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DAMAGE TO FREEWAY STRUCTURES 

IN THE SAN FERNANDO EARTHQUAKE 

J. H. Wood* and P. C. Jennings** 

i . In t roduct ion 

The extensive freeway system of the Los 
Angeles basin utilizes a very large number of 
modern bridge structure s to distribute traffic 
at freeway interchanges and to carry the free
way s over and under the city street systems. 
Most of the bridges are of prestre ssed concrete 
or reinforced concrete design and commonly box 
girder construction is used although some arch 
and girder type bridge s are employed. In 
general bridges are the major structures on 
the freeway system and high earth retaining 
structures and tunnels are not common. 
Retaining walls are used on some of the older 
se ction s in the central area of Los Angele s 
City. 

The magnitude 6.6 main shock of the 
February 9th, 19 7 1 > San Fernando earthquake 
re sulted from displacements on a thrust type 
fault. The fault displacements originated at 
a point approximately eight miles beneath the 
epicenter, which was 1ocated in an uninhabited 
region of the San Gabriel Mountains, and propa
gated southward along a fault plane inclined 
at about k$° breaking the surface in the built-
up area of Sylmar. Because of the thrust 
type faulting, the location of the surface 
traces of the fault, and the location of the 
epicenters of the aftershocks, the center of 
energy release has be en placed about five miles 
sou th of the epicent er of the main sho ck, in 
the vicinity of the Pacoima Dam (Fig. I). A 
maximum peak ground acceleration of approx
imate ly 1.2g was recorded by an accelerograph 
instrument located on a steep rock ridge near 
one of the dam abutments. Some of the maximum 
peak ground accelerations re corded on the 
alluvial vaileys of the Los Angeles area were: 

San Fernando Valley, 8 mile s sou th 0. 26g of Pacoima Dam - 0. 26g 
North Hollywood, 13 miles south of 0 . I8g Pacoima Dam - I8g 
Pasadena, 2 1 miles southeast of 0, 20g Pacoima Dam - 0, 20g 
Cent ral Los Angeles, 22 miles south 0. l?g of Pacoima Dam - 0. l?g 
Castaic, 1^ mile s nor thwest of 

Cl 33g Pacoima Dam - u • 33g 
Lake Hughe s, 2k mile s north of 

Oo 35g Pacoima Dam - Oo 35g 

Approximately ?0 freeway bridge structures 
( counting twin freeway bridges as single 
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structures) were 1 ocated within a 10 mile 
radius of the Pacoima Dam and of these approx
imately kO received significant damage, 
including five bridges that collapsed. The se 
bridges were subjected to approximately 10 
seconds of very intense ground motion with 
max imum peak accelerations perhap s in the 
range 0 . 25-0.5g» In general, damage to bridge 
structures ou t side the 10 mile radius was 
relatively minor and was mainly confined to 
damage at superstructure joints and settlement 
of approach fills. Probably more than ^00 
freeway bridges lie within a 2 5 mile radius of 
the earthquake •s center and many of the se we re 
subjected to peak ground accelerations in 
excess of 0.15g. 

The most severe damage occurred to over
pass structu re s at three maj or interchanges; 
the Golden State (Interstate 5) and the 
Antelope Valley (California 1^) freeways; the 
Golden State and the Foothill (Interstate 210) 
freeways; and the Golden State and the San 
Diego (Interstate ^0 5) freeways. These three 
int erchange s were all 1ocated within seven 
miles of the Pacoima Dam (Fig. 1) and were 
probably in the region of strongest ground 
shaking. Mo st of the other damaged bridge s 
were located on the Antelope Valley, Foothill 
and Golden State freeways. The total damage 
to the freeway system has been estimated to be 
15 million dollars. 

The freeway bridges in the Los Angeles 
area are constructed under the supervision of 
the California Divi sion of Highway s. A 
uniformly high standard of constructions is 
achieved. 

2. Golden Sta te-Ante lope Valley Freeway 
In terchange 

The interchange between the Golden State 
freeway and the Antelope Valley freeway was 
under construction at the time of the earth
quake . An aerial view taken after the earth
quake is shown in Fig. 2. Two interior spans 
of the nine-span South Connector Overcrossing 
collapsed. The other bridges in the inter
change , including the bridges under construction, 
escaped maj or damage. A pre stressed concrete 
box girder that had not been stre ssed at the 
time of the earthquake was cracked by settle
ment of the falsework. Several bridges were 
damaged by the falling overcros sing. 

2. 1 South Connector Overcrossing 

Dimensions and typical details of the two-
1ane 13^9 ft 1ong concrete box overcrossing are 
given in Fig. 3 and Fig. k. Further details 
of the collapsed section and the damage to the 
remaining sections can be seen in illustrations 
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Fig. 5 to Fig. 10. 

The bridge was structurally complete at the 
time of the earthquake but was not open to 
traffic. The collapsed section consisted of a 
two-span, 380 ft long s prestressed concrete box 
girder supported by a central ikO ft high 
reinforced concrete column which collapsed with 
the superstructure. The ends of the collapsed 
section were supported on the adjoining rein-
forced concrete box spans by means of hinge 
joints. A standard (California Division of 
Highways) elastomeric type hinge was used and 
details can be seen in Fig. 6. At the joint 
the superstructure seat s on elastomeric bearing 
pads which are located on a 1^ in wide ledge. 
A reinforced concrete shear key prevent s 
relative transverse displacement s be tween the 
bridge sections. Three l-l/2 in diameter mild 
steel bolt s connect the br idge sections in the 
longitudinal direction. Apparently the se bolt s 
are used to equalize the 1ongitudinal creep and 
temperature deflections at the joints and are 
not related to earthquake re si stant de sign. No 
vertical hold-down bolt s are used at the joint s. 

At present the reason for collapse is 
unre solved and a detailed study of possible 
failure mechani sms is required. However, the 
pattern of the damage and the details obtained 
by inspection of the site merit some di scussion. 
It is not known whether an accurate survey of 
the freeway setting-out points has been under
taken but no permanent ground displacement s 
we re detected by visual in spe ct ion of the site 
by a number of investigators. The remaining 
sections of the bridge sustained only minor 
damage and with the exception of the very short 
column near the western abutment, which received 
shear cracking, the columns supporting the 
remaining secti ons were undamaged. The two 
columns nearest to the collapsed spans (piers 
3 and 5) had the same cross-section as the 
collapsed column but were significantly shorter 
and consequently stiffer. Had the lateral 
vibrations of the br idge be en large enough to 
produce a bending failure in the column 
supporting the collapsed section then it seems 
likely that the columns in the adjoining spans 
would have shown some signs of di stress. 
Sections of the superstructure fell across the 
base of the collapsed column and so it was not 
possible to inspect that point for evidence of 
any weakness in the construction materials• 

It is conceivable that combined transverse 
and 1ongitudinal vibrations were sufficient to 
allow one of the hinge joint s to open 
sufficiently for the girder end to fall. The 
1^ in seating width appear s smal1 in relat ion 
to the 190 ft 1ong spans. The two j oint s in 
the remaining we stern section of the bridge 
showed evidence of pounding but it was not 
possible to determine whether these joints had 
separated appreciably during the earthquake. 
Although the monolithic connect ions between 
the superstructure and abutments showed signs 
of overstressing no large relative displace
ment between the superstructure and abutments, 
or abutments and the ground, appeared to have 
occurred. 

The inability of prestressed concrete 
bridge s to carry large upward forces sugge st s 
anothe r pos sible failure me chani sm. The pre
stressed box girders have an appreciable 
re serve of strength for downward forces but 
normally are not de signed for large uplift 

forces and if vert ical vi brat ions of the span 
were sufficient to effectively remove a 1arge 
pe rcentage of the dead 1o ad then a sudden 
catastrophic compre ssi on failure could occur 
in the girder. The magnitude of the vertical 
ground accelerations and the resultant 
structural motion can only be estimated and 
f urther inve stigations are clearly necessary. 

3. Golden State-Foothi l l Freeway In te rchange 

The ex tensive damage to the large complex 
of overcrossings and bridges at the Golden 
State-Foothill freeway interchange is shown in 
the aerial photographs Fig. 11 and Fig. 12. 
Some of the maj or structure s are ident ified in 
Fig. 11. The interchange was in the final 
stages of construction at the time of the 
ear thquake and the maj or struetu re s were 
complete but not all were open to traffic. 
All but one of the bridge structures at thi s 
interchange suffered collapse or extensive 
damage . 

There were obvious signs of permanent 
ground movement in the general area of the 
interchange and although only relatively 
minor ground cracking was found in the 
immediate locality of the bridges, large 
ground movements were found at the nearby San 
Fernando Juvenile Facility, the Pacific 
Intertie Converter Station and the Metropolitan 
Water District treatment plant (Fig. 1 ) . The 
degree to which the permanent ground movements 
contributed to the bridge failures is not 
known. 

The highest level ramp, the Separation 
and Overhead structure, experienced a total 
collapse and fell on the Northwest Connector 
Overcrossing and on several of the spans of 
the San Fernando Road Overhead. The central, 
simply-supported steel girder spans of the 
San Fernando Road Overhead fell onto the 
Southern Pacific railroad. The Northbound 
Truck Route Undercrossing and the two-lane 
transition bridge of the San Fernando Road 
Overhead were seriously damaged and the latter 
bridge was demolished soon after the earth™ 
quake. 

3.1 Separation and Overhead Bridge 

Typical dimensions and details of this 
seven-span 770 ft long reinforced concrete 
box bridge are given in Fig. 13. The photo
graphs shown in Fig. 1^ to Fig. 15b illustrate 
some of the construction details and the total 
collapse of the bridge. 

The bridge was constructed with one 
standard elastomeric hinge joint that was 
similar in detail to those used on the 
previou sly de scribed South Connector Over-
crossing bridge. The longitudinal 1- 1 /2 in 
diameter bolt s were not used; apparently they 
are not required on bridges with a single 
joint• At each abutment the girder was 
seated on elastomeric bearing pads that were 
located on concrete pedestals. The length of 
the bridge seating on the pedestals was 
approximately 1 ft 10 in. Eighteen inch 
thick abutment wing walls provided transverse 
restraint but no vertical tie down bolts or 
longitudinal fixing to the abutments were 
used. The wing walls were seriously damaged 
by the movements of the bridge and one wall 
separated from the southern abutment. 
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Security restrictions and demolition work 

which followed soon after the earthquake prevent
ed a close inspection of the f ailure s at the 
base s of the columns. However, many photographs 
show what appear to be bond type failures of the 
No. 18 bars (No. k tie s at 12 in centers). The 
de sign specifications require that the No. 18 
bars be spliced wi thin the column section by 
butt welding so apparently the failures resulted 
from the bars pulling free from the pile caps 
at piers 2 and 3 (Fig. 13) or from the failure 
of the splice to the 6 ft diameter drilled 
concrete piles at the other piers. It is poss-
ible that bending failures at the base of some 
of the columns (a photograph of column 3 
indicated this type of failure) initiated the 
collapse and that the bond failure s occurred a s 
a secondary result of the collapsing structure. 

The combined influence of permanent ground 
movements and the severe vibrations of the long 
bridge essentially unrestrained at its abut
ments could have caused separation of the 1^ in 
hinge joint with subsequent collapse of the 
bridge spans. 

3•2 The San Fernando Road Overhead 

The two San Fernando Road Overhead bridges 
are seven-span skew structures that carry the 
Golden State freeway over San Fernando Road and 
the Southern Pacific railroad. Initially the 
bridges were constructed with a simply-supported 
central steel girder span and remaining spans 
of continuous reinforced concrete box con
struct ion . At a later date the bridges were 
widened to provide additional lane s and trans
ition ramps at the new interchange• Precast, 
pre stre ssed, girders were used to widen the 
central spans across the rail road and the other 
spans were widened with concrete box construct
ion. The steel girder spans were approximately 
73 ft long and were aligned skew. 

The collapse of the central spans can be 
seen in Fig. 12 and Fig. 17. Details of the 
damage to the concrete box sections are shown 
in Fig. l6. The severe vibrations caused 
failures in many of the columns permi11ing 
large horizontal deformations of the super
structure . Possibly the steel girders fell 
from their steel bearing s and then with the 
onset of large horizontal deformations the 
girder spans were rotated in a horizontal 
plane by the pounding at the skew j oint s until 
some of the girders slipped free from the pier 
capping beams. Permanent ground displacement s 
also may have contributed to the opening of the 
joints. The effective length of seating of the 
girders on the concrete pier capping beams was 
approximately l6 in. 

A deck joint was constructed at only one 
end of the central widening spans (Fig. 1 2 ) . 
Probably as a re suit of the restraint against 
rotation and displacement provided by the deck 
the se spans remained intact. 

3•2 San Fernando Road Overhead Transition 

This two-span, continuous, pre stressed 
concrete box bridge carrie s two lanes of north
bound Golden State freeway traffic to the east-
bound Foothill freeway and crosses both the 
railroad and San Fernando Road. Dimensions 
and detail s of the 2*4-0 ft long bridge are 
given in Fig. 18 and the structure can be seen 
in aerial view Fig. 12. 

Severe damage occurred at the base of the 
central column (Fig. 12) but unfortunately the 
bridge was quickly demolished before an 
inspection could be made. Photographs that 
were unavailable for this report indicated that 
the failure in the column was basically from 
overstress in bending. The relative simplicity 
of this particular structure would make it 
suitable for a detailed analysis, 

3.3 Northwest Connector Overcros sing 

As a re suit of the impact of the Overhead 
and Separat ion structure this cont inuous 
reinforced concrete box bridge was seriously 
damaged. Some of the structural failures were 
probably augment ed by ground shaking and soil 
movement s• De tails of the failures can be 
seen in Fig. 19 to Fig. 20b. 

3.k Northbound Truck Rout e Undercrossing 

Details of the extensive damage to the 
three-span continuous concrete box bridge are 
shown in Fig. 2 1 to Fig. 25. The bridge is 
approximately 225 ft long and has large angles 
of skew at each abutment. The abutment and 
column foundat ions are spread footings. 
Because of the highway geometry the abutment 
at the western end of the bridge is about 1. U> 
times longer than the abutment at the eastern 
end, and t he we stern pier has four columns 
compared wi th the three columns at the other 
pier. The bridge rotated in a horizontal 
plane about the we stern end resulti ng in a 
large permanent di splacement of the super
structure at the eastern abutment and severe 
bending failures at the tops of the columns 
in the eastern pier. The backfil1ing at the 
eastern abutment settled approximately 1 ft. 
The tendency of this bridge to rotate in a 
horizontal plane, effectively becoming more 
skew, was typical of many of the skew bridges 
in the area. This phenomenon is di scus sed in 
more detail in some of the following sections. 

k. Golden State-San Diego Freeway In te rchange 

At this interchange the Southbound Truck 
Ramp bridge collapsed onto the San Diego 
freeway. The collapsed structure was quickly 
demqlished and removed in order to open the 
freeway to traffic and consequently details of 
the failure were not obtained. The collapsed 
bridge was a two-span pre stre ssed concrete 
box girder approximately 350 ft long. 

5. Foothil l Freeway Bridges 

A newly-constructed k.5 mile length of 
Foothill freeway (Fig. 1) was in the zone of 
strongest shaking and most of the bridges were 
damaged to some extent. Several of the most 
severely damaged bridges are di scus sed in the 
following sections. 

5. 1 Foothill Boulevard Undercrossing 

The free way lane s are carried across 
Foothill Boulevard on two separate four-span 
reinforced concrete bridges. As a result of 
the rather complex freeway geome try in thi s 
area the dimensions of the two bridges are 
significantly different. The general layout 
and repre sentative dimensions of the south
eastern bridge are given in Fig. 26. 

Details of the damage to the south-
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eas t ern bridge are illustrat ed by the photo
graphs Fig. 27 to Fig. 29. As seen in the 
figure s, severe failures occurred in three of 
the four columns of the central pier. The 
central columns of the northwestern bridge 
appeared undamaged but fractures in the street 
concrete median strip i ndi cat ed relatively 
large movement s of the columns. Spal1ing 
occurred at the tops of two of the end span 
columns of the northwestern bridge and cracking 
occurred at the tops of some of the other end 
span columns. The end span columns are located 
bet ween retaining walls whi ch were structurally 
separated from the columns by a 1/2 in layer 
of soft material. Apparently the walls exerted 
a stiffening influence on the damaged columns 
under the northwestern bridge. 

A number of factors probably contributed 
to the overloading of the central pier of the 
southeastern bridge. The abutment s and piers 
have spread footing foundations and possibly 
differential settlements occurred producing 
an increase in vertical loading on some of the 
columns. The bridge rotated in the horizontal 
plane and a permanent offset of about k in in 
the direction of increasing skewness was 
observed at the abutments. Rotation would 
effectively increase the lateral load carried 
by the out er columns at the central pier but 
it is not apparent why the columns at the 
other piers were not damaged by this di splace
ment . 

The less extensive damage to the north
western bridge columns may have been a con
sequence of the significant difference in 
dimensions between the two bridges. Also 
columns at two of the piers of the northwestern 
bridge (including the central pier) had pile 
'foundations rather than the spread footings of 
the southeastern bridge. 

It is clear that the extent of the column 
f ailures in the sou theastern bridge was aggra
vated by inadequate ties. The use of l/2 in 
diameter lapped ties at 12 in spacing does not 
appear adequate for large bridge columns. Laps 
are unsatisfactory because spalling of the 
out er co ncret e shell render s the ties 
ineffect ive. 

5.2 Roxford Street Undercrossing 

The Roxford Street undercrossing bridge s 
are twin single-span pre stressed concrete box 
structures. The abutments of the 151 ft 1ong 
bridge s are located on filled embankment s and 
have 15 in diameter concrete pile foundations. 
Dimensions of the bridges are given in Fig. 30. 

Both bridges suffered lateral pile fail
ures and the large di splacement s of the 
bridges caused extensive damage to the abutment 
wingwalls and approach pavement. Details of 
the damage and failure s can be seen in Fig. 
31 to Fig. 3^. A 5 ft section of some of the 
piles was exposed for inspection and it 
appeared that the piles had hinged at the 
under side of the abutment s and sheared through 
the soil. The eastern abutment of the southern 
bridge received a permanent transverse dis
placement of approximately 2 ft 6 in and the 
we stern abutment moved several inches in the 
same direct ion. The eastern abutment of the 
nor thern bridge di splaced transver sely approx
imately 1 ft but no significant permanent dis
placement occurred at the other abutment. 

5.3 Bledsoe Street Overcrossing 

The Bledsoe Street overcros sing is a two-
span, 208 ft long, reinforced concrete box 
gi rder br idge 1ocated about Ij k mile from the 
01ive View Ho spi tal. Dimen si on s of the bridge 
are gi ven in Fig. 35 and an elevat ion view is 
shown in Fig. 36. 

The central pier and the abutment s have 
spread footing foundations in original ground. 
The bridge abutmen t s settled 2 in with re spect 
to the structurally separated wingwal1s located 
on the approach filling and the to tal set tie-
men t of the abutments may have been greater. 
Di stinctive cracks (l/32 in width) were found 
in the sidewalks at the regions over the central 
pier and the se extended into the roadway deck 
slab. The cracking indicated that quite 
appreciable differential settlement of the 
bridge foundations had occurred. 

Although no permanent horizontal di s-
placement s of the bridge were observed the re 
was evidence that the bridge had experienced 
longitudinal vibrations with a maximum ampli
tude of several inches. The approach side
walks were damaged by the movement s and spall
ing occurred at the tops of the two columns of 
the central pier. The column damage is shown 
in Fig. 37a and Fig. 37b. 

5 .k Tyler Street Footbridge 

Details of the Tyler Street footbridge can 
be seen in Fig. 38 to Fig. kO. The bridge is 
of continuous reinforced concrete box construct
ion and the longest span is approximately 70 
ft. 

All of the columns, including the tallest 
and pre sumably most flexible, spalled at their 
tops, indicating overstre ss in bending. The 
primary motion indicated by the column damage 
was longitudinal and the extent of thi s motion 
was illustrated by the 10 in gap that opened 
between the bridge seating and the abutment 
structure at the northeastern end of the 
bridge. The seatings at both ends of the 
bridge were not tied to the abutment structures 
and pre sumably considerable pounding occurred 
which re suit ed in di splacement of the abutments. 

6 - Miscel laneous Damage 

Abutment damage was widespread and 
although mainly confined to bridges within a 
10 mile radius of the Pacoima Dam, minor 
abutment damage occurred at more distant 
bridge s. Some examples of abutment damage can 
be seen in the illustrations referred to in 
the pre vious sections. Other example s are 
shown in Fig. kla. to Fig. k>3. In particular 
abutment damage was severe on skew br idge s 
and pe rhaps related to the tendency of skew 
bridges to rotate in a horizontal plane. A 
number of abutment s were damaged by basically 
shear type failure s in the component s that 
either re strained or provided a connection for 
the superstructure, In general it appeared 
that abutments located on firm ground were 
relatively more rigid than the pier st rueture s 
and consequently they initially carried a 
large proportion of the horizontal inertia 
loads. 

Settlement of the backfilling at abutment 
approaches was common and generally the 
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se ttlement was most severe at bridges that 
sho wed evidence of appreciable horizontal 
movements. Typically the unreinforced con
crete freeway pavement is continuous through 
to the backface of the abutment where it is 
seated on a k in wide recess. In a number of 
cases (Fig. 25) movement of both the bridges 
and the pavement was sufficient for the pave
ment to slip from the abutment recess and 
set tie with the backf i11ing. It seems de sir-
able to avoid this type of failure to ensure 
that the freeway s are immediately available for 
the operation of emergency vehicle s following 
an earthquake. Thi s particular detail would 
be improved by using a wider recess and a 
length of reinforced concrete siab across the 
approach filling. 

On a number of bridges a concrete apron 
was u sed to pa ve the si ope under the bridge 
between the city street level and the bridge 
abutment (Fig. 3 2 ) . The aprons were not 
connected to the bridge abutments and many 
siipped down the slope damaging the apron and 
the sidewalk. Thi s damage, although minor, 
would probably have been largely avoided by 
tieing the aprons to the abutment s. 

Pounding damage at super structure and 
abutment joints was a relatively common form 
of damage. Some examples are shown in Fig. ^3 
and Fig. kk* Elimination of this damage could 
probably be achieved by using thicker elasto
meric pads to increase the separations at the 
joints and by the use of more positive tieing 
between the components. 

?• Conclusions 

( 1 ) With the exception of the short steel 
girder spans that fell at the San Fernando 
Road Overhead, the structures that collapsed 
were long span inverted pendulum structures 
with relatively tall columns. Thus, these 
structures appear to be vulnerable to seismic 
excitation. On the other hand, the short span 
continuous bridges performed relatively well, 
indicating inherently high lateral resistance. 

(2) Several moderate span bridges with 
relatively large skew angle s received extensive 
damage to their lateral load-resisting com. 
ponents, The damage appeared to be aggravated 
by the tendency of these bridges to rotate in 
a horizontal plane In a direction that increased 
their skewness» It is thought that the rota
tion is a result of interaction between th© 
structure and the approach f ill • More invest
igation of this behaviour is required. 

(3) The concrete box girder superstructures 
of continuous bridges experienced very little 
damage even on bridge9 where the damage to 
substructures was S 0 f © r @ . Minor super
structure cracking occurred on saveral two-
span reinforced concrete box girder bridges 
with spread footing foundations where abutmsnts 
settled relative to the ©antral pier (a,g. th© 
Bledsoe Street bridge). 

(k) On long bridges the lk in length of 
seating provided at th© hinge jointsappears too 
short. More positive methods of tieing the 
sections together at super structure joints are 
required to prevent collapse even in the event 
of the strongegt ihaking. 

( 5 ) Most of the damaged columns were tied 

with No. k bar s spaced at 12 in and in general 
column failures wore severe with considerable 
loss of concrete from the central region of 
the column. The area of tie stool should bo 
significantly increased over tho full hoight 
of the columns. More adequate ties are needed 
to provide due t i i i ty and he nee reduce the 
severity of earthquake damage. Al so by 
increasing tho area of tie steel additional 
shear strength would be obtained. [n critically 
stressed regions of columns full confinement 
of the concrete is desirable and can provide 
a significant increase in earthquake resistance 
at a small additional cost, 

The ties on the damaged co Lumns were 
lapped and wi th the spalling of tho outer 
concrete shell they became ineffective. A more 
positive anchorage of ti es, such as a 135° bend 
and an e xtension into the central region of 
the column, is required. 

( 6 ) The influence of relative rigidi ty on 
the di stribution of horizontal loads between 
the abutments and piers is impor tant and needs 
do sign consideration. If abutment structures 
are to provide a significant proportion of the 
horizontal load resistance, it is necessary to 
use higher lateral load coefficients for the 
design of abutment components loaded basically 
in shear to account for the lack of ductility 
in shear type failures. 

(?) Freeway bridges in California are 
currently being designed to resi st earthquake 
forces in accordance wi th the Bridge Planning 
and De sign Manual• California Division of 
Highways, March 1968. The following equations 
summarize the method used. 

EQ = KCD 
EQ = The force applied horizontally at the 

center of gravity of the structure. 
(Not less than 0,02D). 

K * 1*33 For bridges where a wall with a 
height to length ratio Of 2.5 or less 
resists horizontal forces applied along 
th© wall. 

K = 1 . 0 0 For bridges where single columns or 
piers with a height to length ratio 
greater than 2.5 resist the horizontal 
forces. 

K • 0 . 6 7 For bridges where continuous frames 
resist horizontal forces applied along 
the frame» 

0 0 3 
C = ^yaSr* (Maximum value of C - 0 . 1 0 ) . 

T * 0 . 3 2 y - s - for single story structures 

T * puriod of vibration of structure 
D * Dead load reaction of structure 
P * Force raquired for one inch horizontal 

deflection of structural 

Thin manual and the AASH0 eed© are not 
gatigfactory for th© earthquake r^slitant design 
of bridges. In particular! higher eoefflolents 
art cltarly required for invtrttd pendulum 
itrueturti, Furthermore 1 thi design ©f large 
bridges essential to the functioning of the 
fretway eyetern merits special Invelitigation 
and dynamic analysts 
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Fig. 1 Location of major structures. The epicenter was 5 miles due north of Pacoima Dam, 
but the dam site was the approximate center of energy release of the magnitude 6. 6 
earthquake. 



Fig. 2 The Golden State - Antelope Valley freeway interchange, looking east. The South Connector Over-
crossing curves from lower left and the missing spans which collapsed can be seen in the center of 
the photograph. Other bridges were damaged by falling debris and settlement of falsework. 
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GOLDEN S T A T E - ANTELOPE VALLEY FREEWAY INTERCHANGE 

Fig. 3 
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PRESTRESSED BOX GIRDER SECTION COLUMN SECTION - PIERS 3,4 ft 5 

S O U T H CONNECTOR OVERCROSSiNG 

GOLDEN S T A T E - A N T E L O P E V A L L E Y FREEWAY INTERCHANGE 

Fig. 4 

Fig . 5 The collapsed pier and super
structure of the South Connector 
O v e r c r o s sing. This view was taken 
from the remaining eastern section 
of the bridge looking towards the 
western section. The pier standing 
between the two sections is for an 
overcrossing under construction. 



Fig. 6 The western end of 
the collapsed superstructure 
of the South Connector Over-
crossing. An elastomeric 
hinge-joint was constructed 
at both ends of the collapsed 
section. Details of the 14 in 
wide notch used at the joints 

& can be seen in this view. 

Fig. 7 Top of the collapsed column of the South Connector 
Overcrossing. Apparently the deck was cast on top of the flat 
surface at the column end.* Remains of the capping beam were 
not visible and must have stripped from the column during 
failure. 



Fig. 8 Abutment of the remaining eastern section of the South Connector 
Overcrossing. Spalling occurred at the monolithic joint between super
structure and abutment but there was no evidence of appreciable displace
ment. 

Fig. 9 Shear cracking in Column 9, 
the shortest column (7 ft) supporting 
the South Connector Overcros sing. 
Other remaining columns were un
damaged. 



Fig. 11 The Golden State - Foothill freeway interchange, looking southeast. This view was taken several 
days after the earthquake and considerable demolition work had been carried out in the vicinity of 
the San Fernando Road overhead bridges. 



Fig B 12 The Golden State - Foothill freeway interchange, looking west. This view was taken several hours 
after the earthquake. The San Fernando Road transition bridge, lower left, was still intact at this 
stage but note the vertical sag produced by a failure at the column base. CO 
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Fig. 14 Collapse of the Separation and Overhead bridge at the Golden State -
Foothill freeway interchange. The northernmost end of the super
s tructure is visible at the far right. The bridge was a 770 ft R. C . 
box with a single hinge-joint. 

Fig. 15a 
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Fig. 16 The San Fernando Road Overhead bridges, Golden State -
Foothill freeway interchange, looking northwest. Sections 
of the central span of the seven-span bridges collapsed. 
Note the separation at the abutment joint and the column 

Fig. 17 Collapse of the simply-supported steel girder spans of the 
San Fernando Road overhead. The newer widening sections 
of pr estr es sed girder construction remained intact. This 
view, the day following the earthquake, shows demolition 
work in progress to open the railway. 
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Fig. 19 The Northwest Connector Overcrossing, Golden State -
Foothill freeway interchange, looking east. The Separation 
and Overhead bridge fell on the span adjacent to the eastern 
abutment of this bridge. 

mM^ /\lk& 

Fig 0 20a . Fig. 20b 
Pier and abutment failures at the western end of the Northwest 
Connector Over crossing. The failures may have resulted from 
the combined influence of ground shaking, permanent displace
ment and the impact at the eastern end of the bridge. 
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Fig . 21 The Northbound T r u c k Route U n d e r c r o s s i n g , Golden State -
Foothi l l freeway in terchange , looking south. The eastern 
abutment has a skew of 55° and the western abutment is ap
proximately 70° skew. 

•MP 

Fig. 22 The eastern abutment 
Northbound Truck Route Under-
crossing. The bridge tended to 
rotate in a horizontal plane r e 
sulting in a 4 in displacement of 
the superstructure relative to 
the abutment w ing wall s, 

Fig . 23 Bending failures in the 
columns of the eastern pier of the 
Northbound Truck Route Under-
crossing. The columns are on 
spread f oo t ings . 
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Fig. 24 Pier and abutment damage at the eastern end of the Northbound 
Truck Route Undercrossing. The continuous R. C. box bridge 
tended to rotate about the western end producing large displace
ments at the eastern end. 

Fig. 25 Backfilling settlement and pavement failure at the eastern 
abutment of the Northbound Truck Route Under cros sing. Note 
the separation of the pavement from the abutment recess 
resulting in a potential barrier for emergency vehicles. 
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Fig. 27 Foothill Boulevard Under crossing, southeastern bridge, Foothill 
freeway. Failures were severe in three of the central columns 
but the columns located between the walls at either end of this 
bridge were undamaged. 

Fig. 28 The skew bridges of the 
Foothill Boulevard Undercrossing 
tended to rotate producing dis
placements of the superstructures 
relative to the abutment wingwalls 
of about 4 in. 

Fig. 29 Details of a central column 
failure, Foothill Boulevard Under-
crossing. The No. 18 bars were 
tied with No. 4 bars spaced at 12 in. 
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Fig. 31 The Roxford Street Under cros sing, Foothill freeway. Twin 
151 ft long pr estressed box girder bridges. Horizontal load 
pile failures occurred on both bridges. 

Fig. 32 Eastern abutments of the Roxford Street Under crossing. At 
this end the southern bridge displaced trans vers ely 2 ft 6 in 
and the other bridge moved about 1 ft. 



371 

Fig. 33 Fracture of the wing-
wall at the eastern abutment of 
the southern bridge, Roxf ord 
Street Under crossing. A severe 
lateral failure of the piles at this 
abutment resulted in a 2 ft 6 in 
horizontal displacement. 

Fig. 34 15 in diameter corrugated steel casing concrete 
piles at the western abutment of the southern bridge, Roxf ord 
Street Undercrossing. Permanent displacement at this abut
ment was about 6 in. Apparently the piles failed by hinging 
at their tops and shearing through the soil. 
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Fig. 36 B l e d s o e Street Over crossing, Foothill freeway. A continuous 
R. C. box bridge with spread footing foundations. The abutments 
settled relative to the central pier cracking the superstructure 
deck. 

Fig. 37a Fig. 37b 

Spalling damage at the tops of the twin central columns of the Bledsoe Street 
Overcros sing. The damage was probably caused by exces sive longitudinal 
vibrations and aggravated by the increase in axial load due to the differential 
s ettlement. 
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Fig. 38 Tyler Street Pedestrian Over cros sing, Foothill freeway. 
Longitudinal movements caused bending failures at the column 
tops and separation at the abutments. 

tallest column. Tyler Street 
Pedestrian Over crossing 

Fig. 40 Separation of the seating 
from the abutment structure at the 
northern end of the Tyler Street 
Pedestrian Over crossing. 



Fig. 41a Fig. 41b 

Abutment damage at the western end of the Balboa Boulevard Over crossing, 
Golden State freeway. The 674 ft long R. C. box superstructure was cast 
monolithically with the spread footing abutment structure. 

Fig. 42 Abutment damage at the northern end of the west Sylmar Overhead 
bridges, Golden State freeway. Apparently the skew superstructures were 
structurally separated from the abutments and seated on elastomeric pads. 
The abutment wingwalls failed at both ends of the bridges. 
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Fig. 43 Pounding damage at 
the joint between the abutment 
structure and wingwall at the 
eastern end of the Sierra 
Highway under cros sing, 
Angelope Valley freeway. 

Fig, 44 Pounding 
damage at a skew 
joint in the super
structure of the 
West Sylmar Over -
head, Golden State 
freeway. 


