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SUMMARY

Extensive experimental investigations were conducted on the Golden Gate
Bridge to determine, using ambient vibration data, the mode shapes, the
associated frequencies, and the damping of the bridge vibration. The ambient
vibration tests involved the simultaneous measurement of vertical, lateral,
and longitudinal vibrations of the suspended span and the measurement of
longitudinal and lateral vibration of the main tower. Measurements were made
at selected points on different cross sections of the stiffening structure and
the tower. A total of 91 modal frequencies and mode shapes of the suspended
span and a total of 46 modal frequencies and modes of vibration of the tower
are determined. Finally, comparison with previously computed mode shapes and
frequencies shows good agreement with the experimental results.

DESCRIPTION OF THE BRIDGE

The Golden Gate Bridge (Figs. 2, 3, 4) which lies across the entrance to
San Francisco Bay and joins the northern and southern peninsulas was completed
in 1937. The main span is 4200 ft, and side spans are 1125 ft long each and
are suspended from the main cables. The width of the roadway is 90 ft, and
provides six traffic lanes and two sidewalks. The towers (Fig. 4) are made up
of two shafts that are connected by horizontal struts in the panels that com-
prise the upper 500 ft of each tower. The towers are anchored to massive con-
crete piers which are founded on rock. The two cables are 36.5 inches in
diameter. See Refs. 1, 2, 3 for the complete details of the bridge.

DESCRIPTION OF THE INSTRUMENTATION

Figure 1 summarizes the instrumentation used in the tests, the measuring
procedures, the data processing, and the experimental set-up of the ambient
vibration tests. More details of the.description of the instrumentation can be
found in Ref. 1. The following is a brief summary of the instrumentation:

1. Motion-Sensing Transducers: bridge response was measured at various loca-
tions using Kinemetrics' Model FBA-1 and FBA-11 Force-Balance Accelerometers.

2. Signal Conditioning: signals from the accelerometers were amplified and
filtered using three Kinemetries' Model SC-1 four-channel Signal Condition-
ers.
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3. Recording: the amplified and filtered data were recorded simultaneously
on a Honeywell Model 5600E l4-channel FM tape recorder.

4. Spectrum Analyzer: A Hewlett—Packard 3582A dual channel Spectrum Aralyzer
was used in the field to observe the frequency content of the data.

5. Electronic Analog-Digital Converter: the recorded analog signals were
digitized using the Kinemetrics DDS-1103 electronic analog-digital converter.

CENTER AND SIDE SPAN MEASUREMENTS

The vertical, longitudinal, and lateral motion of the center and side
spans on half of the bridge were measured using 12 channels of accelerometers.
During each testing session, six accelerometers were mounted at one of the
stations (1-18) indicated in Fig. 2. The positions and orientations of these
six accelerometers at a typical station are shown in Fig. 3. Six reference
accelerometers were located at the cross section indicated by R (Station 8 in
Fig. 2), where they remained throughout the tests on both spans. Summing the
outputs of accelerometers C and E (Fig. 3) gives the purely vertical motion
while subtracting their outputs gives the torsional motion. Similarly, summing
the outputs of accelerometers A and B gives the purely lateral motion while
subtracting their outputs provides information on the torsional motion.

TOWER-PIER MEASUREMENTS

The longitudinal and lateral motions of the south tower were measured
using 9 channels of accelerometers. The reference station was chosen to be
at the roadway level (Station 5 of Fig. 4). Purely longitudinal vibration
was obtained by summing the outputs of accelerometers A and C (Fig. 4)
while torsional motion was obtained by subtracting their outputs. Samples of
the Fourier amplitude spectra of the recorded span-vertical motion as well as
tower longitudinal motion are shown in Fig. 5.

NATURAL FREQUENCIES, MODES OF VIBRATIONS, AND DAMPING

The procedure for determining mode shapes was to divide the spectral
amplitude of the response at a given station by the spectral amplitude of the
simultaneously recorded response at the reference station. In this way, an
amplitude proportional to the mode shape amplitude at that station is obtained
for a given frequency of vibration. Repeating this procedure for every station,
the mode shapes were determined. The phase of the response was compared to
that of the reference instrument to determine the signs of the modal displace-
ments. The measured mode shapes and natural periods are compared to those
obtained by theoretical analyses (Refs. 1,3); Figs. 6, 7, 8, and 9 show some
of these comparative results for the suspended spans and tower. Tables 1 and
2 summarize the comparative results for the first few modes of the span and
tower vibrations. Certain similarities and differences between the measure-
ments and the computations are apparent, but in general there is an excellent
agreement between the measured and computed mode shapes and their associated
natural periods. Finally, the estimated damping values in Tables 1 and 2
were obtained by the method of half-power bandwidth of the Fourier spectrum
peaks.
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COMPARISON BETWEEN MEASURED AND COMPUTED
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(THE GOLDEN GATE BRIDGE)
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GOLDEN GATE SUSPENSION BRIDGE
AMBIENT VIBRATION STUDIES EXPERIMENTAL SET-UP
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Comparison between computed and measured first four natural

periods and mode shapes of symmetric and antisymmetric vertical
vibration of the stiffening structure of the Golden Gate Bridge.
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Fig. 7 Comparison between computed and measured first four natural
pefiods and mode shapes of symmetric torsional vibration of the
stiffening structure of the Golden Gate Bridge.
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Fig. 8 Comparison between computed and measured first two natural
periods and mode shapes of symmetric and antisymmetric lateral
vibration of the stiffening structure of the Golden Gate Bridge.

887



*9bpiag @3e9 USP(OY BYI JO 4BMO] BY} JO SUOIIBIGIA |BABIB| pUEB |BUO]S10]
‘leuppniibuo| jo sadeys opow pue spolusad |eanjeu painseaw pue palndwod usamiaq uosiiedwo) § By

29s /"0 poilad paindwo)

bud L

23S _Nw.o
poiaad
[esayey
patnseaw
puodag

295 79(°0 pot4ad paindwo]

gl [P

3s €91°0
pojaad

{euy

-pn1buoy
paJanseaw
yiunoy

>

295 Sg1°2
poiuad
—muvum_
painseaw
Isd14

295 99270
poyjaad
jeuy
-pn3buog
paJnseaw
P41yl

29s [Qf°Z poliad pajndwoy)

2%

22s g/z°0 poldad painduo)y

| 7%

L

3

E

A

295 Qhh'0 polsad pa3indwo)

295 G6h'Q
poluaad
leuoysioly
poinseau
puodag

295 9450
polaad
leuy
-pn3i6uoy
paanseau
puodag

295 [gh 0 poiaad paindwo)

o0

Eud

L

A

7

A

59s Q|| potdad peindwo)

I9s qlz°l
poiiad
|euojsio}
painsesu
Is414

29s 4y°

29s 7€' |
poiasad
Leuy
-pn3buo|
painsesw
Isdd

0.0

Lk

d

b

(d

2

;|

| potaed paindwoy

3

888





