TOT-INVESTIGATION

TOT 1/16
Worker trapped under collapsing
soil mass when doing sewage work
on a terraced house

Image 1. Outside view of the building. Fill dirt was being removed from under the slab footing. The stepped
footing, approximately 900 mm high, is visible in the image.

(The worker) NN (59 years) was performing warranty work on the sewer pipes under a
terraced house. He was removing fill dirt from under the slab footing, using a high-power vacuum cleaner. The resulting narrow and shallow excavation where NN was working collapsed due to the removal of the soil. NN was buried under the collapsing soil.
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A.

BACKGROUND AND INITIAL SITUATION

Image 2. The suction hose of the high-power vacuum cleaner and the entry into the excavation under
the slab footing.

A1. Working environment, work, work task and performance
The accident occurred at a construction site in a residential area, where the sewer lines of a terraced
house, built on the slope 5 years prior, were being repaired. Warranty work was carried out on the sewer
pipes underneath the building. The pipes had to be replaced due to a material flaw that had been detected
in them. NN (59 years old) and his work partner’s task was to remove soil mass from under the slab-ongrade footing of the building using a high-power vacuum cleaner in order to expose the pipes. The soil
mass mostly consisted of fill dirt. A high-power vacuum cleaner is a motorized vacuum cleaner attached
to a vehicle, which is operated by steering it into the target from the nozzle at the end of the hose.
NN and his partner had started working at the site approximately a week before the accident. In the
morning of the accident, the pair had started the work as usual. They had worked around 2 hours before
the accident occurred at around 9 o’clock.
NN had been employed by the same company for 30 years and was very experienced in his work. He
also had previous experience in removing soil using a high-power vacuum cleaner. His partner was also
experienced and had performed similar work tasks earlier. The pair had already performed the same task
using the same method when working in a few of the houses in the area.
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A2. Hazard, hazardous situation, hazardous event, harm
and seriousness
NN had already removed fill dirt using the high-power vacuum cleaner up to the halfway of the building
(approximately 10.5 meters from the entry into the excavation that had been formed as a result of the
work). For that length, NN had removed sand from under the slab footing of the building from an area
approximately 50 cm high and 100 cm wide. Removing sand from a small area without supporting the
walls of the excavation caused a risk of collapse. NN was exposed to a risk of collapsing walls when he
operated the vacuum cleaner in the excavation that was at risk of cave-in.
Prior to the accident, NN had been removing sand from underneath a plinth beam. The stepped slab
footing of the building was around 90 cm higher on the other side of the beam. Consequently, the subsoil drain trench contained more sand and had a higher pressure. Presumably, the removal of the sand
mobilized the packed sand around the excavation, causing it to fill the excavation. The high-power vacuum cleaner was turned on throughout the event. Presumably NN had not been able to move the suction
nozzle after the collapse, which may have caused the vacuum cleaner to continue sucking sand, thus
aggravating the collapse. NN was trapped under collapsing and partly damp sand so that he was unable
to breathe. NN died as a result of choking on the sand and asphyxiation at the site.

NN (59) worked
at a construction site
for a terraced house,
where the warranty
work on the sewer
pipes was about
to start. The task
was to remove fill
dirt from under the
slab footing of the
building using a
high power vacuum
cleaner.

Removing fill dirt
from a small area
without supporting
the walls caused
a risk of collapse.

NN operated the
suction nozzle of the
high power vacuum
cleaner in the
narrow excavation
exposed to a risk
of collapse.

NN removed sand
from under the plinth
beam. The earth
pressure on the
other side of it was
higher, causing the
surrounding fill dirt
to mobilize and fill
the excavation.

NN was
trapped under
the collapsed fill
dirt and was
unable to breath.

NN died as a
result of choking
on the sand and
asphyxiation
at the site.
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Stages of the accident sequence

Figure 1. Stages of the accident sequence.
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B.

INSPECTION OF THE IMMINENT SAFETY
DEVIATIONS

B1. Existence of a hazard and exposure to the hazard
1.1 HUMAN CONDUCT AND DEVIATIONS IN THE WORKING ENVIRONMENT

Hazardous working method

The hazard and the occurrence of the hazardous event were caused by the dangerous working method
applied to the situation. The method used to remove fill dirt in a narrow space is dangerous and poses
a risk of collapse. The major factor causing the risk of collapse was NN's applied way of removing the
fill from narrow area under the building. The problem with this type of repair work is that soil is not
removed from a large enough area, which increases the risk of getting trapped under the soil in case of
a collapse. In addition, the walls of the excavation were not supported to prevent them from collapsing.
The working method in question has been widely in use, and workers have been given the chance to
estimate the sufficiency of the size of the excavation and the safety measures themselves.
The risk of collapse of the walls of the excavation and the subsequent collapse would not have caused an imminent risk of getting trapped under the collapse unless NN had not been steering the suction
nozzle in the excavation. The risk was caused by NN crawling and removing sand in the narrow and
shallow excavation he had made using the high-power vacuum cleaner. In practice, the only method to
accomplish the task in question is to work in the excavation. The same procedure had been used at other
sites earlier, exposing NN to a similar risk. He was working alone under the building when the accident
occurred. At that time, NN’s partner was outside the building and did not have visual contact with him.

1.2 CONTRIBUTORY RISK FACTORS

Planning of the work

The risk of collapse of the excavation was caused by the way NN removed the fill dirt using the high-power vacuum cleaner. The working method he used is common, and in similar projects the same task is
instructed to be carried out using the same procedure. The risks related to the use of the method in question had not been fully identified. The planning of the work had therefore been deficient, which resulted
in NN using the mentioned dangerous method.
The risk of collapse caused by the stepped slab footing of the building had not been taken into account
when planning the work. Similar work had been carried out earlier in the same area where the accident
occurred. However, the footings of the other buildings had been flat, and consequently the height of the
soil mass had been more or less level.
The major deficiency in the planning of the work was that no particular attention had been paid to the
variation in the height of the slab or to the change in earth pressure resulting from it. The briefing on the
working method and the implementation of it had been given orally in site meetings held earlier. At the
same time, instructions had been given to remove enough soil before removing it from under the plinth
beam and from the other side of it. No written instructions on the implementation of the working method
or the risks it contained had been provided. According to the supervisors, the same safety instructions
that are followed in work in confined spaces are usually applied when using the method in question.

Briefing and supervision

No sufficient instructions had been provided on the implementation of the working method. The workers
based their decisions of how much and in which order soil should be removed from under the slab on
their personal experience and own judgement. The safe implementation of the method had presumably
been inadequately supervised.
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B2. Occurrence of the hazardous event
2.1 HUMAN CONDUCT AND DEVIATIONS IN THE WORKING ENVIRONMENT

Removing soil mass from under the plinth beam

The collapse of the soil mass was caused when the packed sand around it mobilized, which in turn resulted from the removal of the soil from under the plinth beam. Due to the stepping of the slab footing,
there was more fill dirt on the other side of the plinth beam. Similar work had been carried out earlier
in other buildings in the area, but their footings were not stepped. The earth pressure was higher on the
other side of the plinth beam, and the soil mass moved to the direction where NN was using the high-power vacuum cleaner. Apparently, NN had not been aware of the risk posed by the stepped slab and the
significant difference in earth pressure resulting from it.

B3. Possibilities of preventing or mitigating harm
Due to the mobilization of the soil mass surrounding the narrow excavation, NN was trapped under
the soil and died as a result of choking on the sand and asphyxiation at the site. The following section
discusses the factors that led to NN getting trapped after the incident and explains why he could not be
rescued in time.

Narrow and shallow excavation

NN was working in a crawling position in a shallow space, approximately 0.5 meters in height. NN had
formed the space by removing fill dirt using a high-power vacuum cleaner. The excavation was shallow
and narrow (around one meter in width), so it filled quickly of a relatively small amount of collapsing
soil mass. Due to the small size of the excavation, NN was not able to escape from the quickly collapsing
soil.

Insufficient communication with work partner

It is possible that NN could have been pulled out faster from the excavation under the slab footing of the
building, if his work partner had had a visual contact with him or had been able to speak with him. The
noise from the high-power vacuum cleaner probably prevented the partner standing next to the vehicle
from hearing NN’s possible cries for help. The partner went to check the building only when he noticed
that the suction hose no longer sucked soil.
When the partner noticed that NN had been trapped under the collapsed soil mass, he immediately
crawled into the excavation and removed collapsed soil from top of NN using the suction nozzle. When
the partner got NN partly visible from under the soil, he crawled out of the excavation and asked the
resident of the building to call the emergency number. After this, the partner ran back to the excavation
and managed to remove enough soil to drag NN from under the building to the entry of the excavation.
At that time, first aid had arrived at the site and started resuscitation.
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C.

RISK FACTORS RELATED TO SAFETY
		 MANAGEMENT
All of the identified factors leading to the accident are directly or indirectly related to hazardous human
conduct and control over it. NN applied the working method he had been given instructions on to fit the
situation. From the viewpoint of safety management, the issue was mainly related to not placing enough
emphasis on safe working methods and risk assessment.

C1. Risk assessment as a part of the planning of the work
The accident indicated that the implementation of risk management regarding the planning of the methods and giving instructions on the use of the high-power vacuum cleaner had not been sufficient. The
approaches employed in safety management had not been effective enough to ensure the reliable assessment of the risks of the working methods used in the frequently performed work task.
The risks related to the working method were not assessed extensively enough. In particular, the potential danger arising from the collapsing walls had not been taken into account adequately. The assessment
of the risks related to working methods only noted that soil mass should be removed from a large enough
area, so that if the walls were to collapse, the worker performing the soil removal would not get trapped
under the fill. Still, the possibility of the worker getting trapped under the collapse had not been taken
into consideration. When soil mass sensitive to changes in earth pressure starts to mobilize in a narrow
excavation, it is probable that, despite the measures taken to prevent the collapse, the worker will get
trapped under the collapse. This being the case, risk assessment should take into account the possibility
of the worker getting trapped under the collapse and provide instructions on how to mitigate the harm.
Apparently no site-specific and written risk mapping had been done at the construction site. There was
virtually no documentation of the instructions on working methods. The practice was that site-specific
instructions were given orally before starting the work.

C2. Acquiring and using background knowledge necessary for
the planning of the work
The plans of the building were not available for use at the construction site. The work partner performing the removing of the soil had apparently not seen the plans. This may have been one of the reasons
why the soil removal was performed in the same way as before, without taking into account the risks
posed by the stepped slab footing.
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D.
		

RECOMMENDATIONS FOR IMPROVING
SAFETY AT WORK

D1. Preventing imminent safety deviations
1.1 PLANNING OF THE WORK AND BRIEFING
Before starting the work, the structure of the footing has to be studied. Based on the plans, it is possible
to assess the risks related to the site in question and plan the work stages safely.
Every worker performing suction work must be included in the process of going through the site-specific risks and deciding how big an excavation is needed and how its walls should be supported. If it is
not possible to eliminate the risk of collapse completely, the plan has to include instructions on what
to do in case of a collapse if a worker gets trapped under the soil. When planning the work, it has to be
ensured that there is enough breathing air and that the work pair can at least hear each other and ideally
have a visual contact. According to the investigation team, general instructions on how to remove soil
mass safely using a high-power vacuum cleaner are not available.

1.2 PROJECT SUPERVISION AND DEALING WITH FAULTS
The safety of the working methods and complying with the instructions must be supervised. Merely
giving instructions on the work is not sufficient; it must be ensured that the instructions are followed in
practice as well. When assessing the hazards related to working methods, possible conduct against the
instructions and hazardous situations resulting from that should also be taken into account. Sufficient
supervision is supposed to ensure that the working methods applied in practice correspond to the instructions. Conduct against instructions as well as other faults should be addressed.

1.3 SAFE USE OF THE HIGH-POWER VACUUM CLEANER
According to research, using a high-power vacuum cleaner always poses a risk of entanglement with
the suction hose. The suction is so powerful that it can, in extreme circumstances, be fatal. The operator
must ensure that the safety equipment is in good condition and follow the safety instructions provided
for the use of the machine. The operator must have immediate access to a remote controller with an
emergency stop button in case something gets caught up with the suction hose. The remote will stop the
suction quickly if, for instance, a limb gets stuck in the suction pipe. Additionally, different handles can
be installed in the suction nozzle to ease the work and prevent the risk of limbs getting into the pipe.
Using the handles also enables the operator to work at a distance from the area where the risk of collapse
is imminent.
A high power vacuum cleaner is often used in extremely narrow and shallow spaces. The suction
hoses are often very long and heavy. For these reasons, operating a high power vacuum cleaner is very
challenging from an ergonomic point of view. Using different handles in the suction nozzle and applying
technology and robotics to vacuum cleaners can improve the safety and ergonomy of this working method in the future.

1.4 PAIR WORK OR COMMUNICATION WITH WORK PARTNER
After the incident, a safety report was drawn up at the workplace along with safety instructions for the
work stage in question. The most important change is that work will no longer be performed without
a work partner and that soil mass will not be removed from under the plinth beam unless the pair has
visual contact with each other.
Due to the loud noise originating from the high-power vacuum cleaner, having only visual contact
may not be sufficient in some situations. According to the investigation team, communication could be
facilitated for instance by installing a radiotelephone apparatus in the hearing protectors.

8

1.5 TAKING FUTURE REPARATIONS INTO ACCOUNT ALREADY WHEN
PLANNING A BUILDING
The future reparations of the pipes should be taken into account already when planning a building. The
implementation of the possible maintenance and repair works on the building services encased in the
footing structure should be considered already in the planning stage and included in the plans. In this
way, it would be possible to build, for instance, a tunnel in which the pipes could be placed, which would
enable easy maintenance. The method in question has been used before and it has proved to facilitate
pipe repairs considerably. The problem related to exposing the pipes that are in need of repair is present
not only in construction of single-family houses, but also in every other type of slab-on-grade structure.
According to the investigation team, similar repair works will presumably become more common in
the future. Good and systematic planning can make the implementation of such works easier and considerably safer.

D2. Improving safety management
2.1 RISK ASSESSMENT
Identifying the hazards and assessing the risks of the working method has to be done for each project
and site separately. Well-planned and extensive risk assessment and management procedures are prerequisites for planning the working environment and working methods. Planning solutions and working
methods ensuring safety at work should always be based on the results of extensive identification of the
hazards and risk assessment. Every party involved in the project should take part in the planning of safe
working methods.
The organization executing the project should follow a systematic procedure when assessing and managing risks related to processes and work tasks. The procedure is followed in the management of operation, working areas and equipment as well as in ensuring the safety of everyone involved in the project.
It is important to identify especially the site-specific hazards. In the case of the accident in question,
risk assessment would have been able to identify the exceptionally significant risk of collapse resulting
from the stepped slab.

2.2 MONITORING WORKING METHODS
The safety of the working methods must always be ensured with the help of systematic supervision and
other so-called administrative risk management procedures, in case the risk cannot be eliminated or
reduced to a tolerable level using technical measures. The deviations related to the safety of the working
methods must be dealt with immediately and in a manner that has been planned in advance. In addition
to initiating the workers to the work, their competence has to be strengthened by sufficient training. Besides immediate supervision of the working methods, it is important to monitor the safety at work and
the safety of the working methods systematically, regularly and with safety inspections or other internal
inspections that follow a predetermined procedure. The purpose of monitoring is to ensure on a regular
basis that the working conditions and applied working methods fulfil the requirements set for them.

9

10
Risk assessment as a part of the planning of the work

Working method often used
at the workplace

NN (59) worked at a construction site for a terraced house,
where the warranty work on
the sewer pipes was about to
start. The task was to remove
fill dirt from under the slab footing of the building using a high
power vacuum cleaner.

NN operated the suction
nozzle of the high power
vacuum cleaner in the narrow
excavation exposed to a risk
of collapse.

HAZARDOUS SITUATION

HAZARD

NN operated the vacuum cleaner in
a narrow tunnel at risk of collapse

Removing fill dirt from a small
area without supporting
the walls caused
a risk of collapse.

Removing easily mobilizing soil mass
in a narrow space

NN was trapped under
the collapsed fill dirt and
was unable to breath.

HARM

NN removed sand from under
the plinth beam. The earth
pressure on the other side
of it was higher, causing the
surrounding fill dirt to mobilize
and fill the excavation.
HAZARDOUS EVENT

The earth pressure was higher on the
other side of a plinth beam, under which
NN was removing sand from

Stages of the accident sequence

Risk factors related to
safety management

SERIOUSNESS

NN died as a result of
choking on the sand and
asphyxiation at the site.

Human conduct and deviations
in the working environment

Contributing risk factors

The loud noise from the high-power vacuum
cleaner might have prevented NN’s work
partner from hearing his cries for help

The work partner operating the vacuum cleaner did not have visual contact with NN

Risk assessment as a part of collecting and utilizing background information needed in the planning of the work

Insufficient site-specific risk assessment
(The stepped foundation of the building)

TOT 1/16

Accident sequence model and risk factors affecting the course of the accident

GENERAL INFORMATION
Machines and appliances

High-power vacuum cleaner

Code

Economic activity of the employer

Other building and industrial cleaning activities

KI

Victim’s occupation

Worker

620

Working environment

Repair work site

22

Work task

Removing soil mass

2

Work performance

Operating the suction nozzle

2

Deviation

Collapse of the excavation

33

Type of injury

Getting buried under soil mass

22
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The case report has been approved in the meeting of TVK’s TOT Board on February 2, 2017.
The case report presents the view of the investigation team on the events leading to the accident and risk factors,
and recommendations for the prevention of similar accidents. The objective of the TOT-investigation and the
case report is to improve the prevention of occupational accidents. The purpose of the report is not to apportion
blame or liability of the parties.
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