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Abstract

Among the bridges used in Korea, those that are more than 30 years old account for approximately 11% of the total bridges. Therefore,
developing a seismic performance-evaluation method is necessary by considering the bridge age. Three composite steel-concrete box girder
bridges with port, elastic-rubber, and lead-rubber bearings were selected, and a structural analysis model was developed using the OpenSEESs
program. In this study, pier aging was reflected by the reduction in the area of the longitudinal and transverse rebars. Four conditions of 5%,
10%, 25%, and 50% in the degree of pier aging were used. As input earthquakes, 40 near-fault and far-field earthquakes were used, and the
maximum displacement and maximum shear-force responses of the piers were obtained and compared. The result shows that as the aging
degree increases, the pier strength decreases. Therefore, the pier displacement response increases. To analyze the effects of displacement
response and shear resistance, displacement ratio 2

ratio

and shear-force ratio 7,

ratio

were evaluated. The older the sample bridge is, the greater

is the tendency of D, ,;, to increase and the smaller is the tendency of 7, ,,, to decrease.
Keywords : composite steel-concrete box girder bridge, aging effect, pier, confined concrete, near-fault earthquake, far-field earthquake
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Total number of bridge : 34,229

More than 40 years : 4%
Less than 10 years : 27%

More than 30 years : 8%

More than
20 years : 25%

\ More than 10 years : 36%

Fig. 1 Status of bridges according to number of years of use
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Fig. 2 Frequency distribution for detailed specifications of the composite steel- concrete box girder bridge
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Fig. 3 Geometric details of composite steel-concrete
box girder bridge
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Fig. 4 Cross section of composite steel-concrete box girder
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Fig.5 Pier cross section
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Table 1 Area of longitudinal and transverse rebars reduced by the
degree of aging effects

Ageing Effect
Rebar Types | 0% | 5% | 10% | 25% | 50%
Rebar area( 4, A4,) reduced by ageing effect(cm?)
Longitudinal
ongitudinal 15 o711 3677 | 3484 | 2903 | 1.936
rebar
Transverse rebar | 3.871 3,581 3.290 2.419 0.968
Confined First
concrete hoop
Sy feet— ——— fracture,
5"
5
ol F/
2 oo Unconfined
= = ]
S Ec Assumed for
S e} X cover concrete
D -5ec
) BT -

t
Compressive Strain, €¢

Fig. 7 Stress-strain model for confined concrete and unconfined

concrete in compression(Priestley et al,1996)
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Fig. 8 Comparison of stress-strain relationship of confined
concrete according to several aging degree

Table 2 Comparison of stress and strain characteristic values of
confined concrete due to aging effects

Stress and strain
characteristic values of
confined concrete

Ageing Effect

0% 5% 10% | 25% | 50%

Compressive strength of]|
confined concrete, /', | 29.334 | 28.949 | 28.561 | 27.382 | 25.367
(MPa)

Strain at peak stress, .. | 0.0042 | 0.0040 | 0.0039 | 0.0034 | 0.0026

Ultimate compressive
concrete stress, /', | 24.934 | 24.607 | 24.277 | 23.275 | 21.562
(MPa)

Ultimate cpmpression
strain, ¢

> “cu

0.0133 | 0.0128 | 0.0123 | 0.0107 | 0.0081
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Table 3 Material properties of rubber bearing(RB)

Size of Bearing G=1.15MPa
Effect] Horizontal sh
ective ear
i Force

AApz::id Height, | Rubber Earth Spring
H | Thick- | Always | “2™" | Coeffi-

Force quake | .
(kN) (mm) ness 70% 150% cient, K
(mm) | (kKN | (kN/m)

(kN) KN)

Abutment| 2,800 | 100 48 193 414 5,750
Pier 6,000 | 119 64 9345 | 8453 | 8,805

Table 4 Material properties of lead-rubber bearing(LRB)

Applied Post-
/Ezial Diameter, | Height, Yield Stiffness,
For D H Stiffness, Ku
(l‘;j)e (mm) | (mm) Kd (KN/m)
(kN/m)
Abutment| 3,000 650 367 1,303 13,079
Pier 6,000 900 372 2,593 25,716
Table 5 Natural period of example bridges
Bridge ID. B2-PB B2-RB B2-LRB
Natural Period(sec) 0.359 1.674 2.798
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Fig. 9 Analysis models for rubber bearing and lead rubber bearing
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Fig. 11 Comparison of the maximum displacement of piers according to the degree of aging effect

SHEMMTARZES =2F M33H X55(2020.10) 325



wbe] T el mHE 4Ry
Pier with PB
2.5 T T i T T

Ageing Effect (5%)

Ageing Effect (10%)
Ageing Effect (25%)
Ageing Effect (50%)

Displacement Ratio (D)

0 10 20 30
No. of Near-Fault EQ.
Pier with PB
2.5 T T T T

40

Ageing Effect (5%)

Ageing Effect (10%)
Ageing Effect (25%)
Ageing Effect (50%)

N
I

Displacement Ratio (D)
- o

Fig. 12 Comparison of the displacement ratio(D

40

05 I | | .
0 10 20 30
No. of Far-Field EQ.
Pier with PB
5 T T T T+ T T
~4-
Bal-
)
=
g
=2
7] ;
L R/ Without Ageing Effect
§ Ageing Effect (5%)
1 Ageing Effect (10%) -
Ageing Effect (25%)
[ Ageing Effect (50%)
o ! ! ‘ !
0 10 20 30 40
No. of Near-Fault EQ.
Pier with PB
5 ‘ ‘ ; T ‘ :
o
~4r A
Bal-
)
=
g
=2
7] ;
: LI - Without Ageing Effect
§ Ageing Effect (5%)
1 Ageing Effect (10%) -
Ageing Effect (25%)
[ Ageing Effect (50%)
o ! ! ‘ !
0 20 30 40

10
No. of Far-Field EQ.

fin)

2.

Displacement Ratio (D)

0

2.

Displacement Ratio (D)

0.

Max. Shear Force (MN)
N (o]

N

(o]

Max. Shear Force (MN)
N N

we] A7 H7H

o

Pier with RB
5 T i T T T
L Ageing Effect (5%) i
Ageing Effect (10%)
Ageing Effect (25%)
21— Ageing Effect (50%) =
51—
1
5 . | | I
0 10 20 30 40
No. of Near-Fault EQ.
(a) near-fault earthquakes
Pier with RB
5 T i T T T
L Ageing Effect (5%) i
Ageing Effect (10%)
Ageing Effect (25%)
21— Ageing Effect (50%) =
51— —
1
5 . | | I
0 10 20 30 40
No. of Far-Field EQ.
(b) far-field earthquakes

ratio

Pier with RB
T T T T T T
- - - Without Ageing Effect
r—— Ageing Effect (5%) b
—— Ageing Effect (10%)
[ Ageing Effect (25%)
—— Ageing Effect (50%)

0 10 20 30 40

No. of Near-Fault EQ.
(a) near-fault earthquakes
Pier with RB

T T T T T T
- - - Without Ageing Effect

—— Ageing Effect (5%)
— Ageing Effect (10%)
—— Ageing Effect (25%)
—— Ageing Effect (50%)

L 1 | | L
10 20 30 40
No. of Far-Field EQ.

(b) far-field earthquakes

2.

Displacement Ratio (D)

o]

2.

Displacement Ratio (D)

05 \ \ \ .

Max. Shear Force (MN)
N w S

Max. Shear Force (MN)
N w S

o

5 \ \ \ .

o
I
|

Pier with LRB
5 T T T T T T
—— Ageing Effect (5%)
[ —— Ageing Effect (10%)
—— Ageing Effect (25%)
|_em Ageing Effect (50%)

N

0 10 20 30 40
No. of Near-Fault EQ.
Pier with LRB
5 —T .

—— Ageing Effect (5%)

[ —— Ageing Effect (10%) A
—— Ageing Effect (25%)

|_ = Ageing Effect (50%) _

N

0 10 20 30 40
No. of Far-Field EQ.

) of piers according to the degree of aging effect

Pier with LRB
T T T T T T
| - -~ Without Ageing Effect
—— Ageing Effect (5%) 7
——— Ageing Effect (10%)
—— Ageing Effect (25%) b
[ —— Ageing Effect (50%)

0 10 20 30 40

No. of Near-Fault EQ.

Pier with LRB
' T ! !

T T

r - = = Without Ageing Effect b

| — Ageing Effect (5%) B
— Ageing Effect (10%)

= —— Ageing Effect (25%) -
Ageing Effect (50%)

| | |
10 20 30 40
No. of Far-Field EQ.

Fig. 13 Comparison of the maximum displacement of piers according to the degree of aging effect

326 e=EXMTFERZES =2F MI33E M55(2020.10)



S0l A7 oA 3L
st Fig. 130]] LFER QL) =
iﬂﬂwﬂﬁa#Am@%
%7} 271845 Fig. 80

E oA A %*—’F o] 1zt

01N £

¢}

g re) w3
o

ko 57]_ _3_7]_61—/\

N
N
_O|L
=2 (5

wZko] AT A A1 4070L} A A 40
ol thate] 471A] =B (5%, 10%, 25%, 50%)S 15t 7 _§‘_Eo1]
2891 B2-PB, B2-RB, B2-LRB9| tfj 5} H] %

o P4 paEs

theg =
dEE gy gge ushe

o= ==Ne

(]

Force Ratio (¥,

o
o

g 5A Y-

Mo

rere :ng%%i¢54?ﬂww%%ﬂm4vﬂ%%ﬂ
=

Pier with LRB

>

A% -

==

E<nit= ol

[e)

Fig. 140] e oleh Aeteul(£,,,) 7k 2otk 2 395 =
7k ofnjsta 1 Het

22 7 iziwueqm@%aﬂ {eghe ek,
= olukxo aﬂ-1<mgblﬂ4ﬂwﬂ~ﬁ4 HHE 5140} e S
Gt ol A SlERE Padks AR UERS & 5 Slth 242
TAREY S A0 A 97t A7) A0 APt T we] nh2 Atk
FET ()0 a7t A4 debed), o) 272 2 Ko] 4]

=
= 2714 ﬁ—ﬁ"ﬂ% £ Fig. 109] gl-1

3t}

BIRBEE o) poglof 4 w1918 50) A7)0} uE B4 7} Al A 0 2 9]
FEd gmom miokE
T Fig. 126 LFER 91918](D, )& =T o] up2 B3t
1ok ?ﬂ@kaaﬂ%ﬂW“qlPh+2“ﬂﬂ-@Hwﬂ
ko2 L Ao 3z o] 9gko] glom g HFZF Ak 3

7k

k|

A ato] LbefLb, B2-PB, B2-RB, B2-LRB k0] S-A & =,
S AR, T =771 Aol 42 3o uh2 W oju| o 2717 2
A UebdS & 4= gitt B2-PB} B2-RBE] A Lol o

off w2 M HI7F A 2] A3 AR A 71| Aol AR

Force Ratio (F,;)

Ageing Effect (5%)

Ageing Effect (10%)
Ageing Effect (25%)
Ageing Effect (50%)

Force Ratio ()

o
o

Pier with PB Pier with RB
\ ‘ 1 ‘ 1.2 I \ I T
2
£
&
2
S 08
~
5]
S L
(=]
&9
Ageing Effect (5%) 0.6 — Ageing Effect (5%)
Ageing Effect (10%) Ageing Effect (10%)
Ageing Effect (25%) L Ageing Effect (25%)
Ageing Effect (50%) Ageing Effect (50%)
| | | 0.4 | | 1 |
10 20 30 0 10 20 30
No. of Near-Fault EQ. No. of Near-Fault EQ.
(a) near-fault earthquakes
Pier with PB Pier with RB
T T T T 12 T T T T
1 —
3
g
L&/ L
©
S 08
o~
)
5 L
Qo
<
Ageing Effect (5%) 06— Ageing Effect (5%)
Ageing Effect (10%) Ageing Effect (10%)
Ageing Effect (25%) L Ageing Effect (25%)
. Ageing Effect (50%) . Ageing Effect (50%)
| | | 0.4 | | | |

10 20 30
No. of Near-Fault EQ.

Pier with LRB

40

Force Ratio ()

10 20 30
No. of Far-Field EQ.

Fig. 14 Comparison of the displacement ratio(D

10 20 30
No. of Far-Field EQ.

(b) far-field earthquakes

ratio

Ageing Effect (5%)

Ageing Effect (10%)

Ageing Effect (25%)

. Ageing Effect (50%)
|

10 20 30
No. of Far-Field EQ.

) of piers according to the degree of aging effect

72383 ==% H333 H55(2020.10)

i

40

327



2be] e o wh ZEH AR A ae] A8 Bk

Table 6 Average displacement ratio according to aging
effect of pier

Average of Displacement Ratio(D, ;)

Ageing

Effect Near-Fault

Far-Field

B2-PB | B2-RB | B2-LRB| B2-PB | B2-RB | B2-LRB
5% 1.0123 | 1.0256 | 1.0315 | 1.0134 | 1.0250 | 1.0216
10% | 1.0267 | 1.0524 | 1.0658 | 1.0269 | 1.0516 | 1.0463
25% | 1.0764 | 1.1420 | 1.1935 | 1.0623 | 1.1455 | 1.1382

50% | 1.1726 | 1.3371 | 1.5294 | 1.1267 | 1.3691 | 1.4030

Table 7 Average force ratio according to aging effect of pier

Average of Force Ratio( £ ,;,)

Ageing

Effect Near-Fault Far-Field

B2-PB | B2-RB | B2-LRB| B2-PB | B2-RB | B2-LRB
5% | 0.9856 | 0.9954 | 0.9976 | 0.9854 | 0.9947 | 0.9991
10% | 0.9705 | 0.9909 | 0.9950 | 0.9704 | 0.9888 | 0.9984
25% | 0.9291 | 0.9759 | 0.9865 | 0.9234 | 0.9699 | 0.9967
50% | 0.8551 | 0.9459 | 0.9667 | 0.8350 | 0.9313 | 0.9908
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