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A field study and a theoretical analysis have been made of the responses 
of a heavily loaded three-axle vehicle and a two-span, partially contin
uous prestressed concrete bridge. Dynamic responses were obtained 
by crossings of the heavy test vehicle over the bridge on prescribed 
paths at speeds ranging from crawl to 50 mph in 5-mph increments. 
The dynamic wheel force variations of the test vehicle were measured 
at the same time that the displacements and strains at selected points 
on the structure were being monitored. 

The theoretical results are based on a computer routine utilizing 
numerical-analysis methods. The experimentally determined mode 
shapes and frequencies compare favorably with the predicted values 
based on the theoretical analysis. Variations in the dynamic wheel 
forces of the test vehicle were found to have little influence on the dy
namic responses of the bridge. The particular vibration response mode 
induced by the test vehicle entering upon the bridge was the factor of 
most signliicance in bringing about peak live-load responses in the 
bridge. Peak live-load responses were also found to be essentially in
dependent of the precise location of the test vehicle at the instant of 
occurrence. 

•NUMEROUS STUDIES have been made in the past of the dynamic behavior of highway 
bridges under controlled moving loads. Analytical and experimental studies have been 
combined in attempts to develop reliable, rational methods of predicting the dynamic 
response of a particular highway bridge for a given set of bridge and loading parame
ters. The Structures and Applied Mechanics Division, Office of Research and Develop
ment, U.S. Bureau of Public Roads, has fostered such research by cooperating with 
various interested state highway departments in the conduct of field studies. 

One such study was conducted recently with the Florida State Road Department on 
a two-span, partially continuous, lightweight-aggregate prestressed concrete bridge. 
This paper concerns only the dynamic behavior of this bridge. The Department of 
Civil Engineering of the University of Florida will investigate the static live-load be
havior of the bridge in detail. 

The primary bridge-response indicators are beam and slab longitudinal strain gages 
and beam deflection gages. The test vehicle path and velocity are varied as the vehi
cle is driven across the bridge in each direction . The variations in the test vehicle 
dynamic loading attributable to the sprung load mass vibrations are monitored through 
strain gages located on the vehicle axle housings. The bridge-vehicle interaction is 
evaluated and interpreted through detailed comparisons of the recorded data for bridge 
and vehicle. The vibration frequencies, mode shapes, damping, and the dynamic am
plification of response constitute the principal measured values. 

Paper sponsored by Committee on Field Testing of Bridges. 
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DESCRIPTION OF FIELD TEST PROGRAM 

The field test program represented a cooperative effort of a team of researchers 
from the Task Group for Bridge Research of the U.S. Bureau of Public Roads, the 
Division of Materials, Research, and Training of the Florida State Road Department, 
and the Department of Civil Engineering of the University of Florida. 

Test Bridge 

A two-span, partially continuous, lightweight-aggregate prestressed concrete bridge 
that carries the two westbound traffic lanes of US 19 over the Suwannee River near Old 
Town, Florida, was the subject of this research. The two-span portion of the 850-ft 
long crossing that was instrumented extends from the abutment on the east bank of the 
river to the second pier at midstream. Because of the instrument locations, the re
sponse of the instrumented spans to a vehicle approaching over the adjacent flexible 
spans as compared to one approaching from the abutment end was one of the variables 
investigated. 

The spans tested are two 120-ft (nominal) simple spans made continuous for live 
load by a monolithic deck slab over the 1-ft wide space between beam ends at the cen
ter pier and by a contiguous diaphragm between the free ends of the beams. Mild steel 
reinforcement in the slab and dowels embedded in the beams across the center support 
also help to develop the live-load continuity. Each span consists of six standard AASHO
PCI type IV prestressed concrete I-beams spaced 5 ft 2½ in. on centers and resting 
on sliding rocker-type expansion bearings. The design calls for a 7-in. thick deck 
slab. The bridge has a 28-ft roadway, curb to curb, and is on a horizontal tangent and 
a moderate ascending vertical curve. The approach to the bridge from the east is level, 
thus allowing the test vehicle to reach speeds up to 50 mph . 

All concrete in the structure is semi-lightweight, specified to weigh not over 120 
pcf (pounds per cubic foot). The design of this bridge is unique in the annals of the 
Florida State Road Department (1). A bituminous leveling course and wearing surface 
totaling 2 in. has been placed over the lightweight deck. Intermediate diaphragms are 
located at fifth-points of the two-span overall length. An elevation of the bridge shown 
in Figure 1 indicates the transverse sections at which strain and deflection gages were 
located on beams and slab. Sections A and D were located near the theoretical maxi
mum live-load, positive moment sections for a concentrated load in spans 1 and 2 re
spectively. Section C was located as close to the beam bearings as practicable. 

A half-section of the bridge shown in Figure 2 identifies the two paths on which the 
test vehicle was centered during test runs. Path 4 is considered to represent concentric 
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Figure 1. Test bridge elevation showing locations of gaged sections. 
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Figure 2. Half-section of bridge showing gage locations. 

loading, and path 6 to represent eccentric loading. Aggravated impact was induced by 
placing a 2-in. ramp .on the deck across section A on certain runs. Bonded wire strain 
gages, whose responses have been used for the dynamic analysis, were located on or 
near the bottom surface of the beams and on the top and bottom of the deck slab as in
dicated in Figure 2. Deflection gages were located on each of the three beams on the 
north half of the test bridge at s ection A. Although 48 ga-ges were installed on the struc
ture for static load data, less than half of these (as shown in Fig. 2) were required for 
the dynamic analysis. A suspended monorail and carriage, installed previously to pro
vide access to gages located on the north half of the bridge to monitor the time-dependent 
characteristics of the structure, facilitated the installation of the gages for this field 
study. Gage installations were therefore limited to the north half of the bridge. A 
±0.25 G horizontal accelerometer was located on the top of the intermediate pier with 
the sensitive axis parallel to the roadway in order to monitor any motion induced by the 
test vehicle passage. The bridge was designed for AASHO H20-44 loading and had been 
completed and opened to traffic for about two years prior to the conduct of this field 
study. 

Test Vehicle 

The Bureau of Public Roads bridge research test vehicle used in this study is a 
two-axle Diesel tractor coupled to a single-axle semitrailer through a conventional 
fifth-wheel arrangement. When loaded near the site with precast concrete members, 
the test vehicle closely simulated the AASHO H20-44 design load. 

Strain gages have been mounted on the test vehicle at each end of the driver and 
trailer axle housings between the spring pad and the inner wheel flange to measure the 
variation of dynamic wheel forces transmitted to the roadway. Although the gages have 
been calibrated to provide a measure of the magnitude of force variation, the principal 
application of the recorded data is the qualitative measure of the frequency, phase, and 
relative magnitude of wheel for ce applications . 

Based on statically determined spring constants, the average undamped fundamental 
frequency of the loaded vehicle with leaf springs activated is calculated to be 1.92 cps 
(cycles per second). With the leaf springs inactivated, the average frequency on the 



131 

tires alone is calculated to be 2.56 cps. Previous field studies with transducers on the 
trailer leaf springs indicated that the springs were usually inactive except on rough 
pavements, probably because of the magnitude of the sprung load and a high interleaf 
friction coefficient. 

Site Preparation 

The 5-in. long strain gages were bonded to the beams and slab with SR-4 cement. 
On the bridge roadway, 6- by 12-in. areas of the bituminous wearing course were cut 
out to permit installation of strain gages on the top surface of the deck slab. After ap
propriate mechanical protection and waterproofing were added, the opening was back
filled with bituminous cold-patch material. Wire leads from each deck slab gage were 
carried to the curb in a groove cut in the wearing course. Data were recorded inside 
the nearby instrument van by a 48-channel dynamic data acquisition system developed 
by the Consolidated Electrodynamics Corporation and identified as System D. 

The bridge surface profile along three of the test vehicle wheel paths shown in Fig
ure 2 was obtained by means of levels taken along the three lines at 1-ft intervals across 
span 1 (Fig. 1) and for 25 ft each way from the span ends. 

Test Procedure 

Runs were made with the loaded test vehicle crossing the bridge at nominal speeds 
from crawl to 50 mph in 5-mph increments on two prescribed paths. The two paths, 
designated 4 and 6, are shown in Figure 2. Deviations of the vehicle laterally from 
the prescribed path on each run were measured at three points on the path as a means 
of determining vehicle placement accuracy. The actual average speed of the vehicle 
from one end of the bridge to the other on each run was measured precisely with an 
electronic timer and was generally very close to the nominal figure. The runs were 
identified according to the nominal speed, direction, and path of the test vehicle. For 
example, run 10-W-4 was at 10 mph, westbound on path 4. Crawl runs were so indi
cated, and an I-designation was used for those in which the vehicle was driven over a 
2-in. obstacle, across the roadway at section A to induce an aggravated impact. 

The two vehicle paths provided concentric and eccentric loading. The effect of the 
different directions of approach was also a variable studied, but the eastbound runs 
were only made at selected speeds based on a field evaluation of the westbound results. 

DESCRIPTION OF THEORETICAL ANALYSIS 

An analytical investigation was made of the dynamic response of this partially con
tinuous two-span structure using a generalized computer routine written for bridge re
sponse. The program was written by C. F. Scheffey of the Bureau of Public Roads and 
was adapted for present use by W. L. Armstrong of the same organization. 

The application of the computer program provides frequencies and mode shapes for a 
single-beam, lumped-mass representation of a bridge. Nine computer runs were made 
with this program in which the effects of varying certain critical parameters were studied. 
The number of bridge supports and the number, size, and spacing of the lumped masses 
and stiffnesses associated with the beam segments between masses were the input data 
variables. The bridge was considered as a single beam, generally with three lumped 
masses. The beam stiffness was taken as the total calculated stiffness of the full bridge 
cross section using an elastic modulus of 3.25 x 106 psi except for trial variations in 
the vicinity of the intermediate support in an attempt to account for the partial continuity. 

PRESENTATION OF RESULTS 

The data gathered from both the theoretical and experimental studies have been ana
lyzed for three effects: First, the independent dynamic responses of the bridge (Tables 
1 through 4) and the vehicle have been examined; second, the bridge-vehicle interaction 
has been treated; and finally, the various secondary aspects of the dynamic response 
are presented. 
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TABLE 1 TABLE 2 

PEAK LIVE-LOAD TENSILE MICROSTRAINS IN BOTTOM PEAK LIVE-LOAD TENSILE MICROSTRAINS IN BOTTOM 
FLANGE GAGES AT SECTION A FOR PATH 4 RUNS FLANGE GAGES AT SECTION A FOR PATH 6 RUNS 

Vehicle Speed Microstrain at Gages Vehicle Speed Microstrain at Gages 

(mph) 
Beam 3 Beam 2 Beam 1 

(mph) Beam 3 Beam 2 Beam 1 

Crawl 42.0 38.2 41.3 36.2 32.2 33. 6 Crawl 42.2 38. 7 54.7 49. 2 77.8 53.0 
10 46.5 42.2 45.5 40.2 41. 4 38.0 10 43.0 40. 6 58.1 52. 2 84.0 57. 9 
15E 42.0 39.0 44.0 40. l 34. 7 40.2 15E 45.0 44.4 59. 6 54. 5 85. l 60.9 
15 45.3 42.8 47. 5 41. 8 40.0 40. 5 15 39.2 37.9 54.0 48.2 81. 6 54.2 
20E 42.0 40.2 46. 2 42.6 39. 3 41. 5 20E 48.5 46. 2 69.3 57.0 84.3 63. 5 
20 43.0 39. 7 43 . 5 39. 7 42. 3 36.8 20 52. 6 44.6 68.5 59. 2 96.0 69.3 
25 38.8 38 . 3 44 . 3 39.3 35.4 38.0 25 40.9 41.6 55.0 49.0 85. 4 53. 5 
30 43.0 40.2 41.9 39.3 33.6 35. 6 30 41.3 39.8 53.0 49.0 81.2 54.2 
35 40.3 38 . 7 45.0 40.2 36.2 38.0 35 41. 3 45. 5 58. 5 54. 5 90.0 58. 5 
40 44.4 41. 7 43.0 38.0 36. 2 36.6 40 45.1 44. 6 60.4 53. 8 88. 5 59. 5 
45 47.0 44 . 3 45.4 37.7 37. 7 42.9 45 47.4 44. 6 63.1 56. 6 88.2 61.0 
50 45.8 42.8 45 . 4 41.0 36. 6 40.2 50 45.1 41. 6 61. 5 54. 2 84.3 60.8 

51 87.1 80.0 76.0 70.5 66.7 71.4 51 78.1 72.9 100.0 92. 5 133. 3 96.8 

Nuie : All vu lues iep;es,eni individua l w.ai tbvvnd rvru ,;xcgpt thoj,; 
designated E for eastbound and except crawl, which is the c;iv-

N~t~: .A.II VC!foes repre!ent indiv!<loo ! westb,:.1_100 rvns l!'xcl!'pt th~~ 
designated E for eastbound and except crawl, which is the av-

erage of two runs, one in each direction. erage of two runs, one in each direction. 

Bridge Vibration Frequencies, Mode Shapes, and Damping 

Two separate and distinct vibration frequencies were noted. At the lower frequency 
of 2.6 cps, dynamic responses were not discernible in strain gages near the intermediate 
support. The responses at sections between the supports in each span were generally 
180 deg out of phase with each other at this frequency, indicating that the vibration was 
in the fundamental mode (designated mode 1) as shown in the lower half of Figu.re 3. 

At frequencies measured in the 3.4 to 3.8 cps range, a noticeable vibratory response 
was observed in strain gages near the intermediate support indicating the presence of 
a bending moment. This vibration was at the same frequency as at midspan and led the 
midspan response by about 135 deg while the bridge was loaded in either span. At these 
frequencies the responses at midspan in each span were in phase during both loaded and 
unloaded periods of vibration. These findings indicate that this vibration follows the 
second harmonic mode shape (designated mode 2) as shown in the upper half of Figure 
3. The mode 2 pattern could only be confirmed from eastbound runs. 

The same two mode shapes were obtained from the computer routine (Fig. 3). Vari
ous assumptions made in the nine computer runs revealed that the theoretical response 

TABLE 3 

PEAK LIVE-LOAD OOWNWARD DEFLECTIONS AT 
SECTION A FOR PATH 4 RUNS 

Vehicle Speed 
Inches of Deflection 

(mph) Beam 3 Beam 2 Beam 1 

Crawl 0.196 0.173 0.161 
10 0.215 0.200 0.190 
15E 0.217 0.193 0.172 
15 0.227 0. 205 0.172 
20E 0.225 0.211 0.195 
20 0.198 0.193 0.167 
25 0.213 0.193 0.180 
30 0. 195 0.182 0.179 
35 0.218 0.202 0.196 
40 0.216 0.195 0.198 
45 0.213 0. 200 0.201 
50 0.214 0.195 0.193 

51 0.406 0.368 0.330 

Note: All va lucu represent fndi viduol westbound runs O)(copt those 
designated E for eastbound ond except crawl, which is the av
erage of two runs, one in each direction. 

TABLE 4 

PEAK LIVE-LOAD OOWNWARD DEFLECTIONS AT 
SECTION A FOR PATH 6 RUNS 

Vehicle Speed 
Inches of Deflection 

(mph) Beam 3 Beam 2 Beam 1 

Crawl 0.207 0. 250 0.281 
10 0.222 0. 263 0.310 
15E 0.241 0.265 0.306 
15 0.203 0. 242 o. 269 
20E 0.248 0.285 0.330 
20 0.262 0.308 0.364 
25 0. 219 0.264 0. 315 
30 0. 213 o. 263 0.329 
35 0. 241 0.287 0.360 
40 0.238 0. 294 0.360 
45 0.226 o. 274 0.343 
50 0.212 o. 259 0.330 

51 0.261 0.442 0. 530 

Note : All values represent ind ividual westbound runs except those 
designated E for eastbound and except crawl, which is the av
e rage of two runs, one In each direction. 
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Figure 3. Frequencies and mode shapes computed for lumped-mass bridge idealization. 

of a representation of the bridge as a two-span beam with a single intermediate support 
and with the total mass lumped at three equally spaced points in each span resulted in 
mode shapes and frequencies that were in good agreement with those observed in the 
field. Varying the mass distribution in the vicinity of the assumed single intermediate 
support resulted in little change of the two frequencies found. , Increasing the stiffness 
of the beam on either side of the center support increased both frequencies slightly. 
The observed damping in the structure, measured by the average logarithmic decre
ment, was 0.098, a value considered neither high nor low compared with numerous 
other in-service highway bridges of various types. 

The peak bridge responses at the lower frequency, given in Table 5, were generally 
greater than those at the higher frequencies, confirming the mode shapes of Figure 3. 
The vehicle speed and vehicle path and the bridge response frequency are not consis
tently correlated to peak response, suggesting that the initiation of a particular vi-

TABLE 5 

PEAK LIVE-LOAD TENSILE MICROSTRAIN ON BEAM 3 

Span 1, 
Section A 

46. 5 
45.3 
45.1 
45.0 
43.0 
42.0 
41.3 
40.3 
39.2 

F.,3,6cps 

Run 

10W4 
15W4 
50W6 
15E6 
30W4 
15E4 
30W6 
35W4 
15W6 

Span 2, 
Section D 

41. 6 
37.9 
41.6 
41. 6 
41.2 
41. 6 
40.9 
36. 7 
40.9 

Span 1, 
Section A 

52.6 
48. 5 
47 . 4 
47 . 0 
45.8 
45.1 
44. 4 
43.0 
43.0 
40.9 
38. 8 
41 . 3 
42.0 

F"' 2.6 cps 

Run 

20W6 
20E6 
45W6 
45W4 
50W4 
40W6 
40W4 
20W4 
10W6 
25W6 
25W4 
35W6 
20E4 

Span 2, 
Section D 

46.5 
44. 5 
45.4 
43.9 
37. 5 
41. 2 
40.9 
37. 5 
43.9 
40. 5 
45.0 
40. 5 
40.5 

bration mode may be a random 
occurrence. 

A beat was noted in the decaying 
vibrations occurring after the pas
sage of the vehicle. It is apparent 
from an analysis of the responses 
that this is not a classical beat 
caused by the presence of two 
slightly different frequency waves 
in a vibrating medium (2, 3). The 
observed beating appears fo be 
another phenomenon entirely. After 
the passage of the vehicle, · the bridge 
may vibrate for two cycles with a 
0.2- to 0.4-second period followed 
by a period of varying duration in 
which more or less vibration can
cellation occurs. Following this, 
the same pattern is repeated. The 
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TABLE 6 

VEHICLE VIBRATION RESPONSE CHARACTERISTICS 

Vehicle Speed 
and Direction 

(mph) 

10W 
15E 
15W 
20E 
20W 
25W 
30W 
35W 
40W 
45W 
50W 

Maximum Vehicle 
Response 

Path 4 

X 

X 

X 

X 

X 

Path 6 

X 

X 

X 

X 

X 
X 

Periodic Vehicle 
Vibration 

No 
Yesa 
Yesa 
No 
No 
No 
Yeeb 
Occaeionallyc 
No 
No 
No 

0 3.5 cps in path 6; nonperi adlc In polh -4. 
b3,5 cps in paths 4 and 6; tho rospon,e in poth 4 was the most nearly 

perf1:1ct harmonic response observed. 
CJ.6 cps in paths 4 and 6 but not in phoie continually throughout the 
test run. 

theory has been advanced that such a beat 
may be between the normal and torsional 
modes, but there is no evidence in the data 
of a lateral phase variation of displacement 
that would indicate the presence of a vibra
tory torsional mode. It is more likely that 
such beating represents combinations of 
various normal modes. 

Test Vehicle Response 

If periodic vehicle motion may be de
fined as in-phase vibration of the sprung 
masses on dl'iver and trailer axles, the 
dynamic responses of the test vehicle while 
on the bridge were periodic only at certain 
speeds . The infrequent and incomplete 
release of the heavily loaded leaf springs 
noted previously suggests that the tire 
spring is primarily responsible for any 
periodic dynamic response. Table 6 gives 

the vehicle response characteristics at various speeds. 
In a smoothly rolling case, suspension action is insignificant compared to tire action 

for pitch 1·esponse. When the test vehicle is moving at high speed on a moderately 
smooth pavement, an observer in the cab receives the impression that the pitch of this 
vehicle far exceeds the bounce. This would suggest that the driver axle dynamic action 
will prevail. When the test vehicle is pitching, the responses of the two axles should be 
180 deg out of phase. On one particular run, during which this response was noted in 
the vehicle records, the bridge response was singularly free of harmonic vibration. 

Bridge-Vehicle Interaction 

Two general types of dynamic bridge response were prevalent as follows: (a) those 
responses resembling an amplified crawl-speed response with little associated vibra
tion, and (b) harmonic responses at two distinct frequencies with peak responses oc
curring independent of the instantaneous locations of the test vehicle axle. 

There was no consistent correlation of the type of response with vehicle speed. Neg
ative amplifications under moving loads were sometimes observed in both types of re
sponse. In both cases, the relative magnitudes of the test vehicle responses varied 
considerably without influencing the simultaneous bridge strain responses. 

One of the most conspicuous features noted from the present evaluation of bridge and 
vehicle simultaneous dynamic behavior is the general irregularity of pattern of both 
vehicle and bridge responses, in spite of the obvious tendency of each to achieve some 
harmonic oscillation. Except for brief periods on some runs, any periodic elastic re
sponse is obscured by nonlinear and abrupt transients . A more refined and sophisticated 
system is needed to extract further useful findings from these data. 

For the bridge under study, three parameters that were considered to contribute to 
the dynamic strain amplification were investigated through critical evaluations of ve
hicle and bridge responses for individual test runs. A better knowledge of the practical 
significance of these parameters and of their variation in connection with the bridge dy
namic response will be of considerable value in defining the mathematical model. The 
parameters studied are as follows: (a) the vehicle vibration phase, frequency, and am
plitude; (b) the vehicle instantaneous location with respect to a particular cycle of bridge 
motion; and {c) the bridge vibration mode shape, phase, and frequency . 

The vehicle vibration parameters have often been considered to have a primary in
fluence on the bridge response. From detailed comparisons of bridge responses with 
the concurrent vehicle responses in this study, it was readily apparent that factors 
such as magnitudes of instantaneous axle load forces, phase relationships of the axle 
vertical motion to the bridge vertical motion, simultaneous in-phase responses of driver 
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and trailer axle forces, or periodic vibrations of the vehicle axle load, of themselves, 
had only a secondary influence on the bridge response. It is apparent from Tables 5 
and 6 that periodic vehicle response did not coincide with peak bridge response. There 
is an obvious correlation between the bridge and vehicle vibration frequency at 3.5 to 
3.6 cps as well. The only apparent bridge-vehicle interaction was a decrease in vehi
cle vibration amplitude as the vehicle crossed the intermediate support on some runs. 
Figure 4 illustrates typical bridge and vehicle simultaneous response patterns. Little 
difference in vehicle response was noted between some runs in which the bridge re
sponses differed strikingly. 

The factor observed to be of primary significance in controlling the amplitudes of 
bridge dynamic response is the initial mode shape of the vibration established in the 
bridge as a result of the entrance of the test vehicle at particular speeds. The evalua
tion of the peak dynamic bridge responses at different vehicle speeds raised the follow
ing questions: Were these peak response variations occurring with speed primarily 
caused by differences in the bridge mode shape, phase, and frequency activated by the 
entering vehicle; or was the forcing effect of the vehicle inertia force, arriving at the 
bridge maximum moment section at a critical moment, the overriding control? The 
evidence from the data obtained at two speeds, at which significant amplification oc
curred, showed that the vehicle locations at the instant of peak bridge response dif
fered widely. The vehicle instantaneous position is not necessarily a critical factor. 
The conditions favorable to peak dynamic response may therefore be considered to be 
caused primarily by an optimum vibration mode set up by a particular mass entering 
the bridge at some critical speed. Although vehicle mass variations were not attempted, 
it is obvious that amplifications will relate it6 the magnitude of the mass. The slightly 
higher amplifications found in the eccentric runs may be caused by the greater edge 
flexibility of the bridge, inducing a greater inertia force effect from both the vehicle 
sprung load and the total mass of the vehicle. 
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An examination of the negative amplifications that occurred on some runs revealed 
that peak dynamic responses were not oriented symmetrically about the related crawl 
response. There was some evidence from the increased test vehicle response ampli
tudes, as the vehicle crossed the midspan on some runs, that the vehicle suspension 
was behaving as an energy absorber. A possible contributing cause of negative ampli
fication may be the effect of an observed lag in the dynamic deflection response in the 
adjacent span that could be expected to offset the response of the loaded span, which to 
an extent is dependent on the degree of lag. However, negative amplification has also 
been noted on simple-span bridges so that the effect of the adjacent span in continuous 
spans would seem to be a secondary cause of such occurrences. The bridge deflections 
exhibit practically no negative amplification. 

The magnitudes of peak response in span 2, given in Table 5, were generally inde
pendent of those in span 1. The latter finding would disprove any assumption that the 
far span is preconditioned for response by the vibrations induced by the prior loading 
of the first span. However, the maximum peak microstrain amplifications generally 
occurred at the same vehicle speeds in each span. Other noteworthy features of the 
response of this bridge are (a) the large variations in measured microstrain between 
the gages on opposite sides of the exterior beam for eccentric runs, and (b) the greater 
variations of response with speed for eccentric loading. 

Differential Deflection Effects 

When the vehicle is traversing path 4, it is apparent from relative deflections (Ta
ble 3) that there would be little tendency for roll to be induced in the vehicle. On the 
other hand, the greater deflection of the exterior beam for path 6 runs (Table 4) would 
tend to induce roll of the vehicle. It was not possible to verify from the vehicle records 
whether roll actually occurred, but it was nearly imperceptible if it were present. How
ever, the greater deflection of the exterior beam on path 6 runs would induce greater 
inertia forces in both bridge and vehicle. There was no consistent related influence on 
the vehicle response (Table 6). 

The double amplitudes of deflection vibration superimposed on maximum live-load 
deflections at various speeds generally increased in proportion to the magnitude of the 
peak displacement. Microstrain fluctuations were generally less pronounced. 

The relative displacements of the individual beams under moving loads on paths 4 
and 6, given in Tables 3 and 4, indicate that the greater vehicle response, which was 
noted in the path 6 runs, was stimulated by the greater deflection of the bridge under 
the vehicle for the runs nearer to the outer edge of the bridge. Thus, the inertia force 
resulting from the vehicle mass is amplified by both static and dynamic deflection in
crements. 

Deck Slab Responses 

The exceptionally good data obtained from deck gages provided an unparalleled op
portunity to explore the dynamic responses of both upper and lower surfaces of the deck 
slab midway between beams to maximum positive moment applications. Because the 
deck gages on both top and bottom of the slab are highly sensitive to minor variations 
in wheel locations, it is impossible to correlate the deck response accurately with 
speed. The fact that gages on both sides of the slab were equally sensitive to wheel 
passage indicates that the responses measured are concrete microstrains rather than 
a distortion of the gage itself under the contact of the tire. Figure 5 shows the longi
tudinal deck gage live-load microstrain responses. The measured responses indicate 
that, until a vehicle wheel approaches closely, the deck is behaving as part of the top 
flange of each beam with all fibers in compression. As the wheel passes, the slab ap
pears to bend locally with the extreme fibers of the slab experiencing sudden changes 
in microstrain. The dynamic strain gradient is equally steep in a lateral direction as 
indicated by the large differences in response of a slab gage for runs in which the ve
hicle wheel track nearest to the deck gage varied by as little as 12 in. 



Microetraine Between 
Peak Microstrail>e" Concentrated Load Peaks* 

Run Top Bottom Top Bottom 

+54,8 
l5E6( Trailer) .70.0 -34,6 -21,4 -20.8 

-14,9 
l5E4(Driver) -28.6 -24,8 -24.4 -22.8 

+4o,5 
20E6( Driver) -76,6 -32,2 

20E6(Tra1ler) -68,0 
+56,6 
.31,8 

+48.5 
2ow6(Dri ver) -69,5 -22 , 4 

+59,0 
45W6(Driver) -78,0 -31,4 

* See pictorial e"Preeeion o~ reeponoe below; typical values ehawn • 

• 70.0 

-21,4 

L--

-20.8 

+54.8 

Top Gage 
Zero Live Load 

-1 ~Microetrain Level 
(.) • Compression 

Bottom Gage 
..J ~ Zero Live Load 

Microstrain Level 

Figure 5. Typical peak live-load microstrains, deck, slab, section 
A gages on top and bottom deck slab surface. 

Negative Moment Responses at Section A 
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The live-load, crawl run deflection variations shown in Figure 6 indicate a dis
tortion of the bridge as the span is alternately subjected to positive and negative mo
ment loading. 

Responses at Intermediate Pier 

Very little dynamic amplification was evident in the response of strain gages on 
beam and slab located near the intermediate pier. For practical reasons these gages 
had to be located 32 in. from the center of the pier where the maximum moment would 
occur. However, the absence of dynamic amplification was readily apparent. 

Pier Longitudinal Motion 

Graphical integration of the dynamic response recorded by the ±0.25 G horizontal 
accelerometer oriented longitudinally on the intermediate pier revealed that horizontal 
motion of the order of ±0,01 in. was induced at the top of the intermediate pier during 
the passage of the test vehicle. Because this pier was relatively high and was founded 
on piling, somewhat higher responses might have been expected based on previous re
search(!), 
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Beam #3 Beam #2. Beam #1 

038 ,o4o ,o47 Upward . ;......-------,------, 
-- -- -- - _ - Zero Live Load Deflect ion 

. 2(1'/ 
.250 

• 2 1 Downward 

Path 6 Deflections 

Beam #3 Beam #2. Beam #1 

-1--·1-
.196 ,173 

,033 Upward ---1- •= u .. - oo,~moo 

• J.61 Downward 

Path 4 Deflections 

Aggr avated Impact 

The effect of driving the ve
hicle over a 2-in. board at sec
tion A to induce an aggravated 
impact illustrates clearly how 
much the bridge response is am
plified by such a drop, which rep
resents a discontinuity often en
countered on the highway. Data 
in Tables 1 and 3 indicate that 
the resulting strains and dis
placements immediately under 
the vehicle at the maximum mo
ment sections are increased 
over 100 percent. In addition, 
the impact is transmitted to the 
far span quite effectively in this 
bridge type as evidenced by the 
response of the section D gage 
to the impact at section A . 

Bridge Deck Smoothness 
Influences 

Figure 6. Crawl run deflections. Profile lines 2 and 3 in span 1 
maintain a consistently smooth 
gradient, both relative to each 

other (generally varying from 0.0 to 0.03 ft) and relative to the design gradient. Thus 
the eccentric runs should be influenced little, if any, by deck profile effects. Of par
ticular interest was the fact that the sometimes abrupt junction of pavement and bridge 
at the abutment could not be detected as a discontinuity from the profile readings on 
any of the three lines of levels on this bridge . 

Directional Effect 

Direction of the test vehicle run was not a factor of significance to the magnitude of 
bridge dynamic responses even though the approaches obviously differed in flexibility. 
This is evidenced by comparisons of the observed peak responses in the two sets of 
runs in which the vehicle crossed in each direction (Tables 1 through 4). 

SUMMARY 

The experimentally determined mode shapes and frequencies for the bridge studied 
compare favorably with the predicted values based on the theoretical analysis showing 
that the idealized representation of the bridge as a lumped-mass beam is valid for this 
purpose. The live-load continuity of the two spans is shown to be effective by virtue 
of the fact that the best agreement of theoretical and experimental responses was ob
tained when the intermediate support was represented as a single bearing. 

Although dynamic wheel force variations were periodic at some speeds, the varia
tions were completely random at most speeds. The evaluations of the test data for this 
two-span, partially continuous bridge give evidence that vibratory variations in the load
ing are of little consequence to the mode shape, frequency, or dynamic amplification 
of the bridge responses. 

The mode shape of the vibration initiated by the entry of the test vehicle on the two
span bridge is the factor of most significance in bringing about a peak maximum dy
namic response on any particular vehicle crossing. Peak responses occur when the 
mode shape initially generated is that of the fundamental frequency. The subsequent 
correlations of the peak response with the instantaneous vehicle axle positions on such 
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crossings indicate that peak-response magnitudes are independent of the precise ve
hicle location at that instant. In addition, the peak magnitudes of dynamic response 
for this bridge are also sensitive to vehicle path variation with curb lane loadings pro
viding the greater amplification. 

This bridge appears to be somewhat more sensitive to aggravated impact thus re
flecting the low modulus of elasticity of the lightweight concrete. Other data recorded 
during the conduct of the test provide information of general design interest on condi
tions, such as pier motion, deck slab responses, directional effect, and localized beam 
distortions, that may be expected to occur in similar two-span, partially continuous 
structures. 

REFERENCES 

1. Lightweight Prestressed Concrete Beams Span the Suwannee River. Engineering 
News-Record, June 4, 1964. 

2. Englis, C. E. A Mathematical Treatise on Vibrations in Railway Bridges. 1934. 
3. Nieto-Ramirez, J. A., and Veletsos, A. S. Response of Three-Span Continuous 

Highway Bridges to Moving Vehicles. Univ. of Illinois, Eng. Exp. Station, 
Bull. 489, 1966. 

4. Kinnier, H. L., and McKeel, W. T. A Dynamic Stress Study of the Hazel River 
Bridge. Virginia Council of Highway Investigation and Research, 1964. 




