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Spanish Summary

El sector de la construccion tiene mala reputacién en materia de seguridad y salud debido a
sus altos indices de siniestralidad. La investigacion actual dispone de métodos de
evaluacion de riegos cada vez mas ajustados y gira hacia la busqueda de indicadores
adelantados (leading indicators), que ofrezcan sefales del riesgo antes de que se
manifieste. Son indicadores tales como el tamafio de la obra, los recursos y otros aspectos
organizativos.

Una peculiaridad del sector es “la obra” como centro de trabajo Unico e irrepetible, cuyas
especiales caracteristicas afectan a la generacion y evolucion del riesgo. Sin embargo, las
herramientas de evaluacion disponibles no capturan estas especiales caracteristicas de
cada obra que pueden incidir sobre el riesgo. Se limitan a identificar y evaluar los riesgos,
elegidos de entre una jerarquia de eventos predefinida. La unidad de analisis de estos
modelos es el propio evento de riesgo.

En este contexto se ha introducido un nuevo concepto de “riesgo de la obra”, como el riesgo
asociado a la totalidad de la obra, que es generado a partir de la consideracién conjunta de
diferentes elementos que individualmente afectan al riesgo. Al actuar conjuntamente, estos
elementos producen sinergias potenciales que Unicamente podemos capturar si utilizamos la
obra como unidad de analisis.

Para capturar este riesgo de cada obra, proponemos un nuevo modelo evaluativo,
CONSRAT, que tomando la obra como unidad de analisis, evalla conjuntamente aspectos
de la estructura organizativa y recursos, a la vez que las condiciones materiales y barreras.
Este modelo se ha validado empiricamente.

La siguiente fase de investigacion consiste en relacionar empiricamente condiciones de
riesgo, con aspectos organizativos de estructura y recursos de la obra. El analisis se ha
llevado a cabo mediante modelos de ecuaciones estructurales SEM (Structural Equation
Modeling) en la que una serie de variables latentes de tipo organizativo, se han relacionado
con los niveles de riesgo para cada obra. Las variables de campo se han obtenido utilizando
la herramienta CONSRAT.

Los elementos organizativos, aunque definidos en la literatura, carecen en muchos casos de
una justificaciébn empirica de su relacion con el riesgo. Por este motivo, nuestra investigacion
aporta nuevos hallazgos en la relacibn con estos aspectos. Los elementos organizativos
mas destacables en relacidén con los niveles de riesgo obtenidos son: Estructura y medios de
las empresas, la asuncion del control en obra mediante la efectiva presencia de los recursos
necesarios y con las funciones preventivas adecuadas, el control del nimero de contratistas
y el nimero total de empresas.

Por dltimo, nuestra investigacion se adentra en un campo con escasos estudios previos, y
de nuevo con base empirica. Se trata de analizar la relacion entre niveles de riesgo en la
obra y tasas de accidente y entre tasas de accidente y los resultados econdmicos de las
empresas. En este caso, la metodologia utilizada es la construccién de un panel de datos
(panel data) y el establecimiento de modelos de regresiones. El resultado mas relevante es
la obtencién de evidencias empiricas de la existencia de una relacion cuadratica entre
accidentes y rendimiento econémico, asi como la obtencion de la relacion entre el nivel de



riesgo y tasas de accidentes. Los resultados empiricos obtenidos implican que es posible la
simultaneidad entre incremento de tasas de accidente y beneficios de las empresas, lo que
implica la necesidad de un mayor control y regulacién por parte de la Administracion, para
alinear intereses privados e intereses sociales y evitar que pueda ser rentable para las
empresas mantener ciertos niveles de accidentes socialmente no aceptables. Este mayor
control se deberia establecer con caracter previo a la manifestacion del accidente y no a
posteriori.
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Abstract

Our research is focused on construction sector and the actual construction site as a specific
work place. The site has specific characteristics that affect risk generation and its evolution.
But, the presently available risk assessment tools do not capture all the possible specificities
of construction sites that may affect risk, because they only focus on assessing risks from an
already predefined hierarchy of events.

One of our main challenges is to design a tool that measure site risk, as the associated with
the whole construction site, which is generated by uniting different elements which
individually affect risk. By doing so, we introduce the new concept of “site risk” and a new risk
assessment model, called Construction Site Risk Assessment Tool (CONSRAT), that takes
the site as a unit of analysis and also includes material conditions, organizational structure
and site resources.

Once having designed CONSRAT, we proposed to test our main hypothesis that relates site
complexity and site organizational design complexity with the direct increasing effect on risk
level. A Structural Equation Modelling (SEM) approach was adopted to obtain empirical
evidences for testing our theoretical model.

To develop our empirical research, we visited and assessed 957 building sites in Spain. All
the needed data was obtained by using our own tool specifically designed for this propose.
CONSRAT operationalizes the variables to fit out the model, specifically, a site risk index
(SRI) to measure the level of risk on sites and 10 organizational variables that we use to
build four latent variables. Our most important contribution in this field is to show evidence
that supports the hypothesis that some management issues matter on risk levels.

Our present research ends examining the relationships among level of risk conditions on
construction sites, accident rates and economic performance of firms. In order to do that, we
used a part of the main sites’ sample commented above, with the levels of risk on site
obtained with CONSRAT. In this case, with those risk levels obtained, we have added the
economic firm results and accident rates. With all this information we have built a panel data.

The general hypothesis in this section is that the level of risk on site has an effect on
accident rates, and accident rates have an effect on economic firm performance. Our results
show a statistically significant evidence of the relationship between the level of risk on site
and accident rates. We have partially confirmed the next hypotheses about the quadratic
influence between accidents rates and economic performance. This quadratic term confirms
that there is a more complex relationship than lineal between those variables. This
relationship gives us empirical evidence that, initially, it is possible to combine an increase in
accidents with an increase of assets, but there is an inflection point where this tendency
changes and more levels of accidents decrease the finally financial performance. Results are
relevant to contribute to actual knowledge in this field because of two main reasons: first,
considering the lack of research at task level on sites, the present research contributes to
this important issue. Secondly, based on our empirical evidences, we concluded that it
necessary more promotion and control by the Public Administration over the live conditions
on site. This is because the companies, trying to maximize their economic results, may not
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find the optimal level of accidents rate, understanding this optimal level by global terms. That
includes social, personal and company interests.

20



Resumen

Nuestra investigacion se centra en el sector de la construccién y en la obra de construcciéon
como su emplazamiento de trabajo especifico. La obra tiene caracteristicas especiales que
afectan a la generacién y evolucién del riesgo. Sin embargo, las herramientas disponibles
para la evaluacion del riesgo no capturan las especificidades de la obra que pueden afectar
al riesgo, ello es debido a que éstas Unicamente se centran en evaluar riesgos identificados
procedentes de una jerarquia de eventos predefinida.

Una de nuestras metas mas importantes es disefiar una herramienta que sea capaz de
capturar el riesgo asociado a toda la obra en su conjunto, riesgo que es generado al tener
conjuntamente diversos elementos que individualmente producen riesgo. Para conseguirlo,
hemos definido un nuevo concepto de “riesgo de la obra” y un nuevo modelo de medicion de
este concepto, llamado Construction Site Risk Assessment Tool (CONSRAT), que toma la
obra como unidad de analisis e incluye en el modelo tanto aspectos de las condiciones
materiales de obra como aspectos de la estructura organizativa y recursos de la misma.

Una vez disefiada CONSRAT, hemos propuesto comprobar nuestra principal hipétesis que
relaciona la complejidad de la obra y la complejidad del disefio de la organizacion con el
incremento del nivel de riesgo de la misma. Se ha propuesto un modelo de ecuaciones
estructurales (Structural Equation Model, SEM) para validar nuestro modelo teorico.

Para llevar a cabo nuestra investigacion empirica, hemos visitado y evaluado 957 obras de
edificacion en Espafa. Todos los datos se han obtenido utilizando nuestra especifica
herramienta disefiada para ello. Mediante CONSRAT construimos las variables para ajustar
nuestro modelo, ello incluye un indice de riesgo de la obra (SRI), formado por nuestras
variables de riesgo y las variables organizacionales que usamos para construir las variables
latentes del modelo. Nuestra contribucion més importante en este campo es mostrar
evidencia que da soporte a la hipotesis de que algunos elementos de la gestion impactan
sobre el nivel de riesgo.

Nuestra investigacion finaliza examinando las relaciones entre las condiciones de nivel de
riesgo en obra, las tasas de accidente y el desempefio econdmico de las empresas. Para
hacerlo, hemos usado una parte de la muestra de obras comentada con anterioridad, con
los niveles de riesgo obtenidos con CONSRAT. En este caso, a los niveles de riesgo
obtenidos, hemos afiadido los resultados econdmicos de la empresa y las tasas de
accidentes. Con toda esta informacion hemos construido un panel de datos (panel data).

Las hipotesis generales en este apartado son que el nivel de riesgo en obra tiene un efecto
sobre las tasas de accidente de las empresas y que las tasas de accidentes tienen un efecto
sobre el rendimiento econémico de las empresas. Como resultado de esta parte del estudio
se ha obtenido una significativa evidencia de relaciébn entre nivel de riesgo y tasa de
accidentes. También hemos confirmado parcialmente nuestra siguiente hipétesis sobre la
relacion cuadrética entre tasas de accidentes y desempefio econémico de la empresa. Esta
evidencia en términos cuadraticos sugiere una mayor complejidad que la relacién lineal
entre estas variables. Esta relacion nos da evidencia empirica de que, inicialmente, se
puede simultanear un incremento de accidentes con un incremento de beneficios, pero hay
un punto de inflexibn que esta tendencia cambia y méas tasas de accidentes finalmente
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reducen el rendimiento econdmico. Los resultados son relevantes para contribuir sobre el
actual conocimiento en este campo debido a dos motivos principales: primero, considerando
la falta de investigaciones a nivel de las tareas en obra, la presente investigacién contribuye
a dar informacion directa en este campo concreto de la obra. En segundo lugar, en base a la
evidencia empirica obtenida, concluimos que es necesaria mas promociéon y control por
parte de la Administracion Publica de las condiciones especificas a pie de obra. Ello es
debido a que las empresas, tratando de maximizar sus resultados econémicos, pueden no
alcanzar un éptimo en la tasa de accidentes, entendido este nivel 6ptimo en términos
globales, es decir tanto sociales, empresariales o personales.
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Resum

La nostra recerca se centra en el sector de la construccio i en I'obra de construccié com
'emplagament de treball especific. L'obra té caracteristiques especials que afecten la
generacio i evolucié del risc. No obstant aix0, les eines disponibles per a I'avaluacio del risc
no capturen les especificitats de I'obra que el poden afectar, i aixd0 és degut al fet que
aquestes Unicament se centren a avaluar riscs identificats procedents d'una jerarquia
d’esdeveniments predefinida.

Una de les nostres fites més importants és dissenyar una eina que sigui capa¢ de capturar el
risc associat a tota I'obra en conjunt, risc que es genera perqué es donen conjuntament
diversos elements que hi incideixen individualment. Per aconseguir-ho, hem definit un nou
concepte de «risc d’obra» i un nou model de mesurament amb aquest concepte, CONSRAT,

.....

materials de I'obra com aspectes de I'estructura organitzativa i recursos d'aquesta.

Una vegada dissenyat CONSRAT, ens hem proposat comprovar la nostra principal hipotesi,
que relaciona la complexitat de l'obra i la complexitat del disseny organitzatiu amb
l'increment del nivell de risc de I'obra. S’ha proposat un model d’equacions estructurals
(Structural Equation Model, SEM) per tal de validar el nostre model teoric.

Per dur a terme la nostra investigacié empirica, hem visitat i avaluat 957 obres d’edificacié
d’Espanya. Totes les dades s’han obtingut utilitzant la nostra eina especifica dissenyada per
a aixo. Mitjancant CONSRAT construim les variables per ajustar el nostre model, i aixo
inclou un index de risc de I'obra (SRI), format per les nostres variables de risc i les variables
organitzacionals que usem per construir les variables latents del model. La nostra
contribuci6 més important en aquest camp és mostrar I'evidéncia que dona suport a la
hipotesi que hi ha elements de la gestid6 que impacten sobre el nivell de risc. Aquestes
evidéencies tenen aplicacions practiques a I'hora de planificar i controlar la gestié a 'obra, ja
que permeten introduir millors mitjans de gestié i proposar els elements de control més
adients a peu d'obra.

La nostra investigacié acaba examinant les relacions entre les condicions de nivell de risc a
I'obra, les taxes d'accidents i el redit economic de les empreses. Per fer-ho, hem usat la
mostra d’obres esmentada amb anterioritat amb els nivells de risc obtinguts amb CONSRAT.
En aquest cas, als nivells de risc obtinguts hi hem afegit els resultats economics de
'empresa i les taxes d’accidents. Amb tota aquesta informacié hem construit les dades de
panel (panel data).

Les hipotesis generals en aquest apartat son que el nivell de risc en obra té un efecte sobre
el nivell d’accidents, mentre que el nivell d’accidents esta relacionat amb el rendiment
economic de I'empresa. Com a resultat d’aquesta part de I'estudi s’ha obtingut evidencia
significativa entre els nivells de risc a I'obra i les taxes d’accidents. També hem pogut
confirmar parcialment la seglient hipotesi, i hem obtingut una relacié quadratica entre taxes
d’accidents i rendiment economic de I'empresa. Agquesta evidéncia en termes quadratics
suggereix una complexitat més gran que la relacié lineal entre aquestes variables. Aquesta
relacio ens ddéna evidéncia empirica que inicialment és possible compaginar un increment
d’accidents amb un increment de beneficis, perd hi ha un punt d’'inflexié en el qual aquesta
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tendéncia canvia i resulta que si hi ha més taxes d’accidents finalment es redueix el
rendiment economic.

Els resultats son rellevants perqué contribueixen al coneixement actual en aquest camp per
dos motius principals: primer, considerant la falta d’investigacions al nivell de les feines a
I'obra, la present investigacié contribueix a donar-ne informacié de camp directa; en segon
lloc, basant-nos en l'evidencia empirica obtinguda, concloem que sOn necessaris meés
promocié i control per part de I'Administracio publica de les condicions especifiques a peu
d’'obra. Aix0 és degut al fet que les empreses, tractant de maximitzar els seus resultats
economics, poden no arribar a un optim en la taxa d’accidents, entenent aquest nivell optim
en termes globals, és a dir, tant socials com empresarials o personals.
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Introduction

“Construction is different” because of the special characteristics of the construction process
(Swuste et. al., 2012) which is located in special work places we name “construction sites”.
The access is restricted, which explains that research on the subject is limited due to the lack
of exposition measures (Swuste et. al., 2012). Studies at task level only represent the 2.28%
of all available research (Zhou et. al,2015). Moreover, traditional assessment methods are
not specific for construction (Pinto et. al., 2011) and they do not provide complete information
including risk factors and the organizational structure of the site. More attention must be paid
to determine the effects of organisational factors and their role in site safety performance
(Swuste et al., 2016; Zhou et al., 2015).

In summary, it seems necessary to complement the current research with direct site
information. This information must consider the identification of the construction site in terms
of its live conditions and also taking into account site organisation characteristics and
resources that may have an impact on safety.

Since Hoewijk (1988) connected structure, culture and processes, as mutually dependent
and conforming workers behaviour, organisational issues have been identified as one side of
the factors influencing the safety at work. This is especially applicable in the construction
sector because it is also characterized for the special conditions of agents structure and
business processes (Donaghy, 2009; HSE, 2009). Construction companies are similar to an
organic structure that manifests itself in its processes (Swuste et. al., 2012) and the special
place where these processes are deployed, the construction site. There is a certain
consensus about the qualitative relevance of the relationships between organisational factors
and safety performance, but it is not clear the quantitative intensity of these relationships.
There are very few empirical researches on literature about this question (Swuste et al.,
2016). A low number of field research, specifically on construction sites, have connected and
concreted these relationships (Teo & Ling, 2006; Fang et. al., 2004; Mohamed, 1999; Wu et.
al., 2015) and even fewer researches have linked organisational and complexity with risk
level assessed on site (D. P. Fang, Huang, et al., 2004).

Another stream of current research uses accidents to attempt to explain the relationships
with risk identifications or accident factors characterization (Camino Lépez et. al., 2011,
Cheng et. al., 2012; Cheng et. al., 2010; Conte et. al., 2011). But, it is not so common to
assess the risk conditions on site and to try to develop a related rule with accident rates.
Moreover H&S has been identified as one of the issues that are relevant for company results
and competitive advantage (Teo & Ling, 2006; Argilés-Bosch et al., 2014; Rechenthin, 2004).
But there is a low appreciation for managers about the economic consequences of unsafe
practices in the workplace (Harshbarger, 2001). The costs of accidents is the other side of
the problem. There are a lot of factors related to accidents that affect costs: healthcare costs,
lost production, delays, loss of working days, penalties, etc., for the individual, the company
or government costs (HSE, 2015), but empirical research in this field is limited.
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Objectives

The main objectives of our research are summarized in the following points:

To propose and validate a new way for site risk assessment capable of capturing the
construction site risk.

To use this new method empirically to asses our construction site sample obtaining
risk and organizational variables.

To build a model in order to study the relationships between organizational issues
and risk levels on site, and estimate them empirically.

To analyse and empirically estimate the complex relationships between risk level on
accident rates and accidents rates on firm financial performance.
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1. - CONSRAT. Construction sites risk assessment tool.
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1.1. - Abstract

One peculiarity of the construction sector is that each construction site represents a unique
workplace. The specific characteristics of the site affect risk generation and its evolution.
However, available risk assessment tools do not capture the specificities of construction sites
that may affect risk, because they only focus on assessing identified risks from a predefined
hierarchy of events. This paper proposes a new “site risk” concept that is defined as the risk
associated to the whole construction site that is generated by having together different
elements which individually affect risk. Potential risk synergies may exist and they only can
be captured adopting the construction site as unit of analysis. In doing so, a new
Construction Site Risk Assessment Tool (CONSRAT) is presented. This is done considering
also both organizational structure and resources jointly with material conditions. The tool was
used to assess 150 construction sites in order to obtain convergent and internal validity
evidences. Another validated tool was used as external criterion: the Qualitative occupational
safety Risk Assessment Model (QRAM). Results provide adequate validity evidences for
both the internal structure and the expected relationships with the external criterion.
CONSRAT design and complete instructions for its use are described. As a unique
contribution, CONSRAT adopts a new site risk approach to assess the main live conditions,
complexity factors and organizational structure characteristics which are related to
construction site risk.

Keywords: Construction sector, Safety Risk Assessment, Site Risk, Organizational
conditions.

1.2. - Introduction

Construction sites represent a workplace with limited access for research purposes, which
means the lack of exposure measures (Swuste et al., 2012). Swuste et al. (2012) pointed out
that “construction is different”, due to these special characteristics of the construction
process. In fact, studies at task level only represent the 2.28% of all available research, that
makes necessary to drive more attention to safe construction task (Zhou et al., 2015).

Research based on accidents rates mainly focuses on the accidents related tasks or risks
(Conte et al., 2011), or the size of the company (McVittie et al., 1997), or the accident
hierarchy to risk assessments (Pinto, 2014; Swuste et al., 2012). Other studies have included
personal characteristics and interpersonal and organizational variables that may be
implicated in the occurrence of work-related accidents by means of self-reported
measurements or accident modeling (Bellamy et al., 2008; Sesé, 2003; Tomas, Melia, &
Oliver, 1999). All these approaches generally implement in a correct way an ex post facto
design, but they have limited information on the contexts where the accidents occurred.
Safety cannot be improved by only looking to the past and taking measurements against the
occurred accidents, because this information is so specific and distinctive for each accident,
that it becomes difficult to develop knowledge with enough generality (Hollnagel, 2008).
Analyse scenarios of accidents obtaining their information is valuable but it may be
broadened. Different initiatives have studied deeper occupational accidents as the
Occupation risk model (ORM) developed by the Dutch Workgroup Occupational Risk Model
(WORM), or the Danish safety method (Jgrgensen, 2011). WORM model provided several
lists of major scenarios of accidents per industrial sector. Large studies are developing using
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the data from this model, for example, Ale et al. (2008) develop an ORM to quantifying
occupational risks that analyses scenarios to link cause with consequences. Jgrgensen et al.
(2010) adapts ORM model form SME in Danish context. Bellamy (2015) studied the
relationships between hazards, fatal and non-fatal accidents concluding that is necessary a
deeper examination of hazards and their barriers. Finally, Aneziris et al. (2008) quantified risk
assessment for fall from height. Other current research complement these lines is working on
precursor analysis field, near misses or leading indicators capable to anticipate the accident
obtaining predictors (Cambraia et al., 2010; Chi et al., 2012; Grabowski et al., 2007; J. Hinze
et al., 2013; Memarian & Mitropoulos, 2013; Rozenfeld et al., 2010; Toellner, 2001; Wu et al.,
2010; Yang et al., 2012).

It is important to note that the quality of obtained evidences strongly depends on the
accuracy of applied assessment methods. Pinto et al. (2011) pointed out that general safety
risk assessment methods are not specific for construction. Some instruments for assessing
specific construction risks have been developed. One example is the Qualitative
Occupational Safety Risk Assessment Model (QRAM) that incorporates uncertainty using
fuzzy set (Pinto, 2014). QRAM analyses up to nine types of accidents, taking into account
the effectiveness of the protections and the possibility and severity of risks. Risk assessment
includes the dimension of organisational safety climate and the workplace safety level. In
turn, the CHASTE method (Construction Hazard Assessment with Spatial and Temporal
Exposure) tries to estimate the quantitative value of probability risk before accident occurs,
by loss-of-control event (Rozenfeld et al., 2010). Other example is the TR index
(Talonrakentaminen Riski, Building construction risk in Finnish) (Laitinen et al., 1999) that
takes into account main items on building sites, calculated as a percentage of the 'correct’
items related to all the observed items. This method could be useful as a means of objective
feedback for the companies (Laitinen & Paivérinta, 2010; Laitinen, et al., 1999). These
methods are conclusive on risk levels by means of different methodologies: QRAM,
comparing with others validated models and expert opinion; CHASTE, applying the method
to 14 activities, expert workshop and interviews with site engineers; and finally TR index was
validated though correlations between its TR index and accidents rates of sites grouped
according TR index. Looking at the other mentioned line of research, WORME project, and
specifically its application on construction industry, the data required for risk quantification of
workers at the “Storyborder” (the tool used to classify and analyse accidents) are the
following: job position, activities of each worker, hazards for each activity and exposure to
each hazard (Aneziris et al., 2010).

These tools use well-structured techniques to specify risk levels and focus on the pursuit of
accuracy over traditional risk assessment. But these methods limit the possibility of analysing
all elements that make up the construction site affecting risk. Elements such as complexity,
size, human resources, internal organization, Health and Safety (H&S) plan, access,
circulation, process, machinery, among others, are not specifically valued at most of them
and are related with the major accidents as it is recover at some taxonomies (Bellamy et al.,
2008; Niskanen et al.,, 2016). The main drawbacks lie in the relative complexity of its
application at the construction site as a control tool, as well as its limitations to comprise the
analysis of the general conditions and also the specific conditions of the construction site
stage. For example, TR index does not systematise other conditions regarding the
construction site structure or its environment. In other case as at WORM model, it is
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necessary a relative long period of time to assess the site, while our goal is obtain a fixed site
assessment. In addition, these tools do not contemplate structure resources or other
elements of site’'s organization to complete the analysis. In this sense, construction
companies are similar to an organic structure that manifests itself in its processes (Swuste et
al., 2012). Although processes may determine the organizational structure on site, the main
contractor’s resources seem to be determinant to assure the adequate amount of resources
on site. The quantitative relationship between company scale and construction safety on site
is still a gap at current research. More attention must be paid to determine the effects of
organisational factors and their role in site safety (Swuste et al., 2016; Zhou et al., 2015).
Specially, we stress the following four ones classified from literature: Site complexity that
includes project complexity, site restrictions and level of construction or size of site (Fang et
al., 2004; Hatipkarasulu, 2010; Hon et al., 2010; Manu, Ankrah et al., 2013); Organizational
structure resources that includes size of firms, type of promoter or contractor and their
involvement, or foreman authority (Camino et al., 2008; Cheng et al., 2010; Hallowell, 2011;
Hallowell & Gambatese, 2009, 2010; Holte et al., 2015; Liao & Perng, 2008; Pérez-Alonso et
al., 2011; Zou et al., 2010); Complexity of organizational design that refers to site internal
structure and includes number of companies and their organization, the subcontracting levels
and number of workers (Hallowell & Gambatese, 2009, 2010; Hinze, Hallowell, et al., 2013;
Hinze, Thurman, et al., 2013; Liu et al., 2013; Lopez-Alonso et al., 2013; Manu et al., 2013;
Swuste et al., 2012; Yung, 2009); finally, Safety management resources that is referring to
the preventive functions of the persons in charge and the existence of safety supervisors
(Abudayyenh et al., 2006; Baxendale & Jones, 2000; Hallowell, 2011; Hallowell & Gambatese,
2009, 2010; Hinze, Hallowell, et al., 2013; Jarvis & Tint, 2009; Liu et al., 2013; Manu et al.,
2013).

Beyond solving these tools’ limitations, and taking into account the impact of organizational
element on risk, it seems necessary a new approach based on the construction site risk
analysis instead of restrict to obtain a measurement of each accident events from a hierarchy
(Pinto, 2014; Swuste et al., 2012). In this way, this new approach means connect most of the
physical elements related with site risk and its organizational structure. We refer to site
elements that contain live conditions able to generate risk such as general site conditions
(e.g. site access, circulations, order or collective protections), and main stage tasks
conditions (e.g. access, falls or other risks, work process analysis and the collective and
personal protections used on this main stage, auxiliary resources and machinery). All them
taking in account useful items for our specific goal as job positions, type of activities, risk
identification (Aneziris et al., 2010; Bellamy, 2009; Bellamy et al., 2008). Other important
elements to consider are organisational characteristics such as complexity, size, resources,
internal organization or preventive resources, among others.

In order to achieve this challenge, we introduce the concept of “site risk”, which comprises
the associated risk to the whole construction site that is generated by having together those
different elements that individually generates risk. The aim of this study is to design and
validate a new tool for assessing the site risk: CONstruction Site Risk Assessment Tool
(CONSRAT). This instrument tries to meet the lack of tools for analysing the construction site
as unit of analysis, with own identity and a structure which are different from the companies
that compose the site.
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1.3. - Methods
1.3.1. - Procedure

CONSRAT is built taken into account actual literature knowledge and personal technical
experience of authors about H&S on construction sites. ScienceDirect database has mainly
used for doing the literature review in the period 2011-2014. Firstly the search was focused
on tools oriented to assess construction site risks, using as keywords: safety construction,
construction risk assessment, construction site risk, construction resources, construction
organization, and construction structure. Finally, the search was extended to more general
terms as accident construction. A total number of 1864 studies were found and a final
number of 135 that had direct relationship or implications to our study. Then we focus on
tools that were specifically designed for risk site assessment. Literature review results about
construction tools showed both a limited knowledge circumscribed to focus on individual
construction risks, and the lack of methods focusing on site risk.

Previous knowledge focused on sites (Laitinen et al., 1999; Laitinen & Paivarinta, 2010;
Pinto, 2014; Rozenfeld et al., 2010), general knowledge of Occupational Safety Risk
Assessment (OSRA) and organizational elements, and all our technical background on
safety construction were used to develop CONSRAT. In addition, a panel of 11 construction
safety experts was consulted to obtain content validity evidences about our classification and
variables composition. Finally, a sample of 150 sites was assessed with CONSRAT and
QRAM methods in order to obtain both internal and convergent validity evidences.

1.3.2. - Sample

In order to address the empirical validation of CONSRAT, a randomly extracted sample of
150 construction sites with diverse typologies, construction phases and sizes was used. All
sites have building construction typologies; the highest percentage corresponds to new
construction (88%), completed by reforms and extensions (12%). The sample has similar
proportions of single and multi-family housing (48% and 45% respectively, and 7% other
uses). Most of the sites are from one to two floors (57%, height from 3 to 9 meters.); in
second place we have buildings from three to five floors (38%, height from 9 to 18 meters).

Related to site organizational resources, we can underline that promoters are mostly
professional companies (55%), followed by private individual (30%), and the rest of Public
Administration (15%). The most of contractors are companies with different legal forms
(96%), followed by any of the self-employed configuration (with or without workers, 4%).
Most of the sites have one contractor (85%), and more than one firm (67%) working
simultaneously on site. Sites with subcontracting represent the majority of the cases in our
sample (62%). The mean number of workers in the sites of our sample is 14. Most of sites
have site foreman (47%), followed by nobody in charge (23%) and single worker in charge
(20%). In the majority of our sites there is not documented H&S plan (57%).

About site general information, the most common work stages is flat structure works (34%)
and brickwork (24%), followed by facade works (20%) and roofs (18%). Most of the cases we
have one main work (58%) and the workers are located on perimeters of floors or roofs
(58%), followed by, interior floor (18%), and outdoor on auxiliary resources (15%).
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1.3.3. - Instruments

The Qualitative Occupational Safety Risk Assessment Model QRAM (Pinto, 2014) was used
as external criterion to CONSRAT for obtaining convergent validity evidences. QRAM is a
tool designed to the construction industry and proposes a procedure for the estimation of
risks at work, through a structured list of questions and their further processing to carry out
the evaluation. The tool analyses up to nine types of accidents, taking into account the
effectiveness of the protections and climate, using of fuzzy sets theory to improve the use of
imprecise information. The final outcome of this tool shows several types of Risk Levels (RL).
It was validated by a panel of experts and convergence validity evidences with other tools
were also obtained. QRAM uses the ALARP (As Low a level As Reasonably Practicable)
criteria to ranking the risks. Above ALARP levels, it considers the unacceptable level, below
the acceptable, and between them, the ALARP area that means to practice a continuous
improvement of safety conditions.

1.3.4. - Statistical analyses

Convergent and internal validity evidences were obtained by correlational analysis. Two
correlation matrices were estimated, one between CONSRAT’s risk and organizational
variables, and another one between all CONSRAT variables and QRAM Risk Levels
indicators (RL). Statistical assumptions for linear correlation were tested. Correlation
matrices were estimated with SPSS 21.0 software (SPSS IBM Corp. Released, 2012).

1.4. - Results
1.4.1. - CONSRAT, the tool

The tool is structured in three parts: the form to be completed on field work on site by a
technician (Appendix A-1), and the composition and weights to build 10 organizational, and
10 risk variables (Paragraph 2.4 and 2.5, appendices B-1 and C-1). The tool includes only a
significant group of variables that are representative of the requirements of the proposed
definition of site risk, while the type of sites is unlimited and consequently, the corresponding
elements to be evaluated. CONSRAT form includes two broad parts of indicators (I and II)
and two different valuation criteria. The first part refers to general information, organizational
and resources factors on site. The second part, mainly evaluative of works conditions, is
divided into four sections to determine the current risk conditions on site. The valuation
criterion specifies the meaning of each level to be assessed and is developed at next section
(2.2).

The tool cannot be considered as a classical risk assessment tool, if not a site risk
assessment. For this reason, it does not include assessment of each individual risk. But it
includes expressly fall from height risk as one on his variables, because the general
prevalence of this risk (Ale et al., 2008; Aneziris et al., 2008) and the specific prevalence in
construction sector (Lopez et al., 2011; Lopez et al., 2008; Swuste et al., 2012). The general
scheme of the tool structure, indicating for each section their corresponding items according
to Appendix A-1 is:
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I. General information and organizational factors:
i Identification data: items 1 to 4
ii.  Construction site characterisation: items 5to 9
a. Stage of the works. Locations: items 10 to 13
iii. Promoter characterisation: items 14 to 19
iv. Constructor characterisation: items 20 to 30
v. H&S Plan adequacy: items 31 to 32

Il. Risk factors on site:
i. H&S Plan compliance: item 33
ii.  General conditions valuation: items 34 to 38
iii.  Stage conditions valuation: 59 items
Access: item 39
Fall from a height: items 40 to 45
Other risks concurrence: items 46 to 57
Process valuation: items 58 to 60
Collective protections: items 61 to 70
Personal protection equipment: items 71 to 74
iv.  Auxiliary resources and machinery: 22 items
a. Auxiliary resources: items 75 to 85
b. Elevation resources: items 86 to 92
c. Other machinery: items 93 to 97

~PpoooTw

1.4.1.1. - Levels of valuation

The existing indices that measure safety conditions in construction sites use several different
scales. The most simple of all of them uses a dichotomy format: correct/ incorrect, such as
for example in the TR index (Laitinen et al., 1999). This index was formerly used in
combination with other factors and weights, such as safety plans, criteria changes at
construction sites and company accident rates, in order to follow safety campaigns (Laitinen
& Paivérinta, 2010). Other studies also use polytomous variables, such as for example the
CHASTE method with four levels (Rozenfeld et al., 2010). Finally, in other cases, five or
more levels are used (Hollnagel, 2008; Pinto, 2014; Rubio-Romero et al., 2013).

CONSRAT combines different scales for answering the different indicators. In general, a four
level scale with zero corresponding to a full accomplishment level and three meaning very
deficient or non-existent accomplishment level was used. A value ranging from 0.00 through
1.00 with equivalent increments of 0.33 is assigned to each level. In other cases a
dichotomous scale is applied to value presence/absence or valuing the adequacy of
protections. Specific scales used to each item are included in the form (Appendix A-1).
Valuation criterion is also at Appendix A-1, at the end of the form.

The use of those four levels is justified by having a broad enough scale to avoid too wide
valuations, but at the same time precise enough to prevent the result of the evaluation from
falling in ambiguous zones with labels such as medium, partial or just fair accomplishment.
With that kind of scale would be unclear what the final result of the evaluation might be. The
final goal is to know whether or not the site that has been assessed is acceptable or not. In
summary, it is a bipolar scale without a neutral point (favourable, 0 and 1, or unfavourable 2
and 3).
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1.4.1.2. - Field work fulfilment

CONSRAT registers responses and assessments to a total of 97 items (using the
guestionnaire and criteria of Appendix A-1) and entails a four step process:

Step 1: Filling in the assessment template and rating (Appendix A-1). In doing so, we use the
form and valuating with criteria that appears at the end. This step begins with an interview to
the person in charge of site, the checking of the documentation that must be on site and
filling the data required in the form. We have to ask to the foreman all items that we do not
deduce just checking the site or documentation (i.e. type of contracting, number of workers
or companies, subcontracting, etc.). It is important to check H&S plan, explicitly its previsions
for actual work stage to be able to assess its actual compliance. Then, we begin a general
visit to the construction work to assess its general elements. It is mainly outside and affecting
the areas commonly used by all workers to access, located equipment and stockpile. For
each element, and follow the form we just select the corresponding level according to the
valuations criteria (four or two levels depending of each item). Then, we go into the building
and assess its general collective protections without arriving to main stage. If we have
several protections (several types, levels, etc.) we will always choose the worse. After that,
going on to main stage, we will check its access. Finally, arriving to the main stage location
and with similar criteria, we have to evaluate its specific conditions going on with the form
items. Some items may need make questions to the foreman or workers, as the continuation
of exposure and process (items 42 and 59), and observe an enough work time sequence.

Step 2: Items scoring. Items are direct, using mentioned valuation criteria at the end of the
form. For each rating corresponds a scoring. As we have seen at paragraph 2.2 we have two
different levels, general valuation with four and dichotomous valuation. This reduced criterion
is used for items that do not need more clarification (i.e. adjustment to the phase, needed of
more, risk identification).

Step 3: Levels of variables estimation. Final variable levels are estimated using the
aggregate rules on Appendix B-1 and Appendix C-1 for organizational variables and risk
variables respectively.

1.4.1.3. - Organizational variables

According to literature review and an expert panel content validity process, a total of ten
organisational variables were considered. Table 1 shows the composition of each variable
and the main literature references.

Table 1. Organizational variables, composition, CONSRAT and main literature references

Variable Item CONSRAT Literature references
references?
- New construction site or 5
. reform and extensions
OV1. Complexity of . . . (Fang, Huang, et al., 2004; Hon et al.,
. - Building Configuration 6 >

project . . 2010; Manu et al., 2010)

- Special environment 18

conditions

0V2. Size of site - Number of floors 7 (Hatipkarasulu,2010; HSE, 2009)
(O)VER Stag.e . - Main work stage 10 (Manu et al., 2010)
characteristics - Secondary work stage 11
OV4. Promoter - Tvoe of bromoter 14 (Behm, 2005; Hinze et al., 2013; Liu et al.,
resources yp P 2013; Wu et al., 2015; Xinyu & Hinze, 2006)
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OV5. Constructor Type of constructor 20 (Cheng el al., 2010; Camino Loépez et al.,
reso;Jrces Constructor’s Role 21 2011; Hallowell & Gambatese, 2009, 2010;
Site management structure 28 Holte et al., 2015; Liao & Perng, 2008)
Tvoe of contractin 17 (Hallowell, 2011; Hallowell & Gambatese,
OVe. Internal P g. . 2009, 2010; Hinze, Hallowell, et al., 2013;
. Number of companies at site 22 . .
organization . Hinze, Thurman, et al., 2013; Liu et al., 2013;
Level of subcontracting 24 .
structure Number of woks 12 Lépez-Alonso et al., 2013; Manu et al., 2013;
Swuste et al., 2012; Yung, 2009)
- Employee location 13
assignments 27
. - Total number of workers on .
0OV7. Job planning . (Fang, Huang, et al., 2004; Lépez-Alonso et
and design site 26/27 al., 2013; Manu et al., 2010)
& - Ratio of number of workers of v ! v
principal constructor over total
workers at site
N - Designation H&S coordinator 15
0V8. Coordination & (Fang, Huang, et al., 2004; Ros et al.,
- Documented work of H&S 16
resources . 2013)
coordinator
(Baxendale & Jones, 2000; Hallowell, 2011;
. . . Hallowell & Gambatese, 2009, 2010; Hinze,
gj\r/]i'tiz:es"e"t've ; :trsj\/ci:tr:e functions of the 29 Hallowell, et al., 2013; Jarvis & Tint, 2009; Liu
et al., 2013; Mahmoudi et al., 2014; Manu et
al., 2013)
- Presence at site of H&S Plan 31 . .
OV10. H&S plan (Fang, Huang, et al., 2004; Hallowell, 2911,
- Appropriateness of H&S plan’s 32 Hallowell & Gambatese, 2009, 2010; Hinze et

adequacy

previsions al., 2013; Ros et al., 2013)

1See appendix A-1 for further information

Relating the literature on safety risk management with our tool, it can be seen that
CONSRAT only includes two of the most mentioned safety program elements: “safety
manager on site”, and “written and comprehensive safety and health plan” (Hallowell, 2011;
Hallowell & Gambatese, 2009, 2010; Hinze et al., 2013). As these authors claim, safety
inspections are an element of safety management. Thus, although our tool might be
considered as one more element of a safety risk management system, we do not propose it
as a valid tool to evaluate the safety risk management system. We have considered in
CONSRAT only those safety management elements that a technician can objectively verify
on a single visit on site. We have avoided other elements which are based on perceptions
(e.g. “upper management support”, “employee involvement”, etc.). Additionally, we have not
incorporated other elements that need specific and more complex tools, including surveys, to
obtain them (e.g. “subcontractor selection and management”, “substance abuse programs”,
“safety and health committees”, etc.).

In order to obtain content validity evidences for the classification of variables in Tablel, a
panel of 11 experts was carried out. All participants were experts with more than 15 years of
experience on the field of construction. Some of them have professional experience as
projectors and/or directors of several buildings constructions assuming safety and health
functions. Five of them, in addition, have academic experience training in architecture or
engineering subjects, including specific training on safety and health subjects. They were
asked to classify all the 22 different items listed in Table 1 into one of the ten variables
mentioned above. They were not forced to assign all the items to a given factor, i.e., they
were allowed to not classify any of them if they thought there was no logical, technical or
theoretical reason to do so. The result was that the experts correctly assigned all the given
items, and consequently their associated item, to the variable previously considered by us,
except in two items. The two non-concordant items were “Type of promoter” and “Number of
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works”. In both cases, the a priori classification was changed maintaining the one supported
by the panel of experts. The resulting final classification of each item/variable was supported
by an average of 78.73% of the experts (SD=12.89).

Appendix B-1 contains a summary of the rating scales, the scoring procedure used for
measuring all items, and the aggregation rules to build organizational variables. The different
metrics and scales used for item measurement reflect an increasing pattern in the level of
either complexity or resources regarding that item. Thus, in all cases a higher observed value
implies more complexity or more level of resources. In order to have all the different items
measured in a common scale, the original observed values were transformed into percentiles
according to its own range of measurement scale. With those values for each item the value
of each organizational variable as the average of observed values in percentiles of its
corresponding items was calculated. In this case complexity and resources do not have a
specific classification like one will see at risk variables. The levels go from 0.00 to 1.00 that
means from less to more levels on complexity and resources.

1.4.1.4. - Risk variables

CONSRAT holds a risk variables structure concerning the material conditions on site which is
close to the organization of a building construction and compatible with the different parts of
the site. In this sense, the variables try to reflect the organic structure of the site mentioned
by Swuste et al. (2012), giving us on the one side general information of the site, and on the
other side, specific information of the scenarios, which impact the overall valuation of a
construction site. The aim of these risk variables is not provide all possible information of
site. By contrast, our challenge is to build a structure to provide enough site information to
propose adequate interventions fitted to the site, stage ejection and resources.

Figure 1 shows the location of each risk variable on site, trying to cover all its different
sections. As each section is not a “closed box” and each site has its own characteristics,
intersections are plausible, but focusing each variable it is possible to obtain information from
whole site. A number of 10 risk variables are chosen not as a close and exhaustive number,
but a selection of 10 important ones capable to define the site risk. Moreover, the point is not
trying to assess each single risk, but site risk. In doing so, we consider individually one single
risk (falls from height) because its prevalence and representative of our site risk level,
according to obtained evidences. Other risks could be present or not, and they are grouping
together in other variable. Other risk variables represent barriers or other issues connecting
with risk.
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Figure 1.- CONSRAT risk variables from site section  s.

The composition of risk variables can be seen at Table 2 (scoring and aggregation rules are
in Appendix C-1). Five of them are considered alarm variables (identified with an asterisk),
i.e., they provide information about severe problems that need to be prioritised. Next each
risk variable is explained in more detail:

H&S plan compliance (RV1). According to EU Directives, it is the main legal reference of
H&S previsions that must be followed on site. This variable focusses on site stage. General
conditions of site (RV2). This variable is referred to common areas of site, without looking at
the current stage. This is one of the variables that the available tools do not consider
explicitly. We consider important to disaggregate this information. General conditions of the
collective protections (RV3). These conditions do not consider the current stage. It is needed
to know the level of each collective protection on site (general and main stage) because they
may require special treatment and actions. Access (RV4). It refers to the specific conditions
of stage access, as a separate matter from those valued in the general conditions, because
stage access frequently presents a different performance. Falls from height (RV5). This
variable is the unique that includes a risk assessment and exclusively is composed by just
this risk. This is because it is the most important risk on construction sites, always present at
building construction and located at the top of risk on literature. It is measured at the current
stage. We add, to the classical probability and severity items, four news items to improve the
risk assessment with the specific site conditions. These items aggregate information for
determining the needed intervention priorities.

Table 2. Risk variables and their compaosition with CONSRAT references

. CONSRAT
Variable Item Ref.1
RV1. H&S plan* - Compliance 33
- Construction fence 34
RV2. General conditions - Circulati'ons, order, tidiness, illuminations 35
- Safety signage 36
- Safety of electrical installation 37
RV3. Collective protections* - General collective protections 38
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RVA4. Access - Access to main work stage 39

- Height of fall 40

- Level of failure 41

. - Exposure continuation 42

*

RV5. Falls of height - Probability 43

- Severity 44

- Intervention required 45
. - Identification of 11 more risks 46-56

RV6. Other risks - Incidence with Falls of height 57

- Adequacy 59

RV7. Process - Process deviation 60
- Scaffolds. Adjustment to the phase and installation 61-62

validation (Ad. & Val.)
. . - Safety nets. 63-64
*

RV8. Collectives protections - Railing. 65-66
- Safety boarded. validation 67-68

- Necessity more Collective Protections 70
. - Fall protection system 71-72

*

RV9. Personal protections - Need for more PPE 74
- Scaffolds (Ad. & Val.) 75-76
- Suspended scaffolds. (Ad. & Val.) 77-78
- Horse scaffolds. (Ad. & Val.) 79-80
- Portable ladders. (Ad. & Val.) 81-82
o - Others. (Ad. & Val.) 83-84
:;t?l'i ::rx"'ary resourcesand ik truck. (Ad. & Vall) 86-87
¥ - Crane truck. (Ad. & Val.) 88-89

- Fall protection for elevation resources. (Ad. & Val.) 90

- Auxiliary resources for elevation system. (Ad. & Val.) 91
- Concrete mixer. (Ad. & Val.) 93-94
- Manual tool. (Ad. & Val.) 95-96

* Alarm variables. !*See appendix A-1 for further information

Other risks (RV6). This variable identifies the coincidence of 11 risks at the current stage,
and their influence on the risk of falls from height. With this variable we want to estimate the
effect of having together these risks and their effect on falls from height. We consider all
these risks grouped together in one single variable, because in building construction are
secondary in relation with fall height risk. Process (RV7). It identifies whether or not the
works sequence is adequate and it is performed according to the planned process. It tries to
cover the need to undertake a task analysis as the literature has been claimed. Collective
protections (RV8). It evaluates these protections at the current stage. It is composed by the
adequacy, the assessment of the installation, and the need for more collective protections.
Personal protections (RV9). It evaluates personal falling from height protection at tasks
execution. It is composed, measured and valued with the same criteria than RV8. Auxiliary
resources and machinery (RV10). This variable evaluates the adequacy to the phase and an
assessment of the installation of different resources and machinery. It is composed of twenty
items including auxiliary resources and construction machinery, elevation machinery and
other machinery.

CONSRAT risk variables are measured within a zero-one interval. We then classify the
observed value of each risk variable into three groups: Correct (from 0 to 0.33 included),
acceptable (above 0.33 and below 0.66) and unacceptable (from 0.66 to 1.00). Valuation
criterion (Appendix A-1) explains the rules to choose the different levels. The main criteria to
choose between acceptable and unacceptable, the critical step, must bases in legal
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normative application. When it is not clear or insufficient, it must be rating according train
technician criteria taking in account the elements that appear in mentioned valuation criteria.

1.4.2. - CONSRAT validity evidences
1.4.2.1. — Relationships among CONSRAT variables

In order to address the empirical validation issue of CONSRAT, we have done an exploratory
analysis of expected correlations. On first place, we have calculated the correlations among
CONSRAT variables within.

Table 3.- Correlation matrix among CONSRAT variable s
RVI RV2 RV3 RV4 RV5 RV6 RV7 RV8 RV9 RVI0 OV1 OV2 OV3 OV4 OV5 OV6 OV7 OV8 OV9 OV10
RVI 1

RV2 49 1

RV3 58 71** 1

RV4 42** 68** 55** 1

RV5 ,69** ,64** ,71** 59** 1

RV6 ,38** 36** ,35% 35+ GG ]

RV7 ,66** ,65* |73** 58 83** 56** 1

RV8 ,38** ,46** 55* 31** 60** ,39* 52* 1

RV9O ,46** ,45% 64** 34** 66** 31** ,61** 47 1

RV10 ,28** 29% 33* D27+ 33k 20+ 34x+  17* 31 1

OV1 - 47** - 35% - 34* .20% _31** -06 -42* -24* -12 -15 1

ov2 -06 -40* -35* -31* 05 ,(17* -11 -03 -20* -13 ,41* 1

OV3 [ 39%* 24* 36** ,23* 39** 25% 53x* 17* 40** 31* -12 07 1

OV4 -36** -, 41% -23* -22** -10 -12 -15 -06 -01 -16 ,43* 38~ |16 1

ov5 -26** -20* -33* -13 -05 ,15 -12 -04 -06 ~-01 ,27* 37* ,08 ,46* 1

ové -22** -20* -18 05 -01 ,03 -04 ,03 ,01 ,07 ,07 ,19* ,17* ,40* 33* 1

ov7 -16 -20* -26* ,07 ,02 -06 -20* -35* ,02 -05 ,22* ,10 -10 ,14 ,(12 21* 1

OV8 -,40** -36** -28** -14 -21* -04 -22* -33* -10 ,05 ,53* ,28** 04 47* 32% 34* 3g** 1

OV -54** - BO** - 60* - 43** - 40%* - 34** - BO** - 28% - 24*+ - 27+ B1** 38 - 13 ,46%* ,48** 32** 36** 44** 1
OV10 -,34** - 34%* - 37** - 3% - 21* - 18* -23** -22** -10 -03 ,44** 44* -02 ,35** ,40** 38* ,08 ,47* 50** 1

*=p<.05 *=p<.01

As Table 3 shows, all correlations between risk variables have a positive sign and almost all
of them are statistically significant (p<.01). The risk variable RV5 (Falls from height), and
RV7 (Process) present the highest coefficients with all risk variables. RV10 (Auxiliary
resources and machinery) obtained the lowest coefficients and relationship between RV10
and RV8 (Personal protections) was non-significant.

Relationships between risk and organizational variables showed that OV1 (complexity of the
project) and OV2 (size of site) obtained negative correlations with all risk variables.
Correlations among OV1 and OV2 and variables of resources (OV4, OV5, OV8, OV9 and
0OV10) have significant positive coefficients in most cases, and a similar pattern was obtained
for OV7 (job planning and design). However, OV3 (stage characteristics) obtained a
significant positive relationships with most risk variables. The other relationships between
risks and organizational variables (OV4, OV5, OV8, OV9 and OV10) obtained a more
homogenous behaviour. Most of the correlations in this case were negative. Results about
QV intercorrelations showed that OV1 (more complexity of the project) is statistically

42



significant correlated with OV2 (size of site), OV4 (promoter resources), and with OV8, OV9
and OV10 (resources on site, preventive resources of coordinator, and H&S plan). OV3
(stage characteristics) did not reach statistical significance with any other OV variables, while
OV7 (job planning and design) only obtained a significant correlation with OV8 and OV9.

1.4.2.1. — Relationships between CONSRAT and QRAM variables

Five of the nine Risk Levels (RL) of QRAM model to estimate correlations between
CONSRAT variables were identified. It involves falls (F), contact with electricity (Ce), injured
by falling/dropped/collapsing objects (Fo), hit by rolling/sliding object or person (So), contact
with machinery moving parts (M). The four remaining RL were discarded due to their very
low risk level magnitude. The risk assessment with QRAM was carried out without consider
climate. All correlations between CONSRAT risk variables (RV) and QRAM risks levels (RL)
were positive and mainly statistically significant (p<.01) (Table 4). Specifically RV5, falls of
height, obtained highest coefficient of .92 (p<.01) with QRAM RL falls of QRAM. A similar
behaviour was found between RV5 and the rest of RL variables (RV1, RV6, RV7, RV8 and
RV9). A column with the average of all RV (SRI) was added in the middle of Table 4.

Table 4.- Correlations between CONSRAT variables and QRAM risk levels.

RV1 RV2 RV3 RV4 RV5 RV6 RV7 RV8 RV9 RV10 SRI OVl OV2 0OV3 Ov4 OV5 OV6 OV7 Ov8 0OV9 0Vi1o
F ,61% ,49%* 68* 52** Q2%+ B3** 5% B7** 66** 37** 85** -18* ,06 ,36** ,02 ,01 ,07 ,04 -14 -28%* -16
Ce A47** 73** ,61** 53** BG** 32** B@r+ Q%+ A4qxk 23k G4** - 16 -,27* ,26%* - 41** - 22%% -21* -05 -21* - 39% - 28**
Fo ,22* ,17* ,16 ,26** ,A47** ,66** ,45% 37* 13 ,32* 39~ -10 ,33* ,07 ,04 ,35* -08 -13 -10 -17* ,01
S0 ,42%* 34%* 45** 44** 60** \36** 56** 27** 42** 25 56+ -10 ,01 ,37** ,03 -02 ,06 ,04 ,17* -17* ,09
M 38 11 ,28** ,07 ,46* ,34* 36** ,31** 29 -11 ,33* -14 30 -13 ,23* ,06 ,21* -01 -02 -21* -01
*=p<.05 **=p<.01

1.5. - Discussion and conclusions

The main objective of this paper is to develop a new assessment tool that consider
construction site as a unit of analysis, and the main idea that potential risk synergies may
exist when individual risk elements are together on site. Consequently, the construction site
risk is greater than the simple addition of the different risk levels identified from a hierarchy of
events. Adequate convergent validity evidences for CONSRAT has been obtained using
QRAM for correlation comparison. On one hand, a positive and statistically significant
relationship between all CONSRAT risk variables (RVs) within and with QRAM risk levels
(RLs) was expected, with different magnitudes depending of each risk variable composition.
On the other hand, different relationship patterns between RVs and RLs with CONSRAT
organizational variables (OVs) were expected depending of the OV type. In general, for OVs
that express complexity (OV1, OV2, OV3, OV6 and OV7) a positive relationship with RVs
and RLs was expected, in the sense than more complexity increase risk. With OVs that
express resources (OV4, OV5, OV8, OV9 and OV10) a negative relation with RVs and RL
was also expected, in the sense that more resources decrease risk. And finally, lower
coefficients or even non-significant relationships between RLs and OVs than with RVs and
OVs were expected, because the most general site assessment that entails RVs.

Results of correlations among RVs confirm expected results, so adequate evidences about
all RVs could be representative to site risk level have been obtained; though RVs are
assessing different risk site areas. Particularly, RV5 (falls from height) and RV7 (Process)
results are mainly demonstrative in our context of building construction sites, that are
indicative of site level risk. These two variables showed statistical significant correlations
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(p<.01) with all other VRs and RLs, and may justify they election of variable composition. For
its part, RV6 (Other risks) also reached significant correlations with all others RVs and RL,
despite their coefficients are lower than with RV5, that shows its adequacy and adequate
behaviour. The lowest coefficients of RV10 with the others RVs, although significant, show
certain independent relationship, as for example, with RV8 (Personal protections). In this
case, the site can have a good fall protection system, but also have inadequate machinery,
or vice versa.

Obtained correlations among RVs and OVs are important empirical evidences about the
CONSRAT internal consistence (not psychometric one). Correlations between RVs and OVs
agree in general with our expected results, but not in all cases. Significant relationships of
variables OV1 and OV2 with most of RVs are negative, that means more complexity may be
related with lower risk. These results could be interpreted in the sense that probably more
complex projects with bigger sites have more resources to control their risks. In fact, positive
correlations from both OV1 and OV2 to resources’ OVs (OV4, OV5, OV8, OV9 and OV10)
confirm this prevision and explain previous results. A similar behaviour for both OV7 and
OV6 than OV1 and OV2 with RVs (although with lower coefficients) may think in similar
motivations because the similar correlations with OVs of resources. Correlations of OV3 on
RVs agree with expected results. These evidences give support to the strength of OV
structure to assess stage complexity and its possible relation with risk. On the other hand,
expected results among resources variables (OV4, OV5, OV8, OV9 and OV10) on RVs were
also obtained. Especially adequate behaviour between the OVs related with prevention
(OV8, OV9 and OV10) was showed, with the best behaviour of OV9 (preventive functions) to
RVs. These results are indicative of content validity of the tool, and in addition of the
importance of resources, especially the preventive functions of the structure, over the
complexity of site.

Intercorrelations between OVs showed an adequate expected behaviour. All correlations
between different dimensions of site complexity (OV1, OV2, OV6 and OV7) are positive and
most of them significant, except OV3 that has a different pattern because the specific
characteristics of the stage that could not be coincident with site complexity in each stage.
These results can be interpreted as these variables assess different characteristic of
complexity. And taking into account the sample, composed by building constructions, these
OVs assess characteristics that have a similar behaviour. For example, among the significant
correlations (p<.01), more complexity of the project (OV1) are related with more size (OV2)
(.41), and job planning and design (OV7) (.22). More complexity also implies more works on
site, more workers among others. But OV1 and OV6 (Internal organization structure) do not
have a similar pattern with no significant results, like OV1 and OV7. These results could be
interpreted as a lack of proportion among the complexity of site and the complexity of its
organization and planning. More big or complex sites do not have more subcontracting or
more complexity of contracting as it could be expected; so, a possible excess of these two
issues in small sites.

The obtained correlations between dimensions of resources (OV4, OV5, OV8, OV9 and
0OV10) showed more consistent results than previous of complexity. Most correlations are
positive and significant (p<.01) and have higher values (ranging from .33 to .50). According
with these results, these resources variables show internal coherence although they assess
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different characteristics. Furthermore, positive and significant correlations among OVs of
resources and OVs of complexity fitted the expected behaviour because sites with more
complexity in general have more resources. OVs expected intercorrelations are indicative of
the adequate structure of these variables and show the broad possibilities of the tool.

Discussing the values of correlations among RVs (CONSRAT) and RLs (QRAM), important
convergent validity evidences are obtained as most of them are significant (p<.01) and
positive as expected. Correlations with the Site Risk Index (SRI) are also significant and
positive as expected with all RLs, and also for the five alarm RVs (RV1, RV3, RV5, RV,
RV9). As it was also expected, the best coefficient is obtained for variables that assess the
same risk (i.e., RV5 and RL_F). In more detail, RL_F (falls) obtained the highest values with
RV5 (Falls, .92), RV7 (Process, .75), RV3 (General collective protections, .68), and RV9
(Personal fall protection, .66). It is important to highlight the strong positive relationship
between RL_F and RV7 that shows the relevance of the process (adequacy and deviation) in
relation to the existence of fall risk and let us to focus on check what happens in the
sequence of tasks that is associated with high levels of risk. For its part, relationship between
RL_F and both RV3 and RV9 connects the general collective protections and personal
protections with risk of falls in main work. All these RVs strongly correlated with RL_F can
directly focus the problem involved and try to correct in the genesis. Other relations are
relevant too, as for example the relationships of RL_F with RV1 (H&S plan compliance) (.61)
or with RV8 (Collective protections on stage) (.57).

As some RLs are in part assessed in some RVs, they obtain significant (p<.01) and positive
correlations. For example, RF_Ce (contact with electricity), obtained the highest coefficients
with RV2 (general conditions; .73), RL_Fo (injured by falling/dropped/collapsing objects)
obtained higher coefficients with RV6 (other risks, .66) and RL_So (hit by rolling/sliding
object or person) with RV3 (general collective protections; .45). Other important strongly
correlation is between all RLs and RV7 (process) positive and significant (p<.01) in cases,
and with high coefficients (Ce .58, Fo .47, So .56 and M .36). We interpret these results, as
the case of fall (RL_F), in the sense that RV7 is a strong predictor of future risks, capable to
anticipate them just checking the adequacy of the process without need of risk manifest.
These results probably imply to reconsider this variable as one more of alarm variables.
Similar behaviour showed RV5 (Falls) with all RVs, with positive sign (p<.01), with biggest
coefficients with RL_F, RL_So (.60), RL_Ce (.55), RL_Fo (.47), and RL_M (.46). According
to these results, RV5 could be an adequate indicator capable to advance information of the
general risk level on site. These results pointed out that RVs could contribute to assess
overall site risk level, which was one of the important goals of this study. They also lead to
conclude that, in this type of building sites, one can use falls from height as unit of measure
or an indicator of general site risk, as it correlates with the major of rest important risks on
CONSRAT as well as on QRAM used for validation. RVs are capable to detect the
appropriateness of safety barriers (Ale et al., 2008) as well as accident precursors or leading
indicators (Grabowski et al., 2007; Hinze, Thurman, et al., 2013; Toellner, 2001).

In general, a different behaviour than the relationships between RVs and OVs was expected.
For example, RF_F (falls) shows a significant positive correlation with OV3 (Stage
characteristics), that is strongly coherent, because stage characteristics are directly affecting
this risk. The same pattern happened between RL_F and OV9 (preventive functions), more
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integration of preventive functions implies low risk levels, with a negative and significant
coefficient (-.28, p<.01). A similar relationship is found between OV9 and the rest of RLs,
significant and negative with different magnitude coefficients. Correlation between RL_F and
OVL1 is negative and means that the complexity of the project impacts negatively on fall risk
(the same behaviour than OV5 on OV1) that can be explained by the existence of more
resources (mainly as the commented relationship with OV9). For its part, RL_Ce obtained a
significant correlation with 7 OVs, with best results with resources OVs, mainly with OV4
(promoter resources, .41), OV9 (preventive functions, .39), OV10 (H&S plan adequacy, .28),
and OV8 (coordinator resources, .21). In all cases resources has an impact to better risk
conditions.

Finally, regarding to practical application, CONSRAT requires a simpler assessment process
than QRAM and is easier to be carried out by any technician with previous basic training.
And the most significant difference between CONSRAT and QRAM or other similar tools of
risk assessment is that CONSRAT considers site risk elements, agents and resources,
having an overview of "the construction site" and its environment. It can be used both as a
tool for previously risk assessment, and to verify the site risk level regularly. In this sense, it
can be considered as an active leading indicator or predictor (Grabowski et al., 2007; Hinze,
Thurman, et al., 2013). It can be used as a site safety audit. It can also be used as many
times as desired in order to monitor and assess proposed improvements.

This instrument tries to meet the lack of tools for analysing the construction site as unit of
analysis, with own identity characteristic that affect risk. CONSRAT adopts a site risk
approach through the building of several variables to assess the main live conditions,
complexity factors and organizational structure characteristics which are related to risk. It
makes possible a subsequent analysis of the relationships among those variables, therefore,
to guide potential intervention programs to enhance safety and health.

1.6. - Limitations and future challenges

CONSRAT has been designed to assess building construction sites and organisational
structures in the European environment. Other environments or site types may need an
adaptation of the tool contents. Although CONSRAT has elements to enhance the objectivity
of the assessment, it is necessary provide previous training for inspectors. Law knowledge
and experienced technical criteria are imperative to correct manage this tool. CONSRAT has
been design to easily collect data while visiting the sites. As a future extension, we
programme to build an application for mobile devices to further inspections on site. Finally,
we point out that CONSRAT is an easy manage instrument to assess site risk and mainly
oriented to focus intervention on most important issues capable to affect risk, including
material conditions as well as complexity or resources specific of construction sites.
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2.1. - Abstract

Our research is aimed to study the relationship between risk level on constructions sites and
organizational complexity and resources. Our general hypotheses are that site complexity
increases the risk, whilst more structure resources decreases the risk. A Structural Equation
Model (SEM) approach was adopted to validate our theoretical model.

To develop our research, we have visited and assessed 957 building sites in Spain during
the period 2003-2009. All needed data were obtained using a specific tool developed by the
authors to assess site risk, structure and resources (Construction Sites Risk Assessment
Tool, CONSRAT). This tool operationalizes the variables to fit our model, specifically, a site
risk index (SRI) and 10 organizational variables. Our random sample is composed manly by
small building sites with general high levels of risk, moderate complexity, and low resources
on site.

The model obtained adequate fit and results showed empirical evidence that the factors of
complexity and resources can be considered as predictors of sites risk level. As a
consequence, this results can help companies, managers of construction and regulators to
identify which organizational aspects should be improved in order to prevent the risks on
sites and consequently accidents.

Key words: risk site, construction, organization, complexity, resources, structural equation
model.

2.2. - Introduction

Originally, most Health and Safety (H&S) research on construction began by highlighting the
accident rates problem as well as the special nature of construction (Baxendale & Jones,
2000; Cheng et al., 2010; Mahmoudi et al., 2014; Wu et al., 2015). At the same time, it
seems that there is something intrinsic in construction sector that produces these risks.
Currently, risk level assessment research has evolved from an accident-based approach
towards a more prospective and holistic one, characterised by technical analysis adding
organization and human factors (Sgourou et al., 2010). Despite this tendency, most of the
current research is still based on accidents (Hollnagel, 2008; Khanzode et al.,2012). Thus,
there are a small number of studies where authors use precursor analysis as an alternative
to classical accident approach. These authors criticize about reactive research techniques
that use lagging indicators and they propose different leading indicators (predictors) to obtain
information before an accident occurs (Grabowski et al., 2007; Hinze et al., 2013; Rozenfeld
et al., 2010; Sparer & Dennerlein, 2013; Toellner, 2001). In this research we try to link
organization variables with risk in order to propose them as another set of predictors of risk.

Organisational factors have arisen as a relevant issue for site risk research. Since Hoewijk
(1988) proposed that the vertexes of the “Organization Triangle” formed by structure, culture
and processes, are mutually dependent and conform workers behaviour, others models and
metaphors represent the accident process (Swuste et al., 2012, 2010) and have analysed
this organisational side of the problem of safety. One important is the Bowtie metaphor
(Visser, 1998) identifies preventive measures, before the loss of control of the accident
process, and the mitigating measures, which can reduce injury and damage (Hale et al.,
2004). This metaphor clarifies the important relationship between management and the
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scenarios were hazards become in risks. Management identifies risks, select barriers and
determine the effectiveness of them (Swuste et al., 2012). This metaphor is the basis for
developing Workgroup Occupational Risk Model (WORM) based in accident scenarios for
cover the full range of occupational accidents (Hale et al., 2007). For each accident scenario
the items selected for accident modelling with the “Storybuilder” (the tool to classify and
analyse accidents) included among others the management failures in terms of failed control
or resources (Baksteen et al., 2007; Bellamy et al., 2008, 2013). This approach is complex
for construction companies because the especial features of the sector as, for example, the
temporary nature of sites, their physical distance from company headquarters, the low level
of standardization of processes and so on (Wilson, 1989). Besides this, the sector is also
characterized for the special conditions of agents structure, business processes and
operational levels (Donaghy, 2009; HSE, 2009). For Swuste et al. (2012) construction
companies are similar to an organic structure that manifests itself in its processes. Although
process may determine the organisational structure on site, the resources of the head
company are determinant to guarantee enough site resources.

There is a certain consensus about the relationship between organisational factors and risk
conditions. In fact, a selection of nonspecific construction risk conditions assessment
methods was analysed by Sgourou et al. (2010) and all of them include organisational
features. But a low number of field research, specifically on construction sites, have
connected and concrete these relations (Fang et al., 2004; Mohamed, 1999; Swuste et al.
,2016; Teo & Ling, 2006; Wu et al., 2015) and even fewer have linked organisational and
complexity with risk level assessed on site (D. P. Fang, Huang, et al., 2004).

The normative is other important dimension to analyse the relationship between H&S and
firms’ organizations structure. H&S Laws have been incorporated in Europe from 1990s
through European Directives. These make a new framework for all different agents
intervening in the processes (Ros Serrano et al., 2013) that should generate an adaptation
within companies’ structure, principally of H&S human resources and the functions of
contractors and subcontractors, to comply with the new preventive model required. But most
companies only complied with formal aspects of the H&S Law in terms of fulfiiment of
required documentation.

“Safety has become too bureaucratic. With the slogan ‘manage the risk, not the paper work’
HSE calls for a return to the controlling of hazards and risks at construction sites ...” (Swuste
et al., 2012)(p.5).

2.3. - Literature review
2.3.1. - Risk and organizational parameters at cons tructions sites

Most research tries to find connections between different aspects of safety performance (SP)
and safety management systems and wider organizational issues (Bellamy, 2009; Bellamy et
al., 2008; Jgrgensen, 2016; Niskanen et al., 2016; Wang et al., 2016). On the one side SP is
a concept under investigation that very few empirical studies have analysed (X. Wu et al.,
2015). According to Ghasemi et al. (2015) SP has two aspects: risk conditions (e.g. working
conditions, protections, procedures and rules) and safety participation (e.g. motivations,
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safety meetings participation). On the other side safety management systems are a broader
organizational concept that includes among others practices, policy, meetings, etc.

Table 1 presents a summary of the literature review. Each authors’ study is described
depending on the index they have created.

Table 1.- Summary of literature review with organizational and H&S indices

Autho r Organizational index H&S index Methodology Results

Mohamed SMI: policy, SPI: SP records, Correlation No significant positive

(1999) management subcontractors in analysis and  correlation
declaration, meetings, safety discussions, cluster
internal audits training  planning with hazards, analysis
and personnel’s rewards,
awareness programs trained safety officers

and record of
intoxications

(D.P.Fang,  SMI: project nature, SPI: inspection Regression Organizational

Huang, et al., historical factors, records of physical analysis. structure,

2004) organizational safety conditions, Direct field economic investment,
structure, management satisfaction of site work and relations between
measures, individual personnel and information labour and
involvement, accident frequency management were
economic investment, significantly
relations between related to their SPI
labour and
management on site

(D.P.Fang, 11 factors identify and Safety management Factor Foreman, worker,

Xie, et al., 5 correlated performance analysis crew, manager and

2004) safety training were

prioritized with safety
management
performance

Teo & SMS: safety CSI: measured Analytic Ineffective SMS can be

Ling (2006) management system  through: Policy, Hierarchy identified through low

Process, Personnel Process CSl scores
and Incentive factors (AHP) and

Factor

analysis

Fernandez- Safety management Firm organizational Factor Safety management

Muniz et al. performance through  analyses, has a positive influence

(2009) Accidents statistics and on SP,

confirmatory  competitiveness and
SEM economic performance

Toner & Safety management: Preconditions on H&S  Survey to Project characteristics;

Pousette set of organizational on site experienced  Organization and

(2009) measures workers and  structures, with

first-line planning,

managers work roles, procedures,
and resources;
Collective values; and
Individual competence
and attitudes

Manu et al. Identify accident causal To connect with Literature Nature of project,

(2010) factors CPF accident prevention review method of construction,

site restriction,
duration, procurement
system, design
complexity, level of
construction and
subcontracting
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Cheng, SMP: safety Project execution Exploratory Safety management

Ryan, & Kellh management practices, performance factor process, followed by
(2012) perceptions analysis and  safety management
regression information and
committees
Wu et al. Safety climate, PSPE, Prospective SE Different levels of SP
(2015) culture, attitude and safety performance M given the firm scale.
safety behaviour evaluation, assess Better level Sino-
thought historical foreign joint ventures,
evidence of accidents second state-owned
and safety records of enterprises, last the
inspections private firms

As we can see in Table 1, SP as well as safety management includes several elements,
depending of each author’s definition. Each study focuses on one set of issues related with
these terms, e.g. Toérner & Pousette (2009) pointed out that any study of safety management
must to develop a set of organizational measures reported at the Table. Manu et al. (2010)
defined Construction Project Features (CPFs) like the elements that linked to accident
causation. These authors literally expressed:

“These CPFs are organisational, operational, and physical attributes that characterise
construction projects, and they emanate from the client’s brief, project management
decisions and design decisions. Like other distal/originating influences in construction
accidents, the above-mentioned CPFs are high level determinates of the nature,
extent and existence of immediate causes of accidents....” (p. 688)

Despite the important connection between SP and safety management recognized in the
literature, we observe a lack of empirical evidence between relationships of these issues
(Knegtering & Pasman, 2009; Kérvers & Sonnemans, 2008; Swuste et al., 2016), and the
different contents of both them. Due to the lack of a common and narrow definition of the
concept of SP, we have focused in the assessment of the site risk. In relation to safety
management, and taking into account our model of risk site assessment, we just focus on
organizational structure and resources of safety management.

Based on studies reported at Table 1, we propose in Table 2 the following factors of
complexity and resources on site.

Table 2.- Factors and corresponding research refere  nces

Factors Research references

F1. Site complexity (Fang, Huang, et al., 2004; Forman, 2013;
Hatipkarasulu, 2010; Hon et al., 2010; Manu et al.,

2010)
F2. Firm’s structure  (Abudayyeh, et al., 2006; Baxendale & Jones,
resources 2000; Behm, 2005; Camino Loépez et al., 2011;

Camino Lopez et al., 2008; Cheng et al., 2010;
Fang, Xie, et al., 2004; Hinze et al., 2013; Holte et
al., 2015; Liao & Perng, 2008; Pérez-Alonso et al.,
2011;Ros et al., 2013; Wu et al., 2015; Xinyu et

al., 2006)
F3. Site structure (Fang, Huang, et al., 2004; Hinze et al., 2013;
complexity Lépez-Alonso et al., 2013; Manu, et al., 2013;
Swuste et al., 2012; Yung, 2009)
F4. Safety (Adam et al., 2009; Baxendale & Jones, 2000;
Management Borys, 2012; Fang, Huang, et al., 2004; Jarvis &
resources Tint, 2009; Mahmoudi et al., 2014; Manu et al.,

2013;Ros et al., 2013)
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2.4. - Theoretical model and hypotheses
2.4.1. - Model

Based on technical knowledge and the evidence found in the previous literature, we propose
to assess to what extend the risk on sites can be explained from the level of two
organizational factors, complexity and resources. Our proposal is that risk on site, in addition
to the classical definition of the combination of probability of exposition to the hazards and
the consequences, can be explained in part as a function of both factors as expression (1)
contains:

Risk = f(complexity; resources; €) Q)
Where € contains all other factors affecting risk on site.

Our model of risk connection and its empirical test are presented here as one of the major
contributions of our research. Table 2 shows the factors classification attending literature
review. This general classification of factors has been also confirmed by an expert panel as
we will report below. We have excluded for our analyses those factors that even being
considered in the literature, did not apply to the sample, our research purpose, or which were
explicitly excluded by our expert panel. The specific names of each factors and variables are
just illustrative of their content according to the literature reviewed, we are not proposing here
an accurate definition or measurement of each concept.

2.4.2. - Hypotheses

Following we connect the main important elements coming from literature review that are
used to build the factors and the corresponding hypotheses.

F1) Site complexity

Complexity of site is an important factor affecting risk conditions. This complexity is
measured looking at type of project (considering works on repair, maintenance and
extension) (Hon et al., 2010), high risk typologies (Hatipkarasulu, 2010), other project
elements (type of work, site restrictions, design complexity and the level of construction)
(Manu et al., 2010), and finally the project nature (size of site, complexity of construction)
(Fang et al., 2004). Some of them increase fatal accidents such as falls from height (which
represent 50% of fatal accidents from 1996-1997 to 2007-2008 according to HSE (2009).

We propose to include in this site complexity factor the variables of complexity of the project,
size of site and stage characteristics. Therefore our first hypothesis is:

H1: Site complexity (e.g. bigger sites, more height, etc.) increase risk on site.

F2) Firm’s structure resources
One of the organization variables receiving more attention has been company size. But there

is not consensus about his relationship with probability of accidents. Liao & Perng (2008)
found that more size is related with more accidents while other studies converged to the
contrary (Camino Lépez et al., 2011, 2008; Holte et al., 2015; Pérez-Alonso et al., 2011).
There seems to be evidence showing that small companies’ size and private projects with
low budgets, have a strong correlation with accidents (Cheng et al., 2010)
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Type of promoter as well as construction companies are also linked with construction safety
(Ros et al., 2013; Baxendale & Jones, 2000; Behm, 2005; Fang et al., 2004; Hinze et al.,
2013; Xinyu et al., 2006; Wu et al., 2015). Promotors mainly defined several practices related
with technical controls on sites, and constructors related with scale, ownership, foreman and
crew on site.

We propose to include in Firm’s structure resources factor the variables reflecting promoter’s
and constructor’s resources respectively. Therefore our second hypothesis is:

H2: Firm’s structure resources (e.g. promoter and ¢  onstructor's resources)
decrease risk on site.

F3) Site structure resources

Subcontracting and the coexistence of different agents, each of them with their own
characteristics and role, add complexity and make the site more difficult to manage. This is
associated with low levels of safety (J. Hinze, Thurman, et al., 2013; Lépez-Alonso et al.,
2013; Manu et al.,, 2013; Swuste et al., 2012; Yung, 2009). For example, there is a
connection between the average number of accidents and the total number of workers, the
average number of subcontractors and the health and safety budget. Manu et al. (2010)
included some references to the complexity of contractual system and players (different
agents involved in procurement) as responsible of adding risk in the construction sector.

We propose that our factor of Site structure resources includes a variable to capture the
internal organizational structure and other variable to cover different aspect of the job
planning and design. Therefore our third hypothesis is:

H3: Site structure complexity (e.g. bigger number o  f workers, more number of
firms, more levels of subcontracting, etc.) increas e risk on site.

F4) Safety management resources

The preventive functions of the person in charge are a problem especially for small
companies where they are delegated to one employee in addition to other responsibilities
(Jarvis & Tint, 2009). This is a problem that directly affects the possibility of H&S control. The
general answer must be to integrate H&S into the day to day activities of the company. The
problem is to find a specialised worker, and how to assign his prevention functions
(Baxendale & Jones, 2000). One alternative is to have a non-working subcontractor's
foremen who have direct responsibility for the safety of workers in their tasks (Manu et al.,
2013), or just with the existence of specialised human resources but also considering the
strong commitment for management (Abudayyeh et al., 2006). In a similar approach Fang, et
al. (2004) analysed the management resources and H&S on site (safety supervisors, their
authority, and involvement of contractor management, foreman authority, safety inspections,
including those carried out by owner’s initiative, safety plan and records). Those owners’
safety inspections are referring to the coordinator (H&SC, European Directive 92/57 CEE), a
relevant factor in safety management, in addition to the authority of safety supervisor and
foreman (Ros et al., 2013).

Other studies put at project level the most relevant influences on H&S on site (Mahmoudi et
al., 2014). Elements as processes and resources are needed to obtain adequate safety
levels (Adam et al., 2009; Borys, 2012). These are the most important elements that any
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H&SP (H&SP) should incorporate, and this document is the essential reference regarding the
H&S previsions on sites.

According to the evidence reviewed, we propose the safety management resources factor to
be composed by three different variables: coordination resources, preventive resources and
finally, H&SP. Therefore, our fourth hypothesis is:

H4: Safety management resources (e.g. H&SC, preventive functions and H&SP)
decrease risk on site.

Our simplified theoretical model of organizational and resources influences on risk level on
constructions sites are shown in Figure 1. We propose that site risk is related with “Site
complexity” (positive relationship), “Firm’s structure resources” (negative relationship),
“Organization design complexity” (positive relationship) and “Safety management resources”
(negative relationship). At some extent, those factors can be taken as predictors of site risk.
But as it is known, any risk is related with a more complex and multiple combinations of
hazard expositions. In our model, it is represented by discontinuous arrow identified by €&,
which means all others elements affecting site risk. Because our goal is to verify whether the
resultant level of risk, product of this exposure, is related or not with certain levels of our
proposed organizational factors.

Figure 1. Simplified model of SRI influences on site.
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2.5. - Methods and materials
2.5.1. - Data collection

All our data come from specific field work using CONSRAT (see Paper 1, chapter 1), which
had been developed as part of a broader research project. This tool, using the construction
site as a unit of analysis, assess the site risk level and some organizational elements on site
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relevant for H&S. The tool gather information such as site characterisation, promoter and
contractor characteristics, available documentation, general conditions, the specific risks on
the stage, the protections, the processes and the auxiliary resources and the machinery.
CONSRAT variables are used in the present study to analyse the relationships between risk
and organizational variables.

Data collection using CONSRAT entails a four step process. First step begins with a field
visit to the site, then an interview is carried out to the person in charge (either site foreman or
responsible person), after that a checking of the documentation that must be on the site (e.g.
H&SP, incidents book, subcontracting book) is undertaken. We have to review each
document and compare it with the current stage observance. For example, for H&SP, we
have to check the previsions for present stage including protection, process, access, etc. to
be able to answer the corresponding items related with this document; for incidents book, the
possible annotations affecting current works; and, for subcontracting book, we have to
identify the firms on site and their contractual relationship. The second step implies to gather
all general data of the construction site, let us say, the items for the organisational variables.
After this, the third step comprises a general visit to the construction work in order to observe
and check its general common elements (i.e. enclosure, accesses, cleanliness, general
machinery, general protections, etc.). Finally, the fourth step requires make a visit to the
specific stage location to evaluate its specific conditions (i.e. accesses, risks, protections,
etc.).

Using CONSRAT we collected information and data regarding live conditions and
organizational issues visiting a total of 957 sites, mostly building construction in Mallorca
(Balearic lIslands). All those sample’s sites were selected following a random criteria,
rejecting any site visit than might be caused by any type of special H&S event, as for
example, an accident, a complaint, or similar. All the field work was carried out by the same
technician and data were collected from 2003 to 2009.

CONSRAT registers data and assessments to a total of 97 questions or items; 60 of them
are the source to build our 10 risk variables and 22 items compose our 10 organizational
variables (see Tables 6 and 7, section 4.2 and 4.3). The rest items are general site
information and instrumental data. The 10 number of organizational as well as risk variables
should not be taken as a closed number, but an approximation of important parameters to
characterize site risk and complexity or resources on site.

2.5.4. - Organizational variables

Table 3 illustrates the structure of our organizational variables OV and factors system. Based
on CONSRAT’s OVs, we have classified them as pertaining to one of the factors or latent
variables according with literature review (see Table 2, section 2.1) and expert consultation.
Each OV is composed with some relevant items driven from empirical studies from a pool of
a total of 22 items coming from CONSRAT.

In order to confirm our classification and to derive a weight for each of the item that conforms
any of the OV, we carried out an expert panel consultation. We formed an expert panel
meeting with 11 individuals. All participants were experts with more than 15 years of
experience on construction. Six of them had professional experience as projectors and/or
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directors of several buildings constructions assuming safety and health functions. Five of
them, in addition, had academic experience training in architecture or engineering subjects,
including specific training on safety and health subjects. We asked them for to classify all the
22 different items into one of the factors mentioned above. They were not forced to assign all
the items to a given factor, i.e., they were allowed to not classify any of them if they thought
there was no logical, technical or theoretical reason to do so. The result was that the experts
correctly assigned all the given items, and consequently their associated variable, to the
factor previously considered by us, except in two items. The two non-concordant items were
“Type of promoter firm resources” and “Number of works”. In the first case 64% of experts
disagreed with our previous classification whilst 27% agreed and 9% of them did not
classified that item within any factor. Regarding “Number of works”, only 9% of experts
shared our a-priori classification while the remaining 91% of experts classified this item in
other factors, specifically, 73% in factor F3 and 18% in factor F4. In both cases, we changed
our a priori classification maintaining the one supported by the panel of experts. The resulting
final classification of each item/variable within their corresponding factor in our model was
supported by an average of 78.73% of the experts (SD=12.89).

For a second request, we asked the experts panel to assess the degree of importance of
each item that composes each variable on safety prevention on site. Specifically we asked
them: “To what extent do you consider this item as an important driver (or determinant) of
prevention level?” We gave them a Likert scale ranging from 1 (null) to 7 (total) to assess the
importance degree of each item. Column “Importance degree” in Table 3 reports these
results of the expert panel consultation (the average rating for each item and the standard
deviation of experts’ responses). Then, we have transformed the “Importance Degree”, into a
“Derived weight” (see last column in Table 3) in order to build each OV. In doing so, we used
the ratio weighting technique to derive each item weights from the experts’ declared rating of
relative importance (Edwards, & Newman, 1982). With this technique we obtained a relative
weights set, normalized to range from 0 to 1, referring the relative importance of each item in
every OV (weights inside each variable sum 1).

Table 3. Key organizational factors, variables and their items

Importance Derived
Factors Variable Item degree weight
(D)
OV1. Complexity 1. Ne.w yvork sittie or re.form and extensions 5(1.7) .32
of project 2. Bwld_mg Co_nflgurat|on N 4.63 (1.85) .29
F1. Site complexity 3. Special environment conditions 6.1 (0.75) .39
0V2. Size of site 4. Number of floors 5.27 (0.79) 1.00
0OV3. Stage 5. Main work stage 5.4 (1.04) .50
characteristics 6. Secondary work stage 5.4 (1.04) .50
OV4. Promoter 7. Type of promoter firm resources 3.7 (1.79) 1.00
ey resources
Zs;ciljrrTez structure OVS. Constructor 8. Type of construction firm resources 5.64 (1.21) .32
) 9. Resources depending of Constructor’s Role 5.7 (1.21) .34
resources 10. Site management structure 5.7 (0.79) .34
OV6. Internal 11. Type of contracting 5.8 (0.87) .36
organization 12. Number of companies 4.9 (1.29) .30
. structure 13. Level of subcontracting 5.4 (1.29) .34
F3.Site s.tructure 14. Number of woks 5.6 (1.03) 27
complexity ov7. J.Ob 15. Employer location assignments 5.8 (0.87) .28
plar.mmg and 16. Total number of workers at site 4.9 (0.65) .23
design 17. Ratio of number of workers of principal 4.7 (0.9) .22
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constructor over total workers at site

ovs. 18. Designation Health and safety coordinator 5.3(1.42) .49
Coordination 19. Documented work H&SC 5.5(1.57) .51
F4. Safety resources
management i 1.00
& ovs. .Prevent|ve 20. Preventive functions of the structure 6.2 (1.10)
resources functions
OV10. Health and 21. Presence at site 5.37 (1.80) 45
safety plan 22. Appropriateness of H&SP’s previsions 6.7 (1.65) .55

Appendix A-2 contains a summary of the metrics and scales used for measuring all items
considered in our research. Thus, in all cases a higher observed value implies more
complexity (e.g. value 1 in item “Building configuration” is associated with less complexity
than an observed value of 4 in that item) or more level of resources (e.g. a case with value 1
in the item “Promoter resources” is considered as having lower level of resources than those
cases with a value of 3 in that item). In order to have all the different items measured in a
common scale, we transformed the original observed values into percentiles according to its
own range of measurement scale. With those values for each item and the derived weighting
vector of Table 3, we calculated the value of each organizational variable as the weighted
average of observed values in percentiles of its corresponding items. Those are the
observed data of our independent variables which are considered for our structural equation
model test. Summary statistics of all our variables are included in Appendix C-2.

2.5.4. - Risk variables

Table 4 shows RVs composition. In our theoretical model the dependent variable is the Site
Risk Index (SRI). Based on literature review, authors’ technical judgement which is grounded
with more than 25 years of professional and technical experience in H&S inspections, and
the previous tool validation (see Paper 1, chapter 1). We propose to calculate the SRI as the
average of ten different RVs of COSNRAT. All they are derived directly from the work
conditions on sites.

According to our technical criteria and in order to have a more accurate assessment of risk in
construction sites, we consider important to differentiate the two more relevant ambits at
sites, the general conditions affecting the common elements and the specific condition of the
construction stage. Another issue considered as relevant to measure risks is the existing
processes and protections on sites (Hollnagel, 2008; Swuste et al., 2012), not explicitly
considered in empirical risk assessment. Finally, our SRI captures the accomplishment of the
H&SP, the most important reference of health and safety previsions on site, which is not
included in the available tools in literature.

Table 4. Risk variables

Variables Items

RV1.- Health and 1.Compliance.

safety plan

RV2.- General 2.Construction fence

conditions 3.Circulations, order, tidiness, illuminations

4.Safety signage
5.Safety of electrical installation

RV3.- Collective 6.General collective protections. This item measures the general
protections collective protections of site, without considering the current stage.
RV4.- Access 7.Access to main work. This variable measures the specific conditions

of access to the main stage site, independent from general access
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RVS.- Falls of height 8. Height of fall
9. Level of failure
10. Exposure continuation
11. Probability

12. Severity
13. Intervention required

RV6.- Other risks 14. — 24 - Identification of 11 more risks
25. Incidence with Falls of height

RV7.- Process 26. Type of process

27. Adequacy
28. Process deviation
RV 8.- Collectives 29.-30. Scaffolds. Adjustment to the phase and installation validation.
protections 31.-32. Safety nets. Adjustment to the phase and installation validation.
33.-34. Railing. Adjustment to the phase and installation validation.
35.-36. Safety boarded. Adjustment to the phase and installation

validation.

37. Necessity more Collective Protections.
RV9.- Personal 38.-39. Fall protection system. Adjustment to the phase and installation
protections validation.

40. Necessity more PPE
RV10. Auxiliary 41.-42. Scaffolds. Adjustment to the phase and installation validation.
resources and 43.-44. Suspended scaffolds. Adjustment to the phase and installation
machines validation.

45.-46. Horse scaffolds. Adjustment to the phase and installation

validation.

47.-48. Portable ladders. Adjustment to the phase and installation

validation.

49.-50. Others. Adjustment to the phase and installation validation.
51.-52. Lift truck. Adjustment to the phase and installation validation.
53.-54. Crane truck. Adjustment to the phase and installation validation.
55. Fall protection for elevation resources. Adequate for the work.

56. Auxiliary resources for elevation system. Adequate for the work.
57.-58. Concrete mixer. Adjustment to the phase and installation
validation.

59.-60. Manual tool. Adjustment to the phase and installation validation.

Each RV has a scale ranging from 0 to 1, where 0 means no risk and 1 means the maximum
level of risk. More details of RVs composition and assessment scale are in Appendix B-2.
The corresponding SRI has the same scale, because is the arithmetic mean of the 10 RV.
The summary statistic of all variables and SRI are reported in Appendix C-2.

2.6. - Results
2.6.1. - Descriptive statistics of our sample

The highest percentage of our sample corresponds to multi-family housing (44.6%) followed
by single family housing (43.9%). Most of the sites are buildings with two-three floors
(60.7%), which represent normally from 6 to 9-12 meters of total height.

Promoters in our sample are mostly professional firms dedicated to construction (56.8%),
followed by particular promoters (34.6%) and a minority of works lead by Public
Administration (8.6%). Relating to construction firm, the most present type of companies
were companies with different legal forms (86.4%) and less cases were found being any of
the self-employed configuration (13.6%). Most of the sites have one contractor (company
contracted directly by promoter, 83.1%) and more than one firm (58.9%). Sites with
subcontracting represent the majority of the cases in our sample (54.8%). The mean number
of workers in the sites of our sample is 13.82, with a mean for each company present in the
same site of 5.12 workers.
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If we consider the management structure of the sites, most of them have a person in charge.
The 25.6% of the cases has a worker with organizational functions, the 25.3% of our sample
has a foreman, the 14.8% has a business owner, and finally the 8.5% of the sites had two or
more individuals with higher hierarchical rank. The remaining 25.8% of sites do not have
anybody in charge.

In the majority of our sites there is not any documented H&SP (62.7%), and those most
common work stages were flat structure works (34.8%) and brickwork (27.8%).

From the calculated levels of SRI from CONSRAT, we classify our sample in three levels that
represent different risk situations: for values from 0 to 0.33 (included) we considered as
correct, from 0.33 to 0.66 (included) as acceptable, and finally above 0.66 as critical. The
distribution and meaning criteria of classification in our sample is reported in Table 5.

Table 5. SRI classification of our work sites

Classification Scoring Criteria of selection an mining
groups
Correct 0-0.33 General well compliance of all variables. Barriers

are well installed, reliable, and independent for the
workers that can used it. Low levels of risk and
general good conditions.

Acceptable 0.33-0.66 Appropriate, without critical failures. It could be
some minor failures, but in overall compliance with
the needed conditions.

Unacceptable +0.66 Deficient, with critical failures on protections or lack
of them. They are significant and could affect the
barriers, the installation, the user or other persons.

2.6.3. - Statistical analysis

As we have mentioned, we use SEM for our statistical analysis. SEM is a method used to
represent interactions between observed variables and others not observed or latent
variables (Wu et al., 2015). SEM estimates the strength and significance of the relationships
among the variables of the model.

After having determined descriptive statistics and correlations between observed variables,
we have performed, multivariate normality tests to assess the underlying statistical
assumptions of SEM estimation methods using PRELIS 2 program. Although our data did
not manage to fulfil the assumption of multivariate normality, a small degree of deviation
(skewness and kurtosis z values below |1.00|) did not invalidate the use of the maximum
likelihood method with LISREL 8.80 software (Joreskog, & S6érbom, 2006). Covariance errors
between items were not implemented for the estimated model.

To assess overall fit of the model, ¥, the relative/normed x? to degrees of freedom (df) ratio,
the Root Mean Square Error of Approximation (RMSEA) and its 90% Confidence Interval
(with a p-value related to RMSEA<.05), the Standardized Root Mean Squared Residual
(SRMR), the Comparative Fit Index (CFl), the Normed Fit Index (NFI) and the Goodness of
Fit Index (GFI) were the used indices. A model can be considered to fit the data if ¢ is non-
significant, )(zldf <3, RMSEA<.05, SRMR<.08, and CFI, NFI and GFI=.95 (Hu & Bentler,
1999; Schreiber, Stage, King, Nora, & Barlow, 2006). Finally, to test single parameters, the
5% significance criterion was adopted (i.e., t-value of parameters of 2.00).
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2.6.2. - Structural model

As in any SEM analysis we have two different models: the measurement model and the
structural model. As preliminary results showed that the observed variable OV3 (stage
characteristics) was not significant. We removed this variable from the analysis and fitted the
model (Figure 2).

Figure 2 shows the behaviour of our model with complete results of the SEM analysis coming
from PRELIS 2 program. Path coefficients are the standardized versions of linear regression
weights. According to this method, they can be used as informative of possible causal
relationship between variables (Loehlin, 2004).

Figure 2. Structural equation model for organizational complexity and resources influence on
risk level on construction sites.
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Results for our model (Figure 2) showed an overall adequate fit to data (¥°=93.16, df =26,
p<.001), ¥*/df was lower than 5 and near than 3 (3.58), RMSEA stood slightly above at the
cutoff of 0,5 for good fit (RMSEA=.058) with a p(RMSEA<.05)=.13 (CI90% RMSEA: .045;
.07), both CFI (.98) and GFI (.98) were also indicative of good fit as SRMR (.036). Thus,
except for the case of RMSEA all the other indices met the recommended limits to consider
our model as good fitted. However, those RMSEA values below 0,8 can be considered as a
not bad fit (Wu et al., 2015). We conclude that our model can be considered as acceptable.
All path coefficients were statistically significant (p<.01).
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2.7. - Discussion

The aim of the present research was to test the relations between organizational complexity
and resources as potential predictors for risk site level. As we expected, site complexity had
a positive direct effect on SRI (.55). Organisational structure resources had a very strong and
negative direct effect on SRI (-.95). We also found a strong positive direct relationship
between organisational design complexity and SRI (.82). Finally, safety management
resources were directly and negatively related to SRI (.55).

Site complexity is a latent variable composed by complexity of project (OV1) and size of site
(OV2). According to our results, site complexity had a positive direct effect on SRI. This
result is consistent with the evidence found in previous researches (Fang et al., 2004;
Forman, 2013; Hatipkarasulu, 2010; Hon et al.,, 2010; Manu et al., 2010). At the
measurement model of our SEM, the latent variable of site complexity explained 29.29% of
the variance of complexity of the project and 44.89% of the variance of size of site, which are
the two observed variables that composed it. These two last variables represented the
complexity measured through type of works, configuration and environment conditions (items
of OV1), and size assessed by number of floors (OV2).

As we have reported in the previous section, the strongest effect on SRI is caused by the
latent variable named firm’s structure resources. From our fitted model follows that this latent
variable explains the 46.24% of the variance of promoter resources (OV4) which is based on
only one item reflecting type of promoter's resources and the 23.04% of the variance of
contractor’'s resources (OV5) conformed with the items of contractor’ type, role and site
management structure. On one hand, the implied relationship between promoter (OV4) and
SRI in our model is consistent with previous research where it has been found that type of
promoter has relevant influence on H&S on site (Baxendale & Jones, 2000; Behm, 2005;
Hinze et al., 2013; Ros et al.,, 2013; Xinyu et al., 2006). On the other hand, the specific
relationship between contractor’'s resources (OV5) and SRI is more controversial since
previous research has not found concluding evidence although there is empirical evidence
that relates firm’s structure with H&S in general terms (Camino L6pez et al., 2008; Cheng et
al., 2010; Holte et al., 2015; Pérez-Alonso et al., 2011). Wu et al. (2015, p.71) obtained
different levels of safety performance with different types of constructions companies in
China, specifically they found the best level of safety performance in Sino-Foreign Joint
Ventures, followed by state owned enterprises and finally private enterprises with the lowest
level of safety.

We also found a strong effect of latent variable site structure complexity on SRI (path
coefficient of .82). This latent variable is formed by observed OV6 and OV7. The internal
organization of the different companies on site (OV6) is composed by the type of contracting
(one or more contractors), humber of companies and level of subcontracting. Results imply
that the site structure complexity explains the 46.24% of the variance of OV6. Previous
research have found that more subcontracting leads to worst levels of safety (J. Hinze,
Thurman, et al., 2013; Lopez-Alonso et al., 2013; Manu et al., 2013; Swuste et al., 2012;
Yung, 2009), our results are consistent with this evidence. There is no previous research to
compare our results regarding the effects on risk either through the number of contractors or
the number of companies.
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The other observed variable OV7 (job planning and design) that loads on the latent factor of
site structure complexity, contained the items of number of works, location of workers, total
number of workers and ratio of own constructor’s worker over the total number of workers.
According to our results, the unobserved factor of complexity of site structure only explained
the 12.25% of the variance of OV7. Among the items that compose OV7, only total number
of workers on site was analysed in previous researches, where has been found a negative
effect on H&S on sites, which is consistent with our results (Fang et al., 2004; Lopez-Alonso
et al., 2013).

Finally, the latent variable related with safety management resources is composed by
coordination resources (i.e. designation of H&SC and his/her documented work) (OV8),
preventive functions of the structure (OV9), and presence and appropriateness of the H&SP
(OV10). Our results yielded that this latent variable explains the 32.49% of variance of OV8,
the 54.76% of variance of OV9 and the 21.16% of variance of OV10. Our results are
consistent with previous research referring to the preventive functions of the structure
(Baxendale & Jones, 2000; Borys, 2012; D. P. Fang, Huang, et al., 2004; Jarvis & Tint, 2009;
Manu et al., 2013). There is not previous research relating documented work of H&SC and
the appropriateness of H&SP with levels of safety conditions on site. Despite preventive
functions of the structure has the highest path coefficient in the relationship with safety
management resources (.74), H&SC and H&SP have also a relevant path coefficients in this
relationship, .57 and .46 respectively.

2.8. - Conclusions

Seams construction sector is typically one of the most high risk industries; there is a broad
concern in finding approaches to address this problem. In order to control the risk at
reasonable levels, one of the most prominent approaches consists in obtaining a set of
leading indicators of safety conditions (i.e. predictors) before the accident event occurs (J.
Hinze, Thurman, et al., 2013). Our study adopts this approach to analyse the relationship
between four organizational variables, representing complexity and resources, and the risk
level on site. Specifically, we have proposed that higher complexity in both the site and the
site structure will have a negative impact on safety levels. We have also proposed that higher
amount of resources behind the firm’s structure and supporting safety management activities
will reduce risk. A structural equation model has been proposed to test these hypotheses and
we have fitted the model using data collected during 957 direct inspections on construction
sites.

As a result of our research the following general conclusions can be drawn. In first place, we
found that our four OV (site complexity, firm’s structure resources, site structure complexity
and safety management resources) have direct and relevant impact on an index reflecting
level of risk (SRI) as we were expecting. The relevancy of those findings is that the OV
considered can be used as predictor of risk with important implications as we propose below.

In second place, our analyses revealed that all our relationships (hypotheses) were
statistically significant at .01 level and with the expected sings. We have obtained that the
most important factor to explain the risk on sites is the firm’s structure resources (see F2 in
Figure 2, section 5.3) with a path coefficient of -.95. We have also found that the site
structure complexity (F3) has also an important positive and direct effect on risk, path
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coefficient of .82. Weaker effects on site risk were found for the factor of site complexity (F1),
with a positive path coefficient of .55 and safety management resources (F4) having a
negative path coefficient of -.55.

Our results showed that the risk on site, if we look at the organizational factor proposed, is
mainly affected by firm structure (F2) and site structure complexity (F3), and the most
relevant variables within those two factors were promoters’ and constructors’ resources (OV4
and OV5) and organizational structure (OV6). Some important implications can be derived
from these findings. On one hand, a reinforcement of the promoter role, having more
professional agents endowed with more resources, will increase the involvement with H&S
issues. This is in line with the study reported in Sparer & Dennerlein (2013), where an
important promoter developed an innovative campaign to improve safety, which is really
unusual in the construction sector. Regarding constructor’s resources (OV5) our results
suggest that improving the constructors’ resources, reinforcing constructor’s role on leading
the works on sites and strengthening site management structure might improve safety on
site. All those goals can be achieved having more professionalised companies with more
stable structures and well trained and informed workforce about H&S issues. It is equally
important to assure an active presence and control on works by contractors and the
assignment of the appropriate human resources to be explicitly present on site.

On the other hand, since organizational structure variable (OV6) is composed by type of
contracting, number of companies and level of subcontracting which affect negatively the risk
level on site, might be necessary to consider whether construction normative and regulations
should address these questions. Measures such as limiting the level of subcontracting are
already implemented, but other interventions which are not currently undertaken might be, for
example, limiting the number of contractors or the total number of companies on site.

Regarding safety management resources (F4), the most remarkable effect found is for
preventive functions (OV9) in comparison to the effects of the other two variables. We
conclude with the importance of assume preventive functions in relation to end safety
conditions. Connecting with results obtained for factor F2 (firm’s structure resources), seems
that in order to have acceptable levels of safety would be not enough simply having the
figure of a foreman or manager, but whether they are really or not assuming the preventive
functions. One direct implication can be derived is that is as important have the site manager
or foreman as they assume and develop preventive functions.

The main theoretical limitation of the present research is that we have addressed only one
side of the problem to explain the level of risk, let us say the life conditions on sites, ignoring
the side determined by workers behaviours (attitudes, climate, culture, etc.). We think that
future models intended to explain risk and to propose safety interventions should consider
jointly both faces of the same coin.

Other limitation of our study is that the majority of the sites in our sample are small and
medium local constructions firms with low levels of resources. Of course, this supposes a
limitation to generalise our results to the whole sector or other geographical regions.

Despite these limitations this research has relevant contributions. In first place, we have used
field data from a large number of sites collected directly from the work scenarios while we
were developing safety inspections. In second place, we have found evidence supporting
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that organizational factors, as complexity and resources, are good predictors of level of risk.
Our model of organisational latent factors explained 20.00% of the variance of SRI. This
result is an important issue to develop tools aimed to obtain leading site indicators as well as
planning any future organization and resources of any site. It is an important argument for
managers and contracting companies to implement some of the improvements considered,
taking in account the relationships with site risk, and finally, with the expected results on
accidents rates. Other practical implications of present study is to propose interventions and
design safety campaigns to direct the adequate actions towards those organizational
dimensions.
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3. - Occupational risks, accidents on sites and economic
performance of construction firms.
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3.1. - Abstract

This paper examines the relationships among site risk, accident rate and firm economic
performance in construction industry. We first assess safety levels on site using a specific
tool we have developed, CONSRAT. We have examined during 6 years (2004-2009) 502
construction sites of 272 Spanish companies in Mallorca. We built a panel data with these
safety assessments, the firm financial performance and the accident rates.

Our general hypotheses are that risk on site have an effect on accident rates and the
accident rates affects firm economic performance. On one hand, we obtain a significant
positive linear relationship between site risk and accident rate. On the other hand, we find a
significant quadratic relationship (inverted U shape) between accident rate and economic
firm performance. Our empirical evidences suggest a complex relationship between those
variables. Specifically, for a low range of accidents we can observe that company profitability
increases while accident rate grows up, arriving to a tipping point from which more additional
accidents will reduce the company profitability.

These results suggest that we need policies to control accident rates, since the total cost of
accidents by itself might not be enough to influence firms to invest in safety prevention.

Keywords: site risk, construction site, accident rates, economic performance.

3.2. - Introduction

There is an enormous amount of academic work studying which construction site conditions
are prevalent when the accident occurs. This literature is reactive in nature as it is aimed to
explain probable risk conditions on sites involving accident event reports (Camino Lépez et
al., 2011; Cheng et al., 2012; Cheng et al., 2010; Conte et al., 2011; J. W. Hinze & Teizer,
2011; Liao & Perng, 2008; Lépez Arquillos et al., 2012; McVittie et al., 1997; Nishikitani &
Yano, 2008). Another important research line proposes methods to conduct in depth analysis
of occupational accidents, although only large companies seem are using these methods
(Kirsten Jgrgensen, 2016). Among them we have the “Storybuilder” (Bellamy et al., 2007) in
the framework of Worm project, where over 20.000 serious accidents were analysed, jointly
with their barriers, and 64 types of hazards were summarised (Ale, 2006; Bellamy, 2010).

Other line of research within health and safety (H&S) has adopted a more preventive
approach as it tries to avoid accidents through risk assessment based mainly on site
conditions (Memarian & Mitropoulos, 2013; Cambraia et al., 2010; Wu et al., 2010; Yang et
al., 2012). However, there is a limited number of studies trying to model the relationship
between risk conditions on site and the likelihood of accidents. One example is the study by
J. Hinze et al. (2013) where the authors analysed which leading indicators can be utilized to
assess safety performance (e.g. works, supervisors, managers, owners, and designers, all
them at jobsite). Another example, Sparer & Dennerlein (2013) developed a software to
identify sites with high accident risks using leading indicators to measure work conditions
that can affect the risks.

More attention to construction tasks is necessary as studies at task level only represent the
2.28% of all research on H&S in the construction industry (Zhou et al., 2015). There is a lack
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of field risk exposition measurements on sites (Swuste et al., 2012) because most of the
research tend to be epidemiological and mainly focused on accidents.

On another level, H&S has been identified as one of the issues that are relevant for company
results, competitive advantage and management performance (Teo & Ling, 2006; Argilés-
Bosch et al., 2014; Rechenthin, 2004). Most of the research connecting these issues in
construction industry has been theoretical. Following Chalos (1992) theoretical framework of
cost of safety (COS model), many scholars have analysed, two well-known dimensions of
H&S cost, prevention and accidents costs (Cheng et al., 2010; Cheng, Lin, et al., 2010; Feng
et al., 2015; Gurcanli et al., 2015; Harshbarger, 2001; HSE, 2015; Ibarrondo-D4vila et al.,
2015; Labelle, 2000). Despite the cost of H&S has been studied in some depth, it is
surprising the absence of empirical works trying to understand which is the relationship
between those costs and the economic benefit of the firms. The cost of occupational
accidents is increasing, and therefore raising safety levels would generate a win-win solution
for all parts, including the employees, the firm as well as society (EUROSTAT, 2004;
Gavious, Mizrahi, Shani, & Minchuk, 2009; Kirsten Jgrgensen, 2016). Despite this
reasonable relationship, to the best of our knowledge, there is just a one single published
paper dealing with this issue (Argilés-Bosch et al., 2014). Particularly, these authors found a
linear negative relationship between accident rates and firm financial performance one year
ahead. Although, this is a very interesting result it may fail to explain a potential more
complex relationship between those variables. Our research question is directed to this point:
Is it possible a non-linear relationship between benefits and accidents. Can firms support
accident costs without affecting their financial performance? As we will see, our empirical
research provides evidences regarding the relationships between risk-accidents on the one
hand and between accidents-firm performance on the other hand.

The structure of this manuscript is as follow: 1) A review of the literature and the statement of
our hypotheses; 2) A description of the empirical methodology (sample, data collection and
empirical design); 3) A report of the results; 4) A discussion of most relevant findings along
with some conclusions; 5) A set of limitations of our study and some lines for future research.

3.3. - Literature review and hypotheses statement

There is an extensive body of theoretical models connecting risk with accidents. The
traditional “bowtie metaphor” from Visser (1998) can be considered as the one of the first
theoretical model of the process of H&S management and the consequences of risks.
Following this metaphor, existing uncontrollable hazards converge in the so called “central
event” which in turn may evolve and diverge into different risks causing potential damages or
accidents. The first role of management in such a scenarios is to interpose some barriers to
prevent the conversion of hazards into risks, and the second is to build some protections to
prevent risks becoming accidents. Figure 1 shows a reinterpretation of the model by
Hollnagel (2008) analysing the two dimensions of risk management (i.e. prevention and
protection).
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Figure 1. Safety model: prevention and protection.
SAFE SYSTEM = NOTHING UNWANTED HAPPENS
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Acording to Hollnagel’s (2008) model, once we have the safe system operating, one of its
important consequences is the decreasing of accident rates or, in the best possible situation,
that “nothing unwanted happens”.

The problematic issue here is that, despite the proposals of these models, the relationship
risk-accident is not always contingent because not all risk expositions finally end in accidents
and, alternatively, some good safety systems can have some accident. In fact, most of the
risk-exposition does not end in accident, or in other words, we do not have as many
accidents as it might be expected probably because workers are able to control most of risk
situations (Sundstrom-Frisk, 1985). As Khanzode et al. (2012) concluded, there is a gap in
the literature because the study of risk assessment is disconnected of the causality model of
accidents that have been proposed. Although this gap is important at the theoretical level, it
is more salient at the level of empirical and field research. There is a clear scarcity of
exposition measures on site, and there is also a need to identify which main events are
related with accidents (Swuste et al., 2012). Only a limited number of empirical researches
connect risk conditions on site with accidents results. Most of these studies are
contextualised in the assessment of the effectiveness of specific and very focused safety
campaigns (Hale et al., 2010; Kines et al., 2010; Laitinen & Paivéarinta, 2010; Laitinen &
Ruohomaki, 1996; Spangenberg et al., 2002) or in the assessment of the effectiveness of
implemented management systems (Yoon et al., 2013). We have only found one study that
considers the level of hazard of a project as a moderator variable over the relationship
between accidents rates and the total cost of accidents (Feng et al., 2015). From the
literature it can be concluded that there is a need to generate more knowledge about the
empirical interaction between risk conditions and accidents. Consequently, the first
hypothesis is aimed to test whether or not an increasing relationship exists between risk
levels and accident rates when you consider a relatively long spam of years:

H1. High levels of risk on sites have a positive effect on accidents rates.

Managers seem to ignore the economic consequences of unsafe practices in the workplace
(Harshbarger, 2001). Since they don't have accurate estimates of the economic impact of
accidents, they cannot consequently assess which is the economic contribution of the
function H&S management, and consequently, there seem to be low awareness of its
strategic value (Labelle, 2000). In order to keep companies being competitive, many
contractors try to control short term total operation costs by executing only basic safety
measures during construction project implementation (Cheng, et al., 2010). It is important to
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prioritise safety, but other demands as finance, client, production and deadlines change
these priorities (Kirsten Jgrgensen, 2016). Due to the uncertainty of overall H&S costs and
the daily demands, the companies do not apply several protection measures, reducing direct
H&S costs (i.e. cost of prevention and protection measures) but ignoring the amount of
indirect H&S costs (i.e. cost of accidents) they will have to afford when accidents occur. H&S
costs, both direct and indirect, do exist and they are high (Ibarrondo-Davila et al., 2015).
Companies do not have appropriate accounting systems to estimate these costs. Although,
there is not a standard method for estimating direct costs. Gurcanli et al. (2015) have
calculated that the cost of safety measures represents a 1.9% of a residential building project
budget.

Focusing on accidents, they affect costs in many ways at the level of the individuals, the
company or the Public Administration: healthcare costs, production losses, delays, lost
working days, penalties, etc. (HSE, 2015). In his historical work, Heinrich (1927, 1941)
classified accident costs into direct and indirect, concluding that even when the amount of
direct cost of accidents are important, indirect costs can be even much higher than direct
ones. Direct costs of accidents refers to the expenses directly related with injuries and
fatalities, while indirect cost of accidents include productivity losses, disruption in schedules,
delays in completion dates, fines and legal expenses, damage in organization image, etc.
(Ibarrondo-Déavila et al., 2015; Feng et al., 2015). The complex relationship between the
occurrence of accidents and their cost cannot be explained by one single variable (Lopez-
Alonso et al., 2013). In this line, (Feng et al., 2015) described up to 13 possible components
of indirect costs of accidents based on previous literature review. Moreover, these authors
concluded that workplace accident costs of building projects are influenced by accident rates,
project hazard level, project size, company size and the involvement of sub-contractors.
Feng et al. (2015) have reported that total accidents cost of building projects accounts for
0.25% of total contract sum. Another interesting finding of this research is that the positive
effect of accidents rates on total accident costs is moderated by project hazard level, as we
have already mentioned above. Hallowell (2011) reported that construction injuries impact
firm financial performance by increasing total cost up to 15% in new non-residential projects.
Therefore, in the literature there is some results supporting the hypothesis that accidents
may have a negative impact on economic results of construction companies via increasing
organizational costs.

There is a complex structure of accidents costs with different types and not obvious
relationships among them, which makes more complex to stablish a relationship between
accident and economic performance of the firms. We have found only one recent empirical
study where the incidence of accidents on firm financial performance is estimated. Using
panel data for a period of six years (from 1998 to 2003) and a sample of 99 construction
firms, Argilés-Bosch et al. (2014) have found evidence of a negative relationship between
accidents in one year and firm financial performance one year ahead. In our research we
want to check whether or not this hypothesis and results hold for the period of time we are
considering and our sample. Therefore, our second hypothesis is stated as:

H2. Work accidents have a negative effect on firm f  inancial performance.

Up to this point we have reviewed two kinds of costs affecting safety management, accident
costs and prevention/protection costs (Cheng et al., 2010; Gurcanli et al., 2015; Ibarrondo-
Davila et al., 2015). Additionally, we have also reviewed the classification of accidents cost
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as direct and indirect. However, it has been proposed that there is an interaction among
preventive costs and accident costs. Specifically, the theory of indirect costs of accidents
(Brodyet al., 1990) proposes that increases in indirect costs of accidents tend to generate
rises in the investment to improve the safety on building sites. As it can be seen, our study is
focused on the economic side of the safety behaviour of construction firms. Of course,
economic aspects are not the unique arguments to explain this behaviour, but all remaining
and important aspects are out of the scope fo our study.

Focusing on economic arguments, the central issue for analysing how H&S management
relates with firm financial performance results is the joint consideration of both H&S direct
costs (safety measures, prevention) and H&S indirect costs (accidents, healing or remedial).
Safety measures are a cost that researches and practitioners classify like an inversion
(Fernandez-Mufiz, Montes-Peon, & Vazquez-Ordas, 2009; Ibarrondo-Davila et al., 2015). Of
course, there are an investment precisely because in the adequate level safety measures
reduce indirect costs caused by accidents or other personal damages, and they can
generate other gains due to organizational effectiveness. Related exclusively with safety
investment at construction building projects, Feng (2015) has developed some models for
helping contractors to make decisions regarding the amount of financial resources they need
to invest in safety. This research have changed the approach of the of H&S economic issues
from a mainly reactive perspective to a more proactive approach, by addressing the problem
of determining efficient safety investments.

Although any risk management system can reduce accident rates and also injuries costs,
Hallowell (2011) pointed out that these systems also suppose a cost for the companies. In
the safety management, a company face two types of costs that move in opposite direction,
cost of accidents (decreasing with safety) and cost of prevention/protection (increasing with
safety). Therefore, it is important to know how to evaluate the cost-benefit of investments in
safety management. Hallowell (2011) concluded that the optimal investment strategy
depends on the frequency and costs of accidents and the organization's attitude toward
tolerance to risk, among others factors. One important conceptual model to approximate
cost-benefit analysis of safety is the cost of safety (COS) model (Chalos, 1992), which is
illustrated in Figure 2. Under the premise that more preventive actions tend to reduce the
number of accidents and their associated costs, COS model defines that the optimal level of
safety investment is that when the cost of preventive measures equals the cost of accidents.
This theory assumes than some level of risk is inherent to the main work processes and that
getting down this risk could be economical inviable (M. Behm, Veltri, & Kleinorge, 2004;
Manuele & Main, 2002). Therefore, high and low levels of safety investment may harm firm
economic performance, via increasing total cost derived from the safety management.
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Figure. 2. The model of cost of safety. (COS).
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Other authors have analysed the factors influencing safety investment decisions by the
government and the firms from an opportunity cost perspective (Ma et al., 2016). These
authors consider that optimal safety investment decisions are those that minimize its total
opportunity cost. This opportunity cost would be composed by “shortage costs” due to the
occurrence of accidents (defined as direct accidents costs for firms and government costs
from stablishing wrong regulations) and excess cost due to investing more than required for
accident prevention.1

The assumption in COS model and Ma et al.'s (2016) study is that there is a quadratic
relationship between safety level and the total cost of H&S. Due to the non-contingency of
accidents and safety levels, the COS model cannot be directly translated into a model that
explains number of accidents with economic results of firms. Although this is true, the
underlying ideas of COS model and Ma et al.'s, (2016) make us to think that the relationship
between the economic firm performance and the accident rate might not be the monotonous
linear function. Besides the obvious cases with high accident rates and low levels of safety, it
is also possible to find firms with no accident rates and very poor safety conditions. For the
later firms, a particular evolution of their net benefits can be expected. When accidents
appear, cost starts to raise and will offset the savings generated because of low safety
levels. Therefore, we are arguing a quadratic relationship between the accident rate and the
economic firm performance instead lineal. This quadratic relationship would also be more
consistent with the U-shape of total H&S cost proposed by COS model. According to our
arguments, we propose the following third hypothesis to be tested in this research:

H3. There is a quadratic relationship between accid ents and firm financial
performance. For low levels of accidents there is a  n increasing positive effect
on firm financial performance while for large level s of accidents there is an
increasing negative effect on firm performance.

1 Ma et al. (2016) interestingly discuss that the compulsory safety investment established by
government, can force the firms to invest more in safety measures than the required level to have a
zero rate of accidents (what they call as the needed safety investment for possible accidents
prevention). In other words, there may be redundant investment that would imply cost due to inefficient
decisions. In the case of China, the authors concluded that there is a lower than needed government
and firms safety investment because of the ineffective features of the whole administrative system and
the existence of a bribery culture, that finally translate into a high accident rate.

74



H3a. Firm financial performance varies positively with accidents rates.

H3b. Firm financial performance varies negatively with the square of
accidents rates.

3.4. - Methods and materials
3.4.1. - Empirical design

According to our hypotheses we propose to test three models. Following we define all
variables and the specification for the models.

In order to regress the accident rate (ACCRATE) on the site risk Index (SRI), we have first
obtained the ACCRATE as the proportion of accidents over of total number of workers in the
firm. SRI is the average of 10 risk variables, measured on site with CONSRAT (Construction
site risk assessment tool) we have created to measure site risk in a broader research project.
More levels of this variable means more risk on site (low compliance of H&S plan, bad
conditions of order, tidiness or access, low or inefficient protections, high levels of falls of
height or other risks, etc.). To regress ACCRATE on SRI, we use a control variable that
represents the organizational design complexity (ORGDES). This variable tries to capture
different elements related with site organizational structure and planning, related previously
with H&S on site (Fang, Huang, et al., 2004; Hinze et al., 2013; Lopez-Alonso, et al., 2013;
Manu el al., 2013; Swuste et al., 2012; Yung, 2009). ORGDES is computed with the
information from CONSRAT and we have used it in previous empirical studies. A higher
value of ORGDES means more complexity on site design (more companies, more
contractors, more levels of subcontracting, more works, etc.). We expect a positive
relationship between ORGDES and ACCRATE.

In our second and third model we propose to connect firm financial performance as the
dependent variable with accident rates as the independent variable using two different
specifications, linear and quadratic. In both models we use ROA as a firm profitability
measure because is the most common used indicator of firm financial performance in the
literature (Tan & Wang, 2010) and adequate for samples such as ours which are usually
composed by non-listed firms (Argilés-Bosch et al., 2014). ROA “is the ratio of income before
leverage to total assets in percent, indicating firm profitability before leverage relative to its
size” (Argilés-Bosch et al., 2014). Following these authors and some others (Bandyopadhyay
et al., 2010; Cheng, 2005), past profitability is partially explained by past firm management
and characteristics, as it also an explicative factor in part of future profitability. Therefore, we
also assume that present firm profitability depends on its profitability in previous period and
we control for it in our model. Additionally, Argilés-Bosch et al. (2014) pointed out that
profitability also depends on management decisions in the same year which impact
organizational efficiency. A common variable used in business literature to capture efficiency
is asset turnover (the ratio of firm sales to total assets) (Fairfield & Yohn, 2001). As Argilés-
Bosch et al. (2014) did, we have included in our model a variable to control for current firm
efficiency change in the period due to present management decisions. This variable
(CHASSETURN) is calculated as the difference between a company asset turnover in a
given year and in the previous year, relative to asset turnover in the previous year. i.e. is the
perceptual change in asset turnover in a given period. We expect a positive relationship with
ROA.
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All these economic variables are also influenced by market conditions and political decisions
among others factors. However, the specific consideration of all these variables are beyond
the scope of our study. As in Argilés-Bosch et al. (2014), all those potential explicative
factors of ROA, which are not explicitly included in our models, will show their estimated
impact either in the lagged ROA variable, the dummies of year variables and also in the error
term of our models which, in turn, will determined the percentage of the variance that our
models explain.

According to our hypothesis 1, 2 and 3, their corresponding model specifications are as
follow:

H1: ACCRATE;: =0+ f2. SRlyt+ 3. ORGDES;: + €it (Model 1)
H2: ROAit=f0o+f31. ROAt1+ f32. ACCRATE: + 33. CHASSETURN + €t (Model 2)
H3: ROAi:=f0+f81. ROAr1+ f32. ACCRATE;: + 83. (ACCRATE;+)? + 34.CHASSETURN + €t (Model 3)

3.4.2. - Variables, sample and data collection

Variables

As we have mentioned SRI and ORGDES were obtained through CONSRAT. Our tool
serves to record responses and assessments on sites related with H&S as well as
organizational issues. It contains 97 questions or items to conform 10 variables related to
risk, and 10 related to different organizational variables. Each item of CONSRAT has a rating
with specific criteria and scoring to allow aggregation with others items. The aggregation
rules among item to build risk as well organizational variables are object of previous research
(see Paper 1, chapter 1).

SRI ranges from 0 (representing no risk) to 1 (signalling maximum risk). It is composed by:
Health and safety plan accomplishment (RV1); General condition of the construction work
(RV2) (enclosures, circulations, tidiness, cleanliness and illumination, signalling and the
electrical system); General conditions of the collective protections (RV3); Specific conditions
of phase access (RV4); Falls from height assessment (RV5); Up to 11 other risks
identification (RV6); Process evaluation (RV7); Collective (RV8) and Individual (RV9)
protections assessment at main stage; Auxiliary resources and machinery adequacy and
assessment (RV10).

ORGDES ranges from 0 (representing no complexity or resources) to 1 (signalling maximum
complexity or resources). It is composed by: Internal organization structure (OV1) and Job
planning and design (OV2). It has been built using a panel of experts, using different weights
of the two variables and of all their internal items. See Appendix A-3 for further information.

Sample

We collected information regarding live conditions visiting a total of 957 sites, mostly building
constructions, in Mallorca (Balearic Islands), pertaining to a total of 627 companies. All sites
in our sample were selected following random criteria and were collected from 2004 to 2009.

We crossed our initial sample with data on accident rates from Balearic Islands Labour
Authority and SABI data base of Bureau van Dijk. As a consequence, we rejected companies
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with headquarters not located at this region or with not available information in SABI. Table 1
describes the final sample taking in account these issues.

Our sample is composed by all types of firms, including firms with no accidents and firms
with any type of accidents (minor injuries, serious injuries and fatalities) without prioritizing by
severity. We consider indicative of some preventive problem any kind of accident
independently of its seriousness (Kirsten Jgrgensen, 2011). Prioritizing the severity could
cause a loss of preventive information of a company (Bellamy, 2015; Khanzode et al., 2012)

Table 1. Total sample of construction sites and companies.

Total sample

Firms Work sites
272 502
3.5. - Results

Table 2 reports the information we have collected using our CONSRAT (SRI), SABI
database (ROA, number of workers) and Labour Authority records (number of accidents,
Official and sample Incidence Rate). Sample incidence rate is obtained dividing number of
accidents with number of workers for each year of sample firms. Average ROA and SRI is
obtained from each available firm data from each year using the different sources mentioned
before. Incidence Rate is the official data published by Labour Authority for Balearic Islands.

Table 2. Description of sample composition per year and some relevant data from our sample of 272
firms.

2004 2005 2006 2007 2008 2009 Total
Number of firms with
SRI assessments 91 68 62 77 44 13 355
Number of ROA data 220 236 243 224 215 204 1.342
Number of accidents 925 977 1.047 972 699 385 5.005
Number of workers 5.088 5.363 6.044 6.364 5.929 4.958 33.746

Mean

S‘;‘;‘fle Incidence 18.180,03  18217,42  17.322,96 1527341 1178951  7.765,23 14.831,39
Official Incidence 16.829,03 17.315,00 17.156,00 16.653,00 14.128,10 10.865,50  15.491,10
Rate?
Average ROA 1,29 3,81 2,06 2,60 2,91 412 0,60
Average SRI 0,76 0,75 0,76 0,77 0,77 0,70 0,76

INumber of accidents divided into number of workers and multiplied by 100.00. 2Number of accidents per 100.000 workers of
Official data from construction sector in Balearic Islands, i.e. the whole population. (Source: Conselleria de Trabajo, CAIB and
Ministerio de Empleo y Seguridad Social).

As you can see in Table 2, the total number of firms with SRI assessments (355) is different
from the total number firms (272) in Table 1, as we have 147 firms’ sites with more than one
site assessed. We approximate the annual firm’s SRI as the average of the SRIs’ sites
assessed this year.
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Figure 3. Graphics of average of SRI, ACCRATE (official and sample) and ROA for sample firms
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SRl is the index of risk on site; Incidence Rate is the number of accidents per 100.000 worker; ROA is the percent of return on
assets.

Figure 3 shows the evolution of some of our sample variables. As we can see the crisis of
the Spanish construction sector is evidenced in the evolution of the average ROA. But ROA
captures also a set of variables including firm managerial decisions in present and past years
(Argilés-Bosch et al., 2014).

Figure 4 shows the classification of the sites in our sample according to their observed levels
of SRI. “Correct” means general well compliance of all variables. All barriers are well
installed, reliable, and independent for the workers that can used it. Low levels of risk and
coincide of risks, general good conditions. “Acceptable” means appropriate, without critical
failures. There can be some minor failures, but in overall a compliance exists with the
needed conditions, the low level of the risks, the coincidence of them and quality and
installation of barriers with possible problems but never compromising its utility. And
“Unacceptable” means deficient, with high risk, critical failures on protections or lack of them,
they are significant and could affect the barriers, the installation, the user or other persons
(for further details see paper 1, chapter 1). Table 3 reports some descriptive statistics of the
relevant variables included in our models, and Table 4 contains the corresponding Pearson
correlation matrix among dependent, independent and control variables present in our
models (see section 3.1).

Figure 4. Graphic circular of SRI classificationo  f sample
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Table 3. Descriptive statistics.

Mean Std. Err. [95% Conf. Interval] Number obs.
SRI 0,76 0,0069479 0,7445609 0,7718898 355
ORGDES 32,62 0,7551857 31,13479 34,10516 355
ROA 0,60 0,6480713 -0,6739519 1,868736 1342
ACCRATE 0,13 0,0053965 0,1231916 0,1443608 1671
CHASSETURN 0,50 0,2031671 0,1061582 0,9033379 1239

SRl is the index of risk on site; ORGDES is a level of complexity of site organizational design; ROA is
the percent of return on assets; ACCRATE is the rate of workers injured with respect to the total firm
workers; CHASSETURN is the perceptual change rate in asset turnover in a given period.
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Table 4. Pearson correlations between our model variables

SRI ORGDES ROA ACCRATE ACCRATE? CHASSETURN ROA.; ACCRATE.;
SRI 1.00
ORGDES -0.15*** 1.00
ROA -0.04 0.10* 1.00
ACCRATE 0.09* 0.09* 0.07*** 1.00
ACCRATE? 0.10* 0.05 0.03 0.83*** 1.00
CHASSETUR 0.06 -0.03 0.06**  -0.01 0.00 1.00
ROA:.1 -0.07 -0.007 0.21***  -0.05* -0.07*+* -0.03 1.00
ACCRATE.;  0.09 0.03 0.03 0.28*** 0.20%** -0.01 0.04 1.00

SRl is index of risk on site; ORGDES is a level of complexity of site organizational design; ROA is the percent of return on
assets; ACCRATE is the rate of workers injured with respect to the total firm workers; ACCRATE? is the quadratic term of
ACCRATE; CHASSETURN is the perceptual change rate in asset turnover in a given period.

* Significance level: p < 0.1.

** Significance level: p < 0.05.

*** Significance level: p < 0.01.

As table 4 shows, collinearity does not seem to affect the estimations of our models as it can
be deduced by the low levels of Pearson correlations between the independent variables of
our models. In the context of our Model (1), we have found a significant correlation between
our independent variable SRI and the control variable ORGDES (-0.1456, p<0.01),
suggesting a possible problem of collinearity between these variables. After conducting a test
for collinearity using variance inflation factor (VIF command in STATA) we rejected that
collinearity is a problem in our model as we obtained all values to be close to 1, which are far
below from 10.

In relation to the other two models (2 and 3), a significant correlation between ROA
(profitability) and CHASSETURN (efficiency) is found, (0.0610, p<0.05). As Argilés-Bosch et
al. (2014) explained, though this correlation is positive as one would expect, its low
magnitude might be caused because CHASSETURN contains information just for one year
(it is a year change rate) and ROA includes information regarding managerial decisions of
both current and past years. We have also found significant negative correlations between
ROA:1 and both ACCRATE (-0.0513, p<0.1) and ACCRATE? (-0.0725, p<0.01) but they are
very small. This suggests that those firms with less past profitability are associated with a
higher current accident rate. The results after using VIF test did not signal any problem with
multicollinearity as all variables VIF values were below 3.5.

To test our hypotheses, we have estimated our models using several methods for panel data
estimation (pooled, fixed effects and random effects estimators). Additionally, we have added
some dummy year variables to explore for time specific effects. In order to control the
possible existence of heteroskedasticity, all models were estimated using robust methods.
Additionally, we have run Hausman test (Hsiao, 2014) in order to verify which estimation
method, random versus fixed effects, better adjusted our data. For the model (1) the
Hausman test does not reject the null hypothesis of no correlation between individual effects
and the independent variable, therefore individual effects are uncorrelated with the
regressors and the random effects estimator is consistent and efficient. For the models (2)
and (3) Hausman test rejects the null hypothesis of no correlation between individual effects
and the independent variable which implies that individual effects are correlated with the
regressors and the fixed effects estimator seems to be more consistent and efficient than the
random estimator.

Table 5 shows the results for model (1). The columns 1 to 3 contain the baseline model
including only the control variables. The columns 4 to 6 add the explanatory variable, and
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finally the columns 7 to 9 show the complete model that includes the year dummy variables.
.As we can see, the coefficients of our explanatory variable, SRI, are positive and significant
p<0.05 for pooled and random effects estimators, either with or without dummies of years,
while in fixed effects estimators the coefficient is not significant without adding the year
dummy variables and significant at p<0.1 with dummy variables. Control variables have in
the complete model a similar behaviour compared to the other models. Hausman test (9.03)
is not significant at p<0.1 with seven degrees of freedom, it does not reject the null
hypothesis of no correlation between individual effects and the explanatory variable, which
means that random effects estimator are more efficient and consistent than the fixed effects
ones.

INSERT TABLE 5 ABOUT HERE

As it can be seen in Table 5 the pooled and random estimations of parameters for 2008 and
2009 dummy variables are significant at p<0.05 and the explanatory variable, SRI, remains
significant at p<0.05 when we add year dummies. In order to have an approximation of the
influence of those years, we have replicated the estimation of the model (1) shortening the
panel to the years 2004 to 2007. Results are shown in Table 6.

INSERT TABLE 6 ABOUT HERE

Although these results must be taken with caution because of the short length of the panel,
we can see in Table 6 that significant effects of SRI on ACCRATE still hold, while the
estimations of the effect for year dummies are not significant for pooled and random
estimations. Pooled and random effects are still more efficient and consistent estimations,
and the explanatory variable, SRI, has a significant estimated effect (p>0.01) on accident
rates with or without dummy of years. The different estimations methods show significant
goodness of fit.

Following a similar estimation strategy, Table 7 shows the estimations results for model (2)
using the three different estimation methods. As we have stated above, this model (2)
propose to test the relationship between accident rate (ACCRATE) and firm financial
performance (ROA) on construction sector. Columns 1 to 3 of results contain the baseline
model including only the control variables. Columns 4 to 6 add the explanatory variable, and
finally columns 7 t09 show the complete model that includes the year dummy variables.

Regarding our explanatory variable, ACCRATE, it can be seen in Table 7 that we have
obtained a positive and significant effect on ROA for pooled and random effects estimations
(p>0.05) and for fixed effects estimation (p>0.01) (model specifications without year
dummies, see result columns 4 - 6). These significant results for ACCRATE are not
maintained when we add the year dummies into our model specification (see result columns
7 to 9). For that complete model specification, we can see that years 2008 and 2009 have a
negative and significant effect on ROA (p>0.01) for all the three estimation methods.
Although results are not reported here, we did not find any significant effect between
accidents rate on previous year and ROA on current year.
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INSERT TABLE 7 ABOUT HERE

As we have mentioned previously, for this model (2) the Hausman test (176.00) is significant
at p<0.01 with eight degrees of freedom, therefore fixed effects estimators are more efficient
and consistent than random effects ones. As it can be seen in Table 7, the estimations in
model (2) presented a significant goodness of fit (p<0.01)

Similarly to model (1) estimation, we observe that 2008 and 2009 dummies have a significant
negative effect on ROA (p<0.01) in model (2). However, when year dummies enter into the
model (2) specification, the significance of our explanatory variable disappears. Following the
same reasons as in model (1) estimation strategy, we have also tested the whole model (2)
for a restricted period of years of our panel data (i.e. eliminating 2008 and 2009). Although
we don't report here the results of this restricted model, the explanatory variable was not
significant at p<0.1 in any model specification, neither the year dummies.

Table 8 reports model (3) estimation results without the baseline model as is the same that in
model (2) (see Table 7). For pooled and random effects estimations in the two specifications
with and without year dummy variables, our control variables ROA.: and CHASSETURN are
significant (p<0.01) and positive as expected, however for fixed effects estimate, ROA:1
loses the significance. Regarding our explanatory variable, ACCRATE, the linear term is
positive and significant (p<0.01) and the quadratic term is negative and significant (p<0.01)
for all the estimation models without the year dummies (see results columns 1 to 3 in Table
8). These results are consistent with our hypothesis H3. When we introduce into the model
(3) all year dummies, we can see that the estimated results for the explanatory variable
change. Specifically, the significance of the linear effect of ACCRATE on ROA only holds for
the random effects estimations at p<0.1, while the quadratic term remains significant at
p<0.05 for the random effect estimation and at p<0.01 for the pooled and fixed effect
estimations. Notwithstanding, all the estimated effects for ACCRATE and ACCRATE? are in
the direction we propose in our hypothesis H3. As we have mentioned before, for this model
(3) Hausman test (175.62) is significant at p<0.01 with nine degrees of freedom, what
suggest that the fixed effects estimations are more efficient and consistent than random
effects ones.

INSERT TABLE 8 ABOUT HERE

Similarly with model (1) and (2), in the model (3) specification with year dummies variables
we observe a significant (p<0.01) and negative effect for 2008 and 2009. When we entered
all year dummies we also observed a reduction in the significance level of our explanatory
variable. As we did in previous models, we have reduced the period of years of our panel
data to explore the influence of these years on our model (3), excluding years 2008 and 2009
and replicating all estimations. Although we do not report here these results, we did not find
any significant results for our explanatory variable.

In order to see graphically the behaviour of our model (3), we show the graphs for the
adjusted prediction of ROA (as the measure of firm financial performance) by our explanatory
variable ACCRATE (accident rate per worker), computed at means in the remaining control
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and dummies variables. Figures 5, 6 and 7 represent the estimated model (3) for the three
different estimation procedures. As it can be seen, all figures illustrate that the estimated

models predict an inverted U shape relationship between accident rate per worker and
predicted ROA.

For pooled estimations (see Figure 5), the estimated model predicts a maximum ROA of 3.92
at an ACCRATE of 0.9633. For the case of random effects estimations (see Figure 6), the
predicted maximum ROA (3.91) would be met at an ACCRATE of 0.9665. Finally, the
estimated model using fixed effects (see Figure 7) the prediction for the maximum ROA is
4,03 which would be obtained with an ACCRATE of 0,9925.

In the following section we discuss our results and hypotheses testing.
Figure 5. Incidence of accidents rate (ACCRATE and ACCRATE?, quadratic) on return of assets

(ROA) in the same year. Pooled estimation.
Adjusted Predictions of ROA by ACCRATE
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Figure 6. Incidence of accidents rate ( ACCRATE and ACCRATE?, quadratic) on return of assets
(ROA) in the same year. Random effects estimation.
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Figure 7. Incidence of accidents rate ( ACCRATE and ACCRATE?, quadratic) on return of assets
(ROA) in the same year. Fixed effects estimation.
Adjusted Predictions by ACCRATE

Predicted ROA
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3.6. - Discussion and Conclusions

One of the most relevant differences of our study with traditional literature is that we try to
explain the accident rate using a leading indicator with our variable SRI (Grabowski et al.,
2007; J. Hinze et al., 2013; Rozenfeld et al., 2010; Sparer & Dennerlein, 2013). This is
because, SRI contains relevant safety barriers on site, and assessing them we can provide
better leading indicators (Kirsten Jgrgensen, 2016). All the literature recognises that
accidents cause disturbs at work, interfere in the normal development of tasks and finally
entail direct and indirect costs (Fang et al., 2015; Ibarrondo-Davila et al., 2015; Lépez-Alonso
et al., 2013). However, it does not seem to be a broad knowledge about the mechanisms that
regulates the mutual relationship between the cost of accidents, on one side, and the costs
of prevention and protection measures, on the other side. At least in theory, it has been
proposed that a trade-off exists between the cost of accidents and the cost of prevention. But
the problem in the practical application is that, although a high level of safety will always
implies huge prevention costs, a low level of safety will not always be paired with high cost of
accidents when they do not occur. In other words, since we always face the non-contingent
nature of accident, it is important to adopt a longitudinal approach to show that sustained
high level of risk on site increases the probability and the occurrence of accident.

All variables in our model (1) obtained the expected behaviour. ORDGES control variable is
positive and significant (p<0.05) in the baseline and complete model, and SRI shows a
significant (p<0.05) positive influence on accident rates (ACCRATE) (see Table 5, columns 7
and 8). More site risk generates more accidents according to pooled and random robust
estimations with our complete model specification. The year dummies effects for 2008 and
2009 are significant. Since the world economic crisis that started on 2008 was especially
important in Spain, and more acute in the construction sector, the significant estimations for
the effects of 2008 and 2009 suggest that the recession might be affecting the relationships
we are analysing. To verify this influence, we replicate the estimation of model (1) for the
period 2004-2007. We confirm a significant positive relationship between SRI and ACCRATE
(p<0.01) in pooled and random effects robust estimations (see Table 6, columns 7 and 8). All
those robust results confirm our first hypothesis (H1). According to our results, we found
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empirical evidence of the existence of a lasting relationship between site risk level and the
accident rates. Despite of the contingency dilemma between risk and accident and the fact
that all likely accidents do not finally occur (Sundstrém-Frisk, 1985), we can conclude that
when risk expositions are repeated along the time, the rate of accidents increases. We think
that the present study can be taken as a first step in the direction of narrowing the
knowledge gap regarding the connections between risk assessment processes and causality
models of accidents (Khanzode et al., 2012). This result is an additional reason to decrease
those risk expositions which has become so common in our site works that we do not
properly think about them (Kirsten Jargensen, 2016). However, as our results have showed
the consequences of risk exposure will arrive sooner or later.

Regarding model (2) the behaviour of our control variables in the baseline models is as we
expected. ROA is positive related with ROA: (pooled and random estimations, p<0.01), and
CHASSETURN, has a positive significant impact on ROA (p<0.01) for all alternative
specifications and all estimation methods. But our study does not replicate the findings of
Argilés-Bosch et al. (2014) as we do not find a significant negative linear relationship
between accident rate on site and firm profitability. Despite our explanatory variable
(ACCRATE) is positive and significant at p<0.01 for the fixed effects estimations (see Table
7, column 6), this significance disappears when year dummies are incorporated in the model
specification (see Table 7 last column).

ROA is an economic variable that is affected by internal company factor but also by external
economic conditions and other factors from social and political environments. Despite our
models just focused on internal company factors, these other effects may affect the
economic performance of the company. In our sample and the period of years analysed, this
is especially important because of the strong economic crisis that started on 2008 and that
might be influencing the relationships between the variables in our models. As we have
explained and other similar recent research has done (Arguilés-Bosch, 2014), the effect of
each specific period is captured by using year dummy variables, and the influence on ROA of
all variables not explicitly considered in our models will be covered indirectly by the lagged
ROA and the estimated error term. In addition, as in model (1), we performed all the
estimation for a shorter period only considering the years 2004 to 2007, excluding the crisis
period, and we did not found any significant effect of accident rate on ROA. According to this
results we deduce that the influence of the crisis is probably affecting our model (2).

Our results are interesting in the sense that they do not replicate previous evidence. Argilés-
Bosch et al. (2014) argued that accidents are unexpected and disturb works and they found
evidence that the effect of accidents on firm profitability is produced one year ahead. We
have also failed to reproduce these effects of accident in a previous year on current ROA.
One possible explanation for the different results we have obtained can be in the particular
period of data we have utilized and the specific sample of both studies. We have considered
(2004-2009), a period during which the construction sector in Spain had an abnormal
evolution, evolving from a rapid and intense growth of activity to a sudden severe stop and
decline of the activity. Differently, Argilés-Bosch et al.'s (2014) studied a panel data from
1998 to 2003, where the sector faced a more stable environment. Although the type of
construction firms considered in both studies were similar, local firms with headquarters in
the region under analysis (Catalonia, and Balearic Islands in our case), both regions show a
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relevant difference in its accident rates. In fact, Balearic Islands accident rate has historically
been one of the highest in Spain. One other aspect that differentiate both studies is that
Argilés-Bosch et al. (2014) used a stratified quasi random sample formed by all firms with
fatal and serious accidents completed by a random sample of firms reporting minor
accidents. Our sample, on the contrary, has included a random sample of construction firms
with and without accidents independently of their level of seriousness.

Despite these considerations, our empirical results provide some evidence that a positive
relationship might exist between accidents rate and ROA. Obviously, we do not propose that
this counter-intuitive finding can be linear. As we have discussed, we think that a quadratic
specification might explain the increasing behaviour of ROA as accidents grow for a range of
low levels of accident rates and, at the same time, a decreasing tendency of ROA when
accident rate is at relatively high levels. This quadratic relationship between accidents and
ROA may exist if there is a trade-off between the cost of safety measures (Gurcanli et al.,
2015) and the accident cost (Feng et al., 2015), as we have discussed above. This quadratic
specification can be also consistent with theoretical contributions from other scholars as for
example, Behm et al. (2004), Chalos (1992) or (Lopez-Alonso et al., 2013).

Having in mind the estimation results of our model 2 we have discussed previously, we
wonder if would not be possible that a positive accident rate is indeed compatible with a
strategy of benefits maximisation. In other words, might it be possible under certain
circumstances to observe that an increment of the rate of accidents is compatible with an
increase of ROA?

In order to analyse those questions, we have proposed to estimate our model (3) that
hypothesises a quadratic relationship between accident rate and return on assets. As we can
see in Table 8, our results are consistent with hypotheses H3a and H3b across the different
estimations methods with the model specifications that only include control variables.
However, these results do not maintain for the complete model specification that includes the
year dummies. In those model specification we found evidence (at p<0,1 for pooled and fixed
effects estimations and at p<0,05 for random effects estimations) for a significant negative
quadratic effect (supporting H3b) but we only found a significant positive linear effect
(supporting H3a) for the random effects estimates (p<0,1). In all models, the sign of the
coefficients remains positive for the lineal regressor, ACCRATE, and negative for quadratic
regressor, ACCRATE?, which is in with of our hypothesis H3. Taking into account all these
results, we can conclude that we partially confirm our hypothesis H3, as we have found a
robust effect of the quadratic term of accident rate on ROA, even though when the
significance level is not very strong.

When the number of accidents is relatively low, increments in accident rates will be
associated with increments in ROA. This tendency change as we reach a tipping point where
the relationship between accident rate and ROA turns to be negative. This slope sign change
happens for a relatively high number of accidents, from which more accidents in a company
will decrease its profitability. For the case of the random estimation with year dummies
(column 5), the tipping point or maximum ROA is achieve at an accident rate of 0.967, and
an increment of 1 point in the accident rate will have a positive linear effect of 6.10 and a
negative effect of -3.16, the aggregate total effect of ACCRATE on ROA will depend on the
specific level of ACCRATE. All the estimations in this model (3) showed in Table 8 present a
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significant goodness of fit at p<0.01 (random effects estimations of goodness of fit with
complete dummy variables not reported).

Due to the lack of strong evidence supporting our hypothesis 3, we have explored in some
additional depth the behaviour of the curvature of our adjusted predicted ROA functions. We
have tried to confirm whether or not an inverted U shape relationship of accidents rate on
ROA exists, looking at the significance of the decreasing part of this relationship (right part of
the functions illustrated in Figures 5, 6 and 7). In doing so, for each estimation method, we
have tested whether or not was significant the difference between predicted ROA at the
tipping point (accident rate with maximum ROA) and the predicted ROA at the maximum
accident rate in our sample. We have used STATA margins command to carry out those
tests. The complete results from these tests are reported in Table 9. We have found
significant differences for pooled estimations and random estimations at p<0.1, but we do not
obtain a significant difference for fixed effects estimations. Globally, we interpret all these
results as additional partial evidence supporting our hypothesis 3. It is interesting to note that
the accident rate, ACCRATE, that yields the maximum predicted ROA is 0.974. This data
can be taking as a very alarming number moreover when it is linked to the maximum
predicted ROA, but we have to clarify that ACCRATE accounts for all types of accidents
(fatal, serious and minor injuries). Additionally, this high data is not likely to be biased by our
sample as it replicates fairly well the evolution of official incident rate for the whole
construction sector (see Figure 3).

INSERT TABLE 9 ABOUT HERE

The confirmation of the decreasing part of our adjusted predicted ROA as a function of
accident rate, makes compatible our results with those in Argilés-Bosch et al.'s (2014) study.
Due to the range restriction in the sample these authors used, because they did not include
any firm without accidents in their study, we deduce that they might be focused on the
decreasing right side part of our quadratic model. However, as it follows from our results, it
seems that at least under the environmental conditions of our empirical study (high growth in
construction activity followed by a rapid sudden decline), it is possible to find a positive
relationship between economic firm performance and the number of accidents they report.
This increasing behaviour of ROA is only manifested for an inferior range of accident rate
values, while for superior values in that variable the tendency turns to be decreasing.

Looking at our graphical results (see figures 5, 6 and 7), it seems that having a given number
of accidents may be more efficient in economic terms than trying to eliminate them. In other
words, there seems to be an optimal number of accidents, from a purely private economic
point of view, which would differ from the optimal social objective of reducing or even
eliminating accidents on constructions sites. Our results suggest, in the period and sample
studied, hat the associated costs for accidents are not enough to affect negatively the
profitability of the companies. This can be explained by the total effect of the two components
of total cost of H&S, indirect costs of accidents and direct costs of prevention, as well as the
existence of abnormal big benefits in the sector which might be able to bear most accident
costs during long periods.
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Our results would be the expected when there is a trade-off in these two costs components
(prevention and accidents), as COS theory proposed (Chalos, 1992), in addition to the
special economical evolution just discussed. It may well be that, for a specific range of
accident rates, the increment in total H&S cost of having an additional accident will be lower
than the increment in the total H&S cost of implementing the needed protections to try to
avoid the accident. Certainly, we cannot compare directly COS theory where total cost of
H&S are related with level of safety (see Figure 2) with the basis of our model (3) where we
relate accidents that already happened and firm financial performance. This is because the
problem of the contingency involved in the complex relationship between safety and
accidents, as long as not all the risk exposition finally end in an accident. However, according
to our empirical results analysing longitudinal data, we have found evidence in our
hypothesis H1 for a positive relationship between risk (associated with poor levels of safety)
and accidents. We take this as an argument to connect in some sense both models, COS
theory and our model (3).

Another possible argument to explain the increasing part of our adjusted quadratic model (3),
in addiction to COS theory, is that most construction firms were so extremely highly profitable
during the years of the real-state bubble that they could absorb any kind of costs levels
related with their operations, with includes H&S cost. This argument jointly with the prevailing
absence of a culture of prevention in the sector and the low levels of professionalization
would explain the evidence we have found of a positive relationship between accident rates
and ROA. In fact, our results are partially in line with Ibarrondo-Davila et al. (2015) who
conclude that total H&S costs are substantial but they are not so onerous to erode financial
firm performance.

In summary, our results suggest that, for a given level of investment in safety measures
(probably low levels, investing not many resources in prevention activities), there may be a
relatively long interval of positive accidents rate, that can have a positive final impact in the
economic results of the firms. Obviously, the positive effect of accident rate on ROA should
disappear for relatively high accident rates, as the effects of a large number of accidents at
work will necessarily harm the economic results of the firm (for example, because of high
direct costs of accidents and/or sanctions) offsetting any potential gains coming from doing
less in term of preventive actions.

One interesting practical and political implication is that if we allow that construction firms
make decisions from a pure economic perspective, they will probably never invest enough in
safety preventive measures. According to our results, only after arriving to a too high
accident rate of 0.974, companies will start to suffer a negative impact on their financial
results. This suggests that may result economically profitable maintaining high accident
rates, especially in context of increasing production and consequently profits, which implies a
clear conflict of interest from a social perspective. We claim that social and private interests
should be aligned in order to reduce the high accident rates in the construction sector. This
can be done mainly in two ways: investing higher amount of resources (financial, technical,
human, etc.) and implementing several policy interventions based in two axis, safety
promotion and safety control. For the first course of action, we think that Public
Administration should promote more effective awareness campaigns of H&S, offer aids to
make more efficient the safety management in firms or promote more appropriate and
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extensive training to workers and managers, among others. Related to the second course of
action, we believe that might be helpful to implement harder supervision mechanisms and
imposing stronger sanctions to those companies who does not strictly follow safety
regulations. Facilitating and coercive approaches will be aimed to the same final goal: reduce
the expositions to risks and make unprofitable for companies any deviation from the social
optimal level of safety.

Facing the two intervention ways, it would be preferable to turn the focus on more proactive
approach by looking at leading indicators on site such as safety barriers and organizational
structure on site (Bellamy et al., 2008; Jgrgensen, 2016; and paper 2 chapter 2). Therefore,
we think that those policies that direct the focus towards the verification of an adequate level
of resources and structure on sites and also towards the periodical checking of the sites live
conditions, are preferable than policies aimed to penalise high accident rates. The later are
reactive actions which do not avoid the accidents, they just penalise its occurrence in
economical terms. We think that this kind of measures must be applied only for extremely
cases because they are clearly indicating that all preventive system is failing.

3.7. - Limitations and future challenges

Despite our relevant contributions, our research has some limitations. First, the data we have
used to build our risk index, SRI, and the control variable ORGDES in the model (1) were
collected on construction sites, i.e. they are variables at site level unit of analysis, while the
dependent variable ACCRATE is a measure at level of the whole company. Since we did not
have both variables measures for all sites of each company, we use mean of the
observations associated to a given company. Since we did not confirm whether or not those
sites were representative of the whole company sites, the validity of our results should be
tested. In this sense, future studies must complete measures of SRI considering the most
representative sites of each company.

Another limitation is to assess the financial firm performance just in terms of ROA, without
take in account other variables related for example with direct and indirect cost of the
accidents, for the companies, workers or society in general (Feng et al. ,2015; Ibarrondo-
Davila et al., 2015).

An additional limitation of this study is that the estimated R-squared values of our adjusted
models are quite low. Although ROA is a variable that is in fact depending of a lot of factors,
we think it is necessary to undertake more empirical research, with other kind of samples, in
order to check if we can explain a higher percentage of the variance of our dependent
variable.

As we have commented in previous section, in our sample we have firms with accidents as
well as without accidents. The idea of non-contingency between risk and accidents, make
plausible the existence of different models for relating risk/safety with accidents. In our
sample we have nearly 45% of zero accident observations. We explored the possibility that
the process behind zero accident level cases was different to the process behind a positive
level of accident cases. We do not find significant evidence for these different processes and
therefore, we did not introduce any corrections for zero inflated in our model (1). Even
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though, we think this issue should be analysed in future empirical studies, addressing the
relevant issue of the non-contingency between risk and accidents.

Considering that the robustness of our results in model (3) is limited, would be convenient to
estimate these models with new periods of years with a smoother evolution of the activity.
The sample and period we have considered in this study can limit the possibility of
generalizing our results because of their specific characteristics.

A future challenge is to propose and test a model of the relationships between SRI and ROA
mediated by ACCRATE, to verify if only when accidents occurs, and in a sufficient number,
SRI affect firm financial performance, while risk conditions on sites by themselves do not
affect directly to firm performance.

Another research line should be directed to study if there exist causal relationships between
organizational resources on sites, accidents rates and firm financial performance. One
direction might be try to analyse in which proportion the evolution of firm performance is
influenced by the level of organisational effectiveness or by the costs of no safety, as well as
the influence between both last elements. Are those sites with better organisational elements
and structures safer? And consequently, are they more efficient and profitable?

At last, a future research line can be develop to connect COS theory (Chalos, 1992) with an
approach of expected total cost of H&S. As Figure 2 illustrates this author relate safety levels
with effective cost of occurred accidents. In this framework, it is ignored that more level of
safety tends to make less likely the occurrence of the accidents and from the point of view of
a company what it is relevant in its decision making process would be the total expected cost
of H&S for a given level of safety. We think that more theoretical and empirical works are
needed in this direction.
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4. - Discussion
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The main objectives of this research has been to build a new tool to assess the construction
site risk, and then to use this tool to capture safety risk conditions on site and organizational
resources levels. Finally, the aim is to use all these data to test the relationships proposed for
our hypothesis, that are mainly involved with the levels of risk with organizational factors and
accident rates, and, to finish, accident rates with firm economic performance.

We have designed a new tool allowing the characterization of the site in terms of its risks and
organisational structure. We have achieved the whole site evaluation that tries to capture
synergies; this is the most important difference and main contribution of our tool comparison
with other current models. Another contribution of CONSRAT, that makes it different from
other current methods, is it captures risk as well as organizational variables. It lets us
perform posterior site analysis, proposing the concrete interventions directly on site live
conditions and site structure or necessary resources. The tool gives us a prioritized risk
estimation with alarm variables that are essential for interventions.

Using CONSRAT, we have built a SEM model to test the relationships between
organizational complexity and resources as potential predictors for risk level on construction
sites. In this model, risk level on site is related to four latent variables built from CONSRAT's
organizational variables. We have obtained a positive direct effect of site complexity on SRI
and a negative direct effect of safety management resources on SRI. However, the strongest
effect on SRI is caused by the latent variables of organizational structure resources and
organization design complexity. Our results are in part consistent with the evidence found in
previous researches. Mainly relating the relationship between site complexity and SRI (Fang
et al., 2004; Forman, 2013; Hatipkarasulu, 2010; Hon et al., 2010; Manu et al., 2010), and
the relation of organizational structure resources, in the relation between promoter and risk
(Baxendale & Jones, 2000; Behm, 2005; Hinze et al., 2013; Ros et al., 2013; Xinyu et al.,
2006). On the topic of organizational design and complexity, previous research has found
that more subcontracting leads to worst safety levels (J. Hinze, Thurman, et al., 2013; Lopez-
Alonso et al., 2013; Manu et al., 2013; Swuste et al.,, 2012; Yung, 2009), and the total
number of workers are related in previous researches with a negative effect on H&S on sites,
(Fang et al., 2004; Lopez-Alonso et al., 2013). On the topic of safety management resources,
our results are consistent with previous research that relates preventive functions of the
structure at the level of H&S (Baxendale & Jones, 2000; Borys, 2012; D. P. Fang, Huang, et
al., 2004; Jarvis & Tint, 2009; Manu et al., 2013).

Finally, in the present study we have analysed the connections between risk conditions on
site and accidents rates, and the relationship between accident rates and firm financial
performance. We have obtained significant evidence of the positive influence of risk on site
(SRI) on accident rates (ACCRATE). More level of risk generates more accidents according
to pooled and random robust estimations with our complete model specification that includes
dummies of years. According to our results, we have found empirical evidence of the
existence of a lasting relationship between accidents and level of risk. To complete this latter
study, we can partiality confirm the quadratic influence between accidents rates and
economic performance. The results are not significant in all our estimations when we
included the year dummies. We have tried to confirm whether or not an inverted U shape
relationship of accidents rate on ROA exists, looking at the significance of the decreasing
part of this relationship. We have found significant differences for pooled estimations and
random estimations. We interpret all these results as additional partial evidence supporting
our last hypothesis. The confirmation of the decreasing part of our adjusted predicted ROA
as a function of accident rate makes compatible our results with those in Argilés-Bosch et
al.'s (2014) study. However, as it follows from our results, it seems that at least under the
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environmental conditions of our empirical study, it is possible to find a positive relationship
between economic firm performance and the number of accidents they report.
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5. - Conclusions
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We can highlight the main contributions of present research summarising as follows:

* We have proposed a new way to assess the risk associated to construction sites. With
this method (CONSRAT), we can get an overall evaluation of the risk associated to the
whole site, which captures synergies by assessing together risk levels of specific
scenarios as well as risk level associated to organizational aspects of the site structure.
After using CONSRAT we have obtained integrated site information to be used as an
active leading indicator (Hinze et al., 2013; Grabowski et al., 2007) in order to define and
implement interventions in both material conditions and site organization. Since
CONSRAT is also a tool that captures information at task level, we have contributed to fill
the literature gap identified by the research stream that claims there is a lack of
exposition measures (Swuste et al., 2012; Zhou et al., 2015).

* About the relationship between organizational factors and risk, we have found evidence
of a direct and significant impact of organizational elements on the level of risk on site
(SRI). The relevance of these findings is that the organizational variables we have
considered can be used as predictor of risk on site and therefore they have important
implications on H&S interventions. Our results showed that the risk on site is mainly
affected by organizational structure and organizational design complexity. These
variables are related with promoter role and constructor's management structure, and
their implication through assuming preventive functions affecting safety levels on site. In
this field is also important the type of contracting, the number of companies and level of
subcontracting. Finally, within the set of resources variables, which include general and
safety management resources, the preventive functions from persons in charge are one
of the most essential factor to affect safety levels. Our study points out that we can
achieve better safety levels on site having more professionalised companies, with
adequate and stable structures, and assuring the active presence and preventive control
on works by the assignment of the appropriate human resources. It is important also to
limit the number of contractors or the total number of companies on site.

* Finally, we have analysed the relationship between level of risk on accident rates and
also the relationship between accident rates on financial performance. We find evidence
about the significant relationship of risk on accident rates, and we have partially
confirmed the quadratic influence between accidents rates and economic performance.
The relevance of those findings is twofold. On the one hand, the empirical evidence of
the positive significant effect of risk level on accidents rates, contributing with new
findings to the inherent dilemma of the contingency between these issues. On the other
hand, the new findings from our sample points out to the existence of a quadratic
relationship between accident rates and firm economic performance, showing that the
cost from the accidents are not enough to affect negatively the profitability of firms. We
conclude that is important to consider the combined effect of both H&S costs, accident
costs and prevention/protection costs, when we want to analyse final firm performance.
Since our evidence shows that under certain conditions it is possible to observe together
increasing accidents rates and growing benefits for companies, it is necessary more
safety promotion and control by Public Administration in order to aligned private and
social interests.
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Appendix A-1. Template to be filled out CONSRAT

Item

Number

Classification of items. Rating level. Scoring criteria.

I. General information and organizational factors

10

11

I. Identification dates
Identifier : n° , address
Company name _
Contractor, or subcontractor in the case that the contractor does not have workers on site
In case of some contractors or subcontractors. chose:

The bigger one, with more of its own workers on site.
The principal (that has subcontractors).

TIN

Of the company selected in item 2

Date of the visitto the site

il. Construction site characterisation
General characterisation. Rating: 1020 Scoring: See App. B
1 - New construction
2 - Reform and extensions. Others Works at existing building
Building Configuration.  Rating: 11203040506 Scoring: See App. B
1- Isolated Single family house
2 - Infill single family house
3 - Services Building
4 - Isolated multi-family
5 - Infill multi-family
6 - Other uses
Number of floors. Rating: 10234050 Scoring: See App. B
1- Ground floor (GF)

2 - GF+1-2
3-GF+3-5
4 - GF+5
5 - Infrastructure
Procedure construction typology.  Rating: 1[12[1 Scoring (0-1)
1 - Traditional. Conventional construction methodologies, systems, resources and materials
2 - Alternative. Unconventional procedures, systems or resources (prefabrication, slenderness,
etc.)
Administrative documentation.  Rating: 102 Scoring (0-1)
1 - Minor work. Construction site without technical project
2 - Major work. Construction site with technical project
ii. a. Stage of the work
Main work stage. Rating: 1203045067089 Scoring: See App. B
1 - Interior works
2 - Installations
3 - Brickwork
4 - Flat roof
5 - Facade works
6 - Pitched roof
7 - Excavation
8 - Foundation and structure
9 - Demolitions
Secondary work stage. Rating: 1[12[134506[171891 Scoring: See App. B
1 - Interior works
2 - Installations
3 - Brickwork
4 - Flat roof
5 - Facade works
6 - Pitched roof
7 - Excavation
8 - Foundation and structure
9 — Demolitions
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12

13

14,

15

16.

17.

18

19,

20.

21

22

23,

24,

25,

112

Number of works. Rating: 102 Scoring (0-1)
1 - One main work
2 - More than one work
Employer location assignments. Rating: 1123405617891 Scoring: See App. B
Where are most of the workers at the main work on site?
1 - On the field
2 - Interior floor
3 - Perimeter floor or roof
4 - On the floor at auxiliary resources in use
5 - Outdoor, on machine in use
6 - Outdoor, on auxiliary resources in use (platform, scaffold)
7 - Outdoor, on auxiliary resources to set up
8 - On machine or installation to set up
ii. Promoter characterisation
Type of promoter. Rating: 11203 Scoring: See App. B
1 - Private/Individual promoter
2 - Professional
3 - Public/Official administration
Designation of health and safety coordinator. Rating: 1020 Scoring: See App. B
1 - No. There isn’t any document to demonstrate the designation
2 - Yes. It's documented at construction site (incidents book, any documentation of
administration or professional college)
Documented work of the H&S coordinator. Rating: 1123 Scoring: See App. B
1 - No/there is not datum. There is not evidences or nobody now
2 - Yes, but not systematic. There are some documentation instructions at any format
3 - Yes, systematic at incidents book
Type of contracting. Rating: 102 Scoring: See App. B
Number of construction firms that contract directly with the promoter
1 - Only one contractor
2 - Some contractors
Special environmental conditions.  Rating: 102 Scoring: See App. B
1-No
2 - Interferences like: Electrical, public spaces, streets or buildings at perimeters or party walls,
slopes or evenness, etc.
Locality. Municipal term
iv. Constructor characterisation
Type of constructor.  Rating: 10203 Scoring: See App. B
Selected at item two
1 - Self-employed
2 - Self-employed with workers at his charge
3 - Company (SA,SL,COP, UTE)
Constructor's Role. Rating: 123 Scoring: See App. B
Selected at item two
1 - Subcontractor
2 - Contractor
3 - Promoter-constructor
Number of companies at construction site
Total number, including all companies and self-employed workers

Subcontracting. Rating: 1020 Scoring (0-1)

Is there subcontracting on site?

1-No

2-Yes

Level of subcontracting. Rating: 1023 Scoring: See App. B

1 - Contractor (no subcontracting)

2 - First level of subcontracting

3 - Second level of subcontracting

Control and register of subcontracting. Rating: 10203 Scoring (0-0.5-1)
Is there a subcontracting book, if it is required

1 - Not required

2-Yes



26

27

28

29

30

31

32

3-No

Number of workers of constructor on site

Of the constructor selected at item two. The most important contractor or subcontractor
Total number of workers on site

All workers from all companies and self-employed workers

Site management structure. Rating: 1021304561 Scoring: See App. B
Refers to site structure, explained by the interviewee on the visit with regular presence and
assistance to the construction site.

1 - Nobody in charge

2 - Worker with some functions

3 - Site foreman

4 - Business owner

5 - Site foreman and site manager

6 - Site foreman, site manager and prevention technical

Preventive functions of the structure. Rating: 11203040 Scoring: See App. B
This means the level of knowledge and implication in prevention

1 - It's not assumed, there isn’'t nobody in charge of preventive topic

2 - It's assumed but on secondary way

3 - It's assumed within with principal activity

4 - It's assumed and documented in an organised way

Preventive resource. Rating: 1023 Scoring (0-0.5-1)

1 - Nobody/ does not apply

2 - Assigned to a worker

3 - Assigned to one site foreman or qualified technician

V. Health and safety plan adequacy
Presence at construction site of H&S plan. Rating: 1021 Scoring: See App. B
Is the document physically at the construction site?
1-No
2-Yes
Appropriateness of the previsions of the H&S plan . Rating: 1020304[OScoring: See App.
B
The question refers to the general conditions and specific conditions of the current phase of the
site at the time of the visit
1 - There isn't H&S plan or its previsions are unknown. Interlocutors at site don’t know anything
of contents of H&S plan
2 - The previsions in H&S plan aren’t applicable to the site or there are critical mistakes.
3 - Appropriate previsions, no critical mistake. Possible errors don't affect systems and general
protections, personal protection equipment (PPE) or collective protection (CP) specifically for
the stage when they protect for serious risk
4 - Complete and appropriate in previsions. No deficiency

Il. Risk factors on site

33

34
35

36

I Health and safety plan compliance
Compliance with the H&S plan or regulations in case. Rating: 00010203O. Scoring: See
general valuation
0 Full and appropriate compliance. The phase is compliant with the H&S plan or general and
specific regulations (implantation, circulations, CP, PPE)
1 Appropriate, no critical mistakes. Possible failure but it does not affect systems and general
protections, personal protection equipment (PPE) or collective protection (CP) specifically for a
phase where they protect against serious risk
2 Deficient, with critical mistakes. The H&S plan or regulations fail to affect systems and
general protections, personal protection equipment (PPE) or collective protection (CP) with
serious risk
3 Nothing, very deficient failure. There is no record of compliance with any aspect of the H&S
plan or regulations

. General conditions valuati on
Construction fence. 0 [J1[12[30. Rating and scoring: See general valuation
Circulations/order and tidiness/lllumination. 0 012030. Rating and scoring: See general
valuation
Safety signage. 0 (010203[]. Rating and scoring: See general valuation
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37

38

39

40,

41

42

43,

44,

45,

46,
47,
48,
49
50
51
52,
53
54,
55,
56.

57
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Safety of electrical installation and cable. 0  [01[23[. Rating and scoring: See general
valuation
General collective protections. 0 [1[J2[03. Rating and scoring: See general valuation

Ii. Stage conditions valuation

iii. a. Access

Access. 0 J12[30. Rating and scoring: See general valuation

This refers to the main stage or workplace, independently of general circulation conditions
ii. b. Falls from height

Height of fall. Rating: 001023[. Scoring: See general valuation

This refers to the primary phase or workplace

0 There is no height or it is controlled. There is no exposure or it is controlled by a preventive

system, design, work stage, etc.

1 From 0 to 2 metres (exclusive)

2 From 2 to 6 metres (exclusive)

3 More than 6 metres

Level of failure. Rating: 0C011[02J3[1. Scoring: See general valuation

0 Complete appropriate. Risks are controlled by forecasted resources

1 Appropriate, without critical failures. There are minor failures, but with overall compliance with

the conditions

2 Deficient, with critical failures. Important failures of protection systems that could affect the

safety of users or of protection

3 Very deficient. There is no protection system or it is very deficient, it may create a false

perception of protection increasing risk

Continuity of exposure. Rating: 00012J3[1. Scoring: See general valuation

0 None, controlled or there is no exposure

1 Punctual or sporadic

2 At some stages of the process

3 Permanent

Probability. Rating: 0[J12[3[. Scoring: See general valuation

0 Very low probability

1 Low probability

2 Medium Probability

3 High Probability

Severity. Rating: 00010230. Scoring: See general valuation

0 No severity

1 Minor, slight injury

2 Medium, serious injury

3 Severe, serious injury or frequent death

Intervention required. Rating: 0CJ1[12[3. Scoring: See general valuation

0 Intervention is not necessary

1 No critical improvements are necessary

2 Corrections and critical improvements are necessary

3 Immediate intervention is necessary

ili. c. Other risks concurrence . In general 1= No risk, 2=Yes, there is risk.
Falls on the same level/Slip. Rating and scoring: See dichotomist valuation
Fall of objects. Rating and scoring: See dichotomist valuation
Collaps es or cave -ins. Rating and scoring: See dichotomist valuation
Cuts, hits, pricks. Rating and scoring: See dichotomist valuation
Hit by a vehicle, crushing, entrapment.  Rating and scoring: See dichotomist valuation
Projections. Rating and scoring: See dichotomist valuation
Burns. Rating and scoring: See dichotomist valuation
Electricity contact shock.  Rating and scoring: See dichotomist valuation
Overexertion. Rating and scoring: See dichotomist valuation
Hygienic risk exposure. Rating and scoring: See dichotomist valuation
Other risks . (Hygienic, prick with connecting rod, electrical interferences). Rating and scoring:
See dichotomist valuation
Incidence of falls from height risk.  Rating: 0J1[23. Scoring: See general valuation
0 None
1 Punctual or sporadic
2 Occasional occurrence, sometimes



58

59

60

61
62
63

64
65
66
67
68

69
70

71

72

73
74

75
76
77
78

79

3 Permanent

iii. d. Process valuation
Type of process. Rating: 1[12[]. Scoring: See dichotomist valuation
1 Traditional. The sequence and resources involved in the activities are common at
construction sites
2 Not traditional. Sequence, resources or construction systems are not common or habitual
Adequacy of the process. Rating: 001[2[3. Scoring: See general valuation
0 Very appropriate. The sequence of operations and resources and resources provided in the
H&S plan are adapted to the site typology as needed
1 Appropriate for site conditions. Some dysfunction in the process is possible, but globally the
process is appropriate
2 Inappropriate for site conditions. The process is not appropriate for the phase or the
construction site
3 Nothing or inappropriate. Process is completely inappropriate for construction site
Process deviation. Rating: 0C]1[2J3[]. Scoring: See general valuation
0 There are no deviations. It is complying with the process forecast in the H&S plan
1 There are some deviations, but they are not critical. It is mostly complying with the process
forecast in the H&S plan
2 There are critical deviations. There are some critical deviations in the forecast process
3 There are critical and permanent deviations. The deviations are important and continuous

iii. e. Collective protections. CP.
Scaffolds. Adjustment to the phase.  Rating and scoring: See dichotomist valuation
Scaffolds. Installation validation. 0  [J1[2[3[. Rating and scoring: See general valuation
Safety nets. Adjustment to the phase.  Rating: 1[02. Scoring: See dichotomist valuation
0 Appropriate. It is the CP necessary for the work stage and the risks.
1 Inappropriate. It is not an appropriate CP for the work stage and the risks or typology of the
site.
Safety nets. Installation validation. 0 [1[23[]. Rating and scoring: See general valuation
Railing. Adjustment to the phase. Rating and scoring: See dichotomist valuation
Railing. Installation validation.  0[J1[2[3. Rating and scoring: See general valuation
Safety boarded. Adjustment to the phase.  Rating and scoring: See dichotomist valuation
Safety boarded. Installation validation. 0  [J1[023[. Rating and scoring: See general
valuation
Number of items CP : 0010230405678
Need for more CP specific to the phase. Rating: 102[. Scoring: See dichotomist valuation
1 No, it is not necessary. It is enough that they are installed, independently of the adjustment
2 Yes, more CP is needed, in addition to that which is already installed

iii. f. Personal protection equipment. PPE
Fall protection system. Adjustment to the phase. Rating: 1[2[7. Scoring: See dichotomist
valuation
1 Appropriate. The system is adapted to the edge that needs protected (harness, connector,
lifeline, anchorage) Independently from the installation
2 Not adapted. The fall protection system is not adapted to the edge or there is no protection
system.
Fall protection system. Installation validation. Rating and scoring: See dichotomist
valuation
Number of PPE items: 0 01021
Need for more PPE specific to the phase.  Rating: 1[2[7. Scoring: See dichotomist valuation
1 No, it is not necessary. It is enough that they are installed, independently of the adjustment
2 Yes, more CP is needed, in addition to that which is already installed

V. Auxiliary resources and machinery
V. a. Auxiliary resources

Scaffolds. Adjustment to the phase.  Rating and scoring: See dichotomist valuation
Scaffolds. Installation validation. 0  [J1[23[. Rating and scoring: See general valuation

Suspended scaffolds. Adjustment to the stage. Rating and scoring: See dichotomist
valuation
Suspended scaffolds. Installation validation. 0  [J1[02[030. Rating and scoring: See general

valuation
Horse scaffolds/work platform. Adjustment to the ph ase. Rating and scoring: See
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80.

81
82,

83
84,

85

86.
87
88
89
90.

91

92

93
94,

95,
96.
97,

dichotomist valuation

Horse scaffolds/work platform. Installation validat ion. Rating and scoring: See dichotomist
valuation

Portable ladders. Adjustment to the phase. Rating and scoring: See dichotomist valuation
Portable ladders. Installation validation. 0  [1[02[3. Rating and scoring: See general
valuation

Other. Adjustment to the phase. Rating and scoring: See dichotomist valuation

Other res ources. Installation validation. 0 [1[J2[30. Rating and scoring: See general
valuation

Number of AR items: 0 121304050

V. b. Elevation resources
Forklift truck/dumbwaiter. Adjustment to the phase. Rating and scoring: See dichotomist
valuation

Forklift truck. Installation validation. 0  [J1[023[. Rating and scoring: See general
valuation

Crane truck. Adjustment to the phase.  Rating and scoring: See dichotomist valuation

Crane truck. Installation validation.  0CJ1[J2[J3[. Rating and scoring: See general valuation

Fall protection system for elevation work resources . Rating and scoring: See dichotomist
valuation
Auxiliary resources for elevation system . 0J1[02[O3. Rating and scoring: See general

valuation
(Supporting cable, operating ropes, unloading platforms, etc.)
Number of ME items: 0 011213040

V. c. Other machinery
Concrete mixer. Adjustment to the phase.  Rating and scoring: See dichotomist valuation
Concrete mixer. Installation validation. 0  [11[023. Rating and scoring: See general
valuation
Manual tool. Adjustment to the phase. 1 [J2[]. Rating and scoring: See dichotomist valuation
Manual tool. Installation validation. 0 [1[2[3[]. Rating and scoring: See general valuation
Number of OM items: 1 21

Valuation criteria to fill the form

General Valuation criteria

Rating  Criteria Scoring

0. Complete and appropriate. It is well installed, reliable, independent for the 0
worker that used it

1. Appropriate, without critical failures. There are some minor failures, but in 0.33
overall compliance with the conditions

2. Deficient, with critical failures. Failures are significant and could affect 0.66
safety resources, installation or the user or other persons in a partial way

3. Very deficient. There are no resources or failures are significant and are 1.00

affecting safety resources, installation, the users or other persons in a
continuous way

Dichotomous valuation criteria

Rating  Criteria Scoring
1. Adequate for the work, construction phase or type 0
2. Not adequate for the work, construction phase or type 1
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Appendix B-1. Organisational variables, items composition, rating scales, scoring and
aggregation rules

. Variable
Variable Item composition and Ite_m aqareqation
rating scales ! scoring ? ggreg
rules
General characterization. Mean
- New construction 0
- Reform and extensions. Others Works 1
at existing building
Building Configuration.
- Isolated Single family house 0
- Infill single family house 0.2
OV1. Complexity - Services Building 0.4
of project - Isolated multi-family 0.6
- Infill multi-family 0.8
- Other uses 1
Special environment conditions
- No 0
- Interferences like: Electrical, public 1
spaces, streets or buildings at perimeters
or party walls, slopes or evenness, etc.
Number of floors. Direct item
- Ground floor (GF) 0 scoring
. . - GF+1-2 0.25
QOV2. Size of site - GE+43-5 050
- GF+5 0.75
- Infrastructure 1
Main work stag e Mean
- Interior works 0
- Installations 0.125
- Brickwork 0.25
- Flat roof 0.375
- Facade works 0.50
- Pitched roof 0.625
- Excavation 0.75
- Foundation and structure 0.875
OVa3. Stage - Demolitions 1
characteristics Second work stage
- Interior works 0
- Installations 0.125
- Brickwork 0.25
- Flat roof 0.375
- Facade works 0.50
- Pitched roof 0.625
- Excavation 0.75
- Foundation and structure 0.875
- Demolitions 1
Type of promoter firm resources Direct item
OV4. Promoter - Private/Individual promoter 0 scoring
resources - Professional 0.5
- Public/Official administration 1
Type of construction firm resources Mean
- Self-employed 0
- Self-employed with workers at his 0.5
charge
- Company (SA,SL,COP, UTE) 1
Resources depending of
OV5. Constructor Constructor’s Role
reSOUICES - Subcontractor 0
- Contractor 0.5
- Promoter-constructor 1
Site management structure
- Nobody in charge 0
- Worker with some functions 0.2
- Site foreman 0.4
- Business owner 0.6
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Variable

Variable Item composition and Item aggregation
rating scales 1! scoring ?
rules
- Site foreman and site manager 0.8
- Site foreman, site manager and 1
prevention technical
Type of contracting Mean
- Only one contractor 0
- Some contractors 1
Number of companies at construction
site
OV6. Internal -Just 1 0
organization -From2to 3 0.33
structure -From4to 6 0.66
- More than 6 1
Level of subcontracting
- Contractor (no subcontracting) 0
- First level of subcontracting 0.5
- Second level of subcontracting 1
Number of woks Mean
- One main work 0
- More than one work 1
Employer location assignments
- On the field 0
- Interior floor 0.1425
- Perimeter floor or roof 0.285
- On the floor at auxiliary resources in use 0.4275
- Outdoor, on machine in use 0.57
- Outdoor, on auxiliary resources in use 0.7125
(platform, scaffold)
- Outdoor, on auxiliary resources to set 0.855
up 1
OV7. Job planning - On machine or installation to set up
and design Total number of workers at site
-To3 0
-From4to 6 0.2
- From 7 to 10 0.4
- From 10 to 20 0.6
- From 20 to 30 0.8
- More than 30 1
Ratio of number of workers of
principal constructor over total
workers at site 0
- Less than 0.25 0.25
-From 0.251t0 0.5 0.5
-From 0.51t0 0.75 1
- More than 0.75
Designation Health and safety Mean
coordinator 0
OV8. Coordination - No. There isn't anyldocu.ment to
resources demonstrate the designation _ _ 1
- Yes. It's documented at construction site
(incidents book, any documentation of
administration or professional college)
Documented work H&S coordinator Mean
- No/there is not datum. There is not 0
evidences or nobody now
- Yes, but not systematic. There are some 0.5
documentation instructions at any format
OV9. Preventive - Yes, systematic at incidents book 1
functions Preventive functions of the structure
- It's not assumed, there isn’t nobody in 0
charge of preventive topic
- It's assumed but on secondary way 0.33
- It's assumed within with principal activity 0.66

- It's assumed and documented in an

118



Variable

Variable Item composition and Itgm aggregation
rating scales 1! scoring ?
rules
organised way 1
Presence at construction site o f H&S Mean
plan 0
- No 1
- Yes
Appropriateness of H&S plan’s
previsions . 0
- There isn't H&S plan or its previsions
are unknown. Interlocutors at site don't
know anything of contents of H&S plan 0.33
OV10. Health and  ~ Tht_a previsions in_ H&S plan aren’t_ _
Safety Plan appllcable to the site or there are critical
mistakes. 0.66
- Appropriate previsions, no critical
mistake. Possible errors don't affect
systems and general protections,
personal protection equipment (PPE) or
collective protection (CP) specifically for
the stage when they protect for serious 1

risk
- Complete and appropriate in previsions.
No deficiency

1 Higher values in any scale signal more complexity and more resotittess.scales: from 0 to 1, where 0 means less complexity or
resources, and 1 the maximum level of complexity or resources.
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Appendix C-1. Risk variables item composition and a

ggregation rules

Variable

Item composition

Item scoring ?!

Variable aggregation rules

RV1. Health and
Safety Plan *

- Compliance with the H&S plan or
regulations in case.

0-0.33-0.66-1.00

Direct item scoring

RV2. General
conditions

- Construction fence

- Circulations/order and
tidiness/lllumination

- Safety signage

- Safety of electrical installation and
cable

0-0.33-0.66-1.00
0-0.33-0.66-1.00

0-0.33-0.66-1.00
0-0.33-0.66-1.00

Mean

RV3. Collective
protections*

General collective protections

0-0.33-0.66-1.00

Direct item scoring

RV4. Access

Access

0-0.33-0.66-1.00

Direct item scoring

R5. Falls of height

- Height of fall

- Level of failure

- Continuation of exposure
- Probability

- Severity

- Intervention required

0-0.33-0.66-1.00
0-0.33-0.66-1.00
0-0.33-0.66-1.00
0-0.33-0.66-1.00
0-0.33-0.66-1.00
0-0.33-0.66-1.00

Mean

RV6. Other risks

- Falls on the same level/Slip
- Fall of objects

- Collapses or cave-ins

- Cuts, hits, pricks

- Hit by a vehicle, crushing,
entrapment, projections

cocooo
.
e

Mean between the
percentage of identified
risks items and incidence of
falls item

RV7. Process

- Burns. 0-1

- Electricity contact shock 0-1

- Overexertion 0-1

- Hygienic risk exposure 0-1

- Other risks 0-1

- Incidence of falls from height risk 0-0.33-0.66-1.00

- Adequacy of the process 0-0.33-0.66-1.00 Mean
0-1

- Process deviation

RV8. Collectives

For each protection:
- Adjustment to the phase
- Installation validation

0-1
0-0.33-0.66-1.00

Mean of adjustments and
installations.
Choose the highest value

protection* In general: between these two means
- Need for more CP specific to the 0-1 and the need for more CP
phase
For each fall protection system: Mean of adjustments and

RV9. Personal - Adjustm_ent to _the _phase 0-1 installations. _

protéction* - Installation validation 0-0.33-0.66-1.00 Choose the highest value
- Need for more PPE specifictothe 0-1 between these two means
phase and the need for more PEE

RV10. Auxiliary For each resource and machinery: Mean of adjustments and

) - Adjustment to the phase 0-1 installations.

resources and
machinery

- Installation validation

0-0.33-0.66-1.00

Choose the highest value
between them

*Alarm Variables.! Item scales: from 0 to 1, where 0 means less aaxitplor resources, and 1 the maximum level.
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Appendix A-2. Classification of items’ answers attend complexity and resources.

Factor

Variable

Item

Scales

F1. Site
complexity

OV1.
Complexity of
project

OV2. Size of
site

OV3. Stage
characteristics

1.-General characterization.

New construction

Reform and extensions. Others Works at existing building
2.-Building Configuration.

Isolated single family house

Infill single family house

Services building

Isolated multi-family

Infill multi-family

Other uses

3.-Special environment conditions.
No

Interferences like: Electrical, public spaces, streets or buildings at perimeters

or party walls, slopes or evenness, etc.
4.- Number of floors.
Ground floor (GF)

GF+1-2

GF+3-5

GF+5

Infrastructure

5.-Main work stage
Interior works
Installations

Brickwork

Flat roof

Outdoor works (faces)
Pitched roof

Excavation

Foundation and structure
Demolitions

6.-Second work stage
Interior works
Installations

Brickwork

Flat roof

Outdoor works (faces)
Pitched roof

Excavation

Foundation and structure
Demolitions

N =

s WN R

N =

s WN PP

O o NOUE WNE

O oo NOUE WN R

F2.Firm’s
structure
resources

ov4.
Promoter
resources
OVS5.

Constructor
resources

7.- Type of promoter firm resources

1 Private/particular promoter

2 Professional

3 Public/Official administration

8.- Type of construction firm resources

Selected at item two

Self-employed

Self-employed with workers at his charge

Company (SA,SL,COP, UTE)

9.- Resources depending of Constructor’s Role
Selected at item two

Subcontractor

Contractor

Promoter-constructor

10.- Site management structure

It's referent to site structure, explained by the interviewee at visit with
regularly presence and assistance to the construction site.
Nobody in charge

Worker with some functions

Site foreman

Business owner

Site foreman and site manager

Site foreman, site manager and prevention technical

N =

N

Vs WN

F3. Site
structure
Complexity

OV6A.
Internal
organization
structure

11.-Type of contracting.

Number of construction firms that has direct contracting with promoter
Only one contractor

Some contractors

iy
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Factor

Variable

Item

Scales

OV6. Internal
organization
structure

OV7. Job
planning and
design

12.- Number of companies at construction site
Total number, including all companies and self-workers
1Justl

2From2to3

3From4to6

4 More than 6

13.- Level of subcontracting

0 Contractor (no subcontracting

1 First level of subcontracting

2 Second level of subcontracting

14.- Number of woks

1 One main work

2 More than one work

15.- Employer location assignments
Where are most of the workers at the main work site?
1 On the field

2 Interior floor

3 Perimeter floor or roof
8 On the floor at auxiliary resources in use

6 Outdoor, on machine in use

4 Outdoor, on auxiliary resources in use (platform, scaffold)
5 Outdoor, on auxiliary resources to set up

7 On machine or installation to set up

16.- Total number of workers at site

All works from all companies and self-workers
To3

From4to 6

From 7 to 10

From 10 to 20

From 20 to 30

More than 30

17.- Ratio of number of workers of principal constructor over total workers
at site

Less than 0.25

From 0.25t0 0.5

From 0.5 t0 0.75

More than 0.75

B WN R

N =

00 NOOUT DA WNE

DU A WN P

D WN R

F4. Safety
management
resources

ovs.
Coordination
resources

oVvo.
Preventive
functions

0V10. Health
and safety
plan

18.- Designation Health and safety coordinator

No. There isn’t any document to demonstrate the designation

Yes. It's documented at construction site (incidents book, any documentation
of administration or professional college)

19.- Documented work H&SC

No/there is not datum. There is not evidences or nobody now

Yes, but not systematic. There are some documentation instructions at any
format

Yes, systematic at incidents book

20.- Preventive functions of the structure

It means the level of knowledge and implication in preventive topic

It’s not assumed, there isn’t nobody in charge of preventive topic

It's assumed but on secondary way

It’s assumed within with principal activity

It’s assumed and documented in an organised way

21.- Presence at construction site of H&SP

Is it physically the document at construction site?

No

Yes

22.-Appropriateness of H&SP’s previsions.

The question is referent to general conditions and specific conditions to actual
stage of the site at the visit moment

There isn’t H&SP or its previsions are unknown. Interlocutors at site don’t
know anything of contents of H&SP

The previsions in H&SP aren’t applicable to the site or there are critical
mistakes.

Appropriate previsions, no critical mistake. Possible errors don’t affect
systems and general protections, personal protection equipment (PPE) or
collective protection (CP) specifically for the stage when they protect for
serious risk

Complete and appropriate in previsions. No deficiency

Jany

B WN R

Jany
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Appendix B-2. Risk variables composition and assessment scale

Risk Items and rating
Variable
RV1.- Health 1. Compliance with the H&SP or regulations in case. Rating: 0[_]1[]2[C]13[]. Scoring: see Four
and safety level scale at the end of this table (see Four level scale)
plan 0 Full and appropriate compliance. The phase is compliant with the H&SP or general and specific
regulations (implantation, circulations, CP, PPE)
1 Appropriate, no critical mistakes. Possible failure but it does not affect systems and general
protections, personal protection equipment (PPE) or collective protection (CP) specifically for a phase
where they protect against serious risk
2 Deficient, with critical mistakes. The H&SP or regulations fail to affect systems and general
protections, personal protection equipment (PPE) or collective protection (CP) with serious risk
3 Nothing, very deficient failure. There is no record of compliance with any aspect of the H&SP or
regulations
RV2.- 2. Construction fence. Rating: 0[J1[]2[13[] See Four level scale
General 3. Circulations/order and tidiness/Illumination. Rating: 0 ]1[J2[]3[] See Four level scale
conditions 4. Safety signage. Rating: 0 ]1[]2[]3[] See Four level scale
5. Safety of electrical installation and cable. Rating: 0[]1[]2[(]13[] See Four level scale
RV3.- 6. General collective protections. Rating: 0[_]1[J2[13[] See Four level scale
Collective
protections
RV4.- Access 7. Access. Rating: 0 J1[]2[]3[]. See Four level scale
RV5.- Falls This refers to the main stage or workplace, independently of general circulation conditions
of height 8. Height of fall. Rating: 0[]1[J2[13[]. Scoring: see Four level scale
This refers to the primary phase or workplace
0 There is no height or it is controlled. There is no exposure or it is controlled by a preventive system,
design, work stage, etc.
1 From 0 to 2 metres (exclusive)
2 From 2 to 6 metres (exclusive)
3 More than 6 metres
9. Level of failure. Rating: 0 J1[]2[]13[]. See Four level scale
0 Complete appropriate. Risks are controlled by forecasted resources
1 Appropriate, without critical failures. There are minor failures, but with overall compliance with the
conditions
2 Deficient, with critical failures. Important failures of protection systems that could affect the safety
of users or of protection
3 Very deficient. There is no protection system or it is very deficient, it may create a false perception
of protection increasing risk
10. Continuation of exposure. Rating: 0[_]1[J2[]13[]. Scoring: see Four level scale
0 None, controlled or there is no exposure
1 Punctual or sporadic
2 At some stages of the process
3 Permanent
11. Probability. Rating: 0[]J1[]2[J3[]. Scoring: see Four level scale
0 Very low probability
1 Low probability
2 Medium Probability
3 High Probability
12. Severity. Rating: 0[_J1[]2[]3[]. Scoring: see Four level scale
0 No severity
1 Minor, slight injury
2 Medium, serious injury
3 Severe, serious injury or frequent death
13. Intervention required. Rating: 0 ]1[]2[]3[]. Scoring: see Four level scale
0 Intervention is not necessary
1 No critical improvements are necessary
2 Corrections and critical improvements are necessary
3 Immediate intervention is necessary
RV6.- Other 14. Falls on the same level/Slip. Rating 1[]2[]
risks Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale at the end of this table

(see Dichotomous scale)
15. Fall of objects. Rating 1[]2[]
Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
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Risk Items and rating
Variable

16. Collapses or cave-ins. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
17. Cuts, hits, pricks. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
18. Accident by vehicle, crushing, entrapment. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
19. Projections. Rating 1[12[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
20. Burns. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
21. Electricity contact shock. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
22. Overexertion. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
23. Intoxication. Rating 1[]2[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
24. Other risks. (Hygienic, prick with connecting rod, electrical interferences). Rating 1[12[]

Identifying risk: 1= No risk, 2=Yes, there is risk. Scoring: see Dichotomous scale
25. Incidence of falls from height risk. Rating: 0(_]1[]2[]3[]. Scoring: see Four level scale

0 None

1 Punctual or sporadic

2 Occasional occurrence, sometimes

3 Permanent

RV7.- 26. Type of process. Rating: 1[]2[C]. Scoring: see Dichotomous scale
Process 1 Traditional. The sequence and resources involved in the activities are common at construction sites
2 Not traditional. Sequence, resources or construction systems are not common or habitual
27. Adequacy of the process. Rating: 0 ]1[]2[13[]. Scoring: see Four level scale
0 Very appropriate. The sequence of operations and resources and resources provided in the H&SP
are adapted to the site typology as needed
1 Appropriate for site conditions. Some dysfunction in the process is possible, but globally the
process is appropriate
2 Inappropriate for site conditions. The process is not appropriate for the phase or the construction
site
3 Nothing or inappropriate. Process is completely inappropriate for construction site
28. Process deviation. Rating: O[J1[]2[]3[C]. Scoring: see Four level scale
0 There are no deviations. It is complying with the process forecast in the H&SP
1 There are some deviations, but they are not critical. It is mostly complying with the process
forecast in the H&SP
2 There are critical deviations. There are some critical deviations in the forecast process
3 There are critical and permanent deviations. The deviations are important and continuous

RV 8.- 29. Scaffolds. Adjustment to the phase. Rating: de 1[J2[]. See Dichotomous scale
Collectives 30. Scaffolds. Installation validation. Rating: 0(_J1[]2[]3[]. See Four level scale
protections 31. Safety nets. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous scale for value
0 Appropriate. It is the CP necessary for the work stage and the risks.
1 Inappropriate. It is not an appropriate CP for the work stage and the risks or typology of the site.
32. Safety nets. Installation validation. Rating: 0[_]1[]2[C]13[]. See Four level scale
33. Railing. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous scale
34. Railing. Installation validation. Rating: 0 J1[]2[]3[]. See Four level scale
35. Safety boarded. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous scale
36. Safety boarded. Installation validation. Rating: 0 ]1[]2[]3[]. See Four level scale
37. Need for more CP specific to the phase. Rating: 1[]2[]. See Dichotomous scale
1 No, it is not necessary. It is enough that they are installed, independently of the adjustment
2 Yes, more CP is needed, in addition to that which is already installed

RV9.- 38. Fall protection system. Adjustment to the phase. Rating: 1[J2[]. See Dichotomous scale
Personal 1 Appropriate. The system is adapted to the edge that needs protected (harness, connector, lifeline,
protections anchorage) Independently from the installation
2 Not adapted. The fall protection system is not adapted to the edge or there is no protection
system.
39. Fall protection system. Installation validation. Rating: 0 J1[]2[]3[]. See Four level scale
40. Need for more PPE specific to the phase. Rating: 1[]2[]. See App.C
1 No, it is not necessary. It is enough that they are installed, independently of the adjustment
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Risk Items and rating

Variable

2 Yes, more CP is needed, in addition to that which is already installed

RV10.
Auxiliary
resources
and
machines

41.
42,
43,
44,
45,

46.

47.
48.
49.
50.
51.

52,
53.
54.
55.
56.

Scaffolds. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous scale

Scaffolds. Installation validation. Rating: 0[]1[12[]3[C]. See Four level scale
Suspended scaffolds. Adjustment to the stage. Rating: 1[]2[]. See Dichotomous scale
Suspended scaffolds. Installation validation. Rating: 0[_]1[]2[]3[]. See Four level scale
Horse scaffolds/work platform. Adjustment to the phase. Rating: de 1[]2[]. See
Dichotomous scale

Horse scaffolds/work platform. Installation validation. Rating: O[J1[]2[]13[]. See Four
level scale

Portable ladders. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous scale
Portable ladders. Installation validation. Rating: 0[]1[(J2[]3[]. See Four level scale
Other resources. Adjustment to the phase. Rating: de 1[[J2[]. See Dichotomous scale
Other resources. Installation validation. Rating: 0[]1[]2[(]3[]. See Four level scale
Forklift truck/dumbwaiter. Adjustment to the phase. Rating: 1[]2[]. See Dichotomous
scale

Forklift truck. Installation validation. Rating: 0C_]1[]12[]3[C]. See Four level scale

Crane truck. Adjustment to the phase. Rating: 1[_]2[]. See Dichotomous scale

Crane. Installation validation. Rating: 0J1[CJ2[]3[]. See Four level scale

Fall protection system for elevation work resources. Rating: 1[J2[]. See Dichotomous scale
Auxiliary resources for elevation system. Rating: 0[_]1[]2[(]13[]. See Four level scale

(Supporting cable, operating ropes, unloading platforms, etc.)
57. Concrete mixer. Adjustment to the phase. Rating: 1[]2["]. See Dichotomous scale
58. Concrete mixer. Installation validation. Rating: 0[]1[[]2[(]3[]. See Four level scale
59. Manual tool. Adjustment to the phase. Rating: 1[J2[]. See Dichotomous scale
60. Manual tool. Installation validation. Rating: 0[]1[]2[(]3[]. See Four level scale

Levels of risk assessment

Four level scale

Level / Value

Meaning

1=0

2=0.33
3=0.66
4=1.00

Complete and appropriate. It is well installed, reliable, independent for the worker
that used it

Appropriate, without critical failures. There are some minor failures, but in overall
compliance with the conditions

Deficient, with critical failures. Failures are significant and could affect safety
resources, installation or the user or other persons in a partial way

Very deficient. There are no resources or failures are significant and are affecting
safety resources, installation, the users or other persons in a continuous way

Dichotomous scale

Level / Value

Meaning

1=0
2=1

Adequate for the work, construction phase or type
Not adequate for the work, construction phase or type

For further details consult the complete study of the tool (see Paper 1, chapter 1).
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Appendix C-2. Summary statistic of OVs, RVs and SRI

S. e. of the Standard

OVs and RVs N Minimum Maximum Mean L.
mean deviation

OV 1.- Complexity of o, 0.00 100.00 20.09 0.64 19.72

project

OV 2.- Size of site 957 0.00 93.31 55.79 0.44 13.45

OV 3.- Stage 957 0.00 100.00 15.62 0.65 20.10

characteristics

OV 4.- Promoter 957 0.00 100.00 60.53 0.85 26.30

resources

OV'5.- Constructor 957 4.67 86.72 42.58 0.52 15.96

resources

OV'6.- Internal 957 0.00 100.00 20.09 0.64 19.72

Organ|zat|0n structure

OV7-Jobplanningand o, 0.00 93.31 55.79 0.42 13.45

design

OV 8.- Coordination 957 0.00 100.00 15.62 0.65 20.10

resources

OV9.- Preventive 957 0.00 100.00 60.53 0.85 26.30

functions

OV 10.- H&SP adequacy 957 4.67 86.72 42.58 0.52 15.96

RV 1.- H&S plan 957 33 1.00 78 .006 18

compliment

RV 2.- General 957 13 1.00 67 004 13

conditions

RV 3.- Collective 957 33 1.00 78 007 20

protect|0ns

RV 4.- Access 957 33 1.00 66 006 19

RV 5.- Falls from height 957 11 1.00 79 006 17

RV.6.- Other risks 957 17 96 67 .005 16

RV 7.- Process 957 .33 1.00 77 .006 .20

RV 8.- Collectives 957 .00 1.00 95 006 19

prOteCthnS

RV 9.- Personal 957 .00 1.00 76 014 42

protection equipment

RV 10.- Auxiliary

resources and 909 .33 1.00 .82 .006 .18

machinery

Site Risk Index (SRI) 957 31 99 76 004 13
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Appendix A-3. ORGDES composition

Control CONSRAT ltem Importance Derived
variable Variable Degree (SD) weight
1. Type of contracting 5.8 (0.87) .36
OVL. Internal organization 2. Number of companies 4.9 (1.29) .30
structure
3. Level of subcontracting 5.4 (1.29) .34
4. Number of woks 5.6 (1.03) .27
5. Employer location
ORGDES assignments 5.8 (0.87) .28
ovg_ Job planning and 6. T.otal number of workers 4.9 (0.65) 23
design at site
7. Ratio of number of 4.7 (0.9) .22

workers of principal
constructor over total
workers at site
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Table 5. Incidence of risk on site ( SRI) on accident rate. (2004-2009)

Variables Pooled (1) Random effects (2) Fixed effects (3) Pooled (4) Random effects (5) Fixed effects (6) Pooled (7) Random effects (8) Fixed effects (9)
SRl 0.215** 0.205** 0.247 0.219** 0.208** 0.2441511*
ORGDES 0.002** 0.002** 0.002 0.002%** 0.002*** 0.003* 0.002*** 0.002%** 0.0022704
Intercept 0.135%** 0.126*** 0.132%** -0.039 -0.040 -0.088 -0.015 -0.014 0.0048582

Year 2005 0.0245 0.024 0.0373536

Year 2006 -0.0455 -0.054 -0.1265998**
Year 2007 -0.0405 -0.0514 -.1368932**
Year 2008 -0.106** -0.113** -0.1840862***
Year 2009 -0.116** -0.128** -0.2825158
Goodness of fit F(1,360)=4.77** Wald chi2(1) = 6.40** F(1,251)=1.60 F(1,353)=5.40*** Wald chi2(2) = 12.18*** F(1,249)=2.64* F(7,347) = 2.94*** Wald chi2(7)= 22.36%** F(7,249) = 2.44**
R-squared overall  0.008 0.011 0.008 0.020 0.020 0.020 0.048 0.047 0.0414

No. of observ. 355 355 355 355 355 355 355 355 355

SRl is index of risk on site; ORGDES is a level of complexity of site organizational design
* Significance level: p <0.1.

** Significance level: p < 0.05.

*** Significance level: p < 0.01.

Table 6. - Incidence of risk on site ( SRI) on accident rate. (2004-2007)

Variables Pooled (1) Random effects (2) Fixed effects (3) Pooled (4) Random effects (5) Fixed effects (6) Pooled (7) Random effects (8) Fixed effects (9)
SRt 0.287*** 0.287*** 0.401** 0.293*** 0.295%** 0.342%

ORGDES 0. 002** 0.002*** 0.006 0.002** 0.002*** 0.003 0.002** 0.002*** 0.002

Intercept 0. 142%** 0.136*** 0.152%** -0.087 -0.094 -0.184 -0.073 -0.078 0.079

Year 2005 0.024 0.026 0.107

Year 2006 -0.045 -0.055 -0.127%**

Year 2007 -0.042 -0.056 -0.134**
Goodness of it F(1,303)=5.23** Wald chi2(1) = 6.74*** F(1,220)=1.07  F(2,295)=6.36*%** Wald chi2(2) = 14.7***  F(1,217) =3.54** F(5,292) =2.71**  Wald chi2(5)= -- F(5,217) = 2.20*
R-squared overall 0.009 0.009 0.009 0.030 0.030 0.030 0.041 - 0.033

No. of observ. 298 298 298 298 298 298 298 298 298

SRl is index of risk on site; ORGDES is a level of complexity of site organizational design.
* Significance level: p <0.1.

** Significance level: p < 0.05.

*** Significance level: p < 0.01.
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Table 7. Incidence of accidents rate (ACCRATE) and control variables on return of assets (ROA) in the same year.

Variables Pooled (1) Random effects (2) Fixed effects (3) Pooled (4) Random effects (5) Fixed effects (6) Pooled (7) Random Fixed effects (9)
effects (8)

ROA:1 0.351%** 0.327%** 0.063 0.349%** 0.321%** 0.059 0.337%** 0. 322*** 0.018

ACCRATE 4.596** 4.800** 7.972%** 2.0317 2.0359 1.994

Chasseturn 0.181%** 0.182%** 0.170*** 0.183%** 0.183%** 0.166%** 0.1837*** 0. 183*** 0.1594***

Intercept 0.443 0.495 1.440%** -0.307 -.2847301 0.143 2.1597* 2.2312** 4.724%**

Year 2005 1.3747%* 1.351 0.408

Year 2006 -0.796 -0.796 -1.361

Year 2007 -1.110 -1.142 -2.412%*

Year 2008 -6.329*** -6.390*** -8.429%**

Year 2009 -5.9419%** -6.091%** -10.014***

Goodness of fit F(2,1236) =20.29***  Wald chi2(2)= 46.85*** F(2,273)=22.23*** F(3,1235) = 14.41*** Waldchi2(3)=51.93*** F(3,273) =17.87*** F(8,1230)=8.52*** b F(8,273)=12.21%**

R-squared overall  0.093 0.093 0.058 0.096 0.096 0.040 0.119 0.119 0.045

No. of observ. 1239 1239 1239 1239 1239 1239 1239 1239 1044

ROA is the percent of return on assets; ACCRATE is the rate of workers injured with respect to the total firm workers; ACCRATE? is the quadratic term of ACCRATE; CHASSETURN is the perceptual change rate in asset
turnover in a given period.

* Significance level: p < 0.1.

** Significance level: p < 0.05.

*** Significance level: p < 0.01.

5 Not reported

Table 8. Incidence of accidents rate (  ACCRATE and ACCRATE?, quadratic) and control variables on return of assets

Variables Pooled (1) Random effects (2) Fixed effects (3) Pooled (4) Random effects (5) Fixed effects (6)
ROA:1 0.350%** 0.321%** 0.060 0.339%** 0.322%** 0.020

ACCRATE 10.698%** 11.069%** 16.161%** 6.099 6.101* 6.158
ACCRATE? -4.850%** -4,953%** -6.287%** -3.165* -3.156** -3.102*
Chasseturn 0.1845*** 0.184%** 0.165%** 0.185%** 0.184%** 0.159%**
Intercept -0.936 -0.928 -0.715 1.660 1.738 4.207***

Year 2005 1.400 1.375 0.441

Year 2006 -0.780 -0.781 -1.354

Year 2007 -1.073 -1.107 -2.364

Year 2008 -6.220%** -6.2873*** -8.327%**

Year 2009 -5.673%** -5.835%** -9.764%**
Goodness of fit F(4,1234)= 10.78*** Wald chi2(4) =52.80*** F(4,273) = 13.84*** F(9,1229) =7.87*** (b) F(9,273)=11.04***
R-squared overall 0.099 0.099 0.039 0.120 0.120 0.046

No. of observ. 1239 1239 1239 1239 1239 1239

ROA is the percent of return on assets; ACCRATE is the rate of workers injured with respect to the total firm workers; ACCRATE? is the quadratic term of ACCRATE; CHASSETURN is the perceptual change rate in asset
turnover in a given period.

* Significance level: p <0.1.

** Significance level: p < 0.05.

*** Significance level: p < 0.01.

b Not reported
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