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Abstract

Construction contracts are vital for any project, and therefore right choice of payment system is
extremely important. Research have shown that about 62.8% of contractors have faced these payment
delays on Construction projects. One of the key reasons for delay in payments is that Interim Payments
are still manually prepared by the Contractor and physically verified by the Client which requires a lot
of time to process. The adaption of new technologies has not kept pace with the growth of industry
due to lack of studies on the impact of these technologies in construction industry. However, advance
technologies like BIM are now being adapted. Thus, this research purposes to digitize the processing
of IPC using BIM technology. Three objectives guide this research: To identify the existing
inefficiencies, present in processing of Preparation & Certification of IPC; To develop a BIM-based
framework for efficient Preparation & Certification of IPC; To validate the developed framework
through a digital platform using case study. Based on detailed Literature Review, 30 inefficient factors
were identified. A preliminary survey was done to authenticate the inefficiencies found from literature
and sample of thirty was considered and in total thirty responses were recorded. After that those BIM
features were identified from the literature which can adequately resolve the identified inefficiencies
and a Feature-Factor matrix is developed. Feature — Factor matrix is used to visualize that which factor
of BIM could mitigate the effect of any inefficiency found in literature and then research methodology
is developed. Following that, a prototype plug-in is developed in BIM platform and an under-
construction House project is used as a case study. The developed plug-in includes two panels of
“generate” and “Approval” for Contractor and Consultants respectively. Using those, a contractor
must generate WCRs and after approval from consultant, the quantity of WCRs has to be added in
Measurement sheet to update “Abstract of Cost” following that, the Contractor needs to re-submit all
the documents for approval from consultant. Third IPC of the said house project has been prepared

and validated using the developed system and the working of developed plug-in has been shared with

X



industry experts for validation of the developed system in the form of Questionnaire survey. The
results obtained from that Questionnaire are satisfactory and signifying that the plug-in could be

implemented to automate the processing of IPC in construction projects.
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CHAPTER 1: INTRODUCTION

1.1 Background Study
Construction contracts are vital for any project, and the right choice of payment system is extremely

important(Odeh & Battaineh, 2002). The efficacious execution of any construction project is highly
dependable on the appropriateness of payment system adapted as per the Project’s characteristics and
client’s demand from the project.(Abotaleb & El-adaway, 2017). The pace of the work progress for
any construction project can be directly related to uninterrupted funding of project (Ramachandra &
Rotimi, 2015; Cheng et al., 2010). i.e. the flow of cash of the Contractor executing the project can be
highly affected by delaying the approval process of check requests, invoices, release of retention
money to the Contractor (Odeyinka et al., 2008). If we look from another point of view, the client
failure to abide by the specified payment program will directs the Contractors injecting extra finances
and enhance the risk of insolvency (Odeyinka et al., 2008). To this upshot, the release of timely interim
payments to the Contractor is required to finance the construction work advancement (El-adaway et

al., 2014).

Delay in payments to the Contractor have always been linked to the Client’s liability such as some
author (Odeyinka et al., 2008; Sin, 2006 )suggests that delays in payment are deliberate and caused by
upper-tier construction parties in many countries. However, the payment system that has been devised
by the Construction contracts allow the Consultant to authenticate all the construction activities
incorporated by the Contractor in monthly progress payment which is a time taking process. The delay
in payment to the Contractor could affect the project adversely in terms of degradation of quality by

the Contractor, dispute generation between the Client and the Contractor and also could lead to the



suspension of work. (Abotaleb & El-adaway, 2017). So, by accelerating the process of quantities

validation by the Consultant, the payment process can also be fast-tracked by the Client.

This research will focus on the automation of payment system to the Contractor which will aid to
lessen the mandatory time for Client to authenticate the quantities provided by the Contractor in the
interim payment application thus reducing the overall time for payment to the Contractor. The process
starts by automating the check request which includes the work executed by the Contractor and forms
the basis of interim payment. The consultant then physically examines the executed quantity and
confirms or rejects the work through automated channel resulting in addition of obligatory monthly
compensation to the Contractor by the Client or rework by the Contractor for later case. Using that
technique, the Contractor will be able to automate all his executed work and once achieved the targeted
payment criteria set forth by the Client in Contract documents, he will be able to claim the interim
payment in an automated way from Client who will be well aware of the Contractor obligatory
payment using the same platform. In order to automate the whole interim payment process, Building
Information Modelling (BIM) technique would assist to carry all the stakeholders of the project on a
solely platform as integration of BIM with Building Automation System (BAS) is already being used
to automate energy managing, building design optimization and building fault detection (Tang et al.,

2020). So, BIM technique would be helpful to automate the process of IPC generation as well.

1.2 Level of Research Already Carried Out on the Proposed Topic

A lot of research accomplished on the issues related to interim payment certificate generation and
suggestions have been made regarding proper administering the payment process like (Demachkieh
& Abdul-Malak, 2019) proposed a framework that highlights set of practices which will actively avoid
the disagreement over executed work. Similarly, the research carried out by (Abdul-Rahman et al.,

2014) provides the indicators that causes delay in payment by the Client. As (Kartam & Kartam, 2001)



designates delayed payments as second main operative risk that grounds for project to be delayed. As
per findings of (Van der Merwe et al. 2011) the main reason of delayed payments is Client in

Construction projects being executed in South Africa.

Similarly, automation is not a novel perception in construction industry (Ali et al., 2020) automates
the claims management system using Building Information Modelling (BIM) technique and a plugin
is established in Autodesk Revit for proper management of EOT claims. (Song et al., 2017) works on
linking BIM with Daily Work Orders from Construction industry and conclude that BIM based Bill
of Materials cannot be created with the elements modeled in LOD 300 and must be modeled on LOD
400 for that purpose. Another handy research carried out (Davidson et al., 2019) on integrating the
Virtual Reality VR with BIM for factually generation of Bill of Quantity. But this research is only

limited to windows and furniture items.

Hence up till now, work have been carried out on automation of Bill of Quantity and constraints that
have been encountered during the preparation of monthly payment have also been pointed out (Sopihia

etal., 2016).

1.3 Reason/Justification for the Selection of the Topic

Construction projects are very dynamic and timely payments are required to pay for the materials, sub-
contractor, labor and other liabilities (Abdul-Rahman et al., 2014) and once payment related issues
starts emerging it got worse with time and moves the financial load from one stakeholder to the other
(Scholnick et al., 2013). Therefore, there is an immense need of such a payment system which resolves
the matter of physical verification of all the executed items by the contractor at time of interim payment

by the Client and hence results in overall reducing the time for interim payment to the Contractor.

The solution to this delayed payment issue and laborious work of physical verification of incorporated

items is automation of the Interim payment application generated by the Contractor which not only



help the Contractor to claim his monthly payment without any delay but also keep the Client well
aware regarding obligatory payment of the Contractor for executed work all the time thus reducing the

payment related disputes as well.

1.4 Objectives

Main objectives for this research are:

e To identify the existing inefficiencies, present in processing of Preparation & Certification of

IPC.

e To develop a BIM-based framework for efficient Preparation & Certification of IPC.

e To validate the developed framework through a digital platform using case study.

1.5 Relevance to National Needs

Pakistan construction industry is still working on manual system which is quite laborious and time
taking and hence most of the construction projects in Pakistan results in time overrun from the actual
completion date specified in the contract. This situation led to disputes among the stakeholders and
generation of Cost Claims by the Contractor. To improve the financial condition of the project, BIM
technology must be acquainted by the Pakistan construction industry like other developing countries.
This study will help the Contractor to automate its examination of project activities being executed
and generation of payment against each activity and also diminish the risk of overbilling by the
Contractor which will help the procedure.

1.6 Advantages

This research will be quite helpful for all the stakeholder as money is consider as “King” of the
construction industry and as most of the disputes are related to timely payment issues in construction
industry (Kartam & Kartam, 2001; Ramachandra & Rotimi, 2015; Abdul-Rahman et al., 2014; Chan

& Suen, 2005; Cheung & Yiu, 2006; Kennedy, 2006). So, by automating the process of payment



generation against the executed activities will not only reduce the effort of Contractor but also help
the Consultant in validation of the executed quantity. Thus, the process will reduce the effort and time
of all stakeholders in generation of payment and on the other hand Client will also be well aware of

its liability as well.

1.7 Areas of Application

This research mainly focuses on payment issue related to construction industry and hence provides a
solution to reduce the payment related disputes among the stakeholders. It also emphasis on
implications of modern techniques in the construction industry as well. It encourages the use of BIM
on construction sites for better management of construction activities and to reduce the uncertainty in

construction projects up to some extent.

1.8 Thesis Organization

In this thesis, Chapter 01 includes the introduction of the topic in detail, the research gap, the objectives
of this research and also includes the significance of this research in our industry. Chapter 2 consists
of background of this research and all the research that has been done earlier related to the selected
topic. It also elaborates those inefficiencies present in the current system for preparation and
Certification of IPC through vast literature review and those BIM features were identified which can
nullify those inefficiencies present up to maximum extent. Based on these findings, a feature factor
matrix is developed. Chapter 3 involves the methodology adapted to achieve the required results and

to meet the objectives. Results will be discussed in upcoming chapters.



CHAPTER 2: LITERATURE REVEIW

2.1 Background

This Chapter focuses mainly on the past studies carried out on processing of payments in the
Construction industry. It will also explain the payment, types of payments in Construction
Industry, the Standards which Construction Industry is ensuing in processing of payments. Timely
release of payment in construction industry is vital because the Construction projects are
considered as mega projects and involves a huge capital (Abotaleb & El-adaway, 2017). The
performance of Contractor also depends on the timely payment for smooth running of activities
(Ramachandra & Rotimi, 2015; Cheng et al., 2010). Delays in processing of these payments
disturb the cash inflow and outflow of the Contractor leading to consequence delay in completing
the project(Cheng et al., 2010). Most of the time delay in payment has been associated with the

failure of Paymaster to finance the project (Odeyinka et al., 2008; Sin, 2006 ).

2.2 Payment in Construction Industry:

It is considered as the summation of amount paid to the Contractor after execution of the task
assigned to them (Ansah, 2011). For a successful completion of the project timely payments to the
Contractor plays a pivotal role (Arditi & Chotibhongs, 2005). The methods and mode of payment
varies from project to project and guidelines of various types of payments are provided in
traditional Standard Construction Contract documents. It is up to the concerned authorities to
choose the payment type and method of payment(Odeh & Battaineh, 2002). This study will brief
about types of payment provided in several traditional contracts that are regularly used in construction

industry and are most related to this research.



2.3 Types of payment:

Due to the scope constraint of the study advance payment and final payment are not discussed
here. Periodic payments, also known as progress or interim payments, and phase payment, also
known as stage payment, are found to be most relevant to this research. Therefore, only these two

types of payments are briefly discussed here. (Ansah, 2011) defined these payment types as follow

2.3.1 Interim Payment:

Interim payments (Periodic payments) are made after specified periods in a project. Periods are
specified by concern parties for generation of payment bill by contractor, vetting by engineer and
payment of this bill by client. Durations for each step of the whole process of payment is generally

the time period as fixed in the contract conditions signed.

2.3.2 Phase Payment:

Payments are usually made at the definite stages of work. Also in some projects, specified
monetary value of work is defined as a stage where payment has to be made. This payment type is
mostly opted for in combination with small lump sum contract where measurements are not
finalized and a fixed proportion of the total sum of contract is decided to be paid over certain

phases.

2.4 Standard interim payment duration of various traditional standard

construction contracts:
This comparison of standard interim payment duration is made among the traditional standard
traditional contracts of American Institute of Architects (AlA), Consensus Docs, Engineers Joint
Contract documents committee (EJCDC), International Federation of Consulting Engineers

(FIDIC), the New Engineering Contracts (NEC) and Pakistan Engineering Council (PEC).



In construction contracts standards published by FIDIC and PEC standard duration for interim

payments is 56 days and 44 days respectively (Getachew, n.d;PEC, 2007). Whereas other standard

contracts offer a lesser duration such as NEC-3 (21Days), ConsensusDocs-200 (20 Days), EJCDC-

C700 (20 Days), AIA-A201 (10 Days). Thus, traditional contracts offer various methods and

duration of interim payments and parties involved have the choice to agree upon any method suited

to their project. Any payment made after the contractual duration is a delayed payment and incurs

either a financial penalty or an extension in deadline. Various traditional contracts along with their

interim payment duration are shown in Table 2-1.

Table 2-1: Contract Types & Payment duration
Type of | Application to | Approval by the | Payment by the | Total time
Contract be submit by | Consultant Client duration for
Contractor payment release
FIDIC 1987 | At the end of the | Within the | Within the duration of 56 Days
(1992) month. duration of | twenty-eight days after
twenty-eight days | The Engineer’s
after  Contractor | Certification
Application
FIDIC 1999 | At the end of the | Within the | Within the duration of 56 Days
month. duration of | fifty-six days after
twenty-eight days | Contractor application
after  Contractor
Application
PEC At the end of the | Within the | Within the duration of 56 Days
month. duration of | twenty-eight days after
twenty-eight days | The Engineer’s
after  Contractor | Certification
Application
NEC 3 Predetermined Within seven days | Within the duration of 21 Days
assessment date | after assessment | twenty-one days after
date assessment date
Consensus | Specified Undefined Within 20 days after 20 Days
Docs 200 calendar date of Contractor application
each month
EJCDC At least 20 days | Within 10 days | Within 10 days after 20 Days
C700 before due date | after Contractor | application approval
of payment application




Type of | Application to | Approval by the | Payment by the Total time
Contract be submit by | Consultant Client duration for
Contractor payment release
AIA A201 | At least 10 days | Within 07 days | Within 03 days after 10 Days
before due date | after Contractor | application approval
of payment application

2.5 Elongation in interim payment processing and its effects:

Construction industry deals with large physical projects which involve big cash flows (Abdul-
Rahman et al., 2014). Cash inflow after an elongated duration cause dire consequences to
contractor’s financial health and project successful completion (Ye & Rahman, 2010). Cash flow
problems due to elongated interim payment duration have existed for a long time in industry and
still persist (Wu et al., 2008). Cash flow problems, construction disputes, construction
insolvencies, construction delays, low construction productivity, addition of extra amount in bids
are some of major negative effects of elongated interim payment duration (Touran et al., 2004;

Wong & Hui, 2006).

2.6 Factors causing delay in Processing of Payments:

Numerous factors cause delay in processing of Interim Payment in construction projects. These
factors vary in nature depending upon their primary source (Ramachandra & Rotimi, 2015). This
study categorizes these factors considering the stage of processing of Interim Payment. The
processing of Interim Payment involves three main stakeholders i.e. Contractor, Consultants and
Client.

As per Contractual Conditions, the Contractor needs to submitted to the Engineer after the end of
each month or time period provided in the Contract copies of Interim Payment Application duly

signed by the Contractors’ representative as per Sub-Clause 15.1, in such form as the Engineer



may from time to time prescribe, showing the amounts to which, the Contractor considers himself
to be entitled up to the end of the month in respect of:

a) Value of the Permanent Works executed.

b) Any other items in the Bill of quantities including those for Contractor’s Equipment,

Temporary Works, day works and others.

c) Any other sum to which the Contractor may be entitled under the Contract or otherwise.
The Engineer (Consultants’ Representative) shall then, within time provided in the Contract,
Certify the sum of payment which he considers payable to the Contractor and submit it to the
Employer after receiving such statements. The Employer is then bound to arrange the funds for
imbursement to the Contractor within the time period provided in Contract documents
A detailed literature review has been carried out and almost 50 research papers were accessed
using the keyword “delay in payment to Contractor”, “Interim Payment”, “Processing of
payment”, “Factors causing delay in payments” etc. From these papers, initially 40 factors were
identified; however, some of these factors were making the same sense. So, these factors were
merged under a same head and out of initially identified, 30 factors were finalized and divided
phase wise as the Interim Payment processes as explained earlier i.e., Initiation phase (when matter
is with the Contractor), Certification/Validation (when matter is with the Consultant), Payment
phase (when matter is with the Client) as shown in Table given below along with the frequency of

their occurrence in the past papers.
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Table 2-2: Factors Causing Delay in Processing of IPC during Initiation Phase

Sr. | Phase Factors Causing delay in References
No. Processing of Interim Payment
Breach of any Contract term of | (Nor etal., 2014), (M. E. Che Munaaim, 2012),
1 Project by the Contractor (Ansah, 2011), (Ye & Rahman, 2010), (Peters
et al., 2019), (Onososen, 2019), (Senarathne et
al., 2020), (Muthi, 2019).
Poor documentation procedure | (Ansah, 2011), (Ramachandra et al., 2015), (Ye
2 ’g practiced & Rahman, 2010), (Peters et al., 2019),
§ (Kenyatta, 2016a), (Sopihia et al., 2016),
S (Muthi, 2019).
5 Disputed work (Nor et al., 2014), (M. E. Che Munaaim, 2012),
3 g (Ansah, 2011), (Ramachandra & Rotimi, 2015),
= (Peters et al., 2019), (Odenigbo et al., 2020),
= (Yunianto & Rarasati, 2021).
i Failure to Understand Contract | (Ansah, 2011), (Odenigho et al., 2020),
4 | C Agreement (Kenyatta, 2016a), (Onososen, 2019),
S (Yunianto & Rarasati, 2021), (Senarathne et al.,
g 2020).
c Inexperienced Project Personnel | (Abdul-Rahman et al., 2014), (Odeh &
5 | £ Battaineh, 2002), (Ye & Rahman, 2010),
5 (Peters et al., 2019), (Yunianto & Rarasati,
% 2021).
£ Poor Quality of Work (Judi et al., 2021), (Odenigbo et al., 2020),
6 | c (Sopihia et al.,, 2016), (Kenyatta, 2016b),
2 (Yunianto & Rarasati, 2021).
:%5 Work done doesn’t reach the | (Abdul-Rahman et al., 2014), (Ye & Rahman,
7| £ limit of IPC 2010), (Peters et al., 2019), (Sopihia et al.,
2016),(Senarathne et al., 2020).
Wrongly calculated claims (Onososen, 2019), (Yunianto & Rarasati,
8 2021), (Senarathne et al., 2020).
Non-BOQ work done (Odenigbo et al., 2020), (Senarathne et al.,
9 2020).
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Table 2-3: Factors Causing delay in Processing of IPC during Validation/Certification
Phase

Sr.
No.

Phase

Factors Causing delay in
Processing of Interim
Payment

References

Certification/Validation Phase (when matter is with the Consultant)

Disagreement on valuation of
Work done

(Tun et al., 2021), (Ibrahim et al., 2012), (Nor
et al.,, 2014), (Ansah, 2011), (Ye & Rahman,
2010), (Peters et al., 2019), (Odenigbo et al.,
2020), (Kenyatta, 2016a), (Onososen, 2019),
(Kenyatta, 2016b), (Yunianto & Rarasati,
2021), (Senarathne et al., 2020), (Muthi, 2019).

Failure to value & certify the
work done by Contractor

(Tunetal., 2021), (Abdul-Rahman et al., 2009),
(Abdul-Rahman et al., 2011), (Ye & Rahman,
2010), (Mara, 2011), (Peters et al., 2019), (Judi
et al., 2021), (Odenigbo et al., 2020), (Agyei-
kumi, 2017), (Onososen, 2019), (Senarathne et
al., 2020), (Muthi, 2019).

Insufficient/ambiguous
information provided
Certification

for

(Nor et al., 2014), (Abdul-Rahman et al., 2014),
(Ansah, 2011), (Abdul-Rahman et al., 2011),
(Peters et al., 2019), (Judi et al., 2021),
(Kenyatta, 2016a), (Sopihia et al., 2016),
(Onososen,  2019), (Kenyatta, 2016b),
(Yunianto & Rarasati, 2021).

Slow process
Variation Orders

of approving

(Oyewaobi et al., 2016), (A.A., 2015), (Osman et
al., 2009), (Ye & Rahman, 2010), (Peters et al.,
2019), (Judi et al., 2021), (Odenigbo et al.,
2020), (Kenyatta, 2016b), (Yunianto &
Rarasati, 2021), (Senarathne et al., 2020).

Conflict the

involve

among parties

(Tun etal., 2021), (M. E. Che Munaaim, 2012),
(Peters et al., 2019), (Judi et al., 2021),
(Suhaidah Sahab & Ismail, 2011), (Onososen,
2019), (Yunianto & Rarasati, 2021), (Muthi,
2019).

Difficulties in reaching a
settlement between stakeholders

(Tunetal., 2021), (Abdul-Rahman et al., 2009),
(Abdul-Rahman et al., 2014), (Ye & Rahman,
2010), (Peters et al., 2019), (Agyei-kumi,
2017), (Onososen, 2019), (Kenyatta, 2016b).

Major defects in Construction
Works

(Tun et al., 2021), (Raman et al., 2016), (M. E.
Che Munaaim, 2012), (Ye & Rahman, 2010),
(Peters et al., 2019), (Kenyatta, 2016b).

Involvement of too many parties
for Certification of Payment

(Abdul-Rahman et al., 2009), (Abdul-Rahman
et al., 2014), (Abdul-Rahman et al., 2011), (Ye
& Rahman, 2010), (Judi et al., 2021),
(Onososen, 2019).
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Sr. | Phase | Factors Causing delay in | References
No. Processing of Interim Payment
c .« | Perception that late certification | (Nor et al., 2014), (Abdul-Rahman et al., 2011),
9 -% s o is acceptable for few days (Ye & Rahman, 2010), (Peters et al., 2019),
© £ g (Suhaid'ah Sahab & Ismail, 2011), (Yunianto &
c>6 = § Rarasati, 2021).
,5 EC’ § Poor Communication / Flow of | (M. E. Che Munaaim, 2012), (Odenigbo et al.,
10 § S | information among  parties | 2020), (Agyei-kumi, 2017), (Yunianto &
E g S| involve Rarasati, 2021), (Senarathne et al., 2020).
5 &5
O =

Table 2-4: Factors Causing delay in Processing of IPC during Payment Phase

Sr.
No.

Phase

Factors Causing delay in
Processing of Interim Payment

References

Payment Phase (when matter is with the Client)

Poor Financial Management by
the Client

(Tunetal., 2021), (Abdul-Rahman et al., 2009),
(Abdul-Rahman et al., 2014), (M. E. Che
Munaaim, 2012), (Ansah, 2011), (Abdul-
Rahman et al., 2011), (Ye & Rahman, 2010),
(Peters et al., 2019), (Judi et al., 2021),
(Suhaidah Sahab & Ismail, 2011), (Odenigbo et
al., 2020), (Agyei-kumi, 2017), (Kenyatta,
2016a), (Onososen, 2019), (Kenyatta, 2016b),
(Yunianto & Rarasati, 2021), (Senarathne et al.,
2020), (Muthi, 2019).

Deliberate for

benefits

delay some

(Abdul-Rahman et al., 2014), (M. E. Che
Munaaim, 2012), (Ansah, 2011), (Ye &
Rahman, 2010), (Peters et al., 2019), (Judi et
al., 2021), (Odenigbo et al., 2020), (Kenyatta,
2016a), (Onososen, 2019), (Yunianto &
Rarasati, 2021), (Muthi, 2019).

Local Culture/Attitude of late
payment

(Tunetal., 2021), (Abdul-Rahman et al., 2014),
(Ye & Rahman, 2010), (Judi et al., 2021),
(Suhaidah Sahab & Ismail, 2011), (Agyei-kumi,
2017), (Kenyatta, 2016a), (Kenyatta, 2016b),
(Yunianto & Rarasati, 2021), (Muthi, 2019).

Scarcity of Capital to finance
Project

(Abdul-Rahman et al., 2009), (Abdul-Rahman
et al., 2014), (Ye & Rahman, 2010), (Peters et
al., 2019), (Judi et al., 2021), (Odenigbo et al.,
2020), (Kenyatta, 2016a), (Kenyatta, 2016b),
(Yunianto & Rarasati, 2021).
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Sr. | Phase | Factors Causing delay in | References
No. Processing of Interim Payment
Complex Contractual Provisions | (Nor et al., 2014), (M. E. Che Munaaim, 2012),
5 (Ansah, 2011), (Agyei-kumi, 2017), (Kenyatta,
. 2016a), (Yunianto & Rarasati, 2021),
% (Senarathne et al., 2020), (Wu et al., 2008).
o Poor Economic & Market | (Tun et al., 2021), (Ramachandra & Rotimi,
6 @ Conditions 2015), (Ye & Rahman, 2010), (Judi et al.,
= 2021), (Onososen, 2019), (Kenyatta, 2016b),
= (Yunianto & Rarasati, 2021).
f Clients’ lack of trust on | (Abdul-Rahman et al., 2014), (Ye & Rahman,
7 GC) Consultants’ Valuation 2010), (Peters et al., 2019), (Odenigbo et al.,
=1 2020), (Kenyatta, 2016a), (Senarathne et al.,
S 2020).
S Short of Current Year’s Project | (Tun et al., 2021), (Nor et al., 2014), (Agyei-
8 | £ kumi, 2017), (Yunianto & Rarasati, 2021).
(B}
i Clients’  assumption that | (Abdul-Rahman et al., 2014), (Ye & Rahman,
9 | o Contractor will finance the | 2010), (Yunianto & Rarasati, 2021),
*GE) project (Senarathne et al., 2020).
§, Elongated Payment terms in | (Abdul-Rahman et al., 2014), (Ramachandra et
10| & Contracts al., 2015), (Wu et al., 2008).
Inequality of Contractual | (Suhaidah Sahab & Ismail, 2011).
11 bargaining power

2.7 Remedies for delayed Payments:

projects being executed in South Africa.
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There is a lot of research done on the issues related to interim payment certificate generation and
suggestions have been made regarding proper administering the payment process like (Demachkieh
& Abdul-Malak, 2019) proposed a framework that highlights set of practices which will actively avoid
the disagreement over executed work. Similarly, the research carried out by (Abdul-Rahman et al.,
2014) provides the indicators that causes delay in payment by the Client. As (Kartam & Kartam, 2001)
designates delayed payments as second main operative risk that reasons project delays. As per the

findings of (\Van der Merwe et al. 2011) the main reason of delayed payments is Client in Construction




Similarly, automation is not a novel notion in construction industry (Ali et al., 2020) automates the
claims management system using Building Information Modelling (BIM) technique and a plugin is
established in Autodesk Revit for proper management of EOT claims. (Song et al., 2017) works on
the linking of BIM with Daily Work Orders from Construction industry and concludes that BIM based
Bill of Materials cannot be produced with the elements modeled in LOD 300 and must be modeled on
LOD 400 for that purpose. Another handy research carried out (Davidson et al., 2019) on integrating
the Virtual Reality VR with BIM for real time generation of Bill of Quantity. But this research is only

limited to windows and furniture items.

Hence up till now, work have been carried out on automation of Bill of Quantity and constraints that
have been encountered during the preparation of monthly payment have also been pointed out (Sopihia

etal., 2016).

2.8 BIM Concepts & Benefits

Building information Modeling (BIM) is a procedure of modeling, sharing and handling digital
information during designing phase, through construction phase and to post construction phases (Ali
et al., 2018a; Ghaffarianhoseini et al., 2017; VVolk et al., 2014). Figure 2-1 shows that the information
can be of parametric geometrical, technical and contractual type (Ali et al., 2018a; Ghaffarianhoseini
et al., 2017).BIM is a process which starts from a conceptual diagrams to n-dimensional digital
footprint (Azhar, 2013).This information separate themselves from individual process in traditional
construction to an integrated process and thus dividing BIM into separate levels ( Hooper & Widén,

2015).

15



‘Old’ Process: CAD

Concept& Design Documents & Drawings Construction & Operation

‘New'’ Process: BIM

7 (e
Pl S O 1
- o e
ey 3 o —
il ol ¥ i l
/Data/~~"} « S E/ —>
P i -y Iy
et Sy
/Cost/ & £ -
T [fFrP/
Relatonal Database Active Access, Ceonstruction

(Design, Documents, Data) Sharing & Data Use & Operation

Figure 2-1 Difference between Current and BIM Construction methods

In Architectural, Engineering and construction (AEC) industry these dimensions provide significant
benefits to users (Cerovsek, 2011; Ghaffarianhoseini et al., 2017; Volk et al., 2014). 1% and foremost
difference is realized using its parametric 3D information (Ali et al., 2018a; Ghaffarianhoseini et al.,
2017) Using this 3D information, BIM can be used for 4D which is time and is mostly used in schedule
simulation (Ali et al., 2018a; Volk et al., 2014). This 3D model provides the basis for checking up on
cost diagrams during and after construction (Ghaffarianhoseini et al., 2017), lighting analysis and

facility management (Volk et al., 2014) Figure 2-2.
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Figure 2-2 BIM Dimensions

BIM separates itself from current construction by allowing the main parties to a contract as early in
the process and thus enhancing the collaboration between them (Cerovsek, 2011).Project team will be
communicating to the related stakeholders in form of groups and every team will deal with its
responsibilities in a collaborative environment. Where there is least confusion about information
sharing. Contractors and suppliers are added to the stakeholders group early in the process (Azhar,
2013; Construction Industry Council, 2018; Moayeri et al., 2016) to avoid and resolve problems
efficiently (Gibbs et al., 2017).NEC contracts provides guidance regarding integration of BIM into

NEC contracts so that all the parties know their responsibilities (NEC, 2013).

2.9 BIM Platforms

Conventional Computer Aided Drawings (CAD) consists of text and lines only. It is unable to
communicate with all the stakeholders simultaneously in a complex project (Chou & Yang, 2017,
Moayeri et al., 2016). That’s when BIM is realized as a necessity of the future (Ali et al., 2018a; Azhar,
2013). Building information modeling is of two types, naming “open BIM” and “closed source BIM”.
Close BIM means all the project work has to be done using one tool whereas open BIM means the

information sharing between teams is done through many tools(Hudson et al., 2017). BIM uses
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interoperable data sharing, which allows it the flexibility to not to rely on a singular software
(Ghaffarianhoseini et al., 2017). All the teams work simultaneously using more than one but

interoperable software (Ali, 2018; Volk et al., 2014).

As a result of its take on complex projects, BIM is now used as an emerging mechanism for
construction (Ali et al., 2018a). Most of the platforms being used for BIM are Autodesk Revit, Tekla
Structure, Graphisoft ArchiCAD, Bentley Architecture, Nemetschek Vectorworks, Nemetschek
AllPlan, Trimble SketchUp, Gehry Technology Digital Projects, 4MSA IDEA Architectural and
Rhino BIM (Ali et al., 2018a).

2.10 Feature — Factor Matrix

In the current study, features of BIM which definitely have an effect on the project factors were
identified through extensive literature review. 26 Research papers, articles, reports and dissertations
were selected to identify features of Building Information Modelling (BIM). After a thorough reading
of these readings, 13 features were identified. It is found that BIM features such as 3D visualization
(Ghaffarianhoseini et al., 2017; Tulubas Gokuc & Arditi, 2017), Collaboration and Communication or
Sharing of information (Doumbouya et al., 2016), (Zhang et al., 2013), On-Site design Changes
(Ghaffarianhoseini et al., 2017; Chou & Chen, 2017), Design Coordination (Azhar, 2011; Chen, 2017
), Effective and Unambiguous Documentation including drawings (Jin et al., 2017; Bynum et al.,
2013), Quantity Takeoff and Cost Estimation (Chou & Chen, 2017), Interoperability (Stanley &
Thurnell, 2014), Smart Contracts (Mason, 2017) significantly influence the performance throughout
project’s lifecycle.

As discussed in the objectives of this research, our first course of action was to find inefficient factors
which cause delay in preparation and Certification of IPC through extensive literature review. After

achieving this, the next step in the research is to make a factor-feature matrix. The main purpose of
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factor-feature matrix is to identify key risk factors which can be resolved using adequate features of
BIM. After listing down all the factors along Y-axis and features of BIM along X-axis, we would now
be able to visualize that which feature of BIM affects which factor as shown in table.

Those factors reflected in red shade of feature — factor matrix cannot be resolved using any feature of
the BIM. However, the factors shown in green shade have the tendency to get resolved by any one or

more than one BIM feature shown in feature — factor matrix.
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Table 2-5: Feature — Factor Matrix

BIM FEATURES

FACTORS

3d Parametric Modeling

Collaboration/Communicati
on / Sharing of Information

Design Productivity and

Competitiveness

On Site Design Changes

Design Coordination

Better Visualization of on-

site Construction

Quantity Takeoff (5D BIM)

Site Situation Awareness of

Construction

Integrated Modeling

Smart Contracts

Effective/Unambiguous

Documentation, Drawings

Interoperability

Qualitative Work

Disagreement on Valuation of Work done

[EEN

Insufficient/ambiguous information
Provided for Certification

Slow processing of Variation Order

Disputed Work

Failure to value the Work done by
Consultant

Poor Communication/Flow of information
among Parties

Poor documentation Procedure Practiced

Major defect in Construction
Work/Rework

Wrongly Calculated Claims

Poor Quality of Work

Conflict in the work involve
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BIM FEATURES

FACTORS

Difficulties in reaching settlement between

parties

Involvement of too many parties for

Non-BOQ Work done
Certification

Work done doesn't reach IPC limit/Slow

Pace

Inexperience Project Personnel

Breach of any Contract term by the

Contractor

Complex Contractual Provisions

Failure to understand Contract Agreement
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CHAPTER 3: RESEARCH METHODOLOGY

This chapter will discuss in detail the research strategy carried out to achieve research objectives.
Different techniques need to be applied to achieve the research objectives. These techniques
include the review of inefficiencies present in Preparation and Certification of IPC pointed out by
different researchers and to validate these inefficiencies by industry experts.

After review, a feature — factor matrix will be developed to identify those key factors of delay in
processing of IPC which can be resolved using adequate feature of Building Information Modeling
(BIM) and then a framework will be developed for efficient preparation & Certification of IPC by

nullifying the inefficiencies. That framework would then be validated by applying a case study.

3.1 Research Design

Figure 3-1 demonstrates the research design for this study. A systematic review of literature studies
was carried out to identify the inefficiencies present in preparation and Certification of IPC, which
is our first objective of the study. Those inefficiencies were discussed in detail in previous chapter
Those inefficiencies were then validated from construction industry. The results are discussed

ahead in this chapter.
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@ Problem Topic Research
=
ﬁ Reseach Gap ———» giztament [ 7| scelection | | Objectives
o Development of ¥
i) & | |Feature Factor Matrix — Existing inefliciencies Literature Review
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=1 & Survey to ¢ | process
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=
ﬁ ¥
=3 ™| | Develop Conceptual ] —_—
8 E‘ framework to meet + Integration — BIM integrated IPC | NO
B research objectives Through API generation system

YES

i Validati
Conclusion | glidation

through
Case Study

Stage 4

Figure 3-1 Research Design

In the second part of stage 2 of research, a Feature — factor matrix is developed to identify those
key factors of delay in processing of IPC which can be resolved using adequate feature of Building
Information Modeling (BIM) and basis on that, a framework would be developed for efficient
Preparation and Certification of IPC. Making of the conceptual framework was our second
objective. This conceptual framework elaborates the workflow of data in prototype built. The
workflow will be discussed later in the chapter. In the last stage, that developed framework would

then be validated using a case study to check its effectiveness.

24



3.2 Validation of Inefficiencies present in Preparation and Certification of IPC
Following literature review, a questionnaire was developed, and responses were collected to
identify the existence of same issues in the industry. Data was collected from 35 respondents out
which 5 responses were rejected because their experience was less than 5 years. Experts from the
field included from all nature of parties of contract which are clients, contractors, consultants,
Architects and sub-contractors. The field experts have vast knowledge of construction and
specifically related to Interim Payments. Most of the respondents were somehow linked with
Payment related matters in their representative organization. Their experience and major expertise
are shown in Figure 3-2-1 & Figure 3-2-2 respectively. Most of the respondents are from
Contractor & Consultant side as both the stakeholders are more involve in preparation and
Certification of IPC. Field Experts were also asked if there were any additional inefficiency, they
were no additional inefficiencies founded due to their merging nature with existing inefficiencies.
These inefficiencies were then ranked in order based on their field score & literature score with

60F-40L ratio. The final inefficiencies are then presented in Table 3-1.

Experience in Construction
Industry

6-10 Years
M11-15 Years

i 16-20 Years

21 and above

Figure 3-2-1 Experience in Construction Industry
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Major Expertise in
Construction Industry

H Building
Works

 Road Works

u Infra-Works

M MEP Works

Figure 3-2-2 Major Expertise in Construction Industry

Table 3-1: Finalized Inefficiencies

Rank Factors Causing Delay Field Score | Literature 60F-40L Analysis
Score

1 Po_or Financial Management by 0.046 0.120 0.076
Client

5 Disagreement on Valuation of 0.046 0.087 0.062
Work done
Insufficient/ambiguous

3 Information Provided for 0.046 0.073 0.057
Certification

4 Slow F_’rocess of Approving 0.037 0.067 0.049
Variations

5 Disputed Work 0.046 0.046 0.046

6 Failure to value & certify the work 0.037 0.048 0.041
done by Consultant

. Poor Cor_nmunlcatlon / Elow of 0.046 0.033 0.041
Information among parties

8 Poor_documentatlon procedure 0.037 0.046 0.040
practiced

9 Deliberate delay for some benefits 0.037 0.044 0.039

10 Major defects in Construction 0.037 0.040 0.038
work

1 Local Culture/Attitude of late 0.037 0.040 0.037
payment

12 Wrongly Calculated Claims 0.046 0.020 0.035

13 Poor quality of work 0.037 0.033 0.035
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Rank | Factors Causing Delay Field Score Literature 60F-40L Analysis
Score

14 Conflict among the parties involve 0.037 0.032 0.035

15 Difficulties in reaching a 0.037 0.032 0.035
settlement between parties

16 Non-BOQ Work done 0.046 0.013 0.033

17 Perception that late certification is 0.027 0.040 0.032
acceptable for few days

18 Involve_rr]ent_ of too many parties 0.037 0.024 0.031
for certification of payment

19 Work done doesn’t reach the limit 0.046 0.006 0.030
of IPC

20 Elongated Payment terms in 0.037 0.020 0.030
Contracts

o1 | Poor Economic & Market 0.027 0.028 0.027
Conditions

22 Inexperience Project Personnel 0.037 0.006 0.024

’3 Bre_ach of any Contract term of 0.018 0.032 0.023
project by the Contractor

24 Complex Contractual Provision 0.027 0.010 0.020

25 Short of Current Year's Project 0.018 0.016 0.017

2% Sca_rcny of Capital to Finance 0.018 0.012 0.015
Project
Clients’ assumption that

27 Contractor will finance the project 0.018 0.005 0.013

)8 Failure to Understand Contract 0.009 0.008 0.008
Agreement
Client's Lack of Trust on

29 Consultants Valuation 0.009 0.008 0.008

30 Inequ_al!ty of Contractual 0.009 0.001 0.006
bargaining Power

3.3 Conceptual Framework
The figure shows conceptual framework for development of prototype. It indicates that our BIM

MODEL needs to be launched in BIM Platform. After that the developed plug-in will need to
import Bill of Quantity and basis on that Work Check Request (WCR) will be generated. The
Consultant will then check the quality of work physically on site and basis on that WCR will be
“Accepted” or “Rejected”. The Rejected WCR will have to be rectified and then re-submit again

while based on accepted Check Request, Measurement sheet will get updated. The quantity of
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approved WCR will be processed and after multiplying with the provided rates cost summary will
be updated. After reaching the limit of IPC provided in the Contract, the Contractor will be able to

generate the Bill and the Client will have to clear the liability within 07 days. The system will be

Cost Summary
updated

able to enlist the details of all the costs and their summary for printing purposes.

e Start

§ \ Software

E Update

Launch 3D o| Measurement . ]

= model Y eheet Multiply with

@ @ rates
B T ry
5

L Reie heck Wor = h {

= .| Generate Quality Approved with

3| | ImportBOQ "l WCR comments il

[

Process Work
Cluantity

—l hJ
Y
i it Cost Summa
BOQ Database WCR Database W %rgtaaéj;sn;m Database !

=
2
@
;
i
[
3
-
o
o
c
o
Q

@
@
=
%
b
(=]

After Reaching [P limit

Payment of [PC (Generate Bill | ~
oas) |

Report

Figure 3-3: Conceptual Framework

3.4 Prototype Development

In this phase, prototype will be created which will aim to solve the matters recognized in the initial
phase. At first, some standards traditional contracts were studied which are being used all along

the world and the time duration for the payment of Interim payments to the Contractor provided
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in these Contracts were reviewed. The Contracts that have been studied were of Consensus Docs,
Engineers Joint Contract documents committee (EJCDC), International Federation of Consulting
Engineer (FIDIC), the New Engineering Contracts (NEC), American Institute of Architects (AlA),
and Pakistan Engineering Council (PEC). It was done to have a lucid knowledge about payment
terms and durations and complexities in them which will help to develop a prototype to address
all the shortcomings or inefficiencies present in them. Also, in this phase of research, Building
Information Modeling software API functioning is studied, and a plugin will be developed for
Digitization of Interim Payments. Most BIM software provide API to extend their functionalities
(Akinade et al., 2016). The workflow used for the development is as followed: Autodesk Revit
Architecture (BIM Software); Dynamo for visual coding, python software for backend coding for
scripts, Microsoft Excel for Database management. Autodesk Revit is used because of its high
quality and friendly user interface and its ease of connectivity with external database. The reason
for selecting Autodesk Revit as a BIM platform for the plug-in development is that it is widely

used and it provides a rich API platform (Akinade, 2017).

R
R.

Figure 3-4: Data Workflow

3.5 Prototype Evaluation

The system developed was checked and evaluated by the field experts. Field experts were carefully
selected based on their working experience and expertise in the relative field of Quantity

surveying, Payment terms and conditions, Building Information and Modelling (BIM). Overall,
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fifteen (15) of the field experts were chosen for this purpose. Some of the experts were selected
based on their experience. Others were approached for during preliminary survey. Among selected
experts, 07 were Quantity Surveyor, 05 were having expertise in Contracts and 03 were BIM
experts. All these experts were given background of the topic and issues identified in the literature.
After that, experts were presented with the working of the tool to let them decide how well the

developed system can handle the identified issue.

A house project at its under-construction stage was selected for the purpose of case study. This
project was targeted due to its ease in demonstration to small construction enterprise (SCE)
professionals (Sebastian et al., 2009) and also because of the complete knowledge of this project.
BIM Model of the selected house project is shown as Figure 3-5. The Bill of Quantity (BOQ) of
the project was developed in Microsoft Excel and quantity of each item was calculated for the
generation of Interim Payment. First two Interim payments were already produced and payments
against each of them were released. For case study purpose, third IPC was calculated and generated
using BIM based IPC generation system. Then the generated IPC was processed further for release
of payment to the Contractor once it fulfills the payment limit set by the client for generation of

IPC.

Figure 3-5: BIM Model
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Figure 3-6: BIM Model

Field experts were then presented with a questionnaire-based interview. Appendix of the Performa
is attached as annexure. The questions were based on issues identified during preliminary survey.
Expert asked Questions during and after the presentation. Answers were given at the time and tried
to explain through developed system. Experts were asked beforehand their permission to record
the interview. They were also asked regarding usefulness, barriers in implementation of system
and need of improvement (Ali, 2018). Respondents provided their opinions in the form of Likert
scale (Likert scale represents as: 1= Strongly Disagree; 2=Disagree; 3= Neutral; 4=Agree; 5=
Strongly Disagree) (Ali et al., 2018b). Relative Importance Index (RII) value was also calculated
to rank the inefficiencies and to rank the usefulness of system to handle those inefficiencies(Babar

etal., 2017).

RIl =22 (0<RII<I)
AxN

Where W = weight given to each factor by the respondents; A =highest weight, i.e., 5 in this case;

and N = total number of respondents. N=15 for this specific case.
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CHAPTER 4: RESULTS AND DISCUSSIONS

4.1 Preamble

This chapter will discuss in depth the architecture of BIM based knowledge management system
for the development of BIM — IPC for Contractor and for consultants and further its evaluation /

validation from the field experts.

The conceptual framework developed has already been discussed in chapter as figure 3-3 which

becomes the basis for development of BIM-IPC.

4.2 BIM-IPC Template Architecture

The templates were developed for the contractor and consultants separately. The prototype was
developed on basis of recommendation by SCL (2017). Dataflow for this prototype requires visual
coding in Dynamo, a plugin in Autodesk Revit 2021. The data workflow is shown in previous
chapter as figure 3-2. The developed protype was introduced in Revit in both tabs of BIM-IPC
(contractor) and BIM-IPC (Consultant) as part of Revit Ribbon bar. The tabs have been developed
separately for the Contractor and Consultants and each of the stakeholder has access to its own

tab. The tab for BIM-IPC (contractor) has single main panel of Generate IPA.

B v

Work Check| Measurement Abstract Monthly
Request Sheet of Cost Statement

Generate

Figure 4-1: BIM IPC (Contractor) Ribbon
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The panel further contains buttons for their respective tasks. Functions of each button are

demonstrated in following sections.

Table 4-1: Generate Panel buttons and their Functions

Button Name Icon Button Function
1::?. This button allows the
x contractor to generate the
Work Check Request Work Check Check Request against the
Request work done
This button allows the user
M
to generate Measurement
Measurement sheet
Measurement sheet based on approved
S check requests
ﬁ After  development  of
Abstract of cost = measurement  sheet, the
Abstract abstract can be generated in
of Cost this tab.

Monthly statement

Monthly

Statement

This button allows users to
generate  its  Monthly
statement or bill for
approval.

While the tab of BIM-IPC (Consultant) also has a single main panel of Approval.

Architecture  Structure  Steel Precast Systems Inset Annotate Analyze Massing & Site  Collaborate  View Manage  Add-Ins  BIM-IPC (Contractor) WPC(Consuhant] Modify &

D
IPC
Approve Generate

WCR IPC

Approval

Figure 4-2: BIM IPC (Consultant) Ribbon

The panel further contains buttons for their respective tasks. Functions of each button are

demonstrated in following sections.
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Table 4-2: Approval Panel buttons and their Functions

Button Name Icon Button Function
? This button allows the
(V) Consultant to approve or
Approve WCR Approve reject the WCR generated

WCR by Contractor.

Pc This button allows the user
Generate [PC N to check the IPC submitted
'E'l‘;'c"te by the Contractor based on

WCRs.

Let’s further discuss how this process will work step by step with the help of both tabs.

4.2.1 Work Check Request Button
The user will select element from the prototype for generating Work Check Request (WCR) which

will form the basis of IPA. The user must select that whether the element is continuous or

completed as in most of the construction projects the activities are completed in parts. So, to give

clarity whether the element activity is completed or not as shown in figure 4-3
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& BIM-IPC X

Select Element for WCR

Select Element Select
for WCR

Selected ~
element is: Completed
Continous k

Inspection Date |
(d/miy):

Inspection Time ‘
(h:m:s AM/PM): !

Email to: v

=
=

Figure 4-3: Element Select

Once all the requirements are completed of Inspection date and Inspection time of the selected
element, an email will be sent to concerned staff of Consultant and Contractor as shown in figure

4-4
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Search D8 = SReply % Replyall —>Forward [ Archive [il] Delete

New mail Focused  Other Al v Work Check Request - ( 11:44:19 AM)

ABDUL MANAN ABDUL MANAN cem18ni dupk0.onmicrosoftcom> [~
Accounts I

v Work Check Request - ( 11:44:19 AM) 11:44 AM 11:44 AM
Gmail To: ABDUL MANAN
ihcbta@gmail.com ABDUL MANAN

Dear Consultant, Please review the Work Ch 11:44 AM Dear Consultant,

Nust 12 Please review the Work Check Request Number WCR # A-11 regarding project House 101
amanan.cem18nit@stude.. ABDUL MANAN Best Regards

Dear Consultant, Please review the Work C| Sent Items

Folders

ABDUL MANAN

Work Check Request - ( 11:34:34 AM) 11:34 AM
Inbox

Drafts Saturday, 28 May 2022
Sent Items Autodesk Education Community

Your educational access to Autodesk produ¢ Sat 28/05
More A message from Autodesk

Thursday, 26 May 2022

SCEE - CEM - Research i}
GEC Meeting Thu 26/05
Microsoft Teams meeting Join on your com

Get the free Outlook app on

your phone
SCEE - CEM - Research o
CEM - GEC Meeting 27-05-2022 Thu 26/05
Microsoft Teams meetina Join on vour com

Figure 4-4: Email sent

4.2.2 Approve WCR (Work Check Request) Button

After receiving the email for approval of Work Check Request, the Consultant staff will then
physically verify the status of that details that has been shared by the Contractor as shown in figure

4-5.
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dls BIM-IPC X

WRC Approval
‘ Project Name: House Project o
Submission Date: | 6/02/2022 12:00:00 AM
Buiding: ' House 101

Submission Time:

3 7 Plot # 5, Sarwar Abad Colony, Jhang

Inspection Date: | 6/05/2022 12:00:00 AM

Description Steel Rebar 4
[ e ' | sl 9 v
< >
ExportFileName 1 E|export
Not Approved Approved

Figure 4-5: Approve WCR

Consultant has the authority to accept the check request or reject it. In both the cases, WCRs will
be updated whether accepted or rejected at time of approval/rejection will be shown in respective

column as shown in figure 4-6
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&H Insert ~ > A
3 < i Z? /O
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[t Format ~ & ~ Filter~ Select~ Data
Cells Editing Analysis v
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A Calibri L mn A A =E= ab, General [E] @ @
SR M@ - B I U Mmoo A = = = % 9 o Conditional Formatas Cell
- He & vy | E= - ]
& = bl == - $ 2 " Formatting~ Table~ Styles

Undo Clipboard % Font & [ Number [ Styles

D13 v 823.65435143285
A B C D E F G H

1
4 WORK CHECK REQUEST
5
6 Project Name: House Project St Date: | 6/02/2022
7 Building: House 101 Submission Time: [11:44:19 AM
8 Location: Plot # 5, Sarwar Abad Colony, Jhang Rd., Muzaffargarh Inspection Date: 6/05/2022
9 Check Request No.: [WCR # A-11 Inspection Time: 12:00:00)
10
11 S. No. Description Contracto Consultant
2 Location_|Qt Units WA WNA
‘3[ 1|Steel Rebar4 Level3 | 823.6544lKg
15
16
19
20
21

‘ . | Slab 202 Steel Rebar 3 Steel Rebar 4 Steel Rebar 5 Steel Rebar 6 Steel Rebar 7 + “
Ready [® T Accessibility: Investigate

Figure 4-6: WCR Sheet

i1 o -—s— 100

The rejected work will be rectified by the Contractor and again the Check for same element will

be floated following the same pattern.

4.2.3 Measurement Sheet Button

Once the Work Check Request has been approved by the Consultant then the Contractor must

update Measurement sheets. Contractor must prepare measurement sheets for all the elements

individually. For example, there should be separate measurement sheet for all the WCRs related

to steel fixing, Concreting, Brick Work etc. respectively. Let’s demonstrate the measurement sheet

for steel here as shown in figure 4-7:
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&' BIM-IPC X
Measurement Sheet

Please select the WCRs for inclusion in measurement [_| Marble Floor 504
sheet [C] Marble Floor 505
[C] Marble Floor 506
[] slab 201
[] Slab 202
[] Steel Rebar 3
[V] Steel Rebar 4
[+] Steel Rebar 5
[“] Steel Rebar 6
[ Steel Rebar 7

< >

(O Select all (O Select none

=4

]

Set Values

&/

Figure 4-7: Measurement Button

Contractor must select the WCRs which needs to be included in measurement sheet. As the value

is set, the measurement sheet will be updated as shown in figure 4-8.
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2% 4 Calib TR S S P R ) General - B Bz B Br-
alibri ==)? q at eneral ﬂ /
@~ i T A[El@g-d | SEsE= B~ §$-9% 9 ¢ 9 Condtonal Formatas Cel BE Delete
& = e T e x e % 30 Formatting~ Tablev Styles~ ] Format~
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5 MEASUREMENT SHEET
6
7 Project: House 101 BOQ Item No. Architectural
8 Client: Sajjad Hussain Consultant: Rafiq Design Studio
9 Civil Works: Date: 6/02/2022]
10
11 BOQ Item No. Description of Items WCR No. Quantity Units Remarks
Providing and Fixing Grade 60 deformed steel bars
conforming to ASTM standards having yield strength og
12 160,000 PS! as per specifications.
13 Steel Rebar 3 WCR # A-12 | 887.8730972|Kg
14 Steel Rebar 4 WCR # A-11 | 823.6543514|Kg
15 Steel Rebar 5 WCR#A-3 | 416.7588218|Kg
16 Steel Rebar 6 WCR #A-2 | 270.0597165(Kg
17 Steel Rebar 7 WCR#A-4 | 215.3506494|Kg
18
T [ ]
20 Total= 2613.696636 Kg
21
23
Marble | Slab * <

Ready B8 0 Accessibility: Good to go

Steel

= Comments
r iy O

" Sot& Find&  Analyze
& ~ Fiter~ Select~  Data
Editing Analysis £
v
H | J K -

Figure 4-8: Measurement Sheet

i} M -—— 100

This shows the description of items and the reference of WCRs against which the work has been

approved by the Consultant and the quantity of work approved in that WCR. It is worth mentioning

that the rejected WCRs couldn’t be included for updating measurement sheet and if selected the

system will generate error as shown in figure 4-9.

B BIM-IPC

Measurement Sheet

The WCR for consideration is not approved by the
Consultant, please revise the respective work!

3

=4

Okay

R
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Figure 4-9: Rejected WCRs

4.2.4 Abstract of Cost Button

This button will help to generate the total quantity of work done by the Contractor and multiply
that with the approved rates, we will get the amount of work done against each head. The

Contractor needs to select each head against which work has been done as shown in figure 4-10.

&' BIM-IPC -
Abstract of Cost

| (] Marble

[] slab
[] Steel L\‘e

< >

O Select all (O Select none

=

]

Figure 4-10: Abstract of Cost

Set Values

It shows only those activities against which work has been done thus far. The user should select
activities to update Abstract of Cost sheet. Those values then multiply with approved rates to get

the exact amount of work done as shown in figure 4-11.
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Figure 4-11: Abstract of Cost Sheet

4.2.5 Monthly Statement Button

:::] mm 11 BEP— E—

This will finalize the task of generating of IPC from Contractors’ end. After abstract of cost total

gross amount will be generated upon that there will be some deductions such as deduction of

Mobilization Advance, Retention money, Income tax and others if any as shown in figure 4-12.
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[& BIM-IPC p- ¢

Interm Payment Certificate

IPC Number 03 |
Mobilization Advance (%) 2 ]
Retention Money (%) B |
Income Tax (%) [ |

E [ Set Values

— N

Figure 4-12: Monthly statement

After these deductions the total sum occur will be the amount that should be payable to the

Contractor by the Client as shown in figure 4-13.

File Home Insert  Page Layout Formulas Data Review View Developer Help = Comments
‘?‘ Eh Calibri AN E=S[E®e vy | B Genenl % =S @ ?/ By V %V /O
ol I Belas av|lsaas BE- §-9% 9 4 o Condtionsl Formatas Cel %D"“ e Sot& Find& | Analyze
=2 Formatting~ Tablev Stylesv [i] Format ~ ov Filter v Select v Data
Undo | Clipboard & Font [ Alignment ] Number & Styles Cells Editing Analysis v
D17 v i fx v
A B C D E F G H | J K L M N o P Q -
1 MAIN SUMMARY IPC #| 3
2 Project House 101
3 Client Sajjad Hussain
4 Client Rafiq Design Studio
5
6 |Sr. No. Description Percentage |This Month
7 Value (PKR)
8 1|TOTAL WORK DONE ( IPC ) 1108230.3
9 2|MOBILIZATION ADVANCE 2| 22164.606|
10 3|TOTAL=(1+2) 1086065.694
n 4|DEDUCTION
12 4.1 Money 5| 54303.28469
13 4.2|Income Tax 7| 76024.59856
14 5|Net Payable Amount 955737.8105
15
16
17
18
19
20
21
22
v
Summary + < »

Figure 4-13: Summary sheet
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Contractor will then send this to the Consultant along with Covering letter for further validation

4.2.6 Generate IPC Button

This button will only be accessible to the Consultant as he is the authority on the project to approve
or reject the Contractor bills. After all the process involve, the Consultant will again verify the
whole IPC including WCRs, Measurement sheets, Abstract of Cost generated by the Contractor

with the approval of Consultant. Consultant will have the whole record of IPC as shown in figure

4-14
File Home Insert  Page Layout Formulas Data Review View Developer Help = Comments
[ Calib Jn A A General . == @ @ Blinset ~ | 3~ Z:? @) @
Paste EE,’V B I M- o-A E- §.9% 9 4 & Condtionsl Formstas Cel ?D“'m * | B ota Find& | Analyze
& Formatting~ Teblev Stylesv | [|Format~ = & v Filter~ Selectv  Data

Und Clipboard 1~ Font & & Number & Styles Cells Editing Analysis ol

Bl v o3 v
A C D E F G - I ] K L M N o
1 MAIN SUMMARY IPC # 3
2 Project House 101
3 Client Sajjad Hussain
4 Client Rafig Design Studio
5 Date 6/04/2022
6 N
7 Sr.No. ¥ Description Percentage This Month
8 Value (PKR)
9 1 TOTAL WORK DONE ( IPC ) 1108230.3
10 2 MOBILIZATION ADVANCE 2 22164.606
1 3 TOTAL=(1+2) 1086065.69
12 4 DEDUCTION
13 4.1 Retention Money 5 54303.2847|
14 4.2 Income Tax 7 76024.5986
15 5 Net Payable Amount 955737.811
16
17
18
19
20 L
IPC#3 | Summary | Steel | SteelRebar6 | SteelRebar5 | SteelRebar7 | SteelRebar3 | Ste .. & < >

Ready [@ T0 Accessibility: Good to go i) m - ' + 110%

Figure 4-14: Generate IPC

Consultant will then send the whole IPC to the Client along with its recommendation that the bill

has been verified and payment for this bill should be released to the Contractor.
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4.3 Significance of DYNAMO:

The use of Dynamo plugin for visual coding plays pivotal role in frontend scripting for the
prototype. Due to its vast variety of nodes and acceptance of packages for script making, enhances
its potential to use within BIM platforms. It has very dynamic compatibility range with Revit,
Python and Excel in terms of data inputs and outputs. Dyno browser was used to read the script
from DYNAMO atmosphere and make buttons and respective panels in the Revit Interface. Script
behind every button runs in DYNAMO atmosphere. Users need to input the data through Revit or
Excel format and DYNAMO will sort that information based on its nodes’ nature. It polished the
work in terms of final Presentation of IPC. The data flow or script flow in dynamo starts from left
side, all the nodes and strings will be pushing scripts in right direction and ends on right side. For
example, Figure 4-15 Shows script developed in dynamo environment for Work Check Request.
Figure 4-16 shows dynamo script for calculation of checked quantity of that activity and got
approved from the Consultant. These scripts will extract necessary data from database and logics

will be applied in form of visual coding. Users will get results in the form of tables as shown.

Figure 4-15 Dynamo Script for Work Check Request
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Figure 4-16 Dynamo Script of Approve/Reject WCR

Similarly, Figure 4-31 shows script developed for calculation of Measurement sheet basis on
approved Work Check Requests. Contractor needs to select those Work Check Requests which

got approval from the Consultant otherwise, Measurement sheet will not be formed.

Figure 4-17 Dynamo Script for Measurement sheet

Now, Abstract of Cost will be formed by taking in account all the measurement sheets of
separate activity heads as shown in figure 4-18. Basis on that Abstract of Cost, Monthly
statement will be generated. All the taxes and advance payments will be deducted from Monthly

statement after the approval of Consultant as shown in figure 4-19.

46



Figure 4-19 Dynamo Script for Monthly Statement

Once, all the formalities have been completed from Contractor side the whole IPC including Work
Check Requests, Measurement Sheets, Abstract of Cost and Summary will be sent to the
Consultant for further re-verification and approval shown in figure 4-20. The Consultant will

approve this IPC and sent it to the Client for release of payment to the Contractor.

Figure 4-20 Dynamo Script of IPC
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4.4 Evaluation Results

Experts were asked about the need of the system in construction. Figure 4-21 shows the results of
respondents. 67% of experts strongly agreed and 33% of experts agreed. None of the experts

disagreed to need of BIM-IPC.

There is a need to introduce such a system in
construction industry

B Strongly Agree
W Agree

Neutral
B Disagree

B Strongly Disagree

Figure 4-21 Need of BIM-IPC in construction Industry

We also asked from experts about usability of the system; results are shown in Figure 4-22. 67%
of the experts said that the system was easy to understand and use so they strongly agreed to ease

of system. While 33% agreed to system usage and its easiness.
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Proposed system is easy to use

M Strongly Agree
W Agree
 Neutral

M Disagree

B Strongly Disagree

Figure 4-22 Usability of BIM-IPC

Experts were asked if the system is implementable in construction industry. 46% of experts
strongly agreed and 47% agreed that system is implementable. There were 7% of the respondents
who neither agreed or disagreed to question asked. Surprisingly there was no one to disagree

(Figure 4-23).

Proposed system is Implementable in construction Industry

M Strongly Agree
W Agree

m Neutral

M Disagree

B Strongly Disagree

Figure 4-23 BIM-IPC implementation in Construction Industry

49



Figure 4-24 shows overall effectiveness of the system in management of cost claims. 64% strongly

agreed and 36% agreed to the question asked. No expert disagreed to effectiveness of the system.

The Proposed system would be effective in
management of cost claims

B Strongly Agree
W Agree

Neutral
B Disagree

B Strongly Disagree

Figure 4-24 Overall Effectiveness of BIM-IPC

The Table shows the effectiveness of developed system to resolve the issues related to IPC.

These values were given rankings on their respective RII values.

Table 4-3: semi-structured interview-based evaluation

Sr. No Inefficiencies Mean Sum RII Ranking

1 Poor Financial Management by o5
Client 2.267 34 0.567

) Disagreement on Valuation of 5
Work done 3.800 57 0.760
Insufficient/ambiguous 3

3 Information Provided for
Certification 4.000 60 0.800

4 Slow Process of Approving 24
Variations 2.333 35 0.583

5 | Disputed Work 3.267 49 0.653 18

6 Failure to value & certify the work 1
done by consultant 4.400 66 0.880

7 Poor Communication / Flow of 21
Information among parties 3.200 48 0.640

g Poor documentation procedure 8
practiced 3.533 53 0.707

9 Deliberate delay for some benefits 1.667 25 0.556 26
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Sr. No Inefficiencies Mean Sum RII Ranking

10 | Major defects in Construction 15
work 3.400 51 0.680

17 | Local Culture/Attitude of late 13
payment 3.467 52 0.693

12 Wrongly Calculated Claims 3.533 53 0.707

13 Poor quality of work 4.200 63 0.840

14 Conflict among the parties involve 3.533 53 0.707 10
Difficulties in reaching a 6

15 .
settlement between parties 3.600 54 0.720

16 Non-BOQ Work done 3.267 49 0.653 19

17 Perception that late certification is 22
acceptable for few days 3.200 48 0.640

13 Involvement of too many parties 16
for certification of payment 3.333 50 0.667
Work done doesn’t reach the limit 7

19
of IPC 3.600 54 0.720

oo | Elongated Payment terms in 12
Contracts 2.800 42 0.700

o1 | Poor Economic & Market 30
Conditions 1.800 27 0.450

22 Inexperience Project Personnel 3.533 53 0.707 11
Breach of any Contract term of 14

23 .
project by the Contractor 2.733 41 0.683

24 Complex Contractual Provision 2 467 37 0.617 23

25 Short of Current Year's Project 2.067 31 0.517 27

og | Scarcity of Capital to Finance 17
Project 2.667 40 0.667

97 Clients’ assumption that 28
Contractor will finance the project 1.800 27 0.467

08 Failure to Understand Contract 20
Agreement 2.600 39 0.650

29 Client's Lack of Trust on 4
Consultants Valuation 3.867 58 0.773

30 Inequality of Contractual 29
bargaining Power 1.667 25 0.467

Developed system could handle the issue of Certification of IPCs by the Consultant having RII
value 88%. Also, it can handle the issue of poor quality of work and ambiguous information

provided for Certification with RII value 84% and 80% respectively. However, field experts
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believe that it cannot handle poor economic and market conditions and inequality of contractual

bargaining power which are one of the reasons for delay in process of IPCs.

4.5 Feedback for System from Experts
Experts were asked if there were any barriers to implement this system in construction industry.

Table 4-2 shows some key barriers and their key comments.

Table 4-4: Barriers in implementing BIM-IPC

Barriers Key Comments

Knowledge Construction industry needs to improve its experience in using new
technology. Most of the experts provided with the information that
many of construction firms are still in 2D. 3D is being used for
rendering purposes only.

Cost Proper Trainings and seminars should be done to which will bring
extra costs with them.

Data Input Data Coming from other software which are not BIM can make results
less realistic.

Contract Contractors and other parties should know contracts enough to work

within BIM environment and have contractual knowledge and
experience to implement within BIM.

Experts were also asked if there is a need to improve the system, their feedback are recorded in
Table 4-3.

Table 4-5: Future Improvements Recommended by Experts

Future Key Comments
Improvements
Education System should have supporting tutorials, seminars etc. for sake of

awareness in construction

Realistic Approach System should handle real time BOQs and WCRs for large and
complex models

Economy The system should include Tax systems, inflations into considerations
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CHAPTER 5: CONCLUSIONS

Construction Projects are complex in nature. Size, location and number of parties involved in a
project add complexity in a project. These complex projects need modern solutions to avoid loss
actively or reactively. BIM is one of the widely used platform to take projects from 2D to nD. Its
APl is rich and friendly to use. Although Revit has strong interoperability within and out of BIM,
it does not provide solution to all the problems. Modern Information and Communication
Technology (ICT) systems have facilitated in construction industry. BIM was used to achieve our

goals through this research.

Based on systematic and action-based nature of the research, both were used partly in
methodology. Issues in conventional processing of IPC system has been identified through vast
literature review and those issues were then ranked in order and verified from the field experts. As
BIM cannot solve all the issues identified on its own therefore, we had to develop BIM-IPC tool.
This tool was developed using scripts developed in Dynamo environment. Dynamo has a huge
involvement in decision making for calculation of costs. SQL server database can be connected to
Dynamo through nodes packages to store the data in database. Excel data which were imported
from BOQs was used in the system. A sample for processing of IPC was also generated in the end
based on actual site conditions and terms used. Un resolved issues found from the literature were
aimed to be resolved. For validation of the developed tool, a real time IPC is generated of a
construction project and all the protocols have been followed which are in use in the construction
industry. The generated IPC from the tool and the working of developed tool is then shown to the
industry experts for their review and further improvements. The results of the validation from

industry experts shows that it is are shown in the previous chapter. A prototype is then developed
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for the validation of developed tool. Their percentage of resolution is discussed in previous

chapter.

The developed tool helps the AEC industry to digitize the whole payment system however, it
doesn’t resolve main inefficiency of the system of poor financial management by Client. It
indirectly aware the client about stage of IPC but there is no such BIM feature which directly
counter that inefficiency. The tool heavily depends upon formation of drawings in Revit with the
unique name for every element in order to generate Work Check Requests. It is somehow feasible
for small scale projects, but it is not possible for projects involving hundreds of elements and

activities. This system doesn’t include price escalation which is integral for calculation of IPCs.

5.1 FUTURE RESEARCH RECOMMENDATION(S)

The size of the sample project was small, and it should be tested on large and complex projects.
The system should develop and show price escalation and variation orders within the environment.
It should be applied from the start of the project to visualize the impact of processing of IPCs. It

should also cover dayworks as well.

There are other systems in construction industry to calculate Monthly bills. A reliable study should
be made to assess and manage the risk in using such developed systems. The system is applied to
project with lumpsum cost. It should be applied to projects which includes per unit cost method

and other Contract types as well.
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APPENDIX-A

Evaluation of DIGITIZED IPC SYSTEM from Industry Experts

This exercise is carried out to evaluate the BIM based Digitization of Interim Payment System for
monthly payments in construction industry, developed by the department of Construction
Engineering & Management (CE&M) in National University of Science and Technology (NUST)
H-12 Campus to provide visual and digital information for monthly bills.

Information provided and discussed will be kept anonymous and used for academic purposes only.
This review consists of two main sections, i-e Experts’ Profile (Section-01), Evaluation discussion
comprised of questions). The debate will be recorded in written formats. Experts may answer
depending on their preferable mode.

Thank You for your Cooperation.

Abdul Manan,
Graduate Student
Construction Engineering & Management Department

NUST H-12 Campus, Islamabad.
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Expert’s Response

Information provided and discussed will be kept anonymous and used for academic purposes
only

Section 1:

Please mention the following:

Name:

Organization Type:

Designation in company:

Experience (in years):

Section 2:
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Please choose your answer on the given scale.

(1=strongly disagree, 2= disagree, 3= neutral, 4= agree, 5= strongly agree)

1) There is a need to introduce such a system of IPC generation in Construction industry.

1 1 2 | 3 |4 |5 |

2) The proposed system would be easy to use.

1 [ 2 | 3 |4 5 |

3) The proposed system is implementable.

(1 [ 2 | 3 |4 5 |

4) Please specify the possible barriers you feel in its implementation:

5) Please describe your comments for the barriers in its implementation.




6) To what extent, do you think the issues listed below will be solved by the proposed
system? These issues can be ranked based on their importance on a 5-point Likert scale
(where 1=strongly disagree, 2= disagree, 3= neutral, 4= agree, 5= strongly agree)

INEFFICIENCIES
Likert Scale

Poor Financial Management by Client

Disagreement on Valuation of Work done

Insufficient/ambiguous Information Provided for
Certification 1 2 3 4 5

Slow Process of Approving Variations

Disputed Work

Failure to value & certify the work done by

Consultant 1 2 3 4 5
Poor Communication / Flow of Information
among parties 1 2 3 4 5
Poor documentation procedure practiced 1 2 3 4 5
Deliberate delay for some benefits

1 2 3 4 5
Major defects in Construction work 1 2 3 4 5
Local Culture/Attitude of late payment 1 2 3 4 5
Wrongly Calculated Claims

1 2 3 4 5
Poor quality of work

1 2 3 4 5
Conflict among the parties involve

1 2 3 4 5
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Difficulties in reaching a settlement between
parties 1 2 3 4 5

Non-BOQ Work done

Perception that late certification is acceptable
for few days

Involvement of too many parties for
certification of payment 1 2 3 4 5

Work done doesn’t reach the limit of IPC

Elongated Payment terms in Contracts

Poor Economic & Market Conditions

Inexperience Project Personnel

Breach of any Contract term of project by the
Contractor 1 2 3 4 5

Complex Contractual Provision

Short of Current Year's Project

Scarcity of Capital to Finance Project

1 2 3 4 5
Clients assumption that Contractor will finance
the project 1 2 3 4 5
Failure to Understand Contract Agreement 1 2 3 4 5

Client's Lack of Trust on Consultants Valuation

Poor Financial Management by Client 1 2 3 4 5

Inequality of Contractual bargaining Power

7) Please describe your comments for above stated scores, and future improvement here.




8) Overall, the proposed system would be effective in improving the process of Interim
Payments in Construction Industry.

(Scale: 1=strongly disagree, 2= disagree, 3= neutral, 4= agree, 5= strongly agree)

1 1 2 | 3 |4 |5 |
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