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Arena-based queue simulation for improving delivery process management in housing

development projects
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Abstract

The delivery process in housing development projects exhibits queuing system characteristics, where delays directly affect
customer satisfaction. This study investigated and analyzed delivery process management across four housing development projects
in Bangkok and its metropolitan areas, using real data collected from 74 housing units over 12 months (January-December 2022).
The primary objectives were to identify key problems and delay factors, and to evaluate improvement strategies through queueing
theory-based simulation. Data analysis revealed that the main problems stem from end-of-quarter concentration of property
bookings and transfers, combined with insufficient subcontractor numbers and unbalanced workload distribution, resulting in an
average customer waiting time of 8.64 days and an average total time in system of 33.14 days per unit. This study applied Arena
Discrete-Event Simulation (DES) with 500 replications to test two improvement scenarios: Scenario 1 — increasing the number of
subcontractors from 2 to 3, and Scenario 2 — segmenting customers and subcontractors based on work complexity. Simulation

results showed that Scenario 1 reduced average waiting time to 2.86 days and total system time to 25.48 days. Scenario 2
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produced superior outcomes, reducing value-added activity duration to 18.14 days and total time in system to 24.51 days, while
balancing subcontractor utilization at 9.94% and 9.87% respectively, with total inspection costs remaining constant at 75,000 Baht.
The findings demonstrate that customer segmentation with specialized subcontractor assignment outperforms simply adding
resources, and the simulation framework can be applied to other real estate projects with similar operational characteristics.

Keywords: housing construction, simulation, Arena software, resource management
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Figure 1 Basic queueing system simulation flowchart using Arena based on discrete-event simulation concept

A A @ 9
2.2 zasdaluniafivsusmntdeya
2.2.1 uamanaiiutiuindasa (check sheet)

2.2.2 NMIANHIUIAINITNNU (time study)

Table 1 Summary of waiting time by customer group (days).

statistics all 74 houses 63 houses 11 houses
minimum 6 6 31
maximum 45 30 45
mean 23 20 38
mode 27 27 32

note: 63 houses = normal customers with satisfactory subcontractor work; 11 houses = detail-demanding customers

with unsatisfactory subcontractor work; = not applicable.
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Table 2 Arena simulation parameters and settings — before improvement.

module parameter setting value remark
create entity type house
(home transfer) time between arrivals random (expo), value=7, days exponential distribution
entities per arrival 1
max arrivals 5 units max. no. of reserved and transferred
houses
first creation 0.0
process 1 action seize delay release seize — delay — release
resource
priority medium (2) medium priority level
resource resource 1, Qty = 1
delay Type triangular triangular distribution
min / most likely / max 6/23 /45 days min—-most likely-max inspection
duration
allocation value added
resource 1 type fixed capacity
capacity 2 subcontractor 2 firms

per use cost
queue type

report statistics

15,000 baht/unit

FIFO
v

inspection cost per unit

queue when resource all 2 unit

note: V= enabled; expo = exponential distribution; Qty = quantity

Table 3 Arena simulation settings — after improvement (scenario 2).

module parameter setting value remark
create entity type house
(home transfer) time between arrivals random (expo), value=7, days exponential distribution
entities per arrival 1
max arrivals 4 units normal customers
first creation 0.0
create entity type house 1

(home transfer 1) time between arrivals
entities per arrival
max arrivals

first creation

random (expo), value=7, days
1
1 units

0.0

exponential distribution

eetail-demanding customers

decide (select customer type

type) conditions

N-way by condition
entity type, house

entity type, house 1

route by customer type
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Table 3 Arena simulation settings — after improvement (scenario 2) (continue).

module parameter setting value remark
process 1 action seize delay release seize — delay — release
priority medium (2) medium priority level
resource resource 1, Qty = 1 normal customers
delay type triangular triangular distribution
min / most likely / max 6/20/ 30 days inspection duration
allocation value added
process 2 action seize delay release seize — delay — release
priority medium (2) medium priority level
resource resource 2, Qty = 1 detail-demanding customers
delay Type triangular triangular distribution
min / most likely / max 31/38 /45 days inspection duration
allocation wait
resource resource 1 —type fixed capacity
resource 1 — capacity 2 subcontractor for normal

customers 2 firms

resource 1 —per use 15,000 baht/unit
resource 2 — type fixed capacity
resource 2 — capacity 1 subcontractor for detail-
demanding customers 1 firm
resource 2 — per use 15,000 baht/unit

note: V= enabled; expo = exponential distribution; Qty = quantity

NANIFANELAZANUI NS
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A o 2o Y A o ¥ a P a a & | o Ay
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A nN13a1aesanIunisalaaallsunsy Arena e lfiduuuanialunisuiladfuilgesialy &3 (Tables 4-6)
HANNIANABIANTLN1TINAIN9UFULRgUULLUT 1 (scenario 1) A9 (Table 5) WATHANIIANABIANIUNITAMAINIS

Ufuilgegiuun® 2 (scenario 2) A3 (Table 6)

Table 4 Simulation results before improvement (500 replications, time unit: days, 2 subcontractors).

indicator mean minimum maximum unit

entity — time

value-added time (VA time) 24.49 6.34 44 .24 days
waiting time 8.64 0 52.16 days
total time in system 33.14 6.34 87.28 days
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Table 4 Simulation results before improvement (500 replications, time unit: days, 2 subcontractors) (continue).

indicator mean minimum maximum unit

entity — cost and volume

inspection cost per unit 15,000 - - baht
work-in-progress (WIP) 0.83 0 5 units
houses entered / exited system 5 - - units
queue

queue waiting time 8.64 0 52.16 days
no. of houses waiting in queue 0.22 0 3 units
subcontractor

subcontractor utilization rate 30.62% 0.00% 100% -
no. of active subcontractors 0.61 0 2 persons
no. of times subcontractor was used 5 - - times
total inspection cost 75,000 - - baht

note: Italic values (waiting time, total time in system, queue waiting time, no. of houses in queue) indicate system

instability (arrival rate > service capacity); - = not applicable.

Table 5 Simulation results afterimprovement — scenario 1 (499 replications, time unit: days, 3 subcontractors).

indicator mean minimum maximum unit

entity — time

value-added time (VA time) 22.62 19.06 31.49 days
waiting time 2.86 0 10.07 days
total time in system 25.48 19.06 31.81 days

entity — cost and volume

inspection cost per unit 15,000 15,000 15,000 baht
queue

queue waiting time 2.86 0 10.07 days
no. of houses waiting in queue 0.07 0 2 units
subcontractor

subcontractor utilization rate 18.85% 0.00% 100% -
no. of active subcontractors 0.57 0 3 persons
no. of times subcontractor was used 5 - - times
total inspection cost 75,000 - - baht

note: Italic values indicate metrics to monitor for performance evaluation; - = not applicable
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Table 6 Simulation results after improvement — Scenario 2 (499 replications, time unit: days, 3 subcontractors

in 2 groups).

indicator group mean  minimum  maximum unit
entity — time

value-added time (VA time) normal customers (house) 18.14 15.75 22.85 days

value-added time (VA time) detail-demanding customers (house 1) 0 0 0 days

waiting time normal customers (house) 6.37 0 13.69 days

waiting time detail-demanding customers (house 1) 36.02 36.02 36.02 days

total time in system normal customers (house) 24.51 15.75 30.43 days

total time in system detail-demanding customers (house 1) 36.02 36.02 36.02 days
entity — cost
inspection cost per unit normal customers (house) 15,000 15,000 15,000 baht
inspection cost per unit detail-demanding customers (house 1) 0 0 0 baht
queue

queue waiting time process 1 (normal customers) 6.37 0 13.69 days

process 2 (detail-demanding
queue waiting time 0 0 0 days
customers)
no. of houses waiting in queue process 1 (normal customers) 0.07 0 2 units
process 2 (detail-demanding
no. of houses waiting in queue 0 0 0 units
customers)

dubcontractor
dubcontractor utilization rate subcontractor group 1 (resource 1) 9.94% 0.00% 100% -
dubcontractor utilization rate subcontractor group 2 (resource 2) 9.87% 0.00% 100% -
no. of active subcontractors subcontractor group 1 (resource 1) 0.2 0 2 persons
no. of active subcontractors subcontractor group 2 (resource 2) 0.1 0 1  persons
no. of times subcontractor was used subcontractor group 1 (resource 1) 4 - - times
no. of times subcontractor was used subcontractor group 2 (resource 2) 1 - - times
total inspection cost subcontractor group 1 (resource 1) 60,000 - - baht
total inspection cost subcontractor group 2 (resource 2) 15,000 - - baht

note: Italic values indicate metrics to monitor for performance evaluation; - = not applicable
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customer books/ join queue

transfers home (queue)

| wait for available . .
inspection &

finishing work

complete

(process 1) Handover

-
I

I

| contractor |
)|

-

| (waiting in queue

Home

2 contractors

. . 15,000 THB/unit
issues identified
2 contractors are o
workload clusters at no customer segmentation max wait time 52.16 days
insufficient — long
quarter-end — overload — mixed complex jobs — customer dissatisfaction
queue
24.49 days 8.64 days 33.14 days 30.62%
Avg. finishing time Avg. wait time total time in system contractor utilization rate

Figure 3 House delivery process before improvement 2 contractors, FIFO queue system.

(Figure 4) LL@mmzmumm\m@uﬁmuﬁqmsﬂi”uﬂ@agﬂl,muﬁ 2 (scenario 2) %uﬁué’i”ummﬂu 398l
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SLULAALAD 24.51 Fu wazdnanisldeudiuimnnannain 9.94 wesidus waz 9.87 wWefidus tnafuyusn

TIAWINLANT 75,000 L9

group A: standard customers (63 units) | 2 contractors | finishing time 6-30 days

transfers home cust.

queue A finishing work (process 1) inspection
»
(FIFO) min 6 / most 20 / max 30 days & handover
cust. books/ group by 2 contractors (resource 1) complete

group B: detail-oriented customers (11 units) | 1 contractor | finishing time 31-45 days

queue B finishing work (process 2)
| &H —
(FIFO) min 31/ most 38 / max 45 days
1 contractor (resource 2)
improved results
18.14 days 24.51 days 0.042 units 9.94%/9.87%

finishing time (],26%) total time in system (| 26%)  WIP reduced from 0.83 (}95%)  balanced utilization rate

Figure 4 House delivery process after improvement — scenario 2:3 contractors divided into 2 groups by

customer type.
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Table 7 Comparison before and after improvement using Arena simulation.

before after improvement  after improvement
comparison ltem trend description
improvement scenario 1 scenario 2
added subcontractors in scenario
no. of subcontractors -
2 3 2 (P1), 1(P2) 1 and splitinto 2 groups in
resource (persons)
scenario 2
equal in both scenario 1 but split
subcontractor usage 60,000 (R1)
75,000 75,000 in scenario 2 split into resource 1
cost - usage cost (baht) 15,000 (R2)
and resource 2
value-added activity
VA time continuously decreasing
duration - VA time 24.49 22.61 18.14
in both improvement scenarios
average (days)
value-added process VA cost equal across all
75,000 75,000 75,000
cost - VA cost total (baht) scenarios
total time decreases in all
average time in system -
33.14 25.48 24.51 (P1), 0 (P2)  improvement scenarios; lowest in
total time (days)
scenario 2
Avg. no. of customers WIP significantly reduced in
in system - WIP 0.83 0.58 0.023 (P1),0.019(P2)  scenario 1 and further reduced in
average (units) scenario 2 (combined)
Avg. no. of customers number waiting reduced in
in queue - number 0.22 0.07 0.0698 (P1), 0 (P2) scenario 1 and slightly reduced in
waiting (units) scenario 2 (combined)
Avg. wait time in
wait time reduced in scenario 1 but
queue - wait time 8.64 2.86 6.37 (P1), 0 (P2)
slightly increased in scenario 2
average (days)
subcontractor utilization reduced in scenario 1
utilization rate - 30.62 18.85 9.94 (P1),9.87 (P2)  and slightly increased in scenario
utilization (%) 2 (combined = 19.927)

note: P1 = process 1 (resource 1); P2 = process 2 (resource 2); VA = value-added; WIP = work in progress; R1 = resource 1;

R2 = resource 2.
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