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During the Northridge earthquake of 
January 17, 1994, in Los Angeles, 
seven highway bridges suffered par

tial collapses and another 170 bridges suffered 
damage ranging from minor cracking to the 
slumping of abutment fills. Many of the dam
aged structures were closed only temporarily 
for inspection and/ or shoring. However, some 
were closed permanently and have since been 
demolished and are awaiting replacement. Of 
those bridges with collapsed spans, all were 
designed and constructed from the mid-1960s 
to the mid-1970s. None were" new" in the sense 

of being built to current codes. Most had been 
retrofitted with cable restrainers (where appro
priate). Some bridge columns in the epicentral 
region had also been strengthened with steel
jackets. Whereas several cable restrainer units 
failed, none of the steel-jacketed columns 
showed distress despite strong ground shaking 
in some cases. 

Eight bridges suffered major damage: 

• Gavin Canyon Undercrossing 
• Route SR14/I-5 Separation and Overhead 

(Southbound) 
• Route SR14/I-5 North Connector Over-

crossing 
• Bull Creek Canyon Channel Bridge 
• Mission-Gothic Undercrossing 
• Balboa Boulevard Overcrossing 
• Fairfax-Washington Undercrossing 
• La Cienega-Venice Undercrossing' 

The earthquake damage to the first four struc
tures listed above is described here. Figure 1 
shows the location of all these bridges relative 
to the epicenter of the earthquake in 
Northridge.1 
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1 Gavin Canyon Undercrossing 
2 Route SR 14/1-5 Separation and Overhead 

(Southbound) 
3 Route SR14/I-5 North Connector Overcrossing 
4 Bull Creek Canyon Channel Bridge 
5 Mission-Gothic Undercrossing 
6 Balboa Boulevard Overcrossing 
7 Fairfax-Washington Undercrossing 
8 La Cienega-Venice Undercrossing 

FIGURE 1. Location map of bridges with major damage. 

The damages that were sustained by these 
and other bridges can be summarized as fol
lows: 

6 CIVIL ENGINEERING PRACTICE FALL/WINTER 1995 

• Abutment back-fill settlement and erosion 
• Abutment and shear key structural dam

age 



• Flexural failures in plastic hinges with 
inadequate confinement 

• Pounding and unseating at hinge seats 
and girder supports 

• Shear failures in short single columns, 
piers, multi-columns bents, columns with 
flares and other accidental restraints, and 
columns in skewed bridges. 

Seismological Observations 
On the morning of January 17, 1994, at 
04:30:55.4 (PST), an earthquake occurred near 
Northridge in the San Fernando Valley about 
35 kilometers northwest of the Los Angeles 
central business district in Southern California 
(coordinates: 34° 12.7' N 118° 32.3' W, and at a 
depth of 18 kilometers). The preliminary mo
ment estimate determined from regional sur-. 
face waves and teleseismic recordings was 1 to 
1.5 x 1026 dyne-cm, which gives a moment mag
nitude, Mw, of 6.7. The preliminary local mag
nitude, ML, determined from telemetered 
strong-motion instruments in Southern Califor
nia, was 6.4. Both the first-motion focal mecha
nism from local stations and the teleseismic 
mechanism indicated that there was a thrust fault 
on a plane trending in a northwest direction. The 
pattern of aftershocks revealed that the plane . 
dipping toward the southwest was the fault 
plane, and its dip was 40 to 50 degrees. 

A contour map of the maximum component 
of peak horizontal acceleration for the San Fer
nando Valley and Los Angeles Basin is shown 
in Figure 2. A similar map for the vertical com
ponent is shown in Figure 3. These maps were 
constructed by the University of Southern Cali
fornia (USC) using data from the Los Angeles 
Strong Motion Accelerograph Network. 2 Other 
sources included the California Strong Motion 
Instrumentation Program (CSMIP) and the 
United States Geological Survey's National 
Strong Motion Program (USGS/NSMP). 

The strong ground motions from the 
Northridge earthquake were recorded on 
many instruments within the Los Angeles area. 
Peak accelerations of free-field instruments 
were generally 0.5 to 1.0 gin the aftershock area 
and decreased to 0.1 g at distances of about 50 
kilometers. Several sites close to.the epicentral 
area recorded accelerations over 1 g. The exten
sive damage caused by this earthquake empha-

sizes the need for better understanding of the 
local site conditions that affect ground motion. 
More than 75 instruments were deployed fol
lowing the mainshock to study these site ef
fects. Seismic instruments were placed at many 
of the strong-motion instrument sites that pro
duced significant records of the mainshock. 
Also, many of the severely damaged areas in 
Northridge, Sherman Oaks and Santa Monica 
were instrumented, as well as the collapsed 
bridge sites at the State Route 14/Interstate 5 
interchange, State Route 118 near Woodley and 
the Interstate 10 freeway near La Cienega 

· Boulevard. 
Thousands of aftershocks occurred in the 

two-month period following the earthquake 
including six magnitude 5, forty-three magni
tude 4 and 284 magnitude 3 events as of March 
15, 1994. The locations of the aftershocks were 
distributed across an area about 30 by 20 kilo
meters. These locations were clearly deeper to
ward the south. In cross-section, they revealed 
a plane dipping toward the southwest (which 
is interpreted to be the fault plane for the earth
quake). This plane extends from the mainshock 
hypocenter at 18 kilometers upward tqward 
the surface. Preliminary analysis of teleseismic 
data indicated that most of the slip on the fault 
plane occurred at depths below five to 10 kilo
meters, with relatively little slip of the shallow 
portions of the fault. 

The location of the fault plane, as inferred 
from the aftershock distribution, did not corre
spond to any mapped geologic fault. The earth
quake did occur, however, within a system of 
known thrust faults that extend along the 
northern edge of the San Fernando Valley. Most 
of the mapped faults have northerly dips, al
though there are several structures, such as the 
nearby Oak Ridge system, that have southerly 
dips. 

Many of the aftershocks were located on or 
close to the rupture plane. However, there were 
also many off-fault events that had a variety of 
focal mechanisms. One example is the magni
tude 5.1 earthquake of January 29, which was a 
shallow strike-slip event above the main rup
ture plane. Portable instruments recorded ac
celerations of up to 0.8 g from this earthquake. 

Real-time information about the mainshock 
and aftershocks were broadcast to 15 members 
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FIGURE 2. Contours of peak horizontal ground acceleration observed during the Northridge 
earthquake, expressed as a fraction of the acceleration of gravity (as of February 1, 1994). 

of the Caltech-USGS Broadcast of Earthquakes 
(CUBE) program. This project is a cooperative 
effort to provide rapid earthquake information 
in southern California. CUBE participants in
clude governmental emergency response agen
cies, water and power utilities, railroads and 
other private sector organizations. Earthquake 
locations and magnitudes are disseminated via 
pagers and computer displays throughout 
southern California and to other parts of the 
country. 

Generally, information is received within 
five to eight minutes of the earthquake occur
rence. Because of various problems encoun
tered at the time of the Northridge earthquake, 
information about the mainshock was rela
tively slow in being released. However, data on 
the first aftershocks were being broadcast 
within 15 minutes of the mainshock. 
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Aftershocks were recorded at several sites by 
California Department of Mines and Geology, 
USGS and Lamont-Doherty Earth Observatory 
(LDEO) personnel. 

Geodetic Observations 
Results from re-surveys of benchmarks, using 
the Global Positioning System (GPS), revealed 
the extent of static displacements due to the 
earthquake at 15 sites. In the aftershock region, 
there were vertical uplifts of 40 to 50 centime- · 
ters and horizontal motions of 2 to 20 centime
ters. These movements are consistent with the 
fault geometry derived from seismological ob
servations of a plane dipping toward the south
west at about 40 degrees. Preliminary modeling 
of the data indicated that there was a slip of 2.5 
to 3.5 meters on a 10 by 10 kilometer patch of 
the fault. The motion was primarily thrust 
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FIGURE 3. Contours of peak vertical ground acceleration observed during the Northridge 
earthquake, expressed as a fraction of the acceleration of gravity (as of February 1, 1994). 

faulting, and most of the slip occurred at depths 
of greater than six kilometers. 

Geological Observations 
Two areas of surface cracking that had been 
observed immediately after the earthquake are 
currently being studied. It is unclear if these 
cracks are the direct result of tectonic faulting 
or whether they are due to ground shaking. The 
small amount of observed surface cracking, 
however, is consistent with the geodetic results 
that indicated that there was not a large amount 
of slip on shallow portions of the fault. 

The most extensive area of ground deforma
tion was in Potrero Canyon on the north side of 
the Santa Susana mountains near the northern 
edge of the aftershock zone. A series of discon
tinuous tension cracks and normal faults with 
displacements of up to 60 centimeters were 

observed on both the north and south sides of 
the canyon extending for about three kilome
ters. Evidence for compressional features with 
vertical displacements of eight to 20 centime
ters were also observed along the south margin 
of the canyon. None of the deformations were 
associated with any previously mapped sur
face fault. 

A second system of small cracks was studied 
along a five-kilometer zone in Granada Hills, a 
region that had numerous water and gas main 
ruptures caused by the earthquake. The com
plex series of cracks had both extensional and 
left-lateral features. Some of the deformation 
occurred in association with buried stream 
channels but may also represent secondary 
faulting on the Mission Hills fault. 

There were extensive occurrences in the 
younger sediments of the western Santa Susana 
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FIGURE 4. General plan and elevation for the Gavin Canyon crossing. 

Mountains, Oak Ridge and Big Mountain areas. 
Rock falls have choked the ravine bottoms of 
many canyons in the Santa Susana Mountains. 
These rock falls were of some concern following 
the earthquake since heavy rains could saturate 
the material, causing it to mobilize into debris 
flows that could threaten structures near the 
mouths of the canyons. 

Geotechnical Aspects 
The geotechnical aspects of the Northridge 
earthquake include soil amplification, topo
graphic effects on the intensity, frequency and 
duration of ground motion, soil liquefaction, 
permanent ground deformation and land
slides. In general, however, the geotechnical 
effects on the performance of bridges during 
the earthq1,1ake were relatively minor. Goltz de
scribes the earthquake's effects on buildings 
and buried lifeline systems.1 

Gavin Canyon Undercrossing 
Description. This undercrossing carries the 
northbound and southbound lanes of Interstate 
5 (1-5) over Gavin Canyon Road using two 
separate bridges. 1-5 is the main link between 
northern and southern California. The bridges 
are located approximately two and one-half 
miles northwest of the 1-5 and State Route (SR) 
14 interchange. They were originally con-
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structed in 1967 and were retrofitted with ex
pansion joint hinge restrainers in 1974. 

Each bridge is five spans in length and con
sists of three frames separated by expansion 
joints with eight-inch bearing seats. Span 
lengths on the northbound bridge are 120, 170, 
208,145 and 98 feet. The southbound bridge has 
span lengths of 128, 170, 208, 145 and 90 feet. 
Both bridges are 68 feet wide. 

The two outside frames are composed of 
cast-in-place reinforced concrete box girder 
construction. Each frame is supported on a 
monolithic end diaphragm abutment and a sin
gle two-column bent. The center frame is a 
cast-in-place prestressed concrete box girder 
supported on two bents, each with two col
umns. The abutments, expansion joints and 
bents are all oriented at a i:elatively large skew 
that is approximately 67 degrees to normal. The 
bridges are separated by a 42-foot wide me
dian. A schematic ofthe bridges is shown in 
Figure 4. 

The structure is located in mountainous ter
rain. Large approach fills exist on each end of 
the bridge. Bent footings are supported on steel 
"H'' piles that penetrate through approxi
mately 20 feet of loose to very dense sands and 
gravels down to siltstone and shale. These foot
ings are relatively compact in size and provide 
limited resistance to rotation. Abutments are 
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FIGURE 5. Hinge restrainer details for the Gavin Canyon Undercrossing. 

supported on spread footings located in the 
approach fills. 

The bridge's reinforced concrete columns 
measure 6.25 by 10 feet in cross-section at the 
base and have large, but lightly reinforced, ar
chitectural flares that widen out to over 20 feet 
at the soffit. All columns are poorly confined 
with nominal half-inch diameter 'ties at 12 
inches on center over the full length of the 
column. Main column steel is spliced at· the 
footing. At bents 2 and 5 the clear column 
heights are generally shorter, with all but two 
columns measuring between 28.3 and 38.9 feet. 
One column within each of these bents is no
ticeably longer. These columns measure 53.6 
and 67.3 feet, respectively. The columns in bents 
3 and 4 are typically longer than those in bents 
2 and 5 and measure between 65.9 and 73 feet 
in length. 

The bridge survived the 1971 San Fernando 
earthquake with only minor damage. Most 
damage was confined to . the expansion joint 
hinges and consisted primarily of minor spall
ing and cracking of the concrete near acute 
corners of the supporting portion of the hinges. 
The expansion joints were displaced trans
versely up to approximately one and three
quarter inches. Damage to barrier rails at the 

hinges indicated that there was longitudinal 
movement during the earthquake of approxi
mately three inches. Settlement of the bridge, 
particularly at the west end, was noticed after 
the earthquake.3,4 

Expansion joint hinge restrainers were not 
present during the 1971 earthquake. They were 
installed after the earthquake. The restrainers 
are unusual by modern standards because they 
are oriented along the centerline of the bridge 
rather than normal to the expansion joints. 
Restrainer details are shown in Figure 5. 

Ground Motion. The ground shaking that oc
curred at this bridge site is thought to have been 
severe. The bridge is located in one of the re
gions where extensional surface fractures were 
noticed. Other preliminary seismological 
analyses indicate the bridge site is near the 
surface projection of the Oak Ridge ("New
hall") fault that is thought to be the source of 
the earthquake.5 

The nearest strong-motion data available at 
the time of this writing is from CSMIP Station 
Number 24279, a free-field instrument located 
approximately two and one-half miles to the 
north at the Newhall Fire Station.6 This instru
ment is founded on alluvium of unknown 
depth. Peak accelerations in excess of 0.6 g were 
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Observed Earthquake Damage. 
Both structures suffered failures 
due to total or partial loss of sup
port at the expansion joint 
hinges. The acute, corner of the 
supported span tended to be
come unseated first due to a 
counterclockwise rotation of 
each of the structural sections 
about a vertical axis (see Figure 
6). 

FIGURE 6. An aerial view of the damage at the Gavin 
Canyon Undercrossing. 

The movement of the super
structure caused restrainer ca
bles to be pulled at an angle to 
their principal axis as evidenced 
by spalling at the edges of cored 
holes through which the re
strainers passed. In some cases, 
restrainer cables snapped as 
the expansion joints separated. 
In other cases, they pulled 

recorded in all three directions. The motions for 
the peak horizontal accelerations were nearly 
in phase, indicating that there was a horizontal 
ground acceleration peak of approximately 0.8 
gin a northeasterly direction. Very strong shak
ing lasted for approximately six to seven sec-

. onds. 
High horizontal accelerations were also re

corded.at the Olive View Hospital parking lot 
free-field instrument in Sylmar, which is ap
proximately seven miles east of the bridge 
site. A peak horizontal acceleration of 0.91 g 
was recorded in the easterly direction. Strong 
shaking lasted for approximately nine sec
onds. 

Records from both instruments have been 
processed and indicated very high spectral ac
celerations for the frequency range of these 

· structures.7 In fact, in the case of the Newhall 
record, the five percent damped spectral accel
erations for the north-south component of 
ground motion exceed the California Depart
ment of Transportation's (Cal trans) design 
spectrum for the bridge site for the period 
range between one half to two seconds. (Cal
trans uses a smoothed elastic design spectrum 
based on average motions for the "maximum 
credible earthquake" on the most critical . 
known fault.8) 
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through the expansion joint dia
phragm. Some cables remained intact, help
ing support the partially unseated spans and 
preventing the unseating of the span at one of 
the hinges. 

Despite the strong ground shaking at the 
site, the structure suffered very little column 
damage as can be observed in Figure 7. Only 
minor cracking was observed at the base of 
some columns. Cracked pavement at the bridge 
approaches is evidence that the fills shifted dur
ing the earthquake. There was some minor 
abutment damage. 

Failure Analysis. The failure of this bridge can 
. be attributed to large lateral and rotational 
movements of the superstructure sections that 
caused the narrow expansion joint hinges to 
become unseated. Rotational movement of the 
end spans was probably induced by the eccen
tricity between the center of mass of the super
structure and the center of stiffness of the end 
frame that tended to be shifted toward the 
rather stiff diaphragm abutments. The strong 
shock measured at the Newhall Fire Station 
was oriented in a direction transverse to the 
bridge. Motion in this direction would have 
resulted in maximum excitation of the rota
tional response of the end spans. 

An additional factor in the response of the 
structure was the large difference in the vibra-



tional characteristics 
of the center frame 
compared to the two 
end frames. The cen
ter frame was much 
mor~ flexible and had 
a natural period of vi
bration that was much 
longer than the end 
frames. Calculated 
relative displace
ments between the 
two frames based on a 
0.6 g Caltrans design 
spectra loading ex
ceeded the eight-inch 
hinge seat width by 
several inches. It is 
unlikely that restrain
ers would have been 
able to prevent the 
out-of-phase move-

FIGURE 7. Collapsed end spans at the Gavin Canyon Undercrossing 
after demolition. 

ment between the three frames that most likely 
occurred during the earthquake. 

Rough calculations show that the columns 
within this bridge were likely to have been 
exposed to relatively high ductility demands if 
it is assumed that the footings remained fixed 
against rotation. The satisfactory performance 
of the columns at bents 3 and 4 can be attributed 
to the relatively low shear forces resulting from 
their long length and the low percentage of 
longitudinal reinforcement. However, more 
damage was expected at bents 2 and 5 due to 
high calculated shear forces. The fact that these 
columns remained relatively undamaged may 
be explained by the rocking of the footings. 
Calculations showed that these footings were 
unable to develop the ultimate moment ca
pacity of the column. Most likely, they rocked 
during the earthquake, thus preventing the 
development of high shear forces. Moreover, 
such rocking most probably aggravated the 
relative superstructure displacements at the 
hinges. 

Issues/Questions. This failure illustrates the 
difficulties associated with large skews and 
with multiple expansion joints. A major lesson 
is the importance of eliminating and/ or mini
mizing skew and expansion joints, especially in 
high structures where the vibration charac-

teristics of adjacent frames are different from 
one another. 

· This failure also illustrates that just because 
a bridge survives one earthquake, it does not 
necessarily mean it would be immune to dam
age in future earthquakes. 

The unique response of skewed bridges to 
earthquakes has been observed in the past. As 
of yet there is no widely accepted design proce
dure that adequately accounts for all of the 
effects of skew during an earthquake. Addi
tional research is needed to better understand 
this phenomenon and to develop a methodol
ogy for designing skewed supports. 
· . With respect to column behavior, this bridge is 
another example of the importance of relative 
shear strength. The absence of damage in the 
presence of ground motions that most likely ex
ceeded those for the "maximum credible earth
quake" illustrates the need for more research on 
the effects of shear on column behavior. 

State Route 14/1-5 Separation & 
Overhead (Southbo1,1nd) 
Description. Route 5 (1-5) is a U.S. Interstate 
running north-south along the west coast and 
Route 14 (SR14) is a state highway beginning at 
the SR14/I-5 interchange and running north
east to U.S. Route 395 in Kern County. The 
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width of 53 feet. 
There is no skew 
but the structure 
is curved to a ra
dius of 2,200 
feet. The bridge 
is constructed in 
five segments 
with four inter
mediate hinges. 
See Figure 10 for 
details of the 
span geometry. 

FIGURE 8. A view from abutment 10 of the south connector looking south
west at the SR14fl-5 interchange. 

The structure 
was under con
struction at the 
time of the 1971 
San Fernando 
earthquake. The 
bottom slab and 
stem concrete 
had been placed 

southbound SR14/I-5 separation and overhead 
structure is located at mile post 24.5 on I-5 in 
Los Angeles County approximately 24 miles to 
the northwest of downtown Los Angeles and is 
generally aligned in a north~south direction. 
The structure carries traffic from southbound 
SR14 to southbound I-5 spanning the I-5 south
bound and northbound mainlines. 

The SR14/l-5 interchange is located on 
steeply dipping, well consolidated sandstone 
of the Towsley formation. Alluvium is present 
locally. Structures are founded in the sandstone 
with abutment fills present at approaches. A 
general view of this interchange immediately 
following the earthquake of January 17 is 
shown in Figure 8. A simplified plan view of 
this interchange is given in Figure 9. In this 
view, the four viaducts that allow the inter
change of traffic between 1-5 and SR14 are 
shown. A fifth structure, which carries south
bound truck traffic from SR14 to 1-5, is not 
shown. It suffered only minor shear key dam
age. 

The southbound SR14/I-5 separation and 
overhead is a 10-span continuous, cast-in
place, five-cell concrete box girder bridge. It has 

· seat-type abutments and single column bents. 
The total length is 1,582 feet, with an overall 
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from abutment 
1 to the hinge of span 3 when this earlier earth
quake occurred. (These spans subsequently 
collapsed in the Northridge earthquake of 
1994.) Concrete from the hinge of span 9 to 
abutment 11 had been completely placed but 
the spans had not been prestressed. The re
mainder of the superstructure had not been 
constructed. Most of the damage to the super
structure was the result of falsework settle
ment.9 

Reconstruction began in 1972. At the same 
time, Type 2 hinge restrainers were installed at 
hinge locations in spans 5 and 6. Type 1 hinge 
restrainers were added at the hinge located in 
span 9. 

Ground Motion. This interchange is approxi
mately two and one-half miles from the Gavin 
Canyon Undercrossing. The ground motions 
here can be assumed · to be similar to those 
experienced at the Gavin Canyon site. How
ever, one difference may be the effect of·spatial 
variation in the ground motion for a viaduct of 
this length (in excess of 1,500 feet). 

During the week immediately following the 
earthquake, several agencies recorded after
shocks in the area for the purpose of quantify
ing spatial effects. These agencies included the 
USGS, the California State Department of 
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Mines and Geology and the Lamont-Doherty 
Earth Observatory. 

The Lamont-Doherty Earth Observatory de
ployment consisted of eight sites ( denoted as 
circles in Figure 9) arranged in two lin~s at 
roughly a 35-degree angle. At each site, the 
ground acceleration in three orthogonal direc
tions was digitally recorded at 200 samples per 
second. The stations were arranged at unequal 
increments along each line with the closest 
spacing being one meter and the largest around 
750 meters. The sites were "hard" rock (con
glomerate, sandstone and siltstone) or very 
shallow soils. Several hundred aftershocks 
were recorded, including several over magni
tude four earthquakes. 

An example of the spatial variability of 
ground motion recorded at this location is 

shown in Figures 11 and 12. Figure 11 shows the 
vertical components of P-Wave from a magni
tude 4.7 aftershock recorded at four sites within 
150 meters. Figure 12 shows the difference be
tween site SO and sites S2-4 (see Figure 9 for site 
locations). The first two cycles of P-Wave mo
tion (5.5 to 6.1 seconds) are well'correlated at all 
four sites with correspondingly small differen
tial motions. After 6,1 seconds, the waveforms 
are much less correlated and differential mo
tions increase. The differential motion in
creases with distance. The peak difference be
tween sites SO and S4 (150 meters apart) is twice 
the difference between SO and S2 (10 meters 
apart). Furthermore, the peak differential mo
tion can be larger than the peak ground motion 
and, in this example, it occurs later in the wave
form. 
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FIGURE 10. General plan and elevation for the SR14fl-5 separation and overhead (south
bound). 

The impact of these variations in ground 
motion on structural performance should be 
the subject of future research. 

Observed Earthquake Damage. As shown in 
Figure 13, spans 1, 2 and 3 collapsed. In addi
tion, pier 2 was completely crushed and pier 3 
sheared through the superstructure. The mode 
of failure at pier 2 could not be determined by 
visual observation since it was completely 
crushed under the superstructure. The three 
spans that collapsed made up the first frame 
with piers 2 and 3. Span 1 was supported on a 
24-inch seat abutment and frame 1 terminated 
at an in-span hinge approximately 22 feet from 
pier 4 in span 3. The in-span hinge seat was 14 
inches wide and Type 1 restrainers tied frames 
1 and 2 together. Restrainers were not used at 
either abutment. 

The right exterior shear key at abutment 1 
was damaged. However, a visual inspection of 
the left shear key revealed little damage. The 
superstructure at abutment 1 displaced ap
proximately 10 feet up-station (north) and 10 
feet right (east). The pier 3 bent cap was in
clined towards pier 4 and the measured ground 
separation from the column at pier 4 was ap-
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proximately six inches north-south and four 
inches east-west. At the in-span hinge 1, canti
lever side, the transverse shear key was dam
aged. However, the shear key was still in place. 
At this same hinge, the equalizing bolts failed 
in tension and the nuts on the restrainer cable 
studs were missing. The vertical shear planes 
noted on the faces of pier 3 bent cap appeared 
to be similar to the web stem and soffit cracks 
documented at these locations after the 1971 
San Fernando earthquake. The piers were not 
detailed as ductile elements. However, a visual 
inspection of piers 3 and 4 above grade did not 
indicate that there was any structural damage. 
The predominant motion of the structure ap
peared to be in the north-south direction. 

Failure Analysis. There are three main possi
ble failure mechanisms at the SR14/I-5 inter
change: 

1. Seat loss at in-span hinge 1 caused span 
3 to collapse, which overloaded the bent cap 
and web interfaces at pier 3. The subsequent 
collapse of span 2 overloaded pier 2, which 
was followed by the collapse of span 1 and 
unseating at abutment 1. 
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FIGURE 11. Vertical components of P-wave from a magnitude 4.7 aftershock recorded at four 
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FIGURE 13. Aerial view of the collapse of the SR14/I-5 separation and 
overhead (southbound). 

Route 14/1-5 
North Connector 
Overcrossing 
Description. The SR 
14/I-5 north connec
tor overcrossing 
structure is located at 
mile post 24.92 on I-5 
in Los Angeles 
County, approxi
mately 24 miles to the 
northwest of down
town Los Angeles. 
The structure is 
curved, with a rndius 
of 550 feet and a sub-· 
tended angle of ap
proximately 101 de
grees. The structure 
carries traffic from 
southbound SR14 to 
northbound I-5, span-

2. Shear failure at the interface between 
the web stems and pier 3 bent cap (towards 
pier 4) led to the collapse of span 3, and the 
unseating of span 3 at the in-span hinge. The 
subsequent collapse of span 2 caused the 
overloading and collapse of pier 2 followed 
by the collapse of span 1 and the unseating 
at abutment 1. 

3. Non-ductile failure of pier 2 caused the 
collapse of spans 1 and 2, as well as the 
failure of the bent cap and web interfaces at 
pier 3 (with the subsequent collapse of span 
3). However, the bent cap at pier 3 is inclined 
towards pier 4. Also, crushing of column 
concrete below the bent cap towards pier 4 
and no crushing of column concrete below 
the bent cap towards pier 2 would indicate 
that perhaps span 3 collapsed first. Further
more, span 2 was 206 feet long versus span 
3 being 149 feet to the in-span hinge. Thus, if 
span 2 collapsed first, it would have pulled 
the pier 3 cap towards pier 2. 

The circumstantial evidence available at the 
site, especially the damage sustained by the 
face of pier 3, suggests that the first mechanism 
cited above is the most likely failure mode. 
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ning I-5 (truck), Wel
don Canyon Road, and Southern Pacific Rail
road tracks. The SR14/I-5 interchange is lo
cated on steeply dipping, well consolidated 
sandstone of the Towsley formation. A general 
view and plan of the interchange are shown in 
Figures 8 and 9. 

The north connector in the SR14/I-5 inter
change is a 10-span, continuous, cast-in-place, 
three-cell, concrete box girder bridge. It has seat 
type abutments and single column bents sup
ported on both spread footings and piled foot
ings. The total length is 1,532 feet, with an 
overall width of 34 feet. The bridge is con
structed in five segments with four intermedi
ate hinges. See Figure 14 for details of the span 
geometry. . 

This bridge was under construction at the 
time of the 1971 San Fernando earthquake. Ap-' 
proximately 80 percent of the superstructure 
from abutment 1 to hinge 4 in span 8 was com
plete. During this earlier earthquake, the deck 
profile altered a total of 0.4 feet in a reasonably 
uniform change from abutment 1 to the hinge 
at pier 8. The hinges experienced the following 
minor damage: crushed expansion material, 
slight spalling, separated waterstops and failed 
equalizing bolts. Pier 2 exhibited signs of move-
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FIGURE 14. General plan and elevation for the SR14fl-5 north connector. 

ment at the ground level having an embank
ment separation of two inches around the col
umn. A crack was also noted on the superstruc
ture soffit near pier 3.9 

Reconstruction began in 1972 to' build the 
substructures at pier 10 and abutment 11, and 
the superstructure between the hinge in span 8 
to abutment 11. Type 1 hinge restrainers (four 
units per hinge) were added at the exterior 
cells. The construction of pier 10 incorporated 
double #4 spirals at a 3.5-inch pitch along the 
entire length of the column. 

Ground Motion. This interchange is approxi
mately two and one-half miles from the Gavin 
Canyon Undercrossing. The ground motions 
here can be assumed to be similar to those 
experienced at the Gavin Canyon site. How
ever, one difference may be the effect of spatial 
variation in the ground motion for a viaduct of 
this length (in excess of 1,500 feet). 

During' the week immediately following the 
earthquake, several agencies recorded after
shocks in the area for the purpose of quantify
ing spatial effects (as noted in the discussion of 
the southbound interchange above). 

Observed Earthquake Damage. As shown in Fig
ures 15 and 16, spans 1 and 2 collapsed and pier 
2 was completely crushed. The mode of failure 
for this pier could not be determined by visual 
observation. Span 1 was 188 feet long, and was 
simply supported at the seat abutment and at the 
in-span 1 hinge. The hinge and abutment seats 
were both 14 inches wide and hinge restrainers 
had been installed at the hinge. (Current Caltrans 
design specifications require that abutment seat 
minimum widths be 24 inches). The shear keys at 
abutment 1 were not severely damaged, indicat
ing that motion was primarily in the longitudinal 
direction of the bridge at abutment 1 - i.e., in a 
north-south direction (see Figure 16). Equalizing 
bolts at abutment 1 failed (see Figure 16). The 
collapsed pier 2 was supported on a spread foot
ing and was approximately 21 feet high. The 
other two piers making up frame 1 were pier 3 
(which was approximately 73 feet high and sup
ported on CIDH piles) and pier 4 (which was 
approximately 60 feet high and supported on a 
spread footing). These pier columns were not 
detailed for ductile behavior since they utilized 
#4 ties at 12-inch centers. 
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FIGURE 15. Collapsed end spans after demo
lition at the SR14fl-5 north connector. 

Failure Analysis. Possible failure mechanisms 
appear to include: 

1. Seat loss at abutment 1 that caused span 
1 to collapse, with subsequent failure of pier 
2 followed by collapse of span 2 to pier 3. 

2. Non-ductile shear failure of pier 2, fol
lowed by the collapse of spans 1 and 2. 

Without analysis, the sequence of failure is 
uncertain. However, it seems likely that pier 2 
failed first and then was followed by the col
lapse of the two spans. It is possible that pier 2 
attracted a much higher proportion of the lat
eral load than assumed in design because of its 
relatively short height. Furthermore, there was 
probably a significant reduction in the axial 
load in the pier due to boththe severe curvature· 
in the bridge and the high vertical accelerations 
in the ground motion. This reduction in axial 
load may have reduced the capacity of the col
umn to less than the demand and, thus, led to 
the failure of the pier. 

Bull Creek Canyon Channel Bridge 
Description. This bridge carries 10 lanes of traffic 
on State Route 118 (SR118), as well as off ramps 
to Woodley Avenue, over a small drainage ca-

nal in the northern 
San Fernando Valley. 
It is located approxi
mately one mile west 
of the interchange with 
I-405 and is adjacent to 
the Mission-Gothic 
Undercrossing, which 
suffered a partial col
lapse during the earth
quake. The bridge was 
constructed in 1976. 

The bridge is es- · 
sentially two parallel 
structures separated 
by a longitudinal ex-

FIGURE 16. Seat and transverse shear keys at abutment 1, SR14fl-5 
north connector. 

. pansion joint that 
runs down the me
dian of the freeway. 
The superstructure 
for each bridge con
sists of a three-span, 
multi-cell, cast-in-
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:flGURE 17. General plan and elevation of the Bull Creek Canyon Channel Bridge. 

place prestressed ~oncrete box girder that is 
typical of bridges built in California in the 
1970s. At the center of the freeway, the three 
spans measure 90.5, 101 and 65 feet in length. 
Because of the off ramps, the bridge is consid
erably wider at the east end. A schematic of the 
bridge is shown in Figure 17. 

The abutments and bents are not quite par
allel and are laid out on skews that vary from 
approximately 37 to 47 degrees from normal. 
Due to this skew, the span lengths for the west
bound bridge are slightly shorter than those on 
the eastbound bridge. Reinforced concrete col
umns, which are fixed against rotation at both 
the top and the bottom, are approximately 24 
feet long and have a four-foot-wide regular 
octagon-shaped cross-section. Longitudinal re
inforcement varies from 2.0 to 3.5 percent of the 
cross-sectional area. Transverse reinforcement 
consists of #5 spirals that are spaced at a pitch 

of three i~ches over a length of four feet just 
above the footings and just below the soffit. The 
remaining transverse reinforcement is spaced 
at a pitch of 12 inches. A transverse reinforced 
concrete training wall is located several feet 
above the footings between the columns in bent 
3. Figure 18 shows column details. 

Monolithic end diaphragm abutments are 
supported on greased pads that allow for 
prestress shortening and temperature move
ment. Transverse movement at the abutments 
is restrained by concrete shear keys bu:ilt into 
the abutment footings. Abutment and bent 
footings are supported on 16- and 24-inch di
ameter cast-in-drilledshole piles, respectively. 
Piles are approximately 40 feet long at the abut
ments and 30 feet long at the bents. The soil 
profile is alluvium consisting of slightly com
pact to dense silts, sands and gravels in excess 
of 90 feet deep. 
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band approximately 
four miles southeast 
of the Bull Creek Can
yon Channel Bridge. 
Both instruments re
corded strong shak
ing that lasted ap
proximately 10 
seconds.6 

Soffit 

A A 

Training Wall 

Soffit 

A 

A triaxial free-field 
instrument located at 
Arleta on deep allu
vium recorded peak 
accelerations of 0.34 g 
in the east-west direc
tion and 0.31 gin the 
north-south direction. 
These records have 
been processed and 
reveal five percent 
damped response 
spectra in both hori
zontal directions 
comparable to the 
Caltrans' smoothed 
elastic design spectra 
for peak rock accel
erations between 0.2 
and 0.3 g.7,8 An un
usual characteristic of 
the records obtained 
from this site was the 

Typical Bent 2 Column Typical Bent 3 Column relatively high peak 
accelerations of 0.55 g 
measured in the verti
cal direction. FIGURE 18. Column details for the Bull Creek Canyon Channel 

Bridge. 

Ground Motion. This bridge site is located 
approximately five miles northeast of the epi
center of the earthquake. Strong-motion instru
ments that recorded the highest levels of mo
tion during this earthquake are located within 
a north-south oriented band that passes 
through the epicenter and includes the region 
where this bridge is located. A large portion of 
the damage to manmade facilities, including 
several bridges on SR118 and 1-5, was concen
trated within this band. 

The nearest two strong-motion instruments 
are each located on the edge of this hypothetical 
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A second instru-
ment located at the 

base of a seven-story hotel in Van Nuys re
corded peak accelerations of 0.47 gin the north
south direction and 0.41 gin the east-west di
rection. Peak vertical accelerations of 0.3 g 
obtained at this site are more typical of those 
recorded in past earthquakes, being approxi
mately two-thirds of the peak horizontal accel-
erations. · 

It is speculated that the ground motions at 
the bridge were higher than those that were 
recorded by either of the above two instru
ments. This speculation is based on the extent 
of damage to other structures in the vicinity, 



and on the location of 
the hypothetical band 
of strong motion men
tioned above. 

Observed Earth
quake Damage. As 
shown in Figure 19, 
this bridge sustained 
irreparable damage to 
its columns during 
the earthquake. At 
bent 2, the two south
ernmost_ columns in 
the eastbound bridge 
failed just below the 
well confined section 
near the superstruc
ture soffit. These fail
ures caused the super
structure to drop ·s~v
eral inches at these lo- FIGURE 19. Side view of the Bull Creek Canyon Channel Bridge. 
cations, resulting in 
cracking and spalling in the soffit near the loca
tion of the failed columns. Some remaining col
umns in the eastbound bridge exhibited diago
nal cracking. Bent 2 columns on the westbound 
structure sustained far less damage. 

At bent 3 all columns in both bridges failed 
just above the training wall as shown in Figure 
20. These failures occurred in an area above the 
well confined section of the column that was 
near the footing. Disintegration of these col
umns during the earthquake resulted in a sig
nificant drop in elevation at bent 3. 

There was no visible sign of damage to the 
abutment, but there was an offset of the easterly 
approach pavement of approximately 15 inches 
- suggesting a failure of the buried transverse 
shear keys in the abutment footing. 

Failure Analysis. The failures at bent 3 may be 
explained by the presence of the training wall 
that forced the plastic hinge to form at the top 
of the wall and, thus, above the confined section 
of the column. The training wall also shortened 
the effective height of the column, thus increas
ing the shear forces in the columns due to · 
flexural demands. Some torsional shear forces 
were also induced because of the eccentricity of 
the training wall to the centerline of the column. 

Bent 2 failures and possible abutment shear 
key failures were probably a result of the failed 

columns at bent 3 and the subsequent shifting 
of lateral forces to the remaining supports. The 
bent 2 column failures were essentially shear 
failures aggravated by the degradation of shear 
strength that resulted from flexural yielding. 
This conclusion is supported by the behavior of 
the various columns in bent 2. 

The eastbound and westbound bridges are 
very similar in geometry. The tributary dead
load for each of the columns in bent 2 is ap
proximately equal, and the column heights and 
cross-sectional dimensions are essentially the 
same. Therefore, hypothetical elastic moment 
demands in each of the columns as a result of 
earthquake loading is expected to be similar. 
However, columns on the westbound bridge 
are more lightly reinforced than those on the 
eastbound structure, thus resulting in lower 
ultimate moment capacities and higher ductil
ity demands. 

On the other hand, ultimate shear forces, 
which are directly proportional to column 
flexural strength, are approximately 30 percent . 
higher in the columns on the eastbound bridge. 
Since columns on this bridge failed while those 
on the westbound bridge did not ( despite their 
potentially higher ductility demands), these 
failures resulted because of higher shear forces 
and are not solely due to flexural yielding in the 
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formed adequately 
despite strong ground 
motion at some sites. 

FIGURE 20. Hinges in all columns of bent 3 immediately above the 
channel training wall at the Bull Creek Canyon Channel Bridge. 

In some instances, 
cable restrainers 
lacked sufficient ca
pacity to prevent the 
unseating of girders. 
Failures in the cables 
at the swaged fitting 
were common in 
these situations. In 
other instances, fas
tening details were 
shown to be inade
quate and/ or punch
ing failure of the con
crete diaphragm 
occurred. In at least 
two cases, anchorage 
nuts were found to be 
missing. It is not clear 

region below the well confined zone of the 
column. 

Issues/Questions. The column failures dem
onstrate the risks of attempting to optimize 
column designs by trying to predict the location 
of plastic hinging, even in relatively simple 
columns such as these. The placement of a 
training wall forced hinging to occur at a loca
tion unforeseen by the designer. Also, it does 
not appear that the columns were adequately 
reinforced for shear. Therefore, it would seem 
prudent to place closely spaced transverse re
inforcement over the full length of the columns. 
It is relatively inexpensive to do so and it will 
help minimize the effects of unforeseen condi
tions. 

As with several other bridge failures during 
this earthquake, the failure of the Bull Creek 
Canyon columns raises a question about the 
interaction between allowable ductility de
mands and the relative shear strength of the 
column. More research is needed in this area. 

Retrofitted Bridge Performance 
Many bridges in the epicentral region had been 
retrofitted with cable restrainers and a number 
of single column bents had been strengthened 
with steel jackets. Most of these retrofits per-
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whether these nuts 
were left off during construction, worked loose 
over time or stripped off during the earth
quake. In most cases, these failures were in, 
units with details that had since been super
seded by Caltrans. 

It is also clear that many restrainers worked 
as expected and significantly reduced the 

. number of collapsed spans. All of the columns 
with steel jackets appeared to perform without 
distress even though some were installed on 
bridges close to other structures that did par
tially collapse. 

Other Bridge Damage 
As of February 1, 1994, there were 176 bridges 
noted to have been damaged from the earth
quake and aftershocks. Damage ranged from 
minor spalling to collapsed spans. Some exam
ples of the damage include: 

• I-5 at the San Fernando Road Undercrossings: 
Abutment and wing wall damage and 
minor column spalling 

• Southwest Connector at the I-5/Route 118 
Interchange: Column shear cracks 

• I-5 at the Santa Clara River Bridge: a ste~I 
plate-girder bridge with sheared anchor 
bolts and failed cable restrainers 



• Route 101 at Los Virgenes: Pile damage 
• I-405 at the Jefferson Boulevard Undercross

ing: Outrigger joint cracking 
• The South Connector in the interchange be

tween I-5 and SR14 suffered severe pound
ing at the hinge seats ,and substantial 
damage to abutment 10. Structural dam
age at the hinge seats appeared to be more 
severe on the inside face of the curved 
girder, indicating greater movements in 
the radially outwards direction than in 
the opposite direction. 

• Abutment fills slumped behind the back 
walls of many bridges (for example, at the 
Bull Creek and Havenhurst Bridges on 
SR118). In instances where approach slabs 
were used (and tied to the back walls), 
access was not impaired. However, 
slumping in the shoulders and emer
gency stopping lanes will require repair. 

In addition, the city of Los Angeles reported 
several instances of approach fill settlement, 
abutment damage, and bearing and shear key 
damage. The Southern Pacific Railway re
ported inconsequential damage to bridge struc-
tures. , 

Conclusions & Recommendations 
The performance of bridges during the 
Northridge earthquake has shown that moden 
bridges designed to current codes performed 
well. Bridges designed to earlier codes suffered 
damage. An accelerated retrofit program is nec
essary for these older bridges. 

On the whole, this earthquake showed that 
bridge retrofit programs are effective, but that 
priorization algorithms for bridge retrofit 
should be reexamined. One common failure 
that occurred on retrofitted bridges was with 
cable restrainers. Most restrainer failures oc
curred either because they were based on a 
design that has since been superseded by Cal
trans or were forced to carry the weight of 
several spans of the bridge due to the collapse 
of nearby columns. However, some restrainers 
might have failed due to improper installation. 
In at least one case, the nuts on several 
restrainer cable studs were found to be missing 
and there was no evidence of stripped threads. 
Column jackets appeared to work well and 

none exhibited signs of damage or distress de
spite strong ground shaking nearby. 

Prioritization algorithms for bridge retrofit 
need to be reexamined. At least one bridge that 
partially collapsed would probably pass cur
rent screening procedures and not be identified 
as vulnerable. Structural attributes such as 
skew and the unintended participation of non
structural elements (for example, walls and 
flares) need to be further addressed. Multico
lumn bents should also be elevated in current 
priority ranking procedures. 

Other observations and recommendations· 
include: 

• The assessment of bridge vulnerabilities 
should not overlook the vulnerabilities of 
co-located pipelines. 

• Abutments and internal hinge seats must 
be generously proportioned to accommo
date large relative movements in flexible 
structures. 

• The combination of high vertical ground 
accelerations in bridges with high curva
ture may significantly decrease column. 
axial loads and adversely affect shear ca
pacities. 

• Approach slabs that are tied to abutment 
back walls can successfully bridge 
slumped fills behind those walls and pro
vide continued access. 
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