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Abstract: Slope failures have caused a number of fatalities and economic loss throughout time in Japan. It is necessary to provide
specific and effective risk assessment concemning the site investigation and evaluation for stability of slope under construction, safe
construction procedures, slope monitoring and review of the necessity of operations on the excavated slopes in the construction sites.
This paper presents effective risk assessment procedure and some safe construction procedures to prevent the labor accidents caused
by slope excavation.

Keywords: Labour Accident, Slope Excavation, Slope Failure, Risk Assessment

INTRODUCTION were development of laws relating to safety measures
on construction sites and impacts of economy and
employment conditions[1-3]. In order to establish
effective measures to prevent the labour accidents
caused by slope failure during the slope excavation,
this paper proposes some strategies for preventing
these accidents.

Slope failures have caused a number of fatalities and
economic loss throughout time in Japan. There are
two main causes of the slope failure: 1) natural
phenomena such as heavy rainfall or earthquakes, and
2) human-induced slope failure. Most of the
human-induced slope failure occurred due to
destabilization of slope when the lower part of a
natural slope is removed or a part of the slope is
steepened during construction works as shown Figure
1, especially during the slope excavation. In general,
no clear signals appear before slope failure and in
many cases slope failure occurs rapidly [Okuzono
1986], the workers have insufficient time to escape
from the construction sites immediately and hence,
the labour accidents generally take place.

A total of 865 fatal accident cases occurred during the
excavation for road construction, land formation and
etc. including trench failure were recorded in the
construction safety and health yearbook [The Japan
Construction Safety and Health Association] during Fig. 1 Overview of the construction site
the period of 1989 to 2007. The number of slope

failure accidents fluctuated between 13 and 20 cases

per year during the period of 1989 to 1995; however,

this number has decreased from 1996 onwards and it

was about 7 to 10 cases per year. The possible reasons

for the decrease in the number of labour accidents
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CHARACTERISTICS OF LABOUR
ACCIDENTS BY SLOPE FAILURES

SCALE AND TYPE OF CONSTRUCTION
WORK

Figure 2 shows the number of labour accidents
classified by the project cost. The possibility of
accident is lower in the construction work with a
higher amount of project cost. It was found that about
30% of accidents involving the construction work
with the project cost less than 20 million yen. By
considering the number of accidents related to the
construction period, about 60% of the accidents
occurred in the construction project with construction
periods of less than 6 months. Figure 3 shows the
number of workers present at the time of accident;
84% of the accidents occurred in construction project
with less than 8 workers on the construction site.
Because the number of workers can be related to the
size of the contractor, therefore, the possibility of
accident is higher with the small contractor. This is
probably due to the fact that the small contractors may
not have operation chief and/or worker with
appropriate knowledge concerning safety and health
management and they may not have sufficient budgets
to provide adequate safety equipment. Based on these
findings, it can be concluded that the labour accidents
are likely to occur in the small construction project
with small project cost and relatively short
construction period conducted by the small contractor.
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There are two general construction methods for
stabilizing slope: retaining wall and slope protection
methods. Based on the investigation conducted in this
paper, it was found that about 73% of the labour
accidents occurred during works involving slope
stabilization by the retaining wall method. In contrast,
the number of accidents that occurred during works
using the slope protection method was smaller (about
12%). This is probably due to the fact that the
retaining wall construction generally includes the
excavation of steep and unstable slope (Figure 4 (a)
and Figure S show), and it also requires construction
works to be done in a narrow space between the
retaining wall and the excavated ground such as
assembling/dismantling of formworks (Figure 4 (b)
and Figure 6 show), smoothing of base and etc.
Therefore, workers do not have sufficient time to
escape from such narrow space when slope failure
occurred. The accident often occurred during the
assembling/dismantling of formworks, ground/slope
excavation, smoothing of base, excavation of the base
and during erection of concrete block masonry.

Figure 7 shows the relationship between slope failure
risk and construction process of retaining wall
construction works.

(a)During base excavation.

(b) During formwork removal.

Fig. 4 Typical accident during retaining construction work
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PREVENTIVE STRATEGIES

Risk assessment was stipulated in the Article 28-2 of
ISHL (Industrial Safety and Health Law) in 2006. To
implement the risk assessment for preventing labour
accidents due to slope failure, it is necessary to
understand the hazards both in terms of quantitatively
and qualitatively. In particular, the ground condition
has a high degree of uncertainty, it is important to take
a comprehensive approach. The safety should be
considered as part of planning from commencement

Proceedings of Asia Pacific Symposium on Safety 2009

of a project. The first and foremost priority would be
design and construction procedures. The appropriate
design should be based on good site investigation and
justified evaluation for slope stability.

In addition, even if safe construction procedures are
conducted, a slope monitoring system may be adopted
to compensate the remained chance of slope failure. It
is necessary to provide more specific and effective
risk assessment in combination with the site
investigation and evaluation of slope stability during
the construction, safe construction procedures, slope
monitoring, review of the necessity of operations on
the excavated slopes in construction sites, etc.

MANAGEMENT SYSTEM  AND  RISK
ASSESSMENT

Guidelines on Occupational Safety and Health
Management  Systems  (Ministry of  Labour

Notification No. 53) have been released in 1999 and
JCSHA (The Japan Construction Safety and Health
Association) promotes COHSMS (Promotion of
Construction  Occupational Health and Safety
Management Systems) which address the health and
safety management systems required of the
construction industry. These show the fundamental
policies for the safety and health management.

For practical practice, risk assessment was stipulated
in the Article 28-2 of ISHL (Industrial Safety and
Health Law). The Article 28-2 of ISHL state that “The
employer shall endeavor to take necessary measures
to prevent danger or health impairment to workers.”
The risk assessment consists essentially of three steps,
1) identification of hazards, 2) assessing hazards risk
and 3) controlling the risk of injury and harm. To
implement the risk assessment for preventing labour
accidents due to slope failure, it is necessary to
understand the hazards both in terms of quantitatively
and qualitatively. In particular, the ground condition
has a high degree of uncertainty, it is important to take
a comprehensive approach. The safety should be
considered as part of planning from commencement
of a project. The first and foremost priority would be
design and construction procedures. The appropriate
design should be based on good site investigation and
justified evaluation for slope stability. In addition,
even if safe construction procedures are conducted, a
slope monitoring system may be adopted to
compensate the remained chance of slope failure.

It is necessary to provide more specific and effective
risk assessment in combination with the site
investigation and evaluation of slope stability during
the construction, safe construction procedures, slope
monitoring, review of the necessity of operations on
the excavated slopes in construction sites, etc.
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SITE INVESTIGATION AND EVALUATION
SLOPE STABILITY UNDER CONSTRUCTION
In the Article 355 of OISH, “Survey on Work Sites,
etc.” stipulates that “the employer shall survey the
ground of the work site and its surroundings, when
there is the possibility of danger to workers during the
excavation work”. Although it depends on ground
conditions and etc., construction works that involve
the excavation of 2 m or more from the excavation
surface are generally referred to the construction
works with the possibility of danger to workers.
Among the 121 cases investigated, soil strength was
known for only 17 cases (14%). This indicated that
most of the slope excavations were carried out
without site investigations [5]. Because most of the
labour accidents occurred during the construction so it
is necessary to evaluate the stability of slope and risk
of slope failure not only after the completion of
construction but also under the construction. Because
of the uncertainty of the slope condition, “Reliability
design” should be adopted.

SAFE CONSTRUCTION PROCEDURES

It is a fundamental requirement to employ a
construction method that can ensure safety throughout
excavation of slopes from the start to the completion
of excavation in the same way as is done in
underground excavation. One effective construction
method to prevent the possibility of slope failure is the
“top-down slope stabilization method”; ground
excavation and protection of the excavated slope are
alternately carried out in steps to stabilize the
excavated slope from top to down. However, this
method is generally very expensive, so the authors
recommend some simpler and cheaper methods
depending on the soil profile, etc. with short
reinforcing steel bar and iron net, mortar sprayed
finish, and installing sheet piles, etc. would be
effective to prevent the slope failure.

SLOPE MONITORING

The construction should be conducted by assuring
safety of the slope throughout the construction process
based on the slope monitoring data such as ground
deformations obtained from displacement sensors,
high precision tilt-sensors and etc. Fail-safe measures
must be included in measuring and warning systems.

REVIEW OF THE NECESSITY OF
OPERATIONS ON EXCAVATED SLOPE

Although most of the slope excavations are excavated
by the excavators, the workers may have to enter
dangerous areas near the excavated slope to perform
works such as leveling, taking photograph, measuring,
laying gravel on excavated ground, filling stones in
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gabions, and assembling/disassembling formworks. If
the works mentioned above are really necessary below
the excavated slopes which may collapse, the
contractor must review this necessity and alternate
construction methods requiring no operation below
the excavated slope should be employed.

CONCLUSIONS

1) Site investigation and evaluation slope stability
under construction: It is necessary to evaluate the
stability of slope and risk of slope failure not only
after the completion of construction but also under the
construction.

2) Safe construction procedures: It is a fundamental
requirement to employ a construction method that can
ensure safety throughout excavation of slopes from
the start to the completion of excavation. We
recommend some simpler and cheaper methods to
prevent the slope failure.

3) Slope monitoring: The construction should be
conducted by assuring safety of the slope throughout
the construction process based on the slope
monitoring data such as ground deformations obtained
from displacement sensors.

4) Review of the necessity of operations: Although
most of the slope excavations are excavated by the
excavators, the workers may have to enter dangerous
areas near the excavated slope. The contractor must
review this necessity and alternate construction
methods requiring no operation below the excavated
slope should be employed.
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