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ABSTRACT: This study quantitatively analyzes the work performance of the structural safety diagnosis team that diagnoses pipe racks.
To this end, a method for evaluating the performance of the structural safety diagnosis team using the queuing model was proposed. For
verification, the case of applying the existing method and the method of introducing a 3D laser scanner for one site was used. The period,
number of people, and initial investment cost of each project were collected through interviews with case project experts. As a result of
analyzing the performance of the structural safety diagnosis team using the queuing model, it was possible to confirm the probability of
delay in the work of each project and the amount of delayed work. Through this, the cost (standby cost) when the project was delayed
was analyzed. Finally, economic analysis was conducted in consideration of the waiting cost, labor cost, and initial investment cost. The
results of this study can be used to decide whether to introduce 3D laser scanners.
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Figure 1. Structural safety diagnosis process(Ham and Lee,

2018)
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Table 2. Detailed structural safety diagnosis service scope of
case project using laser scanning

Table 3. Application object for each method's diagnostic
process item

q . . . . Structural Detailed site Report
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Table 4. Summary of service personnel in the project cases

As-is To-be
Project Period Number Period Number
(month) of people (month) of people
Drawmg review and 3 20
on-site survey
Structural analysis 2 5
and collection of 3 25
analysis results
Detailed on-
site survey and
structuraliafety ! 5 ! 5
diagnosis
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Table 5. Structural safety diagnosis performance analysis indicators

Project As-is To-be

Number of structural safety

diagnosis teams (s) ! 1

Mean arrival rate (A ) 0.68 0.68
Mean service rate ( #) 0.78 1.82
Server utilization (¢ ) 0.87 0.37
Server efficiency (1-p ) 0.13 0.63
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Table 6. Basic performance measures of structural safety
diagnosis team

As-is To-be
Project
M/M/1 M/M/1 M/D/1
L 6.80 0.60 0.49
Lq 5.93 0.22 0.1
W 10.00 0.88 0.71
Wq 8.72 033 0.16
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Figure 3. Probability according to pipe rack in the queuing
system(As—is)
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Table 7. The probability of waiting time in the queuing system

Project As-is To-be
P(W>1) 0.904837 0.319819
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Table 8. Economical analysis of structural safety diagnosis
team input

Project C. SCI=C,) we TC

Table 9. Differences in structural safety diagnosis methods

Project

As-is

To-be

Survey Objects

humans

humans + Machine

Data collection form

Point organization

Automatic collection

Displacement analysis
method

Visual and manual
displacement analysis

Displacement analysis
based on BIM data

Diagnosis period (Month)

7

3

Probability that the
structural safety
diagnosis team is not
working (%)

63

Average amount of
work delayed (m)

6.80

0.60

As-is

(M/M/1) 36531 608,972 28411 857,383

To-be

(M/M/1) 36,531 278,536 21772 300,308

Average amount of
work delayed excluding
busy work (m)

5.93

0.22

To-be

(M/D/1) 36,631 278,536 17,718 296,254
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Average waiting time of
pipe rack (hour)

10.00

0.88

Average waiting time of
pipe rack excluding time
for diagnosis (hour)

8.72

033

Probability of pipe rack
waiting more than
one day (%)

Total cost [#/h)
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