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Abstract: COVID-19 pandemic has been an alarming issue from the beginning of 2020 and is a significant disaster that 
affects each industry. In dealing with the consequences of the pandemic, the construction industry confronts several 
interruptions for the sustainable delivery of the projects. Many researchers stated that lean construction can minimise 
this impact Lean thinking is about engaging everyone, every day in handling interruptions and learning to react better. 
However, few discussions are there pertaining to how to implement and why to implement lean. Therefore, this paper 
aims to investigate the impact of COVID-19 on the construction industry' and evaluate the ability of lean construction 
to resilient COVID-19. Therefore, a comprehensive literature review has been carried out The findings revealed 67 
negative factors categorised under resources-related issues, project management issues, quality issues, financial issues, 
contractual issues, safety issues, technology-related issues, and other issues for the construction industry due to the 
pandemic. Continuous improvement for the work under any risks, improvement in project performance, more 
satisfaction, and better value for the employer were highlighted as the main benefits of lean construction during the 
new normalcy. The developed conceptual framework unlocked several research arenas on lean in post-COVID 
implementation for the construction industry.
Keywords: COVID-19, Impact, Lean construction, resilient

1. Introduction

The trending topic of recent years, the COVID-19 (coronavirus disease of 2019) outbreak is a major health, 
social and economic emergency (Bsisu, 2020). Veselovska (2020) specified that the closest example of a 
worldwide pandemic of Spanish Influenza's such magnitude is seen in the early twentieth century. Lu, 
Stratton, and Tang (2020) stated that Wuhan City, experienced an unusual pandemic of pneumonia of 
unknown aetiology was discovered on December 2019 with forty-one cases. Moreover, the World Health 
Organization (WHO) has announced that the COVID-19 pandemic in china is a global health emergency of 
international concern on 30th January 2020, posing a high risk to countries due to vulnerable health 
systems (Sohrabi et al., 2020). Furthermore, in order to prevent the spread of COVID-19, most national 
governments have imposed unprecedentedly severe measures, including the closing of national borders, 
restricting public meetings and gatherings, and school, store, and restaurant closures. In addition to that, 
entire cities and regions have been shut down in certain circumstances (Inoue and Todo, 2020). As a result, 
the COVID-19 pandemic has triggered healthcare, economic, and social catastrophe that has impacted all 
demographics and economic sectors. Consequently, Bsisu (2020) stated that the COVID-19 pandemic may 
have unforeseeable socio-economic implications, as well as affecting the global construction sector. In the 
Sri Lankan context, new rules and regulations established by the government would have a direct influence 
on the construction sector (Vithana, Bandara, and Jayasooriya, 2020). Accordingly, Bsisu (2020) stated that, 
steps should be taken immediately limit the impact of the pandemic as the construction industry is a vital 
tributary and one of the economy's fundamental foundations. Pathirana (2020) highlighted that due to 
import restrictions and limitations that have been levied by the Sri Lankan government, will have a 
significant effect on the construction industry. Depend on imported construction raw materials from India 
and China, has worsened the current situation in the Sri Lankan construction industry.

Consequently, lack of construction materials (Gamil and Alhagar, 2020; Alsharef et al., 2021; 
Zamani etal., 2021), delays in project delivery (Gamil and Alhagar, 2020; Ghandour, 2020; Oey and Lim,
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2021; King etal., 2021), high cost of constructions (Gamil and Alhagar, 2020; Ogunnusi et al., 2020; Alsharef 
et al., 2021; Zamani et al., 2021), unprecedented changes to the projects schedules (Alenezi, 2020a; Gamil 
and Alhagar, 2020; Alsharef etal., 2021; Oey and Lim, 2021) and restrictions to operations (Alenezi, 2020c; 
Gamil and Alhagar, 2020; Alsharef et al., 2021; King et al., 2021), were considered as noteworthy challenges 
to the Sri Lankan construction industry due to the pandemic. This has underlined the need of using the 
resources effectively and efficiently in the project and searching for strategies to overcome the impact of 
the pandemic.

To resolve the problems due to COVID-19, Yuan et al., (2020) highlighted that lean construction is 
an approach, which has been used as a project improvement approach aiming to maximise value and 
minimise non-value-adding activities (NVAA) of a construction project. Even though lean provides 
immense benefits for a construction project, the use of lean-to minimise the impact of COVID-19 is yet to 
be researched. Consequently, a need arises to identify the resilience to COVID-19 through lean construction 
for the construction industry in Sri Lanka. Therefore, this paper is aimed to develop a conceptual 
framework for the resilience of COVID-19 through lean construction. This paper begins with a literature 
review on the impact of COVID-19 and consequently discusses the impact to the construction industry. 
Then, a brief introduction to the lean construction along with the benefits of lean integration to minimise 
the impact of COVID-19 present. Finally, the developed conceptual framework presents incorporating the 
literature findings.

2. Research Methodology

This research aims to fill the knowledge gap by answering the research question: "How to overcome COVID- 
19 impact for the construction industry through lean construction?". Consequently, a systematic literature 
review was supplemented by journals, conference proceedings, books, and electronic resources to 
investigate the impact of COVID-19 on the construction industry, and propose strategies through lean 
construction to overcome the impact of COVID-19 by the construction industry. Subsequently, this paper 
was intended to develop a conceptual framework for the resilience of COVID-19 through lean construction 
based on the literature review.

3. Impact on Construction Industry

Considering the global spread of this new virus, WHO has designated COVID-19 of 2019 a pandemic. 
Furthermore, Nicola et al. (2020) emphasised that the impact of COVID-19 on global healthcare systems 
has a cascading effect on every area of human existence. In order to halt the spread of COVID-19, 
governments around the world have implemented a series of preventive steps (Ghandour, 2020), including 
avoiding unnecessary travel, social distancing, and prohibiting congregations (Nicola et al., 2020). 
Accordingly, as people, communities, governments, academic institutions, and industrial enterprises 
grapple with the problems of reducing human life loss in the face of an unseen pandemic, and the practice 
of social distance has pervaded daily life (Sarkis et al., 2020). Ogunnusi et al. (2020) highlighted that due to 
those restrictions, the pandemic had an impact not only on human health but also affected all industries 
including the construction industry. Similarly, Nicola et al. (2020) emphasised the global socioeconomic 
impact of the COVID-19 outbreak on various sectors such as primary, secondary, and tertiary, which include 
industries engaged in finished product development, raw material mining, and all service provision 
industries.

The construction industry is one of the most important economic sectors which contributes 
significantly to the country's economic development (Apollo and Miszewska-urbanska, 2015). The COVID- 
19 pandemic has had an impact on the construction sector, as it has on many other industries, in many 
different ways (Raoufi and Fayek, 2021). Similarly, Ghandour (2020), and Zamani, Rahman, Fauzi, and 
Yusof (2021) agreed that the construction industry has been impacted by COVID-19. Table 1 presents the 
impacts faced by the construction industry globally as a result of COVID-19 pandemic.

No Impacts■■■■■I Reference
■

Material
Scarcity in material1 -IlMaiZl[gMg].[i0].[ii).[i31,[i4] _ 

-L2U^j.[8J,I9jA10iLn].[12M13],[H]
iiPHni____ _____
JiLliMiMLLI__

Supply chain disruptions2
Difficulties in finding suitable alternative materials3

4 Delay in delivery___________
Difficulties in storing material5 [12]Workforce
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Impacts Reference6 __, Shortage in workforce
7 j Increased in workload
8 ___1 Unstable mental and physical health of workers

: 9___Difficulties in transportation
_____ Equipment__________________
j 10 j Delay in delivery___________
1 11 ' Shortage in construction equipment,

___Project Management issues___
j 12 i Restriction on operations_____

L2lm.[5},[6j,[7],[8],[9],[10Ulll,fl21
[2]

____ tloi[i!LIL2L____
[6]

151
ia 2
[I].[71,f9].fl0].fl2].[13]
[5U9U10]Inappropriate site conditions13

| 14 j Difficulties in adapting to the new normal [12]
! 15 j Lack of experts______
[ 16 | Poor decision making

[121
[12]

^17 | Lack of previous experience on a pandemic_____
18 j Poor control and monitoring_______

: 19 Continuous changes in project scheduling ancTplanning
j 20 j Lack of communication between parties
i 21 | Lack of supervision and site management___________
i 22 | Disruption to the progress of work and workflow

f 12]
I2LLU1rsimrioini)
[5]
[2],[51
[2],[4]

23 1 Lack of safety conditions
24 ; Lack of Coordination [101.fl21.fl31
25 | Ineffective work on site [HI
26 | Delay on project completion [11,[21,[4l.f51,f7],f81,f9Ul 0], [11],[12]'

m,[10],[121 '27 | Slowing and suspension of an ongoing project
28 ! Delay to start new projects [101
29 j Project abandonment/stopped/termination [4U61.fl21.fl3]

I 30 1 Reduction of per day working hours 161
31 Delay from construction-related activities

1 Quality issues_____________________
M

32 j Reduction in quality due to continuous changes [111
33 1 Reduction in quality due to material changes [HI
34 1 Reduction in quality due to limited time and deiav [111

Reduction in quality due to lack of coordination35 [11]
[2],f4l.f51,f9].fl0],[ll].f 12]36 Decrease in productivity

Financial issues
37 Increased in project cost [41.UU8U91.flO],fill,[13]
38 1 Increase in exchange rate, and inflation rate ____ [51.[7].[10].[1 lj,[12].[14]

[5].[61,[7]_____________
f2U4UlOUllI________

____ f4U6l,[7Ul2]_________

39 Increase price of materials and equipment
Unstable cash flow and revenue40

■iLack of funding41
Bankruptcy42 [13]
Employees get payment without work44 .QH
Contractual issues
Delay in payments [3].[5],(8].[ 101_________________

[1U2U4U5U7U8U9U10U11U121
45

Delay due to approval and revising46
Delay from permitting and inspection flU2U4],[5U7U8U9!,(10UllUl21

[lU2U4l.f51.f7U8].[9Ul0].flll,fl21 
[ l].[2].(4],[5].[7],[8].[9]p[10],[ 11],[ 12]

47
Delay in providing instructions48 -Delay due to main contractor49 Hfll.[21.[4].[51.[71.f8].f9].[10].fl ll.f 121

rn.fn] _
Delay due to subcontractors50
Changed or unclear standard operating procedures51
Increase in claims, disputes, and litigation [ZL Ll9LU.il52

issues
.[101Shortage in personal protective equipment53
[10]54 Quarantining and temporary shutdown

technological related issues
55 Lack of practices in virtual working
56 Insufficient support to adopt to new technologies___
57 Issues with work from home___________________
58 Ineffective transition to remote work

__UZLQOLLUl
j m.fioum

T nouni
[10J.[n|

Other issues
__i_ [in.fi2i.ri3i

[7], [131_____
59 Challenges to sustainability of future project
60 __ Uncertainty of the project
61 ___Shrink in market size__________________
62 __ Reduction in number of project
63 Spend more time to review the project___
64 __ Anxiety for termination____________
65 Lack of improvements to the project_____
66 Termination of staff employment________
67 | Impact on social sustainability_______________________________ _________________ _—------------ ----------—-—.
[I] (Alenezi, 2020c), [2] (Ghandour, 2020), [3] (Alenezi. 2020b), [4] (Ogunnusi et al, 2020), [51 (Alenezi, 2020a), [6] 
(Osuizugbo, 2020), [7] (Gamil and Alhagar, 2020), [8] (Zamani etal, 2021), [9] (King et al., 2021), [10] (Alsharef et 
al, 2021), [11] (Oey and Urn, 2021), [12] (Kawmudi et al, 2020), [13] (Vithana, Bandara and Jayasooriya, 2020), [14] j 
(Pathirana, 2020)______________________________________________________________________________________ !

LULU2LL13]____
~[4],[81. [ 11).[ 12].[ 13] 
T nii.fi2i.fi3)
I fllU121.fl31
I f 11 l.f 12],[ 13]

1 [13],[14]
[7].[14]

Table 1. Impact of COVID-19 in the construction industry
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As indicated in Table 1, there are many challenges for the construction industry as a result of the COVID- 
19 pandemic. Further, negative impacts include resources-related issues, project management issues, 
quality issues, financial issues, contractual issues, safety issues, technology-related issues, and other issues. 
Accordingly, the study identified 67 negative effects with COVID-19 to the construction industry. 
Consequently, highly agreed impacts form the literature are scarcity in material, supply chain disruptions, 
delay in delivery, shortage in the workforce, restriction on operations, delay on project completion, 
continuous changes in project scheduling and planning, project abandonment/stopped/termination, 
decrease in productivity, increase in project cost, increase in the exchange rate, and inflation rate, increase 
the price of materials and equipment, unstable cash flow and revenue, lack of funding, delay due to 
approval and revising, delay from permitting and inspection, delay in providing instructions, delay due to 
the main contractor, delay due to subcontractors, and reduction in the number of projects

Nevertheless, Table 1 shows that the majority of the problems in the construction sector as a result 
of COVID-19 pandemic are linked to financial issues (increased project costs and lack of finance), resource 
shortages, project delays, decreased productivity, and reduced project numbers. In addition to that, Oey 
and Lim (2021) specify that reduction in cost including salary decreased as the positive impact from the 
employer perspective. On the other hand, when considering the contractor perspective reduction in other 
costs has a negative impact (King et al., 2021). It means project suspension and reduction as well as lack 
and no production directly influence the contractors because the contractor did not entitle to claim without 
working. Similarly, in the Sri Lankan context, Vithana, Bandara, and Jayasooriya (2020) mentioned that 
employees' get payment without work has a negative impact due to COVID-19 in the construction industry 
from an Employer perspective. However, these different perspectives vary between countries legal 
amendments, and newly amended rules and regulations. Therefore, there is a need to explore suitable 
strategies to minimise these impacts during the new normalcy by construction industry.

4. Integration of Lean Construction

Lean construction is one of the methods for increasing productivity by the application of a new form of 
production management to construction (Aziz and Hafez, 2013). "Lean construction" is basically an attempt 
to adapt lean principles from the Toyota Production System (TPS) to construction, with the aim of handling 
and optimizing construction operations with the least amount of money and the greatest amount of 
efficiency while taking consumer needs into account (Gao and Low, 2014). Many researchers indicated the 
ability of lean implementation in post-COVID to minimise the negative impacts to the construction industry. 
Although lean is often thought of as a system to solve already-known problems, it is a system to help 
creating new and better ways to work as a way to 'revitalize' the human spirit, communities, and 
organizations.

Raoufi and Fayek (2021) initiated 177 measures and categorized them into 16 categories for the 
mitigation and control of COVID-19 pandemic impacts on construction companies. According to Yuan et al. 
(2020) construction organisations will be benefitted by implementing lean during the new normalcy. 
Similarly, Oey and Lim (2021) introduced under the planned 20 action plan, lean construction was offered 
as a way to combat the COVID-19 pandemic in the construction industry. Accordingly, many argued the 
ability of lean construction to minimise the negative impact due to COVID-19. On the other hand, even 
before the pandemic, many researchers signified the ability of lean construction to minimise the NVAA in a 
construction project and ultimately achieve the expected value. The project participants of a lean 
implemented project, collaboratively works together achieving one goal (Tzortzopoulos, et al., 2020) which 
provides the value to the end-customer. In a global pandemic, working towards one goal, with effectively 
handling interruptions are paramount, confirming the adaption of lean for the post-COVID situation. 
Similarly, many researchers highlighted the possibility of lean implementation as a means to normalise the 
situations after any significant interruptions.

Nevertheless, lean construction employs the same principles as lean manufacturing to minimise 
construction waste and maximize productivity, efficiency and effectiveness in order to produce the greatest 
amount of value possible in construction projects by reducing NVAA in all phases of project delivery (Aziz 
and Hafez, 2013; Marhani et al., 2013; Smith, 2015; Khodeir and Othman, 2018; Tezel, Koskela and Aziz, 
2018; Mohammadi et al., 2020). In order to become a successful construction firm, the application of lean 
tools is paramount (Sacks, Radosavljevic and Barak, 2010; Aziz and Hafez, 2013; Muhammad, Ismail, and 
Hashim, 2013; Sarhan and Fox, 2013). Therefore, not only minimising the impact of the COVID-19 pandemic 
but also immense benefits will provide for the construction 
implementation as presents in the following Table 2.

organisations through post-COVID lean
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Benefits ReferencesDecrease the duration of the project 
Decrease whole life cycle cost of theproject 

[ 3 ! Increase in quality of the project
4 j Adapting to continuous improvement 7
5 __| Efficient control in inventory_____
6 __ Focus on production control and planning

|7__ Minimum impact during sudden risks
8 I Decrease rework and minimise variability of workflow 

j 9 1 Increase project performance
i 10 Improvement in delivery method of the project

11 1 Decrease NVAA______

1
- —LLL[iLHl.[6].[9].[10],fl21.fll].[131,[141,fl51,fl61
- —LU-L2M.3j.[4],[6U91,fl0Ul21.fl3],fl4l,fl5],fl6l
- L1]^l.[3]'[41.r6Ul01,rill,fl2Ul51.ri61
- -igmi5immfiT].fi2ui4i —
- [3l.[8],rni,fi3uisi 

[5].[8].fllj
f3],f 141J151 "

-.. L31-[6].[9].fl3Ul4l
__[2].[6],[8].fl3Ul4Ul61 '
_ [2].[6],[8].(131,[14U161

__ [21,[3U5U6U71.fl2j.[151.['l61

2

12 | Increase the profit [61.fl21.fl61
j 13 Improve design and product and process
; 14 ; Improvement in labour performance_________
j 15 j More satisfaction and better value for employer
| 16 j Increase employee satisfaction
! 17 1 Increase innovation at site

[81.[161
Hl<[3j,[6],[7],f 1 ll,f 121,f 131,f 141,f 151,[ 161
[1]»[2].[31,[51.[61,[71, fll],fl2].fl41.fl5].[16] 
[3],[71,[11),[121__________________
[6],[121_________

: 18 j Improve relationship with suppliers
[ 19 j Reliability and certainty of project_____________
| 20 j Improve the cooperation between project participants 
j 21 1 Effective increment on control and management
j 22 j Increase health and safety

[31.f6i.fllf
[31.f6U9Ul21.fl4l.fl61
[2U3U5U121
[3U6U13]
[1U2U3U4U7U11U12U13U15U161

[1] (Ahmed, Hossain and Haq, 2021), [2] (Albalkhy and Sweis, 2021), [3) (Babalola. Ibem and Ezema. 2019), [4] ’
(Bajjou and Chafi, 2018), [S] (Ogunbiyi, Goulding and Oladapo, 2014), [6] (Locatelli et aL, 2013), [7J (Marhani et al., 
2012), [8] (Aziz and Hafez, 2013), [9] (Ahiakwo etal., 2013), [10] (Al-aomar, 2012), [11] (Sarhan etal.,2017), [12] 
(Ogunbiyi, 2014), [13] (Mohan and Iyer, 2005), [14] (Adegbembo, Bamisaye and Aghiraien. 2016), [15] (Akinrade 
et al., 2018), [16] (Mossman, 2009).

wo

Table 2. Benefits of implementing lean construction

The literature review highlighted the benefits of lean construction as a strategy for overcoming 
COVID-19's impact on the construction industry. Accordingly, 22 benefits of lean construction were 
identified pertaining to minimise the impact of C0VID-19. The highly noted benefits form the literature are 
decreasing the duration of the project, decrease the whole life cycle cost of the project, increase in quality 
of the project, adapting to continuous improvement, decrease the NVAA, improvement in labour 
performance, more satisfaction, and better value for an employer, and increase health and safety.

Additionally, the implementation of lean in a construction project would improve phases of 
delivery systems and processes, and lead to value-addition by eliminating wastes, increasing productivity, 
ensuring environmental sustainability, health, and safety, and optimising overall project, and project 
delivery practices, improving flow, mitigating delays, financial performance, enhancing performance for 
the customer at the project stage, as well as enhancing design process cost, concurrent designing, 
construction, and the application of project control mechanisms to ensure cost and time overruns reduced 
to a minimum and the required performance level in over the lifecycle of the construction project from 
initiation to completion, therefore, clients' requirements can be met (Aziz and Hafez, 2013; Muhammad, 
Ismail, and Hashim, 2013; Pradeepkumar and Loganathan, 2015; Ansah and Sorooshian. 2017; Babalola, 
Ibem and Ezema, 2019; Mohammadi et al., 2020).

In addition to that, lean construction is a departure from conventional construction approaches 
which aims to encourage product design simultaneously with the process, maximizing firm or professional 
performance for employers (Babalola, Ibem and Ezema, 2019). Lean construction and sustainable 
construction shared several similar goals in terms of resource utilization and reducing waste (Francis and 
Thomas, 2020; Solaimani and Sedighi, 2020). Even though, based on the numerous evidence, lean practices 
have been represented through tools, procedures, principles, approaches, and strategies that allow the 
achievement of lean construction targets (Marhani et al., 2013; Zhang and Chen, 2016; Ansah and 
Sorooshian, 2017). Considering the literature findings, it is evident that, lean thinking is about engaging 
everyone, every day in handling interruptions and learning to react better in difficult circumstances. 
Therefore, not only minimising the impact of the COVID-19 pandemic but also immense benefits will deliver 
for the construction organisations through post-COVID lean implementation. Therefore, next section 
presents a conceptual framework developed tor the study.

5. Conceptual Framework

Combining all the literature findings of the study, a conceptual framework was developed to represent the 
resilience to COVID-19 through lean construction (Figure 1). The lefts.de of F.gure 1 shows the C0V1D-19
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impacts through a mind map. These impacts have been categorised into 8 as; resources-re ate issues, 
project management issues, quality issues, financial issues, contractual issues, safety issues, technology- 
related issues, and other issues. These impacts can be overcome through lean construction benefits which

then mapped with the benefits ofare presented in the right side of Figure 1. The identified impacts 
lean construction as shown in the middle of the diagram.

were

According to the Figure 1, resources-related issues can be minimised by decreasing the NVAA and 
efficient control in inventory throughout the project. This allows the effective and efficient use of limited 
resources with continuous improvement. Furthermore, lean contributes to improving labour performance 
and increasing employee satisfaction, which means there can be less unstable mental and physical health 
of construction employees. Further, while decrease in rework and minimise variability of workflow, and 
improvement in labour performance, employees' workload can be reduced and employees may accomplish 
their responsibilities within a period. In addition, lean helps enhance supplier connections since supply 
chain problems can be neutralised. Accordingly, the majority of the resources-related issues may thus be 
solved through lean construction.

While examining project management issues such as restriction on-site and inappropriate site 
conditions, this leads to disruption in the progress of work and workflow, reduction of per day working 
hours, ineffective work on-site, and lack of experts at the site. These issues can be minimised by lean 
implementation as lean helps to decrease rework and minimise variability of workflow, decrease the NVAA, 
improve labour performance and increase employee satisfaction since employees can perform efficiently 
and efficiently in terms of time. In addition, lean helps to decrease the duration of the project and increase 
project performance, to resolve project delay and delay between activities. Further, lean will assist to focus 
on production control and planning, increase project performance, improvement in delivery method of the 
project, improve design and product and process, provide reliability and certainty of project, and decrease 
rework and minimise variability of workflow, as these benefit contributes to the management and 
reduction of continuous project scheduling and planning, and make a better decision. Moreover, Espinoza 
et al. (2021) explored Choosing By Advantages (CBA) as a lean tool for making choices with transparency 
and clarity, and it was utilised in this case to facilitate decision-making by taking into account the 
restrictions of the COVID-19 protocol. Subsequently, lean helps to effectively control and ensure the 
reliability of the project Thereafter, improving the cooperation between project participants contributes 
to maintaining effective interparty communication. Nevertheless, lean helps to improve health and safety 
since the lack of safety can be remedied on-site. Furthermore, the challenges in adjusting to the new normal 
can be handled due to an increase in innovation at the site. Accordingly, lean provide more satisfaction and 
better value for an employer, and provide reliability and certainty of the project, to prevent employers from 
terminating the project. In addition, the Last Planner System (LPS) one of the lean tools is reliable, and it 
has served as a foundation for strengthening a production control system used to manage the construction 
project throughout the pandemic (Mchugh, Patel and Dave, 2021). Consequently, the implementation of 
lean construction may eliminate most of the problems linked to project management.

Thereafter, quality issues can be overcome through implementing lean, as lean leads to an 
increase in the quality of the project. Although, reduction in quality due to limited time and delay can be 
achieved by decreasing the duration of the project and increasing project performance. Furthermore, lean 
helps to decrease rework and minimise variability of workflow, thereby reduction in quality due to 
continuous changes and material changes can be minimised. Further, reduction in quality due to lack of 
coordination can be handled by lean, hence lean improve the cooperation between project participants. 
Moreover, lean promotes to decrease the NVAA and improve design. Further, Veran-Leigh and Brioso ( 
2021) specified implementing concepts such as lean construction for work planning, control, and execution 
proved to be a viable choice for maintaining productivity throughout the residential project under 
consideration, while also meeting the project's deadlines, quality, costs, and safety requirements. 
Accordingly, the use of lean construction can therefore eliminate most of the problems connected to quality.

Similarly, financial-related issues can be handled by lean implementation since lean helps to 
decrease the duration and whole life cycle cost of the project, decrease rework and minimise variability of 
workflow, and decrease the NVAA. As a result of an increase in exchange rate, price of materials and 
equipment might increase which leads to unstable cash flows. However, lean ensures the reduction in 
overall cost of the project and thus the cash flows can be managed. Further, lean provides better value for 
the employer, so that financial matters can be tackled through lean construction. Furthermore the lean 
implementation may alleviate contractual related issues since lean leads to decrease rework and
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minimise variability of workflow, decreasing the NVAA, and duration of the project. Therefore, delays may 
be managed at each stage. Moreover, more satisfaction and better value for an employer, decrease whole 
life cycle cost of the project and increase the profit lead to reduce the claims, disputes, and litigation 
throughout the project.

Even though, safety-related issues can be remedied through lean, whereas lean aids to increase 
health and safety. While efficient control in inventory and decrease the NVAA contribute to the effective 
utilization of restricted personal protective equipment. As well as, Mchugh et al. (2021) recognised by 
integrating all information toward one platform and increasing communication and cooperation, digitising 
the LPS improved the team's capacity to engage remotely and supplied the social component that was 
diminished by social distancing (Espinoza et al., 2021). Thus, increase innovation at the site owing to lean 
implementation assists to support most of the technology-related issues. Nevertheless, while decreasing 
the duration of the project and the NVAA via lean implementation, it helps to solve other issues by 
improving the projects and reducing the time spent on the project review. In addition, decrease whole life 
cycle cost of the project, increase the profit, more satisfaction and better value for employer, and provide 
reliability and certainty of project, which helps to achieve the sustainability of future project and minimise 
the termination of the existing projects. However, termination of staff employment can be addressed leanly 
as improve the cooperation between project participants, and increase employee satisfaction. The 
implementation of lean will assist to minimise sudden risks that minimise most of the difficulties arising 
from COVID-19 impact. Accordingly, the majority of these problems can be resolved through lean 
construction with continuous improvement throughout the project.

6. Conclusion

The hit of COVID-19 pandemic alarm the construction industries in investigating the process improvement 
methodologies to minimise the impact to the construction projects. Many researchers emphasised the need 
of discovering new operations during the new normalcy. Accordingly, a comprehensive literature review 
was carried out to explore the ability of lean construction to resilient the impacts of COVID-19 on the 
construction industry. The impact of COVID-19 to construction industry is categorised under resources- 
related issues, project management issues, quality issues, financial issues, contractual issues, safety issues, 
technology-related issues, and other issues. Accordingly, 67 factors were identified under eight categories. 
Scarcity in material, supply chain disruptions, shortage in the workforce, on project completion, decrease 
in productivity, increased in project cost, increase in the exchange rate, and inflation rate, reduction in the 
number of the project considered as highly affecting impacts to the construction industry. The findings of 
the study mark the ability of lean to minimise those challenges.

Accordingly, the study revealed a total of 22 lean benefits that can be gained through post-COVID 
implementation. Decrease the duration of the project, decrease whole life cycle cost of the project, increase 
in quality of the project, increase health and safety, continuous improvement for the work under any risks, 
improvement in performance, more satisfaction, and better value for the employer were considered as the 
main benefits of implementing lean in the current scenario. As there are immense benefits that can be 
gained through post-COVID lean implementation, the developed conceptual framework can be used as the 
basis to conduct future research. However, the findings have not been empirically tested for the Sri Lankan 
context. Therefore, empirical investigation of resilience to COVID-19 through lean construction will be the 
next phase of this research study.
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