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Development of Manufacturing Planning for
Multi Modular Construction Project based on Genetic—Algorithm

Kim, Minjung', Park, Moonseo', Lee, Hyun-soo', Lee, Jeonghoon®, Lee, Kwang-Pyo'
"Department of Architecture & Architectural Engineering, Seoul National University

Abstract : The modular construction has several advantages such as high quality of product, safe work condition and
short construction duration, The manufacturing planning of modular construction should consider time frame of
manufacturing, transport and erection process with limited resources (e.g., modular units, transporter and workers).
The manufacturing planning of multi modular construction project manages the modular construction’s characteristics
and diversity of projects, as a type of modular unit, modular unit quantities, and date for delivery, However,
current modular manufacturing planning techniques are weak in dealing with resource interactions and each project
requirement in multi modular construction project environments, Inefficient allocation of resources during multi
modular construction project may cause delays and cost overruns to construction operation, In this circumstance, this
research suggest a manufacturing planning model for schedule optimization of multi project of modular construction,
using genetic algorithm as one of the powerful method for schedule optimization with multiple constrained resources,
Comparing to the result of the existed schedule of case study, setting optimized scheduling for multi project decrease the
total factory producing schedule, By using proposed optimization tool, efficient allocation of resource and saving project
time is expected,
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Fig. 1. Multi Project of Modular Construction Concept
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Fig. 2. Genetic Algorithm Flow Chart (Gilberto C. 2013)
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Table 1. Impact factors of Multi project Modular Construction
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Variable

Relationship

Productivity of

— Productivity is different depending on modular unit
type and number of workers

Sequence of on—

facto
v — Scheduling has to reflect each productivity
-
2 A sequence o . .
28 q : — Productivity is different depending on modular unit
] of producing
< . type and number of workers
modular unit
— Size of storage yard affects to scheduling of
Storage yard o
shipping
Number of Trailer | — Number of trailers for modular unit transport per day
= — Calculate with distance from factory to site and
) . X L
2 Transit Time limited speed
B | (Limited speed, |— When performing multi project of modular
- Distance) construction, distance to the site will be different with
each project
) — Construction must be done by due date of owner's
Duration
request
Erection

— Factory producing sequence is affected by the

o . ) installation sequence of on—site construction

S site construction

[}

= . — Depending on the modular unit type, required

& | Modular unit type | . L

= installation time is different

> Number of — Calculating constructability of on—site installation
workers based on workers

Modular unit — Depending on the project size, required quantity of

quantity modular units are different

Modular factory productivity
JIG changing time
Maximum storage size

Maximum usable trailer
Distance
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Modular Unit Quantity
Installation lead time
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| Objective function Set I
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No
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Fig. 3. Modular Construction Multi Project Factory Producing
Scheduling Model process
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Table 2. Construction Outline

Section Contents

Title of the project | 12 Military Barracks(Modular Construction)

Duration 2013. 06. 24 ~ 2013. 12. 21.
Total Cost 27.31 Billion dollars (Exclude VAT)
Client Defence Intelligence Agency
Architect Haenglim Architecture & Engineering CO.
Location Seoul Gwanak—gu Namhyun—dong 663 and 12 sites
Site Area 53,779.0 m?
Principal use Military facilities
Structure Steel frame construction (Modular construction)

Number of stories | 1~3 Stories (Maximum height : 13.2M)

3x6m 445 EA
3x9m 550 EA / Total 995 EA

Modular unit
Quantity

@ Project location
O Modular Factory

ap

Fig. 5. Project Location
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Table 3. Modular Units Producing and Installation Plan

Site Unit Quantity Producing Modular On-site
3x6 | 3x9 unit / day Installation
Site K 24 - 13/08/01 ~ 13/08/03 13/08/02
Site L 32 - 13/08/04 ~ 13/08/06 13/08/14
Site A 16 10 13/08/07 ~ 13/08/09 13/08/08
Site E—1 38 2 13/08/10 ~ 13/08/13 13/08/20
Site E-2 52 28 13/08/14 ~ 13/08/21 13/09/08
Site D 22 24 13/08/22 ~ 13/08/26 13/09/22
Site G 22 - 13/08/27 ~ 13/08/29 13/08/28
Site H 8 96 13/08/30 ~ 13/09/08 13/09/09
Site M 95 73 13/09/09 ~ 13/09/24 13/10/05
Site J 12 76 13/09/25 ~ 13/10/03 13/10/21
Site | 75 84 13/10/04 ~ 13/10/19 13/10/05
Site F - 44 13/10/20 ~ 13/10/24 13/10/21
Site C - 60 13/10/25 ~ 13/10/30 13/10/26
Site B 72 24 13/10/31 ~ 13/11/09 13/11/01
Total 468 521 13/08/01 ~ 13/11/09 -
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2013-08-01[ 8 0 8 0 0 0 0 0 0 [l o[o|ofofoJo[oJo|]oJoJo|of[o]|o]JoJofo[o[ofo[ofoJof[o[o]ofofof[0o]0] o
2013-08-02| 8 0 8 0 0 0 0 0 0 0 0|/o0jJofojofo|oJo|o]Jofjo|o|O|OJo|o|oJo|jofo[ofofo[0j0|O|OfO|O]O 0
2013-08-03 0 8 0 0 0 0 0 0 0 0|/ojofojJofOo|OJoO|oO]JofO|O|O|Ofo|o|oJO|OfO[OfOfO[0O|O|O|O|O|O]O 0
2013-08-04 [ 12 0 12 5 4 9 5 4 10 ] 0|/ojofjojofojOoOjo|ojJojojO|JO|OJojo|ojojoOjOjOfOjOfO|OjOjOjO|O]O 0
2013-08-05] 10 | o 10 8 ] 8 8 0 8 W o (o[ 7[ofofofoJoflo]oJo[o]of[ofoloJof[3]2]o]o]s[1]2]o]1]o]o]of4a] &5
2013-08-06| 10 0 10 4 4 8 3 4 8 0 0] 0 8 0 0j0oj0}joO 0 0ojo|o 0 0 |4|1|3|0|0|O|1[9fj0|0|OfO|OjO]|Of0O 4.5
2013-08-07| 8 [ 8 8 2 10 9 0 9 0 0|o0|9|0jJofOo|OjJOo|O]JOjO|O|O|OJfO|O|1|O[OfO[1[2]1[4|1|0|0|0|0]|6 7
2013-08-08| 8 0 8 8 0 8 17 0 17 0 0|o0jofojofO|OJOo|O]JOoOjO|O|O|Ofo|Oo|oJO|OfO|OfOfOf0O|O|O]|O|O|O]O 0
2013-08-09( o0 10 10 8 o 8 25 0 25 0 0|/ojofojofO|jOjJO|O]JOjO|O|O]|OJojo|ojOojOfOjOfOfO[0|0O|O|0O|O|O]O 0
2013-08-10] 10 | © 10 9 ] 9 34 0 34 [ o [ofofJofoJo[oloJo[oJo]o[o]o]o[ofolo[o]oJofoJole]oJofo]olofo] o
2013-08-11] 10 | © 10 9 [ 9 43 0 43 [ o[ofofJofoJo[oloJo[oJo]o[o[o]Jofo[olo[oloJofoJole]oJofe]olofo] o
2013-08-12| 10 0 10 8 ] 8 51 0 51 0 0|0]O0 0 @ @] @ 0 00| 0 0 0 |ojofjo|O|0jO|0OfOfO|0O|O[0|O|0O|Of0O 0
2013-08-13| 8 2 10 9 0 9 60 0 60 0 0|/o0jJofojJofo|OoOJo|oOo]Jofjo|Oo|O]|OJfojoJoJjojofojofofofojO0jOjOfO0|O]O 0
2013-08-14| 10 0 10 2 8 10 5L 8 61 2 0|4]0 0 0 0j0]oO 0 0j]0]| o0 0 0 J4|2|3]0f1j0|1f11f0|0j0f0|Oj0]|OfO 5.5
2013-08-15| 10 0 10 0 10 10 40 18 62.5 0 0|s5jofjfojofojoOojofjojojojOo|O|Of3]|0|3]2f1f1]1f11j0f0|0|OjO|O|O]O 5.5
2013-08-16] 10 | © 10 6 5 11 36 23 [ 6475 MO 0 | 6 [o[oJo[oJolo[o]oflo[o]|of[ofz]of3[2]2]1]ofi0fo[o[ofo]o]o[0]0 5
2013-08-17] 10 | © 10 8 E] 11 44 26 765 MM o [oJofJofofoJoJoloJoJo[o[olofoJo[o[oloJo]oJo]ofo]olo]olofofo] ©
2013-08-18] 10 | © 10 9 2 11 53 28 88 [ o[ofofJofoJo[oloJof[oJoJo[o]o]o[ofolo[oloJofoJolo]oJofololofo] o
2013-08-19] 2 ] 10 6 5 11 59 33 (10025 o[ ofofoJofoJoloJoJolo[o[|of[ofolofo[oloJololofofo]olofolofofo] o
2013-08-20( o0 10 10 7 4 11 56 37 102.25 [ 0O|/o0Jof10jof[O0o|O0OjJoOoO|oO]Jofjo|O|O]|OJf4|3|3]/0j0fjo[0fi0j0o[0j0|O0jO[O0|O]|O 5
2013-08-21| © 10 10 7 4 11 53 41 104.25 [y 0oj|O0]Jof11] o0 oj|0]oO 0 0j]0| o0 0 0|1|3|2]4|0|0|0l0jO|0|0[O|O|O]|OfO 5
2013-08-22| 10 0 10 7 4 11 50 45 106.25 Y 0|0]J]of12]0]|0 |00 0 0jo0o| o0 0 0 ]2[|3|1]2[|1|1]|0(10j0|0|0[0|O|0]|Of0O 5
2013-08-23| 10 0 10 5 6 11 47 49 108.25 [y 0j|o0]J]of13]o0]j0|O0fO 0 0jo]o0 0 O J1j1f2]of1]2]|1|8j0j0j0f0j2]|0]|0f2 6
2013-08-24] 2 8 10 7 4 11 54 53 [12025 M o0 [o|o[ofoJo[ofoJo[oJoJo[o]o]Jo[ofolo[oloJofoJo]e]ofofo]olo]o] o
2013-08-25[ 0 | 10 10 6 5 11 60 58 | 1325 @M oJo|of[oJoJo[oJoJoJoJoJo[o]ofJoJofo[o[ofoJofoJofe]oJofoJo]oJo] o
2013-08-26( © 10 10 5 6 11 65 64 145 0 o|j0jofojofO|OJO|O]JOjO|O|O|Ofo|o|oJOjOfO|OfOfO[O|O|O]JO|O|O]O 0
2013-08-27| 8 0 8 7 4 11 64 68 149 7 0|o0jofojofO0O|27|0|0]J0fjO|O|O]|O/f4|0|4|0|0fO[O[8|O[0|O0|O|O|O|O]O 4
2013-08-28| 8 0 8 9 2 11 65 70 1525 o|o0jofoOojoOofO|28|0|0]JO0OfjO|O0O|O|Of1|0|0|4|2|0|1|8f0fj0j0|OjOjO|O]O 4
2013-08-29| 6 0 6 10 2 12 69 72 159 0 0|0]O 0 0| 0|29 0 0 0]0]| 0 0 0]2|0|3]|0[1|0|0|6f{0|0|0[0|0|0|OfO 3
2013-08-30] 8 ] 8 3 11 77 65 (15825 %W o [ o[ ofoJofoJolo[o]oler[o[|of[ofololo[olofolofol2]5T2]1]e]oofi0] 10
2013-08-31| 0 10 10 3 Y 10 76 66 1585 Y 0|/ojJofoJo[o|O0O]JoOo|oO]o(f62| 0] O] O0fo0|0|0|1/0f1[2[4]1[4]1|0|0|0|0]|6 8

Fig. 7. Manufactory Planning Model on Excel
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Table 4. Derived Modular Units Producing and Installation Plan

Site 3X6 MquIar unit 3X9 Mo_dular unit On—sit_e
Producing / day Producing / day Installation
Site K 13/09/26 ~ 13/10/01 - 13/09/30
Site L 13/08/06 ~ 13/08/10 - 13/08/14
Site A 13/08/04 ~ 13/08/06 | 13/08/04 ~ 13/08/07 13/08/05
Site E—1 | 13/08/10 ~ 13/08/17 | 13/08/14 ~ 13/08/14 13/08/20
Site E-2 | 13/08/30 ~ 13/09/15 | 13/09/01 ~ 13/09/04 13/09/08
Site D 13/09/18 ~ 13/09/25 | 13/09/18 ~ 13/09/22 13/09/22
Site G | 13/08/17 ~ 13/08/20 - 13/08/28
Site H 13/09/15 ~ 13/09/18 | 13/09/04 ~ 13/09/18 13/09/09
Site M 13/10/01 ~ 13/10/16 | 13/09/28 ~ 13/10/12 13/10/04
Site J 13/10/17 ~13/10/24 | 13/10/12 ~ 13/10/24 13/10/17
Site | 13/08/20 ~ 13/08/30 | 13/08/14 ~ 13/09/01 13/09/07
Site F - 13/09/22 ~ 13/09/27 13/09/23
Site C - 13/10/25 ~ 13/10/31 13/10/26
Site B 13/10/26 ~ 13/11/09 | 13/10/26 ~ 13/11/09 13/11/01
Total 13/08/04 ~ 13/11/09 | 13/08/04 ~ 13/11/09 -
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Modular Factory Manufacturing Schedule

62

Modular Unit Size] LINE1 LINE2
Date 3x6 3x9 1(12|3|4|5|6|7|[8|9]|10(11|12]1]|2|3|4(|(5(|[6]|7]|8]|]9]10
2013-08-04 5 4 A4 | A4 A5 | A5 | A4 Al1{ A9 | A9 | AB
2013-08-05 8 0 A3 |A1| A1 | A3 [ A7 | A1 | A3 | Al
2013-08-06 4 4 A2 | A3 | A7 | L1 A10[ A9 | A9 | A9
2013-08-07 8 2 LB|L2{L2{l3|L|L|{L7]|L3 A9 | A8
2013-08-08 8 0 Ls|L1|L5|L3|L6|L4|L7|LI
2013-08-09 8 0 L3(L3|L1|L1|L4|L3|Ls(L1
2013-08-10 9 [i} 4| 3(L{L1|L6|L3[L4[E1|E3
2013-08-11 9 0 El |E2|E3|E3|E2|El|El|E2|E4
2013-08-12 8 0 E3|E2|E4|El |E2|E4 |E3|E2
2013-08-13 9 0 E4 | E1 |E2 |E4 | E3 | E5 [ E4 | E6 | E1
2013-08-14 7! 8 E2 E12|E12
2013-08-15 0 10 B(NO| @[ |10 19 (N9 |I1B]|19
2013-08-16 6 5 E2 |E3|E1|E3|E5|E6 EERERRERRERL
2013-08-17 8 3 E6 | E7|G1|G3|G3|G1|G1|G3 18 |110] 18
2013-08-18 9 2 G3|G1|G4|G4|G7|G4|G4|G5| Gt 110] 19
2013-08-19 6 5 G5|G3|G5|G1|G3|G3 19|18 |10 18110
2013-08-20 7/ 4 Gl|17|16 |14 [17]16]14 8|80
2013-08-21 i) 4 B|I5|15[15]4|14]16 110 18 | 18 | 110
2013-08-22 7} 4 7116171541514 Mo 18|18 (110
2013-08-23 5 6 4 (1611 13|17 1o 18|18 |110|110]| 18
2013-08-24 7 4 4164|1416 [011][I13 110 18 110 I8
2013-08-25 6 5 4]15[15]15]14]16 110 18 [110] 18 | 110
2013-08-26 5 6 Blw6|1n|5|14 18 [110] 18|18 (110|110
2013-08-27 7 4 B|I5|15]|16]4|14)14 18| 18|110|110
2013-08-28 9 2 e |4 |46 |11 [13|14]I15]I5 18|18
2013-08-29 10 2 B4 6[13]6|11]|I5[14]I15]I15 110|110
2013-08-30 8 3 I5|16[14]|14|E4[E3[E4]|E2 18 {18[110
2013-08-31 3 7 El | E4 | E4 110 18 110 18 | 110 18 [ 110
Fig. 9. Modular Unit Manufacturing Sequence Chart
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Fig. 12. Factory Productivity (Existing Plan)
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