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ABSTRACT

Construction projects face delays and disturbances that could be caused by one
of the contracting parties, both of them, or beyond their control. Proving the
delay needs a significant effort to introduce all details, documents, and records
which explain the causes of the delays. The contractor needs to submit a claim,
whether it is extension of time (EOT) claim or any claim with an adequate
definition, causation, liabilities, analysis of delays to get an extension of time-
related to the risk event. Claims preparation processes need to be collected and
documented daily throughout the project phases, especially during
construction phases. Lean Construction, with its common technique, the last
planner system (LPS), and building information modeling (BIM) have
significant synergies and can bring benefits when implemented together to
support the preparation of the extension of time (EOT) claim. Building
information modeling used as a digital platform to facilitate communication
between the project team, improve project performance, and implement the
last planner system (LPS) phases effectively. (LPS) is enhancing the
coordination within the project team.
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The primary purpose of the research is to develop Framework to Optimize the
preparation of extension of time (EOT) Claims Using Integration of the last
planner system (LPS) and building information modeling (BIM) Techniques
in Construction Projects. The integration will represent in implementation of
the appropriate (BIM) functionalities along with the five phases of the last
planner system (LPS). As a result of the integration, the inputs and outputs well
documented, which considered as the primary support to the processes
preparation of the extension of time (EOT) claim. Also, The framework
supported by process flowchart to clarify outputs, inputs, and the project team's
responsibility, Which will contribute to optimizing the preparation of the
extension of time (EOT) claims.

KEYWORDS: Lean, Building Information Modeling (BIM), Last Planner
System (LPS), Extension of Time (EOT), Delay, Integration, Benefits, Weekly
Work Planning (WWP), Percent Plan Complete (PPC), Daily Huddle Meeting,
KanBim, Kanban, 4D-Modeling, 3D-Modeling.

1. INTRODUCTION

Delays are the main problem which faces the construction projects.
Delays have many negative impacts on the project objectives such as
increase project completion date, project costs overruns, contract
termination, loss of productivity and effect on the relationship between
owner and contractor as disputes, litigations, and liabilities [1]. Delays
lead to the emergence of claims and disputes [2]. Construction delays
classified into four major categories [3]; one of them is an excusable
delay. An excusable delay is a delay that cannot be controlled by the
contractor. The contractor needs to submit the extension of time (EOT)
claim into the owner to rectify the delay. (EOT) the application involved,
completed relevant facts, records, documents with the appropriate
analysis method of the delay event [4], and identifying analyzing the
causes of the delay [5].

Construction projects in recent years are becoming more extensive than
before and more complicated. So the main concern is the need to develop
and optimize the project management process. One of the recent
approaches that developed to overcome the challenges faced by
traditional project management techniques, Lean construction, and
building information modeling (BIM). Lean construction focusing on
understanding the construction as a production and planning process.
The last planner system (LPS) is the most common lean construction
techniques. The last planner system (LPS) aims to reduce variability and
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to enhance the reliability and predictability of the workflow for
production planning and controlling and manage the construction
process. Building information modeling (BIM) is one of the significant
techniques which evolved to use in the construction project and
facilitates the collection of the project information digitally, which leads
to reduce project cost and duration, enhances communication between
the project team. The integration between BIM and LPS in construction
leads to improve productivity and performance overall the project [6].
Also, the integration helps construction companies to reduce lead time,
delays, and improve project sustainability [7].

1.1.Problem Statement

Project delay has to become a common problem in construction projects.
Contractors subjected to facing risk events, which led to delays in the
work. Therefore, the contractor should submit a claim to prove his
problem. Otherwise, he will find himself subjected to Liquidated
damages for reasons within the client's control, not within his control.

In construction projects, the preparation of extension of time (EOT)
claim of the excusable delay events needs significant efforts to identify
activities and liabilities, applying delay analysis, specify causes and
effects of each event, and substantiate evidence. Achieving the steps of
(EOT) claim preparation needs to collecting and organizing the
documents throughout the project life cycle. BIM supports and enhances
the communication between the project team and receives the
information digitally. (LPS) supports the planning and control of the
workflow. Integration between BIM functionalities, at the five phases of
the last planner system, "collaborative programming, make ready-
lookahead planning, weekly work planning, daily huddle meeting,
measurement, and learning” will help to collect and organize the
documents and enable the contractor to prepare (EOT) claim.

1.2.Research Objective

The usability of BIM has provided a means for increasing total project
quality, providing accurate scheduling timetables, yielding quantity
take-offs, and diminishing total project costs. The Last Planner System
(LPS) provided a well-defined process for planning, scheduling, and
controlling a construction project. Integration between building
information modeling and the last planner system has a positive effect
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on the implementation time of the construction projects, and support the
construction practitioners to improve project planning and control.

This research aims to develop a framework to optimize preparation
(EOT) claims using the integration between BIM functionalities and the
last planner system at the five phases of (LPS) in construction projects.
The framework developed to ensure that a claim submission contains all
the relevant and necessary information to prove the event, and the
documents placed in an easily understood manner, which leads the
reviewer to a logical conclusion to demonstrate the claimant’s
entitlement.

* The last planner
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Building information
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Figure 1: Sequence of Research Methodology

1.3.Research Methodology

The first part is a literature review about the last planner system (LPS)
and a literature review

of the building modeling (BIM). The research methodology is divided
into four parts, as described below, figure (1).

The second part is the integration between the last planner system and
building information modeling throughout the project phases, the
integration in the construction management system, and the benefits of
the interaction.

The third part is developing a framework of using the integration
between the last planner system and building information modeling at
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the five phases of the last planner system, and description of the
preparation steps of the extension of time claim (EOT).

The fourth part is supporting the framework by using process flowchart
to describe the integration between LPS and BIM, the documents that
generated during inputs and outputs at each phase, the responsibility, and
the relation between the documents that support the preparation steps of
extension of time (EOT) claim.

2. REVIEW OF LITERATURE

2.1.The Last Planner System (LPS)

Lean production principles developed in Japan by the production
engineering leadership of Taiichi Ohno [8]. Lean production principles
resulted from the Toyota Production System (TPS) [9]. [10], introduced
a new production theory that includes a combination of lean production
and other production theories, this new production theory applicable to
construction and constitutes the basis of lean construction.

Lean construction is a way to design production systems to minimize
waste of materials, time, and effort to generate the maximum possible
amount of value [11]. The last planner system (LPS) is the most
application in Lean construction techniques [12]. (LPS) developed for
managing construction projects, minimizing the negative impact of
variability, enhancing the reliability, predictability of workflow for
production planning and control [13]. the last planner system is a
collaborative planning process that seeks to engage all team members of
the project to gets closer to doing the work. It focuses on improving
relations and collaboration between project parties, measuring the
stability of work plans [14]. (LPS) helping the project team to overcome
the problem that exists from the contract. (LPS) specifies the reasons for
the project variances, achieving continuous improvement through PPC
measurements. Also, the project can be completed successfully by
project team participants in WWP and eliminating and mitigating the
problems that exist from the project structure [15].

Steps of the Last Planner System

[16]stated that the steps of the LPS composed of collaborative
programming, which helps the project team to know each other, identify,
and collect the problems to solve it. Make—Ready Plan that is ensuring
the assignments are ready for installation, identifying constraints, and
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participation in new operations [17]. Weekly work Plan for monitoring
the current activities at the site, planning the work in the next week,
strengthen the relations between project parties to get reliable promises,
commitments, and executions, increase experiences, improvements, and
learning. Then Daily Huddle Meeting for monitoring and controlling the
production to keep tasks on track as planned. Measurement, Learning,
And Continual Improvement are the basis of evaluation that takes place
within the WWP meeting. Learning to reduce repeated failures. PPC
measures the predictability of task delivery, the percentage, and
reliability of promises. Figure (2) shows the last planner system steps.

2.2.Building Information Modeling (BIM)

Building information modeling (BIM) has enjoyed rapid growth in its
use in the architecture, engineering, and construction (AEC) projects
[18]. Figure (3) shows the cycle of building information modeling. BIM
described the geometry, spatial relationships, geographic information,
quantities, properties of building elements, cost estimates, material
inventories, and project schedule [19]. BIM using effectively at many
parts of construction project design verification, estimation, and
preconstruction, digital information [20,21]. (BIM) visualizes the
production in the form of 3D-Models [22]. 3D-Model can understand
and communicate together [23]. BIM provides a platform for improving
project efficiency [24]. (BIM) has essential characteristics as
coordination, simulation, optimization, visualization information [25].
also, preparing alternative sequences of tasks [26], predicting of logistics
problems [27], discovering spatial conflicts between activities [28],
monitoring the status of discrepancies [29], enhancing site layouts [30],
and analysis of workspace overstock [31]. BIM can address the process
of planning and controlling logistics operations for prefabricated
building systems [32].

BIM Benefits

Building information modeling in continuous development and became
as a suitable technology for representing building in semantic and
geometric description [33]. The benefits of BIM classified according to
three different applications in the construction industry. The first is
Building Design, BIM, provides a comprehensive approach for
evaluating design options [34], utilizing BIM in the early stages of the
project life cycle for understanding the scope of work [35]. The second
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is building construction, BIM, allows all parties from different
disciplines to updating and tracking the project documentation by
utilizing a traceable and effective methodology [36]. The third is uilding
operation and maintenance management, BIM, visualizes any potential
failures for buildings due to natural hazardous or malicious events
which facilitate the implementation of forensic analysis [37].
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Figure (2) Steps of the Last Planner System-[16]
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Figure (3) the cycle of building information modeling.
(https://prodbim.wordpress.com/what-is-bim/)
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2.3. Integration Between The Last Planner System and Building
Information Modeling

In recent years construction companies utilized the integration between
lean construction and BIM to get the benefit from their implementation.
[38] stated that building information modeling (BIM) and the last
planner system (LPS) using to reduce construction delay by enabling the
construction practitioners to control construction processes, reduce
project duration, and overhead cost. [39] studies that there are synergies
between lean construction and building information modeling that
results in useful improvement the productivity. [40] establishing a
framework for incorporating building information modeling
functionalities 3D-Visualisation, 4D-Scheduling, and MEP (Mechanical
Electrical Plumbing) clash detection into the last planner system to
improve the workflow during the construction project phase. due to this
integration increase collaboration between all project participants,
Request For Information decreased, and change orders reduced, adding
value and increase customer satisfaction. [41] focusing on the
implementation of LPS weekly work plans (WWP) in two BIM-Based
building design projects to improve workflow, based on the perspective
of [22] interaction matrix. [42], investigating the role of lean practices
that enabling BIM adaption by using a case study of two projects in
India, one of them only using BIM technology for enhancing decision
making, and the other project implements the last planner system after
using BIM for improving coordination. [43] represents the potential
participation of BIM to visualize the product and the process of
construction projects in terms of lean construction principles. they
discussed some examples of utilizing BIM and related technology to
reduce the variability of the construction process. [22] presented a study
that mentioned a comparison between 24 principles of lean with 18 BIM
functionalities and providing the interaction between lean principles and
BIM functionalities. Due to these interactions, the results consist of 52
positive interactions from 56 total interactions. The interactions occurred
in different project phases, such as predesign, design, fabrication,
preconstruction, and construction. [44] utilized the interaction between
the Lean construction principles and BIM functionalities and developed
the interaction matrix of BIM and lean the construction principles in the
construction phase and explained the several interactions through each
BIM functionalities. Figure (4) shows the number of interactions of Lean
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Construction principles. Figure (5) shows the interaction of BIM
functionalities with Lean principles.

Design phase

Aesthetic and functional evaluation

Rapid generation of multiple design
alternatives

Predictive analysis of performance

Automated cost estimation

Evaluation of conformance to program/
client value

Single information source

Automated clash detection

Design&
Fabrication

phase

Automated generation of drawings and
documents

Multiuser editing of a single discipline
model

construction

phase

Multiuser viewing of merged or separate
multidiscipline models

Automated generation of construction
tasks

Construction process simulation

4D visualization of construction schedules

Visualization of process status

‘ Preconstruction and construction phases

Online communication of product and
process information

Computer-controlled fabrication

Integration with project partner (supply
chain) databases

Provision of context for status data
collection on site/off site

Figure (4) the number of interactions of Lean principles with BIM functions [44].

(Amended by ( (Burguete, M. G, 2018)).
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4
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Figure (5) Amount of interactions of BIM functionalities with lean principles [44].

Integration of BIM and LEAN in Construction Management
Systems

Communication problems exist in construction projects due to some
factors as weak in preparation of the status reports, the reliance of paper
documents rather than soft copy in production information, and site
conditions [22]. Due to the dynamic production in construction projects,
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the control needed, so to overcome this problem, there are some
construction management systems such as VisiLean [39], BeaM! [45],
and KanBIM; KanBIM approach generated to support the pull system in
LPS by using the information technology. The term of KanBIM comes
from Kanban, which is a system that provides flow signal to the workers
and allows them to adjust the workflow by visualizing the process, also
provide the labor with process status, managing the flow of construction
operation day-to-day. Figure (6) shows crew leader reporting work status
in Kanbim.

The Benefits of The Integration Between LEAN and BIM

Lean construction and BIM have the same orientation to improve
productivity, efficiency, quality, as well as monitoring of cost.
Therefore, that synergy and mutual added-values expected from
applying them [45], the potential features that developed from the
interaction between lean construction and BIM approach as follow:
Visualization, Scheduling. Site layout, Safety management, Clash
Detection, Constructability, Monitoring.

Figure (6) crew leader reporting work status in Kanbim(Sacks 2010)

3. THE FRAMEWORK TO OPTIMIZE THE PREPARATION OF
(EOT) CLAIMS USING INTEGRATION OF LPS AND BIM
TECHNIQUES IN CONSTRUCTION PROJECTS

Integration between Last Planner System and Building Information
Modeling, this approach enables the contractor to prove the delays and
create proper support of the claim for extension of time to avoid
liquidated damages or penalties. The following tables (1,2,3,4,5,6)
shows an explanation of the integration between LPS and BIM at the five
phases of the LPS, the preparation steps of the extension of the claim,
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and the optimization (EOT) claim preparation throughout the
integration. The framework will be addressing two stages; the first stage
developed to explain the integration between the last planner system and
building information modeling. The second stage described the steps of
creation and submission of (EOT) claims through the integration.

In the first stage, The integration depicted the process of the last planner
system and the functions of the building information modeling. BIM
functions organized under three groups, (3D-Modeling,4D-Modeling,
KanBim), used as inputs throughout the integration with the last planner
system, and arranged as per the phases of the last planner system. To
exploit all documents and records that generated during each stage and
using these outputs that resulted from the integration to optimize (EOT)
claims preparation. Figure (7) shows the flowchart of the correlation
between LPS and the functions of the BIM at the five (LPS) phases with
three groups (3D, 4D, and KanBim). Figures (8,9,10,11) display some
documents used in recording information on the work status, issues, and
risk events.

In the second stage, The steps of creation and submission of the claims
through the integration to prepare an extension of time claim, this will
be based on the inputs and outputs of the interaction of the last planner
system and building information modeling. These results and
information will be collect and organize to get a proper claim (EOT).
Figure (12) shows the framework of the integration between LPS and
BIM to optimize the (EOT) claim preparation.

The process flowchart developed to support the framework. The process
flowchart contains the integration between the last planner system with
its five phases, the documents that used among (LPS) phases, the
documents which resulted from the integration, responsibilities, and the
Building Information Modeling. The integration at each (LPS) phase will
generate reports, whether arising from the inputs or the outputs of the
integration. These documents will be organized and discussed in the
weekly work plan for (EOT) claim preparation. Figure (13) shows a
process flowchart of the integration between LPS and BIM with the
documents for the development of the (EOT) claim.
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Figure (7) the flowchart of the correlation between BIM functions and LPS at the five phases
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Table (1) shows explanation of the framework including stages of the integration, (LPS &BIM, EOT preparation, Optimization)-Phase (1)

o = LPS BIM-Functionalities = 8 & | Preparation of EOT Claim Op_tlmlzlng the :
o | o oA & preparation of EOT Claim

Work structuring: Modeling Visualization: g | This part consists of the steps of the | Due to the integration in phase-1

> | consists of the work that Visualize the project at the object S ‘S | creation and submission of the between LPS and BIM:
E .S | allocated, sequencing, etc. | level, facilitating communication, @ O | claims through the integration The preparation of the EOT claim
m | £ |and produce master and understanding of the work Q = claims preparation. This based on optimized by preparing the master
'g g phase schedule. efficiently. I | the inputs and outputs of the schedule and the detailed planned
] o | Master schedule: Automated Clash Detection: %5 | integration of the last planner schedule, which considered the
g_) & | includes milestones, Detect and resolve the clashes: S — | system and building information baseline schedule. The baseline
< i = S - -
— | & | project dates, and phases. among discipline, and activity o = modeling. These results and schedule included cost, resources,
S ; Phase schedule: includes sequencing redut’:e AR eSS Q .2 | information will be collected and seguencing, etc.
g & | work plans, task and decreas:e variability o3 g organize to get a proper claim The baseline schedule will be
= durations, resource ' Q S | (EOT) in the following steps: simulated and visualized by
m | £ | loading, logistic plans, & | 1- Identify events and liability of applying 4D-Modeling for
c | O | and organization chart, Safety Management: _ 2 | events: detecting any clashes between
S| 2| et Detect any potential safety issues. = g The contractor identifies the events | different disciplines to get a clear
S| X Filtration of the tasks causes the @ | S | by the circumstances that give rise to | Baseline schedule.
g o risks, adjust the activity sequence. 2 * | change, causing the delay, and Preparing a trustful baseline
c | =S L | identify the responsibility. Events schedule considered as the main
:. g Rapid Generation and U_ collect from the site as "work stlz'atus, item in the process of the delay
2| a Evaluation of Construction plan: &, | reports, photos, daily meetings " or analysis to visualize and compare
& = 4D-BIM enable the project 8 | receiving official changes, also the the variances and recording the
= 8 controller to predict construction s g documents, and the records that activities that impacted by the risk
,E 3 phase, task sequences, loading = = issuing by using BIM applications. events, the delays for each affected
S é resources, simulation of & S The information will be discussed task, and specify the delays of the
< | @ construction plans, validation of < o | and analyzed in the weekly work plan | project completion date.
|_ i construction Sequencesl .GC) tO |den.t|fy the-even-ts g|V|ng I’I_S(_E tO
I | the claim and identify the liability of
the risk events.
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Table (2) shows explanation of the framework including stages of the integration, (LPS &BIM, EOT preparation, Optimization)-Phase (2)

and applying the action to
solve the constraints.

adjustment of activity sequence.

The visual status charts:
provide the information on activity status
and prerequisite items for each activity.

4D-BIM

planning phase. Therefore, these constraints
will be recorded, documented, and support the
preparation of the EOT claim by identifying
the events and liabilities.

> & LPS BIM-Eunctionalities > 8 > Preparation of EOT |  Optimizing the preparation of
& o oA & Claim EOT Claim
Look-ahead Planning: Modeling Visualization: 2- Contractual entitlement [Due to the integration in phase-2 between
. [details of the project budget Visualize the project at the object level, | 4 =| & fand compliance: LPS and BIM at this phase: the integration
s 2 fand schedule, coordination [facilitating communication, ™ m| ‘@ [Contractual entitlement: between LPS and BIM will optimize the
— | '= |map, and completion of the |understanding of the work efficiently. O |[the contractor identifies preparation of (EOT) claim by using the
fg % deliveries, controlling of  |Automated Clash Detection: & what the guidance does the |make-ready checklist, which helps to
= o Wworkflow, pulling resources |Detect and resolve the clashes among A I~ [contract give in the event of eliminate and resolving the constraints, enable
w| 3 the tasks. The tasks discipline, and activity sequencing, 3 =| ‘% (herisk event. The the project team to execute the activities
O | c [pbecome ready for reduce time wastes and decrease A @ | < [contractor defined clearly in within the plan. Also, a constraint log
- ‘x" implementation by the \variability. < -8 a separate section of the containing more details about the constraints
% 8 Ischedule program. Model DTty at the site: 2 Iclaim documents, the as an action plan, who does the action, the
= | L Make a ready checklist: odel accessibility at the site: s g contractual basis of the status of the constraints. This stage will have
S | = lincluding the constraints  [confirmation of the work can do, Z | & [laim entitlement for supported optimization by making the tasks in
@ | T under the revision of the  [EMOVINg the constraints, preparation of A | w [xtension of time by the look-ahead planning ready (constraint
IS & fseven stream items in a [t pute s WU e el Unypuienelng) e ® S freferring to the contract  [free). Therefore, the baseline schedule
2 | & [construction project, to SOIMTIEAT0T. _ < [lauses in his request. becomes free of the problems or constraints
S | 5 [check the availability before Rapid Generation and Evaluation of .S |Contractual compliance:  [and supports the process of delay analysis in
£ | S |moving the task into the  |Construction plan: ) = § what is the time frame stated the steps of the EOT claim preparation. Also,
= | &, lexecution. Visualization, simulation, adjustment of 2 5 [in the contract for the this phase plays a vital role during the
@ | ¢ [The constraint log: the plans by 4D-BIM, sequencing, and s ’ |contractor and the employer [construction phase, which represented in all
8 % lincludes the constraint list ~ [resource loading. & [to comply with the claim.  the work status that collected at the daily
@ | & fand the action plan for how (Safety Management: _ s s huddle meeting and discussed in the weekly
Iz to deal with them and who is|Detect any potential safety issues, = g work plan when including any constraint
i responsible for following  [Filtration of the tasks causes the risks, e'r = should be passing through the look-ahead
2 3
" 2
|_
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Table (3) shows explanation of the framework including stages of the integration, (LPS &BIM, EOT preparation, Optimization)-Phase (3-1)

the step (Make Ready) to
analyze the constraints?

avoiding rework, continuous
improvement, and coordination.

Safety Management:

Detect any potential safety issues,
Filtration of the tasks causes the risks,
adjust activity sequence.

4D-BIM

program at different stages,
Preparing the baseline program
planning stage, Proper program
updates execution stage, Revised
plan due to updates execution &
monitor and control stage.

the make ready to identify the events and
recorded into the documents. These
events discussed in the WWP and
identify the contractual entitlement.

g 9‘) 2] % . . o A
S LPS BIM-Eunctionalities > 8 S Prepargcllo.n of EOT Opt|m|2|rllzgc;[_rll_ecg:)lrgparatlon of
& = oA & aim aim

The weekly work plan: Modeling Visualization: 3-Cause and Effect and Delay [Due to the integration in phase-3

The project team and sub- improve communication during the oo; = = IAnalysis: between LPS and BIM:

contractor committed by what|meeting, understanding of the work by @ 'S [The contractor arranges and \Weekly work planning optimizing the
b o Will do of the work that the stakehnlders anicklv O explain the chronology of the preparation of the EOT claim, the
m | S Ispecified before with what ~ jAutomated Clash Detection: : o [events and describe the effect for [documents that collected from the daily
T | £ Sshould do in the phase Detect and resolve the clashesamong | Q 5| = leach event. huddle meeting as the work status,
& | S |schedule and what can do in discipline, and activity sequencing, due g o 4 [Cause and effect, covering the records, and plans will communicate in
2 Q- the make-ready plan. to updating. ™ < [following items as details of the [the weekly work plan meeting for
_ = Preparing the plan for the Model accessibility at the site: .g planned work affected. The discussion and analyzing. Also, the
= § next week and revise the plan . ¢irmation of the work can do @ relation between planned work. jactivities analyzed in the WWP will filter
N of the previous week. removing the constraints prepar’ation of g The duration for each task, the  |by applying the second phase to identify
% =~ [Discussing and analyzing the the prerequisite work im,proving the 2 S |methodology used to prove the [the events. Also, recording in the make-
m | & (data collected from the daily e éheck T SR g g effect of the delay. And the statusready plan documents as look-ahead plan
S ; huddle meeting phase and the T graphi’cally ™ < [of the activities with the planned [constraint log, make ready, workable
‘= | o [measurement and learning ' © factivities at the time of the event. packlog, and finally in the weekly work
= |E phase, updating the schedule. .S Description of the changes to thatjplan for preparing the events that caused
e o [The workable backlog: Collaboration/ coordination in design w [plan because of the event. the delays in the project. Also, WWP is
€ | 4 |isalog for recording the and construction: ©  (delay analysis, to get a proper  the main phase for generating the steps of
;. @ pctivities that received from during the meeting, the model will be s U_ result for delay analysis the the EOT claim preparation, firstly collect
=2 & [the site by the team in the analyzed to rectify the problems that = | & [ontractor should be concerned fthe status, information, and documents
o fourth phase (Daily huddle  |may found during execution, therefore, A | & withthe following types of the [from the daily huddle meeting then
= meeting) and assigns through ™ | 9 schedule for introducing the discussed analyzed and transferred into
= o
L g
2 &
= @

=
|_
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Table (4) shows explanation of the framework including stages of the integration, (LPS &BIM, EOT preparation, Optimization)-Phase (3-2)

i fob) [ AN . ... -
D n . .. o] 8 Preparation of EOT Optimizing the preparation of
o S LPS BIM-Functionalities 2 o & P Clai P EgOT (?I =P
&= oA & aim aim
Meeting agenda: Rapid Generation and Evaluation of s These stages of the program Then the causes and effects of each
using for arranging, Construction plan: = rectified in the last planner event, the information, work status
Q £
organizing, and managing the \visualization, simulation, and A ‘= pystem phases as a collaborative [collected in the daily huddle meeting will
E o [meeting and including the  [adjustment of the plans by 4D-BIM, = O |program, make-ready, and be used for updating schedule and
2} E previous meeting activities,_ sequencing, resource loading. o [weekly work plap. _ applying thfa delay analysis method by
'g c [the current and the forecasting|Visualize the process status: s IE In the collaborative programmingjusing baseline schedule, updated
@ | 8 [ctivities for each department,[BIM allows the team to receive the = o 4 include the master schedule and schedule, and the documents. In weekly
‘D’f i also inyolving decisions, information or the process graphically, g S| < [phase schedule plan. The tasks in work planning, after getting the ypdated
— = commitments, and the name \which allows the team to do the S X | © [the phase schedule plan checked [schedule, the project team applying
S 2 of the attendees. planning and assigning the work. & [in the make-ready plan to removemeasurement to identify the percentage
Q| 3, Weekly work progress: Online communication of the product E [he constraints to be ready after |complete, the status of the project, and
% ~ |including the activities for  land process information: coordination ‘33 that, considering the activities in [the forecasting measurement of the
M | 3 |each department, and the of the work in case of conflict occurred | S U ithe weekly work plan as a project plans due to the actual data. After
g ; status of the tasks. The tasks |[at the construction phase, reduce time o '8 baseline. When the contractor  (that, in the WWP meeting, the project
=l should be revised daily and  |wastes, reduce variability, continuity of é © Ireceived owner changes or any [team has the documents, the events,
g I~ |[record status for each task for [the workflow, facilitate decision making _5 changes at the site recorded and [liabilities, analysis, so the project team
2| & using and supporting the due to the availability of the +3 [documented in the daily meeting, ccan be started in preparing the claim
c é project team to know the information. @ considering, and rectifying in the statement.
o« | ® Wwork status, supporting the I : T the Proiect P O \weekly work plan and making an
=) E updating schedule, and WIBGEOT ST U2 e[ EET =Rl e @ (update of the schedule by using
i : .. Idatabases: o | oeE D . :
&H helping the team on decision o q & |visualization and simulation
= making suppg_rt cgmrgunlcatlor;]an . O technique of the BIM to see the
= L] [SEE Uls (S aSuEeEl 2 2 limpact of the changes to the
L for transferring information of material | i
. . X . c 8 loriginal plan.
b submittal, ordering material delivery. S 3
n
" :
|_
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Table (5) shows explanation of the framework including stages of the integration, (LPS&BIM, EOT preparation, Optimization)-Phase (4)

making due to the availability of the
data.

~— fab} 0 o
> 2 . - s O & Preparation of EOT Optimizing the preparation of
g = LPS BIM- Functionalities 25 2 P Iai P Eg T pl -P
B o x| & Claim OT Claim
Daily Huddle Meeting: Modeling Visualization: Due to the changes in the project [Due to the integration at phase-4
managing and controlling \Visualize the project at the object level, = scope and the delays raised in the|between LPS and BIM:
the workflow, collaboration, |improving communication, 2 e execution phase, the approved this phase is playing an essential role in
keeping all parties on track, [understanding of the work efficiently ™ = baseline program became the interaction of LPS and BIM, which
> collecting work status among the project team. O ineffective. Therefore, the considered a connection for collecting
o regularly, improving Plan and control: o |paseline program should be and communicating site information day-
g communication. The printing and communicating the S IE revised from time to time to to-day.
S documents and the records  [activities with the status, durations, and @ w [rectify the changes. The revised |In the weekly work plan, the data
(ri) o pbtained will communicate |resources for sharing precise knowledge Q g schedule should be considered  |gathering in_ the d!fferent do?uments._ The
1 | .E [inthe weekly work plan. and documents. © [from the last update to reflect the [documents including (material submittal,
= . = . : - .
sl g The d.ocuments as (material Visualize the process status: using the @ [changes in the s_cppe_and delays pocum_ent transmittal, _Materl_al Delivery
oS submittal, Document s P FTLT s | & he proposed mitigation inspection request, project daily resource
. . graphic building model to transferthe |2 2| & . .
E o [transmittal, Material : e F ] =~ o measures. report, daily failed to report, request for
D | = g . : information in the construction phase | @ £ | 2 " g X . LA ;
m | © [Delivery inspection request, . A c| 9 [The delay analysis method information, site operation inspection
S . . that enables the project team to planand| § v | — - . X
c | = |project daily resource report, ssian the work c (depends on the process that request, shop drawing submittal, site
-8 T (daily failed to report, request g ) ® |mentioned in the contract such as instruction, etc.). The documents are
© | = [for information, site Integration with project partner S |(As- planned vs. As-built, arranging, organizing, and analyzing in
o | ‘@ |operation inspection request, [databases: communication and = |impacted as-planned, As-planned the WWP to identify the events,
Q . . @ - L .
= Dl shop drawing submittal, site |coordination between the project team = ©  but for, collapsed as Built liabilities, and causes of the risk events.
= | Y linstruction, etc.). for transferring the information in Q O |Method, Windows- Snapshot  |Also, the information using for updating
S| @ advance as material submittal, ordering | & g Technique). the schedule to get the actual timetable,
(‘DS i material delivery. & A- Statement of the claim: which considered as the second item plus
o Status data collection at the site: data | > ) [This stage based on the_previous baseliqe schedule for usipg in the delay _
= collection, task status, reports, and o = steps. The contractor will start to ana_ly5|s meth_ods and estimate the days in
L communication with the team. G g |write and explain (EOT) claims. which the project delays due to the
= _ S X 5 'The contractor is beginning in  |events. The documents that collected
~ Online communication O_f the product o [the statement of the claim with a [optimizing the (EOT) claim by collecting
and process information: coordination = j= |detailed narrative, and describing and organizing to prove the delays and
of the work between the project team, @ the facts caused extension of substantiation of the (EOT) claim.
also support and facilitate the decision § time claims.
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Table (6) shows explanation of the framework including stages of the integration, (LPS&BIM, EOT preparation, Optimization)-Phase (5)

Optimizing the

which presented at the next
weekly work planning meeting.

identify variances.

Integration with project partner databases:
communication, improving relationships, direct
ordering material.

Online communication of the product and
process information: sharing the activity status.
/And decision making.

Status data collection at the site: collect the
status from the site for measuring the percentage
plan complete of the actual and planned work.

KanBIM| KanBIM [KanBIM

arranged and organized to
introduce and submit the
claim into the owner.

— fah) . ol N )
o 9 . " O & Preparation of EOT :
g £ LPS BIM- Functionalities 2 3 g P Claim preparation of EOT
n | e @ ol » Claim

Measurement, learning and [Collaboration/ coordination in design and 5- Claim Substantiations:  [Due to the integration in phase-5

continual improvement: construction: s The contractor collects the  [between LPS and BIM:

are the basis of evaluation that [the information collected from the daily meeting = documents, whether soft copy|in the weekly work plan meeting,

takes place within the WWP  land communicated in WWP and measuring PPC | A .% or hard copy, to help him all the work collected in the daily
> meeting. The percent plan and variances. When variances exist, this led to 62 O when he needs to support any huddle meeting will be discussed
o 2 |completes PPC measures the  |updating the model in some areas of the model. o [delays once occurred. These weekly in the weekly work plan
] E predictability of tasks _del_i\_/ery, Rapid Generation and Evaluation of |E substant_iations_colIectgd meeting f_or_ up_dating the schedule.
S o the percentage and reliability of |Construction plan: S « [along with the integration of |After  finishing the updated
» | pr_omise_s which completed measuring and calculating variances need @ g LPS and BIM (baselir)e, program, we can start m(_easuring
5 o |within time. PPC calculated by |updating schedule to get a new strategy for Q © |updated schedule, Daily- the wvariances by applying the
- & [the number of actual completed execution due to the delayed events. @ |Weekly-Monthly reports, percent plan thoroughly. The
B | £ |planned activities divided by the . work status, meetings, delay |results and charts used to optimize
o | c Plan and control: e
B g total planned activities and printing and communicating the activities with = 2 levents log, notices for the  the preparation of the EOT claim
et 3 presented as a percentage. the status, duration, and resources for measuring 2 g delay, employer documents by supporting EOT substantiation
c| 3 Uncom_pleted taslfs after PPC and identifying variances. = = relevant 'go tk_\e delay, Wlth tables graphs anq charts,
.g @ [measuring PPC discussed to @ |communications, records, \variances results, and using as an
© g resolve the causes of \Visualize the process status: s S [BIMtools, and LPS indication for the productivity rate|
| incompletion and record it. PPC transfer the information graphically in the = = 'g templates, etc. of the workforce and the project]
€ L:'_, also helps the teams to decide |construction phase to manage the percentage g c| & 6- Submitting EOT Claim: [progress among occurring the
— | & (forevaluation of their work,  |complete and compare with the planned to < ¥ | O |allthe previous steps events that cause the delays.
(<b] N -
g o S
o o
- n
2 <
L S
< 7
= ®

<
|_
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Figure (12) Framework to optimize preparation of (EOT) claims using integration of LPS and BIM techniques in construction projects
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Figure (13) Process flowchart of the integration between LPS and BIM with the documents for the preparation of (EOT) claims
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4. CONCLUSION

Delays are the main problem that faces the construction projects and have many
negative impacts on the project objectives. Also, delays lead to the emergence of
claims. Proving the delay needs a significant effort to introduce all details, documents
and records that support (EOT) claims.

The primary purpose of this research was to determine the integration between the last
planner system and building information modeling to optimize the (EOT) claim
preparation. The outcome of this study enables the project team to know and apply the
new technique for preparing the (EOT) claim.

This research shows that the different steps of the last planner system. The documents
that will generate at each LPS phase, and the benefit of each document for supporting
the (EOT) claim preparation. Also, the different functions of building information
modeling and assigning the appropriate function at different last planner system phase.
BIM functions categorized under three groups (3D-Modeling,4D-Modeling, and
KanBim) for generating the documents to support the (EOT) preparation. The last
planner system and building information modeling arranged and organized to develop
a framework to get a proper extension of time claim.

Recommendations

This study focused on the integration of the last planner system and building
information modeling in construction projects for optimizing the preparation of (EOT)
claims.

In the framework, pointed out that using the delay analysis method is one of the
available techniques. Therefore, further studies should focus on what is the appropriate
delay analysis method during the integration process.

The framework was built on the LPS stages and BIM functions theoretically.
Accordingly, further studies conducted to link the framework to reality.
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