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Abstract: 6 

 7 

BACKGROUND: The construction sector has one of the worst occupational health and safety 8 
records in Europe. Of all construction tasks, formwork activities are associated with a high 9 
frequency of accidents and injuries. 10 

OBJECTIVE: This paper presents an investigation of the activities and related safety risks 11 
present in vertical formwork for in-situ concrete construction in the civil engineering sector. 12 
METHODS: Using the methodology of staticized groups, twelve activities and ten safety risks 13 
were identified and validated by experts. Every safety risk identified in this manner was 14 
quantified for each activity using binary methodology according to the frequency and severity 15 
scales developed in prior research. A panel of experts was selected according to the relevant 16 
literature on staticized groups.  17 

RESULTS: The results obtained show that the activities with the highest risk in vertical 18 
formwork tasks are: Plumbing and leveling of forms, cutting of material, handling materials 19 
with cranes, and climbing or descending ladders. The most dangerous health and safety risks 20 
detected were falls from height, cutting and overexertion.  21 

CONCLUSIONS The research findings provide construction practitioners with further 22 
evidence of the hazardous activities associated with concrete formwork construction and a 23 
starting point for targeting worker health and safety programmes. 24 

 25 

Keywords: Occupational, expert panel, fall from height,  26 

 27 

 28 

1. Introduction 29 

According to the European Agency for Safety and Health at Work, the construction sector has 30 
one of the worst occupational health and safety records in Europe [1]. In the original 15 31 
European Union (EU) Member States alone, about 1,300 construction workers die every year, 32 
another 800,000 are injured, and countless more suffer work-related ill health [2]. 33 

In the United States, 751 deaths occurred on construction sites in 2010 [3]. This figure accounts 34 
for about 17% of all fatal occupational injuries and is the fourth highest fatality rate for all U.S. 35 
industries. A similar problem exists in Spain where the fatality rate on construction sites in 2011 36 
was 11.2 fatalities per 100,000 workers [4], with a total of 120 worker deaths.  37 

Formwork is defined as a temporary structure whose purpose is to provide support and 38 
containment for fresh concrete until it can support itself. It molds the concrete to the desired 39 
shape and size, and controls its position and alignment [5].Of all construction tasks, formwork 40 
activities are associated with a high frequency of accidents and injuries. Huang and Hinze [6] 41 
observed that 5.83% of falls were attributed to the construction of formwork or to the 42 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Loughborough University Institutional Repository

https://core.ac.uk/display/288376077?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Lopez-Arquillos, A; Rubio-Romero, JC; Gibb, AGF; Gambatese, JA (2014) Safety risk assessment for 
vertical concrete formwork activities in civil engineering construction, Work: A Journal of Prevention, 
Assessment & Rehabilitation, 49:2, 183-192, ISSN 1051-9815, DOI 10.3233/WOR-131724 2 

construction of temporary structures and approximately 21% of all accidents involved wood 43 
framing or formwork construction. Many studies on construction safety are focused on topics 44 
such as contributing factors in construction accidents [7] or the impact of the different variables 45 
on the severity of the accidents [8,9,10,11,12,13,14,15]. Research studies have tried to quantify 46 
the safety risks of large-scale processes, such as underground construction projects [16] or 47 
buildings [17]. However, only one study was found in which the authors actually quantified the 48 
relative health and safety risks of specific construction tasks [18]. The objective of the latter 49 
study was to quantify the comprehensive health and safety risk at the activity level for a 50 
common construction process, such as formwork activities, using the Delphi method. 51 

The aim of the present study is to quantify the health and safety risks in different vertical 52 
formwork activities in civil engineering construction using the binary method and the 53 
methodology of staticized groups. 54 

 55 

2. Methodology 56 

To achieve the study aim, the researchers used two different methodologies. A general research 57 
methodology was used to define the study´s structure and a specific methodology inside this 58 
structure was used as a tool to elaborate the safety risk assessment. 59 

With regard to the specific methodology, some authors have developed methods of risk 60 
quantification with different levels of complexity and application. An example of this is a study 61 
where ergonomic risks were analysed using ratings for each risk factor on a three-point scale 62 
[insignificant, moderate and high] in 65 construction activities to identify the presence of risk 63 
factors concerning overexertion injuries [19]. Other studies quantifying safety risk defined it as 64 
the product of frequency and severity [20]. A similar methodology with the addition of the 65 
exposure factor was used by Jannadi and Almishari [21].The method we have chosen for this 66 
study is the approach known as the binary method [22], where the unit risk is defined as the 67 
product of frequency and severity (see Equation 1).Frequency is defined in terms of worker 68 
hours per incident, while severity is defined in terms of impact on the worker per incident.  69 

 severity incident severity
UNIT RISK =Frequency ×Severity 1

work-hour work-hour incident
     
     
     

 70 

Once the method for risk quantification was defined, the next step was to define a suitable 71 
research strategy to accomplish our specific goal.  72 

According to a previous civil construction research [23] based on the Delphi method, cited 73 
method can be defined as systematic and interactive research technique for obtaining the 74 
judgment of a panel of independent experts on a specific topic. Panel members are selected 75 
according to predefined guidelines and are asked to participate in two or more rounds of 76 
structured surveys. After each round, an anonymous summary of the experts’ input from the 77 
previous survey is provided as a part of the subsequent survey. In each subsequent round, 78 
participants are encouraged to review the anonymous opinion of the other panelists and consider 79 
revising their previous response. The goal during this process is to decrease the variability of the 80 
responses and achieve group consensus about a correct value. Finally, the process is concluded 81 
after a predefined criterion (as number of rounds or the achievement of consensus) is met and a 82 
statistical aggregation of the responses in the final round determines the results.  83 

 84 

The staticized group technique is very similar to the Delphi method. The only methodological 85 
difference is the exclusion of feedback or iterations in the staticized group technique. Several 86 
studies have reported different opinions about the accuracy of both methods. Some of these 87 
studies have reported a significant increase of the staticized group technique over Delphi rounds 88 
as far as accuracy is concerned [24, 25]. By contrast, other studies found no substantial 89 
difference in the accuracy records when the Delphi and staticized group approaches were 90 
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compared [26, 27]. Meanwhile, two other surveys suggested that the accuracy of the Delphi 91 
method is worse when there is a high level of iterations [28, 29]. 92 

Authors such as Erffmeyer and Lane [30] are in favour of using the staticized group approach 93 
because panel members are not led to achieve a consensus on a value that could be wrong. This 94 
is the main reason why the present study was carried out using the method of staticized groups.  95 

 96 

2.1 Panel Members 97 

As in the Delphi procedure, in the staticized group approach the selection of experts is a very 98 
important factor in determining the quality of the study. Hallowell and Gambatese [23] maintain 99 
that the level of expertise is the most important facet in a panel member and propose guidelines 100 
for a flexible point system for the selection of an expert panel member. A suitable adaptation of 101 
the suggested point system to the specific goals of our research project resulted in the 102 
requirements listed in Table 1.  103 

TABLE 1 104 

The authors contacted 15 construction companies and 10 universities. After a review of the 105 
background and availability of the possible candidates, 12 experts were selected from 7 large 106 
high profile companies from the engineering construction sector, and from 5 Schools of 107 
Engineering. In addition to the flexible point system requirements, only one expert per company 108 
or per University was selected in order to ensure diversity in the origin of the experts. 109 

According to the guidelines proposed by Hallowell and Gambatese [23], all members of the 110 
panel met the minimum level of requirements. As can be seen in Table 2, all of the panellists 111 
scored a total of at least 17 points and in at least four different achievement or experience 112 
categories. Four other professionals were selected as panel members, but they did not complete 113 
the survey and so were excluded from the final list of panel members and also from the results 114 
shown in Table 2.  115 

TABLE 2 116 

The qualifications of the selected members of the staticized groups are as follows.  117 

- As a guarantee of expertise in Safety at Work and Occupational Risk, all members of 118 
the panel have obtained a Master in Occupational Risk Prevention degree. In our 119 
opinion, this is the most valuable requirement for our research, because it shows that the 120 
person has completed specific courses on occupational health and safety and, therefore, 121 
that he or she has the expertise to evaluate risks in the activities under study.  122 

- Every member has a technical Bachelor’s or Master’s degree. Formwork activities in 123 
construction have a very important technical profile. Consequently, this requirement is 124 
considered highly relevant because previous training in technical issues is necessary to 125 
be able to form an accurate evaluation.  126 

- Between them, the panellists have 94 years of experience in the construction sector. 127 
Experience is another extremely relevant requirement. 128 

- Four of the panellists have contributed to 24 books related to construction safety and 129 
health or risk management.  130 

 131 

2.2 Study Design 132 

A web-survey used for collecting the expert responses was developed on a specialized site and 133 
was made available to the experts. Experts had access to the survey only by using a password 134 
supplied by the researchers. The web-survey expired after the collection of data in the above 135 
mentioned period of time.  136 

 137 
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In order to improve the quality of the study, certain strategies for study design and the 138 
elimination of bias were adopted. For example: 139 

- The order of the questions and the order of the potential safety risk in the survey were 140 
randomized for each panel member to reduce the contrast effect and the primacy effect. 141 

- Independent frequency and severity rates were implemented. 142 
- The anonymity of each expert was ensured.  143 

 144 

2.3 Survey Content 145 

Following the guidelines of Hallowell and Gambatese [18], experts were provided with the 146 
incident classification descriptions (Table 3) and the formwork construction activity 147 
descriptions (Table 4). In line with the above, the selected incidents or health and safety risk 148 
classification were based on the Occupational Safety & Health Administration, Bureau of 149 
Labour Statistics, and Hinze accident classification systems [31]. 150 

The panellists were asked to provide their opinion on frequency rates and severity levels using 151 
the frequency and severity scales provided previously (Table 5&Table 6). These scales were 152 
created by Hallowell and Gambatese [18], and cover a complete spectrum of frequency and 153 
severity levels. 154 

TABLES 3-6 155 

 156 

3. Results and Discussion 157 

Although consensus is not a requirement for the methodology of staticized groups, it was also 158 
calculated in order to compare the results with the Delphi approach (Table 7).  159 

TABLE 7 160 

To measure the variation in the responses, the absolute deviation was calculated using the 161 
following equation: 162 

Average Deviation from Median = Average (Median j – Value ij)(2) 163 

After calculating the absolute deviation from the median, and accepting that consensus is 164 
achieved with a value less than1/10 of the possible value for the quantitative study developed, 165 
the target consensus was found to be achieved in this case.  166 

Table 8 shows the quantified risk when all formwork activities are included by the following 167 
methods.  First, the frequency ratings chosen by the expert from a range of values from table 5 168 
with units of worker-hours per incident were converted into a single point value with units of 169 
incidents per worker-hour. Then single point values were multiplied by the severity values 170 
chosen by the experts according to the severity scale from Table 6.  171 

TABLE 8 172 

For example, if the expert rated the average frequency as 10-100 w-h /incident, the mean value 173 
of 55 w-h/incident was identified in order to convert to a single value, and the inverted value 174 
0.018 [1/55] represented the frequency value for the particular risk and activity. The product of 175 
this frequency and the severity rating from table 6 represents the unit risk for the activities. 176 

In a further analysis of the data matrix shown in Table 8, two different comparative tables were 177 
produced according to the sum values from a row [Activities] and from a column [Safety risks]. 178 
Table 9 summarizes the total safety risk score for each activity, and Table 10 shows the 179 
quantified risks when all formwork activities are included.  180 

TABLE 9 181 

Table 9 shows that the highest risk scores for the construction activities under study were 182 
obtained by the activities plumb/level forms (0.4772 S/w-h) cut material (0.0585 S/w-h), crane 183 
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material (0.0194 S/w-h) and ascend/descend ladder (0.0187S/w-h). On the other hand, the 184 
lowest risk scores were obtained by lubrication/preparation (0.0008S/w-h), manual transport 185 
(0.0006S/w-h) and inspect/plan (0.0002S/w-h). Some of the activities with the highest risk 186 
scores such as crane material or ascend and descend ladders, have been dealt with in other 187 
papers with a more general approach [32,33,34,35,36].Our specific results for vertical formwork 188 
activities in construction are in line with other general results that are discussed below. 189 

Surprisingly, the first and second highest risk score activities, that is, plumb/level forms and cut 190 
material, had not been studied before. This fact could be due to the highly specific activities 191 
involved. Consequently, further research concerning these issues is needed. It is especially 192 
significant that plumb/level forms accumulated approximately 80% of all of the risk. Therefore, 193 
it should be an activity which is the primary focus of safety management on the worksite.  194 

Crane-lifting of material is one of the major causes of fatalities in construction [32]. To reduce 195 
the rate of crane fatalities, these authors believe that crane operators and riggers should be 196 
qualified and requalification courses should take place every 3 years. Likewise, other 197 
researchers [33] highlighted the fact that big contractors and other agents provide insufficient 198 
training for crew members. In addition, these authors found difficulties in communication 199 
among crew members, including language and a proper understanding of signals. Consequently, 200 
to improve the health and safety levels in these tasks, education programmes should be 201 
redesigned for all workers engaged in crane operations. Sometimes the risk is caused by 202 
deficiencies in the electrical system of the crane [34]. 203 
 204 
Ascending and descending ladders has been associated with a high percentage (33.5%) of the 205 
non-fatal accidents in construction workers in the United States [35]. Ladders were also 206 
associated with 11% of all fatal falls over the period 1980-1989 in the US. More recently, 207 
ladder-related accidents have been shown to be associated with risk factors that increased the 208 
probability of a serious or fatal accident [36]. Hallowell and Gambatese [18] found that this 209 
activity is one of the most dangerous. They studied formwork activities following a more 210 
general approach, that is, without concentrating on vertical civil works. To improve the safety 211 
records at work in this activity, we must make a more accurate risk assessment. 212 

Regarding the health and safety risk values included in Table 10, the highest risk scores were 213 
obtained by fall to a lower level (0.5247 S/w-h), cutting (0.0591 S/w-h) and overexertion 214 
(0.0079 S/w-h). The lowest risk scores correspond to fall on the same level (0.0001 S/w-h), 215 
exposure to harmful substances (0.0000 S/w-h) and others (0.0000 S/w-h). The health and 216 
safety risks studied had previously been addressed by many papers on construction activities 217 
[18,19,37,38,39,40,41]. The results provided here on specific vertical formwork safety risks are 218 
in line with the results of other general studies on the same issue. 219 

Given their fatal consequences, falls to a lower level in the construction industry have been 220 
extensively studied by many authors [35, 36, 37, 38, 39]. Although these authors studied falls in 221 
the construction industry, their research was not focused on falls related to a formwork task. The 222 
most relevant work on falls and formwork is the study carried out by Adam, Pallarés, and 223 
Calderon [41]. In this study, falls from a height during floor slab formwork of buildings are 224 
dealt with specifically. They compared the fall protection systems commonly used during floor 225 
slab formwork construction in buildings and concluded that the suitability of the different 226 
systems depends greatly on the willingness of the workers to use the systems. This fact should 227 
be taken into account when making the choice. Hallowell and Gambatese [18] found that falls to 228 
a lower level is a very important risk, but this result was obtained without distinguishing 229 
between the two types of formwork (vertical or horizontal).Unfortunately, no literature about 230 
the risk of falls in vertical formwork in civil engineering is available. In a similar way to the 231 
studied activities, fall to lower levels accumulated almost 88% of the total risk score. Therefore 232 
concentration on this aspect of the work will produce the greatest improvement in health and 233 
safety performance. 234 
 235 
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Overexertion injury is the single largest category of injuries in construction work. They account 236 
for about 24% of all injuries [19]. Everett's analysis shows that virtually all construction 237 
activities have moderate-to-high ratings for at least one risk factor, and thereby place craft 238 
workers at increased risk for overexertion injuries and disorders. 239 
 240 
The authors of this paper have found no articles on the safety risk involved in formwork cutting 241 
activities.  242 

To sum up, although there are several research papers on common health and safety issues in 243 
construction work, there is still a significant shortage of specific investigations on some of the 244 
activities and risks relating to tasks such as formwork erection dealt with in this paper. 245 

 246 

4.Conclusions 247 

The results of this study can be used as an important tool for making a risk assessment when a 248 
vertical formwork task is scheduled. Each construction project involves specific health and 249 
safety issues because each has different circumstances and environment. However, the general 250 
health and safety topics described in this research can be addressed effectively on each project.  251 

As for preventive measures, resources are always limited and must be managed efficiently. 252 
Construction practitioners must first identify the most dangerous activities and their safety risks. 253 
This is the first step for prioritizing preventive measures according to a suitable scale of needs. 254 
The classification obtained according to the scores provided by expert panel members in this 255 
study placed plumb/level forms, cut material, crane-lift material, and ascend/descend ladder at 256 
the top of the list of activities with high risk factors. Likewise, fall to a lower level, cutting, and 257 
overexertion were the most dangerous safety risks according to the experts. Accordingly, special 258 
attention is needed to reduce these safety risks. 259 

 260 

4.1 Limitations of the study  261 

This research does not consider the exposure [worker-hours] to the hazards. The total risk will 262 
depend on the magnitude of the exposure [see Equation 3].  The exposure can vary significantly 263 
depending on the specific construction project.  264 

    accident severity
TOTAL RISK severity =Frequency ×Severity ×Exposure work-hour 3  

work-hour accident

   
   
   

 265 

If the exposure is high but the unit risk is low, then the total risk may be high relative to the 266 
other activities. Similarly, if the exposure is low, but the unit risk is high, then the total risk may 267 
be low compared to the other activities. In spite of this fact, unit risk is a very important tool to 268 
quantify health and safety needs. 269 

The results allow us to compare risk values between different activities, and valuate them in 270 
order to prioritize preventive resources. However, as a relative subjective scale, it cannot be said 271 
that greater than a specific value the risk is major and under this value the risk is minor. 272 

 273 

4.2 Impact on the Industry 274 

The conclusions from this research can be used by construction companies in several ways. 275 
Health and Safety managers and supervisors can improve associated risks with specific 276 
activities, especially with plumb/level forms activities and risks of falls to lower levels. Project 277 
engineers and designers can estimate the exposure time for their specific project and calculate 278 
the total risk. This calculation can be made considering the different formwork types and design 279 
solutions. Companies can use the results obtained in their occupational safety strategies and in 280 
their safety training programmes. The authors encourage further research on the issue and 281 
promote future solutions to prevent the risks involved.  282 
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 378 

TABLES. 379 

Table 1.Flexible point system for the selection of panel members. 380 

Achievements or experience Points 

Master of Science in Occupational Risk Prevention 5 

Technical Degree [Architect or Engineer ] 4 

Years of professional experience 1 per year 

Professional registration 2 

Author of a book on safety 2 per book 

Author of an article on safety in a learned journal 2 per article 

Faculty member at an accredited university 3 

Ph.D. 4 

 381 
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Table 2. Panel members’ scores 383 

Panel 
Member 

Master of 
Science in 

Occupational 
Risk Prevention 

Technical 
Degree 

Years of 
experience 

Professional 
registration 

Author of 
a book on 

safety 

Author of 
an article 

on safety in 
a learned 
journal 

Faculty 
member at 

and 
accredited 
university 

PhD 
Total 
Points 

Number of 
achievement 
categories  

Expert 1 5 4 18 2 32 22 3 4 90 8 

Expert 2 5 4 23 0 0 4 3 0 39 5 

Expert 3 5 4 12 0 4 12 0 0 37 5 

Expert 4 5 4 10 2 4 0 0 0 25 5 

Expert 5 5 4 13 2 0 0 0 0 24 5 

Expert 6 5 4 0 0 8 0 3 4 24 5 

Expert 7 5 4 12 2 0 0 0 0 23 4 

Expert 8  5 4 6 2 0 0 0 0 17 4 

TOTAL  40 32 94 10 48 38 9 8 279 41 

Average 5.0 4.0 11.8 1.3  6.0 4.8 1.1 1.0 34.9 5.1 

 384 
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Table 3.Incident classification 386 

Exposure to harmful substances 

Fall to lower level 

Fall onthe same level 

Cutting 

Overexertion 

Struck against objects in motion 

Struck against objects 

Caught in or compressed 

Repetitive motion 

Others 

 387 
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Table 4. Activities 389 

Activity name Description 

Ascend /descend ladder Ascending or descending ladders to reach the workface at 
different levels from the ground. 

Lift /lower materials Lifting or lowering materials or equipment from/to ground 
level. 

Nail/screw/drill Nailing, screwing or drilling formwork components using 
hammer, nail gun or similar. 

Hammer materials Hammer or drive large objects with tools such as a 
sledgehammer. 

Crane materials and 
motorized transport 

Materials or formwork components are transported by cranes 
or by vehicles such as trucks, skid steers or scissor lifts. 
Including loading operations.  

Cut materials Formwork operations where plywood or aluminium is cut on-
site. 

Inspect/plan Workers, supervisors and managers of construction planning 
and inspecting the works. 

Manual transport Transporting equipment and materials. 

Static lift Supporting a portion of formwork while other workers 
connect components or materials. 

Plumb/level forms Levelling and plumbing forms to shift and adjust a form. 

Excavation Dig or move soil to prepare the ground. 

Lubrication/preparation Formwork lubrication and preparation involving spraying 
form with oil and/or curing compound and setting and wetting 
curing blankets and expansion materials.  

 390 

 391 

 392 
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Table 5.Frequency Scale.   394 

Worker hours per 
incident 

Frequency 
score 

>100 million 1 

10-100 million 2 

1-10 million 3 

100,000-1 million 4 

10,000-100,000 5 

1000-10,000 6 

100-1000 7 

10-100 8 

1-10 9 

0.1-1 10 

 395 

 396 

Table 6. Severity Scale  397 

Subjective severity level Severity score 

Negligible 1 

Temporary discomfort 2 

Persistent discomfort  4 

Temporary pain 8 

Persistent pain 16 

Minor first aid 32 

Major first aid 64 

Medical case 128 

Lost work time 256 

Permanent disablement 1,024 

Fatality 26,214 

 398 
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 399 

Table 7. Consensus of experts 400 

 401 

 402 

Table 8. Risk Scores  403 

 

 

Exposure 
to harmful 
substances 

Fall to 
lower 
level 

Fall on 
same level Cutting Overexertion

Struck 
against 
object in  
motion 

Struck 
against 

objects Caught-in 
Repetitive
motion Others 

Ascend /descend 
ladder 2.73 · 10 -8 1.86· 10 -2 1.45· 10 -7 2.91· 10 -6 2.91·10 -5 2.91· 10 -7 2.91·10 -5 5.82· 10 -7 2.91·10 -5 1.00· 10 -8

Lift /lower 
materials 1.50· 10 -8 1.86· 10 -4 2.91· 10 -6 1.45·10 -5 2.91·10 -5 7.27· 10 -8 1.45·10 -5 1.16E-03 7.27· 10 -6 1.00· 10 -8

Nail/screw/drill 2.00· 10 -8 4.65· 10 -3 1.45· 10 -6 5.82· 10 -4 2.91· 10 -3 3.20 ·10 -7 1.45·10 -5 5.82· 10 -6 1.45· 10 -3 1.00· 10 -8

Hammer 
materials 

1.50· 10 -8 4.65· 10 -4 2.91· 10 -6 2.91· 10 -4 2.91· 10 -4 3.20· 10 -7 1.45·10 -4 5.82· 10 -6 1.45· 10 -3 1.00· 10 -8 

Crane materials 
and motorized 
transport 1.50· 10 -8 1.86· 10 -2 2.91·10 -5 2.91·10 -5 7.27· 10 -8 5.82· 10 -4 7.27· 10-8 1.16· 10 -4 7.27· 10 -7 1.00· 10 -8 

Cut materials 1.00· 10 -8 1.16· 10 -5 2.91· 10 -6 5.82· 10 -2 2.91· 10 -4 3.20· 10 -7 1.45 10 -6 2.91· 10 -7 7.27· 10 -7 1.00· 10 -8

Inspect/plan 1.00· 10 -8 1.86· 10 -4 1.45· 10 -6 2.00· 10 -8 3.64· 10 -8 2.91· 10 -7 7.27·10 -7 4.00· 10 -8 7.27· 10 -8 1.00· 10 -8

Manual transport 1.00· 10 -8 4.65· 10 -4 7.27· 10 -8 2.91· 10 -7 2.91· 10 -3 5.82· 10 -7 2.91·10 -5 2.91· 10 -7 2.91· 10 -4 1.00· 10 -8

Static lift 1.00· 10 -8 1.86 ·10 -5 7.27· 10 -8 2.91·10 -5 2.91· 10 -4 1.45· 10 -7 1.45·10 -5 2.91· 10 -7 2.91· 10 -4 1.00· 10 -8

Plumb/level 
forms 

1.82· 10 -8 4.77· 10 -1 2.91· 10 -7 2.91· 10 -6 5.82· 10 -4 5.82· 10 -6 1.45·10 -5 5.82· 10 -7 2.91· 10 -6 1.00· 10 -8 

Excavation 1.00· 10 -8 4.65· 10 -3 5.82· 10 -6 1.45· 10 -7 2.91· 10 -6 2.91· 10 -6 1.45·10 -6 2.33· 10 -5 7.27· 10 -7 1.00· 10 -8

Lubrication/prep
aration 3.64· 10 -8 1.86· 10 -4 2.91· 10 -6 2.91· 10 -6 5.82· 10 -4 5.82· 10 -6 1.45·10 -5 1.16· 10 -6 2.91·10 -5 1.00· 10 -8

 404 

 405 

 406 

 407 

  408 

Absolute deviation from the median 

Frequency ratings Severity ratings 

0.89 0.91 
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Table 9. Comparison of activity risk values 409 

Vertical Formwork civil 
construction activities 

Risk score 
[S/w-h] 

Plumb/level forms 0.4772

Cut material 0.0585

Crane-lift material 0.0194

Ascend/descend ladder 0.0187

Nail/screw/drill 0.0096

Excavation 0.0047

Lift/lowe rmaterials 0.0037

Hammer materials 0.0027

Staticlift 0.0014

Lubrication/preparation 0.0008

Manual transport 0.0006

Inspect/plan 0.0002

TOTAL  0.5976

 410 
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Table 10.Comparison of safety risk values. 419 

Safety risk 
Risk Score 
[S/w-h] 

Fall to lower level 0.5247 

Cutting 0.0591 

Overexertion 0.0079 

Repetitivemotion 0.0036 

Caught-in 0.0013 

Struck against 
object in motion 0.0006 

Struckagainstobjects 0.0003 

Fall on the same 
level 0.0001 

Exposure to harmful 
substances 0.0000 

Others 0.0000 

TOTAL  0.5976 

 420 
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Table 11. Activities description by images. 429 

Activity name Image 

Ascend /descend ladder 

 

Lift /lower materials 

 

Nail/screw/drill 

 

Hammer materials 
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Crane materials and 
motorized transport 

 

Cut materials 

 

Inspect/plan 

 

Manual transport 
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Static lift 

 

Plumb/level forms 

 

Excavation 

 

Lubrication/preparation 
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