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Study of strength design method for main beam component
of FRP footbridge
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FRP material 1s very lightweight and has the feature of corrosion resistance. However, when
applying FRP to the main components of a footbridge, the effective design method is not
established in Japan now. The reason is because the material characteristic of FRP differs from
it of steel. Especially in a design stage of bridge, there is a problem in the base strength for
design (safety ratio), buckling strength of composite material, Lowness of the elastic modulus
of economical GFRP, Flexibility of the manufacturing of a large-sized component, etc.
Therefore, in this study, in order to establish the design method for FRP main beam
component being simply efficient, we proposed the design method by the buckling strength of
composite plate, and the mitigation of deflection limit, and performed the trial design.

In order to evaluate the reliability of the design method, we made the main beam component
by Build up FRP materials made by pultrusion process, and performed the bending strength

fest.
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Fig2  Flow chart for designing main beam made by FRP
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Table.1 Elastics modulus of each layer of FRP (with 8 layer)
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Elastic modulus  (Parallel | E,, Ei Eie Ep
direction for fiber) E;

Elastic modulus  (Vertical Ens Exp Exc Exp
direction for fiber) E,

Poisson ratio (Parallel) v, Vi V1 Ve Vi
Poisson ratio (Vertical) /5 Voa | Vo | Vac | Vop
Shear Elastic modulus Gp G]?A GIZB GIQC Gl'lD
¥
Oy = .
1=vvy <
da
_ vi,E, _ vk (>a)
i T -
I-Vlzvzx l_vlzvzx
-5
o 1- ViaVa |
Q66 = Gl?_

fgn =0, -cosd' +2-(Q, +2-0,, ) cos* -sin §*
+Q,, -sing* (5b)
O, ~(cosé?4 +sin 9")
,=0,sind +2-(Q, +2-0,,) sin & - cos
+0,, -cosd’
k@;a =G,

A
S

Elestic module Matrix ), :(1/3)~i@—ij)k (zf —z,(_,s) (50)
k=1

(i.j)=126

2 .
f= 0.65(—(8) + 0‘13(2) +1.0 (65
n n
o =" AR (5h)
g,

ol,02 : IR COBRIGIIE

53 HHTRERA ORI

BREHSANT, FEMEHERWELS VT, BEMgsEIC
LY ETIE S o, BAMNSS « ZEH LU,

Fig5 (9 [ BIEHTEDZE X FIo &Y, v 3E
g & FAMOMERIE L L, FORBEIRGHIC L B
Wl & U2 .

ET7 TV, RE TR L, OISR TERE
JERISI NS L BB L Lz,

2
(% = 7 HEE) {(-?_]Jr(l-J }-sa &)
O-cr 7:'cr

(75 SR (f—) S<1 &)
(e2

o EREHITISS, o EREFEAMTSS
oor | JENEFEIRAREE, <©or : AR
S KRR L B BIS I D)

Upper Flg : compression

Web height
®

Flg width (b) Web : tensior/compression +shear
Fig.5 Schematics of type I main beam
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Case 1-1 1-2 21 2-2 3 4
Height [m] 1 1 12 12 - —
Determination Stress Defloction Stress Deflextion { Deflection | Deflection
1/600 L6800 1/400 1300
Beam number | 2 5 2 3 — —
Web | Height H | H960| H1000| H1200| H1200| - -
[Thickness| £12 | £15 19 15
Flg | Width B|B320| B350 | B260 | B350 - -
/Thickness| 412 | #35 £11 /40
Total I [mm4 | 540 | 39.1 6.79 388 | 255 | 191
X109 X100 | X10° | X100 | X10° | X10°
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Fig6. Example of frequency response obtained from

Table.3. Spring constants for each calculating case

Case
11 12 2-1 22
Degree
w 8906 23.96 9.986 23.87
k=me’ 6386 46216 8029 45876

test with the pedestrian
0,50 BS5400 Allowable
° —« - Standand forbridge
0.50 F A h=1.5% |
case 2-1 o h=0.75%
0.40
88 4
1ot
i
K] g case 1-1
0.
» case 1-2, 2-2
case 4
0.10 bomrmmmmm e 3 -
o case
0.00 & o
0 200 400 600
L’ 8

Fig7 Maximum response of acceleration for
each calculating case

-134-



BEREH T — A COIVENHEE &, T OFAE L iR
% Fig 7 17”7, Case 1-1,2-1 TIIEMEEE K& <2 B,
Tohd 1600 HlfE (Case 122-2) TIEHEEMIH 5.
F77, TR LA00 R0 L4000 OEE THERELL TD
B LIRD T L INB.

FIZ, SMTEOEEERICH UCREREEDO U X [BES
L7 [em/s]® & UTzR4, T2 HIR 1/400 T3 1.5 lem/s]
Th VRSN L 725,

PALEDRERN G, IREFBENIZ LY FRP R0 hAhe
EDOBEFIDRET TE AT L &R LT

7. FRP HTOGERE - BYE - SERASTE

AR HRE B O EEEHIC L DEREHRE, FRP AT
BT A FHEC BT AR EHEDEEEE I T Z &
ZEANC, FRATATEM OB, JES OISR
21T ol

7.1 FRP HHTOEEET
AHGECTHRET U T2 R REO Z S A REET 5 700
FEREAEE L, THI3m & U7- 4 Sl EiiE (riEs
BT : @R 1m) 12T, BEMEIC L v IRESND
AT (H4350) &, 7oAl S 0 e S Al (H150)
D2 EFA T O EIT o=

FEERE I % Fig8 1owT. LT 75 0 PI0iER
D CFRP ZBEV (1 22T, GERP DIERELZH S =571
& LT, SRS HEI O C R % Tabled 12,
T e % Table 5 107R T, 4 AHITRIEIZBNTY
= TERIRS, 7oA BRI T SRR HETH B.

728, FEEAARE LM 10mOTHTIC BT 55RE T
AT =3, Fig9 ({IRm9 4D 22478 600mm, 7 7 R
200~300mm & 72 7x.

7.2 FRP SAH7o08HE
FBRROTHTEMNERT S FRP MEHT, BEtE %
ITHEEN WD GFRP s & Uiz, RV T
BB IHTE, v RuA T v, BRI %
THREENTIZEVEBET AL T v RNELLND
B, BRSO S CII B DL 2 B b e
N BT TR U
V=775 UB IO OBET Fig10 (TR T
LT INMERNCERRES L, IMEEFERET 57
DIZCFRP 2 L F 75 o IITHEEEaT oG L L. it

BRI EIORBHEIT Tables 1TRT18Y TH 5.

73 4 JERTEER
O HgSeE
FRRTEBRIL, Figll O& D722 4 ST e Uiz, 8T
NI, TET RN D0 E S A B AN, E
BRIZ L VB ABCEL L.
O AT — I L DISTRIENERY, Fig 2 1R T 85
3T, R, TR e BT, VT

12 2

) -t
pa—"

150 | &

(a. Model for determining
the buckling strength, H450)

CFRP

GFRP<

42,

N
-
=3
wv
-
>
= <
~
-

I
100 | ~

(b. Mode for determining
the deflection, H150)

4.2

Fig8 Models of beam for 4 point bending tests (span:3m)

Table 4 Results of stresses and bends obtained from tests with

the H450 model.
Bending
(Web Shear Deflection
compression) Nimn] [mm]
[Nmm’]
Design strength 716 6.7 7.50
Load on [Design stress 9.8 35 0.38
lpedestrian| Verification* 1.30(8=32) 0.05
4-point |Buckling load 21.2 [kN] (Joad point 2)
bending | Design stress 211 ] 56 2.01
test  Werification | Web buckling limit (S=1) 027
*verification value :  1<<OK, I>NG.

Table.5 Results of stresses and bends obtained from tests with

the H150 model.
Bending
(Web Shear Deflection
compression) [N/mm?) [mm]
Nmm’]
Design strength 419 54.1 7.50
Loadon | Design stress| 313 104 528
pedestrian Verification™® 051(8=32) 0.70
Buckling load 5.74 [kN] (foad point 2)
4-point |Designstress| 532 | 8.1 7.50
bending Deflection
fest  Verification 048 (5=32) Timit
(1L/400)
* verification value :  1<<OK, 1>NG.
CFRP =
E% ? CFRP o
GFRP - ==
—% =
GFRP < -
126] | g
' 120] | 2
d L o
s — ;,; < IR D o«
[ 250 = 300
{a. Model beam A) {b. Model beam B)

Fig9 Example of models of mamn beam with 10m span
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Angle
Angle joint parts:2 piece pilled
Fig.10  Schematics of joint of FRP beam

Table6 Laminated constitution of FRP for main beam

Component, Material Fe:z:;a:don Resin Constitution
CSM: 100%
+45: 133%
Web GFRP| Pullout |Vinylester] ROV : 534%
+45: 13.3%
CSM : 100%

Flg. GFRP| Pullout |Vinylester ditto
CFRP|{ Pullout Epoxy | TOW : 100%
Angle GFRP | Hand lay up |Vinylester] CM : 100%

(Notes) CSM : Glass continuous strand mat
+45 : Glassknit fabric (45" direction)
ROV : Glassrorbing (07 direction)
TOW : Carbontow (0° direction)
CM : Glass chopped strand mat

Load point Load point

Steel plate

\ T L2 G
Steel plate
H

1,000 ! 1,000 ! 500

S00 |, 1000
Support 2000 Support
Fig.11 Schematic diagram of 4-point bending test
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Fig.12  Putting positions for strain gages
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o H450 Experimental poirt
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Fig.13. Relationship bending strain and load for H450 model

Fig.14. Observation result of buckling test of H450 model
(on the center of Web)

-136 -



8. =

ARFFETHE, AR FRP THTE RN R HEORS L B
B, TohAHIRRERIORETe, BAMREROMEERE
BT EREHIBEEEIRE L, Bt {To7m HiZ, 3
WS E R =T 7S5 DA T v Bk
OB FHTEAA ORME, diF3BRE1T, BREHEDEREM I
B 2EHIZ T o7z, FORE, LITORGRNELN-.

8.1 FRP #EHDZEsR L AT ORE

FRP FHTORRFHAICE LT, 1EkOBR c—fixie IE
BT HE - g "a—a b L, BAMREBETO
FEIBSEREDZE 2 70, FRP M8 COREIGT I & L2820
EZFEETHI L TFEM BT 5RO B 5E o
BT D FEEREL, 4 SiEERIC L0 FoEESETD
FBEARLCE -

10 o

8L / o Experimental value H150
Z i
= I S f
L_; Design point for 4-point bending test
3 4 Load: 5.74kN
- 2 Deflection: 7.5mm(L/400)

J

0 10 20
Vertical deflection & (mm)

. Relationship between vertical deflection
and load from H150 model
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Fig.16.

Table.7 Comparison calculations and tests of buckling

stresses and deflections
Design Experiment
Determination of | Buckling 219kN Linder limit: 20kIN
tuckling stress load ’ Tuming point : 3 1.3kN
H450 Deflection® | 0.95mm 1.33mm
Determination of | Desion load 5.74kN
deflection T ~
H150 Deflection | 7.5mm 7.4mm
*Deflection on center of beam at 10kN of 4-point
bending load
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