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Cho, Hunhee Enhancing productivity in earthwork projects is crucial, significantly affecting both time and cost

Tel : 82-2-3290-3328 efficiencies. However, existing research in this domain predominantly relies on qualitative data and

E-mail : hhcho@korea.ackr methodologies, which may not suffice given its critical significance. This study employed the fuzzy

DEMATEL method to conduct a structural analysis of variables affecting productivity in construction

projects. The findings reveal that plan changes possess the most substantial overall influence on

Received : September 25,2023  earthwork productivity, with a comprehensive strength rating of 4.58. Additionally, it was observed

Revised :November1,2023 that precipitation data exerted the most pronounced positive impact, with a rating of 0.48. These

Accepted : November 8, 2023  insights are anticipated to aid in identifying and prioritizing areas for productivity enhancement in
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Structural Analysis of Earthwork Productivity Influence Factors Using Fuzzy DEMATEL Method
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Figure 1. Center of gravity(COG) defuzzification method
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Structural Analysis of Earthwork Productivity Influence Factors Using Fuzzy DEMATEL Method

Derivation of earthwork productivity influence factors
through literature review and expert consultation

I l

Assessment of influence factors causality
through expert surveys

I I

Schematic representation of causality relationships
of influence factors

I l

Derivation of normalized direct-relation fuzzy matrix Results analysis

Defuzzification using COG method

Derivation of total-relation matrix

Derivation of direct-relation fuzzy matrix

Figure 2. Outline of research methodology
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Table 1. Factors influencing earthwork productivity

Code Influence factor

FO1 Soil condition

F02 Accuracy of geotechnical investigation
F03 Productivity of equipment
F04 Worker’s skill level

F05 Worker’s work efficiency
F06 Accuracy of earthwork planning
F07 Precipitation data

FO8 Wind speed data

F09 Safety training

F10 Safety accident

Fl11 Legal issues and complaints
F12 Site manager’s experience
F13 Change in construction method
F14 Occurrence of plan change
F15 Number of labor and equipment

2) 7444 SARAE 322 Vo= ESAF A ke sl Ttofl lapA|of et 2|AE 53 A& 7|50 A ZAME
AAsE] kel 11e] GF AL E 2263t SPSSE E-g-ato] AEZAE Aol it 4124 242 3skelem,
245 U1K Cronbach’s aplha) 4F2 0.872 S55] A2 SRS 4= Q= 2 0 & el

3) 4% Aol A<= Table 29] -SHAF B7 el it #2] HL[18]F 7o & A5kl e, A4 4
O 2 ALtEl= A3 IA 2| E S Table 337} Zo] EEsHi). AZEARe] Aatol whef 2t kel 7he] Aol
Very poor(VP), Poor(P), Fair(F), Good(G), Very good(VG)2] sTHAI 2 E-7 =] 3ict.
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Table 2. Triangular fuzzy numbers assigned to linguistic terms

Linguistic term Triangular fuzzy numbers
Very poor(VP) (0,0, 0.25)
Poor(P) (0,0.25,0.5)
Fair(F) (0.25,0.5,0.75)
Good(G) (0.5,0.75, 1.0)
Very good(VG) (0.75, 1.0, 1.0)

Table 3. Matrix of direct relations in fuzzy terms

Code  FO1 F02 F03 F04 F05 F06 FO7 F08 F09 F10 F11 F12 F13 F14 F15
FO1 VP G F F G G P F P F G G G
F02 VP F G G G P F P P G G G
F03 G VP F G P P P P G F F F F G
F04 G F VP VG G VP VP F G P F F G G
F05 VP G F G VP F VP VP P F P P F G G
F06 G P F G VP P P G G P G VG G
FO7 P P P G G VP P G F P G G G
F08 P P P P F F F VP P F P P F F F
F09 VP P VP F F P VP VP VP VG F P P P
F10 P P P P F F P G VP G G F VG G
F11 P P P P F F VP F F VP F G G G
F12 P G P G G F VP P F VG G VP F G G
F13 P P F F G G P P G G G VP VG VG
F14 P F F G G G P P G G F VG VP G
F15 P F F F G F VP P P G F F G G VP

Table 4. Normalized matrix of direct fuzzy relations

Code FO1 F02 F03 F04 F14 F15
FO1 (0,0, 0.02) (0.03,0.05,0.07) (0.02,0.03,0.05) (0.02,0.03,0.05) (0.03,0.05,0.07) (0.03,0.05,0.07)
F02 (0, 0.02, 0.03) (0,0, 0.02) (0.02,0.03,0.05) (0.03,0.05,0.07) (0.03,0.05,0.07) (0.03,0.05,0.07)
F03 (0,0.02,0.03) (0.03,0.05,0.07) (0,0,0.02) (0.02,0.03,0.05) (0.02,0.03,0.05) (0.03,0.05,0.07)
F04 (0,0.02,0.03) (0.03,0.05,0.07) (0.02,0.03,0.05) (0,0,0.02) (0.03,0.05,0.07) (0.03,0.05,0.07)
F14 (0,0.02,0.03) (0.02,0.03,0.05) (0.02,0.03,0.05) (0.03,0.05,0.07) (0.05,0.07,0.07) (0.03,0.05,0.07)
F15 (0,0.02,0.03)  (0.02,0.03,0.05) (0.02,0.03,0.05) (0.02,0.03,0.05) (0.03,0.05, 0.07) (0, 0, 0.02)
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Table 5. Defuzzification outcomes of the normalized fuzzy relation matrix

FO1 F02 FO3 F04 F14 F15

D 0.01 0.05 0.03 0.03 0.05 0.05
R 0.02 0.01 0.03 0.05 0.05 0.05
D+R 0.02 0.05 0.01 0.03 0.03 0.05
D-R 0.02 0.05 0.03 0.01 0.05 0.05
F14 0.02 0.03 0.03 0.05 0.06 0.05
F15 0.02 0.03 0.03 0.03 0.05 0.01

5) 5} 17 A MARLL 4] (6)0] Z-galo] Table 63} o] Zq VA BBL FAIAT. F T AP
DEMATEL 9] 2% 212 geflo|v], 3 ¥4 98] 4 g2 vhgo s 724 248 Sastalrt.

Table 6. Comprehensive relation matrix

Code FO1 F02 F03 F04 F14 F15
FO1 1.03 0.08 0.05 0.06 0.10 0.09
F02 0.04 1.04 0.05 0.08 0.10 0.09
FO3 0.04 0.08 1.03 0.06 0.07 0.09
F04 0.04 0.08 0.05 1.04 0.10 0.09
F14 0.04 0.07 0.06 0.09 1.12 0.10
F15 0.04 0.06 0.05 0.06 0.10 1.05

Table 7. Outcomes from the fuzzy DEMATEL analysis

FO1 F02 F03 F04 FO5 F06 F0O7 F08 F09 F10 F11 F12 F13 F14 F15

D 1.97 1.95 1.89 1.96 1.84  2.00 1.96 1.69 1.64 1.93 1.83 2.01 206 215 1.9
R 1.56 1.94 1.67 1.91 224 2.00 1.48 1.52 1.67 222 1.93 1.82 210 243 2.29
D+R  3.53 3.89 356  3.87  4.08 4.00 3.44 3.21 3.31 4.15 376  3.83 416 458 419
D-R 041 0.01 0.22 0.05 -040  0.00 0.48 017 -0.03 -029 -0.10 0.19 -0.04 -0.28 -0.39

7) E-3AH A kg il tig R4S 4383t A3 Figure 37+ o] A]slobT Figure 39 71252 934
19 FREE 9ulote FFAE(D+R), =52 FFale] the FFaolA TS vAl= Al A= (D-R)
o fFeteh. T == FFRA ALH UeollA] 5l
Ut 20l =, A2AE oA ek cle] AHA|sh= BI5-<] 7Ilg o]t Figure 3014 @&l A5 =2 S
L5 7HE Y-S onRith ERL, Y01 el AlAE Yol A s Fkaslo] e FRkadlelA I

FE AEE AuishH, A7t F( AT yF ghol F)Ql Aolle FFe miRle A e 7= 8dd=e 2
1
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Figure 3. Schematic representation of factors influencing earthwork
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