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Space Planning QuestionsSpace Planning Questions
ONE: why site managers do not use existing 

l i  t h i t  di t  t ti  planning techniques to coordinate construction 
activities?

TWO: what are the differences between the 
h d l  f k d h i  f k ?schedule of work and the execution of work ?

THREE: can rehearsing the execution of work THREE: can rehearsing the execution of work 
improve the schedule of work, i.e. space 

l i ?planning?
FOUR: is it possible to minimise spatial 
congestions and improve onsite productivity?
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Space Competition StrategySpace Competition Strategy
Objective: rehearse dynamically the execution 
of work and assess space criticalities (multi-p (
directional)

Automated spatial reasoning:
a  Construction logic constraintsa. Construction logic constraints
b. Real-time work rate calculations
c. Support-to-support assembly

What-if scenario : utilising the site space 
execution patters (EP) rules and work rate execution patters (EP) rules and work rate 
distribution



Principle Space Competition Principle Space Competition p p pp p p
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Work Rate SimulationWork Rate SimulationWork Rate SimulationWork Rate Simulation



Spatial Data Input:
-Spatial index: ORDER BY Centre_X DESC
- Activity: Foundation Pads Concreting Pad Foundations (ActualActivity: Foundation Pads Concreting
- Execution pattern type: North-South-Access2
-Resource distribution type: Uniform
-QW(tot) =  471 m3

-QW = 122 m3

Pad Foundations (Actual 
Layout)

-QW(pw) =  122 m
Three weeks simulation

Activity 
Duration

Week 1 Week 2 Week 3

ExecutionExecution 
Pattern 

Vis.

Q tit Fi i P U fi Fi i P U fi Fi i P U fiQuantity 
of Work

Finin. Prog. Unfin. Finin. Prog. Unfin. Finin. Prog. Unfin.

0 m3 122 m3 349 m3 122 m3 122 m3 227 m3 244 m3 122 m3 105 m3

Site Space p
Usage Vis.



Execution PatternsExecution Patterns
Week1 Week2 Week3 Week4

Activity A

Activity B

Week 2 Week 3 Week 2 Week 3

1Clashing area = 30 unitsWest-east 2 Clashing area = 27 units
Composite Direction

1Clashing area  30 units 2 Clashing area  27 units

Week 2
3

Week 3
4

Week 2 Week 3

Clashing area = 18 units
Opposite Direction

Clashing area = 36 unitsNorth-south



Work Rate DistributionWork Rate Distribution
Idealised

RealisticRealistic
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Critical SpaceCritical Space--time Analysis (CSA)time Analysis (CSA)
To obtain more reliable and interpretable 

 f kprogramme of work

Analyse the space competition between the Analyse the space competition between the 
construction operations

Trace site-space usage change dynamically to Trace site space usage change dynamically to 
accommodate space connectivity analysis

Apply GA to optimise and search for suitable 
execution logicexecution logic
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Progressing
GF E th FillGF Earth Fill



All ti iti  All activities 
Progressing

hIn the same area



Volume congestion g
analysis for each week



CSA for each week



Experimental GA ResultsExperimental GA Results



Run No. 4D Visualisations 2D Site Space Usage 2D Site Space Conflicts Space Criticality 
Chart

1

Max. Crit. = 108

2

Max. Crit. = 95

3

Max. Crit.  95

Max. Crit. = 121

4

Max. Crit. = 83



Virtual Reality VisualisationVirtual Reality Visualisation
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Real-time VR 
construction  
visualisation
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4D Space 
Vi li tiVisualisation
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Vi li tiVisualisation



DiscussionDiscussion
Theory:
- investigated and expanded space planning est gated a d expa ded space p a g 
theory

innovative CSA technique for CSA- innovative CSA technique for CSA
Research element: developed generic spatial 

i  d  i  l i hstrategies and space reasoning algorithm
4D visualisation approach: captures the 
dynamic nature pf site space usage in real-time

Evidence: minimised the space conflict by Evidence: minimised the space conflict by 
using GA search capabilities

l h d f hUniversal method: for communicating the 
execution  of work


