
Chapter 3
Construction-Site Survey and System Development

3.1 Introduction
T h is  c h a p te r  p re se n ts  c o n s tru c tio n -s ite  su rv e y  an d  sy stem  d e v e lo p m e n t ap p ro ach . 

B e fo re  th e  in te g ra te d  sy stem  is d ev e lo p ed , ex is tin g  c o n s tru c tio n -s ite  m a n a g e m e n t and  
p la n n in g  a re  firs t ex p lo red . N ex t, ex am p le s  o f  c o n s tru c tio n -s ite  m a n a g e m e n t are  
p re se n te d  to  see  h o w  th e  co n v en tio n a l p rac tices  are  p e rfo rm ed  in  T h a ilan d . F ac to rs  th a t 
a ffec t c o n s tru c tio n  d u ra tio n  and  co st a re  a lso  d escrib ed . M o reo v e r, p ro b le m s  o f  fac to ry - 
c o n s tru c tio n  p la n n in g  a re  ex p lo red . T h e  sy stem  d e v e lo p m en t is d e sc r ib e d  as  fo llo w s: 1) 
in p u t da ta , 2 ) m e th o d o lo g y  o f  sy s tem  d ev e lo p m e n t, an d  3) sy s tem  o u tp u ts .

3.2 Existing Construction-Site Management and Planning
3.2.1 C onstruc tion -S ite  Survey
In  th is  re se a rch , fa c to ry -co n s tru c tio n  p ro jec ts  a re  u sed  as c o n s tru c tio n  ca se s  fo r 

In te g ra te d  S y s te m  d ev e lo p m en t. C o n s tru c tio n -s ite  su rv ey s w e re  p e rfo rm e d  in  o rd e r  to  
e x p lo re  th e  e x is tin g  m e th o d s  th a t a re  u sed  to p rep a re  and  g e n e ra te  c o n s tru c tio n -s ite  
p la n n in g  o f  fa c to ry -co n s tru c tio n  and  e x p lo re  p ro b lem s th a t m a y  o c c u r  d u rin g  p lan n in g  
p ro c e sse s . T h e  c o n s tru c tio n -s ite  su rv ey s  co n sis t o f  th re e  p ro c e d u re s  as fo llo w s: 1) s ite  
o b se rv a tio n s , 2 ) d ire c t in te rv iew s , an d  3) e x p e r t’s q u estio n n a ire s .

1) S ite  o b se rv a tio n s
T h e  o b je c tiv e  o f  th e se  w a lk -in  o b se rv a tio n s  is to  c a p tu re  th e  o v e rv ie w  o f  so m e  

fa c to ry -c o n s tru c tio n  ac tiv itie s  th a t in v o lv e  c o n s tru c tio n -s ite  m a n a g e m e n t an d  p la n n in g  in  
o rd e r  to  e x p lo re  an d  id e n tify  d e ta ils  and  p ro c e sse s  o f  c o n s tru c tio n -s ite  m an ag em en t. A  
to ta l fiv e  o f  c o n s tru c tio n  p ro je c ts  w e re  o b serv ed .

2) D ire c t in te rv iew s
A fte r  d e ta ils  o f  c o n s tru c tio n  m an a g e m e n t are  ex p lo red  an d  id en tif ied , th e se  issu es  

a re  u se d  in  d ire c t in te rv ie w s  w ith  e x p e rt m an ag e rs  w h o  in v o lv e  c o n s tru c tio n -s ite  p la n n in g  
an d  m a n a g e m e n t. T h e se  ex p erts  c o n s is t of: 1) p ro jec t m a n a g e rs  o r  c o n s tru c tio n -s ite  
m a n a g e rs ; 2) p ro je c t en g in ee rs , a n d /o r 3) p la n n in g  team .

In  th is  su rv ey , five  ex p ert m an ag e rs  w e re  in te rv ie w e d  ab o u t d e ta ils  o f  
c o n s tru c tio n -s ite  p la n n in g  and  m an ag em en t.
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3) E x p e r t’s q u e s tio n n a ire s
T h e  q u e s tio n n a ire  co n s is ts  o f  fiv e  m a in  p a rts  as fo llo w s: P a rt A , P a rt B , P a rt c, 

P art D , an d  P a rt E  (S e e  A p p en d ix  6). T h e  q u e s tio n s  in  P a rt A  a re  u se d  fo r p re -sc reen in g . 
P a rt B  in v o lv e s  th e  u se  o f  p la n n in g  to o ls  an d  im p o rtan ce , an d  P a rt c  th a t is u sed  for 
w e ig h in g  th e  d e g re e  o f  p ro b lem s o f  c o n s tru c tio n  p lan n in g . P a rt D  in v o lv e s  fac to rs  tha t 
a ffe c t p la n n in g  e rro rs . P art E  is u sed  to  sc reen  th e  fac to rs  th a t c o n tr ib u te  to  m is ta k e s  by  
th e  c o n s tru c tio n -s ite  m an ag em en t. T h e  q u e s tio n n a ire s  w e re  sen t to  fif teen  p ro jec t 
m a n a g e rs  w h o  h a v e  ex te n s iv e  ex p e rien ce  in  th re e  la rg e  c o n s tru c tio n  co m p an ie s .

3.2.2 C onstruc tion -S ite  M anagem ent Team
A c c o rd in g  to  th e  d ire c t in te rv iew s  an d  re sp o n ses  fro m  q u e s tio n n a ire  (P a r t A ), in 

c o n s tru c tio n -s ite  m a n a g e m e n t an d  p la n n in g , th e  c o n s tru c tio n  m a n a g e m e n t te am  u su a lly  
c o n s is ts  o f  a  p ro je c t m an ag e rs  o r  p ro je c t en g in ee rs  an d  a lso  s ite -e n g in e e rs , su b 
c o n tra c to rs . S o m e tim e s , th e  c o n s tru c tio n  m a n a g e m e n t team  in c lu d es  m a te r ia l su p p lie rs .

3.2.3 P la n n in g  D ocum ent, Tools an d  Techniques
A c c o rd in g  to  d ire c t in te rv ie w  an d  re sp o n ses  fro m  q u e s tio n n a ire  (P a rt B ), the  

a b o v e  p la n n in g  te a m  u su a lly  ap p lie s  C ritic a l P a th  M e th o d  (C P M ) as a  p la n n in g  te ch n iq u e  
an d  u su a lly  u se s  d ra w in g s , B ill o f  Q u a n tity  (B O Q ) an d  c o n tra c t d o c u m e n t as  in fo rm a tio n  
in  c o n s tru c tio n -s ite  p lan n in g . H o w ev e r, o th e r  c o n s tru c tio n  te c h n iq u e s  su c h  as P E R T  and  
s im u la tio n  te c h n iq u e  a re  n e v e r  u sed . B a r  c h a r t is u su a lly  u sed  to  p re se n t th e  re su lts  o f  
c o n s tru c tio n  p la n n in g  an d  to  co m m u n ic a te  am o n g  c o n s tru c tio n  m a n a g e m e n t team s. A  
n e tw o rk  d ia g ra m  is so m e tim e  u sed  to  p re se n t an d  c o m m u n ica te  b u t s im u la tio n  to o ls  are  
n e v e r  u se d  fo r p la n n in g . C o m p u te r  so ftw a re  su ch  as sp read sh ee t a p p lic a tio n s  a re  u su a lly  
u se d  to  g e n e ra te  th e  c o n s tru c tio n  p lan n in g , b u t o th e r  so ftw a re  a re  o n ly  o c c a s io n a lly  u sed  
for p la n n in g .

3.2.4 D a ta  a n d  In fo rm a tio n  R equ irem ent
A c c o rd in g  to  q u e s tio n n a ire  (P a rt B ), th e  p la n n in g  te a m  u su a lly  req u ire s  

p ro d u c tiv ity  d a ta  o f  c ra ftsm en , la b o r an d  c o n s tru c tio n  m a c h in e s . O th e r  d a ta  and  
in fo rm a tio n  u se d  fo r  p la n n in g  a re  u n it p ric e  o f  labo r, m a c h in e  re n ta l p r ic e  an d  su b 
c o n tra c to r  co st. P ro d u c tiv ity  d a ta  u su a lly  co m es fro m  p la n n e rs ’ e x p e rie n c e  an d  is 
so m e tim e  c o lle c te d  fro m  h is to rica l reco rd s.
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3.2.5 P rob lem s in  P la n n in g

A c c o rd in g  to  th e  re sp o n ses  from  q u e s tio n n a ire s  (P art C ), th e  fo llo w in g  p ro b lem s 
o c c u r  d u rin g  th e  c o n s tru c tio n  p la n n in g  p ro cess :

1 ) L ack  o f  p e rso n n e l w h o  h av e  ad eq u a te  ex p erien ce
2) L ack  o f  a  g o o d  p la n n in g  team
3) L ack  o f  k n o w led g e  o f  p la n n in g  te ch n iq u e  su ch  as C P M , P E R T  o r S im u la tio n  

te c h n iq u e s
4 ) L a c k  o f  e ffec tiv e  p la n n in g  to o ls
5) L a c k  o f  p la n n in g  d a ta  su ch  as lab o r p ro d u c tiv ity , c o n s tru c tio n  m ach in e  

p ro d u c tiv ity , su b -c o n tra c to r  p ro d u c tiv ity , lab o r co st, m a c h in e  re n ta l p ric e , su b 
c o n tra c to r  costs.

3.3 Examples of Existing Planning and Management
T h e  fo llo w in g  ex am p les  illu s tra te  ex is tin g  c o n s tru c tio n -s ite  p la n n in g  and  

m a n a g e m e n t. T h e se  ex am p les  w ere  co lle c te d  from  d irec t in te rv ie w s  w ith  c o n s tru c tio n  
p ro je c t p lan n e rs .

3.3.1 C onstruc tion -S ite  La you t
T o o ls : 2 D  d raw in g  p lan  (S ee  F ig u re  3 .1 ) and  S ite  p la n n in g  te a m  (p ro je c t m an ag er, 

p ro je c t e n g in e e rs , s ite  en g in ee rs , fo rem an , su b -co n trac to rs , m a te ria l su p p lie rs )

F ig u re  3 .1: A  2D  d ra w in g  p lan  u sed  fo r c o n s tru c tio n -s ite  lay o u t

C rite r ia
T h e  fo llo w in g  c rite ria  a re  c r ite r ia  th a t are  u sed  fo r c o n s tru c tio n -s ite  lay o u t. 

C o n s tru c tio n -s ite  a rea  and  its b o u n d a rie s  
B u ild in g  a reas  and  lo ca tio n s

- S ize  an d  d im e n s io n s  o f  fac ilitie s  such  as s ite  o ffice , la b o r cam p , e n try  &  ex it 
d o o r  (S ee  F ig u re  3 .2  (a))
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- S p ace  a re a  fo r m a te ria l s to rag e  and  p re fa b rica te d  a rea  (S e e  F ig u re  3 .2  (b))
- C o n s tru c tio n -m a c h in e  p a th s  (S ee  F ig u re  3 .2  (c))

F ig u re  3.2 (b): A reas  fo r m a te ria l s to rag e  an d  p ré fa b rica tio n

F ig u re  3 .2 (c): C o n s tru c tio n -m a c h in e  p a th s

F ig u re  3.2: E x am p le s  o f  co n s tra in ts  fo r c o n s tru c tio n -s ite  lay o u t 

M e th o d s
1) Id e n tify  c o n s tru c tio n  s ite  b o u n d a rie s  and  areas b y  u s in g  a 2 D  d ra w in g  p lan e .
2) Id e n tify  th e  p o s itio n  an d  a rea  o f  c o n s tru c tio n  b u ild in g .
3) L o ca te  fac ilitie s  in to  th e  s ite  p lan  u s in g  p r io r ity  m a n a g e m e n t as fo llo w s.

E n try  an d  E x it d o o r S ite  o ffice M a te ria l s to rag e M ate ria l-

T ra n sp o rta tio n  p a th — P re fa b ric a ted  a rea L a b o r  c am p s
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4) I f  th e re  a re  ad e q u a te  sp ace -a rea s  fo r lo ca tin g  a ll fac ilitie s , th e  p ro jec t 
p la n n e rs  w ill lo ca te  b y  u s in g  fo llo w in g  c rite ria :
- Shortest transportation paths
- Safety conditions
- Ability to comfortably operate construction work

5) I f  th e re  a re  n o t ad eq u a te  sp ace -a rea s  fo r lo ca tin g  a ll fac ilitie s , th e  p ro jec t 
p la n n e rs  w ill lo ca te  th e  lo w er p r io rity  fac ilitie s  in to  th e  o u ts id e  o f  
c o n s tru c tio n -s ite  a rea  as fo llow s:
- Labor camp
- Prefabricated area

P ro b le m s
T h e re  a re  c o n s tru c tio n -w o rk  ex te n s io n s  th a t a re  re q u e s te d  b y  th e  o w n er. T h o se  

w o rk s  n eed  so m e  sp ace  areas fo r co n s tru c tio n . T h u s, th e  p o s itio n s  o f  so m e  fac ilitie s  m u st 
b e  c h a n g e d , w h ic h  a ffe c t th e  e x is tin g  layou t.

3.3.2 Space C o n flic t a n d  S afe ly A na lys is
S p ace  co n flic ts  and  co n s tra in ts
D u rin g  c o n s tru c tio n  o f  b u ild in g s , sev e ra l m a te ria ls , lab o rs , e q u ip m e n t in c lu d in g  

p e rm a n e n t s tru c tu re s  an d  te m p o ra ry  fac ilitie s  req u ire  th e ir  sp ace  w ith in  co n s tru c tio n -s ite . 
B u t u n d e r  th e  lim ita tio n s  o f  sp ace  an d  b o u n d a rie s  o f  c o n s tru c tio n -s ite , p ro je c t m an ag e rs  
sh o u ld  m a n a g e  th e  av a ilab le  sp a c e  in  o rd e r  to  m in im iz e  sp ace  c o n flic ts , s in c e  sp ace  
co n flic ts  an d  c o n s tra in ts  m a y  a ffe c t p ro d u c tiv ity , c ritic a l p a th  o f  c o n s tru c tio n  w o rk  and  
p ro je c t d u ra tio n  d e lay s . C o n flic ts  o f  sp ace  o ften  o c c u r w h e n  so m e  c o n s tru c tio n  w o rk  
o b s tru c t th e  fo llo w in g  c o n s tru c tio n  o p e ra tio n . T h o se  o b s tac le s  an d  c o n flic ts  o fte n  occu r, 
d u e  to  th e  m is ta k e s  in  th e  c o n s tru c tio n  seq u en ce  a ss ig n m en t an d  la ck  o f  ap p ro p ria te  
m e th o d o lo g y  an d  p ro c e d u re s  to  o rg a n iz e  th e  o v e ra ll space.

F ro m  c o n s tru c tio n -s ite  su rv e y  o f  fac to ry -b u ild in g  c o n s tru c tio n , so m e  ex a m p le s  o f  
sp ace  c o n flic ts  an d  o b s tac le s  are  illu s tra ted  as fo llow s:

1) P ile  tra n sp o rta tio n  o b s tru c ts  p ile -d r iv in g  m a c h in e  o p e ra tio n  (S e e  F ig u re  3 .3).

F ig u re  3 .3: A c tiv ity  o f  p ile  tra n sp o rta tio n  o b s tru c ts  p ile -d r iv in g  m a c h in e  o p e ra tio n
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2) D riv en  p ile s  o b s tru c t e a rth  ex cav a tio n  b y  e x c a v a to r (S e e  F ig u re  3 .4 ).
3) T h e re  is n o t e n o u g h  sp a c e  fo r p ile  d r iv in g  m ach in e  p a th s  (S ee  F ig u re  3 .5).
4) S tee l f ix in g  o f  firs t f lo o r s lab  o b s tru c t co n c re te  p la c in g  an d  ro o f-tru ss  

in s ta lla tio n  (S e e  F ig u re  3 .6 ).

F ig u re  3 .4 : D riv e n  p ile s  o b s tru c t o p e ra tio n  o f  an  ex cav a to r.

F ig u re  3 .5 : In a d e q u a te  sp a c e  fo r p ile  d riv in g  m a c h in e  p a th s .

F ig u re  3 .6 : S tee l f ix in g  o f  slab  o b s tru c ts  co n c re te  p la c in g  an d  ro o f- tru s s  in s ta lla tio n .

S a fe ly  a n a ly s is
D u rin g  c o n s tru c tio n , s a fe ty -c o n d itio n s  a re  co n s id e red  b y  p ro je c t en g in e e rs . I f  th e  

fac to ry  b u ild in g  c o n s is ts  o f  m o re  th an  2 s to ries , sa fe ty  p ro b le m s  w ill  o c c u r  s in ce  p lan n e rs  
do  n o t p ru d e n tly  lo o k  a t v e rtic a l d irec tio n . T h e y  c a n n o t lo o k  a t a ll d im e n s io n s  in  th e  sam e 
tim e  w h e n  th e  p la n n e rs  u sed  2D  d ra w in g  as a  to o l fo r p lan n in g .
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3.3.3 Construction Method Assignment
According to construction-site surveys and direct interviews, a construction 

method refers to steps and sequences of construction operation, construction techniques 
and resource assignment (labor gang and construction machine set).

The construction management team usually brainstorms to select and assign an 
appropriate construction method to each construction activity by using their experience. 
However, construction methods are sometimes assigned by using formal construction 
method statements that are generated and prepared in text and flowchart form. But those 
method statement forms are sometimes difficult to understand, and some steps and 
sequences in those method statements are often remised or neglected. Moreover, 
sometimes, planning problems occur during construction method assignment due to the 
construction planners’ lack of experience. The following examples are construction 
method assignments for factory-building construction.

In Figure 3.7, one mobile crane and bucket is used as equipment to place concrete 
into RC column of the second floor. However, construction planners use their experience 
to assign a concrete pump for placing concrete to second floor slab instead of using a 
mobile crane and bucket since from their experiences when a large quantity of concrete 
must be placed, a concrete pump becomes more effective machine for placing a lot of 
concrete at high levels of building structure than a mobile crane and bucket (see Figure 
3.8).

The construction planners assign one mobile to install the roof structure of the 
first floor of the factory building. This mobile crane is assigned to be able to stand inside 
the building and move through the building to install one by one of the roof-trusses until 
the installation is complete. The Figure 3.9 shows the path of a mobile crane used for 
roof-truss installation inside a factory building.

Figure 3.7: A mobile crane is used to place concrete to RC columns of the second floor.
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Figure 3.8: A concrete pump is an effective machine for concrete placing on second floor.

In order to install the roof structures of the second floor, the mobile crane cannot 
be assigned to stand inside the building. Therefore, the mobile crane is assigned to stand 
outside of the building instead of inside the building as shown in Figure 3.10.

Figure 3.9: A mobile crane stands inside the factory building to install roof-trusses.

Figure 3.10: A mobile crane stands besides the factory building to install roof-trusses.

3.3.4 Construction Time and Cost Analysis 
Construction time analysis
The duration of each construction activity should be analyzed and forecasted 

because it is necessary for project managers to manage all construction activities
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completely within the constraints of construction project duration and cost specified in the 
contract. The duration of each construction activity is used to determine type and quantity 
of construction resources such as labors and construction machine. According to direct 
interview with construction project managers, the duration of construction activities are 
analyzed and forecasted as follows:

Tools:
1 ) 2D drawing
2) Bill of Quantity (BOQ)
3) Master Scheduling
4) Productivity Rate (field record)

4.1 Manpower
4.2 Machines

Planners Team
1) Project manager
2) Sub-contractors
Method:

1 ) Breakdown construction activities follow master scheduling.
2) Define total quantity of each construction activity based on BOQ.
3) Determine quantity of manpower and machine used by:

Duration of construction activity = Total quantity of work
^  Productivity

However, the duration of construction activity is controlled by duration of 
activities in the master schedule.

In order to prevent unseen events that can affect the duration of construction 
activity, the productivity of the manpower and machines that are used to calculate the 
duration in the above equation should be discounted from the average productivity that is 
recorded from the field. The discount rate of this productivity depends on the experience 
of the planners. The average productivities are averaged from productivity data recorded 
from the field or construction site.



30

Figure 3.11: Roof-truss installation recorded at different times in order to record 
productivity of mobile crane and steel workers.
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The following example is the field record of productivity of mobile cranes and 
steel workers that are used to install steel-column and roof-truss. These productivities are 
directly recorded from factory-construction sites.

In this activity, one mobile crane and three steel workers are used to install thirty 
steel columns and sixteen roof-trusses. The construction methods of this installation are 
assigned as following steps: (See Figure 3.11).

1) Steel-columns and roof-trusses are moved from prefabricated area to 
installation positions.

2) First and second column in the first line are lifted for installation by mobile 
crane and braced by steel workers, respectively.

3) First roof-truss is lifted and installed by a mobile crane and fixed by steel 
workers

4) Next the steel-columns and roof-trusses in the next line are continuously 
installed until all columns and roof-trusses are completely installed.

The time for the installation of each steel column and roof-truss is recorded as 
soon as that steel-column or roof-truss is completely installed as shown in Table 3.1.

Table 3.1 : Examples of field data record of steel-column and roof-truss installation
Line
No.

Col. 
Line A

Installation
Time

Col. 
Line B

Installation
Time

Truss
T 1

Installation
Time

Total
Time

1 C l  A 28 C , B 28 Linel 45 45
2 C 2A 34 C 2B 62 Line2 34 79
3 C 3A 38 C 3 B 100 Line3 56 135
4 C 4 A 40 C4B 140 Line4 50 185
5 C 5 A 35 C 5B 175 Line5 67 252
6 C ô A 35 C ôB 110 Line6 40 290
7 C 7A 36 0 CD 146 Line7 35 325
8 C 8A 30 C 8 B 176 Line8 30 355
9 C 9A 34 C 9 B 210 Line9 28 383
10 ClOA 28 ClOB 238 Line 10 34 417
11 Cl 1A 34 C l  1B 272 Linel1 38 455
12 C l 2 A 38 C l2 B 310 Line12 40 495
13 C i 3 A 30 C l3 B 340 Line13 35 530
14 C l4 A 28 C l4 B 368 Line14 36 566
15 C l 5 A 34 C l5 B 402 Line15 30 596
16 C l6 A 38 C l6 B 440 Linel6 34 603

Average Average Average
** Installed by using 1 mobile crane and 3 steel workers.
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Cost Analysis
The project planners analyze construction cost by using data from the Bill Of 

Quantity (BOQ), such as quantity of work, unit price, and operation cost. Construction 
cost is controlled by the budget in the BOQ. Construction planners also employ 
construction methods and time to determine construction cost. The different construction 
methods can vary construction time and the varied construction time affect construction 
cost.

Figure 3.12: Construction cost analysis and control

3.4 Factors That Affect Construction Processes, Time, and Cost
According to direct interviews and questionnaires, the following factors affect 

construction processes, time and cost:
1. Labor Productivity lost
2. Material supplying delay
3. Machine downtime
4. Rainfall

3.5 Problems of Construction Planning
According to direct interviews and questionnaires, the problems usually occur 

during planning operation such as:
1. Not enough experience
2. Lack of data
3. Limit of ability to decision making in all dimensions
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During the planning operation, construction planners make decisions about 
construction methods, space-conflicts, safety, time and cost. However, they cannot make 
decisions about all dimensions due to the limitations of the thinking ability of humans. 
The thinking ability of a construction planner will decrease when he must make decisions 
involving in more than one planning criteria as shown in Figure 3.13.

Ability
of

Human ’ร 
Decision
making

1 Space- 1 SafetyConstruction conflict + +  Time +  Cost

Construction Planning Cnterias
Figure 3.13: Ability of human’s decision making under many planning criteria

3.6 Summary of Construction-Site Survey
From the construction-site surveys by site investigation, direct interviews, and 

expert’s questionnaires, it can be summarized that construction planners usually prepare 
their construction plan by using drawing and their experience. The tools used in 
construction planning are included 2D drawings, BOQ, and the construction contracts and 
sometimes, planning software. The activities involved in construction-site planning 
usually consist of construction-site layout, space conflict and safely analysis, and 
construction activity time and cost analysis. Problems that commonly occur in 
construction planning include a lack of planner’s experience, lack of data, and the 
limitation of ability to make decisions in all dimensions. In order to enhance the 
effectiveness of construction-site planning and the decision-making of construction 
planners, an effective system will be developed.
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3.7 Integrated System Development Approach
In order to enhance decision-making and reduce problems in construction 

planning operations, a new construction-planning approach should be developed by using 
new technology. In this research, Virtual Reality (VR) technology is an appropriate 
technology to develop the system due to its capability to visualize the virtual construction 
processes.

3.7.1 System Descriptions
The general system components should consist of three parts: 1) input component; 

2) system processing component and 3) output component. Similar to the general system, 
the Integrated System in this research also consists of three components.

3.7.2 System Design Approach
The input component of the Integrated System can be classified into three phases 

such as: 1) 3D Dynamic models generated by CAD (described in chapter 4), 2) 
construction database (described in chapter 5); and 3) interactive floater or direct input 
(See appendix 16).

The processing component consists of system process operation such as variable 
defining, mathematical factions, controlling system flow (If-cause operation, loop- 
operation), and so on. This processing component will be generated and programmed by 
using MAX Script language (described in chapter 5).

The outputs of this integrated system should illustrate the building-construction 
process and methods, time and cost. The building-construction process is illustrated by 
using virtual scene in 3DS MAX. The floating windows created by MAX scripts are used 
to illustrate simulation time. Moreover, the construction costs for different construction 
methods and resources are summarized by using spreadsheet.

3.7.3 System Input
The system inputs are assigned as below:
CAD data and 3D models
The AutoCAD version 2000, which is a well-known CAD software package for 

creating construction drawing nowadays, was selected for preparing system input. The 
components of data input are prepared by using AutoCAD as below:

- Grid lines 
Dimensions
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3D Structure members of factory 
- Colors

3D Equipment models 
System Database
System development requires the following information, which is used to 

calculate output data (time and cost):
Equipment productivity 
Labor productivity 
Equipment cost 
Labor cost

Construction process and sequence
Construction processes and sequences are simulated or animated by using 3D 

software as follows:
- 3D MAX Studio (distributed by AutoDesk Inc.)
- MAXscrip (Scripting language for 3D Studio MAX) (See chapter 10)

3.7.4 System Development Processes
The system development process consists of:
1) Dividing the construction process
In this research, the researcher has divided the factory construction process into 

sub-activities as follows:
Piling work 
Pile cutting work 

- Footing construction
Concrete column construction 
Steel column installation 
Roof-truss installation 
Purlin installation 
Roof material installation 
Wall and siding installation

2) Developing each sub-activities
The method of development for each sub-activity is focused on selecting 

appropriate construction sequences, construction-machine sets, machine paths, and 
operation cost. All of these activities will be displayed in the 3D environment.
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In this step, “What if ” analysis, optimization methods, statistics and probability 
are applied to develop and analyze each sub-activity.

3) Integrating sub-activities
After each sub-activity is completed, it will be integrated and become a tool for 

enhancing effective decision making for factory construction.
The System development chart is presented in Figure 3.14.
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Figure 3.14: System development chart
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3.7.5 System Output
The system will construct outputs as follows:

- Equipment Set
- Process Simulation
- Graphic Perception
- Construction sequence
- Construction time
- Operation cost

J.8 Software Development Platforms and Tools
3.8.1 Operating system
The Microsoft Windows operation system was chosen to use as the development 

platform for this research. It was chosen because of its stability, portability and 
popularity.

3.8.2 The Visualization Software
AutoCAD Version 2000 and 3D Studio MAX Version 5.0 were chosen to use as 

tools in this research. This software is distributed by AutoDesk Inc.

3.8.3 Simulation Programming
MAX Script is the built-in script language for 3D Studio MAX. MAX Script 

provides 3DS MAX users with the ability to:
- script most aspects of the program's use, such as modeling, animation, 

materials, rendering, and so on.
- control the program interactively through the command-line Listener window.
- package scripts as a macro, and install these Macro Scripts as buttons in the 

3DS MAX toolbars.
- extend or replace the user interface for objects, modifiers, material, texture, 

render effects, and atmospheric effects.
- build scripted plug-ins for custom mesh objects, modifiers, and render effects.
- build custom import/export tools using the built-in file I/o.
- write procedural controllers that can access the entire state of the scene.
- build batch-processing tools, such as batch-rendering scripts.
- set up live interfaces to external systems through OLE Automation.
- record actions in 3DS MAX as MAX Script commands.
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- store in scene flies the scripts to run for each of the notification events 
supported by 3D Studio MAX, such as pre- and post-scene file open, new, 
reset, scene file save, pre- and post-render, selection change, and so on.
(Source: MAX Script Reference)

3.8.4 Database Software
In this research, the software packages used to generate the database of Integrated 

System are: 1) Microsoft Access and 2) Microsoft Visual Basic.

3.9 Conclusion
In this chapter the construction-site survey is performed. Walkthroughs of 

construction sites, direct interviews, and experts’ questionnaires were selected as 
approach in this survey. Construction planners or project managers usually prepare 
construction plans by using their experiences. Tools and documents employed in 
construction planning including 2D drawings, BOQ, construction contracts and 
sometimes planning software. The activities in construction-site planning usually consist 
of construction-site layout, space conflict and safely analysis, and construction activity 
time and cost analysis. The problems that usually occur in construction planning are 
inadequate planner’s experience, lack of data, and limited ability to make decisions in all 
dimensions. In order to enhance the effectiveness of construction-site planning and 
decision-making of construction planners, an effective system will be developed.

In order to enhance decision-making in construction planning and reduce 
problems in planning operations, the new approach by using new technology has been 
proposed. In this research, Virtual Reality (VR) technology is an appropriate technology 
to develop the system due to its ability to visualize the virtual construction processes, 
time, and construction process costs.
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