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Development of SVM-based Construction Project Document
Classification Model to Derive Construction Risk

ABSTRACT

Construction projects have risks due to various factors such as construction delays and construction accidents. Based on these construction
risks, the method of calculating the construction period of the construction project is mainly made by subjective judgment that relies
on supervisor experience. In addition, unreasonable shortening construction to meet construction project schedules delayed by
construction delays and construction disasters causes negative consequences such as poor construction, and economic losses are caused
by the absence of infrastructure due to delayed schedules. Data-based scientific approaches and statistical analysis are needed to solve
the risks of such construction projects. Data collected in actual construction projects is stored in unstructured text, so to apply data-based
risks, data pre-processing involves a lot of manpower and cost, so basic data through a data classification model using text mining is
required. Therefore, in this study, a document-based data generation classification model for risk management was developed through
a data classification model based on SVM (Support Vector Machine) by collecting construction project documents and utilizing text
mining. Through quantitative analysis through future research results, it is expected that risk management will be possible by being used
as efficient and objective basic data for construction project process management.
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Az IAE= Aaix] 378A1 Gl whe} ghsle= Slo] =4
E A3e] 23k @4o[t(slam et al, 2019). 12U 7 Z 24
Eo] S o8, AR, M 59 AdEe] FYEHe 55
AT o 73] HslER Il glaT Q15 =&
o] 9JtKChun et al., 2001). T 74 B3 891 3 oj7]3]

o 37] Aele B F9) 3L, WA 29 Bo dlslel

) Sla el U ARBE 2R, AN Sl $R

Ashe Zefe 4 glov, TR ololEE Atk #41Y

THGlenigan, 2015). T3k 0|23l F7] XA 2 213k AH
& A AAE o= F48PE id 6,2009] EEel] Eap, oF
12 1,0009] @3 rR2e] 3H2Ql E&4o] gt Oxford
Economics, 2017).

Adz2AES] F7] A 831 AANARE 1 H71A
tjekslAl w3t Mulholland and Christian, 1999). 713 &
o] Byl F7] A4 gl 82l ‘B33 7 (Al-Refaie
et al., 2021). E3h 2R 2 =% ke 34831 AFY(Kim
et al., 2020)3} ) F=(El-Sayegh et al., 2021) o] Jtk
AAGAI} AlEEA A LA F7] A 1e] A= dEAte
2 371 2F3(Clegg et al., 2018)7} A[FALe] BE3F AL 58
(Jitpaiboon et al., 2019), FAEZ2AEL] BSE EAS HHgsA|
35F ThAF Q) AE 7|3 AFE(Koppenjan et al., 2011) 5]
ST o= ARA o2 AE Feld FA 7R o]
slolo = AMmeAE F7] A|2lo] Msilrk e Adme
E] g 7hs/dnt 43 BHAR] EAle) o5 3715 gl
Aehe wald] o WAYFTHKICT, 2020).

= 1A 9de] A, 2021 AR Q1g AbaAgAEr)
828™ F 41720 2 AT T 7P =2 50.36% 2 YERIT
(Kosha, 2022). OECD Z7}e] 7144 714 Aha) APirfar e
24 Bel S A4 AR Q18 AR AL S A
371 Bl 5 29l et S o] B 2 Al E et
ATHChoi, 2020). 3FA]RE A ABlE dpgslr] $1gh A7+
Az eAE A3 vt REow A o] FolAA] gk glo)
U 2V Al TS $Igk o] WRks 3o = Qe gEske
g7} B=3 A3bo|ti(Yang and Lim, 2021).

2 BF o= AL 7RY AR ol A HlolE| 7Rk
7] S 919 AAZAE Ba) g PEe 5
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AL Tk =) AL sfe] I RAE FAAE S8t
of RS}t JedS sie] 24709 &7 Al 2l 89ke ==t
of the WS AMsIler(Kim, 2022), Az 2AE2] 37
Ao g g B At FHUY HIE-S A7) S35
A Aot AR oJR-E FHESFIT Lee, 2023). Durdyev and
Hosseini(2020)2 1985@5E] 2018W71)] WigE =82 24
slo] AdzeAEl] gl RS dplelal sageks ATt
SITF: 52k Wang et al(2020)2 “Jsfololr] 3¢ 1 Z=AE
SRS Bste] 7] A9 gias Aoskir Yu et al.
021yt VA1 O W ulg ) BA|E sie]
QJ8te] AT R]43(Delay Management Index, DMD)E- 75}
I A A4S S AD EAAE ARk

Park(2012)-2 Z5-¢} Wt 7ke] 7] A8 RS AkSk]
7] A e AAEISIHE Kang et al(2017)2 71 334
tlole B B3 A5 B3l 37 2P A3 2 e B
AAAIE Ao Fastele] 718 AFse® At
SH7RER Alggeolds B3 27 AR Bl fas dzeA)
E IARE 78 =59 3] vzt FERER 3]
HES 7o, AR 7] A Blaa ] SHAlE
A XS Park et al., 2010).

53l A AsE ogelr] f1g vt Ak AT
Jo(2012)= 14 AsE EAste] 04 Asf 89S =EdkaL
sk e AABISATE Ha et al.(2018)2 314 Al Bt
AFY deolHE gste] 7R AlEdolds S dd
@ AAAfaL BYsHE} St FEEES 248k
123 Zhang et al.(2019), Choi et al.(2021), Yang and Lim
021y A Al AHIIE lste] BlXE nlolds F3) HIAE
HE dolElE Balele] A4 A 8918 wEeli ke
S1gE v E Hloly 28-S ARkt

Rz gAE] 7] A 71 Al diste] gl a9k
L3k e A AlellolkRt A7 HlolEE ARSSlaL 9lom,
SHRE] Hhe AL AH ElelHE SA0R IS 1 A,
A A ZRA B X WA= TdRE aldl] o g
th8sh= sEo] Ao, A8 785t Fes R vl
o] FA= A AR gk A AT Aol A}

B = Az AE 55 3Pl gaa a9ds 7
=2 = Az eAE 24 SARIAI} Sl E
o AdZRAE T 7P Bk 34 g B 28R
7HAL s BEEALR RPgsle] ZRAE FARRE $9l v
1% dlofElE =33laL Hjo|Eu|o] 2o

7 T
Szt gk 7 delre] SAKRIAIL Sl T Alet

ofl qu Mo K



Ao Wyshe el ) vlolelsh b 24 wlolel
53l 2R B7] At 24 A dolelE £ET 5 91
Bl wFAh AFA} %
312 53l FA1eAe) 21
% SIek b, ¥ olrs WY dolelz A9E
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2. AMOZ2NE B ER

B oA Agksls AHAZRAE A 25 2 s
H4E delE BALAS $4 B Teld 5 us
o8 $=%)(Data collection), d°o]&] A=]2](Pre-processing),
tloE 7 29 7hHModel
development), 29 £-X(Analysis) STHA| 2 21808143 Al
BAE FAEF 2425 Fig. 19 eI

tlole] =g wHAlell A 20093 5E] 202213714] S =)
TE2FAL & 1270 77 7570 B AR e
TR, vlofe] MAE] WAl g A eAE T
£ RS olES B Uele) A Ulee B 4
dlolE] AAMeE etk tloly X3t dAlA FFo =
AAgd g=EE
Frequency) 7['"H<& 53 FX|3kaitt. AHZ2AHAE FAEF
2de] A gkl Waleid(Naive Bayes, Support Vector

Machine, Random Forest, Gradient Boost, Extreme Gradient

S=2]8Data normalization),

=)
o=

)

o) § ud
A=

TF-IDF(Term Frequency-Inverse Document

-Construction logs

Data collection ‘Incoming and Outgoing documents

-Tokenization

Pre-processing -Stop words removal

-Stemming

-One-hot encoding
-Token count encoding
-TF-IDF encoding

Data normalization

-Classification model (WBS Based)
- NB, SVM, RF, GB, XGB

Model development

. -Eval |
Result analysis valuate mode

- Accuracy, Precision, Recall, F1-score

Fig. 1. Research Flow Chart to Document Classification Model

Boosting) FEl& 283190t 2ddl AT e Hrsk]
o] mdlg XEsigic)
2.1 Hiojg] & & Mx2|

FHE BAUAS S50 FRE A9 WS To R P

21 U 25 4, 7Pdazdel sl 7lese] slot, -
TREE 8o st Hof $A] e s YlRE SAje] W
EIRE dofEoft): SAIIR|] - JFU BAF 2 k8ol “dAlls]
7155]0] AlgeAl s E7] A9t 344 Ajs) A
dloleE e 4= glom, A&zl A hes &3l 555
Jetslar A8 s Al F49 s S8 3] AL
=3 5 onk wk S RS B9l 2] A1) gk el
291 ¥lal B4 o Slrk B dyoie E dzeAE
AN 7P B gl gRlo] Wske EdAke A0

L22A AR 120 71 T7Re] sARIRIel S s st

I =R FAL Tl 2] EFAA(Work Breakdown
Structure, WBS) 3202 EF3I9th

B o= =319 vy 92E dolHE viiled 7R
B3 W 2l A88b] et AAE A4S stk
w7, 2] W8-S A tolHE 7 ©9le 2o wlkst
7] $15ke] A7+ E&IX)(Regular expression)S -85 £ £33}
(Tokenization) 2}}S- =303}tk w3} E-80] =]2|(Stop words
removal)(Lee, 2022)& T3l 3ol BH Q3 Smape) e
[E5 AASKATE 2L F Stemming 2F4E F3l £ HIAE
dlolHe] S Fadkal dHdS ST HlAE 249

Fse PPk

[eIE=1

2.2 ol £XI8}

Y2E to|HE & 2l Jsty] Ao s A%
tleE| 2 Weksh= embedding 2 3YsI3i): vlolE )5}
21 F2E tofeE mliledol B 4] A9st FH=
W3kl 223 Hx]g] ¥go]t(Singh and Singh, 2020). 2
Aol A= TF-IDF 7]9H(Lee et al., 2019)S &-83o] E3td
s A volH R pigkeltt

TF(Term frequency)= BINE7} Fod off o/} B ¥ ZF3)
A BofF= Aotk TF 7PE2 “H2EV s v Hol}
ofe] ¥ P 1 ofg] ¥ S8k vig o] =8 Sk
2= 72 ARSSh= gho]tl(Christian et al., 2016).

TF=1tf(t,d) )]

Eq. (D9 #t, d)= MG dolr] @] o} 43 Sles
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T o2 Hole] HA MES ekt F, 58 Wk by
e dofs wgolx 7k Fa3 Hololth SR TF ghe

=3 F Utk o]2fgk TF 3] A4 eR7E 32
IDF(Inverse document frequency) 7kS -85t} o dol=
AN 578 ot 4 Ulell Fagtk ol 2h=A] B
el gho g viehic.
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Eq. () o#A1e] 28 Mes
54 o] 7} FAT 24 458
£ A0 i} FEACZ FRA Lhepik

TF—[DF:tf(t,d)*logW% 3)

upebA, TF-IDF %2 Eq. (3)$} 2o Akt TF-IDFe]
G814 o= o] RIEe} SREA] HIo] F(Lee et al, 2019)0]2}
I & Sk o] B4V Sk w, 54 dole] Fask ks
&3l oJulE Zk=A] Holgr) o]9f o] TF-IDF= ofd 2417}
Fold o, 7 dofd & NI=E B3 ] JBds I8
ghtt.

23 DAL Tl ZMEEHE SN 25 29

iy 7] Adx2AE FA 25 B 79, TF-IDF
2 e diofe] AEE S AL AR AA f3o=
tE Rtk Haldd dagse H5E A AEE
Bl A A EAS S AEE 5 s AHE A5
(Raschka, 2015). 93} 5714)9] WAaleld da1e]lE(NB, SVM,
RF, GB, XGB)dl| 285l 257 B /el dss H7kst
At

NB(Naive Bayes)& o]z HEE 7uko g2 = 53
B 2R, el waA] Sl 4 Al 2R dioly AEd
T ARESE = 9lE dug|=o|tiSaritas and Yasar, 2019).
SVM(Support Vector Machine)2 HoJEIE F-E31= 234 77|
(decision boundary)$} Z+ Sej2~o] 714 717 HlolE] EQIE
Alole] milE: Hohslale] A2 HlolHdl| U] %2 /des HofF
arg]Zo]tf(Aliramezani et al., 2022). RF(Random Forest)
OAEA Y Decision Tree)S oj2] 7| AE P32
(Ensemble) el 3htE, vlojHe] HEXER &
(Bootstrap Sampling)¥} F-2k¢] E4 Aei(Random Feature

fe e
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Selection) S %3] 4= A= =&} Lalg]Eo|tBressan
et al., 2020). GB(Gradient Boost):= 2F3F A59] o= RndE,
E3] A FAA E|(Decision tree)S =220 2 SR5A1A 73t
A% BUE WEE PPE APgel, 37, BF S TI
thetst B 2ol & Ao Holal A e vlofH
NEME &3¢ YarejEo|tiNatekin and Knoll, 2013).
upz]eko 2 XGB(Extreme Gradient Boosting)+= ZZ2JU|QIE H
28 GuE)E ES e g sk tiekek HFskel Aarst
7S 83k darglgoltiLi et al., 2019).

wAlEY 7Pk A 2R 2l A5l sloluulehi]E
(Hyper-parameten)ol] =17 e}eshn 2, H=slehs 210 Fagh
847 Z+g3IT)(Raschka, 2015). 2 Aol xE= waley 7]k
A B5 w2 Adulsls 98] 57 wx} 7H5(5-fold cross-
validation) (Normawati and Ismi, 2019) H}2]& Al83}e] lo]s
sEpEE A8t 5] uat ASS ARERRo = KEle]
Awts} Adsol digh o AEA e AdE IS 5 At Wong
and Yeh, 2019).

HZ2AE A 25 2l 45 2 Hrle e Edat

S B THAR 99 dloe = sksd 5714 wAlg

Y darglEs A8st HS5E HolHE ARt Age
(Accuracy), FUx(Preicision), Z|E&(Recall), F1 Z<(F-1
score) & Altele] A WAkE AW HAe] 2R A
e

ERes 718kE Ul AMEl= &% 38 (Confusion Matrix)
2 A FE2e) oA FEls e AE Ve TEe R,
iy darelse] Aes AAske & QltkBressan et al.,
2020). F YL ozl EFE S8l AB/dE &= Fig. 290 ER)
At Foihde ok el s vehliv, 24 23k
st | 722 Akt &5 dEe T2 o BRek A
A, v Sl ERellE 2dE S Utk

Auctual

Pos

| T | FP

Predicted

FN | TN

Fig. 2. Definition of the Confusion Matrix
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Accuracy = PN PP FN 4

Precision = % %)
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£ ATeMe vIRE Y 2E HlolElQl AHZRAE A5
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Bl vlo]d(Text Minigyg $3l0] whilehd 7h 7 welg
B3l HAo] PHZRAE FA BF BRds AQkslaat gk
AT 2AE EAE £hsk] gAE nlo]ds g83) k%
Z T 8] WBS 7zl whet 2 el
welg et e ke sk 37K Acouracy
sefate] Rtk

il

T e

\=R=4
L

¢} Precision, Recall, F l-score—E—

31 22 mglo] NS =M ol 1y

B ol 4508 AHERAE Bl B3R B
FAIAE sk Axe] 24le] 59 vjolel: Table 17}
2ol BAEE TS| ) £

AA(WBS)(Park et al.,

o

Al -

TRPIS) e BRI F SRR, el 2, 1
#2) 52) Tgo Svlo] BEATh WA S4L sl
H AP EL ‘EX(Main line), IC/JC(Interchange/Juction), A|A1/
BA|=2(Side/Access road)’ 0 & 377ke 2 12} ER731c) &+
AHE EF19 F$ <&5771(Soil cut), &%7](Soil fill), &=
71elEarth work, etc)’ 2 3340 2 23} EF7319om, 2dey]
F52E ‘%=’ H(Subsoil), =A|(Subgrade), 2% (Reaping), ¥}
(Blasting), Hg"H R 3-¥(Slope protection), $IEX|Ikx]2|(Soft
ground improvement), 2% Z]ElConcrete retaining wall/
Retaining wall), £7}7] 7]1EKSoil cut, etc), 27| 7]EKSoil

fill, etc), =3 7]ElEarth work, etc)’ 2 107}4] 4L 33} E-573}

gk F7E volElE Bkl 37 72k 37k £33 107)
A9 FPOR B wele) B AUe SISk

Table 29| YERHN A} o], TF-IDF 7[HE E3) x)3kd
Hlo|E|E malzy UelENB, SVM, RF, GB, XGB)o|| 2143t
AdzeAE A ER E‘_Eil—"— Accuracy”Z} 83.56~91.78%,
Fl-score7} 0.79~0N2% & 7S YeMIStE L 5, SVM
VIR =t ﬁ/g_u._iz—l]E 1 F mdlo] 7H =& Accuracy
(91.78%)¢} Fl-score (0.92)= A =]ch

Table 2. Predictive Performance of Machine Learning Algorithms
Using Data Normalization

Fraluation Accuracy Precision | Recall | Fl-score
Methods (%)
NB 83.56 0.90 0.76 0.79
SVM* 91.78* 0.93* 0.92* 0.92*
RF 90.18 0.92 0.90 0.90
GB 90.18 0.93 0.90 0.91
XGB 86.76 0.90 0.84 0.86

*The best algorithm with the highest predictive performance

Table 1. Construction Work Breakdown Structure (WBS) Classification Criteria

WARS Classification criteria

Lv3 (Construction Kind) Lv4(Facility) Lv7-1(Activityl) Lv7-2(Activity2)
Interchange/Junction(IC/JC) Soil cut Soil, Reaping, Blast, Soil cut, etc
Main line Soil fill Subsoil, Subgrade, Soil fill etc
Slope protection
Soft ground improvement
Earthwork Side/ Earth retaining wall

Access road

Earth work, etc

Concrete retaining wall
Retaining wall
Earth work
etc

Vol43 No.6 December 2023 845
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Average Performance Metrics for Models

Multinomial Naive Bayes -

Support Vector Machine

Random Forest

Gradient Boosting

XGBoost

accuracy precision

0.92

0.90

0.88

0.86

-0.84

-0.82

-0.80

-0.78

-0.76

recall

Fig. 3. Average Performance Metrics for Models

Fig. 33} o], TF-IDFo| ofsf =33k vlofe] AlES WBS
B 7R R /3 7] BEll 5 tolElE Yo Rejehs
tl E3H4Q) SVM 7] B mde] 7P w2 ERAdeS
el Aos g7peiet =31 TF-IDF WEjst 7S 28t
o] axjle] 2] WEE HksiGle o) SVM 7o) aaHoleh=
Ao vepitl webA, 2 dgtelds AY PAE tojE ot
TF-IDFe] 5248 123 gy 9k doly 54 718 &2
‘Feo] SVM 7]k} B ks Az eAE 24 o] mde
A skt

32 25 DEo| BA Znt
B e AR 55 Fdle] Skai=2F A} WBS VRS R
EZALE shgele] WA dSAEE Hrielslon, Fig. 49

Confusion Matrix for Iv4

True labels
True labels

1
Predicted labels

Confusion Matrix for Iv7_1

1
Predicted labels

2ol, 2
=g
ApaRe] BEE 37] 77 BA1(37.33%), 1C/IC(49.32%),
APYFAER(13.36%) = TE50] Hloe7} Hjura] 22 25
A== Accuracy”} 84.21%% H7HHAATE AVdEdl] thek Ho]
B/} /M B IC/ICS] A9 Accuracy 90.36%9] & 3w
£ RolEQin) w3l B 749 Accuracy”} 93.18% = Overall
accuracy®] 91.78% Kt} £& TFA TS HolH, iz eAEe]
5% B2o] AR 2Ae H2E FHE QI8le] 2 2R

EA4S 7L sick 2] 51 139 BS SF7125.17%),
£%7](28.08%), B3 71EH46.75%)] XS RHojFT glon,
EIAR] A #2719 F471E $Ig F1ER B 71E

B2 2adgvh ek & ¢ A B 2] 21

EFAA AR E &5 3 (Confusion Matrix)S

Confusion Matrix for Iv7_2 100

M4 0.00 000 000 0.00 000 0.00 0.00 0.00 833
0.00 0.00 7.14
0.00 I 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 ik 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 I 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 NIk 0.00 0.00 0.00

True labels

0.00 0.00 0.00 0.00 0.00 IR 0.00 0.00 0.
0.00 0.00
~20 -20
© -0.00 370 000

o -12.50 0.00 0.00
001 2 3 4 5 6 7 8 9
Predicted labels

Fig. 4. Confusion Matrix for Proposed Model
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HolFick g 852 3 2xE
(6.50%), =A(9.25%), 2(1.71%), BoK3.25%) H]eh B 5%
(6.16%), AFAEA2)(2.23%), &5 71EK7.02%), &417] 7]et
(21.75%), E27) 71EK10.62%), EF 71Ek31.51%) w02 e}
ok Zelde] B52 B 1019 34 freo s BRE ARs)
31510, Average accuracy= 92.34%2 £ ERAIEE Hol
= AR FrIEInk sANE BF VIEle] B9 EFAL] FHo
&35 IA Ahet 7] A =t E3HE] vk
wzps], dlolee] E/do] tpefetal Batate] vk 5+ Accuracy
68.75%% HoFATh

) —
o= 74

4.2 E

= RAE A F7] AA 803 7 A 5 Tidst 82l
oJsle] gl W AL Qlok A EaE lek 3] A9
A HIES STRIZIAL AL 7Rk B 918k FeEjsh Al
24 AR olofd 4= gk mEgh TNk APdES] BAlE 1]
S WBliske T sk BAE S8 Zejsith A Alsle
ARBEAIE A 7)7] wlitol ol A je] Fasith
ol2fgt A elazaE sdshy] fJal Al IEZZAE HlolE
7]9ke] ¥7] AFgo] a7k AT RAE B HExle] 4]
£ &3l 715Ho] viHE "lAE tolele] S3E 7Rl Jlom,
AR A 918 2410 vREsht dasiet wepd, B o)
Ae A4 glad 58 1% SVM 7k AT ZAE T4
25 29 el olE 98 B @ 12) 1
757 3] AHAZZAE FARQ] FAAA IS} T4l TS 1
stk VA ZAE 7)) FAL T AR 71=E] olee-&
HAE EFTALE Yoty s =2dAl WBS i) 7Ies 2dd
283199tk WBS 257 7o 5 39 #go = e glom,
APdE, Agdy] S, Adde] E520 50 R Rk
WBS 7|%E 2Hg3lditk A Z2AE 749 HiAY 8B
Hlo[HE #5737 flste] theddt Fokl ARse 255 gate
F= vk 1d dlolel= A s A TF-IDF&
B3 FHgksle] R galeks BdEe) 483 243, SVM 2
=2do] Accurcy 94.44%, Precision 0.87, Recall 0.83, Fl-score
0852 7MY 2 #Rd%s HoFdik

B AFoA] i A Blad BEES 9IS P ZEAE
A BT Rl e REe] S8 S0k 27F] ofnrt

=]
o5

I, AZEAERE 7] A A4 el 5 ThdRE 2119
gnFE skl glot A8 e T2 EAke] B9

B3 e AP IAE BA B
A gaamE Aefshs 7he e AR B, A Aol
A Qolx] HHZRAE T4 dolHe thiE HAY HXE
dlofEl= 7g=le] wlole] HAje]ol] B 1} nl-go] gtk
B Alpts HiRE vlolds 283 SVM 7Rk HofE RS
o 7R ¥ e geAor Bl AUz eAEl]
7] AT A Aol e R =E2 ¢ vk =Ed
A4 i 7xAkEs 5 Al @AY gl Bl
&R Z=AE Ao oA Aos Z|thdith

SR 2 AFolME U EREAL A ggate] vhelsh
Az eAES] BAsh et} 3 o e 23E 7k
3ol ek B3k AR ERE Fsh 571 A 234 Al
a3t faAE ggHem E4strldl AL vk wep,
T B} tfel AP RAE BAE Rl B RS
Zg3laL gk A dioEE 7k = 37 AFdE 913 AkEdl
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