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Abstract

In this study, a smart jack-up system was developed to prevent safety accidents by performing risk analysis when a structure is lifted for
maintenance. A quantitative risk analysis program that can analyze the risk using the pairwise comparison matrix analysis method was
developed. The risk was analyzed in real-time for the lifting structure by connecting the program with an automatic jack-up system.
Displacements were measured by the IR sensor among the components of the automatic jack-up system, and the displacements were provided
to the quantitative risk analysis program. To confirm the performance of the smart automatic jack-up system, experiments were conducted on
bridge and risk analysis was performed when a superstructure was lifted. A linear variable differential transformer (LVDT) was also installed
on the bridge to verify the performance of the smart automatic jack-up system. The maximum displacements were measured using the devices,
and the declinations were compared. The performance of the simultaneous operation of the jack-up device was verified by the analysis of
variance (ANOVA).

Keywords : smart automatic jack-up system, IR-sensor, pairwise comparison matrix, quantitative risk assessment, ANOVA
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Fig. 1 Process of pairwise comparison
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Fig.4 Components of smart automatic jack-up system hardware
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Fig.5 Overview of jack-up and risk analysis
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Table 1 Specifications of bridge used in experiment
Bridge alignment Bridge type Specification
Transverse Longitudinal Superstructure Substructure Foundation | Length(m)| Width(m) | Skew angle(®)
. (+) 1.1000 ~ (+) . Abutment: Inverted T-Shape | _. .
Straight PCT Gird . Pile foundat 565.6 |24.47 ~29.06 0
ae 2.6248 rder Pier: [7-Shape + T-Shape | = o ncaton
0.3
LVDT Superstructure —
f ! Zone 02
'~ 2 2 7 Yoy ¥ VY 3 4 rvy 4 Zone 03
QIGE TEE T 1 Tt st © e
Zone 1 Zone 2 L~ Zone 3 Zone 4+ L Zone 5 Zone.05
Jack L Abutment

Fig. 6 Installation location of devices

O] A}

OlE 2 QU AL AR E g rtaty] $)s KCLoA]
B93517 9l wAE LVDT(linear variable differential trans-
former)& 37§ 9] 4+ ol 7] A x| 8F(Fig. 6) AL, QAT

[e]
shaick. ma Q4 A28

[oZ
O

ol
N
N

PN 1o

i o
oo

o
ol
o)

ox ©
iz
-
N
f
N

:

o
>
ox

od ro
:
o

ol
o
2

2

ot

2
_O|L
32 K

o of
>~ \l
ox 3
i)
N

¢
M
i

.

(o]

i

e
OSE.!:
L%
o e
T
1
BN
Lo,

oox

o>
il
>

%

K1
> Hoox

f
5 et
i

o oo
& Ao

T
18

= N
)

2

1A

riﬁrﬂd
O,
< =
—“;9,
0

:oég‘
1
n 4
1
il
=

do off 40 Ho
)

juied)
H1
fr
2!

(4]

o
o
b
N
>~

o|(Zone 1)9] $191 %7} 714 57 f
Apgo] Z ¥ S1(10mm)e] 717491
o whel A WA} e (Zone 3)2] ST =S A F7heke o0,
2eg] w2 Al 7bg 7l Urebteh o AR zo] WA
9 A S e IR s SIESL AR

o

(o

)
L
o
+

o
4z
-
BN
1o

e

M35 HM15(2022.2)

it

200 300
Time (sec)

400 500

Fig. 7 Result of risk analysis

Displacement (mm)
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Fig. 8 Displacement measured by IR-sensor
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Table 2 Maximum displacements measured by IR-sensor and LVDT

AZ A G4 A - RHEA

Table 4 Displacements of each zone by times measured by LVDT

Zone Maximum displacement(mm)
IR-sensor LVDT
Zone 1 10.00 10.33
Zone 3 10.03 10.30
Zone 5 10.13 10.04

Table 3 Maximum declinations between each zone

Zone Zone 1~Zone 3 | Zone 1~Zone 5 | Zone 3~Zone 5
Maximum 0.03 0.29 0.26
declination(mm)
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A= A9 E HlEko 2 YRS MAlShe AL AT 4
Sgeolck 12 TLLVDTR 245 W] Ao 7o

SHhg vl st 7 2 R A el R v
T oA WA Y97 2 0.29mm TxK(declination) 7|
AYSI9) K Table 3) A7) 28 123191& v 5187}
0] Wglel Ao w gekerh

mEE 30 Jl)l'
Fl[‘ 0_.\..

d

i

olr
)

>.
41
(m
i‘:
L
L
[
nﬁé
1o
4
oL
Fo
N B>
ofx
ro
o
ot
ﬁ',
%
2
2

S

)
NI
iy rﬂ
>,

g
do
g
o
i)
i
miﬁ
_O|L
ﬂ
OHﬂ
)
2
o
ll
M
1
ol
pach
v
of
)
oo fr
ok

ok

i3

o

rir

r-lm

2

111

>

g

)

‘5

o

=8

<

=

g

8

mlo %

x g

oy

off W T qlo

kR o

A=A

7 O = W TR

o

Oh, 2010; Sthle and Wold, 1989). &7 A, F ExEZ = HJREE
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o]l BTN BYHO R FET FHEY] HAh|Fo]
Uiehl @14 248 Baolch B4 918 2 (e 9l
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2 o] Ejt= 7hdoleh. £ Aol M 2 7 WSt 5
AR LS AP TR ARIPEL A, = Ay = A, 2 A

Astglon] 7ML RE A, 7} 2] ok A o & AAEgIrk

T 7ML #=E H ko] ot Al A 2](mean square treatment)

Tests Displacement(mm
A, A, A,
D, 10.11 10.06 10.11
Dy 10.05 10.05 10.10
D, 9.86 9.89 9.82

Table 5 Average and variance of displacements measured by LVDT

Factor Times Sum Average Variance
First-time 3 30.010 10.003 0.016741
Second-time 3 30.000 10.000 0.009756
Third-time 3 30.036 10.012 0.028252

Table 6 Result of analysis of variance

Vari- | Sum of | Degree of| Mean Critical
F-value | P-value

able | squares | Freedom | square value

Ff;iitt_ 0.00023 2 0.000115|0.006308|0.993719 | 5.143253

Error |0.109499 6 0.01825 - - -
Total |0.109729 8 - - - -

o} Bt AlF 2 *Hmean square error) 2] H|-&-2] F-H|(F-value)
O} F 7|2} |(eritical value)E BlaLsto] ¢l 7S AR 4=
olthLee, 1997). LVDTR Z& 5= H o2 =42 BAo| A}
B39, 45 M= Table 49} Lt APEE =49
19 9, Baf, 18] Al 4k Table 50| b Qlow EAks
A A3}= Table 6] Lrep 2ict

BAREA Ax} P-ZH(P-value)©] 0.993719% ZA|%]2l 714 A
Aol A AFRE= 7] 2289 8-9]4=2 0.05(Di Leo and Sardanelli,
2020)E.cH I, F-H]= F 7|7k v} 2ho n & fmspao] 2
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