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Abstract

This study investigates the behavior of a jointless bridge that integrates superstructure and abutment without an expansion joint. Based on
the sensitivity analyses conducted in previous studies, a shell-based model was determined to be the most suitable numerical analysis model
for jointless bridges due to the similarity of the model’s results compared with the obtained displacement shape, which was influenced by
relative errors, precision, and practical aspects. Accordingly, the behavior of a jointless bridge was analyzed at various wall depths using shell
element-based and solid element models. In addition, the results of MIDAS Civil and ABAQUS analysis programs were compared. In the case
of semi-integrated bridges (A and B), the displacement decreased as the wall depth increased due to the ground reaction force in Case 1 under
a linear spring condition and +30°C. In the case where temperature was -30°C, the change in displacement was small because the ground
reaction did not occur. As for bridge C (a fully integrated alternating bridge) and bridge D (an integrated chest wall alternating bridge), the
displacement decreased as the wall depth increased at both +30 and -30°C due to pile resistance. As for the comparison between the analysis
programs used, the relative error in Case 1 was small, whereas a significant difference in Case 2 was observed. The foregoing variation is
possibly due to the difference in the application of the nonlinear spring in the programs.

Keywords : jointless bridge, linear spring condition, nonlinear spring condition
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Table 1 Classification of Structural models(Noh et a/, 2021)

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

Cross beam

> Abutment

.
™ Pile

(a) Model 2(FIAB)

(b) Model 3(PIAB)
Fig. 1 Modeling Shape example(Noh et a/, 2021)

3. FxlehM =™

3.0 FzEd

]

@
=

TEE ol =8 FAQ vheE, A, ald) A S
frete F&-3to] alFe] 7|8t e ek mdo|th
o Lol A] AR&E L2 dlS- Table 132} ZHo] 413§ ¢154(Noh
et al., 20214 AANE FrE" Z= wE 2M2)9F 2l
3(M3)= ARESFTE 29l 2= shell 8.4 7|HF R o]
Aot 7h=E, Tl 9= RER Y] HoAS st
beam QA 835} ch 2d 32 solid Q4 7|¥Fo &2 3
Zndo|n] W0l 7-beam 2471 2-§-E Itk o, ek
o] - 7 H e 7hR H= shell 8485 2|-8-3H3{H
714 Zhze] SR o] 8 Axm(mesh)2 25t H]
A3l B FUAsHA A-gsh). o9 P 25
U4 ] WEHFIAB)S| B 29} F3 UA|| 4]
(PIAB)2] :Ldll 35 of| A| 2 3}o] Fig. 10]] YRRt

=
o

B
i rlo
Dad

e o

=]
o

kl
1

i)
ol e &

B

o

"

32 ARt d

Ao A= B9 T AN G2 EYH] AF 3 Ao
o5t ¥ 2] o} xukilel o] 7] E-8 73S Noh ef al., 2021), 1
Aol A ARE-E A RER 2 AP Aol A AR 271 A
|53tk ol =i & Aol A 7 Eol ARgE AL
2 AFT Y Az ] ndlS oju]Fi] Table 20f 4] Case 1
O] KBDC= A3 Axg weElo] 1l Case 22] NCHRP 4 Reese



Table 2 soil model for sensitivity analysis(Noh et a/, 2021)
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Table 3 Sensitivity analysis target bridge(Kim et a/, 2021)

Soil model

Categorize

Case 1

Case 2

Soil-Abutment

KBDC

NCHRP

Soil-Pile

KBDC

Reese

(): Abutment Depth

--------- NCHRP (1m)
— — NCHRP(2m)
= - = NCHRP(3m)
— -+ NCHRP (4m)
—[BDC

500

Subgrade reaction(kN)

Displacement (mm)

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

() : Pile Depth

-#-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 reaction(KN)

2 Vel 1otk KBDC 272 A4, NCHRP %7
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e N
ERERCES

HTO]E}(KECRI 2016). Fig. 2= A4l
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-5l lﬂi?ﬂ/\z% meon 2
A= KBDCO A8 Axe wdy}
A L}E}Hd :LFHOID} KBDC =7

w5t

Bridges A B C D
Form SIAB SIAB FIAB PIAB
Span(m) 43(1@43) | 140(4@35) | 90(3@30) | 30(1@30)
Width(m) 15.600 12.455 11.690 12.150
Skew(°) 8 0 30 30
Foundation(Type) | inverse T | inverse T - -
Pile steel pipe | steel pipe | H-beam | steel pipe

Table 4 Sensitivity analysis range(Noh et a/, 2021)

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

B SIAB M2 Case 1 105 +30
C FIAB M3 Case 2 30 -30
D PIAB

AAA] ndl] W ZH(SIAB:Semi-Integral Abutment Bridge)<
steel box 7] &4]2] A W} PSC-IE 7 t] &4l B wE tff
Ao 7 313t} P UAA] wt W EHFIAB: Full-Integral Abutment
Bridge)¥} T U4 wd] ZHPIAB: Parapet wall-Integral
Abutment Bridge)-2 PSC-13 A g 4]Q]1 C ¢} D wE thAr
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Table 5 Sensitivity analysis methods

Table 6 Average relative errors of A bridge(unit:%)

Abutment
T
I
£
(=%

— Bot

Fig. 4 Location of sensitivity analysis of abutment
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Analysis Case 1-1 1-2 2-1 2-2
Formula Remarks
methods Temp.(°C) | +30 | -30 | 430 | -30 | +30 | -30 | +30 | -30
(i=1,2 T 0709 [02]02|08]08]|04]06
72 x 100(%) M@ ) °P
average Mid 0707 [02]03|07]07]|25]29
relative Mo ‘ n: number of Bot 110806 06]10/09]60]49
errors = E MID 1/\%/15 ABAQUS 100 (%) | comparison
ABAQUS node m

Displacenent (mm)
@

Obtuse angle Middle

(a) case 1-1

Displacement (mm)

6 LTS
Obtuse angle Middle Acute angle

(b) case 1-2
Fig.5 Displacement shape(A bridge - Case 1)

Displacement (mm)

-10

Obtuse angle Hiddle Acute angle
(a) case 2-1
10 MIDAS | ABAQUS
rnp'—e— - ®
id A A
-

o iR, i

Displacement(nm)
Y

.
g -10

Acute angle

Obtuse angle

Middle

(b) case 2-2
Fig. 6 Displacement shape(A bridge - Case 2)
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0 Table 7 Average relative errors of B bridge(unit: %)
20 e top Case 1-1 1-2 21 22
_E % Temp.(°C) | +30 | -30 | +30 | -30 | +30 | -30 | +30 | -30
g w Top 02 (021]02)|01]03]|0.1 1.0 | 1.0
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Table 8 Average relative errors of C bridge(unit: %)

Case 1-1 1-2 2-1 2-2
Temp.(°C) | +30 | -30 | +30 | -30 | +30 | -30 | +30 | -30
Top 051]021]021]03 |06 06|21 27
Mid 23 | 1.7 ] 04 | 06 | 2.7 | 3.4 | 103|103
Bot 79 | 49 | 1.0 | 1.4 | 9.6 | 10.0 | 26.9 | 19.1
17 -7
15 -9
g
=13 11
:
u -13
9 -156
7 -17
Obtuse angle Middle Acute angle
(a) case 1-1
15 &
_ 13 7
£
1 9
:
=9 -1
= 7 -13
5 -15
Obtuse angle Middle Acute angle
(b) case 1-2

Fig. 10 Displacement shape(C bridge - Case 1)
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15 -9
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L
138 -11
§
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=1 -13
4
<)
9 -15
T -17
Obtuse angle Middle Acute angle

(a) case 2-1

Displacement (mm)

Obtuse angle Middle Acute angle

(b) case 2-2
Fig. 11 Displacement shape(C bridge - Case 2)
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Fig. 12 Modeling concept diagram
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Table 9 Average relative errors of D bridge(unit: %)

oY
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Case 1-1 1-2 2-1 2-2
Temp.(°C) | 430 | -30 | +30 | -30 | +30 | -30 | +30 | -30
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Fig. 13 Displacement shape(D bridge - Case 1)
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