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Abstract

As a major cause of the prolonged project process, rework has long been a challenge in project man-
agement. Although critical chain project management provides a powerful tool for dealing with
schedule risks, it assumes activities’ durations are independent of each other, which is inappropriate
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in rework situations. Besides, activities’ features that arising from potential rework are not utilized
in schedule management. Hence, this paper tries to propose a buffer management framework in re-
work scenarios to fill the gap. Specifically, a design structure matrix is introduced to depict activities’
dependencies, thus the buffer size can be determined more precisely. Meanwhile, a sensitivity indi-
cator related to rework is applied to allocate buffer, thus managers’ attention can be focused on the
most critical activities. Finally, the simulation result demonstrates that the proposed framework in
this paper can provide a more reliable estimate of the project duration and obtain a higher on-time
completion rate.

Keywords

Rework, Critical Chain Project Management, Design Structure Matrix

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

ik

1. 5]

BEENTEER “B=M" Bz —, —HUKELIHEHEEMES. BEELFIRE,
TR 22 1B R TR ) 2 T G I, R AR SRR L, SR T E AR K. PR, AT RA,
TR AR, R AT 2 0 B B IR () — KRS, TR TAE NI R A A SGs IR R 2 —, a2
BT ORI Z (1 RVE .

HHRFERE LR, BH#EEHE TRCERE TS BHAT, @t RIVE s SRS 45 1 &)
FEARATY LR ) . SR, XL R R TOVE A S Bk . CEEBE T H 45 2 (Critical Chain
Project Management, CCPM)/& —FAHX BN TR, F ik &G0 2 AR g ke — &8, B
GBI H AT AR AN E PE[1]. SR T, CCPM BRI &G SR AH BT, TAER T g, —
ANESII AR 32 H B R USSR . tHRI, CCPM REfEE FE —HB o1k RS, (B TC k58 & B iy
T H R g R AR 4. Rk, CCPM A R A RCE R T TR . HT R S A 9 i 20 6] (1)
AN E VAR B R IE BUR T EZ RN [2], FLE%EIF MK CCPM 5] N1t 45 #4 5 FF (Design
Structure Matrix, DSM)KR ™G3 [HHI(E BE5H, AT B8 FH R T B AR 58 43 [3]. AR, X R
— BB 2R, PE VRO A, BN, IE T RAEM RN BB R R T WA T AR S,
HEAFZEPATH BN, BB AT e TAES 2, 7ES2Br R oA 5 m 8 A TR

SRS, BATCNIE, ERA AR BRW ARG E B H R TR TR, Kk, #Fc—En
(. BEREAE R BHR T XURS: B3 B B T B AR A L.

2. MERERA
21 xEEmEEE

7E CCPM w1, 2272 3% 5l P 3R B ) 42 4 RF 18] R AR, el AIROUSCAN A s e, A ORI PR 58 Ao
LZ P T CCPM AR [4], KZ 8T CCPM (KM 5t th 82 v 48 22 v 5 B A 22 b Wi 4% B [5].

i1 Goldratt 42 H (9 BT kG 52:(Cut and Paste Method, C&PM) 2t 2 8L (K 28 b ¥ B 71k 1]. 4RI,
13 H G2 R oK /N 2 BB A TS BN AR 3 Iy 3G, R IG RT e 2 i A K 22 X [6]. B S, Newbold #iHH
T LT RO R IR 52 B MR T 2292 (Root Square Error Method, RSEM) [7]. RSEM #{iiFE B Eb C&PM A %L,
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T HRAERBIE A [8]. 4815, BT RSEM &G 3h T AR FAHARL K, 13 AMB B AT I A2 AN LI,
DR AR 22 (D SRAFAE o FEMLIERE E, FARAF 70N SR Bk — 20 25 Fe 0 B (s AU RS 45 845 . B, Tukel
S NFEE T R KR AL E 24 [9]; Icmeli A1 Erenguc %5 5& T % IEFIH R [10]; Zhao ZENHERE T
T 2 HR AR R A [11] o SRT, S AT 90 ST 15 8l 2 1R (R AR 5% 2R DA B b b i Rl PR T XU, {3 #5R T
THE N g2 BT EAI AN .

S B, Egh i BRI EON AN 5], AR L, SRl R B R A
EHATHEL, XA BB ZE N X A=A (IS - 3 - 20). RSP R DN T e, MAF
EETI H HHATHE s AR R T R ORI /N T A0 (e, U FR P nn T RIEE L8 SRR #E
R Tt BE, W FRESL R REGE THEMa[1]. i, Z2rh iRt oCs e T I3 RE R 2 [6]. Goldratt
HEUCK Gk =243 (K] 1(2)) [1]: Leach A A W% (B2 BRI H BERERLELBI(FE] 1(b)) [12]: AIFERER T 3
SRR E B 1(0) [18]. fEXLHFTLRIFERE b, FEATREER L. filin, Hu 2 ARG
JFERTBE S PRI H Sk, RIS T — Rl B BRI J59[14]; Zhang 25 AU H 1 365 BN BC IR 2h AR N
P HE[LS]s MEAh, Hu SR NIBGIN T A S R, DABE B pliAR 2k s th i I 5 H [16]. SR, X Eefft 58 K 2]
HIH ZHIE S, T2 TR, R RRRIE RS RHERE AL . 20, TEAPTEIR LI
N Bl PR TR A B A, Wl AR50 H W dase R oG R0R A IX SR A IR N IR R

100% 100% 100%
ORI
h o T5% )
E 67% i:é E ,/ ,
z e Z so% s Z 5% HRITE)
= 33% & &
¢ % 5 o -
5 S s = 25% Az
TATE) TATsh
0% —> 0% > 0% >
mBAbkm  100% 351 B 2R L 100% 351 B 2 100%
(a) FpELZMIRTE (b) X A% (c) Zha&ZEMinE
Figure 1. Buffer monitoring methods
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Figure 2. Information flow and activities’ logic relationships in DSM
[E 2. DSM R E R RAEMNEE X R

DSM - JEX A1 £k b i 52 6 h AR IC AT AR S AIZ S TT0 B 81 T8 3R B1% 5T B AT T8 R 2 8 (15
BR(E 2), Bk, HAEFRRRA 2 EERKBIN R ARG %A H[17] [18]. #—2, DSM L=fj
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bR G RIVE B 2 (8] (38 )45 S0, RIE BOR TR OGS B, A, ERFFTT H IR T, HHESm
FF W& R T B 5 A 2%[19] [20]. Smith A1 Eppinger /& & #it A F DSM 285351 H ik T 122 #21]. BEJS ,
Browning 1 Eppinger & 15—/ 5T DSM SR 3 46 20 Ak T I H T3 19 520 [22] « MBS A,
VP2 5 E TFURIE BEARA T S, FI A DSM 7 e fiif ik TOd R AL [23] [24] [25]. 4R, 1E 41 Browning
SR, DSM H BRIl Bl R A A B, DR R REAE b vy gk P A B T HORME (201, tHED, B
S8 DSM TEIR T s iRA A, (H'E 20 7 350 H i Hofth B 25 8, 513500 H & IC2 3RO % 145 Bk
FEHITE L. Fk, DSM BEAZRN ML TR AR NS, AR B AR,

V25K, CCPM fl DSM 1] LA H AN AR L5 & . #ilan, CCPM L5 XU #EH R [ 26 F 3 (A 1
R[271454 . DSM S5EUEG B [281F1 R G5 f122[29] 45 645 . IbAh, DSM Refs AL T 2% B i T R —F¢
FoRESIZ AR FRZ#HK R, WK 2[30]. P E{EEKE DSM BB 5 CCPM &4 1771,

B[ E e T 454 CCPM Al DSM 48y, DUATEIR TAE K F 4 LI H #E% . Zhang 55 A[31]
FIFERE R H DSM #1535 8]l (6 2 S B0R TRE S, CAUE RSB TS Z2 vh K/ o SR, AhA 130 i
W IR TRA, JEAA . H4h, AR A % &S ER T 2. BEJ5, ARnrml[32]7 b
WOFFUREA b, ARG RSER - JTHR(FTS) K R Y R EITFE - JFA(STS) JTh - 459(STF). 45K -
FFUGH(FTS) ML R - S50 (FTF), MM EiEsiME SR T, LUTWHrE IR TRA. i, &Mt
T IR TSR B2 18 T B0 th £ 2 mm, fh B2 1 772K 8 Max-plus 503, 7% ZEAT K& AT T,
IR . E N Z, BRI R EPER B, 20T &M, SR, CCPM %5l
TAL G 25 T I BOR AR B 2 1) — Ut HBEE T H BAT B BOA SE i s it fe e A5 5. A, B
BRI IR KL R CCPM IMER, 7Rt — itk

i b, AEEERR FRFEEMEE, SRR N RERRE IR TIH LA B B RN, XREKE
AR TAFIERE 40 I P g2 i TE FE R 2 v e BRAESE, AT IR TAG T N RO H B A PRt T AL

3. BRIR TR EEHESR
AR B MRS B UL 1

Table 1. Symbols and meanings

#z1 FEREX
5 X 5 X
n S E i,k WS S B PAT T
DSM (i, j) BEWES) j BiE8) i 2 AR RS ERN 0~1 B &
RT, TEEN B IR T ] RT, TEEN IR TR
RT, TS i AR TN ] RT, WEE TR T ]
- ova HMIESH | 2SI RERSERESD R T
RP(i, j) G JESR Ig@ﬁf{;@; HEh 1R R ])? B AIG BN | 2G5 1 s BE1ERESD R
ic, o3 | (s R TR (A AU T T AR AL P 45 L)
D, WEED i s WEEN 1 BITFUA N )
O(i, j) W 55 AT ST, B i S E I 22 A i)
PB T B 2 cc KEesE RIS
S P I 22
p" G T3 R i 005 2 pBE PR
PEC, VB PR G B PB, SECATES | I E Sh
BC/’ PB, i 37 1) 7% 4 R B BC/ PB, i o7 [ 41 2 [ {EL
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i % j R TN ]
i SCRRL j i %

BC’ PBR it o ) B £ ) (i BC' PBR i B 41 € 1) (.
PC; Bl i SERL A a,b?,b’ AR W A I B

FE: RP(i,j)~ RI(i,j)~ O(i, j) ¥175 DSM HufEE RBUE; ? 2K E Browning A1 Eppinger [22] W7t .

3.1 BEEEEMERNIRF

wn EATAR, DSM b = A AR 0 3R 7R B9S2l [A) (3 )45 R ik T B 2R . SR, @il
ARG, AT DA A R X e B, T BRI R TR . R, HEHE DSM MATAIIG R,
i E =S R bR i B R AT RN, BURFTREMGIE N M2k, AT ARRARTE B IR TR o

DSM JG & HEF & —> NP-Hard [ml &, 2 M8 KAEEMI. B, ATSRAEEEE, DIFFGR T
PN B AR, BAUERKEC T IEHER, AT iEshie . BARm S, BERSETHES% Meier A
FIEEIN[33], EE T AR e PR (Tournament Selection) [34]; 28 X4 1 A% T4 B ()32 X (Position-based
Crossover) [35]; 2857 A4 5 (Shift Mutation) [35]. HFRr&%(Z% Zhang 25 A K8 [36]:

max{455—0.3xzn: 3 DSM (i, j)-0.7x 3 > DSM (i,j)x(j—i)} )
i1 joitl il j=itl
o, 30 >0 DSM (i, j) N DSM =Sk fbnid e, S S DSM(i, j)x(j—i) N DSM L=
HHRRIC B LR IIBE RS, 455 N TR fRE BA, DME H AR R BB IR IE .

32. MR E

A TE BT LA AT H R TR 5, BIPATARYE G 3R TAZ Bt 5 H B E g2 ok

R TRy b, SR AL, AT E R T, ik TRIESIR T5 = MIA[32], B
Bk TAEARSCHRIEE N, B PR TR R TR — M EARA, HAamik THHEM. kT
K 43 4 E, A5 5] NIR THEZ (Rework Probability, RP). & T.504(Rework Impact, RI)F1iE £k
(Improvement Curve, 1C)%% =/MEFRr[22]. Hrb, RP K RIFE X IWLE 1, IC #iR T H kAT HIESI,
DRI Ay 2 21 RS 5 250 6 BE AT B ] PRI/

nlE 3(@)fra, —Hrik LA 7l T3 AR R BHE &, NG j 1258 AT 5 2 Ja L ks LiE
SN RE BT Re S IES) | BT I E EA—EL FIES) | TER T EXMER T, WSS —
B i s Al H A R

RT, = 3 RP(i, })xRI (i, })x IC, x D, @

j=i+l

IR R[]

(a) —FriR T (b) ZRRIRIER —Hrik T (¢) (5 RMEBIER MR T

Figure 3. First-order rework and second-order rework
E3 —METS5ZMHET
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Bk THEA VRS j BTN EES) k R EHE R MR ER T, EHSERBR TS, T E
PATAE 55 10 S8 (045 2 = BRI S 52 (K 3(b))mlidB (4] 3(c)) i3l i, IERIEEl | MR T, fERXMEEI T,
WA TR AR A S

RT,, = RP(j,k)xRP(i, j)xRI (i, j)x IC, x D, ©)
j=lk=i+l
TR RO, WS k BLIE 9IS Sh | MG RSN, k> Bk >, UGS i A AL
AT 5 RE 1.
j
S EEERS!

A A 12 Lkt 1Al

Figure 4. Overlapping rework
B4 EBRET

BRI A AL FF AT FE S T IR AT AT . — B RE LRI & AT LAGe A 00 H TI[22], 2R, the
FURANLERR T[37]. Al 4 Fros, W63 1 KRATHEREWES) | BEE, JOARRAZINFFAT, 2810,
T ES, i53) i TR AT I IR A REIRAS s 3) j i A s A RO A5 B, 10 A REAKEE b )45 B AR i
THBHAT - BEAE WG SD | BIHEAT, Fohm 15 BB WE A N e & A, 7T e 536 3 | KRR N5 BAFE 25,
PR3l | 2R T i, 5IANO(, j) & FEsh(Eh szl DR E S ], DAk 55 5 Bk T (A
[38]. O(i, j) i A (4)3R4F, AT hui H &P EmE . Wi, #53h | BE SR T AT A X
ARG IR. A, FTEERE, KRR NESIEZ 5 -GS ES, 52460 8iE3hE
HBRTHE ] LLE L RBT 7 & 2[38].

O(i,j):mm{sj +DDj—si,Di} @

RT,; =RP(i, j)xRI (i, j)x IC; xO(i, j ) x D; ©)

B, WES) I EIR TR R A A 6) R . BUH RN rE i Sk RSEM 77353, ina(7)

fi. fEU IR, AR@) AT HZEN R AN, SEENITHES 2K, AT REsisoy
ERBEEEE S . N T RIRAOTTAE, ASCULR #8706 R R I H 22 b

RT, =RT, +RT, +RT, (6)

PB= | (ST, +RT,) ()

ieCC

3.3. FmlsiE

SRS I RN TE S R W A IR TS B A 1R S S = AN B4 [15]

B, EERTHIKAFEME, 558 H 80 RIGZE 5. ik, FEIH PN — RIS
&, HARIEIE PR TG & S Ee o e g, AR @)Fr. —HiEsh kiR T, PBREN

DOI: 10.12677/mse.2024.132045 433 RS T


https://doi.org/10.12677/mse.2024.132045

=S
H

Zo

’ £5

H

+

TEURHFE. Th4h, 3B he PBY RN, [ROAIR TR A RASTHAE 1, b /) o h vl RE A AE
TSN — iR 2

PB" —PBx 2t

ZiDi+ZiRTi

BRIZ T2rh 4, FORGr WHAE 3 35 B0 FRFAE SRR IEAT 3. BLAOR Y, i A IR TR,

AT SH 3 53 2 ot AR #5385 0 T8 3R T8 S50 L BE RO SRR FE AT A0 IE . D, 1N LE BE WA S B

(Potential Effect Criticality, PEC)fih5 &< o1 s ¥)IR THHIE[39], WAT(9)FTa. I, Friid: o ik s )

Zei el h 43R (L0) T HAR L

(®)

PEC, :iRP(i, j)xRI(i,j)xIC;xD, +zn:RP(k,i)x RI(k,i)x IC; x D, 9)
j=1 k=1
PEC, PEC.
PB =PBf x———=(PB—-PB" |x ———— 10
' XZJ.PE(:j ( )ijPEcj (o)

S P T P AR ) SR M R O E o el TR 2 i A 0 vk A AT R ALk A T ) R
AT FEHAR Y PB ISR B, WA (A)~(12)Fw. 2R, BT IR A ENE, FIT AR Xk BL
W, LR TAAESEEAFMHA. Kb, JEdbhmH B AGR TR e], WR, X g iy
EASER . Ik, PBR g R FE S S e i i, AR (13)~(14) TR

BC' =a-PC, +b’ (11)
BC' =a-PC, +b’ (12)
BC'=0.33 (13)
BC' =0.67 (14)

e E SR )G, B ESAT ISR B BR % Zert BOTHAE R, JFARYE L 5 T 4% B AR AR X 5k &R e
RS SRR THE Mt A TR b, DU ERER . WS AR M PR AR W A [40]. AL
KR S SIBTRBOR, 23 IR T 2 BRI VS S K2R (8] [41], ARV 207 PRI [14] [42]

3.4. EMEIRIESR

ASCHRH IR TAEEE N SR b BAE SR B 45 0T -

Step 1: Fe T WL FENATEBNINT, 40 3.1 7,

Step 2: FIFH 73 3 € FHE E I H S HEEE[43];

Step 3: A DSM @GSN Z A AR &, THEE S TIUHIER T E), WA X(2)~(6). HETE3h
R TG OL, B R B RN, A R(T):

Step 4: HRIEIH 1R T AIMNE B PEC 70 Fegz i IX, A s(8)~(10). & 2t X B & %
BIE, A (11)~(14);

Step 5: HATHLH ;

Step 6: 7E % W2 s AL RN T H SERR S TR IR ZE, € SEiTE RER . ARG AR RN T
PO, % Step 7; WERZZMIHFER RN T R AREE /N T ABE, # Step 8; 754 Step 9:

Step 7: i1, ¥ Step 10;

Step 8: IR T#47, # Step 10;
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Step 9: SZHIRHGH T450t, % Step 10;
Step 10: ATl HE B, WRmH R, MM ERELSR; S Step 5.

4. EBIEEE

RATHAT TOTEWEFT, DUISIERTRHESER A Rk . SRR T v sk 3™ 350 B # al 47 MR S B [39]
eI B A RS BRI E . 8 2 N T AL 7E[44] [45]. fERAUH, IS BhHF S TR
BOR AR HUE ST FBEHUAZ &, 2Bt 8 S T HARBT E[14] [31] [42]. ubAh, O T RIALESN, &
St T AR B
® EHELIRT K,
® BN S R L B 5 ELAAT I 8] I P
® FEANPIR TR, 5HEE K TG 2 HEE IR, IR A )4 T s shifR T () [22].

4.1. BB

ST H AR 19 ANEBIAT 170 4645 St B i 550 H B R fU5 RIS, JFAR 4 Eppinger
Z5 N[A6]H1 Hu 55 N[14] M iUk AT 1t — B k. %%, WEBhEAREE AL 2, RPAEFE. RIFEFEAE 5.

Table 2. Basic information of case activities

F= 2. BOESEKRRER

ID EEIE RN IC W THICR) TR 8
A Perform prelim. mkt analysis 0.5 8 0.8
B Evaluate marketability options 0.6 8 0.8
C Engage feasibility consultants 0.3 4 1.2
D Evaluate planning & zoning process 0.5 13 0.4
E Perform massing study 0.6 24 0.4
F Develop conceptual design 0.8 35 0.4
G Identify external stakeholders 0.4 8 0.8
H Identify permits & approvals 0.7 13 0.4
| Complete Phase 1 ESA 0.3 13 0.4
J Evaluate consultants & contractors 0.6 13 0.4
K Obtain rough construction costs 0.5 8 0.8
L Determine highest & best use 0.5 5 0.8
M Identify debt options 0.4 4 1.2
N Identify equity options 0.5 4 1.2
e} Update financial underwriting 0.5 2 1.2
P Reevaluate organization strategy 0.6 3 1.2
Q Estimate schedule 0.6 4 0.8
R Gain control of site and/or client 0.6 4 1.2
S Review and approve 0.7 4 0.8

Ve A REIR XA I A E 1, 50%58 LA AOIE Zh il v+ LM
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&
Zm

=isES

A B CDETFGHI I JKLMNOPAGQR RS A BCDEFGHI JKLMNOPA QRS
A 0.1[02]03|02 A 0203|0201
B |04 0.2 010102 B |o3 03 040301
[o] 0.2 01|03 C 0.1 02|03
D 0.3 04|02 0302 D 0.7 04|05 06|03
E|o06|03|05|05 04 0.1 0.1 04 E |o06|04 03|04 03 03 03 0.1
F 03|02|05|05 03|03 03|02 02 F 0203|0201 06|05 0302 0.4
G |02|05[05]02 02|02 0.1 G |03|01|03]|05 03|02 0.1
H 040206 03 0302 H 03 (02|06 07 03|04
| 020303 0402 | 020302 0405
J 03|03(04|05/03|05|05 0.2 0103 J 03/04|03]05|06|07|05 0.3 0503
K |04 |05 |02 06|03 03]03]05 02 040102 K |04 |06 |04 0503 040302 0.2 03|02]02
L |o3|05|05|03|04]04 0303 0.4 04(03|03|02]03 L |o1]02|02|02]|03]|03 06|05 04 02]0.1]04 05|02
M 02 03|04 0101|0103 M 03 0405 0.1 (0303041
N 03 060305 0102]04 N 0.1 03|02|07 010102
O|o05|03|02|05|04|05|06[03[03|02|05]|06|03]05 02|02 O |o01|02|02|01|02|02]01]02[01|02{03[01 01|04 01|01
P |04 |04|06|02|04|04(05|06|04|05|06[05|04|03]|03 0.1 P |01]02]02|03|04[02]02]|02|02[01[03|0.1|06]|04]|05 02
Q|03 |06|05|03|06|05|04[05|03|06|04|05|03|02]|04/03 02 Q |03|01[03]01]|03|03[01[03]03|01[01[02]01]|02]01]05 0.2
R |03 |05 03[03|05|05]|05|02 0604|0304 |04]|03]06 R |02 |06 04]03|02|04 03|03 04101 |03]01[01 01|04
S 04[05(02]|04 S 0607|0506
(@) RP (D) RI

Figure 5. RP matrix and RI matrix
5. RP %EBE K RI 5ER%

4.2. BEIEMEIE

B, N BREFIRRATE ST . ARNHEE AR SRR B TN 4, MR N 1, BTAE
FI2E EF RIS RN 1; B R E T RN 0.01; PIEMBEECH 50; ERKECN 150, i
)G, WEERFHEA N[C, D, H, I, G, A E B, FJ, 0 LP K QN,MR,S], N H ¥ E S 2
K 6 s .

325 4

300 A

275 4

250 A

3& N

225 4

200 A

175 4

150 -

0 20 40 60 80 100 120 140
HARH
Figure 6. Convergence curve of the objective function in genetic algorithm
B 6. =R EE B AR B s ah sk
H, ETRAERESIRT . 3530 8 5 SRS S T, FIH 53 € FHER € T H SR
[C.D,H EB,FJ O L P K QN,MR,S]. NEACEIL, LT R SE G s), HESHEN N
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EN
Zo
il
H
m

TEHBENLAE R, s 7 Bios.

SRIG, THE IS S TR T Ta], 43510 4[0.24, 6.51, 8.74, 9.52, 0.51, 16.44, 6.05, 0.89, 2.29, 1.91, 1.08,
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