have been informed of safety concerns,
such as the proper use of PPE or the removal of barriers
similar to those incidents caused by poor communica-
tion within work team as in Haslam et al. (2005).

The significant associations between cause of fall and
accident event (Table 5) reveal the likely cause of fall for
each accident event. Lack of complying scaffolds (82
cases, ¢ = 0.267, p<0.01) and bodily actions (26 cases,
¢ = 0.083, p<0.05) were the main causes of falls from
scaffolds or staging. Unguarded openings (53 cases, ¢ =
0.337, p<0.01), inappropriate protection (23 cases, ¢ =
0.272, p<0.01), and removal of protection measure (11
cases, ¢ = 0.147, p<0.01) were the main causes for falls
through existing floor openings. Bodily actions (14
cases, ¢ = 0.119, p<0.01) and improper use of PPE (10
cases, ¢ = 0.200, p<0.01) were the main causes for falls
from building girders or other structural steel. Bodily
actions (11 cases, ¢ = 0.079, p<0.05) and being pulled
down (11 cases, ¢ =0.150, p<0.01) were the main
causes of falling from roof edges. Lack of complying
scaffold (43 cases, ¢ = 0.454, p<0.01) was the main
cause for fall through roof surfaces. Overexertion and
unusual control (4 cases, ¢ = 0.169, p<0.01) and unsafe
ladders and tools (4 cases, ¢ = 0.282, p<0.01) were the
main causes for falls from ladders. Unguarded openings
were likely to cause falls down stairs or steps (6 cases,
¢ = 0.136, p<0.01). Poor work practice was the main
cause for falls while jumping to lower floors (2 cases,
¢ = 0.206, p<0.01) and falls through existing roof
openings (2 cases, ¢ = 0.206, p<0.01).

Table 3
Cramer’s V for six factors.

4. Discussion

This research developed a classification scheme to
code 621 fatal fall from height accidents in terms of
contributing factors. The causes for the falls and the
nature of accident events were classified. Accident
scenarios were then developed with the intention of
proposing prevention measures.

A limitation of the study is that the fatalities
considered occurred several years ago, during the period
1994-1997. This presents the possibility that construc-
tion methods and practices in Taiwan may have
developed during the intervening period, reducing the
validity of the findings. Although the extent of any
change is uncertain, the results nevertheless give a useful
cross-sectional indication of the patterns of fatal falls
and their causation in construction operations. It is
interesting that fall incidents caused by unguarded
openings, inappropriate usage of a safety harness, and
poor communication with work team, were also
reported in Haslam et al.’s (2005) analysis of British
construction accidents. It is also argued that the
classification scheme and analytical approach used by
the study, mostly based on existing literature and an
ANSI standard, has relevance for the analysis of fatal
falls more widely.

When comparing the proportion of accident events
with those reported by Hoyos and Zimolong (1988), it is
apparent that falls through existing floor openings
accounted for a greater proportion of fatal falls in our
study. This will be connected to exposure to risk, ie the
presence of floor openings and the safety protection
afforded, and mostly likely has its origins in different
construction practices between Taiwan and Hoyos and
Zimolong’s study context. Another interesting observa-
tion is the proportion of the causes of falls in terms of
unsafe acts and unsafe mechanical or physical condi-
tions as defined in Henrich et al. (1980). When the
unknown and other unclassified causes are excluded,
unsafe acts (e.g., as arising from bodily action, poor
work practices, improper use of safety equipment,
overexertion and unusual control, distraction, insuffi-
cient physical and mental capacities, unauthorized

Contributing factors Gender Age Experience Company size Accident event
Age 0.122

Experience 0.091% 0.104

Company Size 0.221% 0.189 0.139%

Accident event 0.178 0.154 0.118 0.212

Cause of fall 0.222* 0.153 0.208 0.320 0.273**

*Significant at 0.05.
**Significant at 0.01.

“Fisher exact test is used instead of Cramer’s ¥ when the expected frequency for any cell is smaller than 5.
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Table 4
Phi coefficients between gender and cause of fall
Cause of fall Gender
Female Male
Lack of complying scaffold 13 147
0.005 —0.005
Unguarded opening 12 92
0.061 —0.061
Bodily action 2 60
—0.058* 0.058*
Poor work practices 1 43
—0.058* 0.058*
Being pulled down 3 36
—0.002* 0.002*
Inappropriate protection 6 29
0.084% " —0.084>*
Harmful substances and environment 0 23
—0.057 0.057
Improper use of PPE 1 22
—0.026% 0.026"
Hurt by falling object 2 20
0.009* —0.009"
Removal of protection measure 5 16
0.110%"  —0.110*
Overexertion and unusual control 1 15
—0.010% 0.010%
Insufficient physical and mental capacities 0 5
—0.024% 0.024°
Unsafe ladders and tools 0 7
—0.031* 0.031%
Distraction (carrying other tasks) 1 5
0.032% —0.032%
Unauthorized access to hazard area 0 5
—0.026% 0.026"
Mechanical failure 0 3

—0.020* 0.020°

In each cell, the three numbers are the number of cases, ¢_and level of
significance, respectively.
** ¢ value is positive and significant at 0.01.
"¢ value is negative and significant at 0.01.

* ¢ value is positive and significant at 0.05.

*@ value is negative and significant at 0.05.

“Fisher exact test is used instead of ¢ when the expected frequency
for any cell is smaller than 5.

access to hazard area, being pulled down, removal of
protection measures) accounted for only 35.6% (221) of
the total number of fatal falls (621 cases). This contrasts
with the 88% suggested by Henrich et al. (1980). It is
possible that this difference can be attributed to the
liability litigation focus from the insurance company in
Henrich et al. (1988) versus the accident prevention
emphasis in our study.

The Fall Protection Guidelines proposed by the
Manitoba Labor and Immigration Division MLID
(2003) suggested six categories of fall protection
measures. These included (1) surface protections (non-
slip flooring), (2) fixed barriers (handrails and guard-
rails), (3) surface opening protections (removable covers
and guardrails), (4) travel restraint systems (safety line

and belt), (5) fall arrest systems (safety line and harness),
and (6) fall containment systems (safety nets). Bobick
et al. (1994) classified protective measures as either
primary or secondary. The first three categories of
protection measures, were considered active or primary
because they physically prevent falls to a lower level
from occurring. The last three categories were referred
to as passive or secondary since they inhibit or minimize
injury after an already initiated fall to a lower level.
Secondary measures include safety nets and lifelines.
MLID (2003) stated that it is preferable to provide a
fixed barrier to prevent a worker from falling, than PPE
(such as a safety harness and lifeline), and the selection
of the particular fall protection measure is dependent
upon the circumstances and the job task.

We originally attempted to categorize tasks into 24
task categories (adopted from Koningsveld and Molen,
1997) and then select appropriate protection systems for
each general task category. However, the linkage
between the general task category and protection
systems was not as obvious and sensible as expected.
The same can be said of linkages between causes for falls
and protection measures. For this reason, the authors
chose to categorize feasible prevention measures by
accident event (Table 6).

For falls from scaffold or staging, based on a study of
scaffold accidents performed by the US Department of
Labor (1981), Helander (1984) suggested that the
number of scaffolding accidents could be reduced
dramatically by using guardrails. However, prior to
the installation of guardrails, and even after their
installation, safety harnesses and an independent lifeline
should be properly secured to an adequate anchor and
used by those who may be exposed to any open edge or
risk of falling (MLID, 2003). Safety nets should be used
in places where it is difficult or impossible to install
guardrails or to provide a proper anchoring and lifeline
system for fall arrest. Also, visual markings such as
warning signs or warning tape should be used to mark
off the hazard area for places where a guardrail is
temporary removed (MLID, 2003). Surface protection
(non-slip flooring) is excluded from Table 6 because
it is mainly for prevention of slips and falls on the
same level.

To prevent falls from building girders or other
structural steel, fall arrest systems and fall containment
systems are essential since fixed barriers become
impossible to implement at hazard areas. However, in
our analysis, 10 victims died from the improper use of
personal protection equipment. This is a reminder that
activities such as safety training, to improve recognition
of hazards and dangers, and the enforcement of the use
of fall protection systems, as well as the inspection and
testing of protection systems, tools, and inspection of
the facility and environment, and other administrative
interventions should not be neglected (Janicak, 1998).
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Table 5
Phi coefficients between cause of fall and accident event

Causes of fall Accident event

From Through From From roof  Through From Down Jump to Through
g g p g
scaffold, existing building edge roof ladder stairs or lower level  existing
staging floor girders or surface steps roof
opening other opening
Lack of complying 82 6 7 6 43 4 1 0 0
scaffold 0.267°7 —0.246™*  —0.128™*  —0.129"* 045477 —0.050 —0.051* —0.033* —0.033"
Unguarded opening 6 53 13 10 0 0 6 0 0
—0.240™*  0.3377° 0.017 —-0.012 —0.124™*  —0.094%*  0.136%F"  —0.025 —0.025"
Bodily action 26 4 14 11 0 1 0 0 0
0.0837 —0.117**  0.11977 0.079" —0.092**  —0.043" —0.045" —0.019* —0.019*
Poor work practices 15 6 5 4 0 0 0 2 2
0.022 —0.048 0.001 —0.012* —0.076"*  —0.058" —0.037* 0.206%F"  0.206%"
Being pull down 10 9 1 11 0 2 1 0 0
—0.027 0.016 —0.071* 0.150%"+ —0.071* 0.012* 0.016* —0.015* —0.015*
Inappropriate 3 23 3 1 0 1 0 0 0
protection —0.116™* 0.272"" —0.021* —0.061* —0.067* -0.016" —0.033* —0.014* —0.014*
Improper use of PPE 4 1 10 1 1 1 0 0 0
—0.056 -0.079* 0.200% "+ —0.039* —0.021% 0.002* —0.026* —0.011* —0.011%
Removal of 1 11 3 0 0 2 0 0 0
protection measure ~ —0.104* 0.147%*+ 0.018* —0.064* —0.052% 0.050* —0.025* -0.011* —0.011*
Overexertion and 6 2 2 1 0 4 0 0 0
unusual control 0.025% —0.033* 0.006" —0.022° —0.045% 0.169% "+ —0.022% —0.009* —0.009*
Unsafe ladders and 2 0 0 0 0 4 0 0 0
tools —0.004* —0.054* —0.038* —0.037* —0.029* 0.282% "+ —0.014* —0.006* —0.006*

Note: Only causes of falls with significant ¢ coefficients are listed. See legend in Table 4.

For preventing falls through existing floor openings
and through existing roof openings, openings must be
protected with guardrails or adequate coverings, e.g.,
secured wood or metal covers that are capable of
supporting subjected loads and warnings which indicate
that there is an opening below (MLID, 2003). Also, only
workers wearing a whole body safety harness with a
lifeline secured to a proper anchorage should have
access to unprotected openings more than 2.5m above a
lower floor (MLID, 2003). For preventing falls down
stairs or steps, MLID (2003) suggests the use of proper
handrails on open sides of stairs, ramps and other
similar means of access. These not only act to prevent
falls from open sides but also serve as a support to
workers moving up and down the access way. In our
case reports, falls from stairs or steps were also
associated with unguarded openings, so protection
systems to prevent falls in these situations should also
be applied.

To prevent workers falling from roof edges due to
bodily actions (sloping roofs are an especial hazard),
workers should use a fall-arrest system or a safety belt
with a lanyard attached to a secure anchor (even when
guardrails are installed at roof edges) (Helander, 1981).
Our analysis showed that of the 11 incidents where
people were pulled down and then fell from roof edges, 4
workers were pulled down by loose and falling hoists

with these being overloaded in 2 of the 4 cases. Two
workers were pulled down by the hoisting materials
(bricks and hanging bucket); and another 5 were pulled
down by plywood and hand tools they were handling or
manipulating on the rooftop. In order to prevent
hoisting related falling accidents, The Division of
Building Safety in Idaho (2004) suggested that each
worker in a hoist area should be protected from falling
to lower levels by guardrail systems or personal fall
arrest systems. If guardrails are removed to facilitate the
hoisting operation (e.g., during landing of materials),
and an employee must lean through the access opening
or out over the edge of the access opening (to receive or
guide equipment and materials), that the worker should
be protected from fall hazards by a personal fall arrest
system.

Various researchers have suggested a fundamental
approach to prevent falls through roof surfaces. These
include the suggestion that manufacturers should use
roofing material that are strong enough not only to
support workers and equipment (Helander, 1981) but
also the dynamic loading during walking, falling against
or sitting on the material (Bobick et al., 1994). Wide and
properly secured support platforms (crawling boards
and planks) should be provided for any roof under
construction. In our analysis, falls from ladders were
associated with overexertion and unusual control and



Table 6
Feasible prevention measures for each accident scenario
Accident event Cause of fall Frequency Primary Secondary
Fix barriers Surface opening protection Strong roofing Travel Fall Fall
restraint arrest containment
systems systems systems
Guardrails ~ Warning, Floor Safety belt Safety Safety nets
(toe board)  barrier coverings boards, planks harness
Handrails, warning sign
and tape
Fall from scaffold, Lack of complying 82 X X X X
staging scaffold
Bodily action 26 X X X X
Fall from building Bodily action 14 X X
girders or other Improper use of PPE 10 X X
structural steel
Fall through existing ~ Unguarded opening 53 X X X X X
floor opening Inappropriate 23 X X X X X
protection
Removal of 11 X X X X X
protection measure
Fall through existing  Poor work practices 2 X X X X X
roof opening
Fall down stairs or Unguarded opening 6 X X X X X
steps
Fall from roof edge Bodily action 11 X X X X
Being pulled down 11 X X
Fall through roof Lack of complying 43 X
surface scaffold
Fall from ladder Overexertion and 4
unusual control
Unsafe ladder and 4
tool
Jump to lower level Poor work practices 2 X
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unsafe ladders and tools. Cohen and Lin (1991)
define three major approaches: (1) choosing the right
equipment, (2) the safe use of ladders and (3) regular
inspection and maintenance of the ladders. If these
approaches had been used, the accidents would have
been prevented.

Two workers died while jumping to a lower level. One
worker intended to jump across an aisle to another
building but fell into the aisle. The other worker jumped
from a disassembled crane structure. Both accidents
could have been prevented if the workers had not
underestimated the risk of jumping. The second worker
could have followed a safe work practice for disassem-
bling the crane structure. Safety nets could have,
perhaps, saved both workers. However, selection and
training were probably more important in these two
cases.

Prevention measures are useful only if they are
implemented by the company and applied by the
workers. Thus, safety performance measures of the
company, e.g., experience modification rate as in
Hoonakker et al. (2004) and applying to workers, e.g.,
unsafe working behavior as in Haslam et al. (2004),
should be collected and monitored for motivation and
feedback.

In conclusion, this study has undertaken a statistical
analysis of 621 fatal fall accidents in the construction
industry in Taiwan. A framework for the analysis was
developed, based on the US Department of Labor’s
categories for falls and Drury and Brill’s (1983) scenario
analysis. Inexperienced workers and those working for
smaller companies were found to be at greatest risk of
fatal falls. As might be expected in a male dominated
profession, the victims in most fatalities were male,
although female workers appear to be vulnerable in
situations where inadequate physical protection mea-
sures are in place on site to prevent falling from height.
Older workers, aged over 55 years, were represented
disproportionately in the sample of incidents, and it is
suggested that declining physical and sensory capabil-
ities are a factor in this. Prevention measures have
been proposed that would have prevented many of the
falls examined. Although the measures are straightfor-
ward, significant commercial and cultural barriers will
need to be overcome to achieve their widespread
acceptance and adoption by construction employers
and their workers.
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