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•SINCE 1963, studies have been under way to measure and record the end movements 
of various types of bridges in central Virginia. Such studies were initiated because of 
observed distress at some bridge joints as well to obtain more exact data for the de
sign of future joints. 

INSTRUMENTATION 

An instrument capable of automatically measuring and recording both movement at 
the top and bottom of the bridge girder and ambient air temperature was first developed. 
Basically, two dial gages were mounted on levers between the abutment and the girders 
so that upper and lower beam movements were detected at the position of a small gage 
box mounted on the abutment at the movable end of the bridge. A bulb thermometer, 
clock, and timer were also mounted in the gage box. A movie camera, positioned and 
electrically controlled, took pictures of the various dial and thermometer readings 
either continuously or once an hour, as in normal use. The whole unit was mounted in 
a self-contained box and was battery operated (Fig. 1). 

EXPERIMENTAL STUDIES 

Four bridges, all of different lengths and types, were each studied for approximately 
one year. They were as follows: 

No. 1-A composite bridge with steel beams and concrete deck; 62 ft 7 in. long, 
simple span with neoprene bearings; 0 deg skew; located over the north fork of the 
Rivanna River on Rt. 29 north of Charlottesville. 

No. 2-A composite bridge of prestressed concrete beams and concrete deck; 72 ft 
1 in. long, simple span with Radiolube bearings; 20 deg 12 min 16 sec skew; located 
on Route 726 over Interstate 81 at Harrisonburg. 

No. 3-A bridge of monolithic reinforced concrete; 37 ft 1¾ in. long, simple span 
with self-lubricating bronze bearings; 29 deg 30 min skew; located on the Rt. 250 bypass 
over Rt. 654 at Charlottesville. 

No. 4-A noncomposite bridge with steel beams and concrete deck; 170 ft 3 in. long, 
three-span continuous with rocker bearings; 2 deg 15 min skew; located on Rt. 654 over 
the Rt. 250 bypass at Charlottesville. 

Data read off the film strip from the camera in the gage box were processed through 
a computer, and graphs were separately plotted for eacb hour for temperature (TEMP), 
movement at the top joint of the bridge girder (Dl), movement at the bearing of the 
bridge girder (D4), and rotation in radians at the end of the girder (PHI). A typical 
graph is shown in Figure 2 for a one-week period. Graphs were also prepared by the 
computer for a yearly period, giving the. weekly means and extremes as typically 
shown in Figure 3. 
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ANALYSIS AND CONCLUSIONS 

An examination of all the graphs was undertaken to determine any basic relationships 
between ambient temperature and movements both at the top and bottom of the bridge 
girders. There did exist a general but imprecise relationship between air temperature 
and movement, which was subject to a lag time for the movement ranging from one to 
seven hours. It was also observed that movements at the top and bottom of the girder 
were considerably different, resulting in an end rotation of the girder. A more com
plete account of the specific behavior of each bridge is given elsewhere (4). However , 
a summary of the movements in terms of the apparent observed coefficients ·of expan
sion is given in Table 1. Note the wide scattering of values, seemingly unrelated to 
the theoretical values for the steel and concrete materials in the bridge. As a guide 
for design, it seems reasonable to assume that, under the worst conditions, end move
ments equal to about twice the theoretical values can occur. The theoretical values 
are assumed to be the mathematical product of coefficient of expansion of the material, 
the moving length of the structure, and the change in ambient temperature. 

Temperature appears to be the major parameter affecting length changes, although 
others that play a role are actual temperatures inside the structure, solar radiation, 

TABLE 1 

SUMMARY OF APPARENT COEFFICIENTS OF EXPANSION x 10' 

Bridge No. 1, Bridge No. 2, Bridge No. 3, Bridge No. 4, 
Condition steela 

Concreteb Conc.-eteb 
steel a 

and Concrete and Concrete 

Winter 
Top Negative 1. 5 None 4. 3 
Bottom 4.7 5. 8 8.0 3.6 

Summer 
Top 2. 9 3. 7 7.0 5. 2 
Bottom 5. 5 2. 3 6. 7 3. 1 

Yearly (extreme) 
Top Negative 12. 0 3.2 5. 5 
Bottom 4.0 5. 3 10 . 4 7.4 

~Coefficient of expansion of structural steel, 6.5 x 10-6. 
bcoerficient of expansion of concrete, 5.5 x 10-6• 



4 

volumetric changes caused by moisture and chemical action, creep and shrinkage, bear
ing restraints, pier and abutment movements, and loading changes and vibration. 
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