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Abstract

Constructing a building or facility depends on
a design project and a construction project. The main
work of construction management ensures the cost,
duration and quality reaching even more than the
goal we wish. But little effort has been made to
control the schedule of the design project in the
academic world. Current practice also have difficult
to control the design project. The performance of
design project often only depend on the experience
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and ability which designer and his team own. The
complete time and drawing amount all be controlled
by the designer. This isn’t a normal manage mode.

The main reasons about the difficulty of
controlling the schedule probably because : (1)
Design activities expect for precedence and
postposition often have information dependencies
between each other. We call it have relationship of
iteration. So the relationship of design activities is
complex ; (2) To measure the duration of design
activity is difficult; (3 )Current tools of management
can’t handle the design project. Else because the total
duration is anticipated shorter, so the duration of
design project also is expected shorter. And so on the
controlling the schedule of design project is more
important, but is more difficult.

The proposed model first applies a modified
dependency structure matrix to evaluate information
dependencies between activities to facilitate the
establishment of a schedule network. It also uses an
approach to incorporate the effect on duration of the
numbers of design iterations and to resolve design
activities’ duration by calculating drawing amount.
Then this work proposes a simulation-based design
schedule model to control design projects by
computer modeling. Final, the model is demonstrated
through its application to a wafer fabs’ project, which
was reviewed by industrial practitioners.

Keywords: Design iteration; Design schedule;
Design process; Dependency structure matrix;
Simulation
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Intra Inter, Multi, 7
lzer P) =IterDIKD, x(()) (l(n)x 7 e+(”l(n> 'l? (,(n) /g ( )

2349 o JterDR; 5 P15 %3 ks  f £ ivh
3R B bdeo ]l‘erDRl. 4 E_20%, 40%
80% - Dl.(o) g 2§ R ERAERT 5 =

FiTENT R ,Tkiﬁ“ oy =d, +dd,.
(See Eq. (4).) Ly, =1 if e % i3 2 enf p3nges
Bk E R, =0 R RS my, (Lor0) frry,
(lor0) =H&E i THEEFHFL ML RS F £
B3l B 3 IntraDi/Z”_1 , InterDi/Z"_1 or
MultiD, [2"" 24 7% i t$a= > ¥ X7
Th=k B Ao B 0 B B AT ReniiR T o g0t
H b E A PER € 12N b o F 2 2 R
S G R o BE o FRCH AR PERY S € B 4 0 T
IntraD, < InterD,< MultiD, -

Ktk T2 P FEIH2 - B Dy — BAN
oo B 3] eneh g3k 3 (wall section design) (¥ E &
V'I PR FEITEF L P IRRFRER 2 X o5

dd; = 4 hours; lterDR,= 80%, and IntraD,= 4
hours - Iﬁdtt ’ li(I) 1> mja) = Fio)= 0 o 4ot
ik 2% ¥ 2. d,=16.66 hours’ D, iy = di+ dd; =

16.66 + 4 =20.66 hours = F]p* » § K3 AT 2 %

~ Z(n=1)E o £ ERER ferDy b
IterD,,,

= terDR! x Dy + (I IntraD L)t o [n;rlD‘.)_'_(rm XMz{tiDi) (8a)
~08' ><20.66+(1><?)+(0>< I”’e’D') +(0x M“”’D) (8b)
=0.8x20.66+(1x4)= 20.53 hours (8(:)

o R F - ARFRRATF LA D, =4

+ ddi“" IterDlw = Di(O) + ]t@VD,'(j) =20.66 + 20.53 =
41.19 hours o 72 > %% % - &t (n = 2)R %k
B?*: ’ :é: T%H“’:FE'I& IterDi(g) ;1

IterD,,,
IntraD, InlerD,
22 1 ) ( i(2) ) 22 1

_082><2066+(1><—)+(0 Im;”rD )+(0x

MultiD, . (92)
271 )
2
MultiD, ) (9b)
2[

=1IterDR} x Dy, + (I,

)+ (i) x

=0.8% x20.66 + (1 x 2) = 15.22 hours (%)

F]pL o ik RO 3 (4)
FRT 281 D,

2066+2053+1522 56.41

SR R
= d + dd + IterDlw +

PE e

F?IF;F- l—-—

IterDl(g)
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Rz ~ " FEHz R 2 L3 35 F

PEART AT FEAIfCA2 > B v
FHz X2 FTABLE om § o TER D
(6 ERFERITTE 8 AP AL
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%iﬂmﬁéﬁzﬁﬁég,ﬂ Wi g
ﬁpﬁ’fﬁillﬁéﬁ’i‘ *(A1~A10 Al

%

I~A17)~6 & =%
TR FE(A2A~
2
(g

' (Al
(A18 A23) 7 éﬁﬁﬁ
|47 & (e g2 B EE

A30) o 4z et A Y

D TE L [ i1
HVAC design
Al18 HVAC calculations A2

A19  AHU equipment design Al8

A20 Piping system design Al9
A21  Air duct plan design Al9
A22  AHU ductwork details design A20, A21
A23  HVAC design review A22
Electrical design
A24  Electrical switchgear calculations A2

A25  Electrical switchgear design A24

A26  Light fixture and wiring design A25,A27,A28
A27  Emergency light design A26

A28  Smoke detector design A26

A29  Emergency exhaust duct design A26
A30  Electrical design review A27, A28, A29
End  Design completed A10, A17, A23, A30

D 144 i
Architectural design

Al  Floor plan design

A2  Exterior elevations design Al1,A3

A3 Wall sections design A2

A4 Ceiling plan design A2,A21,A26
A5  Restroom details design A3

A6  Door and window details design AS

A7  Cafeteria furniture design A3

A8 Interior elevation design A4, AS, A7
A9  Construction details design A8

A10  Architectural design review A6, A9
Structural design

A1l  Structural calculations A2,A19

A12  Foundation design All1,A17

Al13  Floor framing design Al2

Al4 Beam details design Al3

Al5  Column details design Al3

A16  Slab details design Al3

Al17  Structural design review Al4, Al5, Al6

%E%%Zﬁﬂﬁﬁﬁ%%iﬁ%?ﬂ’éﬁ
TR L TERF A 2 fﬁiﬁﬁ‘@ﬂﬁ#ﬁi
(TQ;) - ﬁ#fﬁ' ﬂ+ t(CF)» * B %8 5 |(Ratio;)
E BERER (dd) o blde o A3 (FEGRA P

A~ TQ; ~

CF;4v dd; » %] % SEC (section) ~ 1.52
sheets ~ 0.97 ~ fv 4 -] p* -

Fobo, d A ﬁ &gﬁg;t
&) ’Ratioi(p) , é—}}%&ﬁgﬂ? N _%%1«: 2 5§r§]§ A
b 5 10%, 60% £ 30% - £ 7 5|dle FFo S L=

& 48 2 4 1 En S (unit rate © URyy) °

#3 & %+ F 2 &4 (unit rate)
Unit rate
Participants (hour/sheet)
per person

Architectural discipline

Architect 8

Designer 10

Assistant designer 15
Structural discipline

Structural consultant 8

Structural engineer 10

Structural assistant engineer 12
HVAC discipline

HVAC consultant 6.5

HVAC engineer 9

HVAC assistant engineer 14
Electrical discipline

Electrical consultant 8

Electrical engineer 10

Electrical assistant engineer 14
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T¥ 93 3 = B = 5 B2 K3 faTk(iterations A, T ¢ g IterDR;, IntraD;, InterD;, or MultiD,; =%
D, f= E)e ¥ ¢ » & B4 %A EHRB fr O) F o @ﬁﬁ%;ﬁo
i * —‘ﬁp TR £ 5T &3 ;*V‘“ﬁim@]
o~ RHY T BRI AR
Iteration Description Characteristics Imt.la.t e Ite.rgtﬁzd Input
activities activities  parameters
A The downstream activity A3 (wall @ Identified by DSM A3 A2 IterDR; = 80%
(Type 1) sections design) is to confirm the =~ ® Simple intra-iteration IntraD; =4
size and height of exterior ® Complete loop hours
openings of an upstream activity
A2. Hence, part of A2 must be
reworked.
B Those who perform architectural @ Identified by model A21, A4 IterDR; =20%
(Type 6) tasks commonly fail to consider user A26 MultiD; = 18
the locations of the air ducts (A21) ® Multi-iteration N-to-1 hours
and light fixtures (A26) in the ® [ncomplete loop
ceiling plan design (A4).
Therefore, downstream activities
(A21 and A26) often require A4
to be reworked.
C The AHU equipment design (A19) @ Identified by model Al19 All  IterDR;=20%
(Type 3) causes the structural calculations user InterD; =12
(A11) to be reworked because the ® Simple inter-iteration hours
equipment loading exceeds the ® [ncomplete loop
structural loading capacity.
D The structural design review ® ]dentified by DSM Al17 A12,  IterDR;=20%
(Type 2) (A17) forces the foundation ® Complex Al13, IntraD;=4
design (A12) to be reworked. intra-iteration Al4,  hours
Accordingly, the design of the ® Complete loop AlS,
floor framing (A13), the details of Al6
the beams (A14), the details of the
column (A15), and the details of
the slabs (A16) are iterated.
E The designed locations of ® Identified by DSM A27, A26  IterDR;=40%
(Type 2) emergency lights (A27) and ® Complex A28 IntraD; =4
smoke detectors (A28) do not intra-iteration hours
meet the design standards for light ® Complete loop
fixtures and wiring (A26). Thus,
A26 is reworked.
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Legend:

Cl : Combi node Q : Queue node
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Electrical Design

FANc R FF BRI FER

Working Idle time
Participants time (hours)
(hours)
Architectural discipline
Architect 151.48 92.30
Designer 194.16 49.62
Assistant designer 162.57 81.21
Structural discipline
Structural consultant 161.81 1.63
Structural engineer 115.41 48.03
Structural assistant engineer 110.73 52.71
HVAC discipline
HVAC consultant 84.72 67.40
HVAC engineer 111.12 41.00
HVAC assistant engineer 95.55 56.56
Electrical discipline
Electrical consultant 92.36 158.41
Electrical engineer 142.01 108.76
Electrical assistant engineer 158.41 92.36
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Conversio Time required to
Transferred
Type of drawing n Factor process
ID dehveerabl amount (TQ) (CF) Participation ratio (Ratio;), %) %22:?23:)5
Assistant
Architectural design Architect  Designer designer
Al  PLA 1.00 1.2 100% - - 4
A2 ELE 1.20 0.85 40% 60% - 4
A3  SEC 1.52 0.97 10% 60% 30% 4
A4 PLA 1.83 1.2 - 100% - 4
A5  DET-A 2.11 1 - - 100% 4
A6  DET-A 2.00 1 - - 100% 4
A7 DET-A 3.00 1 70% - 30% 4
A8 ELE 1.17 0.85 - 30% 70% 4
A9 DET-A 2.00 1 - 100% - 4
A10 REP 2.00 0.6 20% 80% - 4
Structural
Structural ~ Structural assistant
Structural design consultant  engineer engineer
All CAL-S 3.00 1.25 100% - - 8
Al2 CAL-S 2.00 1.25 50% 50% - 4
Al13 FRA 2.00 0.85 20% 50% 30% 4
Al4 BEA 1.00 0.8 - - 100% 4
Al5 COL 1.00 1 - 50% 50% 4
Al6 SLA 2.00 0.8 - 100% - 4
Al17 CAL-S 2.00 1.25 50% - 50% 4
HVAC
HVAC HVAC assistant
HVAC design consultant  engineer engineer
Al18 CAL-H 3.00 1.15 50% 50% - 8
A19 CAL-H 2.00 1.15 50% 50% - 4
A20 WAT 2.00 0.85 - - 100% 4
A21 AIR 1.00 0.80 - 50% 50% 4
A22 DET-H 2.00 0.8 - - 100% 4
A23 CAL-H 2.00 1.15 30% 50% 20% 4
Electrical
Electrical ~ Electrical assistant
Electrical design consultant engineer engineer
A24 CAL-E 3.00 1.15 100% - - 8
A25 CAL-E 3.00 1.15 60% 40% - 4
A26 LIG 3.00 0.60 - 60% 40% 4
A27 EME 3.00 0.8 - 60% 40% 4
A28 DET-E 3.00 0.7 - - 100% 4
A29 EXH 2.00 0.7 - 60% 40% 4
A30 CAL-E 2.00 1.15 100% - - 4
End - - - - - - 8
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ﬁ/ftt " Equivalent I(/Illleolfrhstge]:? Dy IterDi;y Dy Start  Finish  Starttime  Finish time
Y Quantity (EQ)) sheet) (hours) (hours) (hours) time time of iteration after iteration
Architectural design (Duration = 243.78 hours) 0.00 243.78
Al 1.20 8.00 13.60 - 13.60  0.00 13.60 - -
A2 1.02 9.20 13.38 1471 28.09 13.60 26.98 47.64 62.35
A3 1.47 11.30 20.66 20.53 41.19 2698 47.64 62.35 82.88
A4 2.20 10.00 2596 23.19 49.15 82.88 108.84  124.55 148.74
A5 2.11 15.00 35.65 - 35.65 82.88 118.53 - -
A6 2.00 15.00 34.00 - 34.00 118.53 152.53 - -
A7 3.00 10.10 34.30 - 3430 152.53 186.83 - -
A8 0.99 13.50 17.43 - 17.43  186.83 204.26 - -
A9 2.00 10.00 24.00 - 24.00 204.26 228.26 - -
A10 1.20 9.60 15.52 - 15.52  228.26 243.78 - -
Structural design (Duration = 232.13 hours) 26.98 259.11
All 3.75 8.00 38.00 19.60 57.60 2698 64.98 190.42 210.02
Al2 2.50 9.00 26.50 9.30 35.80 6498 9148 210.02 219.32
Al3 1.70 10.20 21.34 827 29.61 9148 112.82 219.32 227.59
Al4 0.80 12.00 13.60 6.72 20.32 112.82 12642  227.59 234.31
AlS 1.00 11.00 1500 7.00 22.00 126.42 14142 23431 241.31
Al6 1.60 10.00 20.00 8.00 28.00 141.42 161.42 241.31 249.31
Al7 2.50 10.00 29.00 9.80 38.80 161.42 190.42 24931 259.11
HVAC design (Duration = 152.12 hours) 26.98 179.10
Al8 3.45 7.75 34.74 - 3474 2698 61.72 - -
A19 2.30 7.75 21.83 - 21.83 61.72  83.55 - -
A20 1.70 14.00 27.80 - 27.80 83.55 111.35 - -
A21 0.80 11.50 13.20 - 13.20 111.35 124.55 - -
A22 1.60 14.00 26.40 - 26.40 124.55 150.95 - -
A23 2.30 10.50 28.15 - 28.15 150.95 179.10 - -
Electrical design (Duration = 250.77 hours) 26.98 277.75
A24 3.45 8.00 35.60 - 35.60 2698 62.58 - -
A25 3.45 8.80 34.36 - 3436  62.58 96.94 - -
A26 1.80 11.60 2488 1395 38.83 96.94 121.82 187.06 201.01
A27 2.40 11.60 31.84 16.74 31.84 121.82 153.66  201.01 217.75
A28 2.10 14.00 3340 1736 3340 153.66 187.06  217.75 235.11
A29 1.40 11.60 20.24 - 20.24 235.11 25535 - -
A30 2.30 8.00 22.40 - 22.40 25535 277.75 - -
End 8.00 277.75 285.75

12



