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This paper presents results of field measurements of dynamic deflections of 
simple-span bridges due to the passage of a heavy vehicle. Data are pre
sented for five bridges of typical design. No strain measurements are pre
sented, and the discussion is limited to a consideration of midspan deflec
tions. Typical dynamic deflection records are shown for the five bridges 
tested. 

The maximum observed amplitudes of vibration for the test bridges vary 
from 18 to 40 percent of the maximum static deflection. These amplitudes 
are considerably greater than would be produced by a theoretical smoothly 
runmng load. 

The frequencies of the observed vibration while the load is on the span is 
generally not the natural frequency of the structure but is apparantly related 
to the natural frequency of the vehicle on its suspension system. Experiments 
with a vehicle in which the springs had been blocked out of action indicate that 
considerably larger vibrations occur in this case than in the case of a com
pletely sprung vehicle. 

It IS concluded that one of the most-important factors which influence the 
vibration of bridges is the dynamic characteristics of the vehicle itself. 
Another important factor is the condition of the roadway surface on the ap
proaches, which may cause a vibration of the vehicle mass on its suspension 
system as i t enters the span. 

Also reported are experiments with a vertical accelerometer which may 
be used to measure vibrations without reference to a fixed point. The use of 
an accelerometer is shown to be a satisfactory method for measuring the free 
vibration of a bridge. 

# THE modern tendency toward large span-depth ratios has focused attention on the 
problem of highway-bridge vibrations. Until recent years this problem has been gen
erally ignored by engineers, with the result that there exists no satisfactory method by 
which a designer can predict the dynamic behavior of a bridge structure. This paper 
contains the results of a series of dynamic field tests conducted on several bridges in 
an attempt to obtain some of the much-needed information on this important problem. 

The most-severe vibrations have been said to occur in multispan bridges. However, 
an understanding of the behavior of simple-span structures is desirable before a solu
tion of the more-complex problem of continuous bridges is attempted. For this reason 
the project reported herein has been restricted to simple-span bridges. 

The theoretical prediction of bridge vibration is complex, because there are many 
parameters involved; the reliability of such prediction is limited by the uncertainty re
garding proper values of many of these parameters. These include not only the struc
tural properties of the bridge but also the dynamic characteristics of the vehicle and 
the character of the roadway surface. The main purpose of this project was to define 
the problem more clearly by indicating which of the many parameters are of greatest 
significance. 

The data presented are the dynamic midspan deflections of five simple-span bridges 
during the passage of a single heavy vehicle. Because of the general nature of the 
project's purpose, i t was desirable to limit the measurements to midspan deflections, 
thus making it possible to test a larger number of bridges. When it becomes possible 
to predict dynamic deflections, the determination of dynamic stress increments wil l be 
greatly simplified. 

A consideration of the results leads to certain conclusions regarding the amplitude, 
frequency, and damping characteristics of the induced vibration. These conclusions 
are significant, since they indicate the basic character and the major causes of the 
vibration. 



DESCRIPTION OF TESTS 

The Structures 

Cross-sections of the five test bridges are shown in Figures 1 through 5. These 
bridges are representative of the several types of simple-span structures currently m 
use in Massachusetts. These particular bridges were selected because their structural 
makeup and location presented a minimum of experimental difficulty. Simple structures 
were purposely chosen in order to minimize unnecessary complications which might 
make the analysis of test results more difficult. 

Three of the structures are of the plate-girder type and two are steel-stringer bridges, 
one of which contains spiral reinforcement to provide composite action between the 
stringers and the concrete-deck slab. With the exception of the Ware Malboeuf Bridge, 
which has an open-steel deck, all of the bridges have concrete-deck slabs. 

Also shown in Figures 1 through 5 are the span, weight per foot, and rigidity (EI) of 
the five test bridges. Two values of the rigidity are shown. The "design EI" includes 
those elements of the cross-section which are normally considered in the calculation of 
stresses. The "composite ET' includes all elements of either steel or concrete with 
the exception of railings. In these computations a modulus ratio of ten has been assumed. 
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F igure 1. Conway S h i r k s h i r e Road Bridge . 

Test Apparatus 
The test vehicle used on all bridges is shown in Figure 6. It is a two-axle (six-wheel) 

Sterling-White 10-ton dump truck having a wheel base of 13 feet and a tread of 6 feet 6 
inches. When loaded, the total weight of the vehicle was approximately 43, 000 lb. with 
36,000 lb. on the rear axle. The exact weights for the various test runs are given with 
the description of test results. 

The information desired for each of the tests was a continuous record of the midspan 
deflection during the passage of the vehicle across the span and for a significant period 
thereafter. This information was obtained by a deflectometer specially designed for 
this purpose. The component parts of the instrument are shown diagrammatically in 
Figure 7 and the assembled instrument in use is shown in Figure 8. A short length of 
aluminum pipe of 1-inch diameter is held tightly against the underside of the structure 
by means of a compressed steel spring. Threaded to a cap at the bottom of this pipe 
is a )4-inch-diameter rod which, in turn, depresses a small calibrated beam. As the 
bridge deflects, the rod is forced up or down, thus displacing the measuring beam. The 
pipe and rod are held in place by several ball-bearing guides. The entire system is 
mounted within a light steel tower held f i rmly against the ground or stream bed by the 
compressed spring. The tower is constructed in three units, each of which can be ad-



justed in length. Thus, any height up to a maximum of 24 feet can be accommodated by 
the instrument. 

The measuring element is an aluminum beam by % inch m cross-section on a 10-
inch span. The midspan displacement of the measuring beam, which is equal to the de
flection of the bridge, is obtained by two SR-4 (Type A-7) strain gages mounted on the 
beam. These gages were calibrated in a movable-head testing machine so that the gage 
readings could be converted directly to deflection. 

The strain readings were recorded by a Sanborn strain-gage amplifier (Model 64-
500A) and a Sanborn direct-writing recorder ("Twin-Viso" Model 60). This equipment 
produces a deflection-time record directly by means of a heated stylus writing on mov
ing heat-sensitive paper. A choice of paper speeds is available, but in all tests a speed 
of 100 mm. per sec. was used. 

The average velocity and position of the test vehicle was determined by use of two 
simple mechanical switches placed in the roadway over the supports of the structure. 
Each switch consists of two steel strips held apart by insulated spacers. When the 
wheels of the vehicle pass over the switch, the two strips are forced together, closing 
a circuit which causes a separate writing arm on the Sanborn recorder to mark a "pip" 
on the test record. Knowing the paper speed and span of the bridge, the average vehicle 
velocity may be easily computed. 
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F i g u r e 2. G i l b e r t v i l l e Ware River Bridge . 

Test Procedure 

The testing of each bridge began with the measurement of static deflections. The 
test truck, straddling the roadway centerline, was moved into various positions along 
the span and the midspan deflection recorded. On the girder bridges the deflections 
were measured at the bottom flange of one girder, while on the stringer bridges the 
deflections were measured at midspan of the stringer nearest the centerline of the road
way. Moving load tests were then conducted at vehicle speeds beginning at 10 mph. and 
increasing by 3-mph. to 5-mph. increments up to the maximum attainable velocity. 

The maximum velocity was limited by the vehicle and the condition of the approaches. 
In general, maximum speeds of approximately 40 mph. were attained. During the 
moving load tests, care was taken to ensure that the vehicle speed was as constant as 
possible and that the truck maintained the centerline position as it crossed the span. 

Measurements were taken for passages in both directions. 

TEST RESULTS 
Typical deflection-time records for the five test bridges are shown in Figures 9 

throu^ 14. It is impossible to present in this paper more than a few of the many rec-



ords which were obtained. However, additional records would provide little more in
formation, since there is no apparent correlation between the characteristics of the 
vibration and the speed of the vehicle. In general, the records shown are among those 
which indicated the largest vibrations. 
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Figure 3 . Townsend Wain S t r e e t Br idge . 

These records have been replotted from the original traces in order to provide more-
convenient scales. The ordinate is taken as the ratio of dynamic to maximum static de
flection at midspan. The abscissa is the position of the rear axle in terms of span length. 
A time scale is also provided. A static-deflection curve, based upon the measured 
static deflection, is shown in each figure for reference purposes. This is the so-called 
crawl deflection which would result from a very-slow passage of the vehicle. Also shown 
in each figure are the axle weights for that test run, the velocity of the vehicle, and the 
maximum static deflection. The residual vibration after the load has left the span is 
shown for a limited period of time. 
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Figure 4. Townsend South S t r e e t Bridge . 

DISCUSSION OF TEST RESULTS 
As stated previously, there is no satisfactory theoretical solution available for the 

highway-bridge-vibration problem. However, in order to interpret the test results in
telligently, i t IS helpful to enumerate some of the basic theoretical concepts involved. 

The causes of the vibration may convemently be separated into the following classi-



fications: (1) the simple passage of a mass load across the span which produces vibra
tion even though the roadway be perfectly smooth; (2) the vertical motion of the vehicle 
mass on its suspension system which is induced on the approaches and continues to some 
degree as the vehicle crosses the span; (3) sharp surface irregularities on the structure 
itself, which produce an "impact" effect involving sudden changes in the applied force. 
Each of these three causes are discussed below m general terms in order to form a 
basis for the discussion of the actual test results. 

Cause 1 
When an unsprung mass load crosses a bridge span with a perfectly smooth roadway 

surface, free vibrations are superimposed on the static or crawl deflection. The f re 
quency of this vibration is essentially the same as the natural frequency of the structure. 
In this connection it should be noted that, due to the mass of the load, the natural f re 
quency of the bridge continually changes as the vehicle crosses the span. However, in 
most practical cases the maximum variation in natural frequency does not exceed 20 
percent. 
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Figure 5. Ware Malboeuf Br idge . 

For the structures and vehicle speeds included in this test program, the amplitude 
of vibration caused by an unsprung load on a smooth surface would be about 5 or 10 
percent of the maximum static deflection. As will be discussed below, the test results 
show much-larger vibrations. 

In the usual practical case the major part of the load is supported on springs. In 
general, the effect of the springs is to reduce the amplitude of vibration. However, this 
is a relatively minor effect when the vehicle is traveling on a perfectly smooth surface. 

Cause 2 
The second cause of vibration may be the most important. As the vehicle enters the 

span there is usually some degree of vertical oscillation of the vehicle mass on its sus
pension system, which results in a periodic variation in the applied force. This is 
roughly equivalent to a traveling alternating force of some magnitude superimposed on 
the gravity force of the mass load. Theoretical solutions for this case which were de
veloped in the study of railroad-bridge vibrations indicate that the predominant frequen
cy of the vibration is the same as the frequency of the alternating force rather than the 
natural frequency of bridge. 

The amplitude of these vibrations depends not only upon the magnitude of the alter
nating force but also upon the relation between the frequency of the force and the natural 
frequency of the structure. If the two frequencies are the same, a resonant condition 
exists and extremely large vibrations may result. Complete resonance cannot be at
tained, however, because the natural frequency of the bridge changes as the vehicle 
crosses the span. 

The amplitudes are also limited by the damping characteristics of both the structure 
and the vehicle. However, theoretical solutions indicate that, in practical cases, the 



vibration resulting from the condition described above can be much larger than that 
caused by a smoothly running load. 

Some of the ideas expressed above are illustrated by the model-analysis results 
shown in Figure 15. These results are entirely qualitative and should not be considered 
as an indication of the magnitude of vibration in actual structures. The model bridge 
was a l)'2-by-y4-inch steel bar to which weights were attached to provide a natural fre
quency typical of the bridges tested. The model vehicle was a steel mass supported on 
four wheels which could be pulled across the span at constant speed. The vehicle was 
constructed so that springs could be inserted between the wheels and the mass. The 
quantity measured is the bending strain at midspan which is nearly proportional to the 
midspan deflection. 

The top trace in Figure 15 shows the variation in strain as the load crosses the span 
when no springs are present and the mass is supported directly by the wheels. The 
second trace indicates that, when the springs are inserted, the vibration is appreciably 
reduced. The bottom trace shows the much-larger strain variation resulting from the • 
passage of a spring-born mass which had been artificially excited to vertical oscillation 
just before it entered the span. The natural frequency of the spring-borne mass was 
approximately equal to that of the unloaded structure, and even larger vibrations were 
prevented only by the high degree of damping in the spring system. The bottom trace 
in Figure 15 is similar in several respects to the deflection measurement of the actual 
structures. 

Cause 3 
The third possible cause of vibration listed above is the effect of sharp irregularities 

or bumps in the roadway surface on the bridge itself. In the case of an unsprung ve
hicle, this results in a large and suddenly excited vibration at the natural bridge fre
quency. The presence of springs on the vehicle complicates the problem but generally 
reduces the magnitude of the vibration. It is believed that, on most modern highway 
bridges, the surfaces are sufficiently smooth to prevent this effect from being the major 
cause of vibration. 

The maximum static deflections which were measured on the 
five test bridges are given in Figures 9 through 14. For comparison with theoretical 

Static Deflections. 

values, an effective rigidity, EI, based upon these deflections, has been computed for 
each bridge and is shown in Table 1. In general, the composite rigidity described 
previously is more indicative of actual behavior. However, except for the Townsend 
South Street Bridge, there is considerable difference between experimental and com
puted values. 



In the case of the GilbertviUe Bridge, which is a deck-girder structure, the results 
indicate that only a part of the floor system contributes to the rigidity. The results for 
the Townsend Main Street Bridge, a fairly wide stringer bridge, indicate that the entire 
width of cross-section is not fully effective. The experimental effective rigidities of 
the Conway and Ware bridges are more difficult to explain, because they are consider
ably larger than any value which could be computed from the cross-section. Possible 
explanations include a higher concrete modulus than assumed m the computations and 
some degree of restraint at the supports. 
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Frequencies of Vibration 
The natural frequency of the structure is best indicated by the residual vibration 

which continues after the load has left the span. In all of the tests conducted, the f i r s t 
mode of vibration was predominant, and the following discussion is limited to a con
sideration of this mode. 

The natural frequencies obtained from the residual vibrations are given in Table 1. 
Some difference was observed between various test runs, but the percentage variation 
is insignificant. The Ware and Townsend South Street bridges display an interference 
effect which is apparent m a periodic variation in the amplitude of the residual vibration 



TABLE 1 
COMPUTED AND EXPERIMENTAL RIGIDITY 

1 2 

(Values of EI are 10" lb, -in') 

Computed E;q)erimental 

Bridge Design 
EI 

Composite 
EI 

Static 
Deflection 

ins 

Effective 
EI 

Frequency 
cps 

Effective 
EI 

Conway 0. 90 2.10 0.179 2.87 6. 00 4. 33 
Gilbertville 19. 50 54. 60 0.085 27. 50 4.28 38.80 
Townsend- Main 7.44 9.12 0.162 6, 77 3.77 12. 50 
Townsend- South 6. 27 7.20 0.146 6. 78 4.17 8.89 
Ware 2. 34 2. 43 0. 221 3.26 5. 50 3.84 

(see Figures 13 and 14). The reason for this phenomenon is uncertain, but i t may be 
the result of vibrations in the floor system superimposed on that of the main girders. 

Effective rigidities based upon natural frequency have been computed and are shown 
in Table 1. In all cases the values are greater than those based upon static deflections. 
Although this cannot be completely explained, i t is probable that the causes are a great
er participation of secondary elements and a greater degree of f>'ictional restraint at 
the ends of the span. 

While the load is on the span, the frequency of vibration is generally not the natural 
frequency of the bridge. This seems to suggest that it is a forced rather than a free 
vibration. It is believed that this forced vibration is caused by the vertical oscillation 
of the vehicle mass on its suspension system, 

TABLE 2 
MAXIMUM OBSERVED AMPLITUDES OF VIBRATION 

Natural Truck Max. Amplitude 
Bridge Frequency Velocity Max. Static Deflection 

cps mph 
Townsend-Main 3,8 29.3 0.30 
Gilbertville 4.0 30. 5 0. 33 
Townsend-South 4.2 25. 5 0. 40 
Ware 5.2 17.9 0.18 
Conway 6.0 35.0 0. 27 

In order to verify this conclusion, the natural frequency of the vehicle was meas
ured by means of the accelerometer described elsewhere in this paper. When the sta
tionary vehicle was excited by artificial means, the natural frequency was found to be 
about 3.1 cps. Unfortunately, this value cannot be accepted with certainty because a 
modern vehicle is a complex, nonlinear dynamic system. The predominant frequency 
of the moving vehicle varies, depending upon the mode of vibration excited by the rough
ness of the roadway. Measurements were also taken of the vertical accelerations of the 
truck body as the vehicle moved along a roadway. 

These records are difficult to interpret because of the many modes of vibration ap
pearing in the acceleration trace. However, the predominant frequency apparently 
varies between 2 and 3 cps. Many of the test records of bridge deflection display f re 
quencies of vibration falling within this range, even though the natural bridge frequency 
is well outside the range. 

In Figure 9 the predominant frequency during the entire time of crossing is approxi
mately the measured truck frequency and cannot possibly be related to the natural f re
quency of the bridge. In Figures 10, 11, 12, and 13 the vibration begins at the truck 



frequency but degenerates into the natural 
bridge frequency before the vehicle has 
left the span. This may be explained by 
the fact that the truck oscillations which 
had been induced on the approaches were -
damped out before the crossing had been 
completed. The test records shown in 
Figures 10 and 11 are for the same struc
ture but the vehicle was traveling in op
posite directions. 

The frequency of the vibration at the 
beginning of the passage is different in 
the two cases, which is probably due to 
the fact that the predominant truck fre
quency was also different. The test record 
for the Ware Bridge, shown in Figure 14, 
is more difficult to interpret. Apparently 
the vertical truck motion is less severe 
than that encountered on the other bridges. 

Most of the other test records obtained 
but not presented herein display the same 
frequency characteristics as those des
cribed above. It is therefore concluded 
that the frequency of vibration, at least 
during the first part of the crossing, is 
related to the natural frequency of the 
vehicle. 

Amplitudes of Vibration 
The first conclusion that is drawn from 

an inspection of the test records is that 
the amplitude of vibration is much larger 
than that which would be caused by a 
smoothly running load. In fact, the vibra
tion caused by such a load is so small in 
comparison to the observed vibration as Figure 8. View of Deflectometer in use. 
to be almost negligible. A second conclusion is that there is little evidence of the effect 
of sharp surface irregularities on the structure itseK. In practically all cases the vi
bration is initiated when the truck enters the span and continues throughout the passage. 
Surface irregularities are probably a contributing factor but not the major cause of vi
bration. From a study of frequencies as well as amplitudes, it appears that the major 
cause of vibration, at least in these particular structures, is a periodic vertical os
cillation of the vehicle as it enters the span. 

A study of all test records fails to reveal any correlation between the amplitude of 
vibration and the speed of the vehicle. However, the range of test speeds is limited, 
and it is reasonable to expect that higher speeds would generally cause larger vibra
tions. This conclusion is based upon the assumption that higher speeds would induce 
more-violent truck oscillations. 

The maximum observed amplitudes of vibration for all of the test bridges are shown 
in Table 2. These values are the numerical averages of the positive and negative dis
placements from the neutral position in one complete cycle of vibration. In general, 
these amplitudes were not constant across the span, and the average amplitude during 
passage of the load is somewhat less than the maximum. It should be emphasized that 
the maximum amplitudes shown in Table 2 are not necessarily related to the maximum 
total deflection. Only by coincidence does the maximum downward amplitude of vibra
tion occur at the same point as the maximum static deflection. However, this paper is 
concerned primarily with the vibration itself, rather than with total deflection. 
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The maximum amplitudes in Table 2 do not represent unusual cases. Several other 

records for each of the bridges displayed amplitudes nearly as large as those shown. 
If, as concluded above, the major cause of vibration is an alternating magnitude of 

the applied force, the two-most-significant parameters are the amplitude of the truck 
oscillation and the natural frequency of the bridge in relation to the natural truck f re 
quency. Although a very limited number of bridges are included, the maximum ampli-
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tudes shown in Table 2 generally ve r i fy this statement. 

The three bridges having low natural frequencies approaching that of the truck pro
duced the largest amplitudes m proportion to the static deflections. The fact that the 
Townsend South Street Bridge displayed the largest amplitude can be explained by the 
fact that i t has the roughest approach roadway of the three low-frequency bridges. The 
Conway Bridge, which experienced vibration greater than is consistent with its natural 
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frequency, has a gravel approach roadway which is the roughest of a l l f ive bridges. 

I t should be noted that the f ive test bridges are not unusual with regard to the rough
ness of the approaches. With the exception of the gravel approach roadway to the Con
way Bridge, a l l approaches have bituminous surfaces in reasonably good condition. 

Influence of Vehicle Springs 
In an attempt to investigate the effect of the vehicle springs, additional tests were 
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made on the Townsend Main Street Bridge. In this test series the springs of the truck 
were blocked, and the vert ical freedom of the vehicle was l imi ted to the effect of the 
pneumatic t i res . A different truck, s imilar to the one previously described, was used 
in these tests. 

The results are shown in Figure 16, where a comparison is presented between a test 
run during which the springs were blocked and one during which the springs were acting 
normally. I t is immediately obvious that the vibration is much-more severe in the former 
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case. In fact, the amplitude of vibration reached a rather alarming 56 percent of the 
static deflection. The large vibrations resulted p r imar i ly f r o m the vert ical oscillation 
of the vehicle on its t i res , which was noticeably violent during a l l runs fo r which the 
springs had been blocked. 

This experiment emphasizes two important conclusions: (1) the dynamic character
istics of the vehicle are of pr imary importance and (2) the general effect of the springs 
is to reduce the amplitude of vibration. 

Damping Characteristics 
In any theoretical solution of the vibration problem, the damping characteristics of 

the structure are of importance. The damping coefficients observed in the f ive test 
bridges are given in Table 3. The coefficient S is contained in the equation 

n o 
where An is the amplitude of the nth cycle and AQ is the in i t i a l amplitude. The coeff i 
cients given were obtained f r o m the residual vibration by taking A o at the f i r s t distinct 
cycle of f ree vibration after the load le f t the span and An at a convenient number of cy
cles thereafter. The damping is not exactly exponential, but the assumption is sufficient
ly accurate f o r practical purposes. 
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Figure 17. 
I t may be observed in Table 3 that the two bridge types display radically different 

coefficients and that there is remarkable agreement between the bridges of each type. 
However, the number of structures is probably not sufficient to warrant definite con
clusions. 

In general, the damping is less than might be e:q)ected. For example, in the case 
of girder bridges, the tenth cycle has an amplitude of approximately 62 percent of the 
f i r s t cycle. The same quantity for stringer bridges is 25 percent. 

VERTICAL-ACCELERATION MEASUREMENTS 

As a part of this project, experiments were conducted to determine the feasibil i ty of 
measuring bridge vibrations by means of an accelerometer. In this procedure, deflec-
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DAMPING COEFFICIENTS 
An = Aoe -2 irnS 

Bridge Type Damping 
Coefficient, S 

Townsend- Main Stringer .020 
Gilbertvil le Girder .007 
Townsend-South Girder .007 
Ware Girder .008 
Conway Stringer .024 

TABLE 3 tions are obtained by double integration of 
the acceleration records. 

No commercial accelerometer was ob
tainable which had the desired ranges of 
frequency and amplitude. For this reason, 
an instrument was especially constructed 
f o r this project. I t consists essentially of 
a mass supported part ial ly by strain-gage 
wires. When vibration occurs, the strain 
in the wires, which is proportional to the 
acceleration, is recorded by the Sanborn 
system. 

A typical acceleration record is shown 
Figure 17. Theoretically, a complete 

deflection record can be produced by double integration of the acceleration record. How
ever, the accelerations associated with the crawl deflection are very small , and an ex
tremely accurate record would be required to produce a total deflection curve. This is 
not a serious defect, since the oscillation about the crawl deflection is of pr imary i n 
terest. A s implif ied procedure was adopted in which each half cycle of oscillation is 
considered independently and assumed to be a half cycle of simple harmonic motion. 
The maximum displacement i n a ha]f cycle is then given by 'A' w VT*, where "A' is the 
maximum acceleration and T is the length in seconds of the half cycle. 

A typical result of the approximate procedure described above is shown in Figure 17, 
where i t is compared with a directly measured deflection record. The agreement is 
generally good, although the accelerometer cannot attain the accuracy of direct-deflec
tion measurements. The residual vibration, which is not shown in Figure 17, can be 
accurately determined by the accelerometer, because the high-frequency accelerations 
are much-less prominent. Thus, the natural frequency and damping coefficient of a 
structure are easily determined by acceleration measurements. 

The principal advantage of the accelerometer is that i ts use does not require access 
to the underside of the bridge. I t need only be placed on the structure and connected to 
the recording device. Thus, the dynamic behavior of a bridge can be determined rapid
ly . If the oscillatory motion alone, rather than a complete deflection record, is desired, 
the use of an accelerometer shows considerable promise. 

CONCLUSIONS 

The e:q)erimental program was l imi ted in scope, and the conclusions l isted below 
should not be applied to structures or conditions dissimilar to those encountered in the 
test program. 

1. The most-important single factor which influences the amplitude of vibration is 
the vert ical oscillation of the vehicle as i t approaches the span. Although the magnitude 
of oscillation depends upon the roughness of the roadway, this factor is of pr imary i m 
portance, even on surfaces which are normally considered to be smooth. 

2. The natural frequency of the vehicle and the type of i ts suspension system are 
also of pr imary importance. 

3. As a result of the foregoing, the amplitude of vibration is several times that 
which is predicted by computations based upon smoothly running loads. 
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