

















1. INTRODUCTION

This investigation belongs to a wider project of wood bridges started in Helsinki Univer-
sity of Technology during the year 1992. From the very beginning of the project it was
found that an arch is a proper type of bridge especially for light traffic. Therefore, it was
decided to design a scale model of such a bridge and to investigate its function under
various loads. This is expected to give information for the design of such bridges and for
the validity of different assumptions made during the design.

2. GENERAL FEATURES OF SCALE MODELS

A scale model is a reduced model of a real structure. The ratio of dimensions between
the real structure and the model is generally an integer denoted here by n, i.e., the scale
is L:n. It is important to find proper scale factors between the quantities of the model and
the corresponding quantities of the real structure. It can be shown that the relations of
Table 1 are valid for different quantities.

Table 1. Equivalence of quantities between a real structure and the corresponding scale
model.

Parameter Unit Real structure Scale model
Length m f I/n
Concentrated load kN F FIn?
Distributed load kN/m? P p
Mass kg/m? m m/n
Displacement m w w/n
Natural frequency Hz f nf
Stress MN/m? c o

Even if a scale model is made of the same material as the real structure, its self weight
does not follow the same law as the distributed load presented in Table 1. Therefore, an
additional surface load
-1
g1 n)

is needed to compensate the lack of the dead load of the model.
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12400 MN/m’. The average dry density and moisture content were measured to be 490
kg/m’ and 0.06, respectively.

In the vicinity of the supports, the double arches were reinforced and joined by thin
plywood plates to form a box-type structure (Fig. 4). The hangers and diagonals of the
bracing truss were threaded rods of stainless steel with the ultimate strength of 520
MN/m’. The joints (Figures 5, 6 and 7) were made with screws with the ultimate strength
of 800 MN/m’ and steel plates (Figures 6 and 7) with the ultimate strength of 520
MN/m’. The number of screws was chosen so that the maximum shear forces under the
equivalent loads were approximately the allowable ones.

3

£

S

) PLANE D

‘ t

y! ! J
IL‘ 4372mm ~i

ELEVATION

T

SPAN=42P2mm

Fig. 2. General view of the arch model.

The deck plate of the model was made of birch plywood with nine veneers, the grain
direction of face veneers being parallel to the span of the arch. The plate was fixed on
cach crossbeam with five nails whose length was 30 mm and thickness 1.7 mm. The
deck plate was not continuous, but it was made of three parts so that there was a trans-
verse joint at each third crossbeam.
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The results of the transverse loading shown by Fig. 10 are presented in Fig. 19. When
loading, the lateral forces F were increased in stages to the value of F=93 N and then
removed. It can be seen that the two curves representing loading and unloading of the
scale model are about the same with the exception at zero load. This means that a perma-
nent displacement of 2.6 mm remained when the load was removed.

As shown, the load-displacement curve for the lateral loads is not linear especially when
unloading. One reason for this may be that the joints between the braces and the arch,
which could not be tightened afterwards, were loosened because of drying. Nevertheless,
an experimental value for the displacement was determined with a regression line for the
three largest force values shown by the dark line in Fig. 19.
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Fig. 19. The measured horizontal displacement at the crown (point 15 in Fig.
8) and the corresponding regression line.

Fig. 20 shows experimental results for the distortion of the bridge cross-sections in the
middle and at the quarter point of the span. It is seen that at both cross-sections the
distorted shape reminds each other. Consequently, the largest rate of distortion takes
place near the ends of the arch. In accordance with the regression line of Fig. 19, the
maximum lateral displacement is 7.9 millimetres. The calculated displacement was
1.9 mm, which is only 24% of the corresponding experimental value. Therefore, the
model was recalculated as a frame structure negl.cting diagonal braces and the displace-
ment of 17.1 mm was obtained. A comparison of the results leads to the conclusion that
only about 60% of the braces were acting during testing.
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Fig. 21. Deflections measured at points no. 2. 1 and 6, when the model
was loaded by point loads 3, 4 and S of Fig. 12, respectively.

During the tests the lateral displacements of the arch were also measured. In the case of
the distributed load of Fig. 13, the maximum value was about 2 millimetres, which is a
surprisingly low value considering the poor lateral rigidity of the model.
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Fig. 22. Deflections measured at points no. | and 2 of Fig. 8, respective-
ly, as a function of the total load shown in Fig. 13.
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6. CONCLUSIONS

The main conclusions from the scale model tests of the arch bridge are as follows:

- The bridge deck funcdons as part of the main load carrying system. T.iis
property should be exploited when designing real tied arck bridges. The
role of the deck can be improved further by increasing the lateral stiffness
of the joints.

- There is a risk that moisture changes loosen the joints of the bracing
elements and due to this the lateral rigidity of an arch bridge may remain
smaller than expected by calculations.

As a final general conclusion it can be stated that for vertical loads the tested scale
model proved to act as expected by the linear plane frame theory used in the investiga-
tion. For stability forces and wind loads. an arch bridge can be approximated as a
transversa! plane frame that contains the arches, the crossbeams and the diagonals.
Diagonals do not fully act, but no exact rules for their consideration can be given on the
basis of this study. This question would require further investigations.












