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Construction industry has considerable contribution to
countries economy

Over 80% of infrastructure projects completed behind
schedule

Top causes of delays in Infrastructure projects are:
 Major change in design during construction;

» Ineffective planning and scheduling;

« Changes in the scope of the project; and

 Slow decision-making.

Emam et al. (forthcoming)
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Rank Description REEITE
Importance
1 Contractual Related 0.88
2 Duration Estimation 0.80
3 Scheduling Parameters 0.79
4 Resources 0.76
5 Logic 0.70
6 Constraints 0.67

Criteria Contributing to Schedules Quality of Programme.
Emam et al. (2014) 4



Scheduling Variables
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o Scheduling technigue / representation;
e ODbjective-driven Scheduling;
e Constraints; and

e Uncertainties.
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= University
e of Bolton

Deterministic
(CPM)

Probabilistic
(PERT)

Activity-
based
—Scheduling
Location-
based

Unit
production

Location
production

Classification of scheduling techniques (Kenley and Seppanen, 2009)




Scheduling Techniques — Activity-based
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I Actual Work * * M
/1 Remaining Work — S
N Critical Remaining Work

Date | Revision | Checked [Appr..|
[6-Mov-08 |October update. Data Date Nov 6. 2009 | [ ]

Activity 1D Activity Name L Actual Total
Cost

SGR improvements Rye, Port Chester :
A0 Notice to Proceed 0.00d S0.00 S0.00 ND!IDG tD Froceed
AB54D Mobilize on Site 5.00d 1-Jul08  B-Juk08 5108,000.0¢ Mobilize on Site
ALLOWANCES 465.88d 6-Jul00  15-Oct-10 $0.00 037,320, {i
ATI20 G for Track Outage 320.00d 6-Ju-08  15-Oct-10 $0.00 $100.000.00 e —— —— =
AT130 Histeric Restoration-Allowance 300.00d | 6-Jul-08 16-Sep-10 £0.00 $150,000.00 |=
AT140 Artwork Installation-Allowance 300.00d  -Jul-09 16-Sep-10 £0.00 | II
ATAI0 Steel Repairs-Allowance 320.00d | 6-Jul-09 15-0ct-10 $0.00 i
ATG40  Rock Removal-Allowance 100.00d 6-Jul08  30-Now-09 $0.00 §13,500.00 i
ATBS0 Haul and Dispose Mon-Haz Material-Allowa...  320.00d 6-Jul-08 15-Oct-10 £0.00 §10,000.00 ‘.: -
ATEE0 Haul and Dispose Hazardous Material-Allo 320.00d 6-Jul-09 15-Oct-10 $0.00 . JI
ATETO Relocate Haz Material on site-Allowance 320.00d | 6-Jul-08 15-Oct-10 $0.00 $§1,750.00 ‘I
ATB10  Crack Repair - 1350IF-Allowance 320.00d 6-Jul-08  15-Cct-10 £0.00 §98,550.00 {1
ATB20 Spall Repair - 640 sk-Allowance 320.00d &-Jul-09 15-Oct-10 §0.00 $165,120.00 :i
ATEI0 Elastometric Bearing 29§01 $4,100 ea-Allowa 320.00d 6-Jul-09 15-Oct-10 £0.00
GENERAL REQUIREMENTS 436.88d 6-Juk09  16-Sep-10  §31,785.00
AT240 General Requirements to be billed at % co. 300.00d 6-Jul-09 16-Sep-10 $31.785.00
SUBMITTAL, REVIEW AND PROCURE...  195.00d 1-Ju-03  f1-Jan-i0 $0.00
SUBMITTALS 143.00d 1-Jul-09 20-Nov-08 $0.00
AZ660  Lighting Package-Submittal 30.00d 1-Jul-08 12-Aug-08 $0.00
A2060 | Panelboards-Submittal 30.00d 1-Jul-09 12-Aug-09 £0.00
AB180  General Conditions and Requirement-Sub. 20,00d 1-Jul-08  28-Jul-08 $0.00
AB190  Concrete, Cast in Place-Submittal 30.00d 1-Jul-08 12-Aug-0% $0.00
ABZ10 | Structural Steel-Submittal 30.00d 1-Jul-08 12-Aug-08 $0.00 i
ABB20 | Cap and Bearing Steel-Submittal 25.00d 1-Jul-08 5-Aug-09 $0.00 pard Bej
ABTE0  Work Platform-Submittal 35.00d 15-Jul-08  1-Sep-09 $0.00 Wod Pial 30 ;
ABGSD  Guard Rall Steel Shop Dwgs-Submittal 25.00d 2%-Jul-09  1-Sep-08 $0.00 Gu d Rall SteoErop Dwgs-Submittal
AB280 | Paint-Submittal 15.00d 12-Aug-09  1-Sep-09 $0.00 int- ithal 3 i
AB300 | Cemmunications Nede-Submittal 15.00d 12-Aug-09 1-Sep-09 $0.00 P :
ABS50  PreCast Conc Steps and Remps-Submittal 15.00d 12-Aug-09  1-Sep-08 $0.00 and Ramps-Submittal:
AB700 | E. Overpass Steel Stairs-Submittal 25.00d 12-Aug09 16-Sep-03 $0.00 Stairs- Subimith
AB200  Masonry-Submittal 15.00d 26-Aug-09  16-Sep-09 £0.00 Wdscni
AB220  Metal Rails-Submittal 15.00d | 24-Sep-089  15-Oct-08 $0.00 Metal Rail
Rye Port Chester

Activity-based planning



Scheduling Techniques — Activity Cyclic Planning
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Analytical Design and Planning Technique (ADePT) 8



Scheduling Techniques — Activity Cyclic Planning
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Discrete Event Simulation



Scheduling Technigues — Location-based
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Location-based planning
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Scheduling Technigues
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Linear and continuous projects LSM
Multiunit repetitive projects LOB
High-rise buildings LOB, VPM
Refineries and complex projects PERT/CPM
Simple projects Bar/Gantt charts

Selection of Scheduling Techniques (Yemin and Harmlink, 2002)
11



Schedules Objectives
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Main objectives:
e Maximise Safe Work Conditions; The Project Diamond
[Used to be the iron triangle)
« Minimise Environmental Impact; e TiE

e Minimise Time; / 0 \

\

II
o™
0

. Maximise Quality: and \ (s /

e Scope Coverage.

e Minimise Cost; quanw 0

These objectives are conflicting in nature and

require trade-offs.

Project stakeholders will have different 12
objectives priority



Schedule Constraints
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The schedules normally are constrained due to several reasons thus:

Precedence relationships;

Space limitation;

Resource availability;

Resource continuity;

Others

13



Schedule Models Philosophy
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“Philosophy [nature] is written in that
great book which ever is before our eyes
-- | mean the universe -- but we cannot
understand it if we do not first learn the
language and grasp the symbols in
which it is written. The book is written In
mathematical language, and the
symbols are triangles, circles and other
geometrical figures, without whose help
It Is Impossible to comprehend a single
word of it; without which one wanders in Galileo Galilei
vain through a dark labyrinth.”

14
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Schedule Model: A Deterministic Formulation
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The following model captures a mathematical formulation for scheduling
model that can be solved using linear optimisation technique.
 The model explicitly states the objective to minimise cost
» Subject to the following constraints
* Precedence constraints i.e. relationships

e Second constraint is to ensure the availability of resources is not

exceeded
Min C,
st. C, =0

C.—t,2C Vi,j)ekE
dYrp<a, 1=123..C5k=123...K

n?
jeAl(r)

Note: this is a sample formulations there are many other variations 15



Construction scheduling problems solved!
- e o Bolcon

The straight answer is NO

The presented formulation has several shortfalls as follow:
 Uncertainties are not considered in the model

o Itis static model which is not suitable to construction projects

16



Sources of Uncertainties
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There are known knowns; there are things we
know that we know.

There are known unknowns; that is to say,
there are things that we how know we don't

know.

But there are also unknown unknowns - there
are things we do not know we don’t know.

-Donald Rumsfeld

17



Sources of Uncertainties
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Foreseeable Complexity Unforeseen
Uncertainties Uncertainties

Novel
Technology

Variability Project Tasks

Alternative Stakeholders Novel

Paths Markets

(Loch, DeMeyer, Pich 2006) 18




Planning for Uncertainties
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* Parallel trials
* Trial-and-Error

Many
Interactions

? Control and Fast learning
R Response
E‘ -

=
o & . . Manage
O £ % Planning “;,::‘Jaec;?:ﬁt Residual

=~ g & Risk
=
Variation Foreseeable events Unks Unks

(Loch, DeMeyer, Pich 2006) 19



Risk Management Process
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Risk Tracking
& Control

20



Risk Management — Current Practice

- University
= of Bolton

Risk Assessment

Almost Certain (>75%)

Likely (50-75%)

Moderate (25-50%)

e --- -
T -----

Insignificant Minor Moderate Major Catastrophic
Impact

Likelihood

1,000,000 Trials Splt View

Prabability
°

800 9.00 10.00 11,00 12.00 13.00 14.00 15.00 16.00 17.00 18.00

b (103 \ Certanty % q e \ 21
Quantitative analysis probability distribution




Risk Management — Integrated Framework
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INormal[1.87*k1,1,
zzzzzzz Normal[c1,d1] “
0 J
e
s | K—/
9°k1] 8.3715,

Integrating Uncertainty and Optimisation to maximise utilisation



Dynamic Planning for Changing Environment

= University
of Bolton

~ “Itis not the

- strongest of the
species that

survives, nor the

most intelligent,
but the one most
responsive to
change.”

~Charles Darwin, 1809




Dynamic Planning
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Dynamic scheduling is defined as

“the process of absorbing the effect of real-time events, analysing the
current status of schedule, and automatically modifying the schedule with
optimised measures in order to mitigate disruptions.”

There are three main categories of Dynamic scheduling:

* Reactive scheduling

 Predictive-Reactive scheduling

* Robust scheduling

24



Dynamic Planning — Analytics
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How can we
4 make it happen?

What will Prescriptive

Why did it Predictive

happen?

Diagnostic ¢o
What =
happened? Analytics

Value

Descriptive .@-\1

Difficulty

The Analytics Stages 25



Dynamic Planning — Reactive Scheduling
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Predecessor Resources

Processing of
Tasks based
on Priority

Successor Resources

26



Dynamic Planning — Robust Scheduling
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| Robust Baseline iseline
| Schedule Preparation Scheduling

Progress Data Real-time Events

Continues Cycles of Schedule
Adjustments (Durations, |
resource levels, but not logic)

27



Dynamic Planning — Predictive Reactive Scheduling
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Previous Experience Causes of Delays
of Similar Works and Disruptions

Robust Baseline seline
Schedule Preparation Scheduling

Progress Data Real-time Events

Continues Cycles of Schedule
resource levels, but not logic)

NS=| Revising the Schedule Logic
either Periodically or based
on Predefined Triggers

Rescheduli‘ng 28




Scheduling Technigues — BIM Integrated

1. Development of BIM 3D model
(Autodesk Revit Architecture)

l

Database of guantities for reinforcing steel,
forms, and concrete (MS Access)

|

)

Task durations

= | and project
—— | schedule (MS
Excel; .xls)

\_._,_./n\

2. Duration estimation
interface module (Visual Basic)

' t
Cutput
files
(.txt)
' t

=g E‘ )

3. Operations simulation vv{Stroboscope )

5. 4D animation

{Autodesk Mavisworks)

Project schedule
(.mpp)
I oy

"

4. Generation of project-
level schedule (MS Project)

Integrated BIM planning Framework Wang et al. (2014)

University
of Bolton



Conclusion
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o Select appropriate scheduling technigue that best models
project characteristics;

e Set-up reporting system that allows for Big Data Analytics
to reduce uncertainties;

« Communicate schedules efficiently and effectively with
project stakeholders;

* Understand the dynamic nature of construction industry
and be proactive and responsive to change;

e The Industry should move towards relational contracts;

* Provide technical training to planning and scheduling team
to enable them to facilitate using advanced techniques.

* Blending available knowledge (Analytics, Simulation,

Optimisation, BIM, etc.) to achieve best results.
30



Thank You

Questions & Answer

Hassan Emam
PhD Research Candidate
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