TACOMA NARROWS BRIDGE COLLAPSE
The failure of the Tacoma Narrows bridge in 1940 is described in several publications.  The following account is drawn from the official investigation of the failure: Texas A and M College Eng. Exp. Sta. Bull. No. 78, 1944; University of Washington Eng. Exp. Sta. Bull. No. 116, parts I - IV, 1950-54; and from Prof. F. B. Parquharson, Director of the Engineering Experiment Station of the University of Washington (private communication).

The length of the main span (between towers) was 2800 ft. and the width between cables, center-to-center, was 39 ft.  Even during construction the bridge sometimes developed vertical wave motions of extraordinary amplitude.  Corrective measures were applied: hydraulic buffers at each end of the main span (which, however, became inoperative soon after installation) and diagonal stays ("ties") between the stiffening girders and cables at mid-span.  After opening to traffic, hold-downs were installed tying the girders in the side spans to massive concrete blocks on land.  These reduced the waves in the side spans but not in the main span.

Length (main span) 
2800 ft



Width (c. to c. of cables)
39 ft



Start of construction
Nov.23, 1938

Opened for traffic 
July 1, 1940




Failure of bridge
Nov. 7,1940
In the four months of active life of the bridge before failure, only transverse vibrations were observed prior to Nov. 7, 1940. Many vertical modes of vibration were observed.  The main towers were nodes- of course, and there were from 0 to 8 nodes between the two rain towers. Maximum double amplitude (crest to trough) was about 5 ft in a mode with 2 nodes between the towers; the frequency of vibration at that time was 12 vib/min. When the bridge was vibrating in this mode, some motorists were uneasy at seeing a car ahead disappear from view, only to reappear several times while making one crossing. Nevertheless, revenue from the bridge traffic exceeded the anticipated amount.

The most frequently observed motion was one with no nodes between the towers (frequency 8 vib/min), this might well be called the fundamental mode. The maximum recorded double amplitude for this mode was 2 ft. Measurements made before failure indicated a correlation between wind velocity and mode of vibration; higher velocities favored modes with higher frequency. Similar results were obtained in the years 1940-45 by mathematical analysis as well as from scale-model tests.  This correlation may be explained by the fact that turbulent velocity fluctuations of winds can be considered as composed of a superposition of many periodic fluctuations, and the fluctuations of higher frequency are preponderant at higher wind velocities.  More generally, wind-excited vibrations result from vortex shedding, and the frequency of vortex shedding is proportional to wind velocity.

On the other hand, both observation and theory agree that there was no significant correlation between wind velocity and amplitude of vibration. Motions of several-feet were sometimes observed with wind velocities as low as 3 or 4 mi/hr; at other times the bridge remained motionless in winds as high as 35 mi/hr.

The K-bracing under the deck appears to have weakened during a midnight storm several days prior to Nov. 7, 1940. During the storm the bridge was observed by only one person who reported its behavior to be different from any previous behavior. This is interpreted to mean that the bridge had larger amplitude of transverse vibration than had previously been observed.

Early on the morning of Nov. 7, the bridge developed motions of a type previously observed, but with larger-than usual amplitude. The wind velocity was 40 to 45 mi/hr, larger than any previously encountered by the bridge.  Traffic was shut downs by 9:30 a.m. the span was vibrating in 8 or 9 segments with frequency 36 vib/min and double amplitude about 3 ft. While measurements were under way, at about 10:00 a.m., the main span abruptly began to vibrate torsionally in 2 segments with frequency 14 vib/min. Later the torsional frequency changed to 12 vib/min.  The amplitude of torsional vibration quickly built up to about 35o each direction from horizontal. The change to torsional mode "appeared to take place without any intermediate stages and with such extreme violence that the span appeared about to roll completely over.  The most startling condition arose out of the fact that from a line of sight very nearly parallel to the bridge the upper side of the roadway was visible while what appeared to be a nearly perpendicular view of the bottom of the road-way was offered, on the-Tacoma side." The main span broke up shortly after 11:00 a.m.

During most of the catastrophic torsional vibration there was a transverse nodal line at mid-span, and a longitudinal nodal line down the center of the roadway (the yellow center stripe!) Note that Prof. Farquharson sensibly strides(?) down the nodal line as he leaves the bridge after making observations on the condition of the stays and, incidentally, trying to save a small dog in a stalled car. Other torsional modes appeared briefly from time to time during the hour before the bridge gave way under the stresses which so greatly exceeded the design values.
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Me crucial event at 10 a.m. which directly led to the catastrophic torsional vibration was apparently the loosening of the north circle in its collar by which the roadway was suspended. At 9:30 a.m., photos made at the center showed that the diagonal stays A and B were alternately slack and, therefore, partially ineffective. It is probable that the (unsuspected) failure of the K-bracing several days earlier had thrown an added stress on these stays.  The center of the cable was moving back and forth relative to the center of the suspended span. However, at that time there was no slipping of the collar C itself relative to the cable. Evidently at 10 a.m. this collar started to slip with a double amplitude about 42 inches. This allowed the structure to twist as one of the main cables became alternately longer and shorter on each side of center. The wind velocity was close enough to the critical velocity for the torsional mode observed, and the vibration built up by resonance and was maintained until collapse inevitably took placed.

Following failure of the center span, the cables, originally parabolic assumed a free-hanging catenary shape.  Release of tension allowed the two towers to sag shoreward some 25 ft (measured at the top).  The cables remained intact except for a 42-inch section in the center of north cable over which the collar had scraped; 500 of the 6303 strands of No. 6 galvanized cold-drawn steel wire were ruptured by the sliding collar.

The Tacoma Narrows bridge was unusually long and narrow compared with other suspension bridges previously built. The original design called for stiffening the suspended structure with trusses.  However, funds were not available and a cheaper stiffening was adopted using 8-foot tall girders running the length of the bridge on each side. These girders are shown in the film sequence during construction of the bridge. Unfortunately, the stiffening was inadequate. The theory of aerodynamic stability of suspension bridges had not yet been fully worked out, and wind-tunnel facilities were not readily available due to the pre-war military effort. (Incidentally, a tunnel moving great quantities of air at rather slow velocities, carefully controlled, would have been needed).  As a result, a scale model was constructed (standard practice) and applied to the evaluation of the bridge under static conditions (including wind force.) However, need for a three-dimensional dynamic model was recognized and the model (first of its kind) was under development and partial use at the time of collapse. The problem of stability involves aerodynamic lift and is sensitive to the profile of the deck. Plans were under way to burn a series of large holes through the plate girders, but the gale got there first. Later wind-tunnel tests with a 50:1 model of the original bridge showed that this emergency measure would have worked.

The bridge was rebuilt using the original anchorage’s and tower foundations. The main cable spacing was increased to 60 ft (four lanes of traffic) and the towers increased in height by 59 ft to 507 ft.  Studies at the University of Washington Engineering Experiment Station using a dynamic 50:1 model, coupled with extensive mathematical analysis, resulted in a design for the new bridge which used deep stiffening trusses instead of the 8-ft girders of the original bridge. The new bridge was opened to traffic in the winter of 1950-51, and during this winter it was exposed to some of the highest winds of recent years. The bridge is entirely successful.
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