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A Study on Dynamic Behaviors of Steel Plate Girder bridge
with Applying External Post-Tensioning Method
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Abstract

The major objective of this study is to investigate the effects and application of external post-tensioning method for
steel plate girder bridge. It analyzed the mechanical behaviors of steel plate girder bridge with applying external
post-tensioning on the finite element analysis, field test and laboratory test for the lateral dynamic characteristics. As
a result, the reinforcement of steel plate girder bridge the external post-tensioning method are obviously effective for
the lateral dynamic response which is non-reinforced. The analytical and experimental study are carried out to
investigate the post-tension force decrease lateral acceleration and deflection on steel plate girder bridge for
serviceability. And the external post-tensioning method reduce dynamic maximum displacement(about 10~24%), the
increase of dynamic safety is predicted by adopting external post-tensioning method. From the dynamic test results
of the servicing steel plate girder bridge, it is investigated that the change degree of natural frequency is very low
with applying the external post-tensioning method The servicing steel plate girder bridge with external post-tensioning
has need of the reasonable reinforcement measures which could be reducing the effect of lateral dynamic behavior
that degradation phenomenon of structure by an unusual response characteristic and a drop durability.
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Fig. 2. Properties of specimen with Ext-PT tendon placing

Table 1. Geometry of specimen

7 B o ® 2] S(mm)
A F47HE(D) 1,600
B H glHxt) 600x16
AR-EWR(Bx1) 190=35
B}HZ2 ) (Bx1) 190%35
B 7 2 90x9
Bo]4] 90x90x 10

Table 2. Properties of PS tendon

A THA | AR | 02%9TAAL] | g | EEAH1%)
(mm?) (tonf) | oS BlEon) | (%) | N L
1387 |26.6014 22,6014 3504} 8.0015} | 2.50]8}
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(b) Set up a vibrator(electro exciter)

Fig. 4. View of laboratory test

(b) Attachment of LVDT and accelerometer(Vertical/Lateral Axes)

Fig. 5. Sight of the attachment of sensors and jack



7WFEka=35H2) & AR5 ©A 1@(3D}ﬁ1-8Hz-17Hz-25Hz)
7

R B AR FAF B TH Aol mE LG WE

3 Y A5EAEE defst

T, di AldA QoM FRA e sk Astol
OE 718, A5 0% 39 A B 0E AEA 8t
T At 7152 48] 5t Fig. 4~5¢ Zo] My
2 AlolA, F4H, A7), 7HEEA D 7H7E dAlste]
A& Ak

Fig. 69 A5 7} =042 0]-8-5to] FFT(Fast Fourier

Transformation) 2412 4=3gto 21 19 AE4E 28}
How, 54 fassAdnel sj4 1y Aot 24

o
stk el 3
wskopy 9 9

Table 304 &

e
o
N
o

0.015 ... [ESUSRS S JEUTERRO SUNNUPRORRR SUPR

0.010

0.005 ~

0.000

Vertical Acceleration(g)

-0.005 +

I Y L 1 TP S SO SO

<0015 o s

-0.020 ; — : ;
0 20 40 60 80 100 120

Time(sec)

0.020 . y ; .
0.015 - nor

0.010 A

0.005 4

0.000 -waredii

Vertical Acceleration(q)

~0.005

-0.010 4

20015 oot JRUSURNIUS NSRS SURUURNINN SNV SHUUURRN ST SO 4

-0.020 ;
[ 20 40 60 80 100 120 140 160 180
Time(sec)

(b) Applying Ext-PT

Fig. 6. Test result of non-ballast specimen for acceleration

Table 3. Result of natural frequencies for test and analysis

R 2% F 8 2{f1055(He)
F A{2ET(He) 717 T0kN 712 210kN
SAA | W4 | BZA | MHA | FHA | 4T
1772 | 1679 | 1856 | 17.15 18.58 17.15
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Table 4. Geometry and properties of test bridge
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(b) Frequencies from FFT analysis

Fig. 7. Measured data results in field test
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(b) Plan view of the bridge

Fig. 8. FEM modeling

2z = Mode 1 : 0.289sec

Mode 2 : 0.109sec

Fig. 9. Mode shapes of bridges

Table 5. Frequencies of bridges types

Mode 1 Mode 2 |
T & Period Frequency Period Frequency
(sec) (Hz) (sec) (Hz)
2o A 0.289 21.67 0.109 57.41
REAET) 0.287 21.88 0.107 58.56
HAEA 0.267 23.52 0.105 59.74

Reduction Ratio (%) : F=A9] 799} vl

EERET - ] @03 ]

, H1L.1




o 270y BY N§°| UE PEy YA FHS &

Py

2 Yelux 9o 118AES47E 21.67HzE B A 2F
Ueht Qi ol ASATe uiet Anz A4
2939 G HelFT Yok B3 o A vy
o] TgES Wl VXL Fe I3 njuld AL

vehte.

5.2 A|ZIO|20H4]

EAGT W 9x o] 42 5% F4 S s}
3t7] A A 23 A oA 15 + AR} 455 Fateks
< 20~200kmvhe] FEP&HE R Astate] Aj7to]d A
SusteTh SFEASARE A2BY 1A SR T
ol whet AdEs] G5 mlE £5E Fig 100] ek
ot Fig. 112 B7} %o wh2 A)7ted daAnme] o
A2 A7ke] hE AU L SESTS ekl Zelt,

Table 62 &5 A|7to|8 S|AZAT A W] QU 7l
£ vEehd Aojtk. 11 Z3E BH o MY ALt
100km/h duff 718 24 Uetue Hdi7t&zs= 200km/h
°‘EH 2 A8y Ueigth B9 o 3704 npL Ae

5t A= A9 B A FTHl Wk |7 FRA b
s A1el ol AS o 4 glow H4EE A 4
W3 A AT} FUT Ao nN tha: FTIshY 1 37
= W% A& ZleE yehth

S H A A28 Al 20km/h 8] 523 392} 100,
200kahe] 73 AN YR HY U IEE FFL o
&3t Qi 7% B B FE&F H3ue] F3
ASE BAsI e, 1% HRH R F84E 20km/ho]]
AofAl By A-39] =4 HZE Fig. 12°ﬂ UERA $LT.

Fig. 119} Fig. 12& AmEd, ¢&
5ol Hsh= A9 glomA H% 48k AL

4041
CE
Jzi
ofp
2
lo
%

"
N
T

Time History Function |'|

Wheel Load{tonf)
5

o
T
1

Iy
T
1

N
T
t

Time(sec)
(a) Example of time history function at 100km/h

BWBB I BB B i 24 11 11 11 11
bdd bhd bbb - b
|_L_,‘L|],_§J 8,80 Jigﬁjmﬁl 415 |1.|u[ 130 | 10[ ‘

25}

i

10| 13.0 ‘

NTtort.
(b) Load combination of static wheel loads

Fig. 10. Load composition for the dynamic analysis

USEEYR=2Y N9A M22 20068 165

FE AT oleh Fe AL 718 dFEd R 2
744 0] dZ 9] King-post Mechanism ©. 2 A+-8-31od 8¢
AaA7)e 202 EAE v QIh3HE4], 2002).

Table 6°)14] 20km/h F3A] Q5 B7173 & Lof ol
o 2do] o 15~30% H&= Aashs Ao BEHEHGo

M o Ay

Displacementjnn)
o

6 | 3 B I B R M

55 ! —o— Non Reinforced I
B e o g | O App K g Ext - PT E
. . r e
o 1 2 3 4
Timed(sec)

(a) Analysis results of displacement to time(Vertical direction)

@
o

o T
g o . -
3 290 | 2 w oo e il [ R S "
% o ] % S S N4 il
& g oé :
W
% 10 | h i
k]
<
kul 4
10 L k AL 1 o el
20 hd é
S R on-Reinforced X
; —O— Applying Exi- PT ;
.30 . 1

1] d 4 2 a
Timelsec)

(b) Analysis results of acceleration to time(Vertical direction)

Fig. 11. Time history analysis results(vertical response) at 100km/h
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Table 6. Maximum displacement and acceleration to the various
velocities

. 2o H$)(mm) 7h: & (m/sec’)

) B A | By B2 A R
20km/h 4.98 361 12.84 13.05
100km/h 7.82 5.98 25.68 2571
200kmv/h 6.59 431 29.02 30.18
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Table 7. Twist behavior of FEM model(Displacement)

23%mm) | BARmm) | AAE(%)
20km/h 0.118 0.078 34
100knv/h 0.135 0.079 42
200km/h 0.100 0.075 25
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Fig. 14. Max. Acceleration Ratio for specimen
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