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SYNOPSIS: The "L" Street slide in Anchorage caused by the 1964 Alaskan earthquake was
evaluated based on existing data and limited new data obtained in the field and in the laboratory. 
The results indicate that the "L" Street slide likely was caused primarily by the failure through 
the upper part of the normally consolidated to lightly overconsolidated Bootlegger Cove Formation. 
Failure involved some loss of undrained shear strength due to earthquake loading and significant 
loss of undrained shear strength due to large straining.

INTRODUCTION

Alaska was shaken on 27 March 1964 by one of 
the largest earthquakes ever to occur anywhere 
in historic times. The magnitude of the 
earthquake was 8.5 (surface wave magnitude) and
9.2 (moment magnitude); an epicenter was 
estimated about 130 km east of Anchorage and 
the zone of aftershocks was about 65 km from 
Anchorage. Based on patterns of damage to 
structures, ground motion levels in Anchorage 
were estimated to be about 0.15 to 0.2g (eg, 
Shannon and Wilson, 1964).

Subsequent to the slide, the area has been 
almost fully redeveloped. In spite of this 
intensive redevelopment, the 1964 "L" street 
slide had not been fully investigated in light 
of recent developments in geotechnical 
earthquake engineering practice.

The number and extent of landslides in the 
parts of Alaska affected by this earthquake were 
very large. Figure 1 shows the location and 
approximate extent of the slides, including the 
"L" Street slide, triggered by this earthquake 
in Anchorage. The "L" Street slide had 
sufficiently large movements to significantly 
damage a 25 city-block section of downtown 
Anchorage.

The purpose of this paper is to present the 
results of a recent re-evaluation of the "L" 
Street slide based on a limited program of 
subsurface investigation, laboratory tests and 
analyses. It is hoped that the contents of 
this paper will shed additional understanding 
regarding the failure mechanism of slides such 
as the "L" Street slide.

THE 1964 "L" STREET BI>IDE

An idealized plan view of the "L" Street Blide 
is shown in Fig. 2. The slide was translatory 
(Hansen, 1965) involving a relatively 
horizontal movement of a soil block toward the 
bluff, with a graben forming behind the soil 
block as is illustrated in Fig. 3. The slide 
extended about 4,000 ft along the bluff, and 
the width of the soil block varied from about 
150 to 400 ft. The maximum horizontal
displacement of the soil block was about 14 ft 
toward the northwest.

There was very little change in elevation 
within the sliding block and relatively few 
cracks were noted outside the graben (Shannon 
and Wilson, 1964). The graben area, however, 
dropped vertically as much as 10 ft. Many 
buildings and utilities within the graben and 
along its edges were thus heavily damaged.

Eyewitness accounts suggest that the slide 
occurred well after the start of the earthquake 
and no discernable movements were detected in 
repeated measurements after the earthquake 
(Shannon and Wilson, 1964).

FIGURE 1: LOCATIONS OF MAJOR LANDSLIDES 
CAUSED BY THE 1964 ALASKAN 
EARTHQUAKE IN THE ANCHORAGE AREA
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The subsurface conditions in the "L" Street 
slide area were inferred from the 
investigations conducted after the earthquake 
and from recent geologic and geotechnical 
evaluations in the area including the 
investigation carried out in 1984 specifically 
for this study. The latter included: (i) 
advancing one boring with standard penetration 
tests (SPT), sampling and in-situ vane tests; 
(ii) completing six cone penetration test (CPT) 
soundings; and (iii) conducting laboratory 
tests on selected samples.

The locations of borings and CPT soundings 
completed since 1964 in this area are shown in 
Fig. 2. Figure 3 provides an outline of the 
stratigraphy along Section A-A and shows the 
results of the CPT soundings completed along 
this section. The subsurface conditions in the 
"L" Street slide area are in general very 
similar to those found in the Fourth Avenue 
slide area (Idriss, 1985) and can be described 
as follows:

SUBSURFACE CONDITIONS
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FIGURE 2: 1964 "L" STREET SLIDE AND 
SUMMARY OF FIELD INVESTIGATION 
LOCATIONS

1. The upper 30 ft, or to about elevation 
65 (MSL), consist of very dense 
gravels and sands of the Naptowne 
Outwash.

2. An interbedded zone underlies the 
Naptowne Outwash and consists of 
alternating layers of clay (Bootlegger 
Cove clay), silty sands and sandy silts 
to a depth of about 50 to 55 ft in the 
flat area. The silty sands and sandy 
silts are dense to very dense with SPT

blow counts ranging from 30 to 40 and 
CPT tip resistance of the order of 200 
tsf.

3. Below the interbedded zone, a uniform 
layer of lightly overconsolidated (OCR 
values ranging from about 1 . 2  to 2 ) 
Bootlegger Cove clay is found to a 
depth of about 150 ft. Glacial till is 
encountered below this layer.

RE-EVALUATION OF THE 1964 "L” STREET SLIDE

The evaluation of this slide after the 
earthquake noted that failure occurred at a 
depth of about 50 to 7 5 ft below the ground 
surface in the flat area (ie, at about 
elevation 45 to 20). This depth range suggests 
that the slide occurred either through the 
interbedded zone or slightly below it. If the 
slide had occurred through the interbedded 
zone, it was likely to have been caused due to 
liquefaction in the cohesionless layers in this 
zone; the clay layers in the interbedded zone 
are stiff to very stiff. If the slide extended 
below the interbedded zone, then it was caused 
by the undrained failure in the Bootlegger Cove 
clay underlying the interbedded zone.

Liquefaction Potential:
The likelihood of failure in the "L" Street 
slide due to liquefaction of the cohesionless 
soils within the interbedded zone was evaluated 
as part of this study. The results can be 
summarized as follows: (i) the normalized SPT 
blow count, (Nx)60, ranged from about 20 to 28; 
(ii) the induced cyclic shear stress ratios 
ranged from about 0.09 to 0.16; and (iii) the 
cyclic stress ratio available to resist 
liquefaction, using the curve presented by 
Idriss (1985) for a magnitude 9.2 earthquake, 
ranged from about 0.18 to 0.25. Accordingly, 
it was concluded that liquefaction in these 
cohesionless soil layers was unlikely.

Failure Mechanism:
The field evidence and the fact that 
liquefaction in the cohesionless soil layers 
was unlikely to have caused, or even initiated, 
the "L" Street slide lead to the conclusion 
that failure was most likely in the Bootlegger 
Cove clay below the interbedded zone. Another 
key observation regarding the seismically 
induced ground failures in the Anchorage area 
in 1964 is that many "failed" blocks were 
displaced by varying amounts, apparently 
starting about 1 -1 / 2 to 2 minutes into the 
shaking (which corresponds to approximately 
half way through the shaking) and stopping at 
the end of shaking. Thus, it appears that 
whatever the values of the resisting strength 
of soils and static driving forces may have 
been, they were such as to arrest displacement 
of the blocks in the absence of shaking.

Figure 3 shows the likely zone containing the 
failure plane in the 1964 "L" Street slide. 
The zone is estimated to lie within elevation 
40 to elevation 20 ft across Section A-A, which 
was selected in this study for the 
re-evaluation of the "L" Street slide. The 
soils in this zone consist of the lightly 
overconsolidated Bootlegger clay, as noted 
above.
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FIGURE 3: EVALUATION SECTION - SECTION A-A

Analysis of the 1964 "L" Street Slide:
The procedure used to analyze the 1964 "L" 
Street slide consisted of the following two 
steps:

1. Back-calculate the range of undrained 
shear strength necessary to compute the 
observed values of seismically induced 
permanent displacements based on the 
likely failure geometry, the available 
information on the 1964 earthquake, and 
estimated subsurface conditions in the 
Anchorage area at that time; and

2. Compare the range of back-calculated 
undrained shear strength with the range 
of undrained shear strength estimated 
for the 1964 subsurface conditions.

The displacements for the selected block along 
Section A-A were calculated using the Newmark 
(1965) method as augmented by Makdisi and Seed 
(1978). More details regarding the application 
of this method to a problem similar to the "L" 
Street slide are given elsewhere (Idriss, 
1985).

A key element in this methodology is the 
calculation of a yield seismic coefficient 
which is dependent on the geometry of the 
failure plane and on the shear strength of the 
soils along the potential sliding surface. 
Accordingly, the development of the undrained 
shear strength for the Bootlegger Cove clay 
prior to shaking (ie, peak undrained shear 
strength) , reduction in this strength due to 
shaking alone and the residual undrained shear 
strength is an important part of the 
re-evaluation and is summarized below.

Undrained Shear Strength - The peak undrained 
shear strength of the Bootlegger Cove clay was 
evaluated by testing relatively undisturbed 
samples following the SHANSEP approach (Ladd 
and Foott, 1974) . The peak strength at various

values of OCR and effective vertical stress was 
obtained in direct simple shear (DSS) tests on 
one sample from the "L" Street slide area and 
other tests from the nearby areas (eg, Idriss, 
1985). The equation expressing the
relationship between peak undrained shear 
strength, Su , effective vertical stress and OCR 
is the following:

Su/o = 0.19 (OCR) 0 - 78 (1)

in which, a and OCR are the effective vertical 
stress and the overconsolidation ratio, 
respectively, at the time of shear strength 
determination.

Due to shaking alone, the above peak strength 
may be reduced by about 3 0 percent and the 
residual strength may be as low as 0.25 to 0.30 
of the peak values. These variations are 
depicted in Fig. 4, which is expressed in terms 
of the normalized shear strength with respect 
to peak strength as a function of the number of 
cycles of shaking. (Note that the number of 
cycles associated with a moment magnitude 9.2 
is about 40 cycles.)

As shown in Fig. 4, the peak strength is 
applicable until shaking starts. Because 
eyewitness reports suggested that little or no 
movements took place until about half way 
through the shaking, the peak strength is only 
reduced by 30 percent over the first 20 cycles 
of shaking. After 20 cycles, and considering 
that large movements were just initiated, the 
shear strength is decreased to its estimated 
residual value.

Evaluation of the "L" Street Slide - Using the 
procedure outlined above, the "L" Street slide 
was re-evaluated and the shear strength 
necessary to compute the observed values of 
displacement along Section A-A were obtained. 
The ranges of the back-calculated undrained 
shear strength and the shear strength estimated

Lkety zone containkig the 1964 faiure plane

Elevation 

On) («)

Elevation

SCALE

1QQ (meters) 

300 (feet)

10 ft movement _ . 
in 1964 G,:abe!V

ta ss than 0.5 « h 1964

1585



21/12

Nunber of Cycles CTVne)

FIGURE 4: BACKCALCULATED NORMALIZED 
UNDRAINED SHEAR STRENGTH 
VARIATION WITH NUMBER OF CYCLES

for the clay for the conditions applicable to 
1964 are compared in Fig. 5. The comparison in 
Fig. 5 is for the soil block that moved about
10 ft and for the soil mass behind the graben. 
The latter moved less than 1/2 ft during the 
1964 earthquake as shown in Fig. 3. The two 
sets are in excellent agreement where large 
lateral movements took place in 1964.
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FIGURE 5: COMPARISON OF ESTIMATED AND
BACKCALCULATED UNDRAINED SHEAR 
STRENGTH

The results of the re-evaluation indicated that 
the "L" Street slide likely was caused 
primarily by the failure through the upper part 
of the normally consolidated to lightly 
overconsolidated Bootlegger Cove Formation. 
Failure involved some loss of undrained shear 
strength due to earthquake loading and 
significant loss of undrained shear strength 
due to large straining of the soils in the 
Bootlegger Cove Formation. The re-evaluation 
also highlighted the importance of case 
histories in geotechnical earthquake 
engineering practice.

In addition, this evaluation provided the 
following conclusions regarding future seismic 
site stability evaluation in the Anchorage 
area: (i) The shear strength determination 
procedure and the seismic displacement 
calculation procedure presented herein 
constitute together a practical evaluation tool 
which has been calibrated using the 1964 "LM 
Street slide (this investigation) and the 1964 
Fourth Avenue slide (Idriss, 1985) in downtown 
Anchorage; and (ii) Carefully conducted CPT 
soundings and field boring and sampling programs 
combined with a careful laboratory testing 
program using appropriate testing methods are 
important in conducting seismic site stability 
evaluation in the Anchorage area.
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