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Abstract

This research aims to investigate the factors affecting the adoption of prefabrication
system of construction related to personnel. This study used Everette M. Roger's (2003) ‘The
Diffusion of Innovation Theory’ as a framework for investigating the adoption of innovation. The
researcher studied the development of the prefabrication system and the factors affecting its
adoption. This can be classified into four factors: 1) characteristics of innovation, 2)

communication channels, 3) management support; and 4) environmental factors

To study the factors affecting the adoption of prefabrication system the researcher
collected data by mailing 160 questionnaires to construction related personnels in different
construction firms, government organizations and state enterprises. Most questionnaire
respondents resided in Bangkok and its surrounding provinces, and Chiang Mai province. They
were building designers, foremen, building owners, or contractors. After the questionnaires were
completed, the responses were analysed using SPSS software. The research results were then

presented.

According to the data analysis, the architects and engineers, aged between 25-45 years
old, who worked as a building designer for 6-10 years played a key role in construction direction
setting, prefabrication system adoption as major or minor parts of the buildings, and building
design program setting. At present, the level of prefabrication system adoption was Mean = 3.58,
S.D. = 0.47. In the adoption of prefabrication system, the lowest mean was Trial (Mean = 3.26,
S.D. = 0.86) and the highest mean was Evaluation (Mean = 3.84, S.D. = 0.62). This show that
Pollution reduction, Construction schedule and Construction Cost were different with the
reinforced concrete system, Experience with the adoption of precast concrete products (beam,
column and floor) was also not popular. However, it was considered high in terms of
understanding and adoption level. Thus, to accelerate the development of the prefabrication
system industry, entrepreneurs must provide knowledge to, and co-operate with the architect and

engineering designers.



The factors affecting the adoption of prefabrication system can be ranked from the
factors with the most affect to the factors with least. There are four main factors including
characteristics of innovation, communication channels, management support, and environmental
factors. It was revealed that skills and trainings on prefabrication systems were very important for

their adoption because they would help reducing the problem of skilled labor shortages.

This research suggests that the prefabrication system must be designed to be easily and rapidly
installed with no leftover materials, in order to avoid impacts on the environment. The
construction projects, with a number of duplicate buildings, were opportunities for the use of the
prefabrication system. However, every part of the prefabrication system must be certified to

Industrial Standards or ISO in order to increase the confidence level of consumers or designers.
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WA 2.1 The Crystal Palace, London.

nu: Colquhoun (2006)
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PCI STANDARD BUILDING CODE
fOR PRESTRESSED CONCRETE
PRESENTED FOR REVIELL

Copies of our tentative Building Code have been distributed
to our membership and to registrants at the PCI Fifth Annual
Convention. Constructive criticism is now invited. It is suggested
that all discussion and criticism be made clear and concise and
referred to the respective sections of the Code. They should be
sent to the Committee Chairman, Professor T. Y. Lin, with mini-
mum of two duplicates, to his address listed below. Seven copies
are preferred if convenient. Closing date for their acceptance
is March 1, 1960. Copies have also been sent to members of the
Federation Internationale de la Precontrainte for their review
and comment.

The committee intends to revise and publish the Code in
its final form, based on constructive criticism received.

Correspondence should be addressed to Professor T. Y.
Lin, Chairman PCI Standard Building Code Committee, Engi-
neering Materials Library, University of California, Berkeley 4,
California.

NN 2.3 W1AT 91U PCI Standard Building Code for Prestressed Concrete 1959, ACI Building

code 1963; 31 : Thomas (2003)

MNN 2.4 Philadelphia Police Administration Building

111 : Brookes and Meijs (2008)
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dl.1 288%* 149 207F% | 250%% [ 247%k | D48%k | De8** | 304** | 275%* .196* 208*%* [ 288** [ 305%* | 409%F | 271%F | 205%* | 384%* | 300%* | 282%* | 456%* | 347%F | 433k | 453 1
dl.2 300%* | 279%% [ 274%% | 297%k | 320%* | 328%* | 284%k | D61%F | 338F* | 207** | 206%*F | 322%* | 376%* | 462** .183* 200%% | 4230k | 385K [ 434%% | 463%* | 397*k | 546%* | 435%* | 700** 1
d2.1 322%F | 3T1RE | 241%% | 240%* | 253%% | DR7* | 37F* | 397k | 348k* | 27R** [ D01** | 430%* | 473%* | 356%* 175% 303%% | 324%% [ 273%% | 353%* [ 450%* | 371¥* [ 498%* | 365%* [ 651** | 645%* 1
d2.2 191% .182% 263%% [ 270%* | 270%* | .246%*F | 241*%* | 390%* [ 346%* | 335%% [ 265%f | 207** [ 398%* | 3[9** .133 191* 204%% | 207*F* | 320%* | 346%* | 322%* | 399%* | 420%* | 607** | .566%* | .685%* 1
d3.1 206%*% | 514%* 178% 253%* 144 279%% | 338%* | 217*F | 420%* .137 279%% | 474%* | 495%% | DR4** 025 167 290%*% | 376%* | 372%* | 371%* | 226%* | 277 .055 A406%* | S12%* | S12%* | 426** 1
d3.2 A2THE | 325%* 047 .194% 088 186 A71% 109 316%* 104 B11%% | 310%* | 289%* [ 288** 178% .183* 253%% | 253%% | 232%k | 370%* | 22]%* | 248** .188* 212%F | 413%% | 350%% | 244%* | 537%% 1

** Correlation is significant at the 0.01 level (2-tailed).

* Correlation is significant at the 0.05 level (2-tailed).
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4 a o a < U
ms1eh 1 msanszianuAariuvesdaeunuuaenagld F-test nazuanaungueiy

Item (5% ¢) | Sum of Squares df F Sig.
Al 0.02 2 0.12 0.98
Al1.2 0.13 2 0.09 0.91
Al3 0.22 2 0.14 0.86
A2.1 8.09 2 4.13 0.01
A2.2 5.27 2 2.95 0.05
A23 4.1 2 2.76 0.06
A3.1 2.23 2 1.38 0.25
A32 0.37 2 0.39 0.67
A33 1.06 2 0.60 0.54
Ad.1 12.49 2 3.89 0.02
A4.2 4.46 2 1.34 0.26
A4.3 3.58 2 2.46 0.08
AS.1 4.17 2 3.11 0.04
AS5.2 1.12 2 0.98 0.37

99




4 a 4 a ] v
M1 2 MsAATIzEANAATUYeIdRo UL Taeld F-test nazuenauszaumsAny

Item (5% ¢) | Sum of Squares df F Sig.
Al 0.95 1 1.15 0.28
Al.2 2.75 1 3.79 0.05
Al3 0.53 1 0.68 0.41
A2.1 6.95 1 7.09 0.00
A2.2 0 1 0.01 0.91
A23 0.56 1 0.74 0.39
A3.1 8.57 1 11.25 0.00
A3.2 1.21 1 2.62 0.10
A33 2.73 1 3.14 0.07
A4.1 1.28 1 0.77 0.38
A4.2 0.29 1 0.17 0.67
A4.3 3.23 1 4.45 0.03
AS.1 1.38 1 2.02 0.15
AS5.2 0.46 1 0.81 0.36
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Item (3 ﬁﬁ) Sum of Squares df F Sig,
Al.l 6.98 4 2.19 0.07
Al.2 7.13 4 2.51 0.04
Al3 2.61 4 0.84 0.50
A2.1 5.53 4 1.37 0.25
A2.2 8.03 4 2.27 0.06
A23 2.57 4 0.84 0.50
A3.1 3.25 4 1.00 0.41
A3.2 7.69 4 448 0.00
A3.3 2.18 4 0.61 0.66
A4.1 5.26 4 0.79 0.54
A4.2 4.18 4 0.62 0.65
A4.3 4.61 4 1.58 0.18
A5.1 6.55 4 2.47 0.05
A5.2 5.14 4 2.33 0.06
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3 a J a < J 1
M 4 msannzianufamiuvesdaovunudeuTasld F-test uazuonaungues

s o { A o '
']Jigﬁ‘]Jﬂ"limﬂ”lﬁTlN"luﬁLﬁﬂ'J‘{Jj’fNﬂ‘]Jﬂ"Iiﬂﬂﬁ%)N

Item (3 ﬁﬁ) Sum of Squares df F Sig,
Al.l 0.55 4 0.17 0.96
Al.2 2.00 4 0.67 0.61
Al3 4.00 4 1.30 0.27
A2.1 0.77 4 0.19 0.95
A2.2 2.61 4 0.71 0.59
A23 6.77 4 2.30 0.06
A3.1 4.97 4 1.56 0.19
A3.2 0.42 4 0.22 0.93
A3.3 448 4 1.28 0.28
A4.1 9.62 4 1.46 0.22
A4.2 6.46 4 0.97 0.43
A4.3 4.18 4 1.43 0.23
A5.1 8.91 4 3.44 0.01
A5.2 1.63 4 0.71 0.59

102



3 a J | 7 v ! J o
MmN 5 msianzideyanernuiladenisnmenimiilinansznuaoniseonsuszu

9
Aa 1 o S
Fudruduiaglvesdaeunundou Taald F-test nazuonauszaumsany

Item (5Hd) Sum of Squares df F Sig,
Al.l 4.92 4 1.97 0.10
A2.1 1.30 4 0.66 0.62
A3.1 5.23 4 1.63 0.17
A3.2 6.07 4 1.86 0.12
A3.3 4.16 4 1.20 0.32
A3.4 3.60 4 1.29 0.28
A4.1 2.55 4 0.87 0.48
AS.1 3.28 4 1.11 0.35
A6.1 5.23 4 1.61 0.17
A6.2 7.62 4 2.08 0.09
A6.3 0.55 4 0.17 0.95
A7.1 0.82 4 0.37 0.83
A8.1 4.02 4 1.68 0.16
A8.2 0.84 4 0.23 0.92
Bl1.1 4.39 4 1.12 0.35
B1.2 4.18 4 1.16 0.33
B2.1 4.30 4 1.16 0.33
B2.2 1.75 4 0.46 0.77
B3.1 1.99 4 0.77 0.55
B4.1 3.73 4 1.25 0.29
B5.1 4.40 4 1.39 0.24
Cl.1 5.76 4 1.49 0.21
Cl.2 20.89 4 4.80 0.00
D1.1 3.53 4 1.13 0.35
D1.2 4.60 4 1.45 0.22
D2.1 3.03 4 1.05 0.38
D2.2 3.26 4 1.14 0.34
D3.1 1.33 4 0.58 0.67
D3.2 3.59 4 1.07 0.38
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3 a J | 7 v ! J o
MmN 6 msiazideyanernuiladenismeniniilinansznuaoniseonsuszU

2 . g ¥ ) 0 " o9 A
G]f'l!ﬁ?uﬁnﬁﬂgﬂ"llﬂﬂIﬂ@]ﬂllllll‘]_lﬁ@ﬂ Iﬂﬂclsb' F-test LLAZLINATUA LK HIVHIN

Item (5¥d) Sum of Squares df F Sig,
Al.l 2.42 4 0.95 0.44
A2.1 1.72 4 0.88 0.48
A3.1 1.04 4 0.32 0.87
A3.2 7.26 4 2.24 0.07
A3.3 4.32 4 1.25 0.29
A3.4 6.86 4 2.53 0.04
A4.1 5.75 4 2.01 0.10
AS.1 2.99 4 1.01 0.41
A6.1 7.43 4 2.33 0.06
A6.2 4.28 4 1.14 0.34
A6.3 0.77 4 0.24 0.92
A7.1 7.89 4 3.87 0.01
A8.1 7.44 4 3.23 0.01
A8.2 11.35 4 3.36 0.01
BI1.1 4.52 4 1.16 0.33
Bl1.2 9.78 4 2.83 0.03
B2.1 2.62 4 0.70 0.59
B2.2 6.52 4 1.74 0.14
B3.1 8.18 4 3.38 0.01
B4.1 9.78 4 3.46 0.01
B5.1 1.56 4 0.48 0.75
Cl.1 3.50 4 0.89 0.47
Cl.2 2.92 4 0.61 0.66
D1.1 5.10 4 1.65 0.16
D1.2 2.02 4 0.62 0.65
D2.1 9.15 4 3.35 0.01
D2.2 5.19 4 1.85 0.12
D3.1 4.71 4 2.15 0.08
D3.2 3.78 4 1.12 0.35
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3 a J | 7 v J o
msen 7 msianzideyanernuiladensmeniniilinansznuaoniseonsuszu
S o & v 9 v
Fudiuduioglvesdaevuuuaoy 1asly Ftest 1azuena1ungusI9

'3 o { Y o ' v
“]Ji%ﬁ'ﬂﬂ'limﬂﬁ‘]/ﬂﬂl!ﬁlﬁﬂi]"l]@ﬂﬂ‘]Jﬂﬁﬂ’fJﬁiN

Item (‘Jﬁ’s’f) Sum of Squares df F Sig,
Al.l 3.12 4 1.23 0.30
A2.1 1.08 4 0.55 0.70
A3.1 10.79 4 3.53 0.01
A3.2 9.01 4 2.82 0.03
A33 10.51 4 3.17 0.02
A34 2.50 4 0.89 0.47
A4.1 14.17 4 5.37 0.00
AS.1 6.30 4 2.18 0.07
A6.1 3.04 4 0.92 0.45
A6.2 6.18 4 1.67 0.16
A6.3 4.66 4 1.49 0.21
A7.1 7.60 4 3.71 0.01
A8.1 0.68 4 0.28 0.89
A8.2 1.67 4 0.46 0.76
Bl1.1 11.31 4 3.03 0.02
B1.2 7.67 4 2.18 0.07
B2.1 2.01 4 0.54 0.71
B2.2 3.91 4 1.03 0.39
B3.1 2.54 4 0.99 0.41
B4.1 3.60 4 1.20 0.31
B5.1 1.52 4 0.47 0.76
Cl.1 7.37 4 1.93 0.11
Cl.2 10.44 4 2.26 0.07
DI1.1 5.08 4 1.65 0.16
D1.2 3.00 4 0.94 0.44
D2.1 3.14 4 1.09 0.36
D2.2 6.88 4 2.49 0.05
D3.1 5.48 4 2.52 0.04
D3.2 3.71 4 1.10 0.36
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MANUIN A
T3namsedN5 VDI Woodside and Biemans (2005),

Makame (2007) #ta% Urgan (2004)
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+ demographics
* product experience
» personal values

Personal
characteristics

* cognitive/personality

+ context-specific

Personal
innovativeness

style

Perceived .
hinno\;atl:tlp_ Attitude toward
S i cuaracteristics innovation Individual
3uPph:;f:‘r‘::kel ng « relative advantage * beliefs :d';;;lﬁ::
» compatibility « affects
+ complexity
« trialability
+ observability
= uncertainty
Social influences
. ncl\_.vurk externalities
Organizational * social norms
factors
* training
* organizational
support
* incentives
TuIAaN1589U5 VYD Woodside and Biemans (2005)
INDIVIDUAL FACTORS Adoption
" | Information Failure
Education 7y
Economic \
Negative
Impact on
Forest
ADOPTION
STOVES ATTRIBUTE INDIVIDUAL AND Resources
Relative advantages PERCEPTION DIFFUSION
™ Trialability ON STOVES -~ OF
Complexity g "| IMPROVED
o Usefulness
Observability User friendly CHARCOAL
Compatibility STOVES
Positive
Impact on
Forest
Resources
Y
MANAGEMENT SUPPORT Successful
Policies Adoption
(Projects & programs)

TuAaN589u5 VY99 Makame (2007)
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Best Practice Factors:

- Codification

- Complexity

- Compatibility

- Perceived operational
benefits

- Cost

Organizational Factors:

- Satisfaction with the
existing practice

- Organizational resource
availability

- Existence of champion

Environmental Factors:

- Perceived outside
support
- External pressures

A 4

Adoption Decision of
Best Practice

TuAanN1589u5 VYD Urgan (2004)
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General Statement

* Pre-cast Concrete System is the beneficial
construction system in such many way, saving

construction cost, time scheduls and construction

quality

* Thailand, not popular for constructing with Precast

) “woncrete elements, however, the future trend should

.. ~
gﬁrow---beoause of the rapid adopting of the semi-

8)¢ @astb@ncrete system
5,
‘=.)(‘“ ‘)\
R
2 '
w3, ‘s(

Wiy
s
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Research Proposal

* Study impact factors choosing to adopt precast concrete elements

* Study the personal satisfy level of adopting precast concrete

elements

* Study the inside correlation impact factors deciding to choose precast

concrete elements far canstruction process

a GIDiQeIme to improve and develop precast concrete element technology

))’%ﬁa}ﬂng\\wth the satisfaction

w5
)

Scope of Research

* Study factors effecting adoption towards canstructing with precast

concrete elements

* Study the canstruction of architectural structure relating with precast

concrete elements ar similar construction methaods

111



Theory and Literature Review

1. Literature on developing of precast cancrete element in

Cwversea countries and Thailand

2. Precast concrete elements and system

3. Adopting theory

4. Marketing mix theory or 4 P

x;-.:kE)T"ZSaneptual model of factor effecting adoption towards

N ‘
wenstrugting with Precast Concrete Elements

e
el

1. Development of precast concrete element in Oversea countries and
Thailand

Walnut Lane Bridge Denver Hilton Philadelphia Police

FHILADELFHI® 1360 DENVER 1858 Administration Building

PHILADELPHIA 1961

Siam center
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2. Precast concrete elements and system

. Full Precast concrete elements and system, the precast concrete element

including Plank, Concrete wall panel and Reinfarce concrete calumn

Fig. Insta\)l)é@,gﬂ)of corferete wall panel Fig. Precast concrete elements and system
Ref ONE CENTRAL, MAGAU 2006 Ref Karuna Jaipanya (2543}
& 5,
\71 ()x
= *
7
% 3

* Semi-Precast Concrete Element or System — Building has been partially construct with

precast concrete elements (Jaturon Watanapasuk: 2520)

- Composite Element System

Cast-in-Place

Concrete
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3. Adoption Theory

Roger E.M., (1995) wrote that adoption means the thinking process to change

human behavior when you receive the various information, the step can be divided

into 5
Concern and Beneficial of adoption precast concrete elements
Awareness
fudy information, news and contact with supplier to learmn the
‘ Interest r
product or chat with the expertise
: Deriding to adopt precast concrete elements for constructing the
Evaluation ) . )
new project or renavation of the previous project

STtisfact\on with the product when adopt to built the project

ATopt the precast concrete element and will use again when the

next project happen

4. Marketing Theory

Kotler and Armstrong (2001) wrote that Marketing Mix or 4Ps theory are the

fundamental marketing factor which can e control but need correlation

[ (Product) Specification of precast concrete elements |

P2 - (Price) Benefit |

v, P3 - (Place or Distribution) Factory and Distribution Place |

D

o
- e, -
", ™ R4 - (Promotion) Prometion and Marketing |
N\
. ,
“
W ",
f\ u Kotler and Armstrong, (2001)
W
2 s,
N
\\» ‘ﬂ
Y s 10
4 i
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Adoption of products

Specification of precast concrete element means the impact factors which directly

effect the precast concrete elements

1} Standard production and quality control (David Arditi, 2000; Gul Polat, 2008)
2) Quality Assurance (Alistair G.F. Gikb, 1997; Rafael Aguayao, 1990)
3} Design Criteria (Sukit Ananchaiyang,2545)

4} High volume of construction with using precast concrete elements (Somchai

~ Ifjﬁ%iv\%chai wate, 2544)

11

Benefits

Receiving benefit during the construction occur and when the construction

completed, benefit divide inta direct and indirect way.

1) Construction Cost (Monica Schultes, 1995)
2) Construction Schedule (ShriH C Puri, Shri P K Adlakha, 2003)

3) Waste Materal (q@lwad 1lrzfineoad, 2544)

5)\8--a_fety (Alistair G.F. Gibb, 1997)

. .
61 ducépoliution (LEED, 2007)

4) Improve Labour (Bruce J. Christensen, 2001; Micolas 5.Y. Yeung, 2002)

12
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Factaory and Distribution

1) Factory of pracast concrete efements (Budsabong

Jareonpunyoctin, 2545)
2) Transport (Panurat Phokam, 2548)
Marketing

1) Direct Seff (Semenik, 2002)

~z2) sell Promotion (Belch and Belch, 2001)
g e B

o " .

3) ,«Z\Effvél\r‘ﬁse&(&(iwam Sareerat | 2546)
TN

13

Conceptual of adopting precast concrete elements
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Research Step

Literature Review

Lr

<L

" Conclusion

Pilot study > Analysis
Primary Study — Analysis

15

Data Collection and Analysis

1. Research
Questionnaire Survey divide into 3 part

Part 1 General Personal Data

2. Data Collection
- Appointment

- Fax or Mail Questionnaires

e
- ﬁeag%twe Statistios
- T-test, ! sis of Yariance : ANOVA

Part 2 Questionnaires with the impact factors of adoption

Part 3 Questionnaires to test the level of adoption on precast concrete elements

- Private Company, Government Office and people who work with construction project

- Scope of data collection within Bangkok, Province around Bangkok and Chiang Mai

16
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