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The main objective of the research was to manage the critical risks to reduce incidents
and accidents in the welding area of a mining contractor company for loading, hauling
and transportation of minerals. The methodology used was quantitative and analytical-
synthetic approach, with a non-experimental and descriptive design. The results obtained
indicated that there were a total of 5 incidents and accidents in 2021 and 2022, while in
2023 it was reduced to 3, with the activity with the most incidents being: auxiliary welding
work (4 incidents), followed by auxiliary mechanical work (3 incidents). The risk analysis
revealed that 50% of the incidents had a low risk level, 40% high risk and only 10%
medium risk. Spearman correlation analysis indicated a perfect correlation (p=1.00)
between activities and associated risk levels. The critical controls implemented produced
a 40% reduction in incidents and accidents, demonstrating their effectiveness in risk
reduction. Finally, it was concluded that through the t-student statistical analysis showed
a p-value of 0.000023, indicating that the implemented interventions were effective in

reducing the frequency of incidents and accidents.

1. INTRODUCTION

Occupational accidents are a problem in many sectors,
entailing high costs for companies [1, 2]. To prevent accidents,
it is necessary to identify all the various critical risks in the
work process and then control them with an adequate
assessment [3]. The number and severity of accidents and
incidents are crucial indicators when measuring corporate
performance [4]. Risk identification and control is crucial to
mitigate accident-related costs and to enhance system
efficiency. Identifying critical risks and providing control
measures is important to reduce accident costs and increase
system efficiency. Among the benefits of critical risk
management are reducing work-related injuries and illnesses,
creating effective and efficient ways to perform work reducing
compensation costs, and increasing worker productivity [5].

One of the accurate and systematic study methods to
identify the potential risks of each job is the Job Safety
Analysis (JSA) method, which recommends in the operation
phase to identify and analyze the risks [6]. The Occupational
Safety and Health Administration (OSHA) recommends that
by performing a proper occupational safety analysis, many
accidents and diseases can be prevented, and finally, take
necessary measures of engineering control, training, personal
protection, and executive instructions [7].

In mining activities are developed mostly of high risk,
therefore, companies in this area seek to prevent the generation
of accidents or incidents through the implementation of strict
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controls, in the same way the government implements laws in
prevention of these, to ensure the integrity of the collaborators
of the industry [8]. The constant growth of accident rates is
closely related to the implementation of improvements in the
safety management of employees, in this sense, companies are
obliged to comply with the highest safety parameters [9, 10].
The mining contractor company currently provides
earthmoving services to a mining company, through the rental
of heavy equipment, located in northern Peru. The company
carries out various complementary activities, such as welding
to reinforce the bucket in the workshop and in the field, nail
grinding, material cutting, among others, which involve
compliance with isolation procedures and energy blocking,
where there has been an increase in the number of incidents.
Many studies indicate that, to prevent incidents and
accidents, the management of critical controls represents one
of the most used and reliable methods to prevent this type of
events [11]. According to the literature review, it was found
that Vasques Orellana analyzed the effectiveness of controls
on critical risks in the Chuquicamata Mining Project,
introducing an indicator to improve prevention and
management, achieving greater efficiency and speed in
problem resolution. This approach reduced productive losses,
ensured legal compliance, and improved the flow of
information, where of 161 reported incidents, 43.4% are
related to the project, 64% of these incidents are due to critical
risk No. 10 (unsafe driving), and 3% to risk No. 5 (rockfall),
adding up to 67% of total incidents, highlighting the relevance
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of risk controls previously identified as dangerous [12].

Studies such as Molino Rosas that managed critical risks to
reduce fatal and disabling accidents in a mining unit, where by
using descriptive statistics, it observed a decrease in the
indicators of frequency, severity and accidentability during a
period of 1 year, obtaining a frequency index of 3.6, a severity
index of 60.4 and an accidentability index of 0.22 [13].
Likewise, Vidal Castafieda learned how the management of
critical controls and safe work contributes to the prevention of
undesirable events in a mining company in Peru, he mentioned
about the relationship that Bowtie has with risk management
and the safe work program, in a period of 4 years the frequency
rate of lost time injuries per 1 million hours worked dropped
to 1. 33 reducing by 13.7%, in the frequency rate of disabling
injuries per million man-hours worked was 44, reducing by
49.4% and in the total frequency rate of recordable injuries
was 2.44 which reduced by 47.4% [14]. Del Carpio Barriga
investigated risk management at Unidad Minera Inmaculada,
identifying 11 critical risks that accounted for 80% of
accidents from 2018 to 2019, where 40% of corrective actions
were not effective, implementing improved engineering
controls and updating risk assessments, achieved 85% of the
tasks were completed correctly, showing the effectiveness of
the new management model. The remaining 15% noted areas
for improvement, including protocol adjustments and the need
to reassess unidentified risks [15].

Vasquez Rodriguez designed an optimal plan that
guaranteed the control of the risks that could occur during the
development of the wells-dewatering operation service and
crane rental for Yanacocha mining, where he identified 29
risks, of which 16 are critical risks that require responses, 13
of these, the responses are oriented to mitigate them and 3 to
eliminate them [16]. Paredes Honores also investigated the
prevention of fatalities through the management of critical
safety risks in a subway mine, whose results determined 09
fatality risks, called critical risk managed with priority, in
addition these risks are present in 418 tasks, contributing to
safety statistics and fatality prevention, since the indicators of
frequency, severity and accident rate were reduced by 30%,
97% and 98%, respectively [17]. Nolasco Torres implemented
planning and development strategies for the maintenance of
the critical risk management of the company SMED PERU
S.A.C. where he showed a significant decrease in compliance
with actions by 97% to 80%, focused on planning strategies
for the control of critical risks [18] and Palacios Huaman in his
study minimized incidents and accidents through the
identification, control, elimination and implementation of
controls on critical risks, where the cause of accidents in 2016
in his company was falling rocks, implementing critical
controls decreased by 50%, on the other hand, it was reduced
by 10% in hauling and transportation, machine operation,
blows with objects and splashing of chemicals, also reduced
by 100% in causes such as material handling, blocking and
labeling, in transit, floors, roads and access [19].

Studies related to safety management in the mining industry,
Kainat and Shahzadi [20] in their research on safety and
occupational health management in the mining industry
indicated that companies operate in an environment of
complex organizational, physical and technical relationships,
where the safety approach in mining must incorporate both
"hard" and "soft" perspectives on safety. Swedish companies
have used these techniques to improve their safety records,
also focusing on technical, organizational, and behavioral
measures to improve safety. Cano et al. [21] in their study on
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the occupational safety and health management model for
mining contracts, indicated that OSHMS allows establishing
guidelines to prevent and mitigate accidents that may occur in
mines and exploration areas. It indicated that an OSHMS
model supported by tables will report the company's status and
implementation process. Similarly, Thirumalai et al. [22] in
their research on study and analysis of safety management
system in granite mining industry using unconventional
machining processes, was based on safety system in granite
mines including employee health standards. It worked with a
survey of 50 mine workers, where according to the analysis
60 % of the people want a safety management system. This
analysis shows that 60% of the people want to follow safety
protocols to avoid accidents and hazards in the granite mine.
Also, 80% of the workers demand training facilities for safety
management implementation. Finally, Wang and Li [23] in
their research on coal mining process safety management,
indicating that it is a high-risk operation, mining enterprises
should strictly manage safety issues in daily production,
handle and prevent safety accidents by the most advanced
methods. For better work, employees should improve their
own safety awareness, it will also improve the support of
society and the state.

The research has the following structure: Section 2
describes the materials and methods used; Section 3 presents
the results and discussions obtained; Section 4 summarizes the
conclusions of the study; and Section 5 lists the bibliographical
references used.

2. MATERIALS AND METHODS
2.1 Research design

The research was conducted under a non-experimental
design, which means that the independent variables were not
modified, but rather the phenomena were observed, identified,
analyzed, and quantified as they occur in a natural
environment. Regarding the depth of the research, it was
classified as a descriptive design since it focused on describing
and analyzing the main causes of accidents and identifying the
most critical risks in the population [24]. In terms of its
purpose, it is considered applied since its main objective was
to specifically address the research problem [25].

2.2 Population and sample

The population studied included all the risks associated with
the various activities performed by the contracting company.
A probabilistic random sampling was used to select those risks
that have caused the highest number of incidents and accidents,
thus ensuring that the data are representative of the most
significant hazards [26]. This sampling method strengthens the
generalizability of the study results to similar situations within
the industry.

2.3 Instrumentation and data collection

The research involved a review and documentary analysis
of various resources, including internal reports of incidents
and accidents, as well as the review of bibliographic sources
related to the variables under study. Also, direct observation
was used, this is due to the existence of a direct connection
between the individual making the observation and the



element being examined. Field recording was also used for the
collection of information and subsequent analysis. Finally, a
Spearman correlation statistical study was carried out.

The data collection instruments consisted of collection
sheets, incident and accident reports and statistical tables for
the analysis of the variables under study, analysis of accidents
by unsafe acts and conditions, personal factors, and work
factors.

2.4 Methodology of analysis

For the analysis of the collected data, a quantitative
approach was used to quantify accidents and incidents in the
welding area. The Spearman correlation was used to verify the
relationship between the associated risks and the activities.
Spearman's correlation, also known as Spearman's rank
correlation coefficient, is a non-parametric measure of
statistical rank correlation that evaluates the strength and
direction of the association between two variables classified
by order. It is applied to data that do not follow a linearity
relationship, but rather a monotonic relationship, either
increasing or decreasing. Its coefficient, represented by the
Greek letter (p), ranges from -1 (perfect negative correlation)
to 1 (perfect positive correlation), with 0 indicating no
correlation [27, 28]. The formula for calculating Spearman's
correlation is:

6Y d?
nn2-1)

(p=1- (M
where, (p) is the Spearman correlation coefficient, d is the
difference between the corresponding x-y order data and # is
the number of data pair.

2.5 Procedure

The research procedure was developed according to a
detailed plan, which is presented in the form of a flow chart in
Figure 1. This plan included specific steps for data collection,
statistical analysis, and interpretation of results.

Stage 1: Stage 2: Determination of the
Preliminary study research title.
and identification
of the problem. l
Stage 3: Compilation of informationrelatedto the
. problem and study variables.
ED - Ind: dent and d 1 ariable.
F
g Stage 4: Determine Stage 5: Determine and state the objectives of the
2 - Problem formulation. ||  research
2 - Hypothesis. + Identify the activities with the highest reports of incidents and
- Justification, accidents
« Identify the correlation between critical risks and the activities
that generate the highest reports of incidents and accidents
* Verify if the [PERC baseline controls are efficient.
Stage 6: Determine the « Detormine and implement crifical controls for the activitics with
population and the highest reporting of incidents and accidents.
research sample. + Determine the percentage reduction of incidents and accidents
in the welding area.
:nn Stage 7: A contracting Stage 8: Compilation of company
% company dedicated to the information:
E loading, hauling and - Activities carried out,
= transportation of minerals. incident reports, accidents,
indicators, among others.
] ¥
Stage 10: Identify the Stage 9: Identify the activities carried
correlation of incidents or out by the mining contracting
b accidentsto criticalrisks. company.
g
=2 Stage 11: Verify the
N cffectiveness of Stage 12: Writing
controls, implement conclusions and
strategies and recommendations.

application.

Figure 1. Flow chart of the investigation

2.6 Work in the welding area

The mining contracting company has yellow line vehicles
(excavators, front loader) of the Volvo brand, due to the tasks
carried out by these equipment, continuous wear of certain
parts is observed, which leads to the execution of welding
tasks. These tasks include activities such as reinforcing
buckets, welding adapters, cutting plates, among others.

The bucket reinforcement strengthens the bucket used on
front loaders and excavators. It is carried out by welding 1"
and 2" plates, pips, segments, or additional reinforcements in
critical areas that are exposed to high wear, the objective is to
increase the resistance and durability of the bucket (see Figure
2) [29].

4 Worn
| segments

Figure 2. Excavator bucket wear and reinforcement

Adaptor welding (front loader and excavator): Adapters are
components that connect work attachments such as grapples to
buckets. Welding adapters involves securing these adapters to
the main structure (bucket) of the equipment (see Figure 3)
[30].

Figure 4. Nail highlighting
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Plate cutting is a task that involves the use of cutting tools,
such as torches or plasma machines. Plate welding consists of
joining the cut plates to the bucket through a process of heating
and melting the metal to cover or replace parts of the bucket
that are worn or damaged, such as the edge, bottom, and sides.

Nail grinding involves reinforcing worn nails to give them
a second life, which is done to restore the equipment's
optimum performance and ensure that it can continue to
perform digging and loading tasks effectively (see Figure 4).

3. RESULTS AND DISCUSSIONS
3.1 Incident and accident statistics

According to the Figure 5, the total number of work-related
incidents and accidents were 5in 2021 and 2022, and 3 in 2023.
This shows a decrease of 40% in the last year. Of the 5
incidents and accidents that occurred in 2021, 2 were incidents,
1 was hazardous, 2 were minor accidents and none were
disabling or fatal. In 2022, there were 3 incidents, none were
dangerous, and 2 were minor accidents. In 2023, there were 2
incidents, 1 hazardous incident.

W Year 2021
- ear 7077
. Year 2023

Event Type

Figure 5. Number of incidents and accidents per year

Incidents and accidents in 2021 were generated by activities
such as loading material with a front loader (1), auxiliary
welding work (3), including: reinforcement of excavator
bucket in the field (1), underpinning of nails (1) and scribing
and material clearance (1). They were also generated by
mechanical auxiliary works (1), for a total of 5. In the year
2022 the incidents and accidents were generated by pushing
material with loader (1), auxiliary works with front loader such
as wall conformation (1), auxiliary welding works such as:
reinforcement of excavator bucket in the field (1) and nail
strengthening (1) for a total of 2, mechanical auxiliary works
such as assembly and disassembly of components (1), for a
total of 5. In the year 2023, incidents and accidents were
generated by loading material with front loader (1), auxiliary
welding work such as nail strengthening (1) and auxiliary
mechanical work such as corrective maintenance (1), for a
total of 3.

The Figure 6 shows the number of incidents and accidents
by item, where the total number of substandard acts and
substandard conditions related to occupational safety and
health was 5 in 2021 and 2022, and 3 in 2023. Substandard
acts were more frequent than substandard conditions in all
three years, with the item with the highest number of cases in
2022 (4) and 2023 (2). Likewise, work, and personal factors
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were not reported in any of the years.

The high occurrence of incidents in welding activities
underscores the critical need for a thorough review of safety
procedures and the implementation of critical controls [14, 15].

. Year 2021
W vear 2027
=3 Year 2023

@

Quantity
N

Element Type

Figure 6. Number of incidents and accidents by elements
3.2 Analysis of the IPERC baseline

The safety area has a truck for transporting welding
motorcycles for field work, and a list of the hazards and risks
in the welding area is also shown.

The activities with the most reported incidents and accidents
are auxiliary welding work and auxiliary mechanical work
(see Table 1).

3.3 Determination and implementation of critical controls
for the activities with the highest reporting of incidents and
accidents

In a period between 2021 and 2022, a total of 10 incidents
and accidents related to various activities were recorded.
Auxiliary welding work had the highest frequency with 50%
of the total, followed by auxiliary mechanical work with 20%
(see Table 2).

3.4 Identifying hazards and assessing risks

To determine critical risks, we used a structured process that
included several important steps:

1. Initial Hazard Identification: We started by watching
how work was done, looking at past incidents, and
talking to staff. This helped us spot potential dangers
linked to welding and mechanical tasks. This first step
was essential to gather a comprehensive list of possible
dangers at the workplace.

Risk Assessment: We then evaluated how severe and
likely each identified hazard could be. We categorized
these hazards into low, medium, and high levels based
on how much they could impact worker safety and
health. This approach allowed us to focus on the most
important hazards first.

Detailed Analysis of Critical Risks: Hazards that led to
frequent incidents or could lead to serious
consequences (like operating heavy machinery) were
examined more closely. We aimed to understand the
root causes and contributing factors that made these
hazards particularly risky.



Table 1. Dangers and risks of the welding area

Hazard Risk Consequence
Uneven, uneven, or slippery terrain Falls due to loss of stability at the same level Injuries to dlfferer:ttr;)gﬁ?egf the body, blows,

Unsecured doors or gates
Work area with presence of dust

Extreme temperatures

Solar radiation
Moving equipment (dump trucks, yellow
line, tanker)
Light vehicle in motion (bus, minibus,
van, pickup, etc.)
Noise from operating equipment >85Db
Worker fatigue and drowsiness.

Handling of hand or power tools
Contact with hot surfaces

Metal fumes (welding)
Gases, vapors or fumes

Tanks, bottles and pressurized cylinders
Work with repetitive motions
Lack of tidiness and cleanliness

Projection of incandescent particles
Sharp-edged surfaces

Incorrect posture
Grinder, grinding and cutting discs

Vibration from hand-held machines

Presence of loose rocks on slopes
Working on temporarily energized
equipment
Adverse weather conditions
(thunderstorm, heavy rain, hailstorm)
Handling of sheet metal
Pathogenic biological agents (COVID-

Entrapment of body parts (hands)
Exposure to dust

Exposure to low temperatures

Exposure to high temperatures
Exposure to solar radiation

Collisions, rollover, run over

Collisions, rollover, run over

Noise exposure
Collisions

Contact with the tool
Contact with hot surface

Inhalation of welding fumes
Exposure to metallic gases, vapors, or fumes

Explosion, fire
Prolonged repetitive motions
Fall to level

Impacted by incandescent particle
Exposure to sharp-edged surfaces

Prolonged incorrect posture
Contact with grinder, grinding and cutting discs

Exposure Hand-arm vibration

Impact by falling rocks
Contact with electrical energy

Electrical shock, Flooding, Material slides,
slippery surfaces
Cuts, blows, amputations
Direct-indirect contact with contaminated

Blows, finger pinching, fractures
Lung diseases
Chills, hypothermia, flu, frostbite, vasodilatation
ventricular or fibrillatory arrhythmia
Skin diseases, occupational dermatitis, gradual
blindness, heat shock, dehydration
Skin burns (face, arms), dehydration
Injuries to different parts of the body, property
damage, fatality
Injuries to different parts of the body, property
damage, fatality
Partial or total hearing loss
Death, Minor/permanent injuries
Injuries to different parts of the body, blows,
fractures
Burns
Pneumoconiosis, Occupational Asthma, Allergies,
Cancer
Occupational Asthma, Laryngeal Cancer,
Dermatitis, intoxication
Fatalities, Explosion, Fire, Burns, Property
Damage
Osteoarticular injuries, mental fatigue
Injuries to different parts of the body, blows,
fractures
Burns, injuries to different parts of the body
Cuts
Low back pain, back pain (upper and lower back
pain)
Cuts, mutilation, serious injuries
Lack of sensation in the hands (white finger
syndrome), Joint, neurological, and vascular
disorders, Muscle disorders
Death, Minor/permanent injuries

Electric shock, Serious Injury, Fatality

Fatalities, Total disability, Serious injuries,
Property damage, Stoppage of production process
Injuries, fractures, mutilation

Acute Respiratory Disease

19) environments or surfaces and/or infected people
Table 2. Frequency of incidents and accidents years 2021-2022
Activities Number of Incidents/Accidents 2021-2022 Frequency (%) Accumulated (%)
Loading of material with front loader 1 10 10
Material push with loader 1 10 20
Auxiliary work with loader 1 10 30
Auxiliary welding work 5 50 80
Auxiliary mechanical work 2 20 100
Total 10

It can be observed that 50% of the incidents had a low risk
level, while 40% had a high-risk level. Only 10% of the
incidents were classified as medium risk. Incidents with a low
risk level were considered in the following activities: loading
material with front loader, pushing material with loader,
auxiliary work with front loader, auxiliary mechanical work,
and auxiliary welding work, with 1 accident/incident each. For
the medium risk level, only the activity of auxiliary welding
work was considered, with 1 accident/incident. At the high-
risk level, the activities of mechanical auxiliary work (1
accident/incident) and auxiliary welding work (3) were
considered, giving a total of 4 (see Table 3).

Table 3. Percentage risk level in type of pre-test incidents

. Frequency 2021  Frequency Accumulated
Risk Level and 2022 (%) (%)
Under 5 50 50
Medium 1 10 60
High 4 40 100
Total 10 100
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3.5 Spearman correlation analysis

In this analysis, the Spearman correlation coefficient values



were consistently 1.00 for different risk levels. This means
there is a perfect positive correlation. Essentially, this tells us
that activities identified as higher risk are always linked to
more frequent incidents and accidents. This highlights the
importance of targeted and specific controls for these high-risk
areas to reduce risks effectively (see Table 4).

Table 4. Spearman correlation coefficient for risk levels

Risk Level Spearman Correlation Coefficient
Under 1.00
Medium 1.00
High 1.00
Total 1.00

This table shows that for every type of risk level-low,
medium, and high - the correlation coefficient is 1.00,
indicating a perfect match. This strong correlation underscores
the need for careful attention to activities with higher risks as
they consistently lead to more incidents and accidents.

3.6 Determination of critical control measures

The critical hazards obtained from the risk analysis in the
welding area of the mining contractor company are shown in
the Table 5. The previous studies indicate that the management
of critical risks are essential tools for safeguarding the health
and safety of employees [15, 31-33].

The selection and formulation of critical control measures
were based on a systematic approach that integrates the results
of our risk analysis with industry best practices and applicable
safety regulations. The criteria for selecting these measures
included:

1. Proven Effectiveness: Priority was given to controls
that have demonstrated success in mitigating similar
risks.

2. Technical Feasibility: Each control's practicality was
considered, considering the operational context of the
company.

3. Regulatory Compliance: All proposed controls align
with current occupational safety regulations.

4. Maximum Risk Reduction: Controls were chosen to
offer the highest possible risk reduction using a
combination of engineering, administrative measures,
and personal protective equipment (PPE).

To strictly control the above hazards in a work environment,

it is important to implement specific safety measures, i.e.
critical controls, which are shown in the Table 6. These critical
controls are essential to prevent incidents and accidents, thus
ensuring a safe environment [19, 33].

Table 5. List of critical hazards

No. Critical Hazards
1 Moving equipment (dump truck, yellow line, tanker)
2 Light vehicle in motion (Bus, minibus, van, pickup truck)
3 Handling of hand or power tools
4 Hot surfaces
5 Metal fumes (welding)
6 Gases, vapors or fumes
7 Pressurized tanks, cylinders, and bottles
8 Projection of incandescent particles
9 Sharp cutting surfaces
10 Grinders, grinding and cutting wheels
11 Contact with energized elements
12 Exposure to UV radiation
13 Lack of order and cleanliness

Table 6. Critical controls for identified critical risks

No. Critical Hazards

Critical Controls

Replacement.
Moving equipment (dump
truck, yellow line, tanker)

[y

Engineering controls: work area signage.
Administrative controls: Comply with speed limits (RITRA).

Personal protective equipment: Use of basic PPE.

Replacement.
Light moving vehicle (Bus,

Engineering controls: mark the work area.

2 minibus, van, truck) Administrative controls: Comply with speed limits (RITRA).
Personal protective equipment (PPE): use of basic PPE.
Removal of spell tools.
Replacing manual tools with electric ones.
3 Handling or power tools Engineering control: dead man security system.
Administrative control: Quarterly tool inspection.
Personal protective equipment: Use of basic PPE.
4 Hot surfaces Administrative c_ontrol:_mark areas with ho_t surfac_es_.
Personal protective equipment: Use of basic, specific PPE.
Replacement: use alternative joining methods that do not generate metal fumes.
. Engineering control: adequate ventilation systems, smoke extractors.
S Metal fumes (welding) Administrative control: Training in safe handling of motorcycle welder and welding process.
Personal protective equipment (PPE): Basic PPE (helmet, glasses, vest, safety shoes, gloves).
Replacement: use materials that do not generate dangerous gases or fumes.
Engineering controls: adequate ventilation systems (use of extractor hoods).
6 Gases or fumes Administrative controls: training in safe handling of motorcycle welding machines and welding
processes.
Personal protective equipment (PPE): Basic PPE (helmet, glasses, vest, safety shoes).
Replacement: use materials that do not generate dangerous gases or fumes.
Engineering controls: storage according to gas compatibility, secure with chain and placed in cages.
7 Pressurized bottles Administrative controls: regular inspection of cylinders, training in the safe handling of gas cylinders.

Personal protective equipment (PPE): Basic PPE (helmet, glasses, vest, safety shoes, gloves,
respirator).
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Engineering controls: use of screens to avoid projection of sparks and prevent light, fire blankets.

Projection of incandescent

o0}

Administrative controls: inspection of electric welding equipment.

particles Personal protective equipment (PPE): Basic PPE (helmet, glasses, vest, safety shoes, gloves, respirator,

with mixed filters).
Administrative controls: Keep the surface clean and free of sharp material.

9 Sharp surfaces Personal protective equipment (PPE): Basic PPE (helmet, glasses, vest, safety shoes, gloves,
respirators, leather clothing).
Engineering controls: safety guards (I use disc guards and safety shields on pillows).

10 Grinder, grinding and cutting Administrative controls: perform periodic inspections of equipment, training on risks associated with

discs vibration and how to minimize them.
Personal protective equipment (PPE): helmet, safety glasses, vest with reflective tape.
. . Engineering controls: Guidance and blocking of energy sources.

11 Contaczlvg;r;r?tr;erglzed Administrative controls: training in LOTO and in the identification of electrical hazards.
Personal protective equipment (PPE): helmet, safety glasses, vest with reflective tape, safety shoes.
Administrative controls: Training on risks associated with UV radiation and its prevention.

12 Exposure to UV radiation  Personal protective equipment: helmet, safety glasses, vest with reflective tape, welding helmet, with
auto-darkening visors, sun blocker.
Administrative controls: prior inspection of the area, carry out order and cleanliness, prior inspection

13 Lack of order and cleanliness of the area, carry out order and cleaning.

Personal protective equipment: Helmet, safety glasses, vest with reflective tape, safety shoes, hearing

protection, gloves.

3.7 Evaluation of the effectiveness of control measures

The study variable was the total number of reported
incidents and accidents. A Student's t-test was applied with
two groups: Group 1 (before intervention - 2021) and Group 2
(after intervention - 2023). Statistical analysis indicated that
the average number of incidents was 5 for Group 1 and 3 for
Group 2. The Shapiro-Wilk test was used to assess normality,
the results of which are shown in Table 7.

Table 7. Normality test of data

Year Test Statistic p-Value Result
2021 0.778 0.005 Not normal
2023 0.884 0.100 Normal

The hypotheses set were:

Ho: There is no difference in the number of incidents
between 2021 and 2023.

Ha: There is a difference in the number of incidents between
2021 and 2023.

To determine the effectiveness of the control measures
implemented in welding operations, a student’s t-test for
independent samples was conducted, comparing the number
of incidents and accidents in 2021 and 2023. The data revealed
a decrease in the number of incidents from 5 in 2021 to 3 in
2023 (see Table 8).

Table 8. Student’s t-test statistical analysis

T-Statistic
5.34

p-Value
0.000023

The observed reduction in incidents was evaluated for
statistical significance. The results showed a p-value of
0.000023, suggesting that the implemented interventions were
effective in reducing the frequency of incidents and accidents.
This underscores the importance of continuing with the
rigorous application and evaluation of safety control measures.

4. CONCLUSIONS

The activities with the most incidents and accidents reported
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in the welding area of the mining contracting company were
auxiliary welding work (4 incidents), followed by auxiliary
mechanical work (3 incidents); the sub-activities with the most
incidents were: reinforcement of excavator buckets in the field,
nail grinding and corrective maintenance. Likewise, the
critical risks identified in the baseline IPERC, such as
exposure to hot surfaces, metal fumes, projection of
incandescent particles and handling of hand tools, are directly
related to welding activities, which represent the highest risk
of incidents, where a Spearman correlation coefficient of
p=1.00 was obtained for the low, medium and high-risk levels.

Specific critical controls were determined and effectively
implemented for activities with the highest risk of incidents
and accidents, such as: equipment and vehicles in motion,
handling of manual or power tools, hot surfaces, metal fumes,
gases, vapors, smoke, tanks, pressurized, projection of
incandescent particles, sharp surfaces, grinders, grinding and
cutting discs, contact with energized elements, exposure to UV
radiation and lack of order and cleanliness, generating controls
such as replacements, engineering control, administrative
controls and personal protective equipment (PPE). Likewise,
a 40% reduction in the number of incidents and accidents was
recorded in the last year in the welding area, which suggests
that the measures implemented are having a positive impact on
the mining contracting company. According to the evaluation
of the control measures, the t-student statistical test was used,
which showed a p value of 0.000023, which suggested that the
implemented interventions were effective in reducing the
frequency of incidents and accidents.

For future research, it is necessary to evaluate the impact of
new technologies and techniques in the reduction of specific
risks associated with the activities of the different areas, such
as the use of Artificial Intelligence (Al), as well as to maintain
its relationship with the regulations and standards on labor
safety related to welding and always ensure compliance.
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NOMENCLATURE

RITRA
IPERC

uv
EPP
p

Internal Traffic Regulations

Hazard Identification and Risk Assessment and
Controls

Ultraviolet

Personal Protective Equipment

Spearman coefficient





