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Abstract

In this study, a jointless bridge that integrates the superstructure and abutment without installing an expansion joint was analyzed. An
example of a jointless bridge that has been introduced in Korea since 2009. Owing to the short period of use and lack of experience in design,
construction, and maintenance, there is insufficient information regarding the long-term behavior of jointless bridges. When analyzing
numerous bridges, the numerical analysis model must maintain the numerical values used and ensure the convenience of model construction.
In this study, sensitivity analysis was performed to select a numerical model for various types of jointless bridges using commercial finite
element programs, MIDAS Civil and ABAQUS 2018. According to a solid element-based model, we analyzed the mean and maximum
relative errors between structural models. Consequently, it was found that the beam element-based model exhibits a significantly small relative
error in comparison to the shell element, where a relatively large error was recorded. Therefore, the optimal numerical analysis model, a
practical model that maintains the similarity and precision of the displacement shape cause by relative error, was judged to be the most suitable
for jointless bridges based on the shell element.
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Table 1 Domestic and foreign research example

Structural model Soil model
References Superstructure Substructure Etc. . L Form
- - Soil-Abutment | Soil-Pile

Slab Girder Abutment Pile Approach slab
KECRI(1999) frame frame frame frame - EP NLS FIAB
Ahn et al.(2009) frame frame frame frame - EP LS FIAB
Kim et al.(2010) solid plate plate frame solid EP - SIAB
Kim(2011) beam beam beam beam - NLS EM FIAB
plate frame plate frame - NLS NLS FIAB

KECRI(2018b)

plate frame plate - - LS - SIAB
KECRI(2019) plate frame plate frame - EP/NLS - PIAB
Jorgenson(1982) plate frame plate frame - NLS - FIAB
Girton et al.(1989) beam beam beam beam - EM FIAB
Frosch(2006) beam beam beam beam - LS/NLS LS/NLS FIAB
Nikravan(2013) shell frame/shell shell frame shell NLS NLS FIAB
Mitchell(2016) shell shell Solid beam - LS LS FIAB
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915 WA= 4 & stk

7 AN PRRE ANEE, 2 5 AL MaR 71 78] sk BEl AlRlE Table 13} o] F2w
BRI A 83E_ 4 J4 T2 739l MIDAS Civil(MIDAS 9, Xutdl, X olE W] FH & Ao uje} 5313t
IT, 2020)x} ABAQUS(SIMULIA, 2020)S A}-8-8}4ict =X TR ARG} sHAL R, &Aool 285 8405
3| A mdlo] AL At @ x| B8 B3 A ek 5 7)o 9 < Yellch 24 WA-2(beam, frame, plate, shell 5) 2} &1L
ol HEskch A2 ak= solid 84 7[Rkl ®ElS 7]Eo o ] T AT vholl whgkeh A Rh RS A9k w o, 2| ek
2 stof Fat g kS AP sk AL A e x bk Ahow A 2G5 a0tk AHkrd o] g2 vl Y AZSNLS
SN S BXIE WHFS i HT = Y= X84 2dl (nonlinear spring), A& 23X 7-& LS(linear spring), 57 =&

Zﬂ A 3 JLEH =g

ol
o)

rlo

>
)

>

1o

koo
b (M2

Bl e
g oo NS
o
i)
o

HEPN%OXEFIFOﬁﬁ

ox 2
=
OXE-
HE
o
L

r
-
BN
1o
o,
Y

=)
K-
2

o
i
o 2 oo

ut
El
o

1 o o
M
I
Ir rlo
El

o r
ol e

®
S
B

ol
El
I
S
8

2 EM(equivalence model), %‘— EP(earth pressure) & L}E}
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ol wEFS FIAB(full-integral abutment bridge), BFU A 4] W

of] %2 SIAB(semi-integral abutment bridge),
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Table 2 Classification of Structural models

Structural Slab Girder Cross beam | Abutment| Pile
Model
M1 beam beam beam beam beam
M2 shell beam beam shell beam
. solid(PSC-I girder) .
M3 1 . 1
solid shell(steel box girder) solid beam

Cross beam

- /’K;\ - <

Girder

Cross beam

Abutment

Pile

(b) Model 2(FIAB)

(c) Model 3(PIAB)

Fig. 1 Structural model example
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Table 3 Soil model for sensitivity analysis
Interaction Soil model
Case 1 Case 2
Soil-Abutment KBDC NCHRP
Soil-Pile KBDC Reese
(): Abutment Depth
500

......... NCHRP (1m) f—t — e —

— — NCHRP(2m)

— - — NCHRP(3m) 400 d

— - - NCHRP (4m)
—BDC

Subgrade reaction(kN)

60
Displacement (mm)

Fig. 2 Soil model of soil - abutment(KECRI, 2016)

() : Pile Depth

-4-Reese(4 m)
-%--Reese(10 m)
-—-Reese(16 m)
-+ -Reese(20 m)
——KBDC(4 m)
—=—[KBDC(10 m)
——KBDC(16 m)
—e—KBDC(20 m)

Subgrade react jon(KN)

2,000

Fig. 3 Soil model of soil - pile(KECRI, 2016)
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Table 4 Sensitivity analysis of target bridge Table 6 Sensitivity analysis methods
Bridges A B C D Analysis methods Formula Remarks
Form SIAB SIAB FIAB PIAB M. — M| (i=
a\_/erage lz i 3 <100(%) M;(i=1,2)
Span(m) | 43(1@43) | 140(4@35) | 90(3@30) 30(1@30) relative errors | n M,
Width(m 15.600 12.455 11.690 12.150 . _ .
Sows |5 0 30 30 maximum |y (Mg e numberof
ew(®) relative errors M, comparison node
Foundation | . .
inverse T inverse T - -
(Type) skew bridge
Pile steel pipe | steel pipe H - beam steel pipe obtuse angle - = — = straight bridge

Table 5 Sensitivity analysis range

Bridges | Form | Structural model |soil model |Skew(®)| Temp.(°C)
A SIAB

M1 0

B SIAB Case 1 +30
M2 15

C FIAB M3 Case 2 30 -30

D PIAB
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Fig. 4 Geometry of bridges with skew
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Fig.5 Displacement shape(SIAB-Steel Box)

Table 7 Average and maximum relative errors of Case 1
(SIAB-steel box)(unit:%)

Skew(°) 0 15 30
Temp.°C)| +30 | -30 | +30 | -30 | +30 -30
M1 Avg. | 2.5 23 3.2 4.5 53 9.1

Max.| 7.3 6.6 11.6 13.2 16.2 19.8
M2 Avg.| 02 0.2 0.3 0.4 0.7 0.9
Max.| 0.3 0.4 0.7 0.8 1.6 1.5
Table 8 Average and maximum relative errors of Case 2
(SIAB-steel box)(unit:%)

Skew(°) 0 15 30
Temp.°C)| +30 | -30 | +30 | -30 | +30 -30
M1 Avg. | 24 23 34 4.4 6.1 9.0

Max.| 7.0 6.7 11.8 13.5 16.8 20.0
M2 Avg. | 02 0.2 0.4 0.4 0.8 0.8
Max.| 0.4 0.4 0.8 0.8 1.8 1.7
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Fig. 6 Displacement shape(SIAB-PSC-I)
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Table 9 Average and maximum relative errors of Case 1
(SIAB-PSC-I)(unit:9%)

Skew(°) 0 15 30
Temp.(°C) | +30 -30 +30 -30 +30 -30
M1 Avg. 1.0 0.9 1.0 0.9 1.5 1.0

Max.| 29 2.8 3.1 3.4 33 4.2

Avg. 2 0.2 0.2 0.2 2 .2
M2 [Ave 0 0 0

Max.| 0.3 03 0.6 0.2 0.4 0.4

Table 10 Average and maximum relative errors of Case 2
(SIAB-PSC-I)(unit:9%)

Skew(°) 0 15 30

Temp.(°C) | +30 -30 +30 -30 +30 -30

Avg. 1.0 0.8 0.9 0.9 1.0 1.0

M1 Max.| 3.5 3.0 3.8 34 4.8 4.3

Avg. | 02 0.1 0.5 0.1 0.3 0.1

M2 Max.| 0.3 03 0.6 0.2 0.4 0.4
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of] tj5}o] Tables 13~14°] A 2] 5} T}

Tables 13~140]4 =& 18] At ext= Pt 8.8%, Z|t)
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Fig. 7 Displacement shape(FIAB)

Table 11 Average and maximum relative errors of Case 1

(FIAB)(unit:%)

Skew(°) 0 15 30
Temp.(°C) | +30 -30 +30 -30 +30 -30
M1 Avg. 1.3 1.0 1.4 1.0 1.8 1.2

Max. 1.9 2.4 2.5 3.1 33 3.8
M2 Avg. 0.4 0.3 0.5 0.2 0.5 0.2
Max. | 0.6 0.6 0.7 0.6 0.7 0.7
Table 12 Average and maximum relative errors of Case 2
(FIAB)(unit:%)

Skew(°) 0 15 30
Temp.(°C) | +30 -30 +30 -30 +30 -30
M1 Avg. 1.5 1.3 1.6 1.4 2.0 1.6

Max. | 2.3 1.7 2.6 2.1 3.0 2.7
M2 Avg. | 0.6 0.5 0.6 0.6 0.6 0.6
Max. 0.8 0.8 0.9 0.8 1.1 1.0
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Fig. 8 Displacement shape(PIAB)

Table 13 Average and maximum relative errors of Case 1
(PIAB)(unit:%)

Skew(°) 0 15 30

Temp.(°C) | +30 -30 +30 -30 +30 -30

M1 Avg. | 32 3.2 34 34 7.4 6.4

Max.| 7.5 9.2 11.1 12.5 16.7 17.9

Ave | 12 | 13 | 11 13 | 10 | 15
M2 e

Max. | 2.4 2.3 2.1 2.1 2.0 33

Table 14 Average and maximum relative errors of Case 2
(PIAB)(unit:%)

Skew(°) 0 15 30

Temp.(°C) | +30 -30 +30 -30 +30 -30

M1 Avg.| 33 3.4 3.7 3.8 8.6 8.8

Max.| 73 7.2 11.5 11.5 17.6 17.7

Ave.| 23 | 25 | 23 | 24 | 17 | 19
M2 Ve

Max.| 3.6 3.8 3.5 3.6 2.7 2.9

Table 15 Relative error between analysis programs

(skew:30°)(unit:%)

Soil model Case 1 Case 2

Temp.(°C) +30 -30 +30 -30
A bridge(M3) 0.6 0.6 0.4 0.6
B bridge(M1) 0.0 0.0 1.4 1.3
B bridge(M2) 0.2 0.1 1.1 1.0
C bridge(M1) 0.1 0.1 2.0 2.3
C bridge(M2) 0.2 0.3 2.1 2.7
D bridge(M1) 0.5 0.1 1.8 5.0
D bridge(M2) 1.4 0.9 4.7 8.1
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