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Quantified Evaluation on the Qualitative Criteria for the Selection of

Appropriate Concrete Slab Form-works for Residential Buildings
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Abstract

The form-work operation of concrete structures is a major element determining the period and cost of construction
projects. However, the selection of the appropriate form-work system is dependent on the experience of the site
personnel only. In this paper, existing methods (Aluminum form, Sky deck) and new slab form-work methods (AFB:
Aluminum panel Form with dropping Beam) were selected. Each method was estimated by means of Delphi
techniques based on the qualitative analysis data. This paper suggests an evaluation methodology of slab form-work
application in construction sites by calculating qualitative evaluation scores. The methodology finding quantified
scores of qualitative criteria can be available to be applied to other construction operation evaluation methods.

Keywords : Slab Form, Delphi Technique, Residential Building, Aluminum Form, Sky Deck, Aluminum Panel Form With Dropping Beam
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Quantified Evaluation on the Qualitative Criteria for the Selection of Appropriate Concrete Slab Form-works for Residential Buildings
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Table 1. Frequency analysis in the 1% delphi analysis (1)

Frequency fs
Criteria —_—fy fo -
12345 fu
Labor costs 0 17 910 11918
Material costs 0 2 31111 22220
Economic )
feasibilty Equipment costs 5 310 5 4 8 9 1
Form reusable costs regardin
e aimbor of Stoly 9 10 11411 12524
Additional costs, for form
installation regarding the level 1 3 11 6 6 412 8
height
Form productions and
gssembling 2 2 6 413 417 13
) Bindings of walls and forms 1 8310 8 5 413 9
Practical
applications  Form a Iications e ardin
PRlor fypes 2492 17 9 8 317 14
Form applications regardin:
ppuc etypeg 3 1 1 613 6 21917
Operatlon tlr}?go;gavmgs per 0 1 11015 12524
Planning Installation and dismantlement 0 2 6 12 7 2 19 17
Arrangement_and delivery of
g oS i 0 511 8 3 511 6
Safety of laborers 0 2 2 914 22321
Safety Cleanness around working 3 3911 1612 6
areas
Security of working area 1 2 811 5 31613
Quality of concrete surface
) atter dismantlement 0 02817 0252
Quality
Repair of defective areas 0 1 614 6 12019
Noise during installation and
g aane 0 211 6 8 21412
Environment Vltalrggln%nnsﬂed#gﬂ 0 41011 2 413 9
Wastes after operations 11010 4 111 5-6
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Quantified Evaluation on the Qualitative Criteria for the Selection of Appropriate Concrete Slab Form-works for Residential Buildings
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Table 2. Frequency analysis on the additional criteria in the o
delphi analysis

Frequency
Criteria — fu
123 45

fo
fu

Costs of the attached and
temporary materials

Economic

feasibility 002120

0 1212

Disposal of fillers in

dismantlement 00455

0 1010

Practical
application
S

Installation and dismantlement

0 1
of corner areas

6 7 0 1

Securing horizontality of slab

00725
forms

0
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Table 3. The rank of criteria

Ranks Criteria Mean S.D.
Quality of concrete surface after
1 dismantlement 4.56 0.641
2 Operation time savings per floor 4.44 0.751
3 Safety of laborers 430 0912
Form reusable costs regarding the
4 number of story 4.26 0.859
5 Material costs 4.15 0.907
6 Disposal of fillers in dismantlement 4.07 0.829
7 Labor costs 4.04 0.898
8 Securing horizontality of slab forms 4.00 0.949
9 Repair of defective areas 3.93 0.781
10 Installation and dismantlement 3.89 0.892
11 Form productions and assembling 3.89 1.311
12 Costs Qf the attached and temporary 386 0.363
materials
13 Installation and dismantlement of 386 0.646
corner areas
Form applications regarding structure
14 types 3.81 0.962
Noise during installation and
15 dismantlement 3.74 0.984
Form applications regarding floor
16 types 3.74 1.163
17 Security of working area 3.63 1.006
Additional costs for form installation
18 regarding the level height 348  1.087
19 Bindings of walls and forms 348 1.051
20 Vibrations during dismantiement 3.41 0.844
21 Arrangement and delivery of forms 333 0920
29 Cleanness around working areas 3.15 1.064
23 Equipment costs 3.00 1.301
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Table 4. The 3" entry for the delphi reorganization
Criteria
Installation
costs Labor costs
Equipment Material costs
and. Equipment costs
material
costs Costs of the attached and temporary materials
Form reusable costs regarding the number of
Practical story
application
costs Additional costs for form installation regarding the
level height
Form productions and assembling
Bindings of walls and forms
Form applications regarding floor types
W.orklng Installation and dismantlement of corner areas
efficiency
Form applications regarding structure types
Disposal of fillers in dismantlement
Securing horizontality of slab forms
Operation time savings per floor
Planning Installation and dismantlement
Arrangement and delivery of forms
Safety of laborers
Safety Cleanness around working areas
Security of working area
Quality of concrete surface after dismantlement
Quality
Repair of defective areas
Noise during installation and dismantlement
Environment

Vibrations during dismantlement
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Quantified Evaluation on the Qualitative

Criteria for the Selection of Appropriate Concrete Slab Form-works for Residential Buildings

Table 5. The results of the 3™ and 4" delphi analysis

Aluminum Form SKY Deck AFB
Criteria Agreement Agreement Agreement
Mean S.D. Mean S.D. Mean S.D.
(less than 1) (less than 1) (less than 1)
'”Séi”;;'on Labor costs 314 053 0.25 320 047 1.00 314 036 0.00
Equipment ~ Material costs 2.79 0.43 0.25 1.64 0.84 1.00 2.07 0.27 0.00
and Equipment costs 3.00 0.39 0.00 3.07 0.47 0.00 3.00 0.39 0.00
material
costs | Costs of the attached and temporary 307 062 0.25 221 043 025 243 051 1.00
materials
. Form reusable costs regarding the 407 047 0.00 393 047 0.00 393 047 0.00
Practical number of story
applications Addmongl costs for form installation 321 043 025 3.07 027 0.00 3201 043 025
regarding the level height
Form productions and assembling 3.57 0.51 1.00 3.50 0.65 1.00 3.64 0.74 0.25
Bindings of walls and forms 3.86 0.66 1.00 4.00 0.39 0.00 4.00 0.39 0.00
Form applications regarding - floor 364 063 1.00 243 065 1.00 379 043 025
types
Working - Installation and dismantiement of 357 094 1.00 379 070 025 400 039 0.00
efficiency corner areas
Form applications regarding structure 364 050 100 314 0.36 0.00 357 051 100
types
Disposal of fillers in dismantlement 3.57 0.94 1.00 3.86 0.36 0.00 4.21 0.58 1.00
Securing horizontality of slab forms 3.43 0.65 1.00 3.43 0.85 1.25 343 0.76 1.00
) ) ) 443 0.94 2.00
Operation time savings per floor o464 5063 100 3.93 0.47 0.00 457 0.65 1.00
Planning | nstajiation and dismantiement 343 065 1.00 33 050 1.00 33 050 1.00
Arrangement and delivery of forms 3.14 0.53 0.25 3.29 0.47 1.00 343 0.51 1.00
Safety of laborers 3.00 0.00 0.00 3.36 0.50 1.00 3.36 0.63 1.00
Safety Cleanness around working areas 3.64 0.84 1.00 3.86 0.53 0.25 3.86 0.53 0.25
) ) 3.79 0.80 1.25
Security of working area 3.29 0.61 0.25 3.50 0.65 1.00 >371 5073 >1.00
Quality of concrete surface after 357 065 1.00 371 047 1.00 371 047 1.00
Quality dismantlement
Repair of defective areas 357 0.51 1.00 3.57 0.51 1.00 3.71 0.47 1.00
NO.ISG during installation and 207 062 025 293 0.62 025 3.29 1.38 3.00
Environment dismantlement ->343  —>0.85 ->1.00
Vibrations during dismantlement 229 0.73 1.00 3.14 0.53 0.25 4.36 0.50 1.00
Sum 77.20 - 76.01 - - 81.92 - -
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Table 6. Hierarchy for AHP analysis

Criteria

Productivity Production rates

Labor costs Labor costs

Material costs

Equipment i
ang ! Equipment costs

- material
Quantitative costs
criteria Costs of the attached and temporary
materials
Form reusable costs regarding the
Practical number of story
application
costs Additional costs for form installation
regarding the level height
Form productions and assembling
Bindings of walls and forms
Form applications regarding floor types
Working Inés}ggastlon and dismantlement of corner
efficiency
Form applications regarding structure
types
Disposal of fillers in dismantlement
Securing horizontality of slab forms
Operation time savings per floor
Qgﬁ{gﬂg’e Planning Installation and dismantlement
Arrangement and delivery of forms
Safety of laborers
Safety Cleanness around working areas
Security of working area
Quality of concrete surface after
) dismantlement
Quality
Repair of defective areas
Noise during installation and
) dismantlement
Environment
Vibrations during dismantlement
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Table 7. Weight on criteria by AHP
Criteria Wis.
Productivity  0.25  Production rates 1.00 0.11
%ggg 0.30 Labor costs 1.00 0.13
Material costs 0.52 0.08
— Eq%l%mem Equipment costs 031 0.05
vantiaive material 035 Costs of the attached
Criteria costs and temporary 0.17 0.03
(0.44) materials
Form reusable costs
) regarding the number of 0.79 0.03
Practical story
applicaton  0.10 -
costs Additional costs for form
installation regarding 0.21  0.01
the level height
Form productions and
asser%bling 0.14 001
Bindings of walls and
o 0.07 001
Form applications
regardl%pg floor types 0.14 001
Installation and
Working 013 dismantlement of 0.14 0.01
efficiency . corner areas
Form applications
regarding structure 0.15 0.01
types
Disposal of fillers in
digmantlement 0.18  0.01
Securing horizontality of
slab fgrms Y 0.18 001
Qualitative Operation time savings
Criteria per floor 061 008
- Installation and
(0.56) Planning 022 "5 iement 0.18 0.02
Arrangement and
deliv%ry of forms 021 003
Safety of laborers 0.56 0.09
Cleanness around
Safety 0.30 Working areas 022 0.04
Security of working area 022 0.04
Quality of concrete
surface after 0.50 0.06
Quality 023 dismantiement
Repair of defective
opar 050 0.06
Noise during installation
and disma%tlement 075 005
Environment - 0.12 Vibrations durin
dismantlememg 025 002
Table 82 UFnlwF &, 27fo] o AFBe| ozt 44
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Quantified Evaluation on the Qualitative Criteria for the Selection of Appropriate Concrete Slab Form-works for Residential Buildings

Table 8. The performance evaluation results on the qualitative
criteria

Aluminum

form Sky deck

AFB

Criteria Wis.

Mean Scores Mean Scores Mean Scores

Form productions

and assembling 0.01

3.57 0.04 350 0.04 364 0.04

Bindings of walls

and forms 0.01

3.86 0.02 4.00 0.02 4.00 0.02

Form applications
regarding  floor
types
Installation and
dismantlement of
corner areas

0.01 3.64 0.04 243 0.02 3.79 0.04

Working 0.01 357 0.04 379 0.04 400 0.04
efficiency
Form applications
regarding structure

types

Disposal of fillers in
dismantlement

0.01 364 0.04 3.14 003 357 0.04

0.01 357 0.05 386 0.05 421 0.06

Securing horizontalit

y
of slab forms 0.01

343 0.04 343 0.04 343 0.04

Qperation time

) 0.08
savings per floor

464 035 393 030 457 034

Installation and

dismantlement 0.02 343

Planning 0.08 336 0.07 3.36 0.07

Arrangement and

delivery of forms 0.03

3.14 0.08 329 0.09 3.43 0.09

Safety of laborers 0.09 3.00 028 3.36 0.32 3.36 0.32

Cleanness around
) 0.04
working areas

Security of working
area

3.64 0.13 3.86 0.14 386 0.14

Safety

0.04 329 012 35 0.13 371 0.14

Quality of concrete
surface after
dismantlement

0.06 357 023 371 024 371 024

Quality

Repair of defective
areas

0.06 357 023 357 023 371 024

Noise during
installation and
dismantlement

0.05 207 010 293 0.15 343 0.17

Environ-

ment ) )
Vibrations during

dismantlement

o

02 229 0.04 314 005 436 0.07

Sum 5792 191 5880 196 64.14 210
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