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CONVERSION FACTORS

English to Metric System (SI) of Measurement

Quanity English unit Multiply by To get metric egquivalent

Length ' inches (in)or(") 25,40 millimetres (mm)
.02540 metres (m)
‘feet (ft)or(') .3048 metres (m)

miles {mi) 1.609 kilometres (km)

Area sguare inches (inz) 6.432 x 107 square metres (m2)
square feet (ft2) .09290 square metres (m2)
acres 4047 hectares (ha)

Volume gallons (gal) 3.785 litres (1)
cubic feet (ft3; .02832 © cubic metres (m3)
cubic yards (yd3). . 7646 cubic metres (m3}

Volume,/Tima

(Flow) cubic feet_ per - )
second (ft3/s) 28.317 litres per second {1/s)
gallons per :
minute {gal/min) . 06309 litres per second {1/s)

Mass pounds (1b) 145386 kilograms (kg)

.Velocity miles per hour(mph} 4470 metres per second (m/s)_

' feet per second({fps} .3048 metres per second (m/s)

Acceleration feet per second .
squared (ft/s?) +3048 metres per second
squared (m/s2)

acceleration due to
force of gravity(G) g,ggy metres per second
squaraed {(m/s2)

Weight pounds per cuble
Density {1b/££3) 16,02 kilogramg per eubig
metre (kg/m<)
Force pounda {1lba} 4,448 hewtons (N)
kips (1000 1bs) 4448
newtons (N)
Thermal British thermal
Energy unit (BTU) 1055 joules {J)
Mechanical foot-pounds{ft-1b) 1.1356 Joules (J)
Energy fook~kips (ft-k} . 1356 joules (J)
Bending Moment inch~pdunda(ftulbu) L1130 hewton-metres {Nm)
or Torque foat-pounds{ft-1bs} 1,356 . newtonemetrea {Nm)
Pressura pounds per squara
Inch (psi} 65895 pascals (ra)
pounds per square
. foot (paf) 47,08 pascala (Pa}
Stress kipy per uquarah ]
nalty inen sguare roo
Inte b3 nah (ﬁait/ﬂ7) 1.6988 mega pascals Jietre {MPa /i)
pounda por squnia
inch square roo
ineh (gai /Tn} 1.0988 . kilo pascals /uieirs (KPa /B
Plane Angla dagress (°) 0.0175 radians {rad)
Temparature degrees ' LE = 32 o ic degrees celsius (°C)
fahrenheit (F) 1.8

—ia
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INTRODUCTION

The San Fernando earthquake of February 9, 1971, was the
most damaging quake to occur in California since the Ldng
Beach earthquake of March 10, 1933. ATlthough of moderate
magnitude (6.4), it inflicted greater damage on the
California freeway system than any previous earthquake.
The major north-south 1ink (Interstate 5) between the

San Joaquin Va11ey and tos Angeles, which served 80,000

to 90,000 vehicles daily, was rendered inoperable and hence
closed to traffic for a period of 15 hours. Sixty-six
days elapsed before a 6-lane, long term detour could be
provided to allow free movement of traffic, Other routes
that sustained damage included Interstates 210 and 405 and
State Routes 2, 14, and 118; the Tlatter two being in various
stages of construction and not open to traffic in the_
affected area at the time of the earthquake., Major road
damage was concentrated within a remarkabiy small area

of about 12 square miles in the northern portion of the
San Fernando Valley and involved only about 10 miles of
operating freeways. The above routes and area of major
damage are shown in Figure 1, and to a larger scale in
Figure 2.

Purposes and Scope of Study

The purposes of this study were to inspect and document
roadway damage; determine, if possible, the mechanisms

by which different types of damage occurred; and determine
if the damage was related to design practices and/or con-
struction methods then employed.
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Thévécdpé of the study included the following:

1. A cursory review of roads and adjacent areas to
delineate limits of major roadway damage and to determine
overall damage patterns.

2. A review of grdund breakage to provide insight to
" road damage and to select individual areas for further
study.

3. A detailed inspection of road damage to provide
photographic documentation and field notes of observations.

4. Special work at a few locations to obtain quantitative
data primarily for aids in interpreting observations.

Although this study was oriented toward reviewing roadway
earthwork damage (notably embankments and cut slopes),
other elements of the roadway were reviewed for an overall
appraisal of Qamage and for the sake of completeness.
Furthermore, areas adjacent to, but outside, the highway
rights of way were studied to provide more information
regarding soil and earthwork behavior.

This Report

" Much of the information presented in this report was
included in earlier interim reports (1, 2). The purpose
of the present report is to provide more photographic
documentation, to describe the repair and reconstruction

" operations, and to discuss briefly the effect of the
San Fernando event on Caltrans' poéition regarding earth-
quake engineering, It should be noted that a detailed
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description of bridge damage and subsequent changes in
Departmental bridge aseismic design procedures are outside
the scope of this project and may be found elsewhere (g,i),

Information regarding seismological and geological aspects
of the earthquake, as;we11 as descriptions of damage to
other facilities, may be found in References 5-7,

Figure 1
Vicinity Map of Freeway Damage Area
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" ROADWAY DAMAGE

Within the field review area shown in Figure 1, all
principal elements of the freeways sustained damage to
varying degrees., The following descriptions and photo-
graphs of damage by route are included as documentation

of field observations and as illustrations of the behavior
of earthworks and other structural elements of roadways

when subjected to ground shocks similar to those experienced
during the San Fernando earthquake.

ROUTE 5, FROM OSBORNE STREET TO I-5/405 SEPARATION

Damage to the Route 5 freeway facility south of the Route
I-5/405 Separation was sTight, with no emergency repairs to
the roadway or bridges required. With the exception of the
Rinaldi Street Bridge and the East Canyon Channel structure,
damage consisted of superficial cracking of curbs and side-
walks, some settliement of sidewalks at undercrossings rel-
ative to the bridge curtain walls, some settlement and
separation of wingwalls, slight rotation of some bridge
decks, spalling at construction or expansion joints, and
minor soil cracking around abutments, both in fill and
original ground.

Damage to the Rinaldi Street Undercrossing consisted of
abutment Sett1ement, shattering of the abutment corners,
and wingwall movement. Settlement and separation of the
south abutment wingwall are shown in Photo No. 1.

Reinforced concrete box pedestrian undercrossings suffered
minor cracking and separation at construction joints.

wavwfastio.com
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Photo 1. Looking east-
erly at south abutment
of Rinaldi Street
Undercrossing. Note
settlement of wingwall,
separation at construc-
tion joint, and crack
in diaphvram.

At the East Canyon Channel, just north of Rinaldi Street, a
reinforced concrete double 12x14 box crosses beneath the
freeway. The box sustained cracks up to 1/4-inch wide in
all walls. At the box crossing a slight rise was noted in

the roadway profile due to fill settlement on either side
of the box.

About 1/2 mile north of Rinaldi Street an AC patch had
been placed across the southbound Tanes prior to this
investigation. Immediately west of the patch a concrete
gutter had undergone compression spalling, which suggests
the pavement had buckled.
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"ROUTE 405, FROM ROSCOE BOULEVARD TO I-5/405 SEPARATION

South of the Route I-5/405 Separation, sixteen structure

sites were reviewed, which were of two basic types:
pedestrian undercrossings and street undercrossings. Each
type of structure was of one design; consequently, the
distress patterns were similar for all structures within
each group. Damage with respect to structural integrity
was considered to be negligible and traffic was using all
surface streets and freeway structures, none of which re-
quired any type of shoring or immediate repair. Asphalt
patches up to #150 feet long had been placed at bridge
approaches at some sites to eliminate bumps due to fill
settlement, At several of these sites mud-Facking had been
attempted but its effectiveness was not determined. There
was no evidence of any other type of repair or remedial
work.

A'typicat Freéway undercroSéing structure is shown in Photo
Ne. 2. As may be noted, the entire fill end slope is en-
closed by concrete curtain walls. Also, the concrete side-
walk at the surface street Tevel extends full-width between
curb and curtain wall. As these structures rotated in
response to ground motion, forces were exerted through the
sidewalks to the curbs causing shear cracks at numerous
lTocations as iTlustrated in Photo Nos. 3 and 4.

At the San Fernando Mission Boulevard Undercrossing 3-1/2
inches of fill settTement occurred at the northeast wingwall,
as shown in Photo No. 5. At this Tecation, the evidence
showed the structure tended to rotate countercliockwise.

wavwfastio.com
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Photo 2. Typical under-
crossing structure on
Route 405.

Photo 3. Typical curb crack and displacement
caused by forces from curtain wall movement.
Note cracks in sidewalk ajacent to curtain

wall.
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Phioto 4.
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! Typical curb cwaék and displacement
capsed by forces from curtain wall movement.

10

Photo 5. Laeking westerly

at northeast wingwall of

San Fernamdo Mission Beulevard
Undercrossing., Note fill
settlement relative to
wingwali.
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1t was interesting to observe that, south of Rinaldi Street,
Route 405 fil1is clearly experienced more settlement than
those of :Route 5.

A definite progression of damage severity was noted on
both Routes 5 and 405 north from Osborne Street and Roscoe
Boulevard, respectively. South of San Fernando Mission

‘Bpu1evard, damage was negligible and permanent displacements

wavwfastio.com

often were difficult to detect. The San Fernando Mission
Boulevard structures were the first to show more than neg-
ligible (although still considered very minor) damage. Even
more damage was noted at the Rinaldi structures; but it,
too, was considered minor. In the Rinaldi area, damage to
other structures became more apparent, the Holy Cross
Hospital and the Indian Hills Medical Center, for example.
1t is of interest to note that the geological map of the
San Fernando Quadrangle shows the Missfion Hills Fault
trending east-west and closely paralleling Rinaldi Avenue
in this area (8). '

11
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‘ROUTE 5/405 SEPARATION AREA

The Route 5/405 Separation, shown in Figure 3, and Photo
6, is constructed in cut section 1mmediaté1y east of the
lower San Fernando Reservoir. The terrain is composed
of marine siltstone and mudstone (extreme right side of
Photo 6) in contact with younger, nonmarine sandstones.

The following damage descriptions are keyed to location
numbers on Figure 3.

Location’1

The most notable damage in the separation area was the
collapse of the Route 5 southbound truck freeway bridge
over‘Route 405 as shown in Photos 6, 7 and 8, A dis-
cussion of bridge damage may be found in Reference 5.

Location 2 -

At this location, northbound Route 405 traffic passes
through a concrete box tunnel structure, shown in the
left center of Photo 6.  No visibie disturbance of the
soils surrounding the structure and the roadway within
the structure was detected,, Minor cracking in the walls
and 1/4- to 1/2-inch separations in some expansion joints
were observed., Also, a small amount of wingwall separa-
tion from the top deck at the southwest corner of the
structure occurred. A report of the structure appears

in Reference 5.

It is interesting to note that the tunnel structure
suffered oniy very minor damage, yet 500 feet away a
bridge was destroyed.

12
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Fiéure 3
Layout of Route 5/405 Separation N

1000 2000
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Photo 6. Looking easterly at the Roufé 5/405 Sepération
Area,

' 13
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Photo 7. Looking northerly at the collapsed
Route 5 southbound truck freeway bridge over
Route 405,

Photo 8. The centef portion of the collapsed
Route 5 southbound truck freeway bridge.
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lLocation 3

Faulting occurred at this location in an east-west trend
through the dark patch across Route 5 shown in Photo 6,
upper right. The fau]tiﬁg is shown in more detail in
Photos 9, 10, and 11. Two feet of reverse fault dis-
placement, north over south, occurred. The writers
believe the faulting continued in a westerly direction -
across Route 405 in a zone several hundred feet wide
(see Ref. 2, p. 19, Item 6).

Undulations of the pavement, either visible or detectable
when riding over the zone, were noted. Photo 12 is a
southerly view of Route 405 across this zone, Immediately
to the west of the photo a one-half foot rise in the
ground.was noted, northside up, but an actual break could
~not be found. A detail of the pavement buckie in the
‘center of the photo is shown in Photo 13.

Afthough the above faulting may be localized, it is
interesting to note that on a regional map (Reference'S)
it appears to be an extension.of the Sylmar Fault break
of 1971.

Location 4
An earthquake-induced slump failure occurred at this
location in a ecut slope, shown in the center of Photo 14.

The failure was confined entirely to the upper three-
fourths of the 100-foot high cut.

15
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Photo 9. Looking easterly
along discontinuous fault
trace. Route 5 (patched)
is in background, Route 5
southbound truck lane in
center. MNote break and
disrupted profile in truck
lTane pavement.

Photo 10. Looking west-
erly across truck lane
pavement, Fault trace
extended up cut slope

in background.
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Photo 11. Looking easterly across the patched
area of Route 5. A break in profile of the
median fence may be noted directly in line with
the vehicle near the center of photo.

Photo 12, Looking southerly at northbound lanes
of Route 405. Fault zone is believed to extend
across the roadway in the area of broken pavement.

17
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Photo 13. Looking westerly across northbound lanes
of Route 405, Pavement break is on a ageneral projec-
tion of nearby fault trace mapped by authors.

Photo 14. Looking westerly across Route 5. Note
slide in cut siope.
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Location 5

At this location, a Blucher Avenue fill s1id toward the
reservoir, as shown in the Tower right center of Photo 6,
Lateral movement of the fill and pavement damage are
shown in Photo 15. Failure of the fill was possibly due
to liquefaction of the saturated foundation material,
although no supporting evidence to that effect was found.

Paved grounds of the Caltrans' maintenance vard immedi-
ately east of the slide suffered various amounts of
pavement breakage. An example is shown in Photo 16
which illustrates a one-foot thrust of pavement, north
over south, Another compressional feature was noted
across Blucher Avenue, south of the slide where the
roadway enters a cut section (Photo 6); however, details
of the feature were not recorded.

Photo 15, Looking southerly along Blucher Avenue
at results of i1l movement to the west.

19
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Photo 16. Looking westerly at maintenance station
parking area. Note pavement breaks and thrusting
of north over south.

20
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ROUTE 5, BETWEEN THE ROUTE 5/405 SEPARATION AND
ROUTE 5/210 INTERCHANGE

This 1.8 mile section of Route.5 passes through Tow-lying
hilis made up of nonmarine sediments and crosses canyons
that contain shalliow alluvial deposits. Groundwater is
very near the surface of canyon bottoms at the southerly
end of the section. Roadway and original ground profiles

are shown in Figure 4.
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Figure 4
Original ground and Route 5 centerline profiles’
from Route 5/405 Separation to Route 5/210
Interchange.
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" The following damage location numbers are shown on Figure 5.

Location 1

Immediate1y norfh of the 5/405 separation, the roadway
crosses a canyon on about 45 feet of fill as shown in
Photo 17. The embankment, founded on saturated, rela-
tively weak fine-grained alluvial deposits, experienced
vertical and lateral movement due to the foundation soil
behavior. Cracking in slopes on both sides of the fill
(Photos 18 and 19) suggest that much larger movements
typical of foundation failures would have occurred had
strong motion been of a 1ongef duration. Vertical move-
ment resuited in pavement s]ab displacements as shown 1in
Photos 20 and 21.

Concrete pavement slabs were thrust together near the
south cut-fill contact as shown in Photos 22 and 23, as
well as being separated along the same contact shown in
Photo 21, Longitudinal separation occurred between
pavement slabs due to fill lateral movement as shown in

Photo 24.
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LAYOUT OF ROUTE 5 FROM ROUTE 5/405 SEPARATION
TO ROUTE 5/210 INTERCHANGE

FIGURE 5
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' Photo 17. Looking northeasterly at Route 5. Note
: roadway embankment and pavement patches in left
center of photo.
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Photo 18. Looking northerly along easterly
slope of Route 5 embankment.

Photo 19. Looking south
at westerly slope of
embankment. Note cracks
and lateral movement in
siope.
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Photo 20. Vertical dispiacement along pavement
slab joints near fill/cut contacts.

Photo 21. Vertical displacement along pavement
sTab joints near fill/cut contacts.
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Photo 22 and 23. Breaking
and overriding of pavement
slabs at transverse Jjoints
due to Tongitudinal thrust-
ing action,
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Photo 24. STlab separation along longitudinal
joint due to lateral fill movement.

Location 2

The top of the cut slope (Photo 25) was distressed by
slope-shattering and transverse cracks, shown in detail
in Photo 26.

.
N ‘

Photo 25. Looking northeasterly at Route 5. Cu? slope
in top center sustained cracking. Note patches 1in
pavement. :

28
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Photo 26. Typical cracks in cut slope shown
in Photo 25,

Location 3

Just north of Location 2, a 30-foot high embankment under-
went enough movement to cause cracking in both slopes,

and settlement near the cut-fill contacts. The riding
surface across this embankment required repairs in the
south-bound lanes at the south cut-fill contact. A
12-foot steel plate drainage structure through the fill
was distorted at the inlet (Photo 27), and outlet (Photo
28}, but remained structurally intact.

29
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Photo 27. <Cracking and distortion in drainage

structure headwall.

Cracking in drainage structure endwall.

Photo 28. !
Note separation of concrete and metal at top of
structure. o

30
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Location 4

Rotational movement occurred in the cut slope on the west

side of the freeway shown in Photo 29.
atthough small, was sufficient to devel

The movemeht,
op cracks behind

-the top of cut (Photos 30 and 31) and to upthrust the

south-bound roadway surface and cause s
which required patching. Four hundred
another upthrust bulge occurred in the
not require immediate repairs. It was
first observation that slope movements

lab separation,
feet to the sduth,
roadway but it did
not obvious upon
of this nature

were the cause of the roadway riding surface damage.

Photo 29. Looking westerly at Route 5.
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top of cut slope.
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Cracking behind top of cut slope.

Photo 31.
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Location &

Between the cut .described for lLocation 4 and Roxford Street,
Route 5 is carried on fill. An 84-inch concrete drainage
pipe was located under most of the fill length, beginning

at Roxford Street and outletting near the cut of Location 4,
The outlet may be seen in Photo 29, right of center, at the
bend in the open channeli. This pipe was cracked badly from
the headwall on the east side of the Ti1l for a distance of
about 600 feet to the south and west. Longitudinal cracking
Was practica11y continuous, mainly between the 8 and 11
otclock and 2 and 4 o'clock positions when viewed 1ooking
westeriy. Cracks up to one inch wide with lateral offsets
up to one inch were noted. Also, peripheral cracks at
joints had opened about 1/4-inch at several locations. The
longitudinal crack pattern is shown in Photo 32.

Photo 32. Typical longitudinal cracks in
84-inch concrete pipe.
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Location'ﬁ.

At the time of the earthquake a bridge widening project
was under construction at the Roxford Street Interchange,
shown in Photo 33. In addition to structural damage shown
in Photos Sﬁ'and 35, settlement occurred in approach fills
and structure backfill shown in Photo 36.

Photo 33. Looking westerly at the Route 5/Roxford
Street Interchange.
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Photo 34. Separation
and settlement of wing-
wall, cracking of abut:
ment diaphram, Roxford
Street Undercrossing.

Photo 35. Settiement of concrete curtain wall
from bridge girder. Note exposed rebars along
separation.

35
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Photo 36. Abutment backfill Settlement, north
end of Roxford Street Undercrossing.

Location 7

Roadway settlement of a few inches occurred at the cut to
fi11 contact shown in Photo 37, right of center. A Tow fil11
crosses the drainage-way that follows the alluvium contact
with a s1ight hill made up of¢bédded sediments. From this
lTocation, the roadway is esseﬁtia]]y constructed along the
natural ground profile for a 1/4-m11e distance, northward.
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Photo 37. Looking easteriy at Route 5. The Sylmar
Converter Station is shown in lTower left., Juvenile
Hall complex is shown in middle left.

Location 8

The Juvenile Hall Landsiide (Photo 37) displaced Route 5
in excess of 5 feet horizontally, transverse to the road-
way (Photos 38 and 39). A compression buckle in the
concrete pavement also occurred, as shown in Photo 39.

Lateral movement of the roadway along the northern flank
of the slide resulted in separation, rotation, and differ-
ential heaving of pavement slabs as illustrated in Photo
40, Photos 41-43 show other features of the slide,
detailed analyses of which may be found in References

7 and 9, '
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Photo 38. Looking south é]ong_Route 5. Note
displacement of striping to right (west) caused
by Juvenile Hall slide.

Photo 39, Looking north along Route 5. HNote
relative lateral slab displacement sharply
delineated by striping., Northerly Timit of
slide displacement is shown by striping in far
background. Note pavement buckle caused by
extreme thrusting of slabs.
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Photo 40, Looking southeasterly at Route 5.
Northern flank of Juvenilie Hall slide crossed.
pavement here, resuiting in pavement slab
movement.

Photo 41. Looking north along concrete Tlined
drainage channel between Route 5 (right) and
the Sylmar Converter Station (Teft). Lateral
movement of Juvenile Hall slide (right to left)
was largely absorbed by the channel.

39
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Photo 42, Liquefaction sand boil in centra] portion
of dJuvenile Hall slide.

R

Photo 43. Northern flank of
slide, viewed from inside
Juvenile Hall complex.

-
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ROUTE 5/210 INTERCHANGE AREA

The Route 5/210 interchange‘area suffered the most severe
damage of the entire earthquake-damaged transportation
system. In addition to collapsed bridges that blocked
vehicular and railroad traffic, the roadway was distressed
by tectonic uptift, differential settlement, embankment
shear, spreading, and tension cracking,

Photos 44 and 45 show the interchange as it appeared the
day after the earthquakg. Specific damage locations to
be discussed are indicated by number in Figure 6.

The terrain in the Route 5/2710 area has over 100 feet of
relief and is made up of sandstones of the Saugus formation,
The canyons contain deposits of recent alluvium. Original
ground and roadway profiles of Route 5 northbound and the
A-Y Connector are shown in Figures 7 and 8.

Figure 6
Layout of the Route 5/210 Interchange

wavwfastio.com
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Photo 44. Looking easterly at Route 5. The Balboa
Boulevard Overcrossing structure is in left center.
The Los Angeles Aqueduct crosses the freeway from
upper left to lower right. The Route 5/210 Inter-
change off ‘the photo to the right.
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Photo 45. Looking easterly at the Route 5/210 Inter-
change. Route 5 is shown left to right and Route 210
at the top of the photo. Note the Juvenile Hall complex
in upper right and the Sylmar Converter Station in right

center,
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Location 1

Pavement slabs were faulted badly across the northbound
roadbed of Route 5 and Connectors C-Y, D-Y, and M-Y. As
may be noted from Photos 46, 47, and 48, typical faulting
and slab separation occurred at both longitudinal and
transverse joints. The large displacement shown in Photo
47 is the result of a large crack extending up the fill
slope. An interesting feature of the pavement distress

is that Route 5 at this location is essentially at original
ground level (Figure 7) although the slab behavior was
typical of pavement on fills,

Design and post-quake profiles of Connectors C~-Y and M-Y
are shown in Figures 9 and 10, respectively. The plots
show that despite a regional uplift in this area the post-
quake profile is lower than the design profile due to fill
settlement caused by spreading and densification.

East of this Tocation, natural slopes in the steep hills
were shattered in a north-easterly trending belt approxi-
mately 500 feet in width.

ey

Photo 46. Looking southeasterly at Route 5
northbound truck lanes. Note slab separation,
tateralily and vertically, at joints. Damaged
D-Y Connector Structure is 1in background.

45
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Photo 47. Lobking southeasterly along Connector D-Y,
at damaged fill-supported pavement,

Photo 48. Looking northwesteriy along Connector D-Y,

at pavement slab faulting, separation, and undulations
due to fill movement.
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The pavement of the Route 5 Southbound Truck Freeway was
faulted and displaced laterally due to shearing action in
the fi11 (Photo 49). The shear pattern, traced diagonally
down the fill slope, out1fned a complete volume of material
that probably would have collapsed had strong motion been
of a ]ongeﬁ_duration, The roadway profile and alignment
were deformed as shown in Figures 11 and 12.

Photo 49. Looking northerly at damaged pavement
of Route 5 southbound truck freeway caused by
fi11 movement.
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Location 3

At this location, the Southbound Truck Freeway crosses the
Los Angeles aqueduct and the penstock over separate struc-
tures. The aqueduct structure is founded on piles and
covered with about six feet of fill. The penstock structure
is founded on piles with the top of the structure serving
as the roadway. The "rigid inclusion" effect of the aque-
duct structure may be noted from Photo 50, which shows an
undulating roadWay profile caused by differential vertical
movements. The before and after earthquake profiles are
shown in Figure 13. This type of distress is typical of
Tocations where large rigid structures cross through or
below fills which, along with foundation materials, are
subsequently densified by ground shocks. Bridge design
borings indicate s1ightly compact to dense sand and sandy
gravel to depths of about 40 feet below the original ground
surface. From Figure 13 it appears that nearly all the
"settlement" occurred due to compaction of the foundation
soils. Since the regional uplift due to the earthquake

in the area was approximate1y 0.3 foot, densification of
fi11 material appears to have been minimal as determined
by a comparison of pre-post earthquake profiles over the
buried structure (Br, 53-1011), Figure 13.

B
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ELEVATION IN FEET
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Location 4

Foothill Boulevard crosses the northerly end of the aque-
duct structure (Bridge No. 53-1011) on about 22 feet of
fi11l above the deck, and then, proceeding northwesterly,
immediately crosses the penstock on Bridge 53c-316
(extreme left center of Photo 44). A closer view of the
two structures is given in Photo 51. Shortly after the
earthquake, fill material was removed from the deck of
Br. 53-1011 to relieve stress on the sheared deck of

the structure. Photo 52 is a view of the deck soffit,
the portion that was overlain by about 22 feet of fill.

Backfill at the northwesterly abutment of Br. 53c-316
settled about 8 inches as shown in Photo 53. The settle-
ment is clearly defined in the photagraph because the
pavement was asphalt concrete which does not provide a
bridging effect as do the portland cement concrete slabs.

Phote 51. Looking northeasterly at Bridge 53c¢-316
which carries Foothill Boulevard over the penstock.
Immediately to the right of the bridge, the un-
covered deck of the aqueduct structure, Bridge
53-1011, is visible.

52
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Photo 52. Southwesterly
view from inside Bridge
53-1011 showing damage,

Photo 53. Settlement of abutment backfill at
‘northerly end of Bridge 53¢c-316.
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Locatioh 5

Both approaches to Balboa Boulevard Overcrossing suffered
backfill settlement. Photo 54 shows the easterly approach
settlement of about 8 inches at the bridgedeck and wingwall
joint. The bridge abutment was founded on piles while the
wingwalls were on spread footings founded in the embankment.
Approximately 25 feet of fi11 rests over original ground at
the easterly bridge approach.

The westerTy approach was constructed in cut section with
both the bridge abutment and wingwalls founded on spread
footings. Backfill at the paving notch settled several
inches, while the bridge deck and wingwall remained in
essentially the same place, as shown in Photo 55. The
abutment failed in shear and rotation about a horizontal
axis as shown in Photo 56 and tended to arch the deck as
can be seeﬁ‘aTéng the neat line of the concrete quardrail
shown in Phbﬁo 57. '

Photo 54. Approach and winowall settlement at
easterly end of Balboa Boulevard Overcrossing,
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Photo 55. Westerly approach to Balboa Boulevard
Overcrossing., Note abutment backfill settlement
but Tack of differential settlement between
wingwall and abutment.

Photo 56. Damaged westerly °
abutment of Balboa Boule-
vard Overcrossing.
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Photo 57. Looking northeasterly at westerly
abutment of Balboa Boulevard Overcrossing.
Note slight arch in structure caused by
abutment movement.

Location 6

The approaches to this structure (Br. 53-1991R) are a com-
bination of cut and fill. Figure 14 shows the original
gfound topography with the structure superimposed over it.
The entire bridge is founded on spread footings in original
ground that is composed of very dense sand, gravelly sand,
and sandy gravel with cobbles of the Saugus formation,
"Settlement" at the easterly bridge approach, Photos 58 and
59, was about two feet at its maximum., At the westerly
abutment, "settlement" was several inches; with a portion
of the resuliing distress to pavement shown in Photo 60.

56
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The vertical alignment of the bridge and retaining wall
(wingwall) remained essentially the same, as can be seen
in Photo 59. Since both were founded on spread footings
in very dense original gfound, and the vertical éTignment
remained unfform, the observed settlement is believed to
be due to densification and loss of backfill material:
into voids created by the superstructure displacement

during strong seismic shaking.
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Photo 58, Settlement at the easterly approach
to Bridge 53-1991R on the D-Y Connectar, Route
5/216¢ Interchange.

Photo 59.‘ Settlement at the easterly approach
to Bridge 53-1T991R on the D-Y Connector, Route
5/210 Interchange.

2 58
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Photo 60. Cracking and
movement of D-Y Connector
Pavement immediately west
of Bridge 53-1991R.

Location 7

The bridge at this Tocation is founded on spread fbotings
in original ground. The westerly approach is entirely
within cut, while the easterly approach is made up of 12

to 30 feet of fill across a narrow steep canyon. The
easterly approach Pavement slabs cracked, separated, and .
settled a few inches at the bridge deck, as shown in Photos
61 and 62; whereas 1ittle Or no pavement distress was noted
at the westerly approach. Severe shaking of the bridge did
Occur as evidenced by the cracked wingwalls and abutment
(Ref. 4, p. 207, Index 10}, which would allow fill spread-
ing and consequent pavement distress.

59
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Photo 61. Pavement cracks and movement at the
easterly approach- to Bridge 53-1988L en the
. A-Y Connector, Route,S/ZlO Interchange.

Photo 62. Transverse pavement
crack at cut/fill contact near
easterly approach to Bridge
53-1988 on the A-Y Connector.

60
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Location 8

Pavement and soil-cracking occurred in the general area
of the cut-fill contact shown in plan on Figure 6. From
Connector C-Y the cracking diverged away from the contact
in a southerly direction. The cracking progressed from
one crack across Connector A-Y, Photo 63, to a zone
approximately 200 feet wide south of Connector C-Y.
Individual cracks show up to one inch of horizontal

separation and generally 1 to 2 inches of vertical

separation with the east side down relative to the west.
Photo 64 shows the pavement displacement across fonnector
D-Y and Photos 65 and 66 show the cracking and displace-
ment across Connector C-Y., No cracking on either fill
slope was found in this zone. However, south of the toe
of fill for a distance of about 70 feet cracking was
observed in original ground,

Photo 63, Looking northerly at transverse
pavement crack at the cut/fill contact on
A-Y Connector. Note horizontal and vertical
separation along crack.
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Photo 64. Looking northwesterly at pavement
slab displacement through cut/fill zone on
Connector D-Y.

Photo 65. Looking northwesterly at pavement
slab displacement through cut/fill zone on
Connector C-Y.
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Photo 66. Transverse pave-
ment crack on Connector C-Y,
(Light standard is same as

shown in Photo 65.)

Photo 67. Cracking in north
fi1l slope of Connector A=Y,
The pavement crack shown in
Photo 63 occurred at cut/
fi11 contact in background.

63
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Oon the north slope of the fill and about 300 feet east
'of the cut-fill contact a surficial siide occurred that
is shown 1niPh0to 67. This failure extended up into the
roadway causing minovr pavement distress and a slight dip
in profite.

Location 9

The conduit at this location is a double reinforced con-
crete box 6 feet wide by 11 feet high at the outlet (south
end). Fill height over the southeriy portion of the box
was about 65 feet. Vertical members of the box experienced
cracking as  shown in Photo 68 that extended into the box
for a disténce of about 200 feet.

Photo 68. Cracking in reinforced concrete double
box culvert. Note vertical members are out of
plumb.

64
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I-5, FROM BALBOA BLVD., THROUGH 5/14 INTERCHANGE

From Balboa Boulevard northward, Route 5 is constructed
on both sides of a steep canyon with high cut and fill
sections, At the time of the earthquake, widening of the
system was in progress with extensive cut and fill opera-
tions nearly complete on the west side of the canyon.

The east side of the canyon carried traffic along the o1d
alignment. The realignment of Foothill Boulevard along
the east side of the canyon and east of the freeway was
complete and involved a larae cut section. Photos 69-72
show progressive aerial views from north to south of this
portion of Route 5, taken the day after the earthquake.
Photo 73 is a southerly view of the Route 5/14 Interchange,
also taken the day after the earthquake.

Figure 15 is a map of the area showing the locations of
the following descriptions,

SCALE INFEET
no 200 300

SCALE INMETERS

LAYOUT OF ROUTE S5 BETWEEN BALBOA BOULEVARD
AND THE ROUTE 5/14 INTERCHANGE

FIGURE 15
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Photo 70. Looking easterly
‘ the Route 5/14 Interchange.

(1o.com

at Route 5, immediately south of
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?hoto 72. Looking easterly at Route 5 immediately north of
Balboa Boulevard Overcrossing.
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Lookiﬁb southerly at the
Route 14 is in upper left of photo.
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Location 1

Very little soil or pavement distress was found in this
area. A crack across the asphalt pavement of temporary
Route & (right central portion of Photo 72) showed 1/2-
inch of Tlateral displacement, south side moved west
retative to north side. About 450 feet north of this
offset, a tension crack appeared in the pavement w1th
one inch of separation. .

Location 2

A natural drainage channel at this location was routed
through a double reinforced concrete box 8 feet wide by

12 feet high., The north end joined an existing‘reﬁnforced
concrete arch over which the railroad crossed. No damage
was observed at the north end., However, at the south end,
1ong1tud1na1 hairline cracks occurred in the wa11s for

at least 200 feet into the culvert.

Ltocation 3

Cracking of both soil and concrete occurred transverse

to the highway at this location. Photo 71 shows roadway
concrete broken (right center above the curved reinforced
concrete box structure) at what appears to be very near

the cut-fi1l contact. Photos 74 and 75 are close-ups of

this break, looking east. Soil cracking occurred through

the above concrete box structure and continued westerly

into the bridge abutment area (barely visible right of center
in Photo 71). The hills to the east of the roadway along

the trend of the cracking were shattered in a 100~ft wide
zone. The above cracking appears to follow closely the

upper Santa Susana thrust fault as mapped by others (Ref.

5, Vol. III, p. 213, Figure 1), East of the shattered slopes
a large rockfall occurred, which is visible in Photo 71 (top
right).
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Photo 74. LlLooking easterly at
pavement damage on Route 5 north
of Balboa Boulevard.

Photo 75. CIosér view of pavement damage shown
in Photo 74. -
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Location 4

Rockfalls occurred in the steep, weli-indurated sandstone
cut face {upper right central portion of Photo 71).

Location 5

Minor compression spaliling occurred at the construction
joints in a retaining wall that separates the railroad
from highway embankment. The fi]1 supported by the wall
slumped and Tongitudinal cracking occurred in the roadway,
as shown in Photo 76. |

Photo 76. Longitudinal cracking in pavement due
to Tateral movement at top of cantilever retaining
wall, Pavement has been broken mechanicall for
removal. '

lLocation 6

A large landslide occurred in a cut stope at this location
(Photos 77 and 78). Had the roadway been completed, front-
age road access from one approach would have been blocked

by the slide. An interesting aspect of this slope is that
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Photoﬁ77m ankfng westerty at a cut slope siide
immediately south of the Reute §/14 Interchange.

Photo 78. Aerial view of siide shown in Photo 77.
Note blockage of unfinished connector by slide debris,
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the cut Teft a nob with a rather high slenderness ratio,.
The bedding planes of the friable sediments dipped toward
the cut face, and the top of the slide was at the apex

of the cut and a very steep natural slope facing west.
The top of the slide and west-facing slope may be seen

in the lower right of Photo 70,

-

Location 7

A slump landslide that occurred in a cut slope is shown
in Photos 69 (upper right) and 79. The slide, which did
not encroach upon the roadway, occurred in a clayey silt
with a high moisture content.

Photo 79. Looking easterly at a slide in a cut
slope, immediately south of the Route 5/14
Interchange.
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Embankment Settlement

Embankments in this area settled up to four inches as
determined by construction stake checks, and cracking up
to two inches wide occurred along what appeared to be cut
to fill contacts., Since construction had not reached the
paving stage at the time of the earthquake, embankment
settiement and cracking were of minor consequence compared
to that within paved areas.

ROUTE 5, NORTH OF THE 5/14 INTERCHANGE

Geodetic surveys conducted after the earthquake show that
regional warping of the earth's crust extended at least ten
miles northerly of the 5/14 Interchange (5). However, damage
to Route 5 north of the 5/14 Interchange appeared to be due
to seismic shaking and secondary tocal ground movement, as
opposed to damagé caused by geologic faulting or upheaval.

Damage to bridge structures included slight shifting of the
superstructure and concrete spalling at the hinges of_Gavin
Canyon Undercrossing. Other bridge damage consisted of
minor cracking and spalling of concrete and shifting of
bearing seats on two steel girder bridges.

Damage to the roadway'wés confined to an area approximately
two'mfles'northfa? the interchange and appeared to be the
aggraVation of an existing problem area. Photo 80 shows
the flank of an ancient landsiide (slide on Teft) in the
cut face. Earthquaké~induced movement of the old slide
occurred and resulted in upltifting of the roadway shown

at the'bottom of the photo. Photo 81 shows a close-up

view of the uplifted AC curb of the previous photo.

Further north, a cut slope on the east side of the highway
had ground breakage behind the top of cut as shown in
Photos 82 and 83.
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Photo 80. Looking easterly at quake-activated
ancient slide in cut slope.

Photo 81. Upthrusting
of pavement (Note AC

dike) caused by move-
ment of ancient slide.
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Photo 82, Ground bréékage at top of cut slope
on east side of Route 5.

Photo 83. Ground breakage at top of cut slope
on east side of Route 5.
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ROUTE 14, FROM THE 5/14 INTERCHANGE THROUGH THE
SANTA CLARK RIVER CROSSTNG .

At the time of the earthquake, Route 14 was under construc~
tion from Route 5, east, through the Santa Clara River
Crossing. Figure 16 shows the alignment to Placerita
Canyon Road., The Santa Clara River Crossing is approxi-
mately four miles northeast of Placerita Canyon. The
route is constructed in high cut and fi1] sections
through highly faulted and folded sedimentary rock units
that range from well-indurated conglomerates and sand-
stones to friable and unstable Take bed deposits of
mudstones and claystones. Photo 84 shows the contorted
lakebed deposits'typica] of the roadway section from
1-1/2 miles east of Placerita Canyon to the Santa Clara
River. Photo 85 shows the scale of the cut and fil1l con-
struc;jgn_typiea] of Route 14.

\ .

o 2000 3000 ' 4000 5000
SCALE IN FEET '

LAYOUT OF ROUTE 14 BETWEEN THE
ROUTE 5/i4 INTERCHANGE AND
PLACERITA CANYON ROAD

:}?1 FIGURE 16
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Photo 84. Looking northwesterly at typical
contorted geological features east of Placerita

Canyon, Road.

Looking northeasterly at typical scale

Photo 85.
of garthworks on Route 14.
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At the time of the earthquake, the construction stages

of the various bridges ranged from forming to complete.
Backfill settlement at the abutments, observed at several
locations along the route, amounted to an inconvenience
only, as the roadway finished grade had not been completed.

Photo 86 shows 8 to 10 inches of backfill settlement that
occurred at the west abutment of the westbound structures
for the Via Princessa Undércrossing. Photo 87 shows the
area to be backfilled at the west abutment of the east-
bound structure. Assuming that construction practices
were similar for both structures, a'comparison of the two
photos show the settlement was confined to the backfilled
area, It is probable that the settlement resulted from
spreading during seismic shaking as the wingwalls were
not yet constructed. The abutments of the structures.

were ejther sheared or distressed similar to that shown

in Photo 88, with the except1on of the west abutment of
the eastbound structure,

Backfill settlement of 6 to 8 inches at the west abutment
of the westbbund roadway structure of the Santa Clara
River Crossing is shown in Photo 89. The settlement was
confined to the backfilled area of the abutment. No dis-
placement of the wingwalls and abutment wall (constructed
as a unit) was noted. Photo 90 shows a few inches of
backfill settlement at the west abutment of the eastbound

- structure. The abutment and wingwalls were constructed

(1o.com

as a unit and no bridge damage was detected. Again,_the
settlement appears to be confined to the backfilled area.
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Photo 86. Abutment back¥ill settlement at the
Via Princessa Undercrossing. MNote large crack
which delineates 1imit of backfill.

Photo 87. Abutment prior
to backfilling at the Via
Princessa Undercrossing,

ClihPD wwwLfastio.com



http://www.fastio.com/

Bridge (west abutment, west-

Abutment backfill settlement at the

-~ .
A} = o
> Q o
= e
[ i
4
- oo
= L=
o LI S
FE) WO w
a O mo
Nal
L~ * L ik S =]
S oo =
— = s O
o) L2

Typica
damage through the eastern
ion of Route 14

Photo 88.
port

www . fastio.com

HhPD

Cli


http://www.fastio.com/

ClibPD

WAV

Photo 90. Abutment backfill settlement at the
Santa Clara River Bridge (west abutment, east-
bound structure)w

Photo 91. Minor spall-
ing and joint separation
in an 11-foot concrete
arch culvert.
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The above descriptions are typical of the distress‘en-

- countered at other structures along Route 14, Structures

west of Placerita Canyon Overcrossing to the 5/14 Inter-
change area appeared to be undamaged and on]y minor amounts
of backfill settlement were noted at some structures,

An 11-foot span reinforced concrete arch culvert near the
Via Princessa Overcrossing was completed, backfilled, and
had roadway embankment placed over it to specified grade.
Plans specified that backfill around the arch include
baled straw, one bale thick, for those sections under
embankment heights greater than 30 feet above the crown.
Maximum fi11 height over the crown was about 55 feet for
a 150-foot length of the culvert, and at least 30 feet of
fill height for a 250-foot length of the culvert, Damage
to the culvert beneath 30 feet or more of fill consisted
of expansion joint separation of +1 inch; longitudinal
cracking in the upper one-half of the culvert ranged

from hairline to about 1/4-inch; and one section of the
top spalled, as shown in Photo 91.

S]ight cracking was noted in other portions of the culvert
but it appeared to be .very minor. The effect of the ba]éd
straw over the culvert for the higher fill-covered areas
may have been beneficial in cushioning the cu]vert during
earthquake induced qround movements,

A 72-inch diameter reinforced concrete pipe crossing under
Route 14 just east of the Sierra Highway Undercrossing had
hairline to 1/8-inch longitudinal cracks in the upper 1/3
of the pipe on the east wall for nearly the length of the
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pipe andlsome:%iscontinuous cracking in the top. No dis-

tortion of the invert was noted and the pipe appeared to
be in good condition, overall.

Other drainage conduits investigated under Route 14 included
a 10-foot wide x 8-foot high double reinforced concrete box
and a 14-foot Span reinforced concrete arch, No visible
damage to either structure was detected.
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ROUTE 2710 FROM ROUTE 5/210 INTERCHANGE THROUGH:
MACLAY STREET

At the time of the earthquake, Route 210 was open to traffic
from the Route 5/210 Interchange on the west, to MacTay
Strect on the east. Embankment was placed from Maclay
Street easterly for approximately 7000 feet as staged con-
struction. Construction had not been started on the pro-
posed Route 118/210 Interchange.

The completed portion of Route 210 and the surrounding
topography are shown in Photo 92. Profiles of ofigina1
ground, roadway design gradeline, and a post-earthquake
change in elevation profile of the roadway are shown in
Figure 17. As-built plans were used in the compilation

of Figure 17 for the roadway and original ground profiles..
Post-earthquake elevation surveys of the roadway were
compared to the as-built profile and the change inle1eva-

tion for each station is plotted on the figure,

The general trend of the post-earthquake survey shows that
a regional tilt of the ground surface occurred, sloping _
upward to the east as measured a]bhg the Route 210 a1ignmént.
Maximum bedrock uplift was 5.6 feet at the Sylmar Fault
(Freeway Station 335) and the minimum bedrock uplift was

about 0.75 feet at the Foothill Boulevard Undercrossing

(Freeway Station 109).
Damage description location numbers are shown on Figure 18.

Location 1

In addition to the structural damage to the Foothill

Undercrossing (Photo 93), embankmeént distress in the form
of shear cracks and settlement occurred at the approaches,
Backfill settlement measuring up to one foot resulted in
approach slab breakage.
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Photo 92. Lookipg easterly at the completed portion of Route
ni

210. The Jduve
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Photo 93. Looking northerly at the Foothill Boulevard
Undercrossing.
}
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location 2

Pavement slab separations of 1/4 to. 1/2-inch occurred
along expansion joints in the outside lanes of the east-
bound roadway for a distance of 650 feet east of Foothill
Boulevard. Minor undulations in the roadway profile
between Foothill Boulevard and Yarnell Street resulted
from fill and/or foundation densification,

Location 3

Fills at the Yarnell Street Undercrossing (Photo 94) settled

about three inches at the west approach (Photos 95 and 96)

and about six inches at the east approach. Photo 97 shows
cracking and settlement in the median at the wing wall.
Again, settiement appears to be the combined result of
densification of fill and underlying aluvium caused by the
seismic shaking.

Both bridges are single spans with abutments supported on
piles. Piles extended through the fi11 to about 25 feet
below the original ground surface and were founded in very
dense sand and sandy gravel. Inspection of the bridge Tog
of test borings shows about a four-fold increase in energy
required to penetrate the foundation material at the pile-
tip elevation as opposed to the uppermost ten to fifteen
feet of material. Overburden material continuously
increased in density from the original ground to the
pile-tip foundation material.
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: Photo 94. ‘Looking'northér]y at the‘Yarne]] Street
T Undercrossing. : o

¢
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Photo 95. Fil1l and abutment backfill settle-
ment at the Yarnell Street Undercrossing,
eastbound roadway, west approach. Note ramp
effect of approach slab to structure deck.

Photo 96. Same Tocation as Photo 95. Note
settlement of AC shoulder pavement relative
to wingwall.
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Photo 97. Fil11 cracking and settlement in
median at Yarnell Street Undercrossing.

Location 4

Pavement slab separation of the longitudinal constructien
joint of 1/2-inch to 1-1/4-inches occurred in the westbound
roadway for a length of 560 feet at this location. Fill
height through this section varied from 12 feet at the east
Timit to 24 feet at the west limit as shown in Figure 17.

Location 5

Pavement undulations through this location appear to reflect
the cut/fill profile and varying fil1l thickness.
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Location 6

The asphalt concrete paved median ditch at this tocation had

a longitudinal crack along the flowline fop g distance of
about 850 feet. The difch paverent had collapsed in places
for a width of up te 1/2-foot.  This section of roadway is

on fill that is about 20 feet high at the freeway centerline,
The roadway starts into cut section about 150 feet west of

the median tension crack. The portland cement concrete pave-
ment in both roadways showed seéparation along the Tongitudinagt
construction Joirnts ranging from 1/4-inch to more than one

inch.
Locatjon_?

In the Gienocaks Boulevard area (Photo 98), Route 2710 is

constructed on about 20 feet of i1l over alluvium that is

made up of gravelly sands. A comparison of the constructed

profite vs. the post-earthquake profije (Figure 17) shows

that stightly wore than three inches of F317 settliement

occurred at the west bridge approaches and about 4-1/2
inches of fitT settlement occurred at the east approaéheé.‘
- Both bridges are set on piles that are founded about 30
feet below original ground,

NO structural damagé to the bridges was found (4), but
concrete sione-paving beneath the sup@rstructures caused
minor damage to the concrete sidewaTks and curbs along
Glenoaks BouTevard (Photo 99y,

The slope Paving, which settted aboyt 3 inches at the-
bridge abutmemt and about 2 irnches at the sidewalk,

transmitted forces from the abutments to the sidewalk
and curbs .
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Photo 98. Looking northerly at the Glenoaks Boulevard
Undercrossing.
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Photo 99, Looking scuth along Glenoaks Boule-
vard. WNote rotated and displaced curb due to
lateral force of displaced slope paving that
was transmitted through sidewalk.

Photo T100. Looking west across Glenoaks Boule-
vard at tension cracks in AC pavement caused by
differential settlement.
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The dsphalt concrete pavement of Glenoaks Boulevard settied
différentia]]y where it crosses beneath the freeway, result-
ing in transverse tension cracks as shown in Photos 100 and
101. The cracké are nearly coincident with the freeway toe
of fill line. The break in pavement profile appears to be
nearly over the southerly edge of a buried 11-foot wide by

Photo 101. Looking west across Glenoaks Boule-
vard at tension cracks in AC pavement caused
by differential settlement.
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8-foot high reinforced congcrete box storm drain covered by
about 3 feet of earth, The storm drain begins to curve
near the centerline of @lenocaks Boulevard and crosses the
centerline of Route 230 (beneath fi17) about 150 to the
west, No break in the pavement profile could be discerned
along the north edge of the box. ‘

Location 8

An undu1ating roadway surface, shown in Figure 17, was the '
result of tectonic uplift combined with differential settle-
ment in the roadway embankment and underlying gravelly sands.

Location 9

Seismic shaking at the I1-210/Roxford Sireet Interchange
(Photo 102) appears to have been much more intense than

that to the west fpr a distance of about one mile along

the freeway alignment. The east abutment for the east-
bound structure separated from the pilings and the structure
shifted about three feet to the south as shown in Photo 103,
Fill spreading and settlement disrupted the roadway profile
{Photos 10# and 108), Pavement slab separation and Tongi-
tudinal cracks resulted from fill displacement {Photos

106, 107, 108, and 109), A compres$ion buckle formed in
asphalt concrete pavement §n the eastbound off-ramp

{Photos 105 and 110)., lLateral shear displacement of fill

is evidenced by bulging and a developed thrust offset near

~the toe of fill at the west approach to the eastbound

bridge. Bulging occurred at the toe of fill along the
eastbound off-ramp for a distance of several hundred feet.
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B} Pheto 102. Looking northerly at the Roxford Street
C Undercrossing.
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Photo 103. Looking west at the eastbound
structure of the Roxford Street Undercross-~
ing, Note rotational movement of structure.

Photo 104. Looking east at the eastbound struc-
ture of the Roxford Street Undercrossing. Note’

-settlement of pavement relative to structure

deck. Note also separation of pavement slabs
and the broken approach slab. The tire skid

marks leave 1ittie doubt as to the whereabouts
of one motorist at the time of the earthquake.
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