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ABSTRACT: The article considers temporary methods of using modular units in construction. The advanced world 

experience in the construction of modular buildings is analyzed. It is emphasized that modular construction has the 

potential to shorten project design and engineering time, reduce costs and improve construction productivity. The 

installation of modular buildings is costefficient, safe and eco-friendly. Modern modular systems are based on using not 

only large elements such as «block rooms» but various small 3D building elements. The analysis result of Russian 

developments in the construction of modular buildings proves that Russia has great experience in the development of 

3D reinforced concrete modules. As the research results the article shows promise for developing of modern modular 

construction systems in order to provide the population with affordable, comfortable and eco-friendly housing. The 

paper describes the prospects and relevance of introducing modular prefabricated units not only into low-rise but into 

multi-storey and high-rise construction as well. 

I. INTRODUCTION 

 

The conventional construction practice in the building industry has over time turned out to be labor-intensive and 

comes with so many concerns such as health and safety, procurement cost, changing weather condition, quality etc. 

Business wise, job-related injuries and illness in construction projects tend to affect the profitability of such projects. 

Costs that are directly associated with jobrelated injuries and sickness covers medical costs, workers premiums, liability, 

compensations and property losses [1]. From the angle of quality and productivity, the cost of labor is about 30% of the 

entire project cost [2]. Manpower mismanagement and delay in construction which was investigated by [3] expressed 

that the unproductive time of a typical construction worker’s day is up to 40-60%. The cost related to construction 

rework (redoing an aspect of construction due to poor Manuscript received August 29, 2017; revised December 10 , 

2017. craftsmanship) as discovered by [4] is about 12% of the entire construction costs excluding losses which are as a 

result of delayed schedule, lawsuit and other impalpable cost of substandard quality. Unsatisfactory quality of work and 

unsafe work environment and conditions have led to clients, companies and the general public to lose millions of dollars 

thereby causing severe hardship to the affected construction employees and their families [5]. Off-site Modular 

Construction as a sustainable construction method is taking a new leap worldwide in increasing and enhancing 

productivity level in the building and construction sector thus reducing the resulting social and environmental effects 

arising from the activities of conventional method of construction. Construction site work is one of the most hazard 

based jobs worldwide presently and the construction fatality rate likewise is on the increase globally with Europe having 

the highest fatality rate of 23% with Germany, France, Spain, United Kingdom and Portugal leading the ranks [6].  
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II. PROBLEM STATEMENT 

 

Due to the intricate nature of construction, contractors sometimes find it arduous to deliver quality projects to clients, as 

a result some projects come with so many imprecision. The usage of substandard and defective materials in other to cut 

or reduce construction cost all contributes to substandard project delivery. The exposure of site workers to accidents on 

the construction sites might interfere with site work for some period of time which increases the contractor’s liability to 

pay health and insurance premiums which adds to the overall cost of the project and unavoidably reduces profits 

III. AIM 

 

This paper aims at critically scrutinizing the subject of discuss in order to fully grasp how Off-site Modular 

Construction can be adopted in achieving productivity increase, reducing site workforce, reducing site work hours and 

minimizing construction risk towards improving Construction Quality and Safety. 

 

IV. METHODOLOGY 

 

The first phase in this mini thesis is a thorough literature review explaining the modular construction, its benefits, cost 

analysis, comparisons and the basic understanding of the cost beneficial factors.  In the second phase, after 

establishing a thorough understanding of the concept of modular construction and its different types, along with its 

benefits, a detailed survey is needed to be conducted to determine the state of modular construction in India, and this 

will involve visiting the sites, meetings with the respective heads of the various departments in various companies 

engaged in this method of construction. This data collection will also be supplemented by inputs from all the sources 

within the construction industry, and the general public as well to determine the public perception about this method. 

The necessary facts and figures to be collected will be collected from the data available through the above methods and 

also with the help of internet resources.  The third phase begins with the end of data collection, and at this stage we 

analyze the received data, and compile it in a meaningful manner. 

The work in this paper is divided in two stages. 1) Text- Detection 2) Inpainting. Text detection is done by applying 

morphological open-close and close-open filters and combines the images. Thereafter, gradient is applied to detect the 

edges followed by thresholding and morphological dilation, erosion operation. Then, connected component labelling is 

performed to label each object separately. Finally, the set of selection criteria is applied to filter out non text regions. 

After text detection, text inpainting is accomplished by using exemplar based Inpainting algorithm. 

V. HOUSING SHORTAGE IN INDIA 

 

Report of the Technical group on Urban Housing shortage(2012-2017)andworkinggrouponRuralHousing(2012-

2017)submittedthesamein2011totheirrespectiveministries. Report estimated that almost a quarter of Indianhouseholds 

lack adequate housing facility. Country is on theverge of large scale urbanization over the next few decades. 

Asper2011census,country’spopulationwas121coresandexpectedtoreach 150croresby 2050. Presenturbanizationrate of 

28% in 2011 is to accelerate to 52% by 2050. Urbanpopulation is expected to reach to 81 cores by 2050 as 

per“KPMGIndiaAnalysisJuly2014”.Housingisabasicneedforhumans.CentralGovernmentacknowledgestheimportanceof

housingandaimstoprovidehousingtoitsentirecitizenby2022.Inordertofulfillthisvision,4.63coresurbanhousesand6.50cores

ruralhousesarerequired to be constructed by Government, private sector and on 

publicprivatepartnership.Detailsofstatewiseurbanandruralhousingrequirement are given inTable‘A’ 
 

Thetotal housingrequirementof11.33crores by 2022includeshousingshortageof5.90croresason2014.Thebreak-
upofcurrenthousingshortage,requirementbetween2014 and 2022isgiven inTable‘B’below:- 

these patches. It starts filling the target region from the highestpriority patch by finding the best match patch. 

Thisprocedure is repeated until entire target region is inpainted. 

 

The algorithm automatically generates mask image without user interaction that contains only text regions to be 

inpainted.  
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Table‘A’ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[Source:-ReportoftheworkinggrouponUrbanHousingshortage(2012-2017),MinistryofHousing&UrbanPovertyAlleviation 

working group on Rural Housing for XII Five Year Plan,Ministry of Rural Development 2011. Census 2011 KPMG in 

IndiaAnalysis] 
 

Sr. 
No. 

Nameof State No. 

ofUrbanHous

ingUnits 

requiredin20

22 

No. 

ofRuralHou

singUnits 

requiredin2

022 

TotalHousingUnitsrequir

edby2022 

1 UttarPradesh 54 146 200 

2 MadhyaPradesh 22 51 74 
3 Rajasthan 21 45 66 
4 Delhi 30 3 33 
5 Haryana 11 14 25 

6 Punjab 10 13 23 
 NorthernRegion 148 272 421 
7 Maharashtra 50 55 105 

8 Gujarat 29 21 50 

9 Goa 2 1 3 
 WesternRegion 81 77 158 
10 A.P.including 

Telangana 

37 40 77 

11 TamilNadu 39 18 57 
12 Karnataka 28 21 49 
13 Kerala 27 9 36 

 Souther
nRegio
n 

131 88 219 

14 Bihar 16 69 88 
15 WestBengal 34 42 76 
16 Orissa 9 26 35 
17 Jharkhand 11 18 29 
18 Chhattisgarh 8 14 22 
 EasternRegion 81 169 25 
19 HillyRegion 22 44 65 

 AllIndia 4.63 
crores 

6.50 
crores 

11.33 
crores 

20 Demand 

between2014a

nd2022 

2.73 
crores 

2.70 
Crores 

5.43 
crores 

21 Urban 

Housingsho

rtageof 
E.W.S.in2012 

1.055 
crores 

  

22 ShortageofLIG 
in2012 

0.741 
crores 

  

23 Shortageof 
M.I.G.in2012 

0.082 
crores 

  

  1.878 
crores 

  

24 Investmentr

equiredupto 
2022 

1.80 
TrillionDolla

r 

0.20 
TrillionDoll

ar 

2.00 
TrillionDollar 
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Note:-Aboveestimaterevealthat75percentofhousing requirement 

Until 2022 would be concentrated in ten states of U.P, Maharashtra,Bihar, West Bengal, Andhra Pradesh (including 

Telengna), MadhyaPradesh,Rajasthan,TamilNadu,GujaratandKarnataka. 

 
Table‘B’ 
 
 

 

 

 

 

 

 

 

 

 
[Source:-ReportofUrbanTechnicalGroup(TG-12)onUrbanHousingshortage(2012-

2017),MinistryofHousing&UrbanPovertyAlleviation 

 

from an image and inpainting by using exemplar based Inpainting algorithm. Figs. 2, 3, 4 (a) shows the original 

image. (b) is the image obtained by applying first set of criteria. All objects whose area greater than 10000 and filled 

area greater than 8000 are eliminated and major axis lengths are in between 20 to 3000 are considered to be text. Still, 

some small non-text objects are detected.   

VI. WHAT IS MODULAR CONSTRUCTION? 

The term modular construction is used where a building is assembled from a series of volumetric steel modules, 
linked together to form a complete structure. 

 

Themodules,whicharemanufacturedandfinished(orpartially finished) off-site, under factory conditions, are 

thentransported to the building site and lifted on to pre-preparedfoundations. The building is then connected to services 

and theexteriorofthebuildingdressedwithcladding&roofing. 

 

VII. COMPARISON BETWEEN MODULAR CONSTRUCTIONAND TRADITIONAL CONSTRUCTION METHODS 
 

Sr. 

No. 

Classificationof

HousingUnits 

Number 

ofUnits 

inMillion 

Shortage 

inpercenta

geterm 

1 EconomicallyWeaker 

Section(EWS) 

10.55 56.18 

2 Low Income Group 
7.41 39.44  

7.41 39.44 

3 Middle Income 

Group&above 
0.82 4.38 

 TOTAL 18.78 100 

 Modularbuildings 
 

Traditional 
constructionmethods 
 
 

 Most builders can Mostcustombuilderscan 

FloorPlans/
Design 

provide100’sofsample 
planstohelpguideyour 

provide sample plans 
they'vebuilt,offerdesign 

homeselection.Modular services,ordirectyouto  

 homes are normally plansontheInternet.In 
 highly customized in either case, Full 
 theirinteriorandexterior customizationisstandard. 
 appearances.Fullcustom Larger 
 modularbuilders,while builders/developersoffer 
 rare,offertheabilityto selectplansonlyforTheir 
 designfromscratchor lots. 
 acceptprivatearchitect's  

 renderings for  

 conversionbythefactory  
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VIII. WHAT IS MODULAR CONSTRUCTION? 

 

The term modular construction is used where a building is assembled from a series of volumetric steel modules, linked 

together to form a complete structure. The modules, which are manufactured and finished (or partially finished) off-site, 

under factory conditions, are then transported to the building siteand lifted on to pre-prepared foundations. The 

building is then connected to services and the exterior of the building dressed with cladding & roofing.. 

 tomodular.  

 Climate controlled Sincetheyarebuilton- 

Maintenance
Cost 

indoor construction 
eliminatesmostweather- 

site in all types
 ofweather,thequality
ofthe  related problems, productvariesgreatly.In- 

 includingblackmold. the-field“modifications” 
 Framinglikelywillnever meanlessertolerances 
 beexposedtodirect and more unknowns. 
 moisture (rainfall). Researchhasshownthat 
 Manufacturers must traditional homes are 
 over-build modular morelikelytorequire 
 componentstowithstand repairs and higher 
 highwaytraveltojob maintenancecosts. 
 sites. The resulting  

 square/level/plumb  

 structureislessproneto  

 settling, cracks, and  

 stressoncomponents.  

 Partoftheover-building Choices run the full 

EnergyEffici
ency 

process for 
roadworthinessincludes 

gamut. In  order  to 
compete  with the 

screwing and gluing economies ofmodular  

 drywallandsheathing building, many stick 
 fortensilestrengthand builderswilloffercheap 
 reduced racking.This “builder-grade” 
 createsatighterbuilding constructionandmaterial 
 envelopethatisdraft- finishes. 
 resistant and energy  

 efficient.Heavier2x6  

 exteriorwallscontaining  

 R19 insulation are  

 standard,asaredual-  

 panelwindowsw/low-E  

 glass.  
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Modular construction is a more environmentally friendly method of construction than traditional techniques as 

minimal foundations are required for the installment/erection of and both modules and foundations can be prepared 

simultaneously, cutting construction times significantly. Importantly, as modules are produced under factory conditions, 

the likelihood of defects is minimized and better quality control is achieved. 

 

While modular construction borrows techniques from the manufacturing industry, the end result does not look “mass 

produced”. Highly sophisticated structures can be produced which are easily customizable to suit individual 

requirements? Finishing with appropriate cladding and roofing allows the building to blend in with its surrounding 

environment. 

 

IX.DESIGN PARAMETERS 
 

The modular industry has benefitted greatly from advances in engineering and computer software. Design and 

customization that was once very difficult to accomplish has become much easier. A combination of modular and either 

panelized or site- built construction processes allow a developer to build almost any structure. The real design limitations 

come from transportation regulations and from the structural nature of a modular box. The 16 foot width limitation 

makes it more difficult to create rooms with wide open spaces. The only real way to accomplish this is to combine two 

modules and open the walls between the two. If additional structural support is added then an opening of 16 foot is 

possible. Height limitations of around 13’6” including trailer, limit finished ceiling height to approximately nine feet. A 

9’6” ceiling height is accomplished regularly with the use of a tray ceiling but this is the absolute maximum. Similar to 

site-built construction, the higher a ceiling is, the more expensive the building becomes to construct. There is an 

incremental cost increase to expanding the width of a module being used for the construction, both in construction cost 

and because the unit will require transportation permits, off hour’s shipment etc. 

 

IX. MODULAR CONSTRUCTION– THE COST EFFECTIVECONSTRUCTION METHOD 

 

Modular building is a remarkably cost-effective construction method. Concurrent construction allowswork to begin 

sooner and in parallel with site preparation, which means cost savings at the outset. Modular structures require fewer 

calendar days to complete than conventionally constructed buildings. Precision fabrication allows design replication, so 

there is less material waste. Centralized factory manufacturing reduces energy consumption, building expenses and 

operating costs. When the building is completed more rapidly, billing may commence sooner. Another advantage of 

modular building is flexible financing unique to this construction method, including off-balance sheet treatment of 

building assets and management of facilities as an operating expense rather than within capital budgets. 

 

[Source-http://www.dcd.com/insights/mayjun_2008.html] 
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Fig. 2.Text Detection and Inpainting (a) Original image (b) Image after  applying first set of criteria (c) Image after applying second set of criteria (d) 

Image mask (e) Inpainted image using patch size 4 x 4 and search window size 81 x 81 

Fig. 4 T 

  
XI.   MODULAR CONSTRUCTION SYSTEM 

Abuildingistermedasmodularwhenmanufacturedandassembledinsystematicwayinfactoriesratherthanconventional methods 

of construction. (Note- In convectionalconstructionsystemalltheconstructionactivatesareperformed onsite.) 

 
XII.  PROPOSED METHODOLOGY FOR CONSTRUCTION 

 

 
 

1 .Manufacturd in     

Factory 

2. Transported to Site 

 

3. Lifted on to 

Premade Foundations 

4. Connected to 

Services 

5.Cladding of Exterior 

is Done 

 

 
Skeletal Framework of Reinforcement 

Application of Insulating Material 

Cleaning of Mould And Formwork 

MEP Installment 

Pouring of Concrete 

Curing 

Interior Finishing 

Transportation And Placing 
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XIII. CONCLUSION 
 

Affordable housing with adequate facilities being the need of the hour. Modular buildings in general have the potential 

to benefit from higher quality with respect to improved material quality, improved building performance, sustainability, 

etc. In addition, production in factory environment results in higher worker productivity and a safer and healthier 

environment in modular construction compared with on-site construction. 
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