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THE TURNAGAIN HEIGHTS LANDSLIDE: 
AN ASSESSMENT USING THE ELECTRIC-CONE-PENETRATION TEST 

BY 
Randall G. Updike 

INTRODUCTION 

Scope 

The Turnagain Heights landslide was one of the most catastrophic ground 
failures that resulted from the 1964 Prince William Sound Earthquake. This 
study assesses the engineering soils responsible for that landslide based on 
state-of-the-art in-situ testing provjded bv the electric-cone-penetration- 

0 

-- 
testing svstem (CPT). 

Rat iona1.e 

The Turnagain Heights area of Anchorage has continued to be an area of 
residential and light commercial construction since the 1964 earthquake. 
Engineering soils similar to those that failed in 1964 are being used as the 
foundation for this construction. Few technical studies of these materials 
have been conducted since the post-earthquake investigations in 1964-65. 
Because of economic pressures, the areas immediately adjacent to and within 
the Turnagain Heights landslide may soon be new construction sites. To 
benefit future planning and development, the latest geotechnical techniques 
should be used to assess the present-day in-situ conditions of the soils in -- 
question. 

Location of Study Area 

Five testing sites were chosen in the Municipality of Anchorage 
Earthquake Park that is located in west Anchorage along a north-facing bluff 
that borders Knik Arm (fig. 1). The five sites are situated on upland areas 
south and west of the 1964 landslide, adjacent to \Jest Northern Ljahts 
Boulevard (sec. 22, T. 13 N., R. 4 W., Anchorage A-8 NW Quadrangle). 

Geolog? c History 

The generalized geology of Anchorage, including the study area, has been 
mapped by Miller and Dobrovolny (1959), Karlstrom (1964), and Schmoll and 
Dobrovolny (1972). Recently, suhsurface geotechnical data was used to make a 
detailed geologic map of southwest Anchorage (1-Jlery and Updike, 1983; Updike 
and Ulery, 1985). These reports show that the Bootlegger Cove Formation, 
which underlies the study area, was deposited in an ice-marginal 
glaciolacustrine basin during late Pl.eistocene time. A glacier located west 
of Point Woronzof deposited a fan delta that grades from sand and gravel in 
the west to silt and clay in the Earthquake Park-Turnagain Heights area. 
Subtle variations in the glaciomarine depositional regime resulted in ejnht 
sedimentary facies within the Bootlegger Cove Formation, each defined bv a 
distinct engineering-parametric signature (Updike, 1987). These facies 
include : 
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Facies F. I clay, with very minor silt and sand 

Facies F.11 Silty clay or clayey silt 

Facies F.111 Silty clay or clavey silt, sensitive 

Facies F.IV Silty clay or clayey sil-t, with thin silt and sand lenses 

Facies F.V Silty clay or clayey sflt, with random pebbles, cobbles, 
and boulders 

Facies F.VI Silty fine sand, with silt and clay layers 

Facies F.VII Fine to medium sand, with traces of silt and gravel 

Facies F.VIII Sandy gravel and gravellv sand, with discontinuous lavers 
of silt and fine-sand 

The Bootlegger Cove Formation was deposited on a sequence of indurated 
till and placiofluvial deposits that Reger and Updike (1983) believe is late 
Pleistocene (Knik Glaciation) in age (fig. 2). A pronounced unconform5ty 
exists between these glacial deposits and the overlying Bootlegger Cove 
Formation, a formation that was probably deposited during late Naptowne time 
(Reger and Updike, 1 9 8 3 ) .  Within the project area, facies F.1-F.V are capped 
by very fine to coarse, well-sorted sand beds ffacies F.VI and F.VI1). These 
sands represent the waning phase of deposition of the Bootlegger Cove 
Formation when the source-area ice was stagnant, glacial dams were breached, 
and the depositional basin was essentially drained. In the Turnagain Heights 
area and northeast to downtown Anchorage, these sands are overlain by glacial 
outwash (sand and gravel) deposited during a very late Ple!.stocene glacial 
advance from the north that terminated in the Eagle River area. The outwash 
plain thins to the southwest and eventually disappears iust east of the 
project area. Within the project area, onlv a thin layer [(I to 5 cm) (0.5 to 
2 in.)l of tan silt and a surface peat bed overlie the Bootlegger Cove 
Formation. Facies F.VI-F.VII sands at the top of the formation are typical 
throughout Anchorage, regardless of the overlvinp; stratigraphy. Conseauentl.y, 
I believe that little erosjon of the upper surface of the formation has 
occurred since deposition in late Pleistocene time (ca. 12,500 vr R.P.).  

During Holocene time, the stratigraphic sequence was subiected to 
isostatic rebound and periodic tectonic uplift (Brown and others, 1977 )  that, 
combined with fluctuations in sea level, resulted in the present bluff 
topography along Knik Arm. The bluffs have gradually retreated because of the 
effects of tidal erosion and the slope instability of the Bootlegger Cove 
Formation. Periodic seismic events have enhanced this retreat bv causing 
massive landslides like the one that occurred in Turnagain Heights in 1964.  

Previous Investigations 

In addition to the geo1ogj.c mapping described above, the Turnagain 
Heights landslide was studied intensively after the 1904 earthquake. This 
landslide, as well as analogous slides elsewhere in Anchorage, prompted 
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considerable research into the cause and mechanics of such slides. Causes 
that were proposed in the literature include liquefaction of sands (Shannon 
and Wilson, 1964; Seed and Wilson, 1967; Seed, 1968, 1976) and faflure of 
sensitive, silty clays (Hansen, 1965; Long and George, 1966; Kerr and Drew, 
1965, 1968). The area has become a case-history model for both types of 
landslide mechanisms. A definitive agreement has not been reached as to which 
mechanism is primarily responsible for the slides, or whether sands or claps 
should be of preeminent concern in future potential failures. 

The Bootlegger Cove Formation also plays an important role as a confining 
layer in the ground-water regime of the region. This formation has been the 
subject of several hydrologic studies (Cederstrom and others, 1964; Trainer 
and Waller, 1965; Barnwell and others, 1972) and continues to be studied by 
the U. S . Geological Survey Water Resources Division and the MunicipaJ itv of 
Anchorage. 

TESTING PROCEDURE 

Subsurface soil conditions can be evaluated bv drilling, sampling, and 
laboratory testing, or by -- in-situ testing. Regardless of the care exercised, 
the first method has inherent problems with sample disturbance and testing in 
other than actual conditions. In-situ testing is ,-imited by both the variety -- 
of techniques available and by data interpretation based on existing 
soil-behavior theory. Penetration testing,-which is the -- in-situ approach 
generally used, is based on the concept that the force or energy required to 
push or drive a standardized probe into the soil can be translated into a 
measure of soil strength or bearjng capacity. Two principal penetration-test 
methods are used; the standard-penetration test (SPT) and the cone-penetration 
test (CPT). The SPT method has been used in Anchorage for many vears and 
remains a standard for local foundation design. Although the CPT method has 
been used in Europe for several years, it has only recently attained 
acceptance in the United States geotechnical industry. Although the CPT 
method has been used for a variety of maior projects in the contiguous United 
States (for example, nuclear power sites, dams, pjpeline corridors, and 
missile sites), this study represents its first usage in Alaska. 

Equipment. and Method 

The cone-penetration test consists of pushing an instrumented, 
cone-tipped probe into the soil. while recording the resistance of the soil to 
that penetration. The tests were conducted fn general accordance with 
American Society for Testing and Faterials specifications (ASTM-D3441-79) 
using an electric-cone penetrometer. The test equipment consists of a cone 
assembly, a series of hollow sounding rods, a hydraulic frame to push the cone 
and rods into the soil, an analog strin-chart recorder, and a truck to 
transport the test equipment and provide the needed 20-ton thrust-reaction 
capacity (fig. 3). The cone penetrometer (figs. 4 and 5 )  consists of a 
conical tip with a 60" apex angle and a cvlindrical friction sleeve above the 
tip. The cone assembly used on this project has a cross-sectional area of 
15 cm2 (2.32 in.2), and a sleeve surface area of 200 cm2 (31 ~.n.~). Inside 
the assembly are strain gauges that allow simultaneous measurement of cone and 



Figure 3 .  CPT la.boratory truck with hydraulic iacks  extended before i n j t i a t -  
ing sounding (April 5 ,  1982 ) .  

Figure 4 .  CPT probe i n  pos i t i on  t o  i n i t i a t e  sounding. Rod a t  r ight  i s  used 
t o  ca l ibra te  v e r t i c a l  l i f t  of truck during sounding (April 5 ,  1982) .  

- 6 - 



Figure 5. Close-up of cone assembly with cone and friction sleeve removed to 
show strain gauges (April 7, 1982). 

sleeve resistance during penetration (fig. 6). Continuous electric sfgnals 
from the strain gauges are transmitted by a cable in the sounding rods tn the 
recorder at the ground surface. In addition, one sounding (EQ-5) was done 
using the piezo-cone, which simultaneously records pore-water pressure and 
penetratfon measurements. The piezo-cone is a standard cone with a 



E l e c t r l c  C a b l e  

Coupler  

lnc l lnometer  

Quad Rlng 

'0' Ring 

S t r a i n  Gauge , ) F r i c t i o n  S l e e v e  

'0' Rlng 
< 

Quad Ring 

Cone 

1 

Figure 6. Cross section of electric-cone assembly used in this study (figs. 4 
and 5 ) .  



pore-pressure transducer and porous element in the conical tip. The piezo- 
cone records cone-penetrometer data in the same manner as the standard unit. 

Data Reduction and Interpretation 

Reduction of the CPT data involved digitization of field strip-chart 
recordings and subsequent computer processing. Processing was done at the 
data-processing center of Earth Technology Corporation (Ertec), Long Beach, 
California. Tn addition to field-data reduction, subroutines that evaluated 
CPT soil-behavior types, equivalent SPT blow counts, estimated clav shear 
strengths vs. depth, and cone resistance vs. frfction ratio for selected depth 
intervals were done. Bruce Douglas (Ertec Research Project Engineer), Brenda 
Mever (Ertec Civil Engineer), and I interpreted the field data (CPT and 
adjacent borehole logs) for input into computer programs. 

TESTING RESULTS 

Five CPT soundings were taken at Earthquake Park on April 5 and 7, 1982. 
The soundings ranged in total depth from 25 m (76.4 ft) to 40 m (122.1 ft). 
The resultant strip charts are shown in figures 7 through 11, including the 
friction resistance (sleeve friction, s' in ton/ft2), cone resistance (end 
hearing, 

qc, in ton/ft2), and friction ratio ( R  -f /qc). All soundings 
f -  penetrated the base of the Bootlegger Cove Formation %here the Knik diamicton 

was encountered. 

CPT soil-behavior predictions are tabulated in the appendix. The Ertec 
computer program estimates soil types bv tracking the cone-end bearing and 
average friction ratio at each requested depth. Based on guidelines of a 
classification chart that evolved from the work of Begemann (1965), 
Schmertmann (1971), Sanglerat f1972), and Searle (19791, the chart was 
calibrated to project equipment by Douglas and Olsen (1981). An example of 
the computer tracking for two soil tvpes at site EO-2 is shown in figure 12. 
Bv comparison of plots of cone resistance (q ) vs. friction ratio (Rf) 

C (fig. 12) with data from nearby boreholes, site-specific correlations can be 
made (see Calibration and Correlation). The basic classification chart was 
modified (as shown in figure 13) and used to tabulate soil-behavior tppes in 
the appendix. 

The CPT data is averaged over a vertjcal distance of 11.2 cm ( 6  in.) to 
smooth any rapid excursions due to soil-layer interfaces or nonuniformities. 
However, the material type is calculated at specified depths and, if the 
tabulation depth occurs at an interface, the data may be inaccurate. More- 
over, if the tabulation depth falls in a pocket of material different from the 
rest of the laver, the data may be misleading. Thus, the continuous penetra- 
tion-resistance profile is the primary source of profile description, and the 
soil-type tabul-ations should be considered supplemental. Further, the tab- 
ulated data are defined on the basis of the response of the soil layer to 
large shear deformations imposed during penetration and not necessarily to 
predictions of grain-size distribution. However, soil-behavior tvpes shown in 
figure 13 generally agree with soil types defined in accordance with nrain- 
size-distribution measurements used in the Unified Sol1 Classification Svstem 
(Douglas and Olsen, 1981). 
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Figure 7. Computer-generated CPT strip charts obtained April 5, 1982, for 
site EQ-1 (fig. 1). 



PRICTfON R A T I O  

. -10 

---..--.-------------------------- -- 
PROJECT I OGGS 
PROJECT NUtlBEH r 62.-601-55 

COME PENETROMETEH TEST 
INSTRUHENT NUMOEII I FlE.Ck(EU7G PROBE : EO-.C-02 

CIIUII A.1A ----------- I 
Figure 8. Computer-generated CPT strip charts obtai-ned April 5, 1982, for 

site EQ-2 (fig. 1). 



- -- -- --- 

PROJECT NUMBER1 8 2 - 1 0 1  -55 
INSTRUMENT NUMBERr F15CKE070 PROBE : EO-C-03 

PIOUrnI  I D A  

Figure 9. Computer-generated CPT strip charts obtained April 5, 1982, for 
site EQ-3 (fig. 1). 



PROJECT NUMBER I 82-101 -55 
INSTRUMFNT NUM0ERr F15CUE070 PROBE ; EQ-C-04  
ORTEI 04 /07 /82  

- - -. - 

Figure 10. Computer-generated CPT strip charts obtained April 7, 1982 ,  for 
site EQ-4 (fig. 1). . 



CONE RESISTRNCE F R I C T I O N  RRTlO  

25 50 

- ----- --------- 
PROJECT ! OGGS 
PROJECT NUMBER 1 82-10 1-55 

CONE PENETROMETER T E S T  
INSTRUMENT NUWRERt F15CKEWOS0 PRORE : EQ-C -05 
0 9 T E  I 04/07/02 rmunm A s. 

Figure 11. Computer-generated CPT strip charts obtained April. 7, 1982, for 
site EO-5 (fig. 1). 



Friction ratio, Rf (%) 

Figure 12. Graph of cone resistance (q ) vs. friction ratio (Rf = f /q  ) for 
C S 

facies F. I1 and F. 111. The computer-generated tracks ere represen$ative 
of those obtained for each facies from each site and were used to define 
the domains of figure 13. 
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Numerous efforts have been made to correlate CPT data to -- in-situ shear 
strength (Sanglerat, 1972; Lunne and others, 1976; Schmertmann, 1978). 
Because shear strength is of primary concern due to failure of cohesive facies 
in the Bootlegger Cove Formation, I attempted to approximate the undrained 
shear strength (Sl). Because penetration of the cone tip into undisturbed 
silts and clays 1s a bearing-capacity problem, most efforts emplov a 
back-calcul.ation technique that uses the classic bearing-capscity equation: 

= S N  +c r v  
where :H = uYtEmate bearing capacity 

sU = undrained shear strength 
N' = dimensionless bearing-capacity factor 
C 

a = total vertical stress 
'7 

By setting q equal to q (from the CPT) a theoretical value of the shear 
strength can%e determine$: 

The primary difficulty is the selectjon of a proper value for Nc. Previous 
investigators used measured field and laboratory results for S and 
back-calculated N values that ranged from five (for high-sensitjvyty clays) 
to 25 (for over-cgnsolidated dry clays). The possible error in arbitrarily 
selecting an N value and applying it to CPT data to determine shear strength 
is critical. Eor this project, an N value of 20 for high-friction-ratio 
silty clays was chosen based on fieldCand laboratory test results of samples 
from borings near the CPT locations. The field tests included torvane and 
pocket-penetrometer tests. Torvane and unconfjned compression tests were also 
performed on correlative samples in the laboratory. By comparing the results 
with the corresponding CPT-sounding log, the Nc factor was estimated based on 
both the above measurements and on previous measurements taken bv Douglas 
(oral commun., 1983) on sj.milar soils. After the estimated values of N were 

C computed, the computer calculated the shear-strength values IS ) shown In the 
U appendix. 

For comparative purposes, S was also calculated based on the hvpothesis 
that the sleeve-friction value (!l! 1 represents a shear-strength value between 
the calculated undisturbed shearSstrength and the remolded shear strength 
(Schmertmann, 1971). A di-mensionless constant of 1.10 was multiplj-ed bv the 
f values to derive the second set of S values tabulated in the appendix. s Because of the present lack of theoretick understanding of the cone-sleeve- 
soil interaction and the remolding phenomena as the tip passes through a 
cohesive facies, the calculation of SU based on CPT data should be regarded 
cautiouslp. 

As previously mentioned, the standard-penetration test (SPT) is the more 
common method of assessing -- in-situ soil conditions. This method consists of 
drj-ving a 50.8 mm-diam ( 2  in.) split-spoon sampler i.nto the ground by dropping 
a 63-kg (140 lb) mass from a height of 760 mm (30 in.). The penetration 
resistance (N) is reported j.n number of blows to drive the sampler 305 mm 
(12 in.) into the soil. Because variation in N values can occur as a result 
of differences in equi-pment and technique of operators, methodology should be 



specified. Nevertheless, N values are currently used as a basis for liquefac- 
tion-potential anal.yses throughout the United States. Bennett and others 
(1981) and Douglas and others (1981) have been successful in their attempts to 
correlate the penetration data derived from CPT and SPT techniaues at a given 
site. On the basis of the relationships derived by Douglas and others (1981), 
we used a computer routine that generated a predicted equivalent SPT profjle 
for each of the five sites using the CPT logs (figs. I4 through 18). Whereas 
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 predictions were made using the following equation: 

where N is the predicted blow count and E is the energy expended during soil 
penetration of the SPT sampler. constan?s relating the energy-dissipation 
function, E , to the SPT values obtajned in carefully monitored borings in the 
Bootlegger eove Formation elsewhere in Anchorage were evaluated. The results 
show a good correlation between predicted and real SPT values when a low- 
energy, trip-hammer technique is used. Correlation of the profjles 3n 
fjgures 14 to 18 is most applicable to liquefaction-potentjal analyses of the 
noncohesfve facies F.VI and F.VIT based on the trip-hammer penetratjon test. 
Constants relating N and E are dependent on the energv-transfer efficiencv of D the specific SPT hammer-anvil-rod-sampler svstem used. If another sampler 
system is used in gathering SPT data, a conversion factor mav be required to 
correlate the data with the profiles 3n figures 14 to 18. This ~a~ihration of 
measured and predicted SPT values specific to equjpment has been successfully 
used by Douglas and others f 1981) . 

The piezo-cone-profile results (fig. 11) should be viewed conservativelv, 
but analogies can be drawn from the limited experimental and field data 
(Douglas, oral commun., 1982) that have been published. The dramatic rise in 
pore pressure at a depth of about 2.6 m (8 ft) marks the phreatic surface at 
this station (site EO-5, fig. 1). The correlation of a pore-pressure spike 
with a facies F.VI bed at 12.4 m (38 ft) reflects the characteristic pore- 
pressure buildup in a sandy silt as cone stress is applied. In contrast, the 
well-sorted sands (F.VII) at 8.8 m and 17.5 m (27 and 53 ft! are thin but can 
more efficfently dissipate pore pressures due to high permeability and lateral 
continuity. 

CALIBRATION AND CORRELATION 

The character of each engineering-geology facies of the Rootlegger Cove 
Formation has been carefully documented in several areas in Anchorage (TJpdike 
and Carpenter, 1985; Updike, 1982, 1985; Updike and others, 1982; Updike and 
Ulery, 1985). On the basis of field and laboratory inspection of numerous 
samples of each facies, the CPT profiles can be calibrated to distinguish 
these facies, and the following characteristics can be applied to other CPT 
profiles of the formation. Facies F.1 is not listed because true clav lavers 
are generally too thin to be distinguished on a CPT profile. 



P r e d i c t e d  SPT ( B P F I  

F i g u r e  14.  Graph showing SPT p r o f i l e  f o r  s i t e  EQ-1 a s  p r e d i c t e d  from CPT 
d a t a .  Sand a t  S- la  i s  p l o t t e d  on f i g u r e  24. 

- 19 - 
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F i g u r e  15. Graph showing SPT p r o f i l e  f o r  s i t e  EQ-2 as p r e d i c t e d  f r o m  CPT 
d a t a .  Sand a t  S-2a i s  p l o t t e d  on f i g u r e  24 .  
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F i g u r e  16. Graph showing SPT p r o f i l e  f o r  s i t e  EQ-3 a s  p r e d i c t e d  from CPT 
d a t a .  Sands a t  S-3a,  S-3b, a n d  S-3c a r e  p l o t t e d  on f i g u r e  24 .  
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Figure  17 .  Graph showing SPT p r o f i l e  f o r  s i t e  EQ-4 a s  p red i c t ed  from CPT 
d a t a .  Sands a t  S-4a, S-4b, S-4c, and S-4d a r e  p l o t t e d  on f i g u r e  24. 
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F i g u r e  18. Graph showing SPT p r o f i l e  f o r  s i t e  EQ-5 a s  p r e d i c t e d  from CPT 
d a t a .  Sands a t  S-5a and S-5b a r e  p3.otted on f i g u r e  24 .  

- 23 - 



F.11 P r o f i l e  r e l a t i v e l v  smooth wi th  minor sp ikes  due t o  
sandy-s i l t  l a y e r s .  

c  
= l e s s  than 25 t o n / f t 2  

f = l e s s  than 1 t o n / f t 2  
s  

Rf = 2 t o  4 percent  

F. I11 P r o f i l e  verp  smooth wi th  v e r t i c a l  s lope .  

c  
= l e s s  than 15 t o n / f t 2  

= l e s s  than  0.4 t o n / f t 2  

Rf = l e s s  than 2 percent  

F. IV P r o f i l e  very  e r r a t i c  wi th  numerous sp ikes ;  o f t e n  s l o p e s  toward 
t h e  '0'  l i n e  wi th  inc reas ing  depth. 

9, 
= 15 t o  35 t o n / f t 2  

f  = 1 t o  2 t o n / f t 2  s 
Rf = 3 t o  7 percent  

P r o f i l e  e r r a t i c  bu t  o f t e n  bell-shaped; sp ikes  due  t o  sand and 
s tones .  

Rf = 3 t o  7 percent  

F. VI P r o f i l e  shows abrupt  sp ikes  on th ree  curves.  

c  
= 25 t o  50 t o n / f t 2  

£s 
= g r e a t e r  than  1 t o n / f t 2  

Rf = g r e a t e r  than  4 percent  

F.VII P r o f i l e  shows abrupt  sp ike  on q minor sp ike  on f 

trough on R c ' S '  

f *  

c  
= g r e a t e r  than 100 t o n / f t 2  

f  = l e s s  than 2 t o n / f t 2  
s . 

Rf = l e s s  than 1 percent  



Other geologic units found by the CPT sounding al-so produce distinctive 
profiles. The peat and loose silt that overlie the Bootlegger Cove Formation 
yield very low q and f curves, and the resultant Rf is very high. The upper 
meter of soil wzs frozgn during the soundings and produced spikes that were 
off the scale for q and fs with a resultant RF near zero. Sediments below 
the Bootlegger Cove%'ormation were also generally off the scale for q and fs; 
numerous troughs indicate silt interbeds. Friction ratios for the& deep 
soils are usually greater than 2 percent. 

Seven geotechnical boreholes previously drilled (Shannon and Wilson, 
1964) near the CPT sites were selected for stratigraphic correlation. The CPT 
soundings were calihrated according to the facies criteria discussed above. A 
cross section (fig. 1) that passes through CPT sites EQ-1, EO-2, and EO-3 and 
is near the chosen boreholes was selected. The borehole logs were calibrated 
using the previously established engineering-geology-facies criteria of Updi.ke 
and Carpenter (1Q85). The resultant stratigraphic-correlation chart (fig. 19) 
shows an excellent match between major units. 

Three main stratigraphic uni.ts are recorded on the profiles: a) very late 
Pleistocene to Holocene peat, silt, and loose sand, b) Bootlegger Cove 
Formation, and c) Pleistocene (Knik Glaciation?) d$amicton. The uppermost 
unit varies from 0.6 m (2 ft) to 3.3 m (10 ft) in thickness; the top 2 to 
2.5 ft is seasonally frozen. The Bootlegger Cove Formation consistently 
increases in thickness from 21 m (68 ft) in the west to 34 m (104 ft) to the 
southeast over a horizontal distance of approximatelv 500 m (1,525 ft). The 
unit below the Bootlegger Cove Formation is far more consolidated than the 
formation directly above so that penetration was very difficult and resistance 
quickly exceeded the equipment's 20-ton capacity. Borehole logs indicate that 
this unit is several tens of feet thick and varies from overconsolidated 
clayey silt to sandy gravel. The abrupt transition in q and fs values at the 
contact between the Bootlegger Cove Formation and thege older sediments 
supports the interpretation that the contact marks a substantial time hiatus. 
The high end-bearing values below the contact also indicate either 
substantially higher lithostatic loads in pre-Bootlegger time or a long time 
interval in which these older sediments were exposed to dessjcation and 
weatherfng. This wou1.d most adequately be explained by a pre-Naptowne 
Glaciation age for the deposits. 

Within the Bootlegger Cove Formation, all facies are distin~aishable with 
the exception of F.1, which is generally only identifiable in laboratorv 
samples. The typical sequence throughout the series of holes and CPT sound- 
ings is: a) sands of F.VI and F.VII at the top of the formation; h! a thick 
sequence of F.IVy which decreases in strength with increasing depth; c) a 
uniform sequence of F.11 that becomes progressivelv thicker to the southeast 
and within which both F.111 beds and thin intercalated layers of F.VI occur; 
d) a consolidated F.V layer that marks the base of the formation in the west, 
but grades into F.II and F.IV to the southeast (fig. 19). 

The in-situ undrained shear strengths derfved from the CPT data are -- 
correlated with S values obtained in the laboratory on core samples in 
figures 20 throuRhU 23. The cores were obtained from boreholes drilled and 
tested in 1964 (Shannon and Wilson, 1964). Thus, the quality of the cores and 
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Figure 19. East-west cross section based on geotechnical boreholes and cone- 
penetration soundings in the vicinitv of Earthquake Park, Anchorage (see 
fig. 1). 

the technique of laboratory testing are not verifiable. Each figure shows 
selected CPT data points vs. depth and all laboratory data pojnts. General 
variation trends in shearestrength can he equated between the three series of 
points (lab SU, S based on f and S based on q and a ) .  However, there is 

s a signfficant disFarity between value% at severaf depth:, particularly where 
estfmated S is greater than 0.5 ton/ft2. Al-so, there is generally a closer 
agreement bgtween lab values and f values than with q -derived values. The s U sleeve-friction measurement appears to consistently provide a more conserva- 
'tive S'. The tendency for the f -derived values to be lower than laboratory- 
derivey S 's may reflect the unktown effect of soil remolding as the soil is 
penetrate8. Because the accuracy of the laboratory techniques cannot be docu- 
mented, the laboratory-derived S values must be regarded conservatively. 
Further, the CPT-derived values a?e essentially continuous throughout the 
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Laboratory 

Figure 20. Graph of undrained shear strength vs. depth. Empirfcal values 
derived from the CPT for site PQ-3 are compared with laboratorp values 
from boreholes C-133 and C-134 (fig. I ) .  
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Laboratory 

Figure 21. Graph of undrained shear strength vs. depth. Empirical values 
derlved from the CPT for sites EQ-4 and EQ-5 (using the equation S = f 
x 1.10) are compared with laboratory values from borehole C-140 ( f & .  1)'. 
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Laboratory 

A1.1 f, t EQ-4  

A 1.1 fs  EQ-5 

F i g u r e  22.  Graph of undra ined  s h e a r  s t r e n g t h  v s .  dep th .  Empirj-cal v a l u e s  
d e r i v e d  from t h e  CPT f o r  s i t e s  EQ-4 and EQ-5 [ u s i n g  t h e  e q u a t i o n s  S - 
(q - o INc)] a r e  compared w i t h  l a b o r a t o r y  v a l u e s  from b o r e h o l e  c - Y ~ o  
( f f g .  1% 
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Figure 23. Graph of undrained shear strength vs. d.epth. Empirical values 
derived from the CPT for site EQ-1 are compared with laboratory val-ues 
from boreholes C-141 and C-142 (fig. 1). 



length of the sounding under constant testing conditions, whereas the 
laboratory tests are only provided for specffic test points within a core. 
Therefore, there is more chance for atypical test results on laboratory cores 
that have unknown variables, such as original sample disturbance, faulty 
stratigraphic control, loss of sample moisture, or disturbance in the lab. 
One must conclude that although the CPT method cannot replace the laboratory 
tests, it can complement the limited laboratory values with a more 
comprehensive profile of empirical shear strengths. The closest correlation 
of S values between the three techniques is provided by those soils that have 
veryUlow shear strengths, and whose soil stability is of most concern, Thus, 
where the strength values are most needed from the CPT, they seem to be most 
reliable. The greater disparity at higher SU values may reflect the 
introduction of increasing amounts of granular particles that would enhance 
the cone-bearing values (for the q -based calculations) and reduce the 

U sleeve-friction values in the soil. In facies F.IV and F.V, the laboratory 
value is more accurate. 

CONCLUSIONS 

Although the logs recorded by the CPT system correlate very well with the 
geotechnical-borehole logs, they result from continuous soundings and yield a 
more detailed characterization of the soil than can be attained from a 
sampling technique. The CPT approach is most effective in a testing program 
complemented by conservative drilling, sampling, and laboratory testing. The 
CPT system provides a comprehensive and detailed picture of the subsurface 
geology; aids in determining what soil units should be sampled during a 
subsequent drilling program; acquires data on soil units that would be very 
difficult to sample; decreases the time required to investigate a site by 
limiting the amount of drilling needed; and substantially reduces the cost of 
geotechnical-site evaluation without sacrificing quality. 

Correlation of borehole logs and CPT profiles in the Farthquake Park area 
provides a three-dimensional stratigraphic picture consistent with the 
previously proposed model of an ice-marginal deltaic regime that extends into 
a. quiet-water depositional basin to the east. The earlv phase of this svstem 
included the accumulation of facies F.V ice-rafted debris that grades eastward 
into more uniformly fine-textured clayey silts with interbedded silty fine 
sands (F.IV). This time interval, represented by facies F.11 and F.111, was 
probably a period of marine deposition and should be confirmed by the presence 
of marine fossils. The climax of basin deposition consisted of more varied 
textures of clays, silts, and sands interbedded in a restricted basin where 
the fresh-water influence from adiacent glaciers affected sedimentation rates 
and energy. The sequence F.IV should yield fresh-water microfauna. The top 
of the formation is marked by a discontinuous bed of silty fine sand (F.VI) to 
medium sand (F.VI1) that represents basin-water drainage to expose fan-delta 
sediments. 

The Turnagain Heights landslide was a result of failure within the facies 
F.IIT zone (fig. 19), probablv due to fabric collapse of the sensitive, sil.ty 
clays. Facies F.111 is present throughout the study area, but significantly 
increases in thickness from 3.3 m (10 ft) (northwest) to 9 m (28 ft) (south- 
east). This zone of potential failure will vary in elevation from less than 



+2 m (5 ft) to about +12 m (35 ft), and therefore geotechnical testing for 
design work should evaluate soils to a depth of about 22 m (65 ft). The silty 
fine sand beds (F.VI) within facies F.111 were poorly recorded in the bore- 
holes, but are obvious in the CPT soundings. These sands map'be responsible 
for the sensitivity of the adjacent silts and clays by functioning as confined 
aquifers whose waters leach salts from the surrounding finer sedfments. 

For moderate to high shear-strength soils, the CPT empirical derivations 
of SU are less than adequate. However, at low Su values, the correlation 
between laboratory and CPT values is quite close, which stronglv supports my 
hypothesis that the sensitive facies have strength properties identical to 
those that existed in 1964. A preliminary evaluation of liquefaction 
susceptibility for the facies F.VI silty sands, using the SPT-equivalent 
profiles (figs. 14 through 18) to give N values, was applied using the 
technique of Nishiyama and others (1977). The N values used in the plot of 
SPT vs. depth (fig. 24) were modified by the addltion of 7.5 to the raw 

Modi f ied  SPT ( B P F I  

Figure 24. Graph of SPT (blows per ft) vs. depth, with field of lf-auefaction 
susceptability (from Nishiyama and others, 1977). Data points are from 
predicted SPT profiles in figures 14 to 18 for sands and silty sands. 
SPT values have been modified for silty sands as recommended by Seed and 
Idriss (1981). 



numbers taken in figures 14 through 18. This follows the suggestion of Seed 
and Idriss (1981) that the 7.5 factor is required for silty sands in order to 
enter the SPT plot. The resultant plot indicates that facies P.VI zones are 
either questionable or nonliquefiable. More advanced techniques of 
liquefaction-poeential analyses were not used because. l do not feel that a 
reliable CPT-SPT analog has been derived for Anchorage area soils. However, 
the plot gives some support to my hypothesis that - the Turnagain Hefghts 
landslide was a result of sensitive, clavey silt collapse rather than sand 
liquefaction (Updike, 1983). The abrupt termination (to the west) of the 1964 
slide can be attributed to the rapid thinning of facies F.LI1 in that 
direction. This thinning map be a result of the subtle change in depositional 
regime near the western source area (that is, a change in soil fabric even 
though grain-size distribution is similar), or to the pinching out of the 
facies F.VI sands that may have enhanced sensitivity of F.11 silty clays due 
to leaching in Holocene time and resulted in the F.111 facies. 
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APPENDIX 

This appendix presents the tabulated data derlved from digitization of 
the rectified CPT curves shown in figures 7 through 11. Soil-behavior types 
are based on computer tracking of friction ratio vs. cone resistance 
(figure 13). Undrained shear strengths, Su, 

were computer calculated using 
the indicated empirical equations (see text for discussion). 



DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES S P T  SU=FS+1.10 SU=(C-T)/NC 
F1 T8F T S F  CP6F) (P6F ) 

1 . 0  161. 13 1. 86 1.12 SAND TO S I L T Y  SAND 
2. 0 20.130 0. 36 2. 70 SENS. CLAYEY S f - S T  C L A Y  799. 2388. 
3. 0 3. 49 0.40 11.01 C L A Y  87  5. 4 19. 
4.0 3. 21 0. 27 8.28 C L A Y  593. 377. 
5 .  0 3. 33 0.  26 7 .  53 C L A Y  571. 387. 
5. 0 6. 85 0. 27 4.38 S I L T Y  CLAY TO C L A Y  996. 821. 
7. 0 61. 78 0. 34 0 .90  SAND TO S I L T Y  SAND 
3. 0 39. 36 0. 51 1 . 4 3  S I L T Y  SAND TO SANDY S I L T  
9.0 106.91 0. 55 0.  73 SAND TO S I L T Y  SAND 

10. 0 19. 39 0. SO 2. 71 SENS. CLAYEY SI -81 C L A Y  1090. 2363. 
11.0 27. 97 1. 50 3.32 S I L T Y  CLAY TO C L A Y  3306. 
12. 0 39. Bb 1. 83 4.60 S I L T Y  CLAY TO C L A Y  4025. 

3430. 

13. 0 40.62 2. 38 5.72 S I L T Y  C L A Y  TO C L A Y  
4909. 

14. 0 33. SO 
3231. 

1. 70 
4998. 

4.82 S I L T Y  C L A Y  TO C L A Y  
15. 0 31.67 

3740. 4101. 
.I. 52 4.96 S I L T Y  C L A Y  TO C L A Y  

16. 0 
3343. 

23. 26 1. 55 3406. 3559. 
3857. 

5.36 S I L T Y  CLAY TO C L A Y  
17 0 37.36 1. 93 4.36 S I L T Y  CLAY TO C L A Y  
18. 0 27. 01 

3410. 456b. 
1. 41 4.83 S I L T Y  CLAY T O  C L A Y  3113. 3265. 

19. 0 29. 93 1. 20 4. 12 S I L T Y  C L A Y  TO CLAY 
20. 0 25. 74 

2644. 
1. 06 

3524. 
4.21 S I L T Y  CLAY TO C L A Y  

21. 0 
2339. 

26.35 1. 36 
3094. 

4. 45 S I L T Y  C L A Y  TO C L A Y  
22. 0 32.88 0. 90 2999. 3416. 

4. 16 S I L T Y  C L A Y  TO C L A Y  
23. 0 22.47 1. 04 

1972. 2723. 
4. 50 S I L T Y  C L A Y  TO C L A Y  

24 0 18. 5.1 0. 58 2289. 2666. 
3. 17 S I L T Y  C L A Y  TO C L A Y  

2 5 .  0 32. 31 1. 64 1277. 2169. 
4.24 S I L T Y  C L A Y  TO C L A Y  

26. 0 21. 03 0. 86 3503. 3884. 
3.92 S I L T Y  CLAY TO C L A Y  

27. 0 18. 46 0. 72 1886. 2479. 
3.98 S I L T Y  C L A Y  TO C L A Y  

23. 0 13. 6 4  0. 56 1993. 2141. 
29. 0 

4.06 S I L T Y  C L A Y  TO C L A Y  
19.62 0. 66 

1242. 1532. 
3 .69  S I L T Y  CLAY T O  C L A Y  

30. 0 19.42 0. B1 1448. 2273. 
4.16 S I L T Y  C L A Y  T O  C L A Y  

31. 0 16.63 0. 64 
1793. 2241. 

3.82 S I L T Y  C L A Y  T O  C L A V  
32. 0 17. 11 0. 38 1412. 188b. 

3. 50 S I L T Y  C L A Y  T O  C L A Y  
33. 0 14. 4 8  0. 46 1284. 1941. 
34. 0 

3.28 S I L T Y  CLAY TO C L A Y  
12. 31 0. 33 

1015. 1606. 
2.71 SENS. CLAYEY Sf - G I  C L A Y  

35 .  0 14. 77 0. 60 
732. 1328. 

4 .09  S I L T Y  CLAY TO C L A Y  
36. 0 11.50 0. 32 

1309. 1629. 
2 .79  SENS.. CLAYEY S T - S f  C L A Y  

37. 0 11.33 0. 29 712. 1214. 
2. 52 SENS. CLAYEY G I - S f  CLAY.  

38. 0 11. 36 0. 37 628. 1187. 
2.93 S I L T Y  C L A Y  TO C L A Y  

39. o 12. 1s 2.73 GENS. CLAYEY 61-SI CLAY 727. iaau. 808. 
0. 33 

1184. 

Em-1 



DEP1 H CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES SPT SU=FS+1. 10 SU=<C-T) /NC 
F T  T S F  T S F  ( P S F )  PSF ) 

40. 0 12.12 0. 25 2.08 SENS. CLAYEY SI -61 CLAY 332. 1267. 
41. 0 11. 7B 0. 28 2. 18 SENS. CLAYEY S I - S I  CLAY 609. 1218. 
42. 0 17. 15 0. 39 2. 32 SENS. CLAYEY S I - S f  CLAY 867. 1883. 
43 .  0 11.81 0. 25 2. 17 SENS. CLAYEY S I - 5 1  CLAY 597. 1209. 
44.0 36. 37 1. 81 4.29 S I L T Y  CLAY TO CLAY 3980. 4272. 
45. 0 16. 37 0. 15 0.92 SANDY S I  TO CLAYEY S I L T  
46. 0 17. 1 4  0. 15 0 1 SANDY 61 TO CLAYEY S I L T  
17. 0 16. 13 0. 15 0.90 SANDY 51 TO CLAYEY S I L T  
48. Q 15. 70 0. 15 0.96 SANDY 61 TO CLAYEY S I L T  
49. 0 19.20 0. 16 1.01 SANDY Sf TO CLAYEY S I L T  
50. 0 15.94 0. 16 0.98 SANDY S f  TO CLAYEY S I L T  
51. 0 17. 50 0. 16 1.02 SANDY 51 TO CLAYEY S I L T  
52. 0 18. 55 0. 20 1. 11 SANDY 51 TO CLAYEY S I L T  
33. Q 21. 50 0. 26 1.23 SANDY S I  TO CLAYEY S I L T  
54. 0 20.92 0. 29 I .  41 SANDY Sf TO CLAYEY S I L T  
55. 0 22. f38 0. 61 3.00 S I L T Y  CLAY 1343. 2317. 
56. 0 25. 33 1. 11 5.02 S I L T Y  CLAY TO CLAY 2443. 2818. 
57. o 19. oa 0.  94 4.91 SILTY CLAY TO CLAY 2074. 2030. 
53. 0 20. 63 1. 48 6. 73 CLAY 3246. 2210. 
59. 0 20.12 1. 29 6.41 CLAY 2039. 2147. 
60. 0 19. 08 1. 13 5.92 CLAY 2490. 2012. 
61.0 19. 73 1. 46 5. 60 CLAY 3201. 2093. 
t2. 0 19. 26 .I .  21 6. 13 CLAY 2667. 2024. 
453. 0 20. 17 1. 07 5. 54 CLAY 2355. 2130. 
t 4  0 26. 17 0. 91 3. 52 Sf LTV CLAY 2009. 2872. 
6 5 .  0 30. 4 9  1. 13 3.57 S I L T Y  CLAY 2495. 3403. 
tb. 0 29. '50 1. 02 3.49 Sf L T Y  CLAY 2247. 3276. 
67. 0 1 4 .  54 0. 84 3.35 S I L T Y  CLAY 1842. 2650. 
453. 0 25. 99 0. 78 3. 15 S I L T Y  CLAY 1719. 2825. 
e9. 0 51. A4 1. 34 3. 16 SANDY CLAY TO S I L T Y  CLAY 2958. 4821. 
70.  0 26. 58 0. 47 1.73 SANDY S f  TO CLAYEY S I L T  
71. 0 25.98 0. 63 2.36 S I L T Y  CLAY 1396. 2805. 
72. 0 20.82 0. 62 2.97 S I L T Y  CLAY TO CLAY 1358. 2154. 
73. 0 30.29 0. 93 3.28 S I L T Y  CLAY 2048. 3332. 
7 4 . 0  02-31 3. 83 5. 54 S I L T Y  CLAY TO CLAY 8425. 9828. 
7 s .  CI CIO. ba 4. 27 6.21 CLAY ~ 3 9 ~ .  7118. 
76.0 303. 9 4  13.04 3.84 CLAYEY SA TO SANDY CLAY 

EQ-I 
s 



DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES SPT SU=FS+l. 10 SU= (C-T 1 /NC 
F T  T S F  T S F  (PSF) ( P S F 1  

1.0 483.28 4. 76 1.05 SAND TO S I L T Y  SAND 
2. 0 140. 33 0. 91 1.03 SAND TO S I L T Y  SAND 
3. 0 8. 09 0. 51 5.88 CLAY 
4 0 11 13. 

8. 16 0. 63 7. 42. CLAY 993. 
5. 0 1379. 8. 23 0. 53 6. 31 CLAY 996. 
6. 0 1168. 8. 29 0. 47 5.60 CLAY 1024. 1001. 998. 
7 0 8. 3& 0. 22 3. 23 S I L T Y  CLAY TO CLAY 
3. 0 474. 1003. 8. 78 0. 36 6.38 CLAY 1224. 1049. 
9. 0 7. 89 0. 28 3.81 S I L T Y  CLAY TO CLAY 
10. 0 14. 67 0. 67 4. 59 S I L T Y  CLAY TO CLAY 1480. 623. 1773. 931. 
11. 0 13.96 0. 73 3 .99  S I L T Y  CLAY TO CLAY 1603. 1928. 
12. 0 14. 71 0. 84 3. 38 CLAY 1837. 1766. 
13. 0 17. 91 0. 97 5 . 4 9  CLAY 2136. 215b. 
14. 0 19. 14 0. 81 4.47 S I L T Y  CLAY TO CLAY 1792. 2306. 
15. (3 21.25 0. 86 4.22 S I L T Y  CLAY TO CLAY 1896. 2564. 
1A. 0 21.21 0. 88 4.13 S I L T Y  CLAY TO CLAY 1932. 2553. 
17. 0 14.83 0. 84 5. 16 S I L T Y  CLAY TO CLAY 1856. 1757. 19. 0 14. 71 0. 55 3.61 S I L T Y  CLAY TO CLAY 1207. 1728. 
19. 0 14.63 0. 65 4. 13 S I L T Y  CLAY TO CLAY 1437. 1712. 
20. 0 1 S. 97 0. 62 4.05 S I L T Y  CLAY TO CLAY 1354. 1873. 
21.0 13.22 0. 45 3.2B S I L T Y  CLAY TO CLAY 1000. 1772. 
22. 0 16.62 0. 56 3.29 S I L T Y  CLAY TO CLAY 1243. 1941. 
23. 0 l 8 . 9 t  0. 74 4.01 S I L T Y  CLAY TO CLAY 1621. 2228. 2 4 .  0 16. 04 0. 68 4.04 S I L T Y  CLAY TO CLAY 1485. 1857. 
25. 0 3 5.34 0. 61 4.03 S I L T Y  CLAY TO CLAY 1338. 1763. 
2J. 0 16.38 0. 66 3 . 9 7  S I L T Y  CLAY TO CLAY 1462. 1886. 
27. 0 16. 75 0. 58 3. 49 S I L T Y  CLAY TO CLAY 1275. 1926. 
29. 0 17. 42 0. 81 4. 57 S I L T Y  CLAY TO CLAY 1786. 2005. 
29. 0 16. 43 0. 66 4. 14 S f  L T Y  CLAY TO CLAY 1462. 1875. 
30. 0 16. 76 0. 66 4.03 S I L T Y  CLAY TO CLAY 1463. 1909. 
31. 0 13. 14 0. 51 3.42 S I L T Y  CLAY TO CLAY 1118. 1700. 
32. 0 17. 15 0. 73 4.17 S I L T Y  CLAY TO CLAY 1644. 1945. 
33. 0 15.66 0. 50 3.44 S I L T Y  CLAY TO CLAY 1090. 1752. 
34. 0 13. 17 0. 35 2.68 GENS. CLAYEY S f - S f  CLAY 771. 1436. 35 0 11.91 0. 42 3.49 S I L T Y  CLAY TQ CLAY 990. 1272. 36. 0 11. 96 0. 32 2.71 GENS. CLAYEY S I - S I  CLAY 703. 1271. 37. 0 12.10 0. 31 2. 54 GENS. CLAYEY S f - S f  CLAY 673. 1282. 313. 0 12.15 0. 33 2.69 GENS. CLAYEY 51-SZ CLAY 722. 1283. 39. 0 12.00 0. 30 2.33 SENS. CLAYEY 91-61 CLAY 665. 1258. 

Em-2 
< 



-. 
DEPTH CONE FRICTION RATIO SOIL BEHAVIOR TYPES SPT SU=FS*l.lO SU=(C-T)/NC 

F T  TSF TSF (PSF1 (PSF ) 

40. 0 11.20 0. 26 2.39 SENS. CLAYEY SI-GI  CLAY 
41. 0 

570. 
11.31 0. 24 2. 12 SENS. CLAYEY SI-SI CLAY sao. 11 52. 

42. 0 11. 40 0. 27 2. 51 SENS. CLAYEY S I - S I  CLAY 601. 
1159. 

43. G 517.73 0. 90 4.83 SILTY CLAY TO CLAY 
1165. 

44 0 
1978. 

23. 50 0. 79 
3199. 

3.04 SILTY CLAY 
45. 0 

1749. 
13.21 0. 20 

2665. 
2.65 SENS. CLAYEY S I -S I  CLAY 

4t. 0 
434. 

12 03 
1371. 

0. 16 1.43 GENS. CLAYEY S f  -S I  CLAY 
47. 0 12. 57 

354. 1218. 
0. 16 1.62 SENS. CLAYEY 61-Sf CLAY 

48. 0 
359. 

12. 41 
1279. 

0. 17 1.29 SENS. CLAYEY S f - S I  CLAY 
49. 0 12.05 

366. 1253. 
0. 14 1.21 GENS. CLAYEY Sf-GI  CLAY 

50. 0 
308. 

11. 41 
1203. 

0. 14 1.32 SENS. CLAYEY 61-61 CLAY 
51. 0 

319. 
11.6s 

1 1  15. 
0. 16 1.34 GENS. CLAYEY S f - S I  CLAY 

32. 0 11.97 0. 16 
343. 1143. 

1.33 SENS. CLAYEY S I - S I  C L A Y  
53. 0 12. 29 0. 14 

346. 1172. 
1 18 SENS. CLAYEY S I - S I  CLAY 

54. 0 11. 5 1  
304. 1207. 

0. 13 1. 13 GENS. CLAYEY S f -S t  CLAY 
55 .  0 13. 59 0. 16 

297. 11 13. 
1. 23 SANDY S I  TO CLAYEY SILT 

56. 0 15.47 0. 27 1. 76 SENS. CLAYEY GI-Sf CLAY 
57. 0 16.31 

603. 
0. 31 

1385. 
1.89 SENS. CLAYEY S f - S I  CLAY 

50. 0 16. 41 
677. 

0. 32 
1685. 

1.91 SENS. CLAYEY S I - S I  CLAY 
59. 0 17. 34 0. 33 

69 5. 1690. 
1. 92 SENS. CLAYEY GI -SI  CLAY 

6G. 0 17.46 0. 32 734. 1800. 
1.88 SENS. CLAYEY SI -81 CLAY 

tl. 0 17. 59 
710. 

0. 33 
1809. 

1.88 SENS. CLAYEY SI -61 CLAY 
&2. 0 18. 4 5  0. 37 71 9. 1819. 

1.93 SENS. CLAYEY SI-ST C L A Y  
63. 0 21.27 0. 18 622. 1920. 

1. 72 SANDY 61 TO CLAYEY S ILT  
64. 0 23.25 0. 51 2.44 SILTY CLAY 
6 5 .  0 23.33 0. 75 

11  16. 2507. 
3.00 SILTY CLAY 

66. 0 22. 98 1644. 
1. 18 

2761. 
5.06 SILTY C L k Y  TO CLAY 

67. 0 22. 66 1. 03 
2590. 2462. 

4. 53 SILTY CLAY TO CLAY 
Ld 0 21.34 0. 92 . 2271. 2413. 

4.24 SILTY CLAY TO CLAY 
67. 0 18. 78 0. 73 aaia. 2244. 

3.98 SILTY CLAY TO CLAY 
70. 0 19.36 

-1 602. 
0. 71 

1918. 
3 . 7 4  SILTY CLkY TO CLAY 

71.0 19.36 0. 59 
1572. 1904. 

72. 0 
3.09 SILTY CLkY TO CLAY 

1.8. 29 0. 47 
1294. 1978. 

73. 0 
2.82 SENS. CLAYEY S I - S I  CLAY 1031. 

21.41 . 0.45 1833. 
2.20 SILTY C L k Y  

74 0 23.92 0. 51 1048. 2222. 
2.21 SILTY CLAY 

75. 0 23.08 0. 54 
1122. 2329. 

23.79 
2.37 SILTY CLAY 

76. 0 0. 67 
1195. 2418. 

2.63 SILTY CLAY 
77. 0 23.03 

1473. 
0. 66 

2730. 
2.64 SILTY CLAY 

73. 0 29. 57 0. 81 
1458. 265 0. 

2. BO SILTY CLkY 
79. 0 26.39 0. 91 

1790. 3210. 
3.23 SILTY CLkY 

80 a 2 5 .  3t 0. 89 
1997. 2807. 

3.22 SILTY CLAY 1935. 2747. 

EQ-2 



DEPTH CONE FRICTION RATIO SOIL BEHAVIOR TYPES SPT 3U=FSU 1 ,  10 8Um(C-T) /NC 
F T  TSF TSF ( P 6 F )  (PSF ) 

81. 0 29. 50 d. 93 2.91 SILTY CLAY 2041. 3183. 
82. 0 60. 56 1.43 2.79 SANDY CLAY TO SILTY CLAY 3142. 3647. 
83.0 230.87 4. 89 2.33 SILTY SA TO CLAYEY SAND 
84 .  0 200. 78 13. 00 6.80 CLAY 26606. 24979. 
8s. o 320. t9 10. oa 3.26  CLAYEY SA TO SANDY CLAY 
86.0 255.35 9. 21 4.07 SANDY CLAY TO SILTY CLAY 20237. 26 196. 
8 7 . 0  107.70 11.85 8.68 CLAY 26039. 12920. 
83. 0 €10. 59 4. 73 3 .12  SILTY CLAY TO CLAY 10406. 9337. 
89.0 213. 37 4.  58 2.37 S I L T Y  SA TO CLAYEY SAND 
90. 0 161.85 4. 62 
91. 0 34.  65 1. 91 

3.02 CLAYEY SA TO SANDY CLAY 

92.0 183.21 
2.76 SILTY CLAY 

0. 93 4.60 SANDY CLAY TO SILTY CLAY 
4308. 3764. 

93. 0 59. 76 0. a9 2.09 SILTY SAND TO SANDY S I L T  19699. 17862. 

EQ-2 
. 



DFP11i CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES 8 P T  SU=FS*1.10 SU=(C-T)/NC 
F7 TSF T S F  (PSF) (P6F 1 

1.0 103.75 0. 46 0.60 SAND 7 0  S I L T Y  SAND 
2. 0 6. 74 0.61 11. 08 CLAY 1783. 830. 
3.0 2. 63 0.49 17.93 CLAY 1068. 353. 
4 . 0  2. 34 0.39 13.91 CLAY 631. 303. 
5. a 1 I. 24 0. 26 2. 40 SENS. CLAYEY ST-ST CLAY 563. 137s. 
b. 0 22.95 0. 4 4  2.04 SANDY S I  TO CLAYEY S I L T  
7 . 0  7. 63 0. 20 2.22 SENS. CLAYEY 81-81 CLAY 430, 917. 
3. 0 10.26 0. 32 3.02 S I L T Y  CLAY TO CLAY 713. 1234. 
9. 0 21.73 0. 53 2.82 S I L T Y  CLAY 1136. 26&2.  

10.0 20. 20 0. 57 3.20 S I L T Y  CLAY TO CLAY 1262. 2464. 
1 1 . 0  18. 96 0. 75 3.94 S I L T Y  CLAY TO CLAY 1638. 2303. 
12. 0 1 5 . 2 1  0. 74 3. 76 S I L T Y  CLAY TO CLAY 1622. 1828. 
13. 0 18.73 0. SO 2.80 SENS. CLAYEY S f  -Sf CLAY 1095. 2268. 
14. 0 13.  '32 0. SO 3. 15 S I L T Y  CLAY TO CLAY 1104. 1 9 0 4 .  
15. 0 20. 1(3 , 0.66 3.37 S I L T Y  CLAY TO CLAY 1 4 4 8 .  2430. 
1 6 . 0  12.05 0. 41 3. 15 S I L T Y  CLAY TO CLAY 913. 1407. 
17. 0 17.20 0. 6 s  3 . 4 3  S I L T Y '  CLAY TO CLAY 1 4 3 7 .  2045. 
18. 0 32. 69 0. 72 2.35 SANDY S I  TO CLAYEY S I L T  
19. 0 13. 66 0. 38 2. 59 SENS. CLAYEY S I - S I  CLAY 827. 1590. 
20. 0 J 4 . 8 7  0. 34 3.47 S I L T Y  CLAY TO CLAY 1192. 1735. 
21.0 21-38 0. 55  2. 77 SILTY CLAY 1204. 2343. 
22. 0 13. 10 0. 33 2.74 SENS. CLAYEY S I - S I  CLAY 722. 1501. 
23. 0 1 8 .  b5 0. 65 3.93 S I L T Y  CLAY TO CLAY 1432. 2189. 
24. 0 1 3 . 2 9  0. 43 3.33 S I L T Y  CLAY TO CLAY 938. 1512. 
25. 0 13. Ell 0. 44  3.33 S I L T Y  CLAY TO CLAY 9 7 4 .  1572. 
26. 0 1 1 . 9 3  0. 42 3. 98 S I L T Y  CLAY TO CLAY 927. 1330. 
2 7 . 0  12.47 0. 46 3.67 S I L T Y  CLAY TO CLAY 1 O l h .  1392. 
2t3. 0 1 3 . 4 7  0. 55 3.91 S I L T Y  CLAY TO CLAY 1215. 1513. 
29. 0 14. 93 0. 37 2.65 SENS. CLAYEY 81-Sf CLAY 816. 1692. 
30. 0 12 .  44 0. 42 3 . 4 9  S I L T Y  CLAY TO CLAY 934. 1369. 
31. 0 16. 33 0. 47 3.03 S I L T Y  CLAY TO CLAY 1024. 1 8 7 4 .  
32. 0 9. 22 0. 33 3. 52 S I L T Y  CLAY TO CLAY 726. 934. 
33. 0 9. 6s 0.21 2. 19 SENS. CLAYEY SI-Sf CLAY 467. 1003. 
3 4 . 0  9. 4 0  0.22 2.40 SENS. CLAYEY 6 1 - S I  CLAY 4 9 4 .  964. 
35. 0 9. QS 0. 13 1 . 6  SENS. CLAYEY $1-Sf C L A Y  330. 914. 
322.0 9. 30 0. 16 1.77 GENS. CLAYEY 81-SI CLAY 336. 939. 
37. 0 8. 03 0. 3 4  3.68 S f  L T Y  CLAY TO CLAY 747. 7 7 4 .  
38. 0 10. 51 0. 51 3. 53 SILTY CLAY TO CLAY 1128. 1 0 7 7 .  
37. 0 1 7 . 4 0  1. 42 6.74 CLAY 3 1 1 4 .  1933. 

EQ-3 
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CONE FRICTION RATIO SOIL BEHAVIOR TYPES SPT SU=FSu1. 10 SUm(C-T)/NC 
TSF T6F (PSF) (PSF ) I 

$1. a 
52. 0 
53. 0 
34. 0 
5s. 0 
St. 0 
St. 0 
53. 0 
59.  0 
Lo. 0 

2. 03 
0. 24 
0. 23 
0.  27 
0.  55 
0. 61 
0. 32 
0.  20 
0. 23 
0. 18 
0.  26 
0. 22 
0. 23 
0.  21 
0. 21 
0. 22 
0. 19 
0. 23 
0. 57 
0. 31 
0.  23 
0.  20 
10. 25 
0. 26 
0. 27 
1.20 
0. a'? 
0. 33 
0. 36 
0. 37 
0. 46 
0. 57 
0. 46 
0. 40 
0. 37 

CLAY 
GENS. 
SENS. 
SENS. 
C L A Y  
CLAY 
SILTY 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SILTY 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SILTY 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SILTY 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 
SENS. 

CLAYEY S f - S I  
CLAYEY S f - S I  
CLAYEY S I - S I  

CLAY TO CLAY 
CLAYEY 61-SI 
CLAYEY GI-St 
CLAYEY SI-Sf  
CLAYEY S f - S I  
CLAYEY S I - S I  
CLAYEY SI-Sf  
CLAYEY 61-SI 
CLAYEY 61-51 
CLAYEY Sf-Sf  
CLAYEY SI-Sf  
CLAYEY S I - S I  
CLAY TO CLAY 
CLAYEY S I - S I  
CLAYEY S f - S I  
CLAYEY 61-SI  
CLAYEY 61-SI 
CLAYEY S I -S I  
CLAYEY S I - S I  
CLAY TO CLAY 
CLAYEY Sf-Sf  
CLAYEY S I - S I  
CLAYEY GI-Sf 
CLAYEY S I -S I  
CLAYEY GI-SI  
CLAY 
CLAYEY S I - S I  
CLAYEY 61-SI 
CLAYEY St -Sf  
CLAYEY S I -61  
CLAYEY 61-61 
CLAYEY 61-St 
CLAYEY SI -81 
CLAYEY Sf-Sf 
CLAYEY S f -81  

CLAY 
CLAY 
C L A Y  

C L A Y  
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
C L A Y  
CLAY 

CLAY 
C L A Y  
CLAY 
CLAY 
CLAY 
CLAY 

CLAY 
CLAY 
CLAY 
CLAY 
CLAY 

CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 
CLAY 



DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES SPT SU=FS*1.10 SUPCC-T)/NC 
F T  TSF TSF ( P S F )  (PSF) 

81. 0 16. 35 0. 32 1. 87 SENS. CLAYEY 6 1 - S I  C L A Y  707. 1540. 
82. 0 15. 72 0. 30 1.92 SENS. CLAYEY S I - S f  CLAY 658. 1454. 
i33. 0 17.04 0. 35 2.06 SENS. CLAYEY 5 1 - S I  CLAY 764. 1613. 
84. 0 17. 82 0. 37 2.05 GENS. CLAYEY S I - S I  CLAY 814. 1703. 
85.  0 17.67 0. 37 2.04 SENS. CLAYEY S T - S I  CLAY 805. 1679. 
85 .  0 17.61 0. 33 1.99 SENS. CLAYEY S f - S I  CLAY 77 7. 1666. 
E17. Q 16.64 0. 33 1.93 SENS. CLAYEY S I - S I  CLAY 729. 1569. 
83. 0 16. 64  0. 31 1.88 SENS. CLAYEY Sf -S1 CLAY 680. 1331. 
69. 0 16.64 0. 33 2.03 SENS. CLAYEY S f - S f  CLAY 764. 1351. 
90. Q 17.38 0. 33 1.92 GENS. CLAYEY S f - S I  C L A Y  718. 1612. 
91. 0 17.48 0. 36  2.05 SENS. CLAYEY S f - S f  CLAY 783. 1618. 
92. 0 17. J 4  0. 35 1.97 SENS. CLAYEY S I - S I  CLAY 772. 1632. 
93. 0 20.88 0. 40 2. 15 SENS. CLAYEY S f - S I  CLAY 885. 2030. 
94. 0 17. 9 Q  0. 49 2. 73 SENS. CLAYEY SI-SI: CLAY 1073. 1652. 
95.  0 18.25 0. 41 2.26 SENS. CLAYEY S f - S f  CLAY 899. 1669. 
95.0 17.88 0. 38 1.98 SENS. CLAYEY S I - S I  CLAY 828. 1636. 
97. 0 19. 47 0. 40 2.07 GENS. CLAYEY S I - 5 1  CLAY 874. 1829. 
?a. o 18. a8 0. 33 1. 76 SANDY ST TO CLAYEY SILT 
99. 0 18. 81 0. 57 3.02 S I L T Y  C L A Y  TO C L A Y  1247. 1734. 

100.0 17. OR 0. 37 2.26 SENS. CLAYEY S I - S I  CLAY 820. 1512. 
101.0 41. 58 1. 47 3. SO SANDY C L A Y  TO S I L T Y  C L A Y  3229. 3654. 
102.0 56.06 4. 04 3 . 2 9  S I L T Y  CLAY TO C L A Y  8891. 6371. 
103.0 162. 57 5. 51 3. 71 CLAYEY SA T O  SANDY CLAY 
1 0 4 . 0  113.00 4. 98 4. 15 SANDY C L A Y  TO S I L T Y  CLAY 10994. 10781. 
105.0 198.44 5. 77 3.08 CLAYEY SA TC3 SANLIY C L A Y  
106. 0 4 5 . 5 5  1. 75 3. 1 SANDY C L A Y  TO S I L T Y  CLAY 3830. 4026. 
107. 0 85 .  00 3. 49 3.62 SANDY C L A Y  TO S I L T Y  C L A Y  7672. 7966. 
108. o 191. 28 4. or 2. 97 CLAYEY SA TO SANDY CLAY 
109.0 147. 47 3. 16 2.37 S I L T Y  SA T O  CLAYEY SAND 
110.0 29.34 0. 55 2.16 SANDY Sf TO C L A Y E Y  S I L T  
111.0 151. a3 1. 10 3.29 CLAYEY S A  TO SANDY CLAY 
112.0 28.43 1. 14 4.05 S I L T Y  CLAY TO CLAY 2511. 2880. 
113.0 277.23 8. 70 3.21 CLAYEY SA TO SANDY CLAY 
114.0 182.65 5. 90 3.00 CLAYEY SA T O  SANDY C L A Y  
115.0 1 1 5 . 8 3  2. 47 2.67 CLAYEY SA TO SANDY C L A Y  
116. 0 85.  913 2. 31 2.82 CLAYEY S A  TO SANDY CLAY 
117. 0 31. 72 0. 49 2.09 SANDY S I  TO CLAYEY S ILT 
113.0 3 4 2 .  52 11. 16 3.19 CLAYEY S A  TO SANDY CLAY 
119.0 216. 30 6. 64 3.09 CLAYEY S A  TO SANDY CLAY 
120.0 90. 31 2. 85 2.96 CLAYEY SA TO SANDY CLAY 
121.0 A7.36 2. 43 3. 18 SANDY CLAY TO S I L T Y  CLAY 5347. 6132. 

EQ-3 
- 





DEPl H CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES S P T  SU=FS+1.10 SU=(C-T)/NC 
FT T S F  T S F  ( P S F )  (PSF)  

40. 0 16. 72 0. 60 4.01 S I L T Y  C L A Y  TO C L A Y  
41. 0 0. 40 

1314. 1841. 
11. 90 3. S 1  S I L T Y  CLAY TO C L A Y  880. , 1233. 

42. 0 11.23 0. 39 3.42 S I L T Y  CLAY TO C L A Y  
43. 0 0. 38 

867. 1143. 
10.36 3. 55 S I L T Y  CLAY TO C L A Y  

44 .  0 0. 39 
832. 1031. 

so. l a  3.69 SILTY CLAY TO CLAY 
45. 0 0. 32 

848. 992. 
10. A7 3. 12 S I L T Y  CLAY TO C L A Y  

4A. 0 0. 64 
714. 1054. 

39.20 4. 14 S I L T Y  CLAY TO C L A Y  
47. 0 0. 37 

1417. 4614. 
11. 17 3.26 S I L T Y  CLAY TO C L A Y  

48.  0 0. 37 
805. 1104. 

12. 13 3.38 S I L T Y  CLAY TO C L A Y  
45. 0 0. 43 

824. 
12.60 

1210. 
3.27 S I L T Y  CLAY TO C L A Y  

5G. 0 15-63 0. 50 3. 43 S I L T Y  CLAY TO C L A Y  1296. 
943. 

51. 0 
11 10. 

0. 66 
1643. 

16.81 3. 77 S I L T Y  CLAY TO C L A Y  
52. 0 0. 70 

1451. 1785. 
18. 90 3.66 S I L T Y  CLAY TO C L A Y  

53.  0 0 .  58 
1529. 

16. 50 
2039. 

3. 57 S I L T Y  CLAY TO C L A Y  
54 0 0. 65 

1273. 1733. 
16. 99 4.02 S I L T Y  CLAY TO C L A Y  

55. 0 1. 69 
1431. 

17. 61 
1788. 

6. 10 C L A Y  
56. 0 0. 60 

3714. 
16. 93 

1859. 
3.38 S I L T Y  CLAY TO C L A Y  

57. 0 0. 60 
1328. 1774. 

18. 79 3.62 S I L T Y  CLAY TO C L A Y  
58.  0 

1504. 
0. 71 

1994. 
19. 9 4  3.61 S I L T Y  C L A Y  TO C L A Y  

3 9 .  0 0. 70 
1536. 2132. 

19. 77 3. 55 S I L T Y  C L A Y  TO C L A Y  
60, 0 0. 63 

1547. 2104. 
16. 98 3.61 S I L T Y  CLAY TO C L A Y  

61. 0 0. 63 
1386. 1749. 

1.5. 17 4.27 S I L T Y  C L A Y  TO C L A Y  
t2. 0 0. 65 

1382. 1317. 
19.28 3. 43 S I L T Y  CLAY TO C L A Y  

63. 0 0. 54 
1436. 2024. 

1 6 . 6 8  3.28 S f  L T Y  CLAY TO C L A Y  
t 4 . 0  

1 198. 
0. 63 

1693. 
13. 60 4. 51 S I L T Y  C L A Y  TO C L A Y  

65. 0 0. 53 
1396. 1301. 

15.67 3.61 S I L T Y  CLAY TO C L A Y  
L6. 0 0. 59 

1214. 1554. 
1 4 .  75 3.91 S I L T Y  C L A Y  TO C L A Y  

67. 0 13.41 0. 60 1298. 
1433. 

65. 0 
4.26 S I L T Y  C L A Y  TO C L A Y  

11. 69 0. 58 
1312. 1259. 

4.97 S I L T Y  C L A Y  TO C L A Y  
69. 0 0. 71 

1265. 1037. 
14. 33 4.95 S I L T Y  C L A Y  TO C L A Y  

70. 0 0. 68 
1534. 1362. 

13. 97 
71. 0 

3. 19 S I L T Y  C L A Y  TO C L A Y  
19. 21 1. 61 

1493. 1310. 
7. 76 C L A Y  

72. 0 16. 14 1. 32 
3538. 1959. 

7.92 C L A Y  
7 3 .  0 68. 76 4. 28 

2902. 1569. 
3.07 S I L T Y  CLAY TO C L A Y  

7 4 . 0  34.74 2. 56 
9424. €3141. 

6.92 C L A Y  
75.0 221.54 6. 73 

3622. 3882. 
3.33 CLAYEY SA TO SANDY C L A Y  

75. 0 77 .  32 3. 91 3.88 SANDY C L A Y  TO S I L T Y  C L A Y  
77.0 180.71 6. 04 8997. 9354. 

3.11 CLAYEY S A  T O  SANDY C L A Y  
73. 0 25. L2 0. 32 
79. 0 

1.37 SANDY 61 TO CLAYEY S ILT  
21.99 0. 62 3.50 S I L T Y  CLAY 

80 0 134. 26 4. 52 1356. 2257. 
3.41 CLAVEY SA TO SANDY C L A Y  

Ea-4 
b 



b 

DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES SPT SU=FSwl. 10 SUz(C-TI /I4C 
F7 TSF TSF (P6F)  (PSF)  

B i . 0  132.20 3. 9 4  3. 54 CLAYEY SA TO SANDY CLAY 
82. 0 48. 63 1. 67 4 . 0 0  SANDY CLAY TO S I L T Y  CLAY 3574. 4454. 
83. 0 95. 83 4. 06 5.39 SILTY CLAY TO CLAY 6929. 11469. 
8 4 . 0  153.77 5.  50 4 .65  SANDY CLAY TO SILTY CLAY la ios.  14959. 
8 5 .  0 197.67 8. 10 4. 53 SANDY CLAY TO S I L T Y  CLAY 17815. 19343. 
86.0  177.30 10.75 5. 51 SILTY CLAY TO CLAY 23553. 21626- 

EQ-4 
F 



DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES SPT SU=FS*1. 10 SU=(C-TI /NC 
F T  TSF T S F  (PSF) (PSF 1 

1.0 0. 04 0. 00 
2. 0 

0. 00 
0. 07 0. 00 0. 00 

3. 0 0. 53 0. 14 27.09 CLAY 
4. 0 1. 38 

315. 55. 
0.31 21.81 CLAY 

5. 0 2. 23 
671. 170. 

0.42 16.63 CLAY 
S.0 4. 4 5  0. 28 

922. 2S5.  
6.68 CLAY 

7. 0 5. 09 0. 32 
613. 520. 

6. 52 CLAY 
3. 0 7. 0 s  0. 49 

698. 394. 
6.91 CLAY 

0. 79 
1070. 

6.43 C L k Y  
833. 9 .0  .12.70 

10. 0 
1741. 

1. 18 
1533. 

22.99 5.47 S f  L T Y  CLAY TO CLAY 
11.0 

25B9. 
0. 97 

2813. 
21.00 4. 55 S I L T Y  CLAY TO CLAY 

12. 0 
2139. 

1. 38 
2553. 

22. 36 5. 70 CLAY 
13. 0 1. 13 

3933. 2722. 
18. 17 6.03 CLAY 

14. 0 0. 83 
2489. 2192. 

14. 95 5. 46 CLAY 1830. 1783. 
15. 0 17. 19 0. 79 4.79 S I L T Y  CLAY TO CLAY 1744. 2057. 
lb .  0 18.'22 '0. 90 5.02 S I L T Y  CLAY TO CLAY 
17. 0 0. 73 

1983. 2179. 
17.48 4.34 S I L T Y  CLAY TO CLAY 1606. 2080. 

13. 0 18. 57 0. 66 3.53 S I L T Y  CLAY TO CLAY 
19. 0 1. 02 

1458. 2210. 
21. 17 4.48 S I L T Y  CLAY TCJ CLAY 2239. 2529. 

2G. 0 17. 93 0. 78 4.33 G I L T Y  CLAY TO CLAY 1716. 2118. 
21.0  IS. 79 0. 65 4. 17 S I L T Y  CLAY TO CLAY 1425. 1844. 
22. 0 15. 90 0. 74 4.71 S I L T Y  CLAY TO CLAY 1628. 1851. 
23. 0 16. 93 0. 69 4. 15 S I L T Y  CLAY TO CLAY 1525. 1974. 
24 0 18. 13 0. 71 3.95 S I L T Y  CLAY TO CLAY 
25 .  0 

1364, 
0.  86 

21 18. 19. 53 4.47 S I L T Y  CLAY TO CLAY 1891. 2286. 
26. 0 1 8 - 4 7  0. 75 4.02 S I L T Y  CLAY TO CLAY 
27. 0 

1631. 
1. 24 

2148. 
25. 15 4.48 S I L T Y  CLAY TO CLAY 

as. o 0. 53 
2730. 2976. 

13.27 4.00 S I L T Y  CLAY TO CLAY 1169. 1486. 
29. 0 12.38 0. 48 3.89 S I L T Y  CLAY TO C L A Y  
30. 0 

1059. 
0. 48 

1367. 
13.46 3. 54 S I L T Y  CLAY TO CLAY 

31. 0 
1050. 

0. 50 
1497. 

12. 48 4.00 S I L T Y  CLAY TO CLAY 1089. 1368. 
32. 0 11.25 0. SO 4.41 S I L T Y  CLAY TO CLAY 1094. 12013. 
33. 0 10.40 0. 48 4. 54 S I L T Y  CLAY TO CLAY 
3 4 .  0 0. 53 

1056. 1095. 
10.86 4.72 Sf L T Y  CLAY TO CLAY 

35. 0 
1171. 

0. 51 
1146. 

12. 64 4.35 S I L T Y  CLAY TO CLAY 
36. 0 

11 15. 
0. 49 

1363. 
10. 36 4.18 S I L T Y  CLAY TO CLAY 

37. 0 0. 45 
906. 1096. 14. 7 5  

33. 0 0. 43 
3.31 S I L T Y  CLAY TO CLAY 991. 1615. 

10.44 
37. 0 

9.33 CLAY 
0. 83 

052. 1069. 
13.23 4.94 S I L T Y  CLAY TO C L A Y  1823. 1414. 

EQ-5 



7 

DEPTH CONE F R I C T I O N  R A T I O  S O I L  BEHAVIOR TYPES 6 P T  SU=FBw 1. 10 SU- C C-T 1 /NC 
FT T S F  T S F  (PSF (PSF) 

I 

40. 0 10. 74 0. 43 3.93 S I L T Y  CLAY To CLAY 943. 1094, 
41. 0 11. 22 0. 39 3. 7t3 S I L T Y  CLAY TO CLAY 864. 1147. 
42. 0 11.02 0. 42 3.80 S I L T Y  CLAY TO CLAY 928. 11 16. 
43. o 10.18 0. 38 3.68 SILTY CLAY TO CLAY 837. 100s. 
4 4 .  0 10.22 0. 39 3. 73 S I L T Y  CLAY TO CLAY 869. 1004. 
45. 0 10.83 0. 33 4. 14 S I L T Y  CLAY TO CLAY 1171. 1077. 
46. 0 13.97 0. 48 3. 95 S I L T Y  CLAY TO CLAY 1048. 1460. 
47. 0 13. 61 0. 45 3.39 S I L T Y  CLAY TO CLAY 999. 1409. 
43. 0 13. 91 0. 47 3.47 S I L T Y  CLAY TO CLAY 1043. 1440. 
49. 0 I S .  01 0. 51 3.39 S I L T Y  CLAY TO CLAY 1113. 1372. 
50. 0 16. 4 1  0. 57 3. 92 S I L T Y  CLAY TO CLAY 1233. t 740. 
51. 0 17. 04 0. 52 3. 14 S I L T Y  CLAY TO CLAY 1143. 1813. 
52.  0 18. 56 0. 69 3.67 S I L T Y  CLAY TO CLAY 1317. 1994. 
53. 0 18.  06 0. 16 2.46 SENS. CLAYEY S f - S f  CLAY 342. 1927. 
54 .  0 20. 28 0. 63 3. 18 S I L T Y  CLAY TO CLAY 1382. 2198. 
35. 0 21.05 0. 77 3. 54 S I L T Y  CLAY TO CLAY 1702. 2289. 
za. o 2 0 . 3 4  0. 73 3. 51 SILTY CLAY TO CLAY 1~11.  2194. 
57. 0 21.64 0. 77 3.41 S I L T Y  CLAY 1693. 2350. 
53. 0 21. 36 0. 68 3.27 S I L T Y  CLAY TO CLAY 1497. 2309. 
39. 0 19. 83 0. 71 3.49 S I L T Y  CLAY TO CLAY 1361. 21 12. 
60. 0 21. 63 0. 72 3.39 S I L T Y  CLAY 1590. 2330. 
61.0 20.88 0. 71 3.42 S I L T Y  CLAY TO CLAY 1572. 2230. 
42. 0 21.68 6. 71 3.32 S I L T Y  CLAY 1569. 2324. 
63. 0 I 6. 68 0. 57 3.22 S I L T Y  CLAY TO CLAY 1264. 1942. 
64 0 16. 02 0. 56 3.46 S I L T Y  CLAY TO CLAY 1223. 1604. 
65. 0 18.39 0. 63 3 .39  S I L T Y  CLAY TO CLAY 1379. 1892. 
66. 0 14.41 0. 51 3 .57  S I L T Y  CLAY TO CLAY 1129. 1390. 
t 7 .  0 12.09 0. 52 4.33 S I L T Y  CLAY TO CLAY 1143. 1093. 
t 3 .  0 14.82 0. 52 3.74 S I L T Y  CLAY TO CLAY 1 140. i 429. 
69. 0 17. 52 0. 63 3.74 S I L T Y  CLAY TO CLAY 1393. 1760. 
70. 0 33. b4 0. 63 2.65 S I L T Y  CLAY 1390. 3769. 
71. 0 45. 70 1. 49 3. 59 SANDY CLAY TO S I L T Y  CLAY 3283. 4217. 
72. 0 38. 97 2. 02 4.03 S I L T Y  CLAY TO CLAY 4438. 4423. 
73.0 142.06 3. 54 3.07 CLAYEY SA TO SANDY CLAY 
74.0 110.11 2. 03 1.75 S I L T Y  SAND TO EiANDY S I L T  
75. 0 29.27 1. 82 5.63 S I L T Y  CLAY TO CLAY 4003. 3192. 
76 0 51.49 1. 17 1. 59 S I L T Y  SAND TO SANDY S I L T  
77.G 1 2 3 . b a  1. 56 1.61 SAND TO SILTY SAND 
73. o 74.25 Q. 93 a. oe SILTY SAND TO SANDY SILT 
73. 0 172.80 2.38 1.61 SAND TO SILTY 6ANI) 

EQ-5 
? 

I 1 


