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Application of Hybrid Beam to Actual Bridge

—Its Economics and the Construction of Araibashi Bridge—
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Synopsis :

Hybrid beam is a weld assembly of high tensile steel and low grade steel; the former for ilange part
which is most essential in terms ol dynamics, and the latter for web part. The hybrid beam works
more rationally against bending force, and more economical mainly by use of low grade steel, compared
with a homogeneous beam consisting of a single grade steel. Though not as yet accepted in official
Japanese ‘specifications, the designing of hybrid beam was already specified by AASHC in 1968.

This paper relates the Araibachi Bridge, the first of hybrid composite beam bridge in Japan, with
emphasis placed on designing, lead test and economics. Covered in the load test are the measurement
of dead load stress and, a static test using two trucks simulating a designed load and a dynamic test
using a running truck alter the completion.

The result reveals a good agreement of stress intensity of each part with calculated values, a favorable
damped vibration and a small deflection, all confirming the safety of the bridge.

Economic consideration based on a comparative design also shows that a total construction cost of
the hybrid composite beam bridge is about 7% lower than in lhe case of the conventional homogeneous

composite beam bridge.
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Moment M

s ¢ Yield moment at flange in homogeneous beam
o+ Yield moment at flange in hybrid beam
* Design moment in hybrid beam
«! Yield moment at web in hybrid beam
' Residual curvature

-eiL Curvature §

Fig. 1 Moment-curvature relationship
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Fig. 2 Type of fatigue cracks under pure
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Table 6 Section of main beam

F DR A B TSRO
BB F A L1 RIVER ACE K-O(HTS80)
35 X OSMOSQ DHEMEIE L T L — |

Section | Stress Al;gx:gble 3

300 x 13 ‘ SS41 | 1363 1400
£300 % 10 ‘ v ‘

300x13 | HT8O ‘ 2626 ‘ 2759

30013 | SS41 ‘ 1326 ‘ 1400
130010 |~ ‘ ‘

340x15 | SMs8 ‘ 2 270 2275

— e I.... —— e P

270% 12 | sMso | 161l I 1900
1200 % 10 # ‘ ‘

300x12  HTSO| 2943 2987

260 % 12 ‘ SM50 ¢ 1569 ‘ 1900
1 200 %10 1 P ‘ ‘

360 x 15 ‘ SM58 \ 2 388 ‘ 2 461

280 x 12 { SM50 ‘ 1 567 1900
1200x 9 ‘ 5841 i

320x14 | HTS0 | 2736 ‘ 2788

280 % 12 } SM50 ‘ 1548 | 1900
1200x 9 | ss41 | 1

380 x 16 ‘ SM5g ‘ 2288 | 2321

320 % 12 ‘ SM50 ‘ 1494 ‘ 1900
1250 x 10 ‘ 5541 ‘ ‘

260%13 | HT80 ‘ 2 550 ‘ 2 595

230 10 ‘ SM50 ‘ 1484 ‘ 1900
125010 | 4 ;

_— _ ! S N
340 x 19 o 1834 i 1900
P&l tz, 7 A,
iE, SM50A D,

LU 5541 DFk i Table 7 =7:F,

RIVER ACE K-O } SS41 oilifi-+ 2 ik
VY, EHEfEAEELT, 79 » 2 A3 HT80A
12 KW-101B (60 # = jj
W) A7, RIVER ACE K-O & SM58 % &
i — 7HEEHC I RIVER ACE K-0 e, 75+

7> KB-80C,

7oA

— 142 —

3,

RIS E 78 - € #HER,
(HT80), TZLEEHEAB(HTR0x S841), &5
BxaEE: (HTB0) 7 b ok Loz
FRBE RO NEEE Y TR 5L DT
hote, NIl » THER T S RIEE
i,

™ Sectional
area

208.0

220.0

205.2

186.4

202.4

186.4

212.6

Reductlon ratio

0.746

0.875

0.947

0.775

0.893

1.000

7 v G L, #ERIM SR IARE
KFEFRO FEHERE (KST6EL) # fiv-7- (Table 8

S0 A
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Table 7 Chemical compositions, mechanical properties and basic allowable stresses
of steels in Arai Bridge
Thlc: ] V_:_ ) “_?hiT-i_c:a-l_mmpl;s-it;un <,;A) ) o i Mechanical p.r.l?_;ier.t)i |Basic ' T
Steel  |ness [ R . Yield Tensile | Bion- Inpact [allowabie: Application
- C Si Ma P S : Cu Ni Cr Mo v Ceq |point strength [gation|value [stress
{mra) [T _ ; T | kg fmat) (kg faw?) | (25) |(kg-m)) (kg/em?) —
RIVER Etandard‘(0.18‘<0‘35<1‘20<(].030<(]‘{)30‘<0.50i<1.50<0.BD§<0.60<0.[)SD ' 70 | 80~05 | w18 ch . Lower flanges
ackk o P olyn e ‘ ; A DT T A I
contificatel 0% 024 078 0.013 0.008 0.25 0.99 0.46 0.448 0.026 048 8l R R
$M58Q Standard -< 0. 18] <0.55< 1.50 < 0. 040/ 0. 04 47 5873 »19) if} Lower fanges
Chlri) i T el T e sy et pane
cerhflcate 0,13 0.32 1.22 0€.011 0‘007777 55 63 32 29.9 ] o
SMS0A | 12 [Standard {<0.20/<0.55< 1. 50 < 0. 040/< 0. 04 ‘ >33 | 50~62 | »17] | 1900 U""erﬂa"ges
' ‘ 1T "] Webs
§541 10 » <0.050(< 0, 050 »25[41~52 | »17 —| 1400 | and
R stiffeners
Table 8 Weldmg materials used
Welding Jmnt Weldmg material
method Apphcatmn ‘ Steel Material ‘Maker
' Webdflange HT80 " KBsC (Fluxy ..
¢ ange 5541 lsmseq | (Flux) . Kawasaki Steel Corp.
Submerged- (fillet weld) . SM50A KWwW- IOIB(WLre) i
ar ldin I - L 80C T S
c welding Lower flange . SMS8Q HT80 ! KB 80C (Flux) | p
(butt weld) i | KW 1OBB(W1re) | -
. d. . ! T -
Shielde .metal St~1ffener | SM50A ‘ KST6EL Cirery low hy- )| .
arc welding (fillet weld) | 5541 \ rugen type |
. YUy M= Ak LCREEFSRICHED, B OR
513 R B FIRBETHRE /L CHEET L 0T R T 21Tk
Rz b HhAe X BT, A TV FE— AR Tl sibhs.
L& COMFEN TR, EEOER LM b 514 BEAS
ERTETCDH, 17U o FE— L0OEE
oV TOF — B EASEBR TV L9 ABILE ORI TT 2 1,
TH5H, PUEETHIDTD LT Yy FE— A (1) 1Bk
DEFE LTS rARE IR DA EEST, - v 20 — F ERREFTERIC L 2MFTA NS
DHFEEELTDAT Ty FE— a0 A TR FT LI LB OME.
T LB ERBE AT T, W EEEERE N (2} %2 B
L, THEELE O AT -, #1120 FREC b AR, T A b BEEOR
t b7y 2 2EAMA LA, FEEE LTk m,&ﬁLm%&ﬁﬂmLLJénﬁ&E%

b EofTEIL G BT,

A ATy A A

PR TR I DT DA LT

Aicdy, FITEEICE TSR Lich
T, 7= TORERTE Tl
fedh, SINDEBRTIEAL T Y 5 ¥

WO AR NZOW L Y F o T

+.13 f)_r'u f[l.

Lot
D
— A O
L5, oA

2T

HE, 7o 48 B T OMS BT
U bA, Wi, #A) & SR %%mzwk
ATt .,
(3) % 3EME

AR licry s 7EHHEL T, BRYL SN
BEAR 2 S EEROTLE,
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Downstroan

-t'*—', —i—

| a,on- P _u,nfu

7 A ‘f* —_ —f— — / G Front wheel

B Rear wheel

Case 4

Fig. 10 Locations of static loads

F
Clase 3
o Seswo T
-4 & 4 A
d ;H B3
!
6 3& * e
x I"‘I
o ‘ !
G2 . 4
x N :"
Bl
[N 14 & ¢ ry
s ‘_77_:4___7_ : !‘l
iy e b S
TATE L 4800 4800 4798 T

¢ Main he|m » Cross heam x Floor slah

Fig. 11 Locations of strain gauges

| user

Upstream p=—— Downstream

| & Mechanical
(;‘ 1 -2 o3 G4
3w 2800 - 8400

-

Fig. 12 Measurement of deflection at mid-span

B3 EEC R
Fig. 10 w444 — A0
FRBREMAL, P T e sy — AL BRI
FAIML E S eBeoiRa £ Xaris. BITEE
20km/h7 3 e, 30km/h¢ 30, 35km/h-C 1|1
Fofo, AbFLAavyar—v Fig, 11 oAt
VSR L, bl Fig, 12Tt L6

T oW (o ’:J t‘@ﬂﬁ'ﬁtﬁﬂi,
DT H/ 2ot

fi

144 -

Photo. 1 Load test

DU O AR A e P L

il L7
515 REERSIUER

(ay e

B 1 RRE, 412 BT & RO TGRSR
2 Fig. 13 1wt 3 BT 5 0 IE
58 C2MOEEEY @5 b, BbRE AN
I S hfor — A 2k, GhINER & ORI
T Ay — Al OB GO A Fig, 14003
I B INE RS B B 30km /h DR &
v~ Table 9 (25t

ey WiV E B 0 AL 454 (Fig, 13
b AHA TG LA, Shuka v 2y — F TR

15 AREWNIH A £ e L 7ofcsh, 2V 2 Y
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o————% Llownstream side
O—=—0 {pstream side
——— Calculated

140, =
s _
b
(=]
s
i
1
oy
L ]
o
I 5
P e pr—
170 a 1000 kg em?) O 1000 0

G-1

G-4

#————a Downsiream side
(=~ == Upstream side

{b) Before pavement{Handruil and curb already constructed} — e— Caleulated
140, S
=
= -y — — —
= '
™1
e r _ /\,_ B |
Ly i
b I /
f
I i
& ‘| {
us
| i
| |
| — —_—— -
‘ ﬂ; L= ——
3 500 (kgfom?) 500 0 500 [
170_} .y 5o
G 1 G2 G-3 G-4
o+—a Downstream side
) 0O-~-—0 Upstream side
{c) After pavement — —— Calculated
S e — e e S
40 =
ok
= . o -
2 il
g h i f ;
i - — I, S
i
3] ‘ [
e
& !
ﬁ
r M L of L N 1 % |
L”d E 500(kgiem®) 0 500 500 0
G-1 G2 G-2 G-4

Fig. 13 Stress disiributions of main beams at mid-gpan
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{a) Case 2

——=8 Duwnstream side

o———0 Upstream side

— — — Caleulated
=
Mo, 2 !
— S
o 2 ;
2
™
—> - -
gn
3
_d
ey
o
[Vp)
—le — - -
1 1 1§
170 B 500(kg/em®) 0
G-1
(h) Case 1
140-- 2
. o™
*J‘J =
SR -
=
T B e
:__I::. [’
e
D_q [ 1 _C; J 1 w. i o 1 1
500 (kg/cm?) O 500
i |
- G-l

Fig. 14

— P OB LU ) - TEOEEE L5
DEBBLRL, Lhl, 2v 2 Y- RS
FIE#EAT (F — A 2) Wk AFBRBEOOEIEN
M b RG-S ML, AHE(E & ML
THh 5 &, Fig. 16 vimd 2 5 wfiforbardhis &
VIR < —F LTy %, *7 Fig. 14 (b)
e BN R el l: o bl it b IR TSI et o
FERL—HLTD, ZOIELI0RT, BE
LTELGEReRLTVLEFEL LR,

(2) Fohi

SRS RN Ol Hh TR R % Table 10 42,

Stress distributions of main beams at mid-span

FR-E oA OMESE R (3dkm/h o) &
Table 11 i34, fobhAOHEITERFIL, SEHE L
Dinfe DX $femnTU B, TOEKNE LT,
FTEM IS B0 s T oM A AR, RO B
DI, HBMBLERSCLALOLRLEELL
nEA, STLLBLRER - T OTHHE
XbhickA Ly, Table Dimsibasr— A1
DEEY T AR & Table 11 O b A BT
LTS, WERIZL T ichagi
< BEOEFTRE T AL kDR ET
i AR TE L,
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Table 9 Results of dynamlc test (at 35 krn/h)

Mambeam‘Gl R

35‘ 31}24\25‘22

7 |

h 2757:7753.5} a1 o1e8 11

ro | 20 | 18.5: 777777 9.5 17 6
 me | 71| 76| 85 7 50
 mm. | 57 60 8L | e ‘| 27
ot 77a”7768”‘”734'.'5\ 73| 385

F 134 | 143 ‘ 177 !715753'7 a
g ___! 0. 109‘ 113 0.041] 0068 0.299

H Eqmvalent standard strain (HalOOx 10~ B)(mm)

hy, h,: Measured distance from a base line fo a
peak & a bottom in a wave length (mm)

emax, = (A /H ) % 100 x 1078, gmin, =Chs/H ) x 100 % 1076

E=(emax. +Emin.)/2

f: Impact coefficient = {&inux, —2)/%

o 1 200kg/em’

Iz

o Measured

— = Caleulated

Fig. 15 Total stress distribution of G-3 heam
at mid-span (case 2)

Table 10 Measured static deflections at mid-span

{mm)
Measuring Mechanical | LASER
method :
Case 1 ;075 3D | 0.6 (1. »
v 2 1LBGS L6 (3.9)
s 3 1.37 (6.5) 0.92 (0.4)
P 0.95 (3.0) 20(53)

Calculated values are 1nd1cated in parentheses

g T eV L'—ACD)J‘*1 ~ o0 3 283

Table 11 Dynamic deflections at mid-span

' ;‘gfgg‘é‘“g ‘ " Mechanical | LASER
7 BT 5
Y 38 T
T e T
- _nmdx o ‘__ 1.8
Bmin 0.64 % 10
7 X \ 77777 14
i ooss | o8

I - Equivalent deflection (# —20mm) (mm)
h, hs: Measured distance from a base line to a

peak & a bottom in a wave length (mm)
Smux, = Ch/HY % 2.0, dmin, =Chs/H)»x 2.0
gz(amax.+5n1iu.)/2 _

i: Impact coefficient= (fmax, —8)/d

Table 12 Logarithmic decrement

Wave on strain | Wave on deflection
T

Ym  ¥m+t I i ¥

Y+ | I3

20km/h 3. 85\ 4. 10‘0 063\ 175! 1. 85|0 056

BOkm/h 3.35| 4.00!0.038‘ 2.35} 2.45|0.042

"~ 20km/h ‘ 3.75‘ 4.00‘0.065‘ 1.85| 1.95‘0.053

A=loge! ym/Yma1|

(3) EEHER

SR T R & BT b AT 1 U R i
w4 % Table 12 y=, i3, R L L COBEEIR
LT, EESAECR GBRWEWE LT
A BRI &t B,

CREOHE Y 0, FHEIHE ORI
BT OCBEA R LTV S 2 ENERAT
&1,

6. ¥ &£ B
POETHS T 1 7 Uy FHRKTC L 2HF

WA ki, B TEARBATY, ETA
T FH - & ORI o TR LTS,
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BIEETALERD 2B,

() #HELAMZOm & RITH D, FHIREN
HETLAHEF EoEIREY R {0, I
FT 77 v @i Nde LT, &=
FO—EBRESEE LTV EERIC L b, 5
FBIGENE T 270 TH 5. HHEilfg
vk AR er=500kg/cm? BT, |
Sl L oL E L LR,

) FHABTORARTENC £ 0 5 s
B, RBBHE L SRR, TR B LA
A GHEE S R L LTS, R
B X 5 IREEINE T A EEY §
B, SHBEHMTR LT TR 4L
ARG, b R BT, BT LI
fEAFFFEME L D EL b, ZoRERICow
THSHEOBEHNSFIBETHLS, Fllr e
LWl TH D,

@ 7Y VSR ORFE LB oSS, HIHE
Asew it hEY =7 AN
ML T7%HREQ =2 £0 vHERETH A,
A T e FE - AR XA L LU

SEMEE, CVMRE, STENECE YR, BISH

ThERThOELTHTFBRE, 170,
FE— A ASvORELA 7 AN — £~

BWEAEE X D0y, SE RO oW T

ST ST A, HEERFBCHESh

LoERHEDLOTHS,

FEhOw, FFBoRhcEL oBgsrkaT
ABORZETTH R HHE, MU ARG 20t
RHEFABERER, H R --HRACESOEY
FLE+. Ff, @t - ERCRIDGIREGH
A BT ds X ONBEF 4 H109 S d TR T 3R
O IR R L T,
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