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Appendix 1

Examples of Information of 
Construction Equipment
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F ig u re  A 1-5: In fo rm ation  o f  d im ensions o f  a tow er crane (www.cmne.com )

F ig u re  A l-6 :  In fo rm atio n  o f  d im ensions o f  a to w er crane (w w w .cra n e .co m )
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Truck-mounted Concrete Pump

(JOTOmm)

SV O' 
{ ร * im )

Truck-Mounted Specifications

; Leng th 31 ft (9 4 5 r
W id th 8  ft /  2 เท (2 5 0 r
H e igh t 1 2 f t  / 4 เท (3 76 r
W h e e lb a se 213  เท (5 ,410m r

; F ron t a x le  w e ig h t 18 ,900  lbs (8 ,573k
R ea r a x le  w e ig h t 19 .100 lbs (0 ,663k
A p p ro x  to ta l w e ig h t 3 8 ,000  lbs (17 ,236k

Figure A 1-7: Information of a truck-mounted concrete pump
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Table of Productivity
Pump Max Theory Output Max Pressure
.09 117 ydJ/h r (90  nrVhr) 1015 psi (70  bar) - R od  S ide

.12 L 142 ydJ/h r (109  m J/hr) 1015 psi (70  bar) - R od  S ide

F igu re  A l-8 :  In fo rm atio n  o f  a tru ck -m o u n ted  con cre te  pum p  (w w w .p u tzm eister .co m )

http://www.putzmeister.com
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MIN. 5800

Overall vùdth .............................. 2,490 mm
Tail รพ่แg radios.......................... 3,260 mill
Trcod 11 rack I Front 2,060 mm

Rear ............ ---1,8G0mm

Dimension o f  Mobile-Crane 24 tons

Figure A l-9 : Information o f a mobile-crane
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I Telescoping ModeT Telescoping Modeïï]

l i l i  I t  l i t t l l n  LoadRæfustranAxistfRouilKiiinFeat
Length in Feet iTelescopilH Mode D

Figure A I-10: Information of a mobile-crane (Continue)
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Appendix 2

Static Models of Construction Machines and Facilities 
Generated by CAD Software
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Appendix 3

Hierarchical Structures of Construction Machine Models
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F ig u re  A 3-1  : F am ily -tree  and  h ie ra rc h ica l s tru c tu re  o f  a  p ile -d r iv in g  m ach ine  m o d e l
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S econd  A rm

T rack -W h ee l

F igu re  A 3-2 : F am ily -tree  and  h ie ra rch ica l s tru c tu re  o f  an  excavator m odel
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F ig u re  A 3 -3 : F am ily -tree  an d  h ie ra rch ica l s tru c tu re  o f  a  m obile-crane  m odel
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-w h ee l

T ru c k -h e a d

T ru ck

F ig u re  A 3 -4 : F am ily -tree  and  h ie ra rch ica l s tru c tu re  o f  a  t ra ile r - tru c k  m odel
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F igure  A 3-5 : Fam ily-tree an d  h ie ra rch ica l s tru c tu re  o f  a tru ck -c ra n e  m odel
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Weight

Base

F igure  A 3-6 : Fam ily-tree an d  h ie ra rch ica l s tru c tu re  o f  a tow er-c rane  m odel
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M ate ria l-s to re

S ite -o ffice

Child
Site-office

Child
Site-office

r
Child

Labor-camp

F igure  A 3-7 : F am ily -tree  an d  h ie ra rch ica l s tru c tu re  o f fa c i l i t y  m o d e ls



Appendix 4

Controlling Parameters of Factory-Construction Activities



Pile driving

Factory-Construction
Activities

___________________________________ ^00A .J

๏  

๏  0 0 
0
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F ig u re  A 4 -2 : T h e  c o n tro llin g  p a ra m e te rs  o f  fa c to ry -co n s tru c tio n  a c tiv itie s  (co n tin u e)
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Factory-BuildingComponentData
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Design sh 
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Construction
Method

Performance
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Figure A5-1 : Properties and details o f factory-building component data
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Figure A5-2: Properties and details o f resource data
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Figure A5-3: Properties and details o f facility data
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Figure A5-4: Properties and details o f construction technique data



Appendix 6
Questionnaire Forms
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QUESTIONNAIRES

General Information

Company’s Name
Your position:
Your experience in construction Years

Current of your Project Name
Building Service Area m2
Construction Site Area m2
Planning Project Duration months



PARTA
Questionnaire for Pre-screening

Al: Please choose 1 or more than 1 answers or fill in the blank
( 1 ) Do you use computer for construction planning?

[ ] Yes 
[ ] No

(2) If you answer “yes” in (1), What software do you use for scheduling ? 
[ ] Excel
[ ] Microsoft Project 
[ ] Primavera 
[ ] Suretrack
[ ] Etc.___________________________

(3) What documents do you use for construction planning ? 
[ ] Drawing 

BOQ
[ ] Contract document
[ ] Etc._______________________________

(4) Who 
[ 
[ 
[ 
[ 
[ 
[

are in your planning team?
] Project manager or Project engineer 
] Site engineer
] Foreman or Craftsman Head 
] Sub-contractor 
] Supplier
] Etc._________________________

(5) What planning technique do you apply for your construction planning? 
[ ] Critical Path Method (CPM)
[ ] PERT
[ ] Simulation Technique
[ ] Etc.___________________________________

(6) What 
[ 
[ 
[ 
[

tool do you use for present or report your planning? 
] Barchart 
] Network Diagram 
] Simulation tools
] Etc.___________________________________

(7) What 
[ 
[ 
[ 
[

problems are in planning process? 
] Lack of expert planning team 
] Lack of effective planning tools 
] Lack of data
] Etc.______________________



209

Bl: What tools do you use for construction planning?
Please weight the degree of use and its importance as follows:
0 = Never use, not important or unknown ะ 1 = sometime use/low importance 

2 = often use/ medium importance : 3 = usually use/ high importance
4 = always use/most importance

PART B
Questionnaire for weighting the use and importance of planning tools

■ \  -, ไ'น . - J q z -'-i t - r k i i i î  ๘ ÏIN* i
illBillWMimiüB * น 1K Hffjjiy S g y .  ‘ริ  ■> ร ิ !TT

1 ) Computer ( ) 0 ( ) 1  0 2  0 3  0 4
2) Planning 1) Excel ( ) 0  ()1  0 2  0 3  0 4

Software 2) Microsoft Project ( ) 0  ()1  ( ) 2 0 3  0 4
3) Primavera ( ) 0  ()1  0 2  0 3  0 4
4) Suretrack ( ) 0  0 1  0 2  0 3  0 4
5) Simulation software ( ) 0  ()1  ( ) 2 ( ) 3 0 4
6) ( ) 0  ()1  0 2  0 3  0 4

3) Planning 1 ) Drawing ( ) 0  ()1  0 2  0 3  0 4
Document 2) BOQ ( ) 0  ()1  0 2  0 3  0 4

3) Contract document ( ) 0  ()1  0 2  0 3  0 4
4) Etc. ( ) 0  ()1  0 2  0 3  0 4

4) Planning Team 1 ) Project manager ( ) 0  ()1  0 2  0 3  0 4
2) Project engineer ( ) 0  ()1  0 2  0 3  0 4
3) Site engineer ( ) 0  ( )  1 ( ) 2 ( ) 3 ( ) 4
4) Foreman ( ) 0  0 1  0 2  0 3  0 4
5) Craftsman head ( ) 0  ()1  ( )  2 0 3  ( ) 4
6) Sub-contractor ( ) 0  ()1  0 2  0 3  0 4
7) Supplier ( ) 0  ()1  ( ) 2 0 3  ( ) 4
8) Etc. ( ) 0 ( )  1 ( ) 2 ( ) 3 ( ) 4

5) Planning 1 ) CPM ( ) 0  ()1  0 2  0 3  0 4
Technique 2) PERT o o  ()1  ( ) 2 0 3  ( ) 4

3) Simulation Technique ( ) 0  ()1  0 2  0 3  0 4
Etc. OO ()1  ( ) 2 0 3  ( ) 4

6) Planning Data 1 ) Labor productivity OO ()1  ( ) 2 0 3  ( ) 4
2) Machine productivity OO ()1  ( ) 2 0 3  ( ) 4
3) Supplier productivity ( ) 0  0 1  0 2  0 3  0 4
4) Labor cost OO ()1  0 2  0 3  0 4
5) Machine rent price OO ()1  0 2  0 3  0 4
6) Sub-contract cost OO ()1  0 2  0 3  0 4
7) Etc. OO ()1  0 2  0 3  0 4
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C-l ะ What problems do you have during your planning?
Please weight the degree of problems as follows:

0 = Never occurred 1 = Sometime occurred
2 = Often occurred 3 = usually occurred

PARTC
Questionnaire for

W eigh ting  p ro b lem s o f  p lan n in g

* I f  Planning problems i l l f sesaaBf
1) Lack personals who have enough experiences 

for planning
( ) 0 ( )1 0 2 0 3

2) Lack good planning team ( ) 0 ( )1 ( ) 2 0 3
3) Lack knowledge of planning technique as:

1) CPM technique ( )0 ( )1 ( ) 2 0 3
2) PERT technique ( )0 ( )1 ( ) 2 0 3
3) Simulation technique ( ) 0 ( )1 ( ) 2 0 3
or etc.

4) Lack effective planning tools such as:
1 ) Planning software ( )0 ()1 ( ) 2 0 3

5) Lack personals who can use planning software
Such as: 1) Microsoft Project ( ) 0 ( )1 ( ) 2 0 3

2) Primavera
3) Simulation software

or etc.

6) Lack planning data such as:
1 ) Labor productivity ( )0 ()1 ( ) 2 0 3
2) Machine productivity ( )0 ()1 ( ) 2 0 3
3) Supplier productivity ( )0 ()1 ( ) 2 0 3
4) Labor cost ( )0 ()1 ( ) 2 0 3
5) Machine rent price ( ) 0 c ) 1 ( ) 2 0 3
6) Sub-contract cost ( )0 ()1 ( ) 2 0 3
7) Etc. ( )0 ( )1 ( ) 2 0 3

7) Lack good communication among planning team ( ) 0 ()1 ( ) 2 0 3

8) ( )0 ()1 ( ) 2 0 3
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Dl: What factors do affect to plan error? (Time and Cost error)
Please weighting the degree of factor affecting as follows:

0 = No affect 1 = less affect
2 = Medium affect 3 = more affect

PART D
Questionnaire for

W eigh ting  fac to rs  a ffec t to  p la n n in g  e rro rs

■ ร*® 1̂
ท Mistake of 1) Mistake of Construction method ( ) 0 ()1 0 2 0 3

management on 2) Mistake of Construction sequence ( ) 0 ()1 0 2 0 3
construction site 3) Mistake of Type of machine use ( )0 ()1 ( ) 2 0 3

4) Mistake of Quantity of machine use ( )0 ()1 ( ) 2 0 3
5) Mistake of Quantity of labor use ( )0 ()1 ( ) 2 0 3
6) ( ) 0 ()1 ( ) 2 0 3
7) ( ) 0 ()1 ( ) 2 0 3

2) Unseen conditions 1 ) Labor problems ( ) 0 ()1 ( ) 2 0 3
2) Rainfall ( ) 0 ()1 ( ) 2 0 3
3) Machine downtime ( )0 ()1 ( ) 2 0 3
4) Accident ( ) 0 ()1 ( ) 2 0 3
5) Suppliers delay ( )0 ()1 ( ) 2 0 3
6) ( )0 ()1 ( ) 2 0 3
7) ( ) 0 ()1 ( ) 2 0 3

3) ( ) 0 ()1 ( ) 2 0 3
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Questionnaire for
Screening the factors affecting the management mistakes at construction sites

El: Do the following factors affecting to the management mistakes at construction sites? 
Please select ( ) Yes ( ) No ( ) No comment

PARTE

M a jo r  m istakes Factors D egree  o f  effect

1 ) Construction 
method & 
sequence

1) Not enough exDerience
2) Can not plan construction sequence

in 3 dimensions (Horizontal &Vertical)
3) Bad communication among 

construction team
4)

()Y es ( )  No ( )  No comment 
( ) Yes ( ) No ( ) No comment

( ) Yes ( ) No ( ) No comment

( ) Yes ( ) No ( ) No comment

2) Selecting 1) Not enough experience ( ) Yes ( ) No ( ) No comment
type & 2) Not enough machine information ( ) Yes ( ) No ( ) No comment
quantity of 3) Not enough productivity data ( ) Yes ( ) No ( ) No comment
construction 4) ( ) Yes ( ) No ( ) No comment
machines

5) ( ) Yes ( ) No ( ) No comment
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Examples of
Productivity Data Recorded from Construction Fields
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 I 30

203 16.00 18
204 16.00 23
205 16.00 20

139 16.00 25
166 16.00 23
165 16.00 30
207 16.00 31
206 16.00 28

208 16.00 24
251 16.00 51
253 16.00 30

119 16.00 17
118 16.00 20
117 16.00 15
153 16.00 16
154 16.00 9
155 16.00 13
156 16.00 12
157 16.00 19
158 16.00 17
159 16.00 25
160 16.00 35
161 16.00 30
162 16.00 30
181 16.00 26
180 16.00 29
179 16.00 28
178 16.00 32
177 16.00 29
176 16.00 32
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 130

219 16.00 33
220 16.00 27
221 16.00 31
222 16.00 35
223 16.00 27
224 16.00 29
225 16.00 21
215 16.00 25
214 16.00 35
213 16.00 27
211 16.00 35
258 16.00 40
257 16.00 30
256 16.00 25
259 16.00 30
260 16.00 25

1389 16.00 22
1375 16.00 22
1356 16.00 21
1342 16.00 15
1322 16.00 29

1321 16.00 19
1320 16.00 19

1341 16.00 15
1355 16.00 19

1373 16.00 22
1374 16.00 18

1388 16.00 17
1402 16.00 14

1372 16.00 15
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 130

1371 16.00 14
1318 16.00 31
885 16.00 40
883 16.00 35
884 16.00 25

924 16.00 20
1158 16.00 30

1159 16.00 30
1157 16.00 30
1156 16.00 30
1093 16.00 30
1032 16.00 20
1155 16.00 35
1092 16.00 25

74 16.00 38
70 16.00 30
67 16.00 30

65 16.00 36
68 16.00 30
71 16.00 28
99 16.00 40
98 16.00 30
97 16.00 24
96 16.00 30

431 16.00 50
519 16.00 25
561 16.00 34
653 16.00 55
700 16.00 15
787 16.00 30
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 I 30

826 16.00 30
906 16.00 37
963 16.00 40

1053 16.00 25
186 16.00 13
185 16.00 19
187 16.00 12
230 16.00 11
231 16.00 19
232 16.00 15
233 16.00 41
269 16.00 32
268 16.00 33
267 16.00 32
266 16.00 30
265 16.00 27
264 16.00 37
310 16.00 36

566 14.50 60
520 14.50 30
473 14.50 45
475 14.50 30

1395 14.50 20
1362 14.50 21
1394 14.50 19
1397 14.50 13
1396 14.50 27
1237 16.00 25
1256 16.00 25
1270 16.00 20
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 I 30

1289 16.00 35
1301 16.00 20
1334 16.00 20

18 16.00 22
17 16.00 24

21 16.00 21
24 16.00 18
27 16.00 20

240 25
283 23
284 17
285 35

339 13.50 25
338 15.00 23
337 15.00 17
336 15.00 35
320 16.00 25
321 16.00 26
322 16.00 25
323 15.00 30
324 15.00 31
325 15.00 37
326 15.00 17
327 15.00 16
370 15.00 17
369 15.00 22
368 15.00 23
367 15.00 45
366 15.00 10
356 16.00 15
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 I 30

354 16.00 29
352 16.00 28
353 16.00 33
351 16.00 15
350 16.00 35
349 16.00 30
394 16.00 26
395 16.00 27
396 16.00 24
397 16.00 30
398 16.00 26
399 16.00 34
295 15.00 30
296 15.00 25
141 15.00 30
301 16.00 25
302 16.00 20
303 16.00 25
304 16.00 20

1013 16.00 19
1012 16.00 40
1059 16.00 24
1075 16.00 26
1122 16.00 24
1143 16.00 22
1196 16.00 22
1222 16.00 21
1232 16.00 22
1248 16.00 13
1265 16.00 28
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PILE DATA

PILE NO.
LENGTH (M.) TIME (MIN.)

126 130

1281 16.00 26
1152 16.00 13
1089 16.00 12
1026 16.00 17
780 15.00 25
736 15.00 20
690 15.00 30
647 15.00 35
735 15.00 20
689 15.00 25
646 15.00 25
779 15.00 40
818 15.00 25
859 15 .00 30
898 15.00 35
817 15.00 15
858 15.00 25
897 15.00 20
778 15.00 25
335 15.00 20
334 15.00 20
333 15.00 20
332 15.00 20
365 16.00 16
364 16.00 21
363 16.00 17
362 16.00 24
361 16.00 15
404 16.00 14
405 16.00 17
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PILE DATA

PILE NO .
LE N G T H  (M .) T IM E  (M IN .)

126 130

406 16.00 20
407 16.00 20
408 16.00 22
409 15.00 15
400 16.00 25

360 14.50 39
1445 14.50 28
494 14.50 23

1443 14.50 26
449 16.00 24
403 16.00 27

492 14.50 25
493 14.50 24
358 14.50 25
359 14.50 24

305 16.00 25
345 16.00 25
346 16.00 25
347 16.00 25
348 16.00 25
344 16.00 35
343 16.00 30
342 16.00 30

1296 16.00 14
1317 16.00 45
1316 16.00 15
1295 16.00 20
1280 16.00 19
1264 15.00 15
1247 15.00 15
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PILE DATA

PILE NO .
LE N G T H  (M .) T IM E  (M IN .)

126 I 30

1231 15.00 18
1221 15.00 15
1195 15.00 18
1142 15.00 23
1074 15.00 30

981 16.00 31
922 16.00 21
881 16.00 23
844 16.00 18
803 16.00 14
802 16.00 15
843 16.00 20
880 16.00 20
921 16.00 10
734 15.00 25
688 15.00 30
645 15.00 30
644 15.00 30
687 15.00 25
733 15.00 30
777 15.00 50
816 15.00 20
857 15.00 30
896 15.00 15

1111 13.50 20
1190 13.50 20

372 15.00 18
371 15.00 20
376 15.00 12
377 15.00 26
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PILE DATA

PILE NO .
LE N G T H  (M .) T IM E  (M IN .)

126 130

378 15.00 12
379 15.00 12
380 15.00 23

382 13.50 16
384 16.00 15
385 13.50 24
383 13.50 15
425 13.50 21

457 15.00 25
458 15.00 17
456 15.00 21
455 15.00 22
454 16.00 42
453 16.00 27
452 16.00 15
451 16 .00 22
450 16.00 22
718 16.00 35
672 16.00 25

627 15.00 35
628 15.00 20

759 16.00 45
717 16.00 40
671 16.00 28
626 16.00 25
582 16.00 25
536 16.00 30
388 16.00 25
387 16.00 45
428 16.00 25
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PILE DATA

PILE NO .
L E N G T H  (M .) T IM E  (M IN .)

126 I 30

427 16.00 30
435 16.00 40
434 16.00 20
433 16.00 30
436 16.00 30
437 16.00 25

1230 16.00 15
1246 16.00 19
1263 16.00 45
1279 15.00 18
1294 15.00 10
1315 15.00 23
1312 14.50 24
1310 14.50 12
1311 14.50 13
1309 14.50 22
1293 15.00 22
1022 16.00 17
1064 16.00 53
1085 16.00 30
1132 16.00 18
1148 16.00 17
1206 16.00 15
1225 16.00 13
1300 16.00 15
1269 16.00 29
1236 16.00 17
1205 16.00 17
1147 15.00 20
1131 14.50 20



PCTT AYUTTHAYA B FACTORY 12/20 225

PILE DATA

PILE NO .
LE N G T H  (M .) T IM E  (M IN .)

I 26 130

1084 14.50 25
1063 14.50 22
1021 14.50 10

1447 15.00 35
958 15.00 30
959 15.00 25

1002 15.00 30
1049 15.00 30
1110 15.00 25

1189 15.00 25
1188 15.00 30
1048 15.00 30
1109 15.00 20
1186 15.00 15

1187 15.00 30
462 15.00 16
461 15.00 25
460 15.00 26
463 15.00 12
464 15.00 25
465 15.00 15
466 15.00 16
467 15.00 18
468 15.00 17
469 15.00 29
429 13.50 22
430 13.50 24
514 15.00 18
547 15.00 13
546 15.00 20
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

126 130

545 15.00 29
544 15.00 21
543 15.00 19
542 16.00 25

355 15.00 32
1444 15.00 20

446 16.00 26
489 154.00 25

1442 16.00 26
535 16.00 28
581 16.00 22
625 16.00 25
670 16.00 31
716 16.00 19
758 16.00 47
476 16.00 15
523 16.00 25
522 16.00 35
521 16.00 30

1072 16.00 25
1056 16.00 25
1009 16.00 25
1008 16.00 45
1055 14.50 25
1071 14.50 30
1118 14.50 35
1139 14.50 25
1192 14.50 35
1218 16.00 35

878 16.00 18
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PILE DATA

PILE NO .
LE N G T H  (M .) T IM E  (M IN .)

126 I 30

919 16.00 14
978 16.00 24

1020 14.50 23
1062 14.50 19
1083 14.50 18

977 16.00 20
918 16.00 20
877 16.00 22
840 16.00 26

1182 15.00 30
1180 15.00 25
1178 15.00 40
1176 15.00 50
1104 15.00 70
1105 15.00 30
1106 15.00 40
1107 15.00 30
1108 15.00 20
1109 15.00 40
1043 15.00 25
1044 15.00 20
1045 15.00 35

513 15.00 22
512 15.00 29
511 15.00 21
510 15.00 25
509 15.00 46
508 15.00 18
541 16.00 17
540 16.00 16
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

126 130

539 16.00 27
538 16.00 17
585 16.00 19
584 16.00 14
586 16.00 23
587 16.00 25
588 16.00 18
669 16.00 27
715 16.00 25
580 16.00 27

624 14.50 33
1440 14.50 28
757 14.50 28

1438 14.50 27
534 16.00 28
445 16.00 20
444 16.00 24
443 16.00 22
442 16.00 30
565 16.00 25
564 16.00 30
524 16.00 40
525 16.00 25
526 16.00 25
527 16.00 35
528 16.00 25
574 16.00 35

1228 16.00 30
1244 15.00 30
1261 15.00 20
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

126 I 30

1277 15.00 30
1292 15.00 30
1314 15.00 25
1313 15.00 35
1291 15.00 30

799 16.00 15
976 16.00 17
917 16.00 15
876 16.00 23
839 16.00 17
798 16.00 32

1018 16.00 20
1081 16.00 23
1128 16.00 21
1202 16.00 26
1254 16.00 17

1046 15.00 25
1161 15.00 30
1163 15.00 21
1165 15 .00 21
1167 15.00 18
1173 15 .00 21
507 15 .00 15
506 15.00 17
505 15.00 15
548 15.00 12
549 15.00 22
550 15.00 17
551 15.00 22
552 15.00 21
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

I 26 130

553 15.00 24
554 15.00 14
555 15.00 33
556 15.00 25
557 15.00 32
590 15.00 21
591 15.00 19
592 16.00 15
593 16.00 20
639 16.00 20
1462 16.00 21
1461 15.00 25
1460 15 .00 21
441 16.00 30
48 4 16.00 26
485 16.00 29
486 16.00 27
487 16.00 26
488 16.00 26
532 16.00 34
533 16.00 24
531 16.00 21
530 16.00 33
529 16.00 31
575 16.00 25
576 16.00 23
573 16.00 31
572 16.00 25
571 16.00 35
570 16.00 30
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

126 130

569 16.00 25
568 16.00 35
567 16.00 25

1276 15.00 25
1260 15.00 25
1243 15.00 25
1227 15.00 30
1217 15.00 35
1191 15.00 30
1138 15.00 30
1117 15.00 25
1070 15.00 30
1333 15.00 28
1299 15.00 26
1288 15.00 15
1268 15.00 27
1255 15.00 17
1235 15.00 28
1224 15.00 11
1204 15.00 27
1146 15.00 17
1130 15.00 16

1171 15.00 30
1175 15.00 30

1174 15.00 30
1172 15.00 20

1169 15.00 60
1170 15.00 30
1168 15.00 25
1166 15.00 30
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E (M IN .)

126 130

1164 15.00 50
1162 15.00 25
1160 15.00 35

1459 15.00 18
1458 15.00 10
1457 15.00 16
1456 15.00 17
1455 15.00 23
895 15.00 13
894 15.00 25
893 15.00 15
892 15.00 15
891 15.00 18
890 15.00 18
889 15.00 25
850 15.00 17
851 15.00 7
577 16.00 45
578 16.00 20
579 16.00 27
621 16.00 25
622 16.00 15
623 16.00 20
620 16.00 30
619 16.00 20
665 16.00 20
613 16.00 40
612 16.00 30
611 16.00 35
614 16.00 20
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PILE DATA

PILE NO.
LE N G T H  (M .) T IM E  (M IN .)

126 I 30

615 16.00 30
616 16.00 30
617 16.00 25
618 16.00 35

1007 15.00 30
1054 15.00 25
1005 15.00 35
1215 14.50 25

1116 16.00 25
1130 14.50 30
1068 14.50 40
1298 15.00 28
1267 15.00 20
1234 15.00 18
1203 15.00 21
1145 15.00 18
1129 15.00 35
1082 15.00 21
1061 15.00 31
1019 15.00 23
1101 15.00 25
1102 15.00 30
1103 15.00 55



Flow Chart Used for Programming Construction Activities
Appendix 8
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Figure A8-1 : Flow Chart for programming the factory-construction activities by
Visualizer Scripts



Appendix 9
Examples of System Input & Output Floater Generated by Visualzer Scripts
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IOI Steel-Column Instg g g f c ;  ^  *1 >01 Steel-Column Insti
Installed by Tfuck-ctane No.01_____

“ First Column Position (X,Y}]_
along X-axis pfii cj
along Y-axis Jïïô cj

' Start Column to be instated-
Start Column N O. (Ô çj

Number ๙ Column -
Number ๙ Columnp) cj

■  Distance among Column •
Distance (m.) fcTo cj

Truck Speed (Randomized)*
Min. Speed (mVmin.) 10.0 cj
Max. Speed (mVmin.) pTo çj

ใ ime for 1-Column Installation (Randomized) -  
Min. Time (min.) pTo çj
Max. Time (๗ท.) [Ô"û cj

rStart Time*
Start at loo *il

Simulate

พ ฯ ^ ■. -=J_|xJ
Instalated by Truck-crane No.Q2

First Column Position (X,Y)]
dong X-axis |0.0
alorigY-axis lo o

■ Start Column to be instated '
Start Column No. [ô çj

r  Number ๙ Column ~
N umber of Column pr

- Distance among Column
Distance (m.) fcTo cj

Truck Speed (Randomized)-
Min. Speed (mVmin.) 10.0 cj 
Max. Speed (mVmin.) fcTo c !

Time for 1-Column Installation (Randomized) ~| 
Min. Time (min.) j 0.0 çj 11 
Max. Time (min.) pïô c ! j

r  Start Time*
Start atpTcT

Simulate

Figure A9-1 : Input windows used to simulate steel-column installation by two truck-
cranes.
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101R oof-Structure I ^ln jxj
Installât ed by Mobile-Crane No.QI I

First Structure Position (X,Y}]"
ฟ0กgX-axis 10 0 
along Y-axis 10.0

r  Start structure to be instated -

r  Number ๙ Structure-

Structure lift Hight (m)-

Angle Rotation to InstaS-
Ànÿe (degrees) 10.0

Start Time-

Simulate

' 5

Start Truss No.jô cj

NumberJÔ îj
p Distance among structure (m.)----------------

Distance [cïô îj

Hight fiïci î j

Start at jô îj

101 Roof-Structure เท xj
Instalated bv Mobie-Ctane No.0? I

First Structure Position (X.Y}]-
along X-axis |ÏÏÔ çj
along Y-axis 10.0 c]

r  Start structure to be instafied -

• Number of Structure"

Distance among structure (m.)-

- Structure lift Hight (m)-

- Angle Rotation to Install-
Angle (degrees) 10.0

Start Time-
Startatpr

Simulate

Start Truss No. |Ô :ะ!

Numberfô ะ j

Distance [do ะ]

Hight JcTÔ ะ]

Jl I

Figure A9-2: Input windows used to simulate roof-truss installation by one mobile-crane.
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EESZŒ BJ JI21*I toi Excavator Move* «พ:A-
fa&  i i  .

Excavator Data
Start Point

+ -XfÔÔ çj 
-Yjïïô î]

r  Distance'
distancel (m.)fâÔ cj
distance2 (m.) ( ผ ิ çj
distance3 [m. ) [û"Ô çj

Excavator Speed'
speed [ก

"Start time--------------
. .

----------------------------------------

speed (m./rrm.jfôô çj

start atfGÜO ç j

Operate

Figure A9-3: Input windows used to simulate roof-truss carrying by an excavator

tot System
I-Simulation Tbeix-napsl I
-Time------— ------ ------

36
min.

Figure A9-4: Output windows of simulation time
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Figure A9-5: Windows for visualizing factory-building construction processes and time
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Figure A9-6: Windows for visualizing factory-building construction processes and time 
{continue)



Appendix 10
Examples of Source Codes of the Development of the Integrated System
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Code
f o r  S i m u l a t i n g  s t e e l  Column I n s t a l l a t i o n  

by Us ing  T r u c k - c r a n e  No. 01 
c r e a t e d  by 

Noppadon Jokkaw

- -  A s s i g n i n g  t h e  v a r i a b l e s
u t i l i t y  s t c o l x  " I n s t a l l a t e d  by T r u c k - c r a n e  N o . 01"
(
g r o u p  " F i r s t  Column P o s i t i o n  [X,Y}]"
(
s p i n n e r  xpos  " a l o n g  X - a x i s  " r a n g e : [ -
1 0 0,1 0 0 ,0 ] \
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50
s p i n n e r  ypos  " a l o n g  Y - a x i s  " r a n g e : [ -
1 0 0 , 1 0 0 , 0 ] \
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50
)
g r o u p  " S t a r t  Column t o  be  i n s t a l l e d "
(
s p i n n e r  s c o l n  " S t a r t  Column No. "  r a n g e : [ 0 , 1 0 0 , 0 ]  \  
t y p e  : # i n t e g e r  f i e l d w i d t h : 50 
)
g r o u p  "Number o f  Column"
(s p i n n e r  Ncol  "Number o f  Column" r a n g e : [ 0 , 1 0 0 , 0 ]  \  
t y p e  : # i n t e g e r  f i e l d w i d t h : 50 
)
g r o u p  " D i s t a n c e  among Column"
(
s p i n n e r  c o d i s  " D i s t a n c e  (m.) "
r a n g e  ะ [ 0 , 1 0 0 , 0 ]  \
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50
)
g r o u p  " T r u c k  S peed  ( Ra n d o mi z e d ) "
(

" r a n g e  ะ [ 0 , 1 0 , 0 ]  \  
" r a n g e : [ 0 , 3 0 , 0 ]  \

t y p e : # f l o a t  s c a l e : 0 . 1  f i e l d w i d t h : 40
)

s p i n n e r  e x c s p l  " Min.  Speed  ( m . / m i n . )
t y p e : # f l o a t  s c a l e : 0 . 1  f i e l d w i d t h : 40
s p i n n e r  e x c s p 2  " Max. Speed  ( m . / m i n . )

g r o u p  "Time f o r  1-Column I n s t a l l a t i o n  ( R a n d o mi z e d ) "
(s p i n n e r  i n s t i m e l  " Min.  Time (min . )  " r a n g e : [ 0 , 3 0 , 0 ]  \
t y p e : # f l o a t  s c a l e : 0 . 1  f i e l d w i d t h : 40
s p i n n e r  i n s t i m e 2  " Max. Time (min . )  " r a n g e : [ 0 , 6 0 , 0 ]  \
t y p e : # f l o a t  s c a l e : 0 . 1  f i e l d w i d t h : 40
)
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g r o u p  " S t a r t  Time"
(
s p i n n e r  s t a r t  " S t a r t  a t "  r a n g e : [ 0 , 1 0 0 0 0 0 , 0 ]  \  
t y p e : # f l o a t  s c a l e : 0 . 1  f i e l d w i d t h : 100 
)

- -  Des i gn  b u t t o n
b u t t o n  c o _ รimx " S i m u l a t e "
on c o _ ร imx p r e s s e d  do
(
- -  A s s i g n e d  V a r i a b l e  Va l u e
scOl  = 
s c 0 2  = 
s c 0 3  = 
sc04  = 
s c 0 5  = 
s c 0 6  = 
sc07  = 
sc08  = 
s c 0 9  = 
b r t 0 1 =  
b r t 0 2 =  
b r t 0 3 =  
b r t 0 4 =  
b r t 0 5 =  
b r t 0 6 =  
b r t 0 7 =

x p o s . v a l u e  
y p o s . v a l u e  
N c o l . v a l u e  
c o d i s . v a l u e  
e x c s p l . v a l u e  
e x c s p 2 . v a l u e  
i n s t i m e l . v a l u e  
i n s t i m e 2 . v a l u e  
s c o l n . v a l u e  
random 1 3 
random 1 3 
random 1 3 
random 1 3 
random 1 3 
random 1 3 
random 1 3

- - S i m u l a t i o n  t i m e  u n i t  ( f r ame  p e r  m i n . )  
f  = 10

- - F u n c t i o n  O p e r a t i o n
s = s t a r t . v a l u e
- - ( a t t  = a v e r a g e  t r a v e l  t ime )  
r d s  = random s c 0 5  s c 0 6  
i n s t =  random sc07  sc08  
a t t  = s c 0 4 / r d s  
nco = sc03
- - t o t a l  t i m e  f o r  body  move p e r  1 c y c l e
ท = ( b r t 0 1 + b r t 0 2 + b r t 0 3 + b r t 0 4 + b r t 0 5 + b r t 0 6 + b r t 0 7 + i n s t + a t t ) * f
t t t  = n c o * ท 
n i  = s + t t t
- - a c o m m u l a t e d  t i m e  f r ame
x l =0
x2 = sc09
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x3=0
f o r  i i n  ร t o  n i  by ท
t f O l = ( i + b r t 0 1 * f )
t f  02 = ( t f 0 1 + b r t 0 2 * f )
t f  03 = ( t f 0 2 + b r t 0 3 * f )
t f  04 = ( t f 0 3 + i n s t * f )
t f  05 = ( t f 0 4 + b r t 0 4 * f )
t f  06 = ( t f 0 5 + b r t 0 5 * f )
t f  07 = ( t f 0 6 + b r t 0 6 * f )
t f  08 = ( t f 0 7 + b r t 0 7 * f )
t f  09 = ( t f 0 8 + a t t * f )
--Create Time Frame

s c 0 2 I = s c 0 2 + s c 0 4  
x3=x 3 +1
i f  x3<=nco t h e n
(

A n i ma t i o n R a n g e  = I n t e r v a l  0 n i  
s e t  a n i m a t e  on 

s e t  t i m e  i
r o t a t e  $boomhiap02 0 x _ a x i s

s e t  a n i m a t e  ๐ท 
s e t  t i m e  t f O l
r o t a t e  $boomhiap02 30 x _ a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $Rhiap02 0 z _ a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 3  
r o t a t e  $Rhiap02 90 z a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 4  
r o t a t e  $Rhiap02 0 z _ a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 5
r o t a t e  $Rhiap02 -90  z _ a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 6
r o t a t e  $boomhiap02 0 x _ a x i s

s e t  a n i m a t e  on 
s e t  t i m e  t f 0 7
r o t a t e  $boomhiap02 -3 0  x _ a x i s

a = b e z i e r _ _ p o s i t i o n  ()
$ h i a p w h 0 2 . p o s i t i o n . c o n t r o l l e r  = a
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k = addNewKey a t f 0 8
k . v a l u e  = [ s cO1 + 4 . 5 , s c 0 2 , 1 . 7 ]
k . o u t T a n g e n t T y p e  = # l i n e a r
k = addNewKey a t f 0 9  
k . v a l u e  = [ s cO1 + 4 . 5 , s c 0 2 1 , 1 . 7 ]  
k . i n T a n g e n t T y p e  = # l i n e a r  
k . o u t T a n g e n t T y p e  = # s t e p
) - - e n d  i f  o f  ma c h i ne  move
e l s e
e n d i f

--Excel Chart Present Accumulate Time

x l = x l + l
i f  x l !=nco t h e n

I ,
Exce l App  = Cr e a t e OL E O b je c t  " e x c e l . a p p l i c a t i o n "  
E x c e l A p p . V i s i b l e  = t r u e  
E x c e l A p p . W o r k b o o k s . A d d ()
( Ex c e l App . Ran g e  " a l "  
( Ex c e l App . Ran g e  "a2"  
( Ex c e l App . Ran g e  "a3"  
(E x c e l A p p . Range "a4"  
( Ex c e l App . Ran g e  "a5"  
( E x c e l A p p . Range "a6"  
( E x c e l A p p . Range "a7"  
(E x c e l A p p . Range "a8"  
(E x c e l A p p . Range "a9"

•Value = (tf01-s)/f
•Value = (tf02-s)/f
-Value = (tf03-s)/f
•Value = (tf04-s)/f
•Value = (tf05-s)/f
•Value = (tf06-s)/f
•Value = (tf07-s)/f
-Value = (tf08-s)/f
•Value = (tf09-s)/f

( E x c e l A p p . Range " a i : a 9 " )  . S e l e c t  0  
E x c e l C h a r t  = E x c e l A p p . C h a r t s . A d d ()
)--end else of excel

--Columns are moved to the positions

i f  x l< = n c o  t h e n  
(

i f  x 2 !=32 t h e n  
i f  x 2 !=31 t h e n  
i f  x 2 !=30 t h e n  
i f  x 2 !=29 t h e n  
i f  x 2 !=28 t h e n



i f x2 !! =27 t h e n
i f x2 !! =2 6 t h e n
i f x2 !! =25 t h e n
i f x2 !! =24 t h e n
i f x2 !! =23 t h e n
i f x2 !! =22 t h e n
i f x2 !! =21 t h e n
i f x2 !! =20 t h e n
i f x2 !! =19 t h e n
i f x2 !! =18 t h e n
i f x2 !! =17 t h e n
i f x2 !! =16 t h e n
i f x2 !! =15 t h e n
i f x2 !! =14 t h e n
i f x2 !! =13 t h e n
i f x2 !! =12 t h e n
i f x2 !! =11 t h e n
i f x2 !! =10 t h e n
i f x2 !! =9 t h e n
i f x2 !! =8 t h e n
i f x2 !! =7 t h e n
i f x2 !! =6 t h e n
i f x2 !! =5 t h e n
i f x2 !! =4 t h e n

i f  x 2! =3  t h e n  
i f  x 2 !=2 t h e n  

i f  x 2 !=1 t h e n  
e n i f
e l s e  - - f o r  colOOl  
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $0๐1001 0 X a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 1  90 X a x i s
b = b e z i e r _ p o s i t i o n  () 
$ ๐๐1001 . p o s i t i o n . c o n t r o l l e r
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ SCO 1 , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r  
)

e l s e  - - f o r  CO1002 
( s e t  a n i m a t e  on 

s e t  t i m e  t f 0 2  
r o t a t e  $๐๐1002 0 X  a x i s
set animate on



set time tf03
rotate $co!002 90 X axis

๖ = b e z i e r _ p o s i t i o n  0  
$c o l 0 0 2 . p o s i t i o n . c o n t r o l l e r
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1003 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 3  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 3  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  ()
$ c o l 0 0 3 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  --for C.O1004 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 00 4  0 X  a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 00 4  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 0 4 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
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e l s e  - - f o r  eolOOS 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 5  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 5  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 0 5 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  colOOb 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 6  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 6  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 0 6 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1007 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 7  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ co l 0 0 7  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0  
$ c o l 0 0 7 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b tf02
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1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)

e l s e  - - f o r  CO1008 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 8  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 8  90 X  a x i s
๖ = b e z i e r _ p o s i t i o n  0
$ c o l 0 0 8 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  --for CO1009 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 0 9  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 0 9  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 0 9 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  colOlO 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 0  0 X  a x i s
set animate on
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๖ = b e z i e r _ p o s i t i o n  ()
$ ๐๐ 1 0 1 0 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  c o l o n  
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $๐๐1011 0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $๐๐1011 90 x a x i s

set time tf03
rotate $col010 90 x_axis

b = b e z i e r _ p o s i t i o n  0  
$๐๐1011 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1012 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 2  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $๐๐1012 90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ ๐๐ 1 0 1 2 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)
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e l s e  - - f o r  c o l O 13 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 3  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 1 3  90 x _ a x i s
๖ = b e z i e r _ p o s i t i o n  ()
$ c o l 0 1 3 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s r 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1014 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 4  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 1 4  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0  
$ c o l 0 1 4 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  c o l 0 1 5  
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 5  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 1 5  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0  
$ c o l 0 1 5 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b tf02
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1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  c o l u i b  
( s e t  a n i m a t e  ๐ท 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 6  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 1 6  90 x _ a x i s
๖ = b e z i e r _ p o s i t i o n  0  
$ c o l 0 1 6 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1017 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o 1017 0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ co l 0 1 7  90 X  a x i s

1.value = [14,sc02,0]
1.outTangentType = #linear

b = b e z i e r _ p o s i t i o n  0
$ c o l 0 1 7 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)

e l s e  - - f o r  c o l 018 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ co l 01 8  0 X  a x i s
set animate on
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set time tf03
rotate $co!018 90 X axis

๖ = b e z i e r _ p o s i t i o n  0  
$ 0 ๐1 0 1 8 . p o s i t i o n . c o n t r o l l e r  = ๖
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = f t l i n e a r
)

e l s e  - - f o r  CC'1019 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 1 9  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 1 9  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0  
$ c o l 0 1 9 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  --for C.O1020 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 0  0 X  a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 0  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 0 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)
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e l s e  - - f o r  c o l 021 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 1  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 02 1  90 x _ a x i s
๖ = b e z i e r _ p o s i t i o n  0  
$ c o l 0 2 1 . p o s i t i o n . c o n t r o l l e r  = ๖
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1022 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ co l 0 2 2  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 2  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 2 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O1 , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)

e l s e  - - f o r  CO1023 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 3  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 3  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 3 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b tf02
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1 = addNewKey ๖ t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)

e l s e  - - f o r  CO1024 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 02 4  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 02 4  90 x _ a x i s
๖ = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 4 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
)

e l s e  - - f o r  CO1025 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 5  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 5  90 X  a x i s

1.value = [14,sc02,0]
1.outTangentType = ttlinear

b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 5 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  col .026 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 6  0 X  a x i s
set animate on
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set time tf03
rotate $co!026 90 X axis

b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 6 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  --for CO1027 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 7  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 7  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 7 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1028 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 8  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 8  90 X  a x i s
b = b e z i e r _ p o s i t i o n  0
$ c o l 0 2 8 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)



258

e l s e  - - f o r  c o l 029 
( s e t  a n i m a t e  on 
s e c  t i m e  t f 0 2  
r o t a t e  $ c o l 0 2 9  0 X  a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 2 9  90 X  a x i s
๖ = b e z i e r _ p o s i t i o n  ()
$ c o l 0 2 9 . p o s i t i o n . c o n t r o l l e r  = ๖
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  c o l 030 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 3 0  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 3 0  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  ()
$ c o l 0 3 0 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  c o l 031 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ c o l 0 3 1  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ c o l 0 3 1  90 x _ a x i s
b = b e z i e r _ p o s i t i o n  0  
$ c o l G 3 1 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b tf02
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1 = addNewKey ๖ t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e  - - f o r  CO1032 
( s e t  a n i m a t e  on 
s e t  t i m e  t f 0 2  
r o t a t e  $ co l 0 3 2  0 x _ a x i s
s e t  a n i m a t e  on
s e t  t i m e  t f 0 3
r o t a t e  $ co l 0 3 2  90 X  a x i s

1.value = [14,sc02,0]
1.outTangentType = #linear

b = b e z i e r _ p o s i t i o n  0
$ c o l 0 3 2 . p o s i t i o n . c o n t r o l l e r  = b
1 = addNewKey b t f 0 2  
1 . v a l u e  = [ 1 4 , s c 0 2 , 0 ]
1 . o u t T a n g e n t T y p e  = t t l i n e a r
1 = addNewKey b t f 0 3  
1 . v a l u e  = [ s c O l , s c 0 2 , 4 . 5 ]
1 . o u t T a n g e n t T y p e  = # l i n e a r
)

e l s e
e n d i f
s c 0 2 = s c 0 2 + s c 0 4  
s c 0 2 1 = s c 0 21 + s c 0 4  
x2 = x 2 - l
)--end for loop of accum. time frame 
)--end on button 
)--end utility

e x c = n e w r o l l o u t f l o a t e r  "Steel-Column Installation Data" 250 200
a d d r o l l o u t  s t c o l x  exc
e x c . s i z e = [ 2 5 0 , 4 6 0 ]



260

-~ S o r t  Code o f
- -  F a t e r n  o f  E x c a v a t o r  i
- -  by  Noppadon i .

T i o v i n c i and . r o t a t i n g

-  -  V =  E X c a  V a  t o r  ร P eed  {ท ใ / m i n .  ;

= Ope r a t  i  o ท c o ร t. ( B a h t  ร /  h r  . ;

U t i l i t y  exmove "Excavator  Data" 
(
group " S ta r t  Point"
( s p i n n e r  spx "+ -  X" 
f i e l d w i d t h  ะ 50

range ะ [ - 1 0 0 0 , 1 0 0 0 , 0 ] typ e  : # f l o a t s c a l e  : 0 .2
s p i n n e r  spy "+ -  Y" 
f i e l d w i d t h : 50

range ะ [ - 1 0 0 0 , 1 0 0 0 , 0 ] typ e  : # f l o a t s c a l e  : 0 .2

group "Dis tance"
(
s p i n n e r  d i s l  " d i s t a n c e l  (๓.)" range : [ 0 , 1 0 0 , 0 ]  t y p e : # f l o a t  
s c a l e : 0 . 2  f i e l d w i d t h : 50
s p i n n e r  d i s 2  " d i s t a n c e 2  (m.)" range:  [ 0 , 1 0 0 , 0 ]  t y p e : # f l o a t  
s c a l e : 0 . 2  f i e l d w i d t h : 50
s p i n n e r  d i s 3  " d i s t a n c e 3  (๓.)" r a n g e : [ 0 , 1 0 0 , 0 ]  t y p e : # f l o a t  
s c a l e : 0 . 2  f i e l d w i d t h : 50

group "Excavator  Speed"
(
s p i n n e r  X  "speed (rn./min.)"  range : [ 0 , 1 0 0 , 0 ]  t y p e : # f l o a t  s c a l e : 0 . 1  
f i e l d w i d t h : 40 
)
group " S t a r t  time"
(
s p i n n e r  St " s t a r t  at" r a n g e : [ 0 , 1 0 0 0 0 0 , 0 ]  t y p e : # f l o a t  s c a l e : 0 . 1  
f i e l d w i d t h : 40 
)
b u t t o n  move "Operate"  
on move p r e s s e d  do 
(

d l = d i s 1 . v a lu e  
d 2 = d i s 2 . v a l u e  
d 3 = d i s 3 . v a l u e  
V = X . v a l u e  
m t = s t . v a l u e  
s p l = s p x . v a lu e  
s p 2 = s p y . v a lu e
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— S i m u l a t i o n  t im e  u n i t  {frame per  min.)  
f  = 10

— O p era t io n  t im e  
i = d l / v  — c l i s t l  move t ime  
j =1 - - r o t a t e l  t ime  
l = d 2 / v  — Clist2 move t ime  
q = l  - - r o t a t e 2  t ime  
S = d3 /v  - ~ d i s t 3  move t ime
- - t o t a l  o p e r a t i o n  t ime  
TT=i+j+ l+q+s
- - t o t a l  o p e r a t i o n  c o s t

m=mt
ท= (m+i* f ) 
๐ = ( n + j  * f ) 
p = (๐+1* f ) 
r=( p + q * f ) 
t = ( r + s * f )

AnimationRange = I n t e r v a l  0 t
a = b e z i e r _ p o s i t i o n  0
$wh02. p o s i t i o n . c o n t r o l l e r  = a
k = addNewKey a m
k . v a l u e  = [ s p l , s p 2 , 0 . 5 ]
k . outTangentType = # l i n e a r
k = addNewKey a ท 
k . v a l u e  = [ s p l , s p 2 + d l , 0 . 5 ]  
k . inTangentType = # l i n e a r  
k . outTangentType = # s t e p
b = t c b _ r o t a t i o n  0  
$wh02. r o t a t i o n . c o n t r o l l e r  = b 
j = addNewKey b ท 
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t ime  ท
r o t a t e  $wh02 0 z a x i s

j = addNewKey b o 
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t ime  o
r o t a t e  $wh02 90 z _ a x i s  

c = t c b _ r o t a t i o n  0



262

$๖o d y O l . r o t a t i o n . c o n t r o l l e r  = c 
j = addNewKey c ท 
j . t e n s i o n  = 50
s e t  an im ate  on 

s e t  t ime ท
r o t a t e  SbodyOl 0 z _ a x i s

j = addNewKey c o
j .  t e n s i o n  = 50 
s e t  animate  on

s e t  t ime  o
r o t a t e  $body01 -90  z _ a x i s

k = addNewKey a o
k .  v a l u e  = [ s p l , s p 2 + d l , 0 . 5 ]  
k . outTangentType = t t l in e a r

k = addNewKey a p 
k . v a l u e  = [ s p l + d 2 , s p 2 + d l , 0 .5 ]  
k . inTangentType  = # l i n e a r  
k . outTangentType = # s t e p
j = addNewKey b p 
j . t e n s i o n  = 50
s e t  an im ate  on 

s e t  t ime p
r o t a t e  $wh02 0 z a x i s

j = addNewKey b r 
j . t e n s i o n  = 50
s e t  an im ate  on 

s e t  t ime  r
r o t a t e  $wh02 -90  z a x i s

j = addNewKey c p 
j . t e n s i o n  = 50
s e t  an im ate  on 

s e t  t ime p
r o t a t e  $body01 0 z _ a x i s

j = addNewKey c r 
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t ime r
r o t a t e  $body01 90 z _ a x i s

k = addNewKey a r
k . v a l u e  = [ s p l + d 2 , s p 2 + d l , 0 .5 ]
k . outTangentType = t t l in e a r

k = addNewKey a t
k . v a l u e  = [ s p l + d 2 , s p 2 + d l - d 3 , 0 . 5 ]
k . outTangentType = # l i n e a r
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s t a t x  = sp l+d2  
s t a t y  = s p 2 + d l -d 3
p r i n t  "Forward" 
p r i n t  s t a t x  
p r i n t  s t a t y  
)
)

e x c = n e w r o l l o u t f l o a t e r  "Excavator  Moves Forward" 220 200
a d d r o l l o u t  exmove exc
e x c . s i z e = [ 2 2 0 , 3 5 0 ]
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S o r t  Code
f o r  S im u la t i n g  Roof s t r u c t u r e  (Truss)  I n s t a l l a t i o n  

by Üs i n g  Mo๖ i l e - c  ra ne N o .01 
c r e a t e d  by 

Noppadon Jokkaw

- -  A s s i g n i n g  th e  v a r i a b l e s
u t i l i t y  t r u s s x  " I n s t a l l a t e d  by M obi le -Crane  N o .01"

(
group " F i r s t  s t r u c t u r e  P o s i t i o n  [X,Y}]"
(s p i n n e r  x sp o s  " a lo n g  X - a x i s  " range: [ -
1 0 0,1 0 0,0 ] \
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50
s p i n n e r  y sp o s  " a lo n g  Y - a x i s  " r a n g e : [ -
1 0 0,1 0 0,0 ] \
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50
)

group " S t a r t  s t r u c t u r e  t o  be i n s t a l l e d "
(
s p i n n e r  s t r u s s  " S ta r t  Truss No." r a n g e : [ 0 , 1 0 0 , 0 ]  \  
ty p e  : # i n t e g e r  f i e l d w i d t h : 50 
)
group "Number o f  s t r u c t u r e "
(
s p i n n e r  n o t r u s s  "Number" range : [ 0 , 1 0 0 , 0 ]  \  
ty p e  : # i n t e g e r  f i e l d w i d t h : 50 
)
group " D is ta n c e  among s t r u c t u r e  (m.)"
(
s p i n n e r  d s t r u s s  "Dis tance"  range : [ - 1 0 0 , 1 0 0 , 0 ]  \  
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50 
)
group " S t r u c t u r e  l i f t  Hight (m)"
(
s p i n n e r  h i  "Hight" range : [ 0 , 1 0 0 , 0 ]  \  
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50 
)
group "Angle R o t a t i o n  to  I n s t a l l "

(s p i n n e r  ang "Angle (d e g r e e s ) "  r a n g e : [ - 3 6 0 , 3 6 0 , 0 ]  \  
t y p e : # f l o a t  s c a l e : 0 . 2  f i e l d w i d t h : 50 
)
group " S t a r t  Time"

(s p i n n e r  St  " S ta r t  at"  r a n g e : [ 0 , 1 0 0 0 0 0 , 0 ]  \  
ty p e  : # i n t e g e r  f i e l d w i d t h : 50
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)

— D es ig n  b u t t o n
b u t t o n  co_s im x  "Simulate"
๐ท CO s i m x  p r e s s e d  do
(

— A s s i g n e d  V a r i a b l e  V alue
trO l  = x s p o s . v a l u e  
t r 0 2  = y s p o s . v a l u e  
t r 0 3  = s t r u s s . v a l u e  
t r 0 4  = n o t r u s s . v a l u e  
t r 0 5  = d s t r u s s . v a l u e  
t r 0 6  = h i . v a l u e  
mum = a n g . v a l u e

t r t 0 1 = random 3 5
t r t 0 2 = random 3 5
t r t 0 3 = random 3 5
t r t 0 4 = random 3 5
t r t 0 5 = random 3 5
t r t 0 6 = random 3 5
t r t 0 7 = random 10 15
t r t 0 8 = random 20 25
t r t 0 9 = random 7 10

- - S i m u l a t i o n  t im e  u n i t  ( f ram e  p e r  m in . )  
f  = 10
— F u n c t i o n  O p e r a t i o n
s = s t . v a l u e
- - ( a r t  = a v e r a g e  t r a v e l  t im e)  

n t r  = tr0 4
- - t o t a l  t im e  f o r  body  move p e r  1 c y c l e
( t r t 0 1 + t r t 0 2 + t r t 0 3 + t r t 0 4 + t r t 0 5 + t r t 0 6 + t r t 0 7 + t r t 0 6 + t r t 0 7 + t r t 0 8 + t r t 09) *f
t t t  = n tr*n  
n i  = s + t t t
- - aco m m a1 a t e d  t im e  f ram e
x l  = 0 
x3=0
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d i s = t r 0 5
fo r  i  i n  ร t o  n i  by ท do
(
t t O l  = ( i + t r t 0 1 * f )  
t t 0 2  = ( t t 0 1 + t r t 0 2 * f ) 
t t 0 3  = ( t t 0 2 + t r t 0 3 * f ) 
t t 0 4  = ( t t 0 3 + t r t 0 4 * f ) 
t t 0 5  = ( t t 0 4 + t r t 0 5 * f ) 
t t 0 6  = ( t t 0 5 + t r t 0 6 * f ) 
t t 0 7  = ( t t 0 6 + t r t 0 7 * f ) 
t t 0 8  = ( t t 0 7 + t r t 0 8 * f ) 
t t 0 9  = ( t t 0 8 + t r t 0 9 * f )
- - C r e a t e  Time Frame

x3=x3+l
i f  x 3<=ntr  then
(

AnimationRange = I n t e r v a l  0 n i
๖ = t c b _ r o t a t i o n  0  
$ b o d y 0 2 . r o t a t i o n . c o n t r o l l e r  = b 
j = addNewKey b i  
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t im e  i
r o t a t e  $body02 0 z _ a x i s

j = addNewKey b t t O l  
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t im e  t t O l  
r o t a t e  $body02 mum z _ a x i s

1 = b e z i e r _ p o s i t i o n  0
$ h o o k 0 1 . p o s i t i o n . c o n t r o l l e r  = 1
k = addNewKey 1 t t 0 2
k . v a l u e  = [ 1 , 0 , - 3 ]
k . outTangentType = # l i n e a r
k = addNewKey 1 t t 0 3  
k . v a l u e  = [ 6 . 2 5 , 0 , 3 ]  
k . in T a n g en tT yp e  = # l i n e a r  
k .outT an gen tT yp e  = # s t e p
k = addNewKey 1 t t 0 4  
k . v a l u e  = [ 6 . 2 5 , 0 , 3 ]  
k. outTangentType = [ [ l in e a r
k = addNewKey 1 t t 0 5  
k . v a l u e  = [ 1 , 0 , - 3 ]  
k . inTangentType = [ [ l in e a r  
k . outTangentType = # s t e p
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j = addNewKey b t t 0 6  
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t ime t t 0 6  
r o t a t e  $body02 0 z _ a x i s

j = addNewKey b t t 0 7  
j . t e n s i o n  = 50 
s e t  an im ate  on 

s e t  t im e  t t 0 7
r o t a t e  $body02 -mum z _ a x i s

g = b e z i e r _ p o s i t i o n  0
$ w h e e l 0 2 . p o s i t i o n . c o n t r o l l e r  = g
k = addNewKey g t t 0 8  
k . v a l u e  = [ t r O l , t r 0 2 , 0 . 5 ]  
k . inTangentType = # s t e p  
k . outTangentType = t t l in e a r
k = addNewKey g t t 0 9  
k . v a l u e  = [ t r O l , t r 0 2 + t r 0 5 , 0 .5 ]  
k . inTangentType = # l i n e a r  
k . outTangentType = # s t e p
t r 0 2 = t r 0 2 + d i s
) - - e n d  i f  o f  machine move
e l s e
e n d i f

- - E x c e l  Chart P r e s e n t  Accumulate  Time
X1=x1+1

i f  x l ! = n t r  then  
en d i  f  
e l s e  
(
ExcelApp = CreateOLEObject " e x c e l . a p p l i c a t i o n "  
E xce lA p p . V i s i b l e  = t r u e  
E xce lA p p . Workbooks.Add()
(E x ce lA pp . Range 
(E x ce lA pp . Range 
(E x ce lA pp . Range 
(E xce lA p p . Range 
(E x ce lA pp . Range 
(ExcelA pp. Range 
(ExcelA pp. Range 
(ExcelApp. Range 
(ExcelA pp. Range

" a l " ) .Va lue  
"a2") .Value  
"a3") . Value  
" a 4 " ) .Value  
"a5") .Va lue  
"a6") .Va lue  
"a7" ) . Value  
"a8" ) .Va lue  
"a9") .Va lue

(ttoi)/f
(tt02)/f 
(tt03)/f 
(tt04)/f 
(tt05)/f 
(tt06)/f 
(tt07)/f 
(tt08)/f 
(tt09)/f

(ExcelApp.Range a 1 :a9") .Select()
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E xce lC h ar t  = E xce lAp p . C h a r t s . Add()
) - - e n d  e l s e  o f  e x c e l
i f  x l = = n t r  then
(
t im e  = t t 0 9 / f
p r i n t  "-------------------------------------------------------------------------- "
p r i n t  x l
p r i n t  " t o t a l  O p era t ion  Time o f  Mobile  Crane"
p r i n t  t ime  
p r i n t  "mim."
p r i n t  "---------------------------------------------------------------------------- "
p r i n t  " t o t a l  frame" 
p r i n t  t t 0 9
p r i n t  "---------------------------------------------------------------------------- "
) - - e n d  f o r  lo o p  o f  p r i n t  t ime
e l s e
e n d i f
) - - e n d  f o r  loop  o f  accum. t ime  frame 
) - - e n d  on b u t t o n  
) - - e n d  u t i l i t y
e x c = n e w r o l l o u t f l o a t e r  " R o o f - S t r u c t u r e  I n s t a l l a t i o n  Data" 250 200
a d d r o l l o u t  t r u s s x  exc
e x c . s i z e = [ 2 5 0 , 4 6 0 ]
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S o r t  Code
f o r  C r e a t in g  windows v i s u a l i z i n g  

c r e a t e d  by 
Noppadon Jokkaw

Sim-FactoCon D i s p l a y e r

r o l l o u t  rA ct iveX  "Sim-FactoCon"
(

a c t i v e X C o n t r o l  ax " { 05589FA1-C356-11CE-BF01-00AA0055595A)" 
h e i g h t : 7 0 0  w id th : 7 0 0  a l i g n : # l e f t
b u t t o n  b t n P ic k  "LOAD s i m u l a t e d  A c t i v i t y  " p o s : [ 7 2 0 ,  10]

on b t n P i c k  p r e s s e d  do
(
l o c a l  f  = getOpenFileName c a p t i o n : " P i c k  Any Avi F i l e "  
t y p e s  ะ " * .av i"
i f  f  != u n d e f in e d  th en  a x .F i leN am e  = f
)

on ax t i m e r  do
(
s l i d e r T i m e  = a n im at io n R a n g e . s t a r t  + ( a x . C u r r e n t P o s i t i o n  * 
(a n im a t io n R a n g e . end -  a n im at io n R a n g e . s t a r t ) ) / ( a x . s e l e c t i o n E n d  -  
a x . s e l e c t i o n s t a r t )
)
on ax P o s i t io n C h a n g e  o ld P o s  newPos do
(format "[%, %]\ท" o ld P os  newPos

)
)
n f  = n e w R o l lo u t F lo a t e r  "Sim-FactoCon ( I n t e g r a t e d  System fo r  
F a c t o r y - C o n s t r u c t i o n  s i m u l a t i o n )  Developed by CEM Chula" 1050 710 
a d d R o l l o u t  rA ct iveX  n f
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S o r t  Code
f อr  d i s p l a y i n g  ร i ๓น 1 a t i ๐ท t i ine  ( 1X) 

c r e a t e d  by 
Noppadon Jokkaw

r o l l o u t  t i m e l  " S im u la t io n  Time l X - ( l O f p s ) "
(

group "Time"
(
l a b e l  t e s t  "0" 
l a b e l  d " m i n ."
)
t im e r  c l o c k  " t e s t c i o c k "  i n t e r v a l : 330 
on c l o c k  t i c k  do 
( X  = ( t e s t . t e x t  as  i n t e g e r ) +1 
t e s t . t e x t  = X  as  s t r i n g  
)
)

n o p = n e w r o l l o u t f l o a t e r  "System Output" 160 200 
a d d r o l l o u t  t i m e l  nop
nop.size=[170,250]
max time play
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Sort. Code
for displaying simulation time (1/2X) 

created by 
Noppadon Jokkaw

r o l l o u t  t i m e l  " S im u la t io n  Time 1 / 2 x - ( 1O fps)"
(
group "Time"
(
l a b e l  t e s t  "0" 
l a b e l  d "min."
)t im e r  c l o c k  " t e s t c i o c k "  i n t e r v a l : 660 
on c l o c k  t i c k  do 
( X  = ( t e s t . t e x t  as i n t e g e r ) +1 
t e s t . t e x t  = X  as  s t r i n g  
)
)

n o p = n e w r o l l o u t f l o a t e r  "System Output" 160 200 
a d d r o l l o u t  t i m e l  nop
nop.size=[170,250]
max time play
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