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1. INTRODUCTION In the recent revised design codes for structures such as AASHTO,

BS5400 and ONTARIO HIGHWAY CODE etc., the limit state design method has become
popular for the desigh of highway bridges. However, allowable stress design method is
still now applied in Japan. Until now the informations on load effects are not so
enough to establish a reasonable design loads. The authors have been developed a new
method for the estimation of vehicle axle weights of vehicles running at highway
speedst{l) because those weights are required for the design of secondary bridge
elements such as slabs and stringers. The method depends on measuring of crack
openings due to an axle load at a crack occurring perpendicular to the running
direction of wvehicles on a bottom surface of RC slab. The main advantage of this
method 1is that the method can be used for the estimation of axle weights of close
axle combination like tandem-axles independently. In order to develop appropriate
design wheel loads a measurement of axle weights by using this method were carried
out on Hiragawa Bridge on Route 161. This paper describes the method of measurements,
analysis technique and obtained results.

2. METHOD OF MEASUREMENTS The bridge is a non-

composite through girder as shown in Fig.l. Since Iw 0 ]

the bridge is tow-way and to measure the axle !: C .
weights in the both direction of traffic, two 1‘ 5” T
cracks on the bottom surface of RC slab were |q— 1 s
selected and at each one three gages  were T T2 151 2 "o
connected. The gages were located so that the L_]l ! } °‘} Chi f‘ 1 4
wheels of common trucks passed over them. The data e 30 1800~ 5400 1600 |

collection technique 1is shown in Fig.2. The 7
measurements were carried out for 24 hours. To get
the relation between crack opening and  axle H1 fEEaymEx
weights and vehicle passing position, calibration

running of test truck weighted before by truck

scale were carried out by changing passing courses into 12 kinds (six for each
traffic direction) in the lane width.

3. METHOD OF ANALYSIS With the obtained shape of responses

shown in Fig.3-8, reading method of hump heights due to only 'H-rj—g T
plate action from total response can be assessed. From those L)
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figures it can be easily noticed that the responses never goes ':f:ifﬁ;JLLl‘”
down into the negative zone. This phenomena means that the slab 2
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is located at or near to the location of the neutral axis of the Ly

girders. Therefore, the effect of beam actions seem t0 be not
significant. The dotted line connecting a,b,d,e,qg,1, and j shown : i
in Fig.3 represents the tensile strain on the bottom surface of —_—
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RC slab due to bending of whole bridge. This dotted line can be J Pana Sucorder P
used as the datum lines to read the hump heidhts only due to the
plate action. proeean

The crack opering responses are expressed as a function of |
‘él(]lt.e]..axle load W and passing position of vehicle X as shown by =2 =y OEFIE
Y, = Ky Vo9, (X) e e e e e, (1)
where. K, = coefficient to be modified by setting levels of the strain 8

amplifier and the data recorder,
gn(X) = influence value of influence line of passing position

The modified influence line K, 9,(X) for each gage can be expressed by a

polynomial equation of 4th degree as shown in Eq.2.
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{ = ¢ 2 e} 5 - -
Ky 9 (X0 = app+ apokt apgX2+ apgk3+ apgXd 2V ®1 ARECHT IR
’u“th a Set Of the three lnfluence 111’}65 Of HE D RO-SHE (Hy a2 AREE) | BECE (7 aARE ()
each gage for each traffic direction and a set of  [7Z2[ I8 #2m, 898 | €xE |-G e
responses from three gages, the weight of axle 1 [6709) 840G ) [7T0E) | 228 9] W0 N B
loads and the passing position can be estimated 2 [5.8C 3 82610 800100 211C W] w0C O] 40
accurately by minimizing Eq.3. 3 15569 o268 0 27 ] 28] 80
> Yy - Yeoi )2 {3) 4 |886nlssen |60l nsen] ned|
where, i = gage number 5 |5.9(- 3)%3.3(« 2852 07¢D| 8CH| B
le = meaSUFed response height 6 &Mll”ﬁﬁﬂ 8.3(- 5)| 21.5(+ 2) | 19(- 1) 2
Yej = eg timated response helght fl"()m 7 8.2(+ 1) ; 8.4(+ 4) | 8.4(- &) | 21.0( 0) ] 45(+ 5) 40
. fl I . 5 e t . 8 8 §.8(+ ) J‘ 9.0(+13) | 8.0(-10) | 21.8(+ 3) | 71(- &) 7
ble(l) lrtl L%encfh ine -.CfIL.la 191’15 ¢ th 9 |8.0(- 1)}5.1( 0)16.7( 0] 208D 90| s
‘Ta 'e ShOWS e' vert lcatlon 01 e 10 8.2(+ 1) ‘ 8.8(+ 7| 8.2(- 6) | 21.0( 0)] 53(+ 3) 50
estimation of the axle weight for the test truck. T o 0 jsae s |es 0| naen] 6| @
The cobtained results seem to be reliable since the s == =
difference in passing position for front and rear — . i -
axles are about 10 to 20 cm. The error in [erosBC2[ssty psey, web s, 0079,
estimation of the axle weights seem to be less [sx |98 [o® 1w [os |
than 10%. B4 ¢ (son) 2w
4. TRUCK WEIGHT AND AXLE WEIGHT DISTRIBUTION After the wverification of the
estimation method , the data of 24 hours were analyzed. Fig.9 and Fig.10 are the

results about the distribution of total weight and axle weights respectively.
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