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Abstract

This paper analyzes the relations between design errors, prevented by building information modeling (BIM)-based design
validation, and their impacts in order to identify critical consideration factors for implementing BIM-based design validation
in architecture, engineering, and construction (AEC) projects. More than 800 design errors detected by BIM-based design
validation in two BIM-based projects in South Korea are categorized according to their causes (illogical error, discrepancy,
and missing item) and work types (structure, architecture, and mechanical, electrical, and plumbing (MEP)). The
probabilistic relations among the independent variables, including the causes and work types of design errors, and the
dependent variables, including the project delays, cost overruns, low quality, and rework generation that can be caused by
these errors, are analyzed using logistic regression. The characteristics of each design error are analyzed by means of
face-to—face interviews with practitioners. According to the results, the impacts of design error causes in predicting the
probability values of project delays, cost overruns, low quality, and rework generation were statistically meaningful.
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Figure 1. A BIM-based design validation process (based on Won
et al.(11] and anumba et al.(12))
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Figure 2. A BIM model of
the first case

Figure 3. BIM models of the second case
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Table 1. Classification of design errors by causes

lllogical Missing

Case Discrepancy ) Total
error item

(1) # 155 363 193 711
% 22% 51% 27% 100%

©) # 78 40 18 136
% 57% 29% 13% 100%

# 233 4083 211 847

Total

%o 28% 48% 25% 100%

Table 2. Classification of design errors by worktype

Case Architecture  Structure ~ MEP+ Total
# 286 457 98 841
W % 34% 54% 12% 100%
# 32 75 76 182
o % 17% 1% 42% 100%
Total # 318 532 174 1023
% 31% 52% 17% 100%

MEP+ stands for mechanical, electrical, and plumbing

Table 3. Classification of design errors by their impacts

Increased Delayed
i ; Rework )
Case construction  construction : Low quality
generation
cost schedule
1) # 553 566 108 552
% 78% 80% 15% 78%
©) # 37 37 25 -
Y% 27% 27% 15% -
Total 590 603 133 552
Y% 70% 71% 16% 78%
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Table 4. Results classified by logistic regression and their
accuracy (cost perspective)

Classified by LR+

Not Accuracy
) Increased o
increased (%)
Not
Classified  icreased 167 90 65
by experts
Increased 44 546 93
Total - - 84
LR+ stands logistic regression
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Table 5. Statistical relationships between detected design errors
and their impacts on construction cost (all variables)

VAR B P-value Exp(B) 1/Exp(B)
Structure Xi -0.964 0.000 0.382 2,621
Architecture Xo -0.409 0.170 0.664 1.506
MEP X3 2375 0.000 0.093 10.756
Discrepancy 0.000
Missing item Xa -3.919 0.000 0.020 50.365
lllogical error -0.041 0.905 0.960 1.042
Constant 3438 0.000 31.127 0.032
VAR: variable

~ exp(3.066 —0.754.X; —2.005.X;)
 1+exp(3.066 —0.754.X, —2.005.X;)

(&}, X4 = discrepancy)
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Table 6. Statistical relationships between detected design
errors and their impacts on construction cost
(selected variables)

VAR B P-value Exp(B) 1/Exp(B)
Structure X -0.754 0.001 0.470 2.128
MEP X3 -2.005 0.000 0.135 7.407
Discrepancy 0.000
Missing item -3.840 0.000 0.021 47619
Constant 3.066 0.000 21.459
5.2 27| XA
AR 05 B0 s 371 A 7 FE oISl gt

SA|AE 3|7 B4 ATR= Table 6-79F 2t 4719] &
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Table 7. Results classified by logistic regression and their
accuracy (schedule perspective)

Classified by LR

Not Increased Agclracy
increased (%)
Not
Classified  jncreased 149 95 61
by experts
Increased 62 541 0
Total - - 82
7] A9 off= F2(0.011), 73(0.017), Hulg%

(0.000)0142) ool A4 25 AR10,000)0] 5
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(¢, Xy = discrepancy)

571 Aol e 2] Hlgo] of 29,347} 2 o=
SE . R, Bl=e}d] ofe 21 AJolel SA4 o=
FrefulRt Aol gIsick. Au), A%, FEEFolA A £
7S] 2 wiolle AT wie} vlusio] 371 A|%d
o] Hh¥e ekEof HlEo] 9,44, 2,08 19417} 2 o=
oS At

Table 8. Statistical relationships between detected design
errors and their impacts on schedule delay

VAR B P-value Exp(B) 1/Exp(B)
Structure X -0.665 0.011 0514 1.944
Architecture Xo -0.688 0.017 0.502 1.991
MEP X3 —2.241 0.000 0.106 9.403
Discrepancy 0.000
Missing item X4 -3.377 0.000 0.034 29.280
lllogical error -0.048 0.882 0.953 1.049
Constant 3227 0.000 25215 0.040
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Table 9. Results classified by logistic regression and their
accuracy (quality perspective)

Classified by LR

Not Accuracy

) Increased

increased (%)
" Not
Classified increased 148 8 95
by experts

Increased 32 520 A
Total - - 94
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Table 10. Statistical relationships between detected design
errors and their impacts on low quality (all variables)

VAR B P-value  Exp(B) 1/Exp(B)
Structure X 1.887 0.005 6.602 0.151
Architecture Xo  2.551 0.000 12.822 0.078
MEP Xs  1.708 0.306 5.520 0.181
Discrepancy 0.000
Missing item X4 -5.770 0.000 0.003 320.539
lllogical error 0.796 0.602 2.218 0.451
Constant 2.191 0.009 8.947 0.112

exp(1.694 +0.061., +0.864.,)
1+exp(1.694 +0.061., +0.864.X,)

(&, Xy = discrepancy)
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Table 12. Results classified by logistic regression and their
accuracy (rework perspective)

Classified by LR

Not Accuracy
increased  Increased (%)
Classfied  inoroseg 714 0 100
by experts Increased 133 0 3
Total - - 84
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Table 13. Statistical relationships between detected design
errors and their impacts on rework generation (all variables)

Hj7F = Ao ASE o
VAR B P-value Exp(B) 1/Exp(B)
Table 11. Statistical relationships b d d desi Structure Xi -0.167 0.636 0.846 1.181
able 11. tatilstlca relationships e'tween etecte ‘e5|gn Architecture % o305 0.000 0098 10230
errors and their impacts on low quality (selected variables)
MEP X3 -0.204 0.647 0.815 1.227
VAR B P-value Exp(B) 1/Exp(B) Discrepancy 0.000
Structure Xi  0.061 0.002 1.063 0.941 Missing item X, -2420  0.000 0089  11.243
Architecture X 0.864 0.000 2372 0.422 lllogical error -0.443 0.155 0.642 1.557
, Constant -0.466 0.219 0.627 1.594
Discrepancy % 0.000
Missing item 0.238 0.000 0.032 31.250
Constant 1694 0000 5456 0.183 b exp(—0.638 —2.222.X,)
"7 Trexp(—0.638 —2.222X,)
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Table 14. Statistical relationships between detected design
errors and their impacts on rework generation
(selected variables)

VAR B P-value ExpB  1/Exp(B)
Architecture Xo -2.222 0.000 0.108 9.259
Discrepancy 0.000
Missing item -2.414 0.000 0.089 11.236
Constant -0.638 0.000 0.528 1.894
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