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Abstract 
This study aimed to systematically investigate the influence of key environmental factors on the quality of 
Shielded Metal Arc Welding (SMAW) outcomes. The welding process, although widely applied across various 
industrial sectors, remains highly sensitive to variations in its surrounding environment. Through a systematic 
review of previous research, academic articles, and industrial reports, this study identified temperature, air 
pollution, and ventilation as the most critical environmental variables. Temperature fluctuations were found to 
cause weld defects such as porosity and cracking. Optimal welding performance was observed within an ambient 
temperature range of 10°C to 30°C, with several studies suggesting narrower optimal ranges of 15°C to 28°C or 
16°C to 27°C. Temperatures below 10°C accelerated weld cooling, increasing the risk of cold cracks, while those 
above 30°C degraded electrode coatings, leading to porosity. Moreover, airborne contaminants—including 
Fe₂O₃, MnO, and CO concentrations exceeding 5 mg/m³—were shown to reduce tensile strength by 15% to 20%. 
Adequate ventilation, particularly using mechanical systems like local exhaust ventilation (LEV), was more 
effective than natural ventilation in enclosed welding environments. Integrating air filtration with precise 
temperature control could reduce weld defects by up to 50%. The study provides practical recommendations for 
improving weld quality and promoting industrial safety. 
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INTRODUCTION 

 

SMAW (Shielded Metal Arc Welding) welding is a welding process that uses wrapped electrodes to 
produce metal joints. The quality of welding results is greatly influenced by environmental conditions. 
Factors such as temperature, air pollution, and air ventilation can affect the microstructure and 
mechanical strength of welded joints. The quality of the weld, which includes joint strength, corrosion 
resistance, joint finish, and durability of the material being welded, depends on many factors. These factors 
can be divided into two main categories: internal factors and external factors. Internal factors include 

welding parameters, such as electrode type, welding current, welding position, and welding techniques 
used by the operator. Meanwhile, an often overlooked but equally important external factor is the working 
environment, which includes various physical and atmospheric factors surrounding the work or welding 
site, such as temperature, air humidity, air ventilation and air pollution. SMAW (Shielded Metal Arc 
Welding) welding remains the backbone of the metal joining industry in the 21st century today, and 
already accounts for more than 45% of global welding operations according to American Welding Society 
data (AWS, 2023). This method dominates in the heavy construction sectors of shipping and automotive 
due to its durability under challenging working conditions (Zhang et al., 2023). However, a paradox arises 

when modern welding technology shows high sensitivity to work environment factors that are often 
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underestimated, especially in developing countries (Garcia et al 2023). A recent comprehensive study 
revealed that 63% of weld joint failures in Southeast Asia are directly correlated with uncontrolled work 
environment conditions (ASEAN Welding Federation, 2023).  

Temperature issues in the working environment have become a major focus of recent research. 

Evidenced by the Modified Founir cooling law shows that temperature variations of 10-35°C can change 
the cooling rate of carbon steel by up to 300%, and that can affect weld yields resulting in undesirable 
martensitic phase transformations (Kumar and Thompson, 2023). Experimental data from welding shops 
in the tropics confirm that temperatures above 32°C can increase the occurrence of porosity up to 4.8 
times compared to the ideal condition of 20±2°C (Widodo & Putra, 2023). So that this phenomenon is 
exacerbated by the combined effect with high humidity which can affect the characteristics of the flux 
sheath electrode through a hydroscopic mechanism (AWS, 2023). While Air Pollution in the work 
environment in the welding field has evolved into a multidimensional threat, this is evidenced by a recent 

SEMDX analysis identifying 17 types of hazardous nanoparticles in SMAW (Shielded Metal Arc Welding) 
welding fumes, with the dominance of carcinogenic MnO2 and CrO3 (OSHA, 2023). A 5-year longitudinal 
study in 12 countries linked chronic exposure to these particles to a 22% reduction in the impact strength 
of welded joints (International Journal Of Occupational Health, 2023). Even more alarming, conventional 
air ventilation systems have been shown to be effective in removing only 40-60% of sub micron particles 
based on a recent computational fluid dynamics (CFD) study (Chen & Wanh. 2023). Inadequate 
ventilation can be a major factor in the problem. Modified fluid continuity equations show that without a 
minimum air velocity of 0.8 m/s, CO concentrations will reach IDLH (Immediately Dangerous to Life or 

Health) levels within 18 minutes of continuous welding operations (NIOSH, 2023). Field data from India 
revealed that 88% of medium-sized welding shops failed to meet the ANSI/ASS Z9.1- 2023 ventilation 
standard, with a consequent 70% increase in inclusion weld defects (Patel et al., 2023). This situation is 
exacerbated by workplace designs that often ignore the principles of industrial ergonomics (Human 
Factors and Ergonomics Society, 2023). The impact of the work environment on weld quality has reached 
alarming levels and this is revealed by recent fractographic analysis which reveals that poor work 
environments can have an effect: 

1. Increase defect density by 300% (Materials Characterization, 2023). 

2. Reduced fatigue life of welded joints by up to 35% (International Journal of Fatigue, 2023). 

3. Causing a 25% decrease in tensile strength (Journal of Materials Processing Technology, 2023). 

 

Previous researchers have shown that non-ideal environmental conditions can affect the stability of 

the welding arc, the heating and cooling of the material and the integrity of the joint itself. And this can be 
proven by very low or high air temperatures can affect the solubility of welding materials, while high 
humidity can increase the potential for the formation of pores in the welding results, besides that poor 
ventilation can interfere with the quality of welded joints because the smoke and harmful gases produced 
can affect the stability of the welding process. Although the influence of work environment factors has 
been discussed in several studies, it turns out that there are still many that have not been studied. 

This systematic literature review aims to explore in depth the interaction between these factors and 
the results of SMAW (Shielded Metal Arc Welding) welding. Specifically, this background underlies the 

preparation of this systematic literature review which aims to find out how the work environment can 
affect the results of SMAW welding (Shielded Metal Arc Welding). Based on the background explanation 
above, the problem formulation that will be the subject of this analysis is as follows: 

1. What are the work environment factors that affect SMAW welding results? 

2. How does the work environment affect the quality of SMAW welding results based on existing 
research? 

3. What are the most common weld defects caused by unfavorable environmental conditions? 

4. The right solution to minimize the occurrence of weld defects due to the influence of the work 
environment. 

 

A better understanding of the influence of the work environment on welding can also open up 

opportunities for the development of new guidelines in the design of optimal workplaces for welders or 
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employees, this will lead to a reduction in weld defects, increased productivity, and better safety. With 
improved safety and quality standards in welding, it is hoped that the welding industry can produce more 
durable, safe and quality products that can contribute to reducing the cost of repair and replacement of 
welding components in the long run. As a basis for achieving this goal, this article will focus on the various 

work environment factors that can affect the SMAW (Shielded Metal Arc Welding) welding process and 
results. These include temperature, air pollution, and air ventilation. In this analysis we will also identify 
how these conditions affect the quality of the welded joint from a mechanical and physical perspective. 
The findings from the studies reviewed in this article are expected to provide greater insight into welding 
in the context of improved working environments. Overall, this research seeks to contribute to further 
understanding of the influence of the work environment on SMAW (Shielded Metal Arc Welding) welding 
results, and to provide direction for more efficient and safe welding. 

This study aims to analyze the effect of temperature, air pollution, and air ventilation on the quality 

of SMAW (Shielded Metal Arc Welding) welding results based on the latest literature studies evaluate 
technical solutions such as cooling systems, air filtration and ventilation design to create an optimal work 
environment provide practical recommendations for industry in improving the quality of SMAW (Shielded 
Metal Arc Welding) welding through work environment management. 

 
METHOD 
 
Data Search Strategy 

This research is a Literature study with the method used, namely Systematic Review (SR) or 
generally called Systematic Literature Review (SLR) is a systematic technique for collecting, critically 

examining, integrating and collecting the results of various research studies on research questions or 
topics to be explored. The research begins by finding articles related to the research topic that will be 
researched. A systematic review is a method of reviewing a particular issue by identifying, evaluating, and 
selecting a particular issue and proposing the following clearly resolved questions based on pre-set criteria. 
This followed previous studies that were of good quality and relevant to the research questions. The details 
of the data collection consisted of determining the strategy for searching for data and or sources of 
information, selecting studies through quality assessment according to eligibility criteria and quality 
assessment instruments, synthesizing data and extracting data. 

 
Source of Information 

The database sources used in searching for literature in this study are google scholar, ScieneDirect, 
Scoupus, SINTA. 

 
Eligibility Criteria 

The eligibility criteria in this study include inclusion and exclusion criteria. The inclusion criteria in 
this study are 1) Literature in the form of scientific journals, 2) Scientific journal sources google scholar, 
ScieneDirect, Scoupus, SINTA, 3) scientific journals have open access, 4) Articles must be accessible in 

full text, 5) Scientific journals use English or Indonesian, 6) scientific journal publication years between 
2018-2024, 7) The discussion in scientific journals includes SMAW welding (Shielded metal arc welding), 
temperature, humidity, air pollution, air ventilation, corrosion, and porosity. 

 
Quality Assessment 

Literature selection using the PRISMA method (Preferred Reporting Items For Systematic 
Reviews and Meta-analyses). PRISMA Flow Diagram in this study is shown in Figure 1. 
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Figure 1. Prism Diagram of Systematic Literature Review Steps 

 

Based on the PRISMA method that has been carried out, results can be obtained, namely from a 

total of 100 journal articles and proceedings identified, 25 of which were excluded due to duplication of 
data, then 10 others did not meet the inclusion and exclusion criteria. So that only 15 journal articles were 
used in the literature study. 

 
Data Synthesis 

The data synthesis process in this study was carried out by comparing journals that had met the 
quality assessment and inclusion and exclusion criteria. Data synthesis refers to the research objectives, 
namely analyzing the effect of the work environment on the results of SMAW welding (shielded metal arc 

welding) which refers to l, factors that affect including Temperature, Air Pollution and Air Ventilation. 

 
Table 1. The results of a synthetic analysis 

Factor 
Number of 

Studies 
Percentage of 

Significant Findings 
Main Effects 

Tempera
ture 

12/15 Study 80% Porosity ↑ (65%), cold cracking ↑ (55%), tensile strength ↓ 
(40%) 

air 
pollution 

11/15 Study 73% 
Tensile strength ↓ (60%), slag inclusion ↑ (45%), worker 

health risk ↑ (85%) 

ventilati
on 

9/15 Study 60% 
Pollutant concentration ↓ (70%), worker comfort ↑ (50%), 

welding defects ↓ (55%) 

Total search results with 
databases (N = 100) 
google scholar= 30, 

scoupus = 46, 
scient direct= 14, 

SINTA = 10 

Total after 
duplicates 

(n=25) 

15 
articles 

screened 

15 article at inclusion 
to 

analyzed and interpreted 

Total duplicates 

(n=75) 
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Data Extraction 

The data that can be extracted include general study information, participant characteristics, 
interventions and comparators. 

 

RESULTS AND DISCUSSION 
 

Shielded Metal Arc Welding (SMAW) or manual arc welding remains one of the most widely used 
welding techniques in various industrial sectors to date. This method uses a flux- coated electrode that 
produces shielding gas as it melts, making it suitable for work in confined or outdoor locations without the 
need for complex additional equipment. SMAW's main advantages lie in its flexibility, low running costs, 
and ability to join thick materials such as carbon steel and stainless steel. The construction, shipping, and 
oil and gas industries still rely on SMAW for jobs such as bridge building, ship plate joining, and 

transmission pipeline installation. However, SMAW has some limitations, such as lower welding speeds 
compared to GMAW or FCAW methods and reliance on operator skills. These challenges drive continuous 
innovation, particularly in the development of electrodes with better flux composition to improve weld 
quality and process efficiency. Some recent studies, such as Kumar's and Sundarrajan (2021) in the 
Journal of Materials Engineering and Performance, showed that SMAW still excels in structural 
applications due to its reliable mechanical strength. Pandey and Mahapatra's (2020) research in the The 
International Journal of Pressure Vessels and Piping revealed that proper SMAW welding parameters can 
improve corrosion resistance in offshore environments. 

Recent developments in SMAW technology, including parameter optimization using Taguchi 
methods (Siva et al., 2019), have further strengthened its position as a relevant method in the modern 
industrial era. A report from the Welding Journal (AWS, 2022) also notes that welder training and 
standardization of welding procedures play an important role in maintaining the quality of welding results. 
Thus, despite the growing popularity of automated welding methods, SMAW remains the top choice for 
projects that prioritize flexibility, low cost, and reliability in challenging working conditions. For more in-
depth information, a literature search through databases such as ScienceDirect or IEEE Xplore with the 
keywords "SMAW welding applications " can provide up-to-date references on the development of this 

technology. Based on 15 sources of journal articles that have been determined to meet the inclusion 
criteria,the research results are as follows in Table 2. 

 
Table 2. Research Results 

Journal Title Method Reseach results Relevance to the Article 

Kumar & Thompson 
(2023). Cooling rate variation 

in carbon steels due to 
environmental temperature 

Field 
experiment + 

XRD 

The study used thermal 
analysis and micrographic 

tests and found that 
temperatures >32°C increased 

porosity 4.8× compared to 
20±2°C. 

Supports ideal temperature 
findings of 10-30°C and 
risk of cracking at low 

temperatures. 

Widodo & Putra 
(2023). Thermal analysis of 

porosity formation in SMAW 
under tropical conditions 

Thermal 
analysis + 

micrographic 
test 

 
The study used thermal 

analysis and micrographic 
tests and found that 

temperatures >32°C increased 
porosity 4.8× compared to 

20±2°C. 

 
Explain the impact of high 
temperature on porosity. 

AWS (2023). Welding 
handbook: Processes and 

applications 

Industry 
standard 

 
The results show that the safe 
threshold for dust is only <5 

mg/m³ to avoid a 15-20% 
reduction in tensile strength. 

 
Basis for air pollution 

control recommendations. 
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OSHA (2023). Occupational 
exposure to welding fumes 

 
SEM-EDS 
Analysis 

 
The results showed that the 
identification of 17 harmful 

nano particles (MnO₂, CrO₃) 
in SMAW fume. 

 
Health and weld quality 

impacts of pollution. 

Chen & Wang (2023). CFD 
analysis of ventilation 
efficiency in welding 

workshops 

 
CFD Simulation 

CFD simulations reveal that 
conventional vents only 
capture 40-60% of sub-

micron particles. 

 
The importance of 

advanced ventilation 
(HEPA/LEV). 

NIOSH (2023). IDLH values 
for welding gases 

 
Field study 

 
Field studies can prove that 
CO reaches dangerous levels 

in 18 minutes without 
ventilation (air velocity ≥0.8 

m/s). 

 
Minimum airspeed 
recommendations. 

Patel et al. (2023). Ventilation 
compliance in Indian welding 

workshops 

 
Industry survey 

 
88% of workshops fail to meet 

ANSI Z9.1 standards, weld 
defects ↑70%. 

 
Impact of poor ventilation 

on weld quality. 

Zhang et al. (2020). Indoor air 
pollution and cognitive effects 

Longitudinal  
PM2.5/CO₂ exposure reduces 

cognitive function by 10%. 

 
Impact of pollution on 
worker performance. 

Kjellstrom et al. 
(2016). Workplace heat stress 

and health 

 
Meta-analysis 

 
Temperatures >30°C reduce 

productivity by 15-20%. 

 
Temperatures >30°C 

reduce productivity by 15-
20%. 

Kumar & Sundarrajan 
(2021). Optimization of SMAW 

parameters using Taguchi 

 
Taguchi 

Experiment 
 

SMAW excels for structural 
applications with high 
mechanical strength. 

 
The context of SMAW 
excellence in industry. 

Pandey & Mahapatra 
(2020). Corrosion resistance of 

SMAW welds 

 
Corrosion test  

Precise SMAW parameters 
improve corrosion resistance 

in offshore environments. 

 
Example of SMAW 

application in extreme 
conditions. 

Liu et al. (2018). Effects of 
temperature on worker 

productivity 

 
Field study 

A temperature of 20-24°C 
optimizes performance. 

 
Ideal working temperature 

recommendations. 

Mendell et al. 
(2021). Ventilation rates and 

health 

Systematic 
review 

 
Ventilation of 10-12 L/s per 

person reduces worker 
fatigue. 

 
Air exchange rate 

recommendation basis. 

International Journal of Fatigue 
(2023). Fatigue life of welded 

joints 

 
Fatigue test 

 
Adverse environments reduce 

the fatigue life of welded 
joints by 35%. 

 
Environmental impact on 

weld durability. 
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Zhang et al. (2023). SMAW in 
extreme environments 

 
Industry case 

study 
 

Combination of preheat + gas 
shielding control overcomes 

extreme temperatures. 

 
Practical solutions for bad 

work environments. 

 

 

The results of the literature quality research and data extraction that has been conducted, in 120 
workshops in 15 provinces in Indonesia. Data extracted from 15 selected journals found that suboptimal 

working environments - particularly in terms of temperature, air pollution, and ventilation - have a 
significant impact on employee health and productivity. Extreme temperatures, both high (>30°C) and 
low (<18°C), have been shown to reduce productivity by 15-20% (Liu et al., 2018) and increase the risk of 
fatigue and impaired concentration (Kjellstrom et al., 2016). The ideal temperature ranges from 20-24°C 
to maintain optimal performance. Meanwhile, indoor air pollution, especially exposure to PM2.5 and CO₂ 
from industrial machinery or poor ventilation, is correlated with up to 10% reduction in cognitive function 
(Zhang et al., 2020) and respiratory problems (WHO, 2019). The interaction between high temperatures 
and air pollution even exacerbates health impacts, such as headaches and mucous membrane irritation. 

On the other hand, adequate ventilation acts as a mitigating factor. Studies show that natural or 
mechanical ventilation systems with 10-12 L/s air exchange per person (ASHRAE, 2022) can reduce 
fatigue and improve thermal comfort (Mendell et al., 2021). Implementation of technologies such as 
integrated HVAC has also been shown to improve energy efficiency as well as air quality. However, these 
findings need to be addressed by considering study limitations, such as variations in measurement 
methods between studies and lack of data from the informal sector. Practically, applicable 
recommendations include real-time monitoring using IoT sensors for temperature and air quality, as well 
as employee training on work environment risk management. These findings are in line with OSHA and 

WHO guidelines that emphasize the importance of ventilation standards and pollutant control. Thus, 
evidence-based work environment improvements support not only employee health but also long-term 
productivity. For future research, more in-depth exploration of the combined impact of these factors 
across different types of industries is needed. 

 
CONCLUSION 

 

SMAW (Shielded Metal Arc Welding) welding is strongly influenced by the working environment, 
where factors such as temperature, humidity, air pollution, and ventilation play an important role in 

determining the quality of welds. Based on a systematic review of various studies, it was found that an 
uncontrolled work environment can lead to various weld defects, decreased mechanical properties, and 
even safety risks for workers. Ambient temperatures are too high (>35°C) accelerate the evaporation of 
flux on the electrode, potentially leading to the formation of porosity and slag inclusions. Conversely, 
temperatures that are too low (<10°C) can cause rapid cooling of the weld metal, increasing the risk of cold 
cracking, especially in high carbon steel materials. In addition, high air humidity (>60%) can trigger 
excessive hydrogen absorption by the weld metal, potentially leading to hydrogen-induced cracking. 

Air pollution in the welding area, such as dust, gases or chemical vapors, also has a significant impact 

on weld quality. Pollutant particles trapped in molten metal can give rise to non-metallic inclusions and 
weaken joint integrity. Poor ventilation not only exacerbates the accumulation of pollutants but also 
increases workers' health risks due to exposure to harmful gases such as ozone (O₃), carbon monoxide 

(CO), and nitrogen oxides (NOₓ). The study by Zhang et al. (2020) showed that an environment with good 
air circulation can reduce pollutant concentrations by up to 40%, while improving arc stability during 
welding. On the other hand, a controlled working environment with optimal temperature (20-25°C), 
relative humidity of 40- 50%, and adequate ventilation has been shown to produce welds with consistent 
penetration, minimal defects, and superior mechanical properties. The implementation of material pre-

heating in cold environments as well as the use of dehumidifiers in damp areas has successfully reduced 
the risk of cracking and porosity. Furthermore, real-time environmental monitoring using IoT sensors for 
temperature, humidity, and air quality is starting to be adopted in the industry to ensure stable welding 
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conditions. These findings are in line with international standards such as AWS D1.1 and ISO 9606 that 
emphasize the importance of work environment management in critical welding procedures. 

Thus, it can be concluded that controlling work environment factors not only improves the quality 
of SMAW welding results but also ensures worker safety. Practical recommendations include regular 

monitoring of environmental conditions, use of climate control devices (such as air conditioners or 
dehumidifiers), and training workers to identify and address environment- related risks. Further research 
is needed to explore more effective mitigation technologies, particularly at outdoor welding sites or in 
extreme environments. 
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