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ABSTRACT: Across various barriers pertaining to prefabricated building construction projects, a 
major barrier identified by the literature was integration of various components of prefabricated 
building project supply chain network, including the material and human resource supply chains. The 
literature suggests a need of exploring this barrier of supply chain integration into its various sub 
factors/challenges (termed as supply chain challenges) with the perspective of prefabricated building 
construction supply chains. This research tries to fill this gap by analyzing three cases of existing 
prefabricated building construction supply chains in Indian context with different configurations, 
geophysical profiles and project typologies. This study gives an understanding of the relationship 
among supply chain challenges, the variation in their relative impact on project time and cost (within 
the supply chain and across the different configurations of supply chains), and the underlying causes 
of these variations.   
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1. Introduction   

The integration of supply chain management in the 
construction industry is a relatively new concept in India, 
which has attracted the attention of professionals in recent 
few years. Various theories and models of supply chain 
and its management from the vast knowledge pool of 
industrial/manufacturing supply chains have been 
adopted and have been implemented in the construction 
industry. However, the effectiveness and benefits of 
implementing these models for a successful management 
of construction supply chains is questionable. This is 
because, unlike the sequential and mostly linear 
manufacturing supply chains, the construction supply 
chains are rather more complex [1], comprising of 
activities and multiple acting parties which involve 
various other types of interdependencies apart from the 
traditional sequential/linear dependency. Also, 
construction supply chains are unique with respect to the 
project in consideration which, in a generalized way can 
be broadly classified into two major categories of supply 
chains, a) The material and equipment supply chains and; 
b) The human resource supply chains [2] ; which 
formulate the three dimensions of a supply chain in a 

project namely; design dimension, demand dimension 
and supply dimension. Efficiency of supply chain as a 
whole is dependent upon individual performance as well 
as the integration among these dimensions.  

These supply chain fundamentals apply to the realm of 
prefabricated building construction as well, however the 
uniqueness of this typology of construction is that it 
comprises of a traditional sequential manufacturing 
supply chain (for prefabricated building component 
manufacture and supply) as a very significant component 
in the material and equipment supply chain network of 
the project  [3]. An established prefabricated building 
component supply chain consists of a stable and consistent 
manufacturing process and has low uncertainties 
associated with it for a specific construction project [4]. 
This stability promotes the adoption of supply chain 
management principles of “Lean thinking” and “Just in 
Time Production” to improve its efficiency. However, the 
integration of these supply chain principles and models 
with the overall network of supply chains in a 
construction project raises its own challenges in terms of 
management and optimization of project schedule and 
cost (as the high levels of uncertainties in construction 
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project favors agile principles instead of lean principles) 
[3].  

Literature on prefabricated construction suggests that 
most of the barriers in prefabricated building construction 
are multi stakeholder in nature and are influenced by 
various entities throughout the manufacture, construction 
and design dimensions of a prefabricated construction 
project [2]-[6] and can be broadly classified into following 
six factors, 

Table 1: Barriers of Prefabricated Building Construction 

Factor 1: Industry 
Chain 

Factor 4: Construction 
Implementation 

Factor 2: Cost 
Parameters 

Factor 5: Architectural 
Performance 

Factor 3: Social 
Climate and Public 
Opinion  

Factor 6: External 
Conditions 

Source: [7]-[11]  

According to literature, major hindrances in 
implementation of prefabricated construction were in 
factors of – “Industry Chain”, “Cost Parameters” and 
“Construction Implementation” [6]-[8], [10], [12]. Industry 
experts in India also identified that nature of planning 
system and fragmented industry are among the major 
barriers for prefabricated construction in India [9]. The 
multi-stakeholder characteristic of barriers of 
prefabricated construction demands an analysis at 
industry chain and supply chain levels, to identify the root 
causes of multi-dimensional supply chain challenges of 
prefabricated construction projects in India [1].  

This paper attempts at bridging the gap by analyzing 
the impact of various challenges pertaining to the 
prefabricated building supply chains; using relative 
impact tables and relationship matrix and diagrams. The 
data obtained for this study is through structured 
interviews and discussions with industry professionals of 
considered supply chain cases in Indian context.  

2. Prefabricated Building Construction Supply 
Chains 

A prefabricated building project essentially comprises 
of two different material supply chains, including raw 
material supply chain (Type-1) such as that of cement, 
aggregate, sand, infill wall blocks (AAC blocks / bricks / 
cement blocks / CLC blocks), etc. These materials are 
required on a continuous basis and are ordered in bulk for 
in-situ works for walling, casting of foundation, unique 
building elements and high tensile grouting for the 
prefabricated component assembly, etc. The ordering 
strategy of these materials is variable and follows the 
principle of make-to-stock, as their utilization rate changes 
throughout the construction schedule (as per the sequence 

of construction activities) of a prefabricated construction 
project. 

The second kind of material supply chain for a 
prefabricated construction project is that of precast 
components, manufactured on-site or off-site (Type-2). 
These include the precast structural components such as, 
beams, columns, slabs, shear walls, infill wall panels, etc. 
These components are unique for every construction 
project, with respect to their size, shape and joinery 
between various components. The components are 
quantified in exact numbers as per the building plans and 
details; hence, the ordering strategy for such building 
material components is highly specific and follows the 
principle of make-to-order  [13]. As these components are 
termed as highly essential and critical as per construction 
schedule and their supply is dependent on a third agency 
associated to the construction process (the supplier), thus, 
their ordering schedules are well monitored and 
controlled to mitigate any deviation from the planned 
construction schedule. 

The third supply chain comprises of human resource, 
such as the designers / architects, engineers, project 
managers, etc. These are the primary decision making 
bodies for a construction project. Engineers and architects 
are responsible for defining and providing various details 
for prefabricated components to the manufacturer. Project 
managers are responsible for determining the construction 
schedule, which governs the ordering schedule of various 
materials including order of prefab components from the 
manufacturer. Hence, it becomes essential for the 
manufacturer to receive information from both sources 
(designers and site supervisors) to process the production 
of required component as per the details and its supply as 
per the provided schedule [14], [15]. Coordination 
between these three entities is essential for a successful 
supply of correct building component with minimal 
processing / waiting time and achieving low lead times. 

  

Figure 1: Supply chain network diagram for prefabricated 
construction project 

Source: Adapted from typical construction project supply chain by [16] 

3. Supply Chain Configuration 

Data for the configuration of considered cases of supply chain 
in India was carried out using structured interviews and 
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discussions with the industry professionals. Details are 
presented as appendix. 

 
4. Relative Impact of Supply Chain Challenges 

Structured interviews were conducted with the 
suppliers to identify and score the likelihood of 
occurrence, relative impact on project time and cost for 
various supply chain challenges. This data was collected 
by interviewing 3-4 responders from their respective 
supply chains. As the responses from these responders 
were specific, pertaining to a single supply chain, the 
mean values of these responses was considered for each 
respective supply chain. This data was then analyzed 
using the likelihood vs. relative impact graph, to identify 
critical challenges. 

5. Identification of Critical Challenges 

The plotted graphs of likelihood of occurrence vs 
relative time / cost impact represent that the challenges 
that are most critical with respect to the supply chain in 
Case-1 are presented in table 2. 

 
Figure 2: Likelihood vs Relative Time Impact (left), Likelihood vs 

Relative Cost Impact (right) 

Table 2: Critical Challenges 

Material supply chain related 
challenges 

Human resource supply 
chain related challenges 

L1 - Weather Change 
(Precipitation, etc.) 

D1 - Inadequate planning of 
precast works 

L3 - Transport Regulation 
Restrictions 

D2 - Approvals from 
regulatory authorities 
(delays) 

PS2 - Inadequate site / storage 
space 

D3 - Changes in specification 

PS3 - Accessibility to Site 
(obstructions) 

S1 - Disparities in received 
information from designers 
and contractors 
 

PS4 - Reduction in efficiency 
of resource utilization rate on 
site 

C1 - Late client payment 

PS6 - Inaccuracy of Cast in-
situ Works 

 

These challenges are then ranked based on the score of 
likelihood of occurrence x relative impact (both for cost 
and time impact). The score is shown below, 

Table 3: Rank of Critical Challenges 
 Material Supply Chain Human Resource 

Supply Chain 
Challe
nge 

L1 L3 P
S2 

P
S3 

P
S4 

P
S6 

D
1 

D
2 

D
3 

S1 C
1 

Relati
ve 
Cost 
Impac
t 

40
.0 

32
.0 

32
.5 

27
.0 

29
.8 

72
.0 

76
.5 

58
.5 

68
.0 

71
.3 

67
.5 

Relati
ve 
Time 
Impac
t 

40
.0 

12
.0 

39
.0 

33
.8 

31
.5 

64
.0 

81
.0 

61
.8 

64
.0 

66
.5 

63
.0 

RAN
K 

2 6 3 5 4 1 1 5 3 2 4 

 
6. Critical Challenges: Plotted against the precast 

project supply chain 

Figure 3 suggested that major challenges in the 
prefabricated building supply chains are towards the 
downstream of the project supply chain network. The 
impact is significant for post manufacture stages within 
the supply chain and increases downstream up until the 
project site parameters of the supply chain, where the 
synchronic interdependencies arise. 

 
Figure 3: Challenges Plotted Against Precast Project Supply Chain 
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7. Inter-relationship of Supply Chain Challenges 

Existence of directional relationship between various 
challenges and its strength was identified on the basis of 
literature; and discussion and interview sessions with 
professionals (responders) from the case specific supply 
chains. A relationship matrix (Figure 4) is developed using 
the obtained information, which is used to calculate the 
matrix permanent values to represent the relative stability 
of the supply chains as compared to each other. This 
matrix also helps in identifying the dominant and critical 
relations among the challenges, and eventually gives the 
major underlying causes (external and internal factors) of 
the repercussions within the supply chains of 
prefabricated building construction. 

 
Figure 4: Relationship Matrix CASE-1 

The relationship matrix was used to develop a 
relationship flow diagram (Figure 5) representing the 
major relationships (with a value of 3 or more than 3). This 
flow diagram was analyzed to identify the supply chain 
challenges that affect multiple parameters of a precast 
project.  

Figure 5: Relationship Flow Diagram CASE-1 

Major causes of existence of various challenges in 
prefabricated building supply chains were as follows, 

S1: Disparities with received information from 
designers and contractors, is a major underlying cause of 
existence of challenges – D1, D3, PS1, PS2, PS4, PS5, PS6 & 
M3. 

D1: Inadequate planning of precast works, causes the 
existence of challenges – D3, PS1, PS2, PS4, PS5, M3 and 
C1. 

M1: Price Change / Market Fluctuations, causes the 
existence of challenges – M2, M3 and PS1.  

L2: Environmental Hazards, causes and affects the 
existence of challenges – L4, PS1, PS3 and PS4.  

L3: Transport Regulation Restrictions, causes and 
affects the existence of challenges – L4 and PS1.  

Above stated underlying causes – S1 and D1 are 
internal factors and can be controlled to reduce the overall 
impact on precast project supply chain and optimize the 
project time and cost. However, the underlying causes – 
M1, L2, and L3 are external factors, although beyond the 
control of project parameters and its stakeholders, but due 
consideration has to be given to these factors to improve 
supply chain stability. 

8. Results and Discussions 
8.1 Analysis of Relative Impact of Challenges across all Case 

Typologies 

Relative impact on project cost and time in Case-2 is 
lower than in Case-1 because the supplier in Case-2 
undertakes precast projects which involve the 
manufacture and supply of highly repetitive components 
like modular RCC wall panels, RCC planks for boundary 
walls, etc. The standardization of component sizes and 
shapes in Case-2 improves the efficiency of transportation 
of these panels, resulting in lowering the logistics cost and 
reducing schedule deviations. Moreover, projects 
undertaken by the supplier in Case-2 has lower 
dependency on cast in-situ works, which reduces the 
likelihood of occurrence of challenges such as, inaccuracy 
of cast in-situ works, etc. and also reduces the relative 
impact of these challenges. 

Case-1 (Mumbai) 
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Case-2 (Pune) 

 

Case-3 (Pune) 

 
Red line graph – Relative Time Impact; Blue line graph – Relative Cost 
Impact 

Figure 6: Relative Impact across all Case Typologies  

Relative impact in the Case-1 and Case-3 is higher than 
in Case-2 because of the large range of customizable 
building components, as opposed to the supplier in Case-
2. This reduces financial efficiency of the logistics 
operations of the project because of high variation in sizes 
& shapes of the manufactured components. The projects 
undertaken by suppliers in Case-1 and Case-3 involve 
substantial cast in-situ works along with precast works, 
making the projects more susceptible to project site related 
challenges. This higher susceptibility increases the 
likelihood of occurrence and impact of these challenges 
arising during the project timeline. 

Relative impact in Case-3 is lower as compared to 
Case-1 because of the differences in supply chain 
configurations between the two. The large scale projects 
(as compared to Case-1) undertaken by the supplier in 
Case-3 benefits from economy of scale. Larger production 
capacity with high raw material and finished product 
storage space in Case-3 reduces the susceptibility of 
precast projects to the site related challenges. In-house 

logistics department in Case-3 reduces the susceptibility of 
precast projects to logistics related challenges. Moreover, 
with respect to the challenges of weather change (L1), the 
supplier in Case-1 is more prone because of its proximity 
to Mumbai city. 

8.2 Analysis of Relationship Matrix of Challenges across all 
Case Typologies 

The supply chain of Case-1 consists of a total of 28 
critical relations (17 moderate, 8 high and 3 very high 
relations) indicating a higher susceptibility to impact to 
project cost and time. In the configurations and features of 
Figure 7, the critical relations reduced to 25 (14 moderate, 
8 high and 3 very high relations). Implying that supply 
chain in Figure 7 (Case-2) is slightly less susceptible to 
impact to project time and cost, as compared to Figure 7 
(Case-1).  

 

 

 

Figure 7: Relationship Flow Diagram CASE-1 (above), CASE-2 (below) 
Source: Authors 

 

Figure 8: Relationship Flow Diagram CASE-3 

In Figure 8 (Case-3), the critical relations are reduced to 
17 (9 moderate, 7 high and 1 very high relations), which is 
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substantially lower than the relations in Figure 7 (Case-1 
and Case-2). Configuration and geophysical mapping of 
supply chain in Figure 8 (Case-3) renders it least 
susceptible to impact to project time and cost.  

This is also evident by comparing the matrix 
permanent values (Table 7) representing the relative 
stability (Higher values of matrix permanent indicate a 
lower relative stability) of the considered supply chains, 
which were calculated using the relationship matrix. 

Table 4: Matrix Permanent Values (Ryser Algorithm) for all Cases 

Case-1 
(Mumbai) 

Case-2 (Pune) Case-3 (Pune) 

0.0142 

(matrix 
permanent = 
100.46 while 
considering 
relative impact 
values) 

0.0050 

(matrix 
permanent = 27.96 
while considering 
relative impact 
values) 

0.0007 

(matrix 
permanent = 
5.133 while 
considering 
relative impact 
values) 

9. Conclusion 

Prefabricated building construction is a growing 
industry in India consisting of its challenges pertaining to 
dimensions of construction implementation, architectural 
performance, social climate & public opinion, costing, and 
supply chain management. Across these dimensions, 
major challenge was integration of various components of 
supply chain in a prefabricated building project including 
the material and human resource supply chain networks. 
This research explored the challenge in supply chain 
integration by studying case of prefabricated building 
construction supply chains with different configurations, 
geophysical profile and project typologies to understand 
the relation among supply chain challenges and variation 
in relative impact on project time and cost, within the 
supply chain and across the different supply chains.  

The relative impact analysis of identified challenges 
suggested that major challenges in the prefabricated 
building supply chains are towards the downstream of the 
project supply chain network. Bullwhip effect of the 
critical challenges in supply chain affected the delivery 
schedule of precast component and logistics cost upstream 
in the supply chain and the resource utilization rate on the 
construction site greatly.  

Various external and internal underlying causes of 
disturbances in supply chain processes were identified 
from the analysis of relationship matrix and flow diagram 
for each of the considered cases. This indicated that 
factors, (internal factors) S1 – Disparities with received 
information from designers and contractors, D1 – 
Inadequate planning of precast works, (external factors) 
M1 – Price Change / Market Fluctuations, L2 – 

Environmental Hazards, and L3 – Transport Regulation 
Restrictions; were major contributors to existence of 
various other challenges in the supply chain. Hence, 
considerations to mitigate the impact of these challenges 
will reduce their repercussions throughout the 
prefabricated building construction supply chain. 
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Appendix 

Table 5: Supplier Details 

SN Parameter 
Case-3 
(Mumbai) 

Case-2 
(Pune) 

Case-3 
(Pune) 

1.0 Procureme
nt at the 
manufactur
ing unit 

Multiple 
Suppliers 

Multiple 
Suppliers 

Multiple 
Suppliers 

1.1 Location of 
raw 
material 
supplier 

Within 30 
km radius 
of facility 
location 
(logistics 
cost: 10-
50km: Rs 
100/km; >50
km: Rs 
105/km) 

Within 20 
km radius 
of facility 
location 
(logistics 
cost: 10-
30km: Rs 
90/km; >30
km: Rs 
100/km) 

Within 50 
km radius 
of facility 
location 
(logistics 
cost: 10-
50km: Rs 
100/km; >5
0km: Rs 
105/km) 

1.2 Order size 
and order 
frequency 
of raw 
materials 

Depends 
upon the 
order size 
for project 
(does not 
manage a 
minimum 
stock level) 

Depends 
upon the 
order size 
for project 
(does not 
manage a 
minimum 
stock level) 

Manages 
minimum 
stock level 
of: 
Cement: 
500 cum; 
Aggregate
: 1500 
cum; 
Sand: 400 
cum 

1.3 Raw 
material 
utilization 
rate at 
manufactur
ing unit 

Cement: 
400-550 
cum/month 
Aggregate: 
1200-1500 
cum/month 
Sand: 250-

Cement: 
200-300 
cum/month 
Aggregate: 
600-900 
cum/month 
Sand: 150-

Cement: 
2700-3200 
cum/mont
h 
Aggregate
: 7500-9000 
cum/mont

350 
cum/month 

200 
cum/month 

h 
Sand: 
1700-2000 
cum/mont
h 

2.0 Warehousing at the manufacturing unit 
2.1 Capacity of 

the raw 
material 
warehouse 

To support 
the 
production 
of a total of 
500 cum of 
concrete 
per week 

To support 
the 
production 
of a total of 
200 cum of 
concrete 
per week 

To 
support 
the 
productio
n of a total 
of 3000 
cum of 
concrete 
per week 

3.0 Production 
capacity of 
manufactur
ing unit 

2000 - 2500 
cum of 
precast 
component
s 

1000-1500 
cum of 
precast 
component
s 

13000-
15000 cum 
of precast 
componen
ts 

4.0 Production process of precast component 
4.1 Lead time 

for 
manufactur
ing 

5-6 days for 
laying of 
reinforcem
ent 

6-7 days for 
laying of 
reinforcem
ent 

2-3 days as 
the facility 
consists of 
automated 
bar 
bending 
yard 

4.2 Waiting 
time on the 
casting 
moulds 

7-10 days 
including 
reinforcem
ent laying + 
casting + 
curing 

8-12 days 
including 
reinforcem
ent laying + 
casting + 
curing 

5-8 days 
including 
reinforcem
ent laying 
+ casting + 
curing 

4.3 Waiting 
time on 
inspections 

1-2 days  1-2 days  1 day  

5.0 Capacity of 
the 
warehousin
g yard for 
finished 
goods 

Supports at 
least 1/4th 
of the 
monthly 
production 
capacity 

Supports 
the storage 
of 50-60 
cum of 
finished 
precast 
component
s  

Supports 
the storage 
of 100% of 
the 
monthly 
productio
n capacity 

6.0 Stock 
holding 
period and 
cost 

3-5 days, 
depending 
upon 
warehousin
g capacity 

1-2 days 
maximum 
to keep the 
space 
available 

8-10 days, 
depending 
upon 
warehousi
ng 
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at project 
site 

for next 
batch of 
component
s 

capacity at 
project site 

7.0 Physical parameters 
7.1 Mode of 

transport 
Outsourced 
logistics 
support, 
including 
10T open 
trucks, 20ft-
40ft 
flat/open-
bed trailers 

Outsourced 
logistics 
support, 
including 
10T open 
trucks, 20ft-
40ft 
flat/open-
bed trailers 

In-house 
logistics 
fleet 
comprisin
g of 10T-
20T open 
trucks, 
20ft-40ft 
flat/open-
bed 
trailers 

7.2 Size of 
component
s to be 
transported 

1m-3m 
long, 2.4m 
wide 
component
s 

2m-3m 
long, 2.4m 
wide 
component
s  

3m-4m 
long, 2.4m 
wide 
componen
ts  

7.3 General 
shipping 
distance 
and 
operational 
area 

200-250 km  100-150 km  100-200 
km  

8.0 Facility 
location 
reason 

Low cost of 
land, 
connectivit
y with 
major 
highways, 
and close 
proximity 
to raw 
material 
suppliers 

Low cost of 
land, close 
proximity 
to raw 
material 
suppliers, 
and away 
from city 
traffic to 
facilitate 
movement 

Low cost 
of land, 
adjacent to 
Wagholi 
road for 
better 
connectivi
ty with 
sites 

Source: Structured interviews of industry professionals from the considered 
cases 
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