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region and soil type. The properties of each distinct

group were tabulated.

5. Develop foundation design criteria. Design criteria
are presented for gravel islands, shallow and pile
foundations using soil profiles and properties

representative of the PTD area.

SOIL TYPES AND DISTRIBUTION

The soils that will influence geotechnical design of facilities
within the PTD area are deposits of Holocene and Pleistocene
age. The Holocene deposits consist primarily of sand and silt.
In general, the sand is silty (SM) and the silt is sandy and
non-plastic (ML). Nevertheless, clean sand (5P) and slightly
plastic clayey silt and silty clay (ML-CL) are occasionally
encountered. The Holocene deposits appear to be normally con-
solidated to slightly overconsolidated. The relative densities
of the granular, non-plastic soils and consistencies of the
plastic soils are typically loose to medium dense and soft to
mediumn stiff, respectively. The Pleistocene deposits are
primarily clayey silt {ML-CL), silty clay {(CL), clean sand (SP)
and sandy gravel (GP). These depbsits are moderately to heavily
overconsclidated. The granular scils are dense to very dense

and the fine-grained soils are stiff to hard.

Since the engineering properties of the Holocene and Pleistocene
5. soils differ so significantly, the areal extent and thickness of
l | these deposits is an important geotechnical design considera-
tion. Fiqures 1 through 17 depict the elevation of the
| E. Holocene/Pleistocene interface, the thickness of the Holocene
: deposits and soil stratigraphy {cross sections and generalized
l i soil profiles) within the PTD area. These illustrations should
;z be considered only approximations of the actual soil conditions,
t'ﬁ as their accuracy is limited by the wide spacing of the borings




and scarcity of information in certain areas (especially seaward
of the barrier islands). Nevertheless, these interpretations
are a useful starting point for conceptual design and can be
supplemented by site-specifiec investigations as the need

arises.

SOIL PROFILES

Figures 1 and 2 illustrate the areal distribution and thickness
of the Holocene age soils that will impact the design of
facilities within the PTD area. Figures 3 through 13 show the
soil stratigraphy in several cross sections taken approximately
parallel to and perpendicular to the coastline, These cross
sections illustrate only the primary features of the soil stra-
tigraphy; i.e., the Holocene/ Pleistocene interface and the
major coarse {sands and gravels)} and fine-grained (silt and
clay) soil strata within these deposits. Figures 14 through 17
show generalized soil profiles through various parts of the
area. These profiles depict the soil types, average relative
density and consistency characteristics of the major soil
strata. The soil classification system used in the cross

sections and profiles is shown on Figure 18.

The following general observations may be made regarding the

5011 conditions in the PTD area:

1. The Holocene deposits are the deepest, weakest and most
compressible in the west lagoon area (in the vicinity
of borings H-4, H-5 and H-9) and tend to be thinner to-
ward the north, east and south. Seaward of the bar-
rier islands and throughout the eastern study area, the

Holocene soils extend only a few feet below mudline.

2. The Holocene 1is a heterogeneous deposit. Soil types

vary from coarse sands to silt and, occasionally,



clays. They also vary in relative density/consistency

from loose/soft to medium dense/stiff.

3. The top surface of the Pleistocene deposit is rela-
tively flat throughout the PTD area, except near the

shoreline, where it dips seaward.

4. The uppermost portion of the Pleistocene deposit
consists primarily of stiff to hard silts and c¢lays.
The silts and clays are underlain by dense to very
dense sands and gravels. The top surface of the sands
and gravels generally dips sharply seaward, except in
the vicinity of boring H-11, where sands and gravels
are exposed at mudline. The silt/clay and sand/gravel

strata are both practically homogenecus.

S0IL PROPERTIES

Statistical analyses have been performed on the relevant soil
property data by stratum, boring and region. Worksheets used
in the analyses are presented in the Appendix to this report,
In most cases, differences in the computed statistical
parameters between individual strata and borings precluded
further groupings on a purely statistical basis. However, for
the purpose of establishing representative soil profiles and
geotechnical design criteria, statistical analyses must be
tempered by geologic and engineering judgement. This is
especially true since the field and laboratory investigations
were not specifically designed for statistical analysis of the
data. It may be noted; for example, that the sizes of the data
sets are small and wvariable and often, for valid reasons,
testing has been concentrated on the unusual portions of the
soll strata rather than the typical portions. Therefore, the
statistical parameters may not always be indicative of the true

soil properties.



TABLE 1
GEOTECHNICAL ENGINEERING PARAMETERS (3)
IN SITU SOILS

Lacation Offshore Onshare
Aqe Holocene Fleistocene Holocene/Pleistocens
S50il Type 34 & SP ML & CL Cl. & M. GF & SP Ice—Rich TIce-Foor
Density
Dry Density, pcf 108 92 107 120 <10 130
Moisture Content, % 21 . 32 22 15 >50 10
Total Unit Weight, pcf 131 127 131 128 <105 143
Buoyant Unit Weight, pcf 67 57 67 74 -—- -

Shear Strength

In Situ Undrained Shear -— 0.75 2.5 —_ —_— _—
~ sStrength, ksf
Strength gain with - 0.5 0.5 -
Effective confining pressure(”|
Effective Priction Angle {deg.) 16 36 34 3 — ——
Effective Cohesion, ksf Q 0 1] [ — _—
Compressibility
Ave. Compression Ratiof{2) 0.03 6.05 0.025 0.01 -— —
Coefficient of Consclidation —— 2.5 4.0 - _ _
ft2/day

Thermal Properties

Active Layer Thickness, ft. 5-10 ——— —-— —— 1 -3 5 -8
{barrier is.)

Thaw Strain, % 10 20 10 <3 =30 <8

Salinity, ppt 35 - »1Q0 35 - 42 35 - 42 35 - 42 2 %= 10

Notes:

. . . s 45
(1) Strength gain with effective confining pressure = —
&8y = increase in undrained shear strength Adc

Ady = increase in effective confining pressure due to consolidation

&ew
{2) Ave. Compression Ratio = logm(Eﬁ%ﬂﬁﬁ)
wa

initial effective vertical stress
effective vertical stress increase
vertigal strain due to AG

]
f"\l
[

fat~

{3) values are representative of all soils tested in the study area.




TABLE 2
GEOTECHNICAL ENGINEERING FARAMETERS
GRAVEL ISLAND FILL

Placement: Environment Above MWL Below MWL i

{Compacted} {Uncompacted) I

: Ice Content 10% 25% Ice-Free 10% 25% Ice—-Free il

Density

Dry Density, pcf 102 76 132 91 68 128
Moisture Content, % 10 25 2 3 54 12
Total Unit Weight, pcf 112 95 135 119 105 144
Buovant Unit Weight, pcf —_— -— -— 55 it B0

Shear Strength

Effective Friction Angle deqg. 30 30 40 25 25 36
Effective Cohesion, ksf 0 D 0 0 0 0

Thermal Properties

Active Layer Thickness, ft. 5-3 5-38 - R - -—
Thaw Strain, % 15 35 —— 23 42 -
Salinity, ppt 5-10 5-10 - 27 23 35
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effective stresses within the soil mass which relate directly to

strength and consclidation deformation.

Shear Strength

The shear strength of a soil is a fundamental engineering
parameter which is the basis for calculation of ultimate load
carrying capacity. Most theories of soil behavior are based
upon the effective stress principai and the Mohr-Coulomb failure
criterion, in which shear strength is characterized by an angle

of internal friction (¢) and a cohesion intercept (c).

The shear strength of a soil is a function of the pore water
pressure response f{(and, hence, permeability). Therefore, most
analyses are conducted assuming either drained or undrained
behavior. ©Drailned hehavior implies that the soil is suf-
ficiently permeable {or the loading is sufficiently slow) to
prevent the buildup of pore pressures; in which case, the so0il
shear strength increases in direct proportion to increases in
the confining pressure (e.g., the added weight of a newly cons-
tructed gravel island). Undrained behavior implies that the
soil is so impermeable (or the lecading so rapid) that increases
in the confining pressure are carried wholly by the pore water;
therefore, effective stressesg are unchanged and shear strengths

remain constant.

Drained and undrained analyses are also referred to as effective
stress and total stress analyses, respectively. The undrained
shear strengths will increase from the in situ values if the
effective confining pressure increases, for example, due to con-
solidation under the weight of a gravel island. Since the rates
of consolidation are fairly rapid for all the soil types tested,
the strength increases will also occur rapidly. Thus, the con-

struction of a gravel island will cause a strength increase in




the underlying soil, much of which will be effective by the time
the island construction is completed. Subsequent short-term

loads (e.g., ice loads) will be resisted by the increased shear
strength in the underlying soils, Resistance to long-term loads
should be analyzed using the effective stress {(drained) strength

parameters,

The shear strength parameters for the geotechnical criteria
shown on Table 1 were selected on the basis of data reported by
HLA (1982) and NORTEC (1983).

Consolidation

Consolidation behavior can be described in terms of the com-—
pression ratio and the coefficient of consolidation. The
compression ratio is used to estimate the total settlement due
to primary consolidation. The coefficient of consolidation is
used to estimate the rate at which the predicted settlement will
cccur. The compression ratio typically decreases with in-
creasing dry density. The coefficient of consolidation de-
creases with increasing percentages of clay-sized particles,
Overconsolidation typically causes nearly an prdef of magnitude
decrease in the compression ratio and a similar increase in the

coefficient of consolidation.

The criteria of Table 1 can be used to estimate the consoli-
dation behavior of the subsea soil under the weight of a gravel
island. One-dimensional linear consolidation theory was used to
predict total settlements of the subsea soil and the times re—
gquired to achieve 90 percent of the predicted settlements. The
island £ill properties used in the calculations were given in
Table 2. The results of these calculations are presented on

Figure 19.
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Thermal Characteristics

Thermal soil properties of importance to island, facility and
pipeline design are salinity,
thickness.

thaw strain and active layer
Salinity of the pore water depresses the soil
freeze/thaw temperature and causes warm permafrost to contain
both ice and unfrozen water. Saline permafrost will have a
lower shear strength than freshwater permafrost at the same tem-

perature. Permafrost thaw strain properties directly influence

pipeline and wellbore subsidence estimates. The thickness of
the active layer is important in determining frost heave iocad-

ings on elevated pipeline supports, piles or other structures.

The salinity criteria presented in Table 1 are calculated values

based upon measured electrical conductivities. Thaw strain

values are based upon permafrost sample tests. Active layer

thicknesses have been estimated using the recent Woodward-Clyde

geophysical study results for the PTD area (Woodward-Clyde,
1983).

Island Fill Properties

Geotechnical criteria for gravel island fill are presented in

Table 2, The relevant parameters are density, shear strength

and thermal properties, The recommended density parameters for

10 percent ice content gravel are based upon EE.EEEE measure-—
ments at Duck Island Pad #2 (Harding Lawson Associates, 1982).

Ice contents reported at Point Thomson gravel sources, however,

are closer to 25 percent {(Harding Lawson Assoclates, 1982). The

use of a 25 percent ice content gravel, vrather than a 10 percent

ice content material, will result in significantly lower place-

ment densities. Fill volume requirements also will be increased

if ice loading governs the island design. Experience indicates
that £fill with a 10 percent ice content cannot be compacted to

densities that would be considered acceptable for thawed fill,

11



regardless of compactive effort. The compacted dry densities of

higher ice content gravel will be even lower.

The properties of a gravel island £ill constructed during the
summer months should be somewhere between those estimated for
gravels with 10 and 25 percent ice content. The ice content of
the fill after placement will not be significantly less than for
a winter-constructed f£ill. However, the sea water and the
gravel are somewhat warmer in the summer than in the winter, so
that both the below-water and above-water portions of the fill
will probably be somewhat more dense at the end of construction.
Also, recompaction of the active layer in the fill before it
starts to freeze again in the fall would result in reduced thaw-

settlement and better trafficability during subsequent breakup.

The fill friction angles shown in Table 2 for gravel containing
ice are based on our knowledge of a very limited number of lab-
oratory tests, the results of which are proprietary. The cohe-
sion component of strength has been neglected due to consider-
able uncertainty as to its magnitude and how it may be affected
by creep under sustained loads. A material factor of 1.2 is
recommended for use with the tangent of the fill friction angle

in strength analyses.

FOUNDATION DESIGN CRITERIA

Facilities located on a production island will require foun-
dations which are suited to the loads being supported and the
settlements that the structures can tolerate. Deep piles {50+
ft. of penetration) may be required for large module support.
Lightly loaded structures, such as tanks or warehouses, can be
supported by shallow spread footings or mat foundaticns., Due to
the different mechanisms that may cause foundation heave or
settlement, differential movements may occur across the dimen-

sion of the structure., Therefore, provisions should be made

12



with each type of foundation for jacking and shimming to main-—

tain a level structure.

Offshore and Barrier Island Piles

Piles will probably be used as the primary means of support for
large modules on offshore production islands. Piles are con-
sidered superior to shallow foundations for this application
because piles will derive support from the in situ soils, for
which the geotechnical parameters are far less uncertain than
the gravel island fill, Piles are also favored because larger
loads can be carried by individual foundation elements and the

settlements will be smaller and less time dependent.

On the barrier islands, except Flaxman Island, the distribution
and properties of bonded permafrost is expected to be highly un-
predictable. The data show wide variations in salinity and, in
many cases where bonded soils were encountered in the borings,
samples were cobtained by pushing or with moderate driving re-—
sistance. In such relatively warm, saline permafrost, the
bonding is expected to be weak and erratic and unbonded brine
pockets may occur within otherwise bonded gzones. Therefore, it
is our opinion, that without site specific data, pile capacity

analysis should be based on unbonded soil properties.

Since Flaxman Island is a remnant of an old coastline, the per-
mafrost may be similar to that found onshore, except warmer. If
this can be demongtrated, adfreeze pile design for Flaxman

Island may bhe practical,
Installation
Foundation piles can be driven into unfrozen subsea s0ils using

diesel impact hammers. Drivability can be estimated using stan-

dard wave equation techniques. Driving through the gravel

13



island fill may be difficult, possibly requiring predrilling
through the island to the seafloor. Gravel strata below the
mudline may also cause driving problems. For example, driving
refusal may be met in thin gravel strata before penetration suf-
ficient to generate the required bearing capacity has been
achieved. This situation would require a modification of the
piles or the installation procedure such as reinforcing the pile
tips, filling the piles with concrete and redriving or drilling
out the obstructing material {Note: jetting is not recommended
because it causes excessive disturbance and may eliminate any
skin friction capacity in the overlying strata.) 1In areas of
thick, near-surface gravel strata, drilled-and-grouted pile

installation may be necessary.

Driving into subsea permafrost may also be difficult. The tech-
nigues previously mentioned for penetrating thin gravel strata
should also be feasible for penetrating warm, saline permafrost.
The use of adfreeze piles in warm, saline permafrost is con-
sidered impractical because of the long freezeback time required
and the uncertainty of the adfreeze strength. Thermal modifica-
tion is also considered impractical because of the extreme dif-
ficulty of controlling the process in such temperature-sensitive

permafrost.
Design Criteria for Axial Loads

In lieu of site-specific pile load test results, pile capacities
in unfrozen subsea scoils can be egtimated using the recommen-—
dations of API RP 2A {American Petroleum Institute, 1982),
suggested limits on skin friction and end bearing in granular
soils (McClelland, 1974), and interpretations of site soil
properties. Design criteria for axially loaded piles in the
west laqoon, east lagoon, and seaward of the barrier islands are
presented in Figure 20. To be conservative, end bearing was

omitted from the analyses. Piles driven into thick strata of

14



INTRODUCTION |

Generalized geotechnical design c¢riteria have been developed for
the Point Thomson Development (PTD) area. These criteria are
based on data and analyses contained in reports prepared by
Harding Lawson Associates (HLA, 1982), wWoodward-Clyde Con-
sultants (WCC, 1982) and Northern Technical Services {(NORTEC,
1983). The criteria should be used for conceptual design
purposes only; site-specific data will be required for final

design.

The basic approach used to develop these criteria was to proceed
from the broadest generalization of the soil conditions in the
area to detailed analyses of the strata, soil properties and
foundation design criteria. The methodology may be described as

follows:
1. Review the information available for the PTD area,

2. Collate and synthesize the information to formulate an
interpretation of the nature and distribution of soils

throughout the study area,

3. Perform statistical analysis on the results of iabora-
tory testing of soil properties. These analyses in-
cluded computation of means and variances by soil type
and boring and tests for the validity of combining the
data. The statistical data were combined to the extent
possible, consistent with geological and engineering

judgement.

4. Develop geotechnical design parameters. The soils

throughout the PTD area were grouped hy location, age,



PILE DES CRITERIA: OFFSHORE

West Lagoon East Lagoon Seavard of the Barrier Islands Design Pile Capacity, klps/perimeter
0 0 10 20 30 40
7 T T T f
Sand, Sandy 5ilt & = 25°
(Loose-Med.-Dense) d = 20°* fave @ 0.80 Factor of Safety = 2,0
§ = 20 r £ve = 0.75
10 £ = 0,75 Clayey Silt, 10
nd ave T Clavey Silt, Siley Clay I
siley Clay {very Stiff)
J {(Briff-v, Stiff) 5, = 3.0 ksf
Sy = 2.0 ksf £ = 1.5 kst
Sandy Silg, £ = 1.0 kst
20 Clayey Silt 20|
r {Saft) ng
8; = 0.5 ksf - =l
E 1]‘;] = 0.5 kst EH ?21
i f 2
g 30 30 2
et clayey sile o B ey
£+ (Med. Btiff) 3 =
b = 1.5 ksf Kl el
s & ? = 0.75 kef | [ -—m—m—m——— o S
L (Very Stiff) kit
40 =" 3.0 ksf 40 m
———————————— 1 %8 2705 ket - A
r;
Clayey 5ilt 2
Silty Clay )
{Very Stiff) =
50 8, = 2.5 ksf 50| o
B £ = 1.25 ksf =
%
-
60 60
Hotes:
t. Soil~-pile friction as recommended by API {1982).
2. Contribution of gravel island £ill to pile capacity assumed to be negligikle. . ]
3. End bearing lgnotved--piles encountering gravel and/or permafrost may meet refusal in end-bearing.
4, Warm saline permafrost assumed egquivalent to unbonded soil.

Figure 20.
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dense sands and gravels could be expected to develop end bearing
capacity in the range of 200 to 250 ksf (ultimate) in addition
to the purely frictional capacities shown on Figure 20. A
factor of safety of 2.0 has been included in the preliminary

design curves.

Specific criteria for Barrier Island piles are not presented
because of the extreme variability in soil and permafrost con-
ditions, which range from unbonded to well-bonded, from icepoor
to massive ice and from fresh to highly saline. For the un-
bonded condition, pile design criteria can be estimated from the
cases shown on Figure 20, For well-bonded non-saline permafrost
conditions (Flaxman Island)} adfreeze design, as shown an Figure
22 should be appropriate (modified for temperature differences,
if necessary). For intermediate cases, pile behavior is highly
unpredictable without site-specific data. For examplie, the
zones containing ice-rich, warm, saline permafrost and brine
pockets may contribute nothing to pile capacity or even generate
downdrag forces due to settlement under the weight of gravel
island fill.

A pile capacity larger than that predicted for a given design
can usually be developed by increasing the pile diameter or
penetration. Available lifting equipment or other construction
considerations may constrain the maximum pile diameter.
Penetrations may be constrained by gravel strata or permafrost
below the mudline. A high end bearing component of strength can
be developed in thick gravei strata, so pile designers may want
to take advantage of this increased support., The strength and
deformation characteristics of warm saline permafrost are un-
certain. No pile load test data in offshore permafrost are
available to support pile capacity estimates, and the creep
behavior of the permafrost may cause long-term pile settlements.

We recommend that a pile load test program be performed to

16




provide a design basis for piles embedded in offshore perma-

frost.
Downdrag

Downdrag loads on a pile (and resulting pile settlement) can be
caused by consolidation settlement of the surrounding soil under
the weight of a newly-constructed gravel island., Based on
available soils data (Table 1) and assuming that piles will be
installed at least six months after a production island is
built, downdrag due to primary consolidation can be neglected
over most of the PTD area. If the piles penetrate fine-grained,
highly compressible so0ils or ice-rich, warm, saline permafrost,
a refined analysis should be performed to determine the

magnitude of downdrag loads.

Long—term soil movements, due to creep in the gravel island fill

or in situ soil frost heave, and wellbore thaw subsidence, may

also cause pile displacements, The net island surface settle-
ment due to those mechanisms may be on the order of 5 to 6 £t in
20 to 25 years, but a detailed analysis is needed to determine
the soil and pile movements expected. Medule jacking and
leveling systems may have to be developed to compensate for the
predicted movements. Settlement-sensitive structures should be
located outside the wellbore thaw region to minimize Jjacking

requirements.
Design Criteria for Lateral Loads

Lateral load resistance 1is developed by the combined bending
strength of the pile and lateral bearing against the soil,
The unfrozen condition should produce larger deflections at a
given load and thus be more conservative than the frozen con-
dition. Lateral load-deflection criteria for use in conven-

tional non-linear P-Y analyses have been estimated assuming

17



that the gravel fill behaves as an unfrozen granular scil with
density and strength properties as given in Table 2. The

estimated criteria are shown in Fiqure 21.

Onshore Piles

In onshore areas, where relatively cold permafrost lies just a
few feet below the soil surface, "adfreeze piles" should be
used. Adfreeze piles are installed in a predrilled hole,
backfilled with a sand-water slurry, and allowed to freeze back
before loads are applied. This technigue has proven successful
at a number of Prudhoe Bay installations, and limited onshore
pile load test data exist to support onshore designs.

Design Criteria for Axial Loads

The recommended method for design of axially loaded piles 1in
permafrost is that proposed by Weaver and Morgenstern (1981).
This method addresses pboth ultimate strength and long-term creep
settlement of piles in permafrost. It alsc recognizes the
differences in behavior of ice-rich and ice-poor permafrost.
{Ice—rich means greater than about 50 percent ice content, by
weight) Weaver and Morgenstern (1981) also present ultimate
strength and creep data for a wide range of permafrost soil

types.

Pile design criteria for axially-loaded adfreeze piles onshore
are shown on Figure 22, These criteria were developed for
typical onshore permafrost and temperature profiles. Represen-—
tative strength and creep parameters for the permafrost were
selected from the data provided by Weaver and Morgenstern (1981)
for similar permafrost soil types. (The parameters selected are
consistent with proprietary data for Alaskan North Slope
permafrost that we have used on similar pitle designs). The

allowable adfreeze stresses and pile capacities include a
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safety factor of about 2.5 with respect to ultimate strength
(the corresponding estimated creep settlement is less than
one-half inch in 20 years). A minimum penetration of 15 feet is
recommended to resist an assumed frost jacking force of 20 kips

per perimeter foot.

Freezeback times of 30 days and 14 days should be allowed for
winter-installed piles for major modules and nonprocess
structures, respectively. Site-specific design studies should
anticipate any significant departure from the typical permafrost
conditions shown on Figure 22 that might affect the required
pile embedment. These could include; for example, thicker
strata of ice or ice-rich soil, thaw bulbs or warmer-than-

average permafrost temperatures.
Design Criteria for Lateral Loads

The behavior of laterally loaded piles in permafrost is a
complex phenomenom because, in addition to the factors that
influence the behavior in unfrozen soils, the lateral resistance
of permafrost is time and temperature dependent. 1In our
analyses, we have used the creep data presented by Weaver and
Morgenstern {(1981) and the analytical method proposed by Ladanyi
{e.g., Ladanyi and Johnston, 1983, 1974 Ladanyi, 1975; Rowley et
al., 1973, 1974) to develop lateral load deflection criteria for
use in conventional non-linear P-Y analyses. These criteria are
presented on Figure 23 for the same typical permafrost and
temperature profiles used for axial load criteria shown on
Figure 22, Since these criteria are time-dependent, seperate

P-Y analyses are required for each design lcad duration.

sShallow Fcoundations

Shallow foundations may prove to be an acceptable alternative to

pile foundaticns in some situations. To date, most uses of
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shallow foundations on the North Slope have been for the support
for lightly loaded structures. Heavier structures may be
supported by shallow footings but the ability to compensate for
significant differential settlements might be required in the

facility design.

The performance of a shalliow foundation is largely dependent on
the ice content, gradation, and compaction of the gravel fill.
Foundation soils should he compacted and relatively ice-free.
Frozen gravel fill will probably maintain the ice content
existing at the source {reported by HLA to be about 25 percent).
High ice content gravels will be impossible to fully compact and
will experience thaw-settiement during the summer. Footings
constructed prior to the first summer thaw would require over-
excavation to helow the depth of thaw (about 5 to 8 ft) and
backfilling with compacted gravel with less than % percent ice
content to minimize thaw settlement. If the fill is well
drained and is recompacted with high energy devices after summer
thaw, it may be adegquate for footing construction.

Shallow foundation design is governed by bearing capacity and
settlement in unfrozen soils and creep settlement in frozen
soils. HLA has developed the bearing capacity chart shown on
Figure 24 based on assumed fill properties and a total allowable

settlement of one inch {Harding Lawson Associates, 1982).

For onshore applications, HLA suggests a maximum bearing pres-
sure of 3,000 psf for gravel pads at least 4 ft thick. Typical
onshore pads are about 5 ft thick.

Foundation soils should be insulated from the heated structures
which they support. The easiest means of foundation insulation
is by providing an alr space of at least 36 in. below the struc-
ture and insulating the structural connections to the footings.

A smaller air space may be acceptable if the structure-footing
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connection can be adjusted to compensate for differential set-
tlements or if the structure is temporary. Air spaces should be
designed to prevent closure by snow drifting. Ducted or re-

frigerated fcoundations may be used when a clear air space is
impractical.
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