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A foundational study on static and dynamic characteristics of hybrid material truss bridge with FRP
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In recent years, fiber reinforced plastics (FRP) has drawn attention as a new

construction material over the world and the evaluation by dynamic analysis for

bridge designs has been taken up. In this study, as for the hybrid material structure

combined the FRP with current material, static characteristic were calculated by

static analysis with finite element method, and dynamic characteristic were

examined by dynamic analysis when a real-seismic wave was inputted. As a result,

as for the hybrid material structure, possibility of efficiency for cost convert weight

could be seen when the combined materials was properly placed. The advantage of

vibration characteristics, such as dumping, could be confirmed comparing with the

single material when the combined materials were applied.

Key Words: fiber reinforced plastics (FRP), pedestrian bridge, seismic design,
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Table.1 Setting values of each material

SS400 | GERP | CFRP
Tensile strength (N/mm’) 157 126) 686
Compressive strength (N/mrnz) 124 100 545
Poisson's ratio 0.3 0.26f 0.26
Young's modulus (N/mmz) 206 255 156
Unit weight (tf/m’) 903| 219 219
Cost ratio :C; 1 7 26.8
Damping constant 0.02 0.03) 0.03
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Fig.1 Detail of Target structural model

(a) Series A :

Separate materials into central and edge member

(b) Series B :
Separate materials into chord and web member

Fig.2 Arrangement of materials
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Table.2 Section area of each member (L=50m) (cm®)

BEL, TS5 2laabhEk & E0OREIMT
EEIENHNEETTRET 5. ZOB, AN
L, ANCERED OO BHRHFDINTA—F%TF
DREL, 1l 2 EERI A WEB TR LI ' 5.

BWT, BonizT—In o GRERMBERZTV,

BEA RSN S LB EEREORS, BLUIX
FNUEER FOASEADEMOIZNIET S
iER S YAN N v TRy o
E 7=, B OWIFERERICB N T SS400 & Hh il
FRIMENNE <725 FRP 1X, ZbhAHNKELR
DIERMNESNTHO, N1 T U REETOM®
Hr Tz b AHIE DLMT 28 A L7z, 7z A
FR DLMT &, XEPROZ=bAE XN ATHL
T—EDEIGOHBEANITND B LIITHRELZ
HEDTH O, HlZIE, DLMT=0.01 &H 5 H DI,
TR REOZDAZ1/100) EWD T EER
T BB RFEICLD NI ABO b AHEIRIE
L/600 T&H 508, HEBI T BHIBRIZAZ VW0,

A TIHEERIC /100 ERE LR 2o 7=,

3.2 RO

BIROMEATIL, AN (S A®mE) 1Tk

HEEREERT 57201, L=50m, k=0.5, 0=45°
DIMT=001 &—& &L, DX 20 & 40 T
Newmark D BiEZEBWTHREiTo7. BEFED
WFEm 5 FRP & AN 2EKIZhizo TH—DF%
MEFERL 2B OREIMEERS NTHELE
PV, SS400 H—DEHEITHANTEKIZIGENE
TBIERDND TS Y. Z T THEOEHTH
RKROFBMEBIL, N1 Ty REEEELESZED
B INEMERE 2 BT 572012 SS400 B— &
MBELES Y — X A (PO GFRP, R

Central member Edge member
Al A2 Ad A5 Ab A7 A8

Series A D=20
Central-CFRP 2371 1871 0.23| 025{ 7.90] 625| 216] 242
Edge:SS400 | D=40 | 4.93| 3.90| 0.23| 0.26] 16.62| 13.15| 2.32] 2.59

Series B _

Chord:SS400 D=201 11.69] 921| 027] 030] 870 ’ 6.89| 0.52] 0.59
Web:CFRP | D=40| 28.25]| 22.36] 0.33] 0.37] 21.05{ 16.66] 0.63| 0.71

! sec
(

-200
=400

-600
Fig.3 Inputted strong-motion waveform
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Fig.4 Cost convert weight of each pattern (D=20)

Table.3 Characteristic frequency of each pattem (Hz)

Series A Series B

L(m) | Central:(FRP Edge:SS400 | Chord:SS400 Web:(FRP

D=20 D=A40 D=20 D=40
50 0.628 0428 0952 0797
60 0573 0382 0.868 0.727
70 0.530 0341 0.84 0.672
&0 0495 0308 0752 0.628
0 0466 0z77 0.708 0.592
100 0442 0248 0672 0.561

Table.4 Weight per unit length of each pattem(tf/m)

Series A Series B

L{m) | Centra:CFRP Edge:SS400 | Chord:SS400 Web:CFRP

D=20 D=40 D=20 D=40
50 124 222 5.60 6.58
60 130 2,63 577 7.10
70 137 3.27 5.96 7.74
80 144 3.99 6.16 851
90 151 4.96 6.38 949
100 159 6.34 6.61 10.76
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Fig.5 Response acceleration

(SS400 single material, L=50m, D=20)
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Fig.6 Response acceleration

(Series A, L=50m, D=20)
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Fig.7 Response acceleration

(SS400 single material, L=50m, D=40)
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Fig.8 Response acceleration

(Series A, L=50m, D=40)
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