MsUsS:3UdBINISSIAUEIA Vvauun1dnenaonenisaiine ASun 10

12 Unu1ou 2569

N15398NANNISINNITAINAITIVDITLELLIAINTTNBEAS19LATINT MINA LAVDIFU
— Tnga1Aen15AsIZIikUU data-driven
A Study on the Management Mechanisms of Construction Project Schedule Delays in

South China: A Data-Driven Analysis
AT Hb X B SN H THARE R 0 B BB L —— 2T BB W3 44

RN Deng Jingwen X[ 5t 3

U 3998 Chen Hsiu-Li |45 B>

,fL\ o 3

w1 T3ufs Luo Jungang %

UNANED

o =

Auat1esiruanattulasenisneas1adudayuinisdanisidragd sdawansenune

o

UsgAnsnmuedlasinisuaganuaunsnlunsudsiuresusnieains snddeiientuanuadily
Tasamsluefininendensinduaingiderngmieismsmeaiiuuudadu Jsddediinlunisesure
mmduiusiidudouvestladurnudsmaisusens iloiiudszansnmlunsszyuazainnisal
ansdsmesmuad muATeildtaunseumsienginuunAsvemauissuuiidudou Tae
Nsaunladudidy 5 4@ loun anududouredlasinsuazivalulad lassassdyanaznisiinu
ALA NINEINTUANITINBIANTNRATI ANULILUNOUYDIANINIINRDUNIBUBN UATAIILATNITA
AUNITUTINTIANTS Indayalasenisneasiseinsnaseudiuiu 126 1asans lasruwuuinass
msvhuesgiuanuaiilasldinaiianisiieuivedaisauuu XGBoot wazldnsiingizsind

o w

anm GUENGI’JLLUii'JlIﬂU’]ﬁ SHAP LWaaamamaawsmauwumaaa NANTIIANWINUIMUUTIADINTT

WinAnwvangnsuInsgsnaumtugia 8191031155379 (MangRsa1wIIn) Inerdeuiungdlng -3u lien1sdnnsuninende
wan1salune , Master’s Student in Master of Business Administration (Business Administration ), Thai-Chinese International

AN aran A\ =g
School Of Management, University of the Thai Chamber of Commerce ?J% ﬁﬁ%j{?g ’ ?J%-EF' Bﬂ‘ﬁfﬁﬂ?g Igm,

T A R - T

2 AngndUUIUITIR NY-FWINBNITIANIS, UMINendavanisanlneg unninendenieaiu Thai-Chinese International School Of

Management, University of the Thai Chamber of Commerce, Ming Chuan University, Z’% ':F' . |3T EE%A |Z]'D ’

RER RS, WERE

* ANgNdUUIUIVIR NY-FUINBNITIANIS, UMINendavanisanlng unninendenieaiu Thai-Chinese International School Of

Management, University of the Thai Chamber of Commerce, Ming Chuan University, Z’% ':F' . |3T EE%A |Z]'D ’

FEBEZRF, W

Sustainability and Competitiveness in Trade and Services



MsUsS:3UdBINISSIAUEIA Vvauun1dnenaonenisaiine ASun 10

UTCC

12 Unu1ou 2569
Souveuniesdimmuiudgilunsinnesefuanuad wazansnszydadomnudeadidnls
og1sfiUszAnBam Tnenrwiveansdsuulaiuy anuaioseanisiavian Uszdnsaimnns
UsEanuauveEumINg uazaanmYsssnauRuimuanan Wulladeddifinadennandes
Y9IAINAITT INYNNBIAIUNITIANTT ANEartlulassnslilaiinandgymmamedaiietegng
AT WA GaagouienlNaI1T0vRIRIANSIUAIUNITINATINSNEINT N1TUTTAIUUYRIIlY
gUmu uaznisiifugualasents swidsduandidiuinnmsduumeiduedeudedoyaunldly
mMsuImslassmsneaiainsntasduaiunsiasuiuainnisdadulamuuszaunisallugnis

faauladanses wasduluImed@nsumsiauissuuRauiumNUEgw I uANNa1T I UlASINTg

AdAny: lassnsneainy ANudssveInNaI?; N1sieuiIenATeY; XGBoost;

NNSIANITAINUALIAILATING

Abstract

Construction project schedule delay is a critical management issue that affects project
performance and the competitiveness of construction enterprises. Traditional studies on
project delays mainly rely on expert judgment or linear statistical methods, which are limited
in capturing the complex interactions among multiple risk factors. To improve delay risk
identification and prediction, this study develops a multidimensional analytical framework
based on complex system theory. Five key dimensions are considered, including project and
technical complexity, contract and governance structure, resources and construction
organization, external environmental uncertainty, and managerial capability. Using data from
126 civil construction projects, an XGBoost machine learning model is established to predict
delay levels. Feature importance analysis and SHAP methods are further employed to
interpret the model results. The findings indicate that the machine learning model achieves
high prediction accuracy and effectively identifies critical delay risk factors. Variables such as
design change frequency, material supply stability, subcontractor coordination efficiency, and
schedule planning quality have significant impacts on delay risks. From a managerial
perspective, project delays are not only technical problems but also reflect the enterprise’s
capability in resource allocation, supply chain coordination, and project governance. The study
demonstrates that integrating data-driven approaches into construction project management
can facilitate the transition from experience-based decision-making to intelligent decision-
making, providing practical insights for establishing delay risk early-warning systems and

improving project management performance.
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DA T 15 28 P AR AT 20 (Assaf & Al-Hejji, 2006). #E—L8REW R, ™ HE K THIEREE b
SURGTRMNG: . ZTR G UL SGEHE RS, it — SN H & B Z & (Sambasivan & Soon,
2007 BRI, WAl R ARz ) SR AR 0 H o i) AR VR RS, 8 O R B A O 1
B ) L

B THASE R e, NS TR T RS AL . R AT S B A AR R T R SR R
B, JEIE ) A YR AR GBI T A5 VR AN TR X R I H R B HEAT 4T (Kaming et al.,
1997). B IRRN], @H0H TIARE VI 2 N F L FEE A, AR R BEa 3t
WER M THAAN Y MRHIERIAS R DL A FTTRALR A B Z 5 (Doloi et al., 2012). B
b, WTHZ 577 Z IAEE AL & TR BN 58 35 LRI H B B RS 70 AN 2 45 BLIR B T AR 38
T H 2 B (Chan & Kumaraswamy, 1997).

b TAEIH SRR AW iR a3 — DR 3 W vk M L A T AR I8 R (R T b Lt
— LGS TG R G AR e AR TR A R ) AT A AT, e AN [ XU PR 3R 2 TR PR AR LR A R R
(Flyvbjerg et al., 2003). #l4n, HWFfad, WHEHEAIARR R —HRE S, mahE4
BARB R EHERUASLIMBIAEE R ILFEERE R E R RS M (Willians, 2005). FEiL, 7E
B E THIAE R 1) U, 75 BN A AL A AT S5 5 2 W

AR, BEES BHEARFBEE IR, B SRR ST 07 VR WA 51N AR A
LRI E S I R b e AR KR S L BRURC B DL 0 H AR DG R, X SR
FOIR H S 0] R A T B SO ERY (Cheng et al., 2012). HLES2SISBURMMIBARSES
BB AR AR 2 (B T E DG R, AT B e AR T H XU TR A A 14 (Son et al., 2019).
SEGG IEMLL, B I VAR AL 2 A B AR G R 5 T AT B AR S, TR i i I8
T TR BT 5 X 7 (Marzouk & El-Rasas, 2014).

SR, B B AR B IR B A 0T AR — € AL . — 5T, #0 0 B BRI
TS EE, S FI0 45 A TR B S P I R VR (Kim et al., 2019). 53—J5TH, AFEIHL
DX U H ARG LT B B AR T 26 A 50T AT AE 22 57, AL AE VR PR 3R R FERE i AR P A ]
REAFIERZE 2 (Doloi et al., 2012). HETETRFE XIS H (K S IERF T A RARST AR, 4F
PR AE @RS e A P AR R X, AHORHI FUAT A 10— 2 IR A IR 2 ] 6

BRI R IR E AR R RO X e —, @R TRHSES . KFE, TRERE
B, EPER RIS T, LAV IESH & S R I N R W IR, A
T H BB R BRI A M5 v A S VR P HE BE S N 46 v j (£, 20150 FEIXMMENL R,
A B E T AU ST H THE R R 2R, FF A R AR B, Oy LAl
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PRl A ESCH SRS A o0 B X ST H T IAE R o) AT RIE T, AN AERs F 5 TAEWH A
HATIS KA R B, R BENE it AV AR T I H B R e IR A S
1.2 BIREK
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TREFUIH IEWIEG o S e iA R @I H 2. SRS EA . IR E. AN
PARZ AR SE A5 2 AN L AT 255 0T, TR R G BT FEHE SR .

(2) A AR H SEbRdts, K Bl SRS 70 B 5o i S0 H T HASE 1R R 3E AT T 734
AL S AR, R T H HEEER R SR AR R, AT i v A R XU 1R ) 8 R 1 A
A

(3) ERRA I3 Hr 45 R A J A b, AR B A PR T IIAE S0 B B LA o Sl I B AN ]
PRI AR H St R R P R A, #8700 H SE T Ja 18 R A, Dl T Ak fe At 10 H & B
FESR ALK -

1.3 BIHIRX

FEFR R b, AT IR S H THIE RS BT eSS, Kol H =264k & 2E
RE ST A LA NG SE R RN G — Wik R, AR FE T AR H SE I8 FE R 2 Ml M (Williams,
20050, [FII, A SCREEEIRS) 7L NS E THIRE R 7T, I3 > S8 7 i B AR R
KRB ZR, AT % TR BT Bl I sh it 770

BEAt, AWFTCEE & LB PR A, X TIRE BR R AT 08, AMUSRIEBOARSIAT 2 T B R A
B, EERTT T IUH IR BLAS R AN B RE AR AR AR R O I XSRS T AR B Tt
RALK AR S S0 1 i P

FESKE T b, AT IE 0 S Br TAZIH B i 0 Hr, U0 R i g ST TUIRE R 1 5 B PR
2, JFIREAHNEE FURR . WSS AR A0S it T AR ML AR I H SERtR ARt gt A T R R R S
%, DTS Bl Al S i RS PR, 98/ 30T H GE XU

RN, AT FT3R A T IISE 1R XU 73 T AR SRR TN 7 i, ] DAy 3 37 00T H kR s 2R 4
Seft LA o IR B A 45 RN T Ak 3T A B S, it T Al e S A Ot AT B U C BN
T AL, M ERTHEEARIH & BKF
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2. BFFAE

2.1 BrTAESR
BRI TR H THIE R W R R 2 S 2 AR IE, A SCH A 1 2 T Jdi SR sh o ik e
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G, BB THE R RO FOCR, SEERRIH B AR, RS A
TRRTE S, MR TR R FR bR A R FLUK, YRR AR X AR TR T E A, ot A
HAR AT IR Ve ShrdE b3, IR e b R gAY BHJS, A= T80 RSN o M 5 E A i AR A,
PLRGASE M S0 H TR R A R . s IR PP A Fabm e A A T R AT IR, JF
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Bl 1 A SO FURE 4L
2.2 FERARRA SHEIFHEE

FES LRI H CHAAE @ 2 B0 2 7 MR, AT H H S RIE it LSV DL AN
5% (Sambasivan & Soon, 2007; FHE, 2015). fELEEA CVE WA A TR B SLER 4 56 1)
Bt b, AR SO TR BE R THIAE R KRR AR 3R

(1) THSHEAREREFER

TH BUBE L LR R S AR B DA S AR S S A A5 R 3R A o it Lk RE P AR . — R &
T H IUBTERR CHRARBRE A, Fot A S A B FE AR RGN (Doloi et al., 2012;
TEHH, 2018).

(2) BFRSHEEERF R

HREE TR W ERFRCEUKITE 2575 2 (8 R BLE 2 5w Set i . &R

Sustainability and Competitiveness in Trade and Services



UTCC

MsUsS:3UdBINISSIAUEIA Vvauun1dnenaonenisaiine ASun 10 1488

12 Unu1ou 2569

AN S B BUR SRR I T B A PT Be SBU Td FE P R A I (Chan & Kumaraswamy, 1997;
PrEEoe & EHHE, 2009).

(3) BHHMCE 5t THHAR R

T TN R A TC B AR R AR e M s TR R B R R . RERE A S
HEER A MR R, 2% 55 S 80 Tt R0 % (Assaf & Al-Hejji, 2006; T %5 & 5K/K¥, 2011).

(4) EHAIIEER

T T AHEARE Ty T H A PRLIAT A 2256 DA ok P4 AL o TR dE o By B R0 . R4 A 0 H A
HAR R AT RAR TIIZE R K (Kerzner, 2017; XI-E% & B&FE, 2010).

(5) AMEFRLEE 2

BUR S, T3R8 DL S S5 S5 At S5 A R 35t P et e T P A — S R o B Al i R <
B T B S B0 TS 3032 2R (Kaming et al., 1997; D EZAR & fl{A#%, 2008).

W R AANGEE SR A T, RS E TIAE RIS A R, A5 S50 o A Al
e SR IR
2.3 HHRFEE

S LA R 1 DX R ST AR T H O SN R R @ ST MR ROR, TR BE S,
HAB RO FAGENE . B TOREA 22 SRR T SR Alb T F A5 B0 BB LUK TRE I H B8 P

FERAR TR RE T, A B B R B M B S T H 0, DURIERE A B0 (158
USSR BAGRAT 126 ANEFULAEDEFEAME NI AR, FEATTE S E A A B,
Fe M R SR A S ISR H - 3k 1 P

T EFHE 73K / BETEE P (n=78) HH (%)

WUH s — 2RI (R X380 52 41.3
TR (AEREX 80D 44 34.9
S LU (R XD 30 23.8

I H k& @A < 30,000 m* 57 45. 2
30,000 m* - 80,000 m’ 37 29. 4
> 80, 000 m’ 32 25. 4

R THEAREE
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WERME 2R/ BETEE B (n=78) HE (%)

FELRIE L TCLER 29 23.0
BEIER (<10%) 46 36. 5
PHEEAETR (10% - 20%) 42 33.3
FEEGELR (520%) 9 7.1
it T 1 o A R A it Al 58 46. 0
RE Tt T Ak 68 54. 0

R DHEAFE (8D

REAKEE 3 2R3 TUH FEAE R i LS B DR H SRS BN, XL Ay o b
S H THAGE AR S 4 T KR
2. 4 BHEALH K G

TERERIM I 1, 75 B AR B AT FIAC R, DASR s s A I A B, R ah Hds
BEATERAG AL TR S AR o X T/ Sl R, I S (e M b 7y AT AL 2 s T B 2
S B IC S, AR SEBR B BT I8 1E 5 R .

HR, WARRRAAE RT3 FHERAE, RPN T I, DR
AR DO GRIFENT . X T4 A, il B gl 7y UEAT Fe i, DAREHLAR 27 1A
BEAT IR B A5

BEAh, AR BIRYIZRCR, XA ST R E M G SR R, DL D T AR AR R
MEERHTH (Goodfellow et al., 2016).

2.5 HRBRIME R I5 kG #

FERRI R TT T, AR XGBoost (Extreme Gradient Boosting) 435 1 8B Hr /712
XGBoost A& — s T B R FHR S B ST 50k, HOA R TN RE A RAaF iz e tese, w2
J8EFH T AR BRI T 7T (Chen & Guestrin, 2016).

565Gt 77k, XGBoost TEALERIEL M OC R AN LA B BT HIEA B RALH, RN AELS
3 AT B AT IR R 4 SR S AR . AN, AR BIRTE N SR R R R 1 T Tt LA
BAFHIZFRIL (Chen & Guestrin, 2016).

R R R, R EAR R 7 ISR AN . ISR TR 2 S s 2 il I
AR T B0AE B B T Ak R o 3 3t 22 kA8 IR T IR T S 8, AR B 2R T f) T ek
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(Hastie et al., 2009).
2.6 BEFESTTE
AT LL Python YE N EE /3 H T4, FIF Scikit-learn 5 XGBoost 58 il E0E Fil Ab K R A 1
o AT OREBAEHER R 52 AL RE ) 2 (RS RGP, A SCRAMMSHE R (Grid Search) &3

X E&HE (5-fold cross validation) #HATZECAM. FTEIRSLTEWER 2 Fn.

SRR & Ui BB BRI TEE
max_depth FAPRBE ) B KR R 3-8 CHBKAN D
eta ESE N AN 0.01-0.3 CGEKHM0.05)
n_estimators MR (R RIEREHD 100 - 300
subsample BRI SR 7 FEAS L EE 0.6-1.0 GBKAO0.1

colsample bytree  FFARMIBENLKAFEIRFL & L 0.6-1.0 GEKHNO. 1

lambda L2 IEALI5 5 % NN
alpha L1 1E Ak I R 50 NN
objective Z KBRS multi:softprob
eval metric PR Fe R (2280028) mlogloss. merror &

% 2 XGBoost #5713 B 245 &

2.7 BB TR SRR T

VP BB TR RE, AR FVRIERFE . HEMZE (Accuracy). FEfiZ (Precision). H[RIZ

(Recall) BAA F1HSEFRFRA AL 53 R AR AT VF (Sokolova & Lapalme, 2009). HH, #ERfZ

F i e A B AR TN TEAF 2, R R 44 [ % T VP A AR PE AR 4B 1R 350 H J T (R RE /7, T F1 AR
D 255 5 o P A 7R ST 124 e o

WA, it — SRR R TN 45 R, AR SR FRHE B EE % 43 A Al SHAP (Shapley Additive
Explanations) J7VZAM R RUBEAT fifRE . SHAP 77V A8 8 Ak %28 ORISR T 45 R ) sk AR i, AT
A5 BRI R BT H TIHAE R 1) KB 3 (Lundberg & Lee, 2017).

B IR VA AL S AT, T LS5 A7 e B9 AP A )R] 3R 7E WA 4 B T J e (R 4 B,
A LA AR AT B SR AR S
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3.1 HEAGHR T

AR R X R S AT H A A X R, BRIV Sk R 3R T 126 DM AFEA
FEATIH T 2B ETEN. ml S ARSI H R, Xl H AL it TR 2R DA
WIRBCE S A Z 5, LRES B b S e S0 H T IE 3% KU IR 22 R

FEREARGER T, K UH M TSP E 12 M H 2 36 N H 208, BUH B L KB H
NE. WIHERVEMEER, MAUHY R Z LA X TR E R T TE, XE—ERE
I T i T AR

FEIEGRIG BT T, FEASITH A7 AE — 5 L i T R . iR PGt 45 /AR, T H SE iR
W SRR BRI RIAR M AR i T 2B RO S R SR AR AE — K. X —Z R 5
AW LA B B ST TR H SE IR d 22 MR 58 BRIR R AL AR HT IR R 24] -

MARBR ARG RE , ANFRRE L AFE—E 2R Fla, ERIRRCEZEZ T, 00 H A
PENREEVERG R, 15— Le I H WA AE NS K (K 1R AR B RE AT 4ERE TR, AN H A 2
JEE TRl ) 5 5 PR R 82 R g 77 THI A7 AE I S 22 031 X 8 22 3 O Jim AR R TR 1 S B R i R R SR AL 1
/BT

ASCAELR G TIERBIB T USR5 T SCOCIRER 2 aL -, WTH SEARR %M, &R5E
BAEK, GRS THL, SMRIAE, BRI 4RI TIRE RS R R fbn iR R 0k 3 B
Mo AR R BRI AR GUE R BT U P R R IR UE R B AR, SRR R I X R R S v s R
TR A B A X AR AL o

—RGEE “HdERR (BB BRER

TR etk SR RE R R LR SO, B X AP
FESE

aFESRESE KR E R RG] EEpa gt

ARY-ES) T B4 S /AN 7S 1 S e 2oL AN S VAN & e AN LB 7 N L) VAN S P DA K v S D i
N

HMER IS AR R WEHIE. SR EEpa gt

IR BERETHRIS A5 S KSR, RS A A EEpa gt

R 3 IER KSR R IR IR A R
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8 56 U TRAL BRAI AR B J5 , A SCHI A XGBoost SEM 2 @ 50 H T RTINS .y
PRUEBEY PP A AT S, RERE AR ) 0 I ZREEAINRAE I I3 58 SORAIE TR X R S 44T
LAk

BRI A SRR, AR e I b ) B B R IO AR 2 . IIRE RS RoRE, K
I REARREE B AR 238, AR WIBI A AE VR0 T3 A R R 7 1T B A BT O RCR

FERETPPAG TR DT T, AEALHERR AR (0.75) IBBIER /KT, AR #Z (0.65) 5 H 1% (0.62)
WRIREF. FIH 0.64) fENZREVFIRYS, 2D e 7R RAE U5 SE R I H J7 T i) B Ak g
[25]

ME 2 ATELVE Y, BRI IR 22 3 B TR B R 5 PR AR IR 2 [H], PSRFEALIAT 20% i 3L
XA X IR, AESEPR TR H v, F 5 v BESE VR AE R\ 2% e 5 2 B B s
HEhEER . RS R IR E) A R l, mAEEmimiR. XAESE T
STRPR A ) 7 AR RLAE T F7 X 6] N B 28 5 7 AL TRV

HWE

EE RBRELZR PEER FELZR

SErfE

2 ISR R T VR VA HE R

3.3 HAER S RERRER

T B AR TG, SR, AR SCR AR AE BT 5 SHAP J7 iR BT Rt . St
SIS ot B FSE SR P STRRAERE, 7T DA BB M R S TR A R

W 3 FoR, ATEE R, FEPTATRART, BRSPS Rk DR TS
R R 7S5 DR 3O T H A8 i RS AR RO 35 . X SR IAE AR I H et #Erh, HoRJ7 A AN 55
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