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LIQUEFACTION-SUSCEPTIBILITY ANALYSIS FOR FOUNDATION SOTLS,
KNIK RIVER BRIDGE, GLENN HIGHWAY, ALASKA

By 1
Randall G, Updike

ARSTRACT

The Knik River bridge, part of the new Glenn Highway 25 mi (40 km) north
of Anchorage, is a critical transportation link to Palmer, Wasilla, and
southern interior Alaska (fig. 1). Sediments on which the bridge 1s founded
apparently fajlad during the 1964 Prince Willfam Sound Earthquake., Four
methods of liquefaction-susceptibility analyses were used to study the site:
1) historic observations, 2) examination of borehole and cone-penetration-
test logs, 3) standard-penetration-test evaluation, and 4) state-of-the-art
quantitative assessment. Results of these analyses indicate the soils that
support the bridge piles will probably liguefy---in a lateral-gpreading-tvpe
failure-—-during earthquakes with peak ground accelerations (g) of 0.3 g or
greater. If this type of fallure occurs, the continued integrity of the
bridge 1s doubtful.

INTRODUCTION

Numerous highway and railroad bridges in Alaska were rendered unusable
or were damaged by the 1964 Prince William Sound Earthquake. Tiquefaction,
although poorly understood at the time, was regponsible for geveral bridge
failures (McCulloch and Bonilla, 19703 Youd, 1978). Subsequent to 1964,
additional research on the behavior of cohesjonless soils during earthquake
shaking significantlv clarified our understanding of the liquefaction
process, and substantial progress has been made In defining necessary
boundary conditions (for instance, Seed, 1968, 1979:; Seed and others, 1983;
Casagrande, 1976; Rennett and others, 1981). The evaluation of liguefaction
is now incorporated in seilsmic-safety-design criteria for comnstruction
proijects throughout the world,

At the time of the 1964 earthquake, the new Glenn Highway across the
Knik and Matanuska River flood plains was in the design and construction
phases. The old Glenn Highway crogsed the Knik River on a pier and steel
truss bridge about 7.5 mi (12 km) upstream from the new Glenn Highway bridge.
This was the only bridge on the old Glenn Highway to sustaln sgevere damage
during the earthquake; the cracking, canting, and displacement of concrete
plers toward the center of the river indicate lateral spreading of foundation
soils. Other nearby highwav bridges built on bedrock (for Instance, Peters
Creek and Eklutna River) sustained slight to no damage (Kachadoorian, 1968).
The Alaska Railroad bridge, constructed of steel girders on wood and steel
piles, was subjected to compressional damage throughout 1ts length, and
individual piers were displaced up to 9 in. (23 cm). This bridge is
approximately 1,700 ft (515 m) upstream from the new Glenn Highway bridege.
Extensive ground fissures were mapped along the channel and on adiacent
island uplands between the two bridge locations (McCulloch and BRonilla,
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1970). The evidence Indicates that the subsidence and horizontal displace-
ments that occurred in sediments throughout the Knik River flood plain during
the earthquake affected the integrity of the bridpes.

The new Glenn Highway Rnik River bridge (fig. 2) is a critical 1ink in
the highway corridor leading north to the interlor of the State. Within the
design 1ife of the structure, major seismic events related to the underlying
subduction zone or the nearby Border Ranges fault system, which shows

Figure 2. Oblique aerial view (looking south) of the Knik River bridge, new
Glenn Highway, Alaska, The Alagka Railroad bridge i3 visible at upper
left (1983).

evidence of activity in Holocene time (fig. 3), are anticipated. The bridge
18 a masonry and girder superstructure on plers over steel piles. The pilles
are driven into ssaturated, fine- to medium-grained, cohesionless soils,
These factors promote substantial concern for the seismic safety of the
bridge during 1ts period of use and, In particular, warrant an evaluation of
Jiquefaction susceptibility at the site.

LOCATION AND GEOLOGIC SETTING

The new Glenn Highway Knik River bridge is located near the mouth of the
Knik River, approximately 25 mi (40 km) north of Anchorage, in the NEY
sec. 15, T. 16 N., R. 1 E., of the Seward Meridlan, Anchorage R-7NE
Quadrangle (fig. 4).



Flgure 3. Aerial view (looking south) of an active segment of the Border
Ranges fault system (the Twin Peaks fault) that extends from left to
vight in the center of the photograph (Updike and Ulery, 1983). This
locality 1is within 3.5 mi (6 km) of the Knik River bridge (1982).

The bridge 1s located on that part of the Knilk River flood plain that is
transitional fo the estuarine environment of upper Knik Arm (upper Cook
Inlet), and the river chanmel and adjacent Jowlands are influenced dlurnally
by tides that encroach from Knik Arm. These tidal waters--—and the river
itgelf-—--transport large suspended and tractive loads of siit and sand,.
Within the actlve flood-plain regime, deposition and rapld scour seem to
alternately dominate, but no firm data exist to confirm the long-term net
affect of these processes. Post-1964 survey data indilcate that this region
of upper Cook Inlet subsided about ? ft (0.7 km) as a result of the earth-
quake (Foster and Karlstrom, 1967), and that substantia) subsequent uplift
has nccurred (Brown and others, 1977). The result of these sedimentary-basin
fluctuations has caused relatively rapid fine-grained sediment aggradation
during latest Holocene time. Most sediment exposed at or near the surface
near the bridge is predominantly gray silt and sand. Highway borrow pits
downstream and northwest of the bridge were sources of sand and gravel used
for highway-construction fJll. The coarser aggregate in the subsurface
Indicates that the Knik River formerly maintained a higher energy regime or
lower base level. Sand and gravel that are presently exposed on the flood
plain less than 3 mi (4.8 km) to the east are graduallv buried by the silty
sands downstream, where estuarine conditions prevail.



Figure 4. Regional view of the Knik River bridge (right center) and the Knik
River flood plain. The Alaska Railroad bridge is directly upstream from
the highway bridge, and Pioneer Peak 18 in the center hackground. The
old Glenn Highway Knik River bridge 1s out of view bevond the left
corner of Pioneer Peak. Most of the flood plaln in this view was
extensivelv fissured during the 1964 earthquake (1983),

The southeast approach to the bridge skirts a prominent butte of
Mesozole Peninsular terrane composed of metasedimentsarv and metavolcanic
rocks. The western side of the butte was apparently deeply eroded bv water
and ice durilng previous glaciations, because no bedrock was found in either
boreholes or cone—-penetration soundings. During late Pleistocene time, the
butte was scoured by glacial ice, which, combined with subsequent wave
erosion, may account for the abrupt truncatlon of bedrock.

DATA ACOQUISITION

To evaluate the liquefaction susceptibility of soils near the bridge,
subsurface data on s80il particle-size distribution, density, penetration
resistance, natural moilsture content, and ground-water depth are necessary.
The Alaska Department of Transportation and Public Facllities (DOT-PF)
provided the Knik River bridge-foundation report (Alaska Department of
Transportation and Public Facilities, 1963a) and the materials-site report
(Alaska Department of Transportation and Public Facllities, 1963b), which
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contain borehole logs and supporting laboratory data for 25 holes. The
locations of these boreholes are given in figure 5.

Because moisture loss and sample disturbance may occur during horehole
sampling and laboratory testing of noncohesive soils, in-situ testing is the
most economical method of data acquisition in liquefaction studies. Penetra-
tion testing is the approach most universally used and 1s basged on the
concept that the force or energy required to push or drive a standardized
probe into the soll can be translated into a measure of liquefaction sus-
ceptibility, Principal penetration methods include the standard-panetration
test (SPT) and the cone-penetration test (CPT). The SPT has been used for
many years and remains a standard for varilous foundation-design needs of the
geotechnical industry. The test consists of driving a 2.0 in.-diam (50,8 mm)
split-spoon sampler into the soil by dropping a 140-1b (63 kg) mass from a
height of 30 in., (760 mm), The penetration resistance (N) is reported in
nunber of blows to drive the sampler 1.0 ft (305 mm). Although some signifi-
cant variability of recorded values can occur baged upon technique and
tesgting conditions (see Gibbs and Holtz, 1957; McLean and others, 1975;
Marcuson and Bieganousky, 1976), the SPT test remains the most universally
applied test for liquefaction susceptibility.

Although the CPT method has been used in Europe for several vears, the
method has attalned only recent acceptance by the United States geotechnical
industrv. The sgystem used 1n this study hag been used for a variety of major
projects in the contiguous Unlted States (for instance, nuclear-power sites,
dams, pipeline corridors, and missile sites), but has not previously been
used in Alaska,

CONE~-PENETRATION TESTING PROGRAM
Equipment and Field Methods

The cone-penetration test (CPT) consilsts of pushing an Instrumented,
cone-tipped probe into the s0il and continuously recording the soil's re-
sistance to penetration. The tests were conducted in accordance with Ameri-
can Soclety for Testing and Materials specifications (ASTM-D3441-79) using an-
electric-cone penetrometer. The test equipment consists of a coune assembly,
a8 series of hollow sounding rods, a hydraulic frame to push the cone and rods
into the soll, an analog strip-chart recorder, and a truck to transport the
test equipment and provide the needed 20-ton thrust-reaction capacitv
(fig. 6). The cone penetrometer (figs. 7 and 8) consists of a conical tip
with a 60° apex angle and a cvlindrical friction sleave above the tip. The
cone assembly used on this project has a cross-sectional area of 2.32 in.?
(15 cm?) and a sleeve-surface area of 31 in.2 (200 cm®). The device's
interior (fig. 9) 1is instrumented with strain gauges that allow simu)taneous
wmeasurement of cone and sleeve resistance during penetration. Continuous
electric signalg from the strain gauges are ftransmitted by cable in the
soundling rods to the recorder at ground surface.

Data Reduction and Interpretation

Reduction of the CPT data involved the digitization of field strip-chart

-6 -
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Figure 6. Electric-cone-penetration-test laboratory truck with hydraulic
jacks extended before initiating sounding (1982).

recordings and subsequent computer processing. Processing was done at the
data-processing center of Earth Technology Corporation (Ertec), Long Beach,
California. In addition to field-data reduction, subroutines that evaluated
CPT soil-behavior tvpes, equivalent SPT blow counts, and cone resistance vs
friction ratio for selected depth intervals were performed. Bruce Douglas
(Extec Research Proiject Engineer), Brenda Meyer (Ertec Civil Engineer), and T
interpreted the field data (CPT and adjacent horehole logs) for input into
computer programs.

Testing Results

Four CPT soundings that were made at the Knik River bridge on April 9,
1982, ranged 1in total depth from 59 ft (17.8 m) to 109 ft (33 m). The
regultant soundings (figs. 10-13) dinclude the friction resistance (sleeve
friction, f , in ton/ft?), cone reaistance (end bearing, q , in ton/ft?), and
friction ratio (Rf = fS/qc). ¢

CPT soil-behavior predictions are tabulated in appendix A. The Ertec
computer program estimates soll types by tracking the cone-end bearing and
average friction ratio at each requested depth based on guidelines of a
classificetion chart (fig. 14) that evolved from the work of Begemann (1965),

-8 -
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Figure 7. Cone-penetration-test probe in position to initilate sounding. Rod
at right 1s used to calibrate distance between truck and ground level
during sounding (1982).

Schmertmann (1971), Sanglerat (1972), and Searle (1979). The chart was
calibrated to project equipment by Douglas and Olgsen (J98l). An example of
the computer tracking for certain intervals in three soundings 1s shown in
figure 15. Correlation of the computer trackings to the classification chart
is the basls for the predicted soll-behavior types tabulated in appendix A.

As previously mentioned, the standard-penetration test 18 the commonlv
used method for assessing in-situ soil conditions. Currently, the resultant
N values are used as a basis for liquefaction-potential analyses throughout
the United States. Bennett and others (198]) and Douglas and others (1981)
have successfully correlated penetration data derived from CPT and SPT
techniques at a given silte. The mathematical derivation of thig correlation,
which 1s beyond the scope of this report, is explained in Douglas and others
(1981)., From the relationships derived in that report, a computer program
was designed using the CPT logs of the four sites, and the computer generated
a predicted equivalent SPT profile for each site (figs. 16 and 17). Although
actual SPT values are obtained with a sampler and therefore can only record a
series of vertical data points with intervening data gaps, the CPT-equivalent
technique provides a continuous predicted SPT profile with respect to depth.
All SPT predictions were performed using the following equation:

-9 -



Figure 8. Cone-penetration~-test probe with disassembled conical tip and
friction sleeve (1982).

B 1.3
N = 12.5 E

where N is the predicted blow count and E_ is the energy expended during soil
penetration of the SPT gampler. Evaluation of the congtants that relate the
energy-dissipation function (E.) to the SPT values In carefully monitored
borings shows a good correlatlion between predicted and real SPT values using
a low-energy, trip-hammer technique. This correlation of the profiles in
figures 16 and 17 1a most applicable to the liquefaction-potential analyses
of noncohesive soills based upon the trip-hammer, SPT method. The constants
relating N and E  depend on the energy-transfer efficlency of the specific
SPT hammevr-anvil-rod-sampler svstem used. If the SPT data that uses some
other system 13 correlated with the curves in figures 16 and 17, a conversion
factor may be required. This calibration of measured and predicted SPT

values specific to equlpment has been successfully used by Douglas and others
(1981),

LIQUEFACTION-SUSCEPTIBILITY ANALYSES
General Comments

The reader 1s encouraged to review recent literature on the mechanism of

- 10 -
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seismically-induced liquefaction and current procedures for evaluation of
liquefaction potential in noncohesive soils (Seed, 1976, 1979; Seed and
others, 1983: Youd and Perkins, 1978; Bennett and others, 1981). Generally,
these investigators agree that if a saturated, cohesionless so0il (ideallv a
well=-sorted sand or siltyv sand, but also some clavev sands and gravelly
sands) 1s subiected to seismically-induced cyclic-ghear stresses, the soil
becomes more compact, with a resultant transfer of stress to the pore water
and diminished stress on the soil particles. If cvclic stresses are sus-
tained, a peak cyclic pore-pressure ratio of 100 percent-—-liquefaction---can
be attained (Seed, 1979); 1f cyclic stress 1s continued, strain that results
in 'eyelic mobility' mav occur (Casagrande, 1976). Depending on the density
of the sand, confining pressure, and magnitude of stress cycles, the soil may
be mobilized to unlimited deformation or may sustailn limited strain before
dilating to a stable condition. The damage to structures built on or in
these liquefied deposits can be severe (Ferritto and Forrest, L977; Youd and
Hoose, 1978)., Bridges are particularly susceptible to severe damage due to
lateral spread of foundatlon soils because spans are typlecally supported by
plers constructed on poorly consolidated, noncohesive, saturated soils of the
flood plain and adjacent terraces.

The assessment of liquefaction susceptibility of sedimentary units near
the Knik River bridge is based on: 1) historic observations, 2) qualitative

- 13 -
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Figure 12. Cone-penetration-test scunding log for site KR-3,

assessment of borehole logs, 3) semiquantitative assessment aof SPT and CPT
data, and 4) quantitative assessment of field and laboratorv data that have
been used as indicators of performance of cohesionless solls in previous
earthquakes.

Historic Observations

During the 1964 earthquake, substantial damage was sustained by both the
Alaska Railroad bridge and the old Glenn Highwav bridge that crossed the Knik
River., 1In hoth cases, a primarv mode of damage was compression caused by
horizontal displacement of the supporting piers toward the center of the
bridges. This displacement subiected the bridges to compressional forces
that buckled the decks, sheared critical stress-point bolts, and canted fhe
superstructures. In extreme cases, lateral stresses due to pier shifting can
result in separation of the superstructure from the abutments and consequent
collapse of deck spans.

Numerous ground fissures developed in the exposed flood plain of the
Knik River (McCulloch and Bonilla, 1970; fig. 18) and, to a lesser degree, on
the adiacent uplands. The configuration of the fissures suggests that at
least the surface sediments underwent liguefaction and lateral spreading;
data on the depth of failure were not available,
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Flgure 13, Cone~penetration-test sounding log for site KR-4,
Assessment of BRorehole Logs

A preliminary, qualitative evaluation of liquefaction susceptibilitv can
be made on the basis of interpretation of field data acquilred from boreholes.
Sherif and Ishibashi (1978) provide a flow chart for evaluation of the
liquefaction potentlal of cohesionless soils. Liquefaction is primarily a
shallow-s0il phenomena [less thsn 50 ft (15 m) deep). Borehole data for
DOT-PF Project Material Site 11-001-63, which is located directly northwest
of the Knik River bridge (fig. S5), provide 15 logs to depths of 8 to 13 ft
(1.5 to 3.9 m) (Alaska Department of Transportation and Public Facilities,
1863b). In 14 boreholes, sand and gravelly sand were found beneath a surface
layer of silt 4 to 6 ft (1.3-1.8 m) thick. Generally, these sediments were
saturated 8 to 10 ft (1.5 to 3.0 m) below the ground surface. Youd and
Perkins (1978) identified late Holocene estuarine flood-plain deposits that
are moderately to highly susceptible to liquefaction elsewhere in the world.
Thus, based upon depth, texture, molsture content, and geology, the soils
near the bridge are considered liquefiable to a depth of 13 ft (4 m).

Although loge in the foundation-studv report (Alaska Department of
Transportation and Public Facilities, 1963z) do not provide sufficient
information to reach this conclusion, they often indicate interhedded, gray,
loose to slightly compact to dense sand and gravel. The trends of SPT and
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Figure 14, Soil-classification chart used for prediction of soil-behavior
types tabulated in appendix A.
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CPT curves suggest that the loose to slightly compact snills that correlate
with similar soils at the material site occur to a depth of 20 to 30 ft (6 to
9 m) along most of the bridge centerline. By inference, the qualitative
assessment of shallow liquefaction susceptibilitv extends to the foundation
and abutment areas of the bridge., These foundation-study logs also indicate
stratified gray sands and silts at depths of 60 ft (17 m) or more; these
gands and silts are below the usual depth of liquefaction. However, accord-
ing to the piling specifications (for the bridge piers), the piles were
driven to about 46 ft (14 m), and the abutment piles were driven to 64 to 66
ft (19 to 20 m). Thus, liquefaction of these sands and silts could be an
important factor for the static bearing strength of the support pilles.

On the basis of these qualjtative observations, I conclude that soils in
the vicinity of the bridge are liquefiable within a zone from 4 to 30 ft
{1 to 9 m) below ground surface, provided the soil is helow the water table,
which fluctuates significantly.

Standard-penetration-tegt Evaluation

If the criteria of depth, texture, and saturation are met, a more
accurate assessment of liquefaction susceptibility can be derived from SPT
data (N-values). Because the SPT is an in-gitu method of empirically de-
termining liquefaction susceptibility and relative density, several investi-
gators have drawn correlations between N-values and liquefaction sus-~
ceptibility. Nishivama and others (1977) published a simple graph based on
the relationship of depth, N-values, and obsgerved liquefaction (fig. 19).

Two data sets for the Knik River bridge were examined: 1) SPT values for
which there 3g avallable soil-texture data from the Alaska Department of
Transportation and Public Facilities foundation report (1963a), and 2)
SPT-equivalent data, which were computer generated based on the CPT soundings
and checked against the soil-hehavior predictions in appendix A, When the
resultant N-values vs depth were plotted on the Nishiyama dilagram (fig, 19),
there was no convincing evidence for liquefilable solls. However, a number of
pointe lie within a 'ocuestionahle' intermediate domain, most at depths less
than 35 ft (10.5 m) below ground surface. This diagram suggests that under
saturated conditions, these solls could liquefy if subjected to severe
cyclic~loading conditions during majior earthquakes. Because the graph is not
ovantified based on factors such as ground-acceleration values or effective
overburden pressures, the conclusion must remaln generalized,

Quantitative Assessment

Tf sufficient in-situ characteristics of a sand deposit are known and
agsumptions are made on the level of cvelic earthquake~loading input, empiri-
cal correlations can be made with sand deposits that have liquefied during
previous earthquakes. Seed and others (1983) refined this correlation and
developed a methodologv for applving the evaluation at a new gite. Data
available for the Knik River bridge are adequate for this approach.

~ Seed and others (1983) found that a convenient parameter for expressing
the cyclie-liquefaction characteristics of a sand under level-ground condi-
tions is the cyclic~stress ratio (7;v/3;), where L is the average
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Figure 19. Plot of standard-penetration test (in blows/ft) vs depth showing
domains of liquefaction susceptibilitv (modified from Nishiyama and
others, 1977). Data points are from the Knik River hridge area, new
Glenn Highway. Circles are actual SPT values, open triangles are siltv
sands predicted bv CPT, and solld triangles are sand predicted by CPT.

cyclic-shear stress developed on horizontal suvrfaces at any depth as a result
of an assumed seismic loading, and o 1s the initial vertical effective
stress that acts on the sediment at that depth. Evaluatrion of this ratlo
requires data on sediment-laver characteristics and the intensity of cyclic
loading. The relationships necessary to calculate the ratioc are given In
equations R-1 to B-4, appendix R,

Knowledge of the natural moisture content, dry density, wet density,
particle-size distribution, sample depth, and soll stratigraphy are necessary
to obtain the total vertical stress ( ¢ ) that acts on the subsurface sand
horizon. Required calculations of o %re availlable in Lambe and Whitman
(1979). Because the sand layers are Felow the water table (saturated), the
pore~watexr pressure (U) must he computed and subtracted from g to obtain
the effective overburden pressure ( ¢ ). The results of these calculations
for the Knik River bridge site are gigen in table 1. The cvclic-stress-ratio
equation (B-4, app. B) was calculated for sand horizons at depths of 60 ft
(17 m) or less, assuming a static ground-water-table depth of 10 ft (3 m) and
a maximum earthquake acceleration at the ground surface of 0.3 g.
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The SPT blow-count informaticn is used as a measure of relative density.
Rased on the work of Marcuson and Bieganousky (1976), a corrected penetration
resistance (N )} was proposed by Seed and others (1983) as B-6 (app. R); the
resultant values are given in table ).

Table 1, Data calculations for liquefaction-susceptibility analyses.

Depth o, Ev _ . _ N c N}

Sample (ft) (tsf (tsf) Uv/av d 75v/7v (bpf) N (bpl)
K54-~2 19 1.16 1.13 1.02 0.94 0.18 42 0.92 39
K5A-3 21 1.29 0.95 1.36 0.093 0.25 30 0.86 26
K5A-4 24 1.49 1.06 1.41 0.92 0.25 32 0.79 25
Y5A-5 26 1.63 1.13 1.44 0.91 0.25 11 0.74 R
K5A-6 29 1.83 1.24 1.48 0.90 0.26 18 0.67 12
K5A-8 34 2.17 1.42 1.53 0.89 0.27 18 0.58 10
KSA-12 51 3.32 2,03 1.63 0.83 0.26 22 0,35 8
R8-1 A 0.1¢ 0.1¢ 1,00 0.99 0.19 1.5 1.99 3
K8-9 39 2,22 1,32 1.69 0.87 0.29 13 0.56 7
X8-11 56 3.24 1.81 1.79 0.82 0.29 27 0.36 10
4,16 2.57 1.61 0,80 0.25 53 0.22 12

K8~12 61

g = total vertical stress

T = stress-reduction factor

N = SPT resistance

Cn = effective overburden function
Ev = effective stress

Tow = cyclic-stress ratio

N = modified SPT resistance

tsf = tons/ft?
bpf = blows/ft?

On the basis of the above calculations and assumptlons, the cvclic-
stress ratio for 0.3 g peak ground acceleration is plotted against the
modified penetration resistance (fig. 20). The boundary line on that graph
{Seed and others, 1983) defines the transition from liquefiable to non-
liquefiable soils for Richter magnitude 7.5 earthquakes on the basis of field
observations and data collection from sites where liquefaction has occurred.
Eight samples fall well within the liquefaction domain and show clustering
that probably reflects the consistency of 801l characteristics.

CONCLUSIONS

Immediately after the 1964 earthquake, the Knik River flood plain
exhibited surface evidence of lateral spreading due to liquefaction of late
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and others, 1983). Pointa represent values calculated for Knik River
bridge samples, assuming a peak surface-ground acceleration of 0.3 g.
Note that eight values plot in the liquefishle domain and three values
plot in the nonliquefiable domain.

Holocene fluvial deposits. Bridges sustained substantial damage that was at
least partially due to ingtabilitv of the foundation soils. On the basis of
borehole data and the new CPT soundings, calculations were made using
currently accepted methods of liquefaction-susceptibility analvses. The
results of these calculations indicate that during major earthquakes, the
foundation s0lls of the new Glenn Highwav Knilk River bridge are susceptible
to liquefaction. This ingtability could have a serious affect on the
integrityv of the bridge. Although the design and configuration of the plles
that support the piers and abutments would probably prevent total loss of the
bridge, the structure could be rendered unusable for several months.
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I am not aware of a means to increase the foundation stability at the
site. Under static conditions, this bridge and others farther north over
other channels of the Knik and Matanuska Rivers should perform safelv and
relilably for manv vears. Similarlv, earthguakes of moderate magnitude should
have little or no effect on these bridges. However, larger magnitude earth-
quakes—--depending on their foci Jocations---are a serious concern for the
integrity of these structures.
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APPENDIX A
Tabulated data for cone-penetration-test soundings at the Knik River bridge,
new Glenn Highwav, Alaska.

Data recorded on the following tables include cone resistance, friction
resistance, friction ratio, and soil-behsvior-type predictions. These values
are discussed in the text,

Table 7. CPT log for sounding KR-1.

DEPTH  COME FRICTION RATIO  SOIL BEHAVIOR TYPES
F1 TSF TsF

1.0 105. 0Q 1.76 1.3 SAND TO SILTY SAND
2.0 127.70 1. 63 1.16 SAND TQ SILTY SAND
30 180. 36 1. 30 0.77 EAND TO SILTY SAND
4 © 87. 01 1. 20 1. 59 SILTY SAND TO SANDY SILT
S.0 30.10 0. 47 1.52 SANDY BI TO GLAYEY BILT
L0 1842, 77 0. 91 0. 79 E€AND TO SILYY SAND
7.0 292. 29 1. 67 Q.-63 GRAVEL.LY SAND TO SAND
3.0 184,73 0. 3& 0. 33 GRAVELLY 8AND TO SAND
9.0 394. 62 1. 70 0, &1 GRAVELLY EAND TO SAND
10. 0 347. 63 2. 39 0. 88 SAND TOQ SILTY SAND
11.0 299, 03 2. &9 0.d0 GRAVELLY SAND TO SAND
12 0 214 41 1.82 Q. 48 ND TO SILTY SAND
13.0 2%54. 99 1. 12 0. &7 GRAVELLY SAND TO BAND
14.0 14£3. 24 1. 03 Q. 9% EAND TQ SILTY ND
15.0 190. 78 Q.73 0. 52 GRAVELLY SAND TO SAND
15. 0 192. 94 1. 27 0. &9 AND TO SILTY SAND
i7.0 88. 96 0. 30 0.39 SAND T0 SILTY SAND
1.0 171,91 0. 819 0. 91 BAND TQ BILTY SAND
17.0 198. 79 t.29 0. 65 SAND TO EILTY BAND
20.0 124. 33 0. 49 Q. 44 EAND TO SILTY 8AND
21 O 124, 44 1. 04 0. &2 EAND TO SILTY BAND
22, 0 130. 44 0.70 0. 34 5AND TQ SILTY SAND
23.0 10S. 90 0. 44 0. €AND TO SILIY SAND
29. 0 78. 3% 0. 64 0. 72 EAND TOQ EILTY GAND
25.0 110. 35 0. 48 0. 53 BAND TO 8ILTY SAND
25. 0 131. 63 0.44 0. 39 SAND TO SILTY SAND
27. 0 122. 41 0.35 Q. 44 SAND TO SILTY BAND
24. 0 148. 37 1. 00 0.35. SAND TO SILTY BAND
27 0 1£0. 27 1.02 0. 49 BAND TO BILTY SAND
30.0 224 31 1.28 0. %8 GRAVELLY EAND TO BSAND
31.0 39.71 1. 04 1.10 SAND TO SILTY BAND
32.0 322, 25 1. 61 0. &2 GRAVELLY SAND TO BAND
32.0 519. 72 . 54 Q. 45 GRAVELLY 8AND TO BAND
34 0 313. 43 1. 77 0. 61 GRAVELLY SAND TO SAND
35.0 295. 32 1. &8 0. 48 GRAVELLY SAND TO
380 3¢4. 25 2. 40 0. &5 GRAVELLY SAND TQ D
37.0 436. 49 2 94 0. b2 GRAVELLY SAND TO SAND
38. 0 404. S& 1. 44 0. 36 GRAVELLY 8AND TO BAND
3% 0 3B9. 6% 2. 42 0. 32 GRAVELLY £AND TO SAND
40. 0 587, 8% 3. .49 0. 62 GRAVELLY SAND TO BAND
41.0 428, 39 1. 45 0. 34 GRAVELLY 8AND TO SAND
42. 0 128. 08 1.25 1. 09 SAND TO SILTY BAND
43.0 89, 41 1. 33 1.48 SILTY SAND TO SANDY SILT
44.0 87. 02 1.34 1,463 SILTY SAND TO EANDY SILT
45. 0 348. 34 1. 49 0. 4% GRAVELLY SAND TO SAND
44.0 164. 95 1. 80 0.7& SaND TO SILTY SAND
47.0 227. 97 1.47 0. 57 GRAVELLY SAND TO SAND
40. 0 193, 34 1,21 0. A4 SAND TO SILTY SAND
49. 0 124. 795 0. &4 0. &8 SAND TO SILTY SAND
30. 0 85. 23 0.97 0. 93 SAND TG BILTY SAND
51.0 80. 27 0. 44 0. 33 EAND 710 SILTY ESAND
g2.Q 117, 37 2. 01 1. 50 S8AND TO SILTY SAND
33. 0 z18.74 - 2.44 g.73 GRAVELLY SAND TO BAND
54.0 300, 81 2. 39 0.75 GRAVELLY BAND
85.0 482. 97 1,38 0. 40 GRAVELLY SAND TO SAND
88.0 269. 73 2. 97 0. 94 ND TO SILT
37.0 200. 85 1. 33 0.43 GRAVELLY SAND TO BAND
58. 0 201. 3% 1. 48 0.720 SAND TO SILTY 8
57 O o80. 13 1. 31 0. S8 GRAVELLY SAND T
60. 0 154. 04 S &f 2. &2 SILTY S5A TQ CLAYEY SAND
&1.0 148. 41 2. B4 2, 32 SILTY 86A TO CLAYEY SAND
&2.0 100. 48 2. 59 2.81 CLAYEY EA TQ SANDY CLAY
63. 0 S56. 87 1.75 2.71 SANDY CLAY TO SILTY CLAY
64. 0 33. 94 1. 17 3. 546 SILTY AY
65.0 45. &7 1.29 2.79 SANDY CLAY TQ BILTY CLAY
5.0 S5. 3¢ 1.19 2. &3 SANDY &I TO CLAYEY SILT
4&7.0 29.17 0.87 2. 90 SILTY CLAY
3.0 21. 08 0. 92 3. B4 BILTY CLAY TD CLAY
&7.0 37. 81 $.10 3. 28 RTI.TY CLAY



Table 2 (con.)

bttt Pk Bk >

KR C-01
CONE FRICTION RATIO 801 BEHAVIOR TYPES
TEF TSF
.0 61. 67 0. %0 1.93 SILTY SAND TO SANDY SILT
.0 «9. 28 0.78 3. 464 SILTY CLAY
Q 32. 73 1. 26 3. 09 SILTY CLAY
.0 21.02 0. 84 3. 32 SILTY CLAY TO CLAY
.0 24. 146 0. 854 2. 96 EILTY CLAY
.0 23. 446 {21 4. 07 SILTY CLAY IO GLAY
.0 &7.44 f. 54 2. 04 SILTY_EAND TO BANDY SILT
. Q 244. 47 2. 28 0. 88 SAND TQ SILTY SAND
.0 18342 1.67 0. 8% EAND TO SILTY SAND
o] L&D, 69 1. 61 0.92 SAND TO SILTY S8AND
.0 123. 75 1.13 0. 94 EAND TO SILTY SAND
0 3. 11 1. 39 1.79 BILTY SAND TO SANDY SILT
.Q 69. 13 1. 48 1.89 SILTY_SAND TO BANDY SILT
.0 116. 17 1.31 1. 22 SEAND TO SILTY SAND
0 164, 38 1. 461 1.a7 STLTY_SAND TO BANDY SILY
.0 153. &0 1. 97 1.12 SAND TO SILTY SAND
.0 117.30 1.34 1.21 SAND TO BILTY SAND
.0 31.31 0. 93 1.32 SAND TO SILTY SAND
.0 2. 28 1. 32 1. 36 EAND TQ SILTY SAND
.0 &7.16 i. 44 1,48 SILTY SAND TO SANDY BILT
-0 40, 03 1.17 1.71 B8ILTY SAND TQ SANDY SILT
.0 74. 24 1. 38 2. 0% BILTY SAND TQ SANDY £1LY
.0 53. 21 .77 1. 64 SILTY SAND TO SBANDY SILT
-0 48 16 1. 04 1, %2 SANDY SI TO CLAYEY SILT
.0 93. 23 .23 1.32 AND TO BILTY SAND
.0 169. 14 1. 535 0. 95 SAND TO SILTY EAND
.0 124. 36 1,35 1.12 S8AND TO BILTIY BAND
. 0 158. 24 1. &8 1.08 SAND TO SILTY SAND
.0 179. 2% 2.10 1.14 SAND TO SILTY SAND
.0 188. 785 2. 14 1.14 SAND TO SILTY SAND
.0 ®34. 47 2. 63 1.13 SAND TO SILTY SAND
.0 224. 43 2. 54 0.97 SAND TO SILTY SAND
.Q 203. 190 2,17 0. 92 SEAND TQ SILTY SAND
03.0 1£9. 73 2. 53 1.39 BAND BILTY SA
04 O 51.19 1. 44 2. 40 BANDY EI TO CLAYEY BILT
35. 9 74. 53 1. 30 1. 97 SILYY_SAND TO SANDY SILT
04. 0 1JB. 69 1. 38 1. 25 BAND TO SILTY
07. 0 113. 23 1. 33 1. 29 S8AND TD SILTY S8AND
03. 0 71.91 1.25 1. 67 SILTY SAND TO GANDY SILT
0?.0 38. 9& 1. 06 2. 24 SANDY S1 TO CLAYEY BILY



Table 3. CPT log for sounding KR-2.

DEPTH CONE FRICTION RATIO S0IL BEHAVIOR TYPES
£ TSF TSF

1.0 193. 72 3.13 {.97 SILTY_BA TO CLAYEY ESAND
2.0 243. 94 3. 10 1.02 SAND TO SILTY SAND
3.0 3&3. 03 4. 18 1. 14 SAND TO SILTY SAND
20 194. 13 1.273 1.34 SAND TO SILTY SAND
S.0 140. 22 2.79 1. 48 SAND TQ SILTY SAND

£ 0 204. 60 2.72 1. 69 S£AND TO SILTY 8AND
2.0 102, &1 Q. 89 0. 86 SAND TO SILTY SAND
g0 41%. 43 0. 42 1. 18 BILTY_SAND TO SANDY SILT
90 73. 94 0.70 0. 83 BAND TO SILTY BAND

10. 0 51. 20 0. 70 1.28 SILTY SAND TO SANDY SILT
1.0 78. 39 0. 48 1.23 AND SILTY SAND
12.0 92 .41 0.92 Q0. 99 SAND TO SILTY SAND
[3.0 7,92 1. 98 1.30 SAND TO SILTY SAND

(4 0 119. 22 0. 45 Q.72 8AND TQ BILTY SAND
15.0 145, 74 1. 60 0. 87 B8AND TO BILTY SAND
15.0 251. 34 2.98 0. 80 SAND TG SILTY SAND
17.0 174 81 2. 24 1. 09 SAND TQ SILTY SAND

13 0 24B. 39 1. 81 0. B7 SAND TO SILTY SAND
17.0 ©19.77 1.14 0.71 BAND TO SILTY SAND
20.0 143. 53 0. 91 0. 57 SAND TO SILTY SAND

21 O 200. 59 0. &0 0. 44 GRAVELLY SAND TO SAND
22.0 178. 97 2 16 1.01 SAND TO SILTY SAND
23 0 304, 87 2.78 0. 64 GRAVELLY SAND YO BAND
24 0 506. 01 2. 19 0. 34 GRAVELLY SAND TO SAND
25 0 372. B1 3.00 0. 80 GRAVELLY BAND YO EAND
24.0 270.07 1. 39 0. 39 GRAVELLY SANO TO BAND
27.0 1%7.07 1. 846 0.92 SAND TO SILTY SAND
23. 0 241. 55 1. 28 0. 47 GRAVELLY BAND TO BAND
29.0 =244, 38 1. 20 0. 460 GRAVELLY SAND TO SAND
30. 0 264. 04 1. 45 0. 63 ORAVELLY SAND TO SAND
31.0 176. a3 0. 80 0. 49 GRAVELLY SAND TO SAND
32.0 248. 49 2. .43 i.0¢ BAND TO BILTY SAND
33.0 =83. 81 1. 8¢ 0. 49 GRAVELLY SAND TQ SAND
34. 0 311. 61 2. 38 0. &9 QRAVELLY S8AND TQ SAND
35.0 304. &5 1.73 0.78 GRAVELLY SAND TO SAND
350 3043. 65 1.20 0. 48 GRAVELLY SAND TO SAND
37. 6. 145, 97 1. 04 0.71 SAND YQ SILTY SAND
33.0 2061, 21 2. 50 0. .82 SAND TO BILTY SAND
37.0 190. 81 1.07 0. 63 SAND TQ SILTY BAND
40.0 275. 11 3.09 1,03 SAND TO SILTY SAND
41. 0 262. 3% 1. 23 0. 44 QRAVELLY SAND TO SAND
42. 0 200. 62 1. 48 0.73 SAND TO SILTY SAND

43 Q 333, 94 2. 94 0. 467 GRAVELLY SAND TO SAND
44.Q 10.17 3. 32 0.93 EAND TO GILTY SAND
45. 0Q 230. 57 Q.70 0. 35 GRAVELLY SAND TO EBAND
44. 0 144. 48 0. 88 0. 60 8AND TO SILTY SAND
47.0 <2902 1.12 0. 49 GRAVELLY BAND TO SAND
43 O L#7. 37 1. 43 0.79 SAND TO SILTY SAND
47. 0 222. 35 1. 48 0.74 SAND TO SILTY ND
90. 0 248,13 1. 90 0. 69 GRAVELLY SAND TO SAND
31.0 309. 1& 3. 42 1. 11 SAND TO BILTY ND
22. 0 A44. &7 2, 39 0. &0 GRAVELLY SAN SAND
53. 0 499. 90 3. 59 0. 8¢ GRAVELLY SAND YQ SAND
24.0 367. 91 2. 03 0. &3 GRAVELLY SAND TD SAND
39 0 a0, 43 1.40 0.37 GRAVELLY SAND TO 8AND
S50 314.70 1.89 0. 3% GRAVELLY SAND TO 1]
57.0 383. 99 1.86 Q0. 56 GRAVELLY BAND TO EBAN
33.0 274. 59 1.22 0. 47 GRAVELLY SAND TO SAN
592 0 101. 62 3.22 0.8at GRAVELLY 8AND TO EAND



Tahle 4, CPT log for sounding KR-3.

DEPTH CONE FRICTION RATIO SOIL BEHAVIOR TYPES
F1 TSF TSF

1.0 395. 18 7.72 1. 48 SAND TO SILTY SAND
2.0 205, 51 2. 91 1.24 SAND TO SILTY BAND
3.0 154. 04 2. 01 [. 36 Al I0 SILTY &
4.0 119. 93 1.83 1. 44 SAND TO BILTY §
5.0 &1, 63 1. 42 2. 24 SANDY 81 TO_CLAYEY SILT
& 0 £7. 98 1.893 2.19 SILTY SAND_TO BANDY SILT
7.0 49. 15 1. &0 2. 27 CLAYEY SA TO SANDY CLAY
2.0 75. &7 1. 41 t. B8 8ILTY S TO BANDY SILT
9.0 41. S& 0. 58 1. 41 SILTY SAND TO SANDY SILT
10. 0 39. 42 0. 35 1. 85 SANDY SI TO_CLAYEY BILT
- 11 0 3& 53 0. 3% 1.41 BILTY §© TD 8AN SILY
12 O 41. 50 0. =28 0. 65 SILTY SAND TO SANDY SILT
13. 0 3b. 90 0. 28 0.73 SILTY SAND TO SANDY SILT
14.0 4. 02 0. 25 0. &9 SILTY_GAND TO SANDY SILT
19.0 52, .72 0. 35 0. 68 EAND TO SILTY SAND
15.0 78. &7 0. 46 0. 37 SAND TQ SILTY SAND
17 0 ?24. 57 0. 43 0. 94 S€AND TO SILTY SAND
18. 0 &0. 51 0. 29 0.5 AND TO BILTY S§aAN
19.0 &2. 30 0. 89 i. 40 SILTY SaND TO SANDY SILT
20.0 83. 14 0. 74 0.8 SAND TQ SILTY BAN
21.0 80. 42 Q. 50 0. &0 SAND TO SILTY SAND
22.0 795. &b 0.44 0. 60 EAND TO BILTY SAN
23.0 78. 75 0. 44 0. 61 SAND TO SILTY SAND
24.0 82. §5 0. 53 0. &3 SAND TO SILTY SAND
25. 0 44. 98 0. 92 2. 14 SANDY_SI TD_CLAYEY SILT
25. 0 104. 41 0.71 0. 47 AND SILTY BAND
27.0 164. 0S5 0. 41 0. 58 8AND TO SILTY SAND
23.0 92.9Q 0. 81 0. 89 SAND TO SILTY SAND
27.0 88. 43 0. 53 0. 40 EAND TO SILTY SAND
30.0 ¢1. 88 0. 43 0. SAND TO SILTY BAND
31.Q 164, 52 2 14 1. 0% SAND TO BILTY SAND
32.0 212. 00 1.23 0. 49 GRAVELLY SAND TQ SAND
33.0 220. 16 t. 47 0. 34 GRAVELLY EAND TO SAND
24.Q 127. 47 1. 00 0.7\ SAND TO SILTY SAND
35 G 120. 39 0.72 0. 57 SAND TO BILTY SAND
31.0 129.5& 1. 09 0.70 AND TO 8ILTY
37.0 123. 85 3. 22 1.72 SILTY SAND TO SANDY SILT
33.0 210. 24 1. 41 0,461 . GRAVELLY SAND
39.0 - 124. 3& 0. 80 0. && E€AND TO SILTY B8AND
40. 0 196. 27 1. 39 0. 82 BAND TO BILTY SAND
41. 0 25&. 75 1. 52 0.71 GRAVELLY SAND TQ SAND
42. 0 243, 49 1. 28 0. 57 GRAVELLY SAND TO SAND
43. 0 128. 91 0. &4 0. 48 EAND TO BILTY SAND
44. 0 125. 04 0. 74 0. 59 8AND TO SILTY SAND
435. 0 1835, 53 1.28 0. 45 SAND TQ EILTY BAND
25.0 161. 68 1.45 0. 94 SAND TQ BILTY SAND
47.0 157, 60 {. 00 0. &4 SAND TO SILTY BAND
43. 0 149,23 0. 99 0.57 SAND TO BILTY SAND
37.0 137. 30 1. 32 0. 92 BAND TO SILTY SAND
50. 0 1348. &8 1. 16 0. 82 SAND TO SILTY SAND
91.0 144. 21 0. 97 0. &4 EAND TQ BILTY SAND
52.0 177.990 1. 33 0.79 SAND EILTY 8aND
53.0 357. 31 3. 0% 0.77 GRAVELLY SAND TO SAND
24.0 219,21 2.23 0.77 SAND TO BILTY SAND
3g. 0 3%4. 80 1.1& 0. 48 GRAVELLY SAND TD SAND
55.0 204, 00 1. 49 0. 62 SAND TQ BILTY SAND
$7.0 158. 64 2. 53 1. 28 SAND TOD SILTY SAND
23.0 194, 29 0.57 0.61 SAND TO SILTY SAND
97.0 187.79 2. 9¢ 1.18 8AND TQ SILTY SAND
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Table 5. CPT log for sounding KR-4.
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B~2

R-3

B-4

B-6

APPENDIX B
Equations used for calculatiomns.

Total vertical stress, o, = =Taz x Vt] where AZ = thickness of

coil increment and Y, = total unit weight of soil increment

Pore water pressure, U= X[ sz X Vw] where z)Zw = thickness of
W\

saturated soll increment and Yo © unit weight of water

Total effective stress, ?& = 7 = U

v

Cvclic-stress ratio, 7./ o =0.65xa /gx o0/ 7o xr
- av’ v max v

v a

where amax/g = 0.30 g

and Ty = stress-reduction factor (Seed and Jdriss, -1981)
Effective overburden function, CN =1-1.25 1og'?v
where 3; = total effective stress

Modified standard penetration resistance,

¥

where N

CN x N

field standard penetration resistance, In blows/ft
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