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Development of Quantitative Decision Support Model for Optimal Form—-Work Based on
Construction Site Type

Kim, Oh—-Hyung', Cha, Hee-Sung®
"Department of Architectural Engineering, Ajou University

Abstract : An optimal selection of form—work is very important in the construction project in terms of construction cost
and duration management, Also, it substantially affects the quality of the structure and the finishing work, However,
in South Korea, the decision making on the selection of form—work has been based on the experience and intuition
of construction practitioners not on the objective data or rational decision—making system. In order to solve the
problem, several types of research on the selection of form—work has been processed, However, they did not consider
the construction site condition, which is one of the most important factors for the selection of form—work, Thus, the
objective of this study is developing the objective decision supporting system considering the site condition, This study
provides the quantitative decision support model for optimal form—work based on construction site type. It is expected
that the decision support model will help the practitioners decide optimal form—work based on the objective data, It will
ameliorate the existing decision making process using experience and intuition, In addition, because the model considers
site—conditions, it will provide more accurate and appropriate decision on the selection of an optimal form—work,
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Fig. 1. Research Flowchart

A+ ol =
AR AFR) T b S SR AERAL] 7]
2ARRA Bl

1) g A

A AR B R el o] LA P P
o= WA ARsle] AMgSHE ARHS YAl B

o), o] 8l 9] 971 el Afolzo] 9A AJstol
A} 7Rs L 241 ATl ARt fastch et
AR ARG 357 A glom ofe Bl Apgsithie =
Fele vie] Balo] £4) gk Wilo] oIt Eat 71530
il akE Ho] vH BAIEe] 9la A el 1l

Zto] Wol Fag S 7 AFY S HoltFig. 2.

stR7MBRIEs| =27 K20 K45 2010 78 5



Fig. 2. Conventional Form Method
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Fig. 3. Euro Form
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Fig. 5. Permanent Cement Mortar Form

Table 1. Analysis of advantages and disadvantages by Form

Division Advantages Disadvantages
. ) + Lack of material recyclabilit
Conventional| * Easy to obtain materials ) ) 4 ) ¥
« Failure of uniform quality
Form « Easy to process . : ‘
) « Skill of Labors is required
method « Low material cost .
» Many construction wastes
« A lot of manpower
« Good recyclability of is needed to Install >
materials Demolish > Transport
Euro « Skill of Labors does not Small parts
Form need much + Quality Failure when
+ Various types of assembly | demolishing the Form
are possible « Risk of demolishing Form
+» Noise caused complaints
+ Take a long time to
assemble the initial Form
System + Low dependence on « High initial investment cost
r manpower compared to Var f
orm Euro Form arious types of .
construction is impossible
« High dependency on T/C
« Manpower savings
« Easy to produce uniform
quality by factory
Permanent | « Easy site space acquisition | *High material costs
Cement with Just—In— Time « Various types of
Mortar Form | « Time saving due to simple | construction is impossible

construction method

« No demolition, Safety,

and no noise
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Table 2. Derivation of Form selection factors

Division Detail Division

a—1. Easy to assembly and demolition (Jung, 2005)

a—2. Easy to processing and production (Lee, 2011)

a—3. Responsiveness to changing dimensions (Lee, 2011)

a—4. Interference with other processes (Jung, 2005)

a a—5. Carrying and Lifting of the Form (Jung, 2005)
Constructability

Dependence of equipment (ex, tower crane)
(Jung, 2005)

Need for work space and construction yard
(Jung, 2005)

a—8. Need for labor skill (Jung, 2005)
b—1. Material cost of Form (Lee, 2011)

Equipment cost for installation and demolition

a—6.

a—7.

b-2.

(Lee, 2011)
b. b3 Labor cost (Input of skilled workers, required number)
Economics " (Lee, 2011)
b-d Accessory material and Temporary construction
" material cost (Shin, 2006)
b—5. Number of Use of the Form (Lee, 2011)
c—1. Quality of concrete surface (Lee, 2011)
=2 Horizontal and Vertical views of the structure
c. " (Shin, 2006)
Quality c¢—3. Deformation of the Form (Kim, 2005)
o4 Frequency of defects after completion of frame
" construction (Shin, 2006)
Safety of workers when installing and demolishing the
d-1.
d Form (Lee, 2011)

Safety d—2. Stability when carrying and lifting the Form (Lee, 2011)
d—3. Structural safety of the Form (Lee, 2011)

e. e—1. Degree of noise and vibration (Lee, 2011)

Envionment | ¢—2. Degree of construction waste (Lee, 2011)

f=1. Possibility of work due to climate change (Lee, 2011)

f. f—2. Initial setting duration (Kim, 2005)
Scheduling

duration of the Form installation of the typical floor
(Kim, 2005)
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Table 3. Classification by Construction site type

Small-scale Middle- Large-scale
Division (Less than 20 | scale (20~60 | (More than 60
billion won) | billion won) | billion won)
Downtown H?rlzowoiiggilindof A B c
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Local | 0 of | - F
downtown complaints (Site type4) | (Site typeb) | (Site type6)
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Table 4. Summery of Expert Survey

T 5to 10 to 15 to More than
10 years 15 years 20 years 20 years
Number of eople | 2 people 9 people 7 people 2 people
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Table 5. Score by Evaluation item

Division | Very poor Poor Average Good Excellent

Score 1 2 3 4 5
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Fig. 6. Survey Results on Formwork method Selection Factors
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Table 6. Pairwise comparisons scale for form selection factors

Importance | Definition Contents

15 Not Experience and judgement are much less
importance | favored one element over another

113 Less Experience and judgement are less
importance | favored one element over another

1 Equal Two elements contribute equally to the
importance | objective

3 Moderate Experience and judgement slightly favor
importance | one element over another

5 Strong Experience and judgement strongly favor
importance | one element over another
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— Process Line

======+; Feedback Line i"“"‘“'""““""““'".
E —
— ;o"nwoﬁ:r;'g‘:: || Cuantitativedatabase from |
Decision Factors | ExpertSurvey as of 2015
= {Updated periodically)
"“---._______--‘J

2. Expert AHP Survey

According to Construction i
Site Condition Survey resultson
Start =s{ specific construction site

| ) condition
shte baset.im:WelgIlt i & AHP Weight
= i=8)

3. Bxpert Survey on Site

Pecullarity Survey results on
L =+ specific construction site
Site Pecullarity Score condition

fretag i luf) & AHP Welght

4, Compute Each Form-Work System
Declsion Scores

* Decision Soore Computing Equation

E3 (Site type AANP Waight;) « Site Peculiarity Scora, x Avg Score of factors; |

!

5. Compare the Decision Scores.
And Make Decision

Fig. 8. Decision Support Model for Form work method based on
Site type

o, 1, 2 S Sheks ghe - tolx] At AE
ZAlel) A% AR} dlold] gl Lol Zsste, o §)
ol 23 F7bA9l AEAA} U AET QRS B
71 ghe) geheel AEEo] e (442l Bete] 5T
Zolet,

245 TARY R F5 AT BHLHS st HYN OAZY XD s

4. AR IE

41 ARIHE AR

& =l AR AR R aadE HESH
all, DAEARS] WY FAF ARIE A8 =3k dkd A
=2 ARIEE GA E2APE AE Sold KA 4™

ZLo g 1A|AQ] AR 72 ol (Table 83 7t}

Table 8. K office building’ Construction outline

Total . ’
’ 2016.12 ~ 2019. 01. ’ Site Site
SRR (25 months) Con%tructlon details Type
ost
Site area 5,601.80u
(1,694.54 py)
c Building | 3,133.28m* « Downtown
onstruction 947.82
scale aea | (478209 | 5o bilion | - Narmow yard .
won H il
Total 38,001 High poss!bmw
Floor area of complaints
Floor B4F, OF
Structure SRC structure
4.2 °|A|‘E I|°-|E':" x-l..?.lgcl ?Edp_}
B AL B type(FAH] 2009~600212] Ff5L, oF

ZAfo] Aashy PYHAIAR] =)o 7 LB S 4= Qi)
o T @i XY o)7L o]2|3t B type @O 544
vigto 2 ok T=E3) B typed o] el 7129},
{Table 9)9] Site Peculiarity Score 18]al AFXE &1}
d 7} vEfElo|HE & =2olA] AR QAR Bl
i sksict.

Table 9. Survey Result for Site peculiarity score

Final performance score by Evaluation Factors based on Site Type
Respondent Cogs}lri;ct- Economics| Quality | Safety | Environment | Scheduling
SM 9 8 8 9 9 10
CE1 9 10 9 9 8 10
CE2 8 10 9 10 8 10
CE3 10 9 8 9 8 10
CE4 10 9 9 10 7 10
PE1 9 10 8 9 8 9
PE2 8 9 8 10 8 10
EE1 8 9 9 10 8 10
ME1 9 10 9 10 8 9
Avg. Score 8.89 9.33 8.56 9.56 8.00 9.78
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Table 10. Final Score of Formwork method of ‘K office building’
construction site

Final performance score by Evaluation Factors based on Site Type

Final

Construct- n ' Environ | score
abilty Economics | Quality | Safety R Scheduling

Form Work

Conventional

6.39 5.54 3.80 | 4.30 | 10.77 7.58 38.4
Form

Euro Form 6.48 5.44 6.01 | 5.10 | 10.40 782 |43
System Form | 11.34 6.77 11.22 | 13.21 | 19.54 4.43 | 66.5

Permanent
Cement Mortar|  11.72 5.24 12.90 | 13.61 | 21.73 8.69 73.9
Form Form
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[Appendix A~D]

Appendix A. Survey result (conventional form method)

B FYH oA RIeeY Y

NO Conventional details 1 2 3 4 5 Score Avg.
Form Response frequency Score
01 Easy to assembly and demolition 11 8 1 0 0 30
7 Easy to processing and production 2 2 3 9 4 71
03 | Responsiveness to changing dimensions 0 0 2 6 12 90
I Constructability Interfgrence Wi‘lhlolher processes 10 9 2 0 0 34 44.38
05 Carrying and Lifting of the Form 12 9 1 0 0 33
06 | Dependence of equipment (ex, tower crane) 10 6 2 1 1 37
T Need for work space and construction yard 10 6 2 1 1 37
08 | Need for labor skill 17 3 0 0 0 23
09 Material cost of Form 0 0 1 7 12 91
T Equipment cost for installation and demolition 0 0 1 2 17 96
11 |  Economics Labor cost (Input of skilled workers, required number) 13 6 1 0 0 28 55
T2 | Accessory material and Temporary construction material cost 11 7 2 0 0 31
13 | Number of Use of the Form 11 9 0 0 0 29
14 Quality of concrete surface 1Al 7 2 0 0 31
T . Horizontal and Vertical views of the structure 1 8 1 0 0 30
— Quality - 28.25
16 Deformation of the Form 12 7 1 0 0 29
? Frequency of defects after completion of frame construction 17 3 0 0 0 23
18 Safety of workers when installing and demolishing the Form 15 4 1 0 0 26
19 | Safety Stability when carrying and lifting the Form 10 8 2 0 0 32 | 2867
S 20 | Structural safety of the Form 13 6 1 0 0 28
21 Environment Degree of noise anq vibration 15 5 0 0 0 25 46.60
22 Degree of construction waste 15 5 0 0 0 25
23 Possibility of work due to climate change 17 3 0 0 0 23
7 Scheduling Initial setting duration 1 1 4 5 9 80 61
7 duration of the Form installation of the typical floor 1 1 4 5 9 80
Appendix B. Survey result (Euro form)
NO Conventional details 1 2 3 4 5) Score Avg.
Form Response frequency Score
01 Easy to assembly and demolition 8 7 4 1 0 38
? Easy to processing and production 1 2 8 5 4 69
T Responsiveness to changing dimensions 0 3 5 10 2 71
I Constructability Interference with other processes 5 8 6 1 0 43 45
05 Carrying and Lifting of the Form 8 9 3 0 0 35
T Dependence of equipment (ex, tower crane) 8 7 3 2 0 39
o7 | Need for work space and construction yard 6 9 3 1 1 42
08 | Need for labor skill 17 3 0 0 0 23
09 Material cost of Form 0 1 4 9 6 80
T Equipment cost for installation and demolition 0 0 1 3 16 95
T Economics Labor cost (Input of skilled workers, required number) 9 10 1 0 0 32 54
? Accessory material and Temporary construction material cost 12 6 2 0 0 30
13 | Number of Use of the Form 7 13 0 0 0 33
14 Quality of concrete surface 2 8 9 1 0 49
E Quality Horizontall and Vertical views of the structure 3 7 9 1 0 48 4475
16 Deformation of the Form 2 7 11 0 0 49
17 | Frequency of defects after completion of frame construction 10 7 3 0 0 33
18 Safety of workers when installing and demolishing the Form 12 6 2 0 0 30
T Safety Stability when carrying and lifting the Form 9 6 5 0 0 36 34
T Structural safety of the Form 7 10 3 0 0 36
21 . Degree of noise and vibration 12 7 1 0 0 29
———  Environment - 45
22 Degree of construction waste 1 3 10 6 0 61
23 Possibility of work due to climate change 17 3 0 0 0 23
24 | Scheduling | Initial setting duration 0 1 4 6 9 83 63
05 | duration of the Form installation of the typical floor 0 1 4 6 9 83
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Appendix C. Survey result (System form)

NO Conventional details 1 2 \ 3 \ 4 5 Score | AVE:
Form Response frequency Score
01 Easy to assembly and demolition 0 1 5 6 8 81
T Easy to processing and production 0 0 3 9 8 85
T Responsiveness to changing dimensions 10 6 3 1 0 35
T - Interference with other processes 0 0 2 11 7 85
——— Constructability - — 78.78
05 Carrying and Lifting of the Form 0 0 3 9 8 85
T Dependence of equipment (ex, tower crane) 0 0 3 7 10 87
T Need for work space and construction yard 0 0 2 8 10 88
08 | Need for labor skill 0 0 3 10 7 84
09 Material cost of Form 6 9 4 1 0 40
T Equipment cost for installation and demolition 15 4 1 0 0 26
T Economics Labor cost (Input of skilled workers, required number) 0 0 1 10 9 88 67.20
172 Accessory material and Temporary construction material cost 0 0 1 7 12 91
13| Number of Use of the Form 0 0 0 9 1 91
14 Quality of concrete surface 0 0 2 9 9 87
T ) Horizontal and Vertical views of the structure 0 1 7 9 3 74
— Quality - 83.50
16 Deformation of the Form 0 0 2 11 7 85
? Frequency of defects after completion of frame construction 0 0 1 10 9 88
18 Safety of workers when installing and demolishing the Form 0 0 1 10 9 88
T Safety Stability when carrying and lifting the Form 0 0 2 8 10 88 88
7 Structural safety of the Form 0 0 1 10 9 88
21 . Degree of noise and vibration 0 1 3 8 8 83
———  Environment - 84.50
22 Degree of construction waste 0 0 1 12 7 86
23 Possibility of work due to climate change 17 3 0 0 0 23
7 Scheduling Initial setting duration 5 9 5 1 0 42 35.67
TS duration of the Form installation of the typical floor 5 9 5 1 0 42
Appendix D. Survey result (Permanent cement mortar form)
NO Conventional details 1 2 ‘ 3 ‘ 4 5 Score Avg.
Form Response frequency Score
01 Easy to assembly and demolition 0 0 5 7 8 83
? Easy to processing and production 0 0 0 8 12 92
W Responsiveness to changing dimensions 15 4 1 0 0 26
T . Interference with other processes 0 0 1 7 12 91
——— Constructability - — 81.38
05 Carrying and Lifting of the Form 0 0 2 9 9 87
T Dependence of equipment (ex, tower crane) 0 0 1 7 12 91
7 Need for work space and construction yard 0 0 1 8 11 90
W Need for labor skill 0 0 1 7 12 91
09 Material cost of Form 12 6 2 0 0 30
T Equipment cost for installation and demolition 17 3 0 0 0 23
T Economics Labor cost (Input of skilled workers, required number) 0 0 0 7 13 93 52
172 Accessory material and Temporary construction material cost 0 0 0 6 14 94
13| Number of Use of the Form 20 0 0 0 0 20
14 Quality of concrete surface 0 0 0 3 17 97
T ) Horizontal and Vertical views of the structure 0 0 0 6 14 94
— Quality - 96
16 Deformation of the Form 0 0 0 4 16 96
? Frequency of defects after completion of frame construction 0 0 0 3 17 97
18 Safety of workers when installing and demolishing the Form 0 0 1 8 11 90
T Safety Stability when carrying and lifting the Form 0 0 2 7 iR 89 90.67
TO Structural safety of the Form 0 0 0 7 13 93
21 ) Degree of noise and vibration 0 0 1 6 13 92
—  Environment 94
22 Degree of construction waste 0 0 0 4 16 96
23 Possibility of work due to climate change 16 4 0 0 0 24
T4 Scheduling Initial setting duration 0 0 0 7 13 93 70
25 | duration of the Form installation of the typical floor 0 0 0 7 13 93
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