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Abstract

Schroeder, W.L.; Swanston, Douglas N. Application of geotechnical data to
resource planning in southeast Alaska. Gen. Tech. Rep. PNW-198. Portland, OR:
U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Sta-
tion; 1987. 22 p.

Recent quantification of engineering properties and index values of dominant soil
types in the Alexander Archipelago, southeast Alaska, have revealed consistent
diagnostic characteristics useful to evaluating landslide risk and subgrade material
stability before timber harvesting and low-volume road construction. Shear strength
data are summarized and grouped by Soil Conservation Service soil series, by the
Unified Soil Classification system, and by geologic origin. Such groupings allow the
selection of strength parameters for slope and subgrade stability analyses based
on existing knowledge of the terrain and on available inventory data. Parameters
are expressed by mean and minimum values so that both average and conserv-
ative evaluations can be made, depending on management requirements.
Engineering procedures were used to incorporate the parameters into planning and
project-level investigations to identify areas of unstable terrain, to assess levels of
landslide risk, and to define suitability of materials for road construction.

Keywords: Slope stability, subgrade stability, soil properties (physical),
southeast Alaska, Alaska (southeast).
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Introduction

Slope failures in coastal Alaska occur primarily as debris avalanches in shallow
hillslope depressions. The susceptibility of such sites to failure is a function of
slope gradient, overburden depth,” soil strength, and the soil's ability to absorb
and transmit water. A controlling factor in almost all failures is the development of a
temporary water table in these depressions during high-intensity, long-duration
rainfall. Positive porewater pressures generated by this subsurface water reduce
soil effective stresses ? within the depressions and may either directly initiate a
landslide or render the site susceptible to failure during some external loading
event, such as windthrow or rockfall.

Timber harvesting in coastal Alaska usually requires construction of access and
haul roads. These roads must be built in unfavorable circumstances: weather and
soil moisture conditions are poor throughout the year, and freezing is often a pos-
sibility; many roads are built on muskeg that, during normal construction, would be
removed or avoided; and access for equipment is costly and difficult. In spite of
these problems, roads are being built, and planning for the roads must be based
on available information on using naturally occurring vs. imported soil and rock.

This paper discusses the developing geotechnical and hydrological data bases and
shows how the information, coupled with simplified engineering analysis procedures,
can be used in resource allocation and project planning studies. Techniques are
suggested for analyzing natural slopes using the infinite slope method and for
analyzing slopes created by road cuts using an approximate circular arc procedure.
These techniques are fairly well developed. Only general guidelines for using natural
materials for roadway construction are given.

Results of analyses are intended only for resource allocation and for planning
studies. Stability evaluations for specific sites and subgrade strength analyses re-
quire detailed, site-specific investigations.

Yoverburden depth refers to the residual and colluvial soils and
organic debris overlying bedrock and dense glacial till.

2 Effective stress is a force per unit area that tends to cause
compression or deformation of the solid phase of the sail. In this
case, the effective stress is due to the weight of the solid in the
depressions exerted along an impermeable bedrock or glacial till
surface.



The Developing
Data Base

Preliminary data for engineering properties and index properties of the most widely
occurring soils in the Tongass National Forest were determined by Schroeder and
Filz (1981) and by Schroeder (1983). These studies provide the basic soil materials
data used in this paper. Forty sample sites were located with the assistance of
soils and engineering specialists from the Tongass National Forest (fig. 1). Un-
disturbed Shelby tube samples were collected at each site, and laboratory tests
were conducted to evaluate index properties and to measure effective stress-
strength parameters. Results for each site are shown in tables 1 and 2. Most of the
sampled materials, except those obtained from elevated marine deposits (sites
17-20, table 1), were gravels and sands, but they contained an appreciable quantity
of nonplastic silt. The marine deposits had a very low coarse-particle content and
were predominantly nonplastic silts, but clay-sized particles were present locally in
significant amounts (> 50 percent). Unit weights were variable, but all soils were
moderately overconsolidated and most exhibited high angles of internal friction. For
most materials sampled, there was a modest but important (for strength at critical
sites) degree of cohesion present. For the most part, index properties (Atterberg
Limits) of these soils were of little value for judging strength characteristics. Cohe-
sion was only moderately influenced by the Plasticity Index and, in general (except
for marine deposits), was very low. No significant effects of organic content on
cohesive strength were measured. Angle of internal friction is not regularly related
to the Plasticity Index; however, it may be conservatively estimated using the rela-
tion developed by Bjerrum and Simons (1960).
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Figure 1—Forty sample site locations for 1981 and 1983 studies
in southeast Alaska.



Table 1—Results of indexed property tests of undisturbed southeast Alaska forest soils, by site number

Particle size distribution

Atterberg Limits

Specific
Site Soil Sand 2~ Silt 0.05~ Clay Total fines gravity Organic Unified Soil
no. series 1/ 2mm 0.05 mm 0.002 mm 0.002 mm 0.05 mm LL 2/ PL3/ PI & of solids content Classification
Percent Percent
1 Kupreanof 3 30 -_ - 67 91 60 3 2.68 - MH
2 Tolstoi 45 42 -— - 13 100 66 34 2.79 — GM
3 Karta N 55 - - 14 108 79 29 2.72 - SM
4 Shelikof 1 62 — - 37 155 103 52 2.67 - SM
5 Sitka - 64 - - 36 154 15 39 2.74 - SM
6 Tokeen 17 58 - - 25 142 64 8 2.n -~ SC
7 Gunnuck 9 36 - - 55 23 18 5 2.76 - CL-ML
8 Karta 23 52 - - 25 81 46 35 2.70 — SM
9 Ulloa 17 51 — — 32 100 78 22 2.69 - SM
10 Wadleigh 23 38 - - 39 87 45 42 2.68 - SM
n Wadleigh 23.9 31.0 21.8 23.3 45.1 40 25 15 2.11 1.0 SC
12 Wadleigh 23.8 26.4 23.2 26.6 49.8 32 22 10 2.76 1.1 SC
13 Wadleigh 38.5 27.5 21.0 12.0 33.0 78 57 21 2.75 4.4 GM
14 Wadleigh 30.5 28.4 i6.9 24.2 41.1 27 19 8 2.79 0.7 cc
15 Wadleigh 49.4 22.7 12.3 15.6 27.9 27 18 9 2.18 0.9 cc
16 Marine clay 64.9 16.5 7.8 10.8 18.6 47 28 19 2.80 4.3 cc
17 Marine clay - 3.0 28.1 68.9 97.0 56 29 21 2.85 0.5 CH
18 Marine clay 4.3 28.2 42.1 25.4 67.5 30 21 9 2.85 1.0 ML
19 Marine clay -— 3.3 28.4 68.3 96.7 54 29 25 2.86 0.9 CH
20 Marine clay 1.3 7.2 48.2 43.3 91.5 48 28 20 2.76 0.9 ML
21 Mitkof 31.0 49.3 16.8 2.8 19.6 Nonplastic 2.81 6.2 SM
22 Mitkof 4.6 49.5 38.0 7.9 45.9 68 57 n 2.72 9.2 SM
23 Kupreanof 31.2 43.3 211 4.4 25.5 62 49 13 2.67 6.6 SM
24 Kupreanof 45.4 33.6 17.1 3.9 21.0 Nonplastic 2.1 2.2 GM
25 Kupreanof - 39.6 41.1 13.3 60.4 7 52 25 2.81 5.0 MH
26 Mitkof - 39.6 49 .1 11.3 60.4 100 15 25 2.89 7.8 MH
27 Mitkof 10.2 64.6 19.2 6.0 25.2 Nonplastic 2.93 0.5 SM
28 Mitkof 25.7 55.7 13.7 4.9 18.6 Nenplastic 2.82 3.2 SM
29 Mitkof 34.4 39.1 20.6 5.9 26.5 82 65 17 2.79 9.4 SM
30 Mitkof 3.2 43.3 43.2 10.3 53.5 8 67 11 2.60 13.4 MH
Traitors
31 {Vixen) 19.3 21.4 52.3 7.0 59.3 Nonplastic 2.86 1.8 ML
Traitors
32 (Vixen) - 20.6 68.6 10.8 79.4 Nonplastic 2.93 3.3 ML
Traitors
(Vvixen) - 16.5 72.5 11.0 83.5 Nonplastic 2.85 1.7 ML
Traitors
34 (Vixen) 3.5 15.9 70.4 10.2 80.6 Nonplastic 2.85 2.1 ML
Traitors
35 (Vixen) 2.7 16.1 na 10.1 81.2 Nonplastic 2.80 1.8 ML
Traitors
36 (Vixen) 44.3 23.9 26.4 5.4 31.8 102 79 23 2.82 8.4 GM
37 Tolstoi 3.3 30.6 31.3 6.8 38.1 114 92 21 2.59 12.8 GM
38 Tolstoi 32.0 32.0 31 4.9 36.0 149 110 39 2.56 14.8 SM
39 Tolstoi 44.3 21.6 29.1 5.0 34.1 102 n 31 2.1 10.5 GM
40 Tolstoi 25.5 32.3 35.4 6.8 42.2 84 65 19 2.70 9.4 SM

1/ Tentative Soil Conservation

2/ Liquid limit.
3/ Plastic limit.

4/ Plasticity index.

Service names.



A wide variety of material was sampled. Variability in test results between types
and even within types of material was great and made strict comparisons difficult.
There were, however, enough similarities in engineering characteristics to allow
reasonable groupings by (1) Soil Resource Inventory series, (2) Unified Soil Clas-
sification system (USC), and (3) geologic origin designations (tables 3, 4, and 5,
respectively). Because of difficult logistics and the large geographic area sampled,
the number of samples for each grouping was not large (minimum 4, maximum 7);
statistical evaluation of the data therefore has limitations. The data do, however,
provide estimates of properties and their range within groupings. The mean and
the fifth percentile of soil strength variables for each grouping were estimated
using laboratory test results (tables 6, 7, and 8). The fifth percentile is the value
such that 5 percent of the values of a normally distributed sample population are
less than this. The normal distribution of these engineering properties has been
demonstrated in the Pacific Northwest under similar geomorphic and climatic con-
ditions (Schroeder and Alto 1983). The fifth percentile therefore represents a
reasonable estimate of a minimum property value. The mean values may be used
for general assessment of soil behavior; the fifth percentile should be used in sen-
sitive situations where the consequences of occasional failures are especially
undesirable.

Hydrologic data have been quantified for only a few critical areas, but the general
relations to site stability are known. Existing data can be used effectively to
estimate the influence of storms on slope stability for planning-level risk assess-
ment. Swanston (1967) developed initial data on ground-water level fluctuations in
permeable materials within shallow upslope depressions at Hollis, Prince of Wales
Island, and related them to 24-hour rainfall intensities. The materials were Karta
soils (which classify as SM soils by the USC system) derived from the weathering
of glacial tills. These soils have a low content of nonplastic silt and consequently
exhibit high permeabilities. The characteristics of these materials are represented
by sites 3 and 8 in table 1. Because of the high permeabilities, the response of
water table level to rainfall intensity is rapid. The relation between ground-water
height (h in inches) and 24-hour rainfall intensity (R in inches per day) is curvi-
linear (fig. 2) and is expressed by the equation:

h=7.66-0.331 + 6.51R. (1)
R

As rainfall intensity increases, water level rises rapidly at first, but at a decreasing
rate as rainfall continues, and reaches an upper limit determined by the thickness
of the soil profile.

More detailed work in progress at Kennel Creek on Chichagof Island (Sidle in press,
Sidle and Swanston 1980, 1981) indicates a similar general response of degree of
saturation to rainfall intensity for less pervious materials in the Kupreanof Series
(SM-MH soils in the USC system) (sites 23 and 26 in table 2). The response ap-
pears, however, to be much more closely related to maximum 2-hour rainfall inten-
sity, antecedent 24-hour rainfall, and duration of a storm.



Table 2 —Results of consolidated, undrained triaxial shear tests of

undisturbed southeast Alaska forest soils, by site number

fngle of Pore
Ory internal pressure
Site o1 Water unit friction Cohesion parameter
na. series 1/ content wedight (effective) [effective) A
percent 1h/ftd degrees ThiftE
1 Kupreanaf 41 48.4 6.0 2932 -
2 Tolstod i3 a 43.0 104 —
3 Karta 23 106.3 5.1 125 —_
& Shelokof 143 337 4.9 250 —=
5 Sitka 154 KR 3.4 251 —
B Tokeen 51 BA.Y 3%.6 104 —
1 Gunnuck 16 119 43.7 241 -
2] Karta 48 13,2 3.5 167 —_
9 Uiloa 5T B4.5 34.4 iEh =
il wadletgh 49 64.3 324 104 -
1 Wadleigh 2.0 113.4 40.17 B0 0.21
12 wadleigh 0.0 106.2 331 360 N
13 Wadleigh 25.0 Ba.8 .4 1RO .20
14 wadleigh 12.5 106.3 33.7 360 Ak
15 Wadleigh™® 18.0 -— 44.7 0 26
17 Marine clay 15.0 1%8.0 316 J60 13
18 Marine clay .1 107.4 27.5 420 10
14 Marine clay 0.4 ga.1 g 420 _
14 Marine clay 27.14 91.8 0.5 240 A5
20 Marine clay 33.0 46.4 3.z 180 .28
21 Mitkaof 49,0 B0.6 .2 TEQ .d5
e Mitkof 2.0 JE2.4 35.2 240 .30
23 Kupreanof 2.2 a8 444 V] 13
k{3 Kupreanof B4.5 £1.5 36.6 180 .25
kL Kupreanof -— -- 6.4 00 18
27 Mtk of 23.0 107.3 4.4 300 N
28 Mithkof 16.2 - 2B.6 T40 04
9 Mitkof 8.0 Jb. b 5.5 140 27
30 Mitkof T6.0 51.3 25.B 300 L5
ah Witkof T5.48 4.5 39.2 a0 .33
E]] Traitors 23.4 97.5 40,2 140 a2
(¥izen}
3z Traitars 47.5 63.8 3.4 160 1)
(¥ixen})
a3 Traitors 28.1 -— 34.4 280 .22
[(Vizen}
34 Traitors B4.5 50.5 321 28 1
(¥ixen)
35 Traitaors 48.2 12.6 35.6 220 L
(Yinen)
16 Traitors Q0.0 1.4 38,7 140 25
(¥ixen)
kT Tolstaoi B5.5 64 .9 33.6 200 .24
I8 Telstoi 55.0 65.2 4.8 140 41
39 Telstod 120.0 41.1 4.7 144 .49
40 Tolstoi 28.0 85.0 1.4 160 .29

*% Two-stage test.

1/ Tentative Soil Conservation Service names.



Table 3—Samples grouped by Soil Resource Inventory (SRI) soil type

Sail Site and

series 1/ sample number Geologic origin

Karta 1.8 Glacial £i11

Shelikof 4 wWeathered volcanic ash and pumice

Sitka 5 Weathered wolcanic ash and pumice

Tokesn & fesidoal soil derived from graywacke

Wlea 9 Residual sod1 derived from graywatke
Wadleigh 16,71,12,13,14,15,16 Weathered glacial till

Marine clay 7,17,18,3%9,20 Postglacial uplifted marine
{Gunnuck} deposits, clay, and siits

Hitkof 21,22,27,28,30 Weathered granitic bedrock and glacial till

(undifferentiated)

Kupreanof 1,2%,24,25, 26,29 A1Tuwiom derived from estuarine sediments
Iraltnrg 31,32,33,34,35 Blacial t411 derived from phyllite and schist
¥ixen

Tolstoi ?.36,37,30, 35, 40 Colluvium derived from graywacke
Taxadjunct

1/ Tentative Soil Conservation Service names.

Table 4—Samples grouped by Unified Soil Classification (USC) soil type

J—

Ueified So1l Solls 31te

Classification series 1/ rupbar Genlogic orgin

| Tolstod 2 Colluviem {graywpcka}

£ Wadleigh 13 Wrathered glacal ti11 {graywacke)

i kupreannf | Al Tevium [estuarine sedinent)

i’} Tolstod 3k Colluwiom [(graywacke)

BH Tolsted Y Colluviom (graywacke)

oM To1s5ted 31 Colluwiom {graywacke)

i} Tolsted 41 Collywiom {graywncke)

8L Wadleigh g weathersd glactal i1l [graywacke)

&L Wadlelgh 5 Waathared glacial +i11 [grapmcke)

il Wadleigh 15 Weathered glactal $111 [graywmcke)

M karta 3 Glacial €411 (gravwacke, granite)

M Enelikaf 4 wolcande ash, pamice

it | S1tka 5 ¥olcanic ask, pwnice

M Kayrta il Glacial t111 [grayeacks, granite)

SH 1 Taa q Eesideal soil (l1imestona)

5H Wad1eigh k11 Weathered glacial 1111 (graywacke)

M Witkof # Weathered granitic bedrock end glacial €417 {undifferantiated}
M Witkof ] weathered gramitic bedrock and glacial ti11 {undiFferentiatad}
ot | Eupraanof ! Al Tuvium [estuarine sedinent)

| Hitkot F Wrathered granitic bedrock and glacial ti17 {undiFferemtiated)
i | mtikol L] Weathered granitic bedeack and glacial t311 {undifferestiated)
M Luprearaf = A Tuvium [estearise sediment)

M Tolstod 38 collywivm {graywacke}

5 Tokeen b Residual snil {grayuncke)

A0 wadieigh 1 Weatherad glactal t111 (graywacke)

5C wadlelgh i Weathered glaciad t111 [graywacke)

ML Hawrire clay 18 Postglacial uplifted marine deposits, clay, and 3111s

HL Marine clay | Pestglacial valifted marine deposits, clay, and =ilte

ML Traitors k1l Glacial £117 (phy11itafschist)

ML Traitors 32 Glacial 111 [phyllitesschist)

ML Traitars 33 Glacial 1111 (paylVitasschist)

ML Traitors il Glacial t111 (phyl11tesschist)

.1 Traitors a5 Blacial 1111 (phyl1itesschist)

MH Kupreanof 1 AlTuvium (estuarine sediment}

MH Kupreanaf 258 ATlwvium (estuarine sediment])

HH kupreanof 25 AV Tuvium [edtuarine Jediment)

MH Witkof af Weathered granfitic bedrock and glacial %9171 {undifrerentiated)
CL-ML Gunmuck 7 Marine sediment

CH Marime clay 17 Pestglacial wplifted marime depasits, elay, and silts

CH Marime Clay 17 Postglacial wplifted marine depasits, clay, and $1ts

1/ Temtative 5011 Conservalion Service names.



Table 5—Samples grouped by geologic origin

sail Site Unifind =nil

Beolegic origin serias 1S numbeT classifinatign
Calluviun {gravwatke) nlsted 2 .}
Elacial 1i1] [(graywacke, qranite) Earta 3 oM
EBlacial 1111 (graywacke, qranite) Earia B N
Blaeial T111 [graywackes) mariletgh L] 5N
Glacial Lill (graywacke} Wac 1eigh 1 5N
Glachisel til1 (qraywacke} Hai 1e-igh e M
Blactal till (graywacke} Had letgh k] L]
BElaclal 2311 (qraywacke] Wait 1edgh i M
Glagtai TiT1 (gray«acke} Hait1e1gh ih 5H
Blaclal 111 (grayeacks} Had =1gh El 5H
weathered granitic bedrock amd glacial 1711 [urdiFferentiated]) WitEoF Z1 oK
wWeathered granitic bedrock ard glacial 1917 [urdiFferentiated) Mitkol 22 M
wWeathered granitic bedroch ard ylacial 1911 (urdiFferentiate: MitEeF 27 oM
weathered granitic bedrack and glacial 1911 (urdifferentiatect HitkeF 28 M
weatherad granitic bedrack and glacial 1111 [undifferertiated]) WiteeF i ] 5K
Blacial i1l [phyllitesschisl] Traitor:s 3 ML
Elacta® Lill [phyl7itesschist] Traitavs 22 ML
Blactal Li11 (phylTitesschist) Traitars a3 ML
Elacial 1i11 (phyliitesechist]) Troitars 34 ML
Elacial Li%] (phylliteseehict) Traitors kL ML
Colluvium {grayuacke) 12 stad a6 5]
Colluvium {grayeacke} Talstad v am
Catluvium {graywacke) Talstai 38 R
Calluvium §araywackal Talstal K] [
Calluvium {gravear ke) Tolatod ad G¥.
Marine zediment Eunriuck 1 CL-ML
pastglacial upiifted marine depasits, clay and silts Harine chay 17 CH
postglacial wpkiftee marine depasits, clay and silts Harine clay 18 ML
pPastnlaciat upidifted marinn depasits, clay and =911 Harine clay 1% (]|
Postolaciat uplifted marine depasits, clay and silts Marine clay 20 AL
AlTavium [estuarine sediment} Fupreanof 1 A4
Allevium (estuarine sediment} Kupreanof 23 =M
Allavium (estuarine sediment) SupTeanof 24 e ]
AlMMuviup [estuarine sediment} ELpreansf 25 L]
Allavige [ratuarine sediment? Eupreanof 2E P
Bllgviun [estuarire sediment) Eupreanof 29 |
Velcamic ash, pumice Shetikof q M
volcanic ash, pumice Sitka 5 M
Residual =01l (graywacke] Tokean B i
Resigual =nil ([graywacke]} UMles g .|

i/ Tentatiwe 5011 Comservation Service names.



Table 6—Estimated range of engineering properties for Soil Resource Inven-
tory (SRI) soil types

Fifth Fifth
Mean percentile Maan percentile Maan
3011 serfes at &' c! c? T
= = = dagrees = = = T L e beft3
Karta 36 2 145 &8 122
Shelikof 25 ® 230 * 83
Fitka 39 ¥ 250 * 84
Tokasn 36 ¥ 104 * 103
Nioa 34 ® 125 * 102
Hadleigh 37 27 181 a 119
Marine clay 33 20 312 108 131
Mitkeof i3 2z 303 0 102
Kupreanot 38 E) 182 i) 109
Traitors £ 1] 30 203 71 105
Tolstol 36 g 1449 TS 111

% = one sample only; mean value 1s result of single test.

1/ Mean values should be wsed for gensral assessment of soil behavier, Fifth
parcertile valves should be used for conservative analysis af semsitive areas.

Table 7—Estimated range of engineering properties for Unified Soil Classifica-
tion (USC) soil types?

Flfth F1fth
Unilfled Sail Mean parcantile Mazn percent|le Mean
Class [flcation 6 g et c! y
= = = dagreas = = = T Ihff-r3
GM 37 9 157 83 114
Ci 1] 24 180 1] 122
5M 35 25 209 o 110
56 36 29 182 & 126
ML 34 ) 228 35 114
MH 35 24 230 34 93
CL=ML a4 * 230 ® 138
CH 30 24 240 157 127

* = pne sample only; mean value 1s result of single test,

1/ #ean values should be used for gensral assessment of sell behtavler. Fifth
parcent|le valuas should ba used for conservative anziysis of sens(tlve aroas.



Table 8—Estimated range of engineering properties for geologic materials?

Fifth Fifth

Mean percentile Mean percentile Mean
Geologic origin o' o' c! c! Y

- - -degrees - - - --- ’Ib/ftz -- - 1b/f‘t3
Colluvium and till soils - 36 27 206 0 116
Marine clays 33 20 312 0 131
Alluvium 38 31 182 0 109
Volcanic ash 32 12 240 210 82
Residual soils 35 33 115 85 102

1/ Mean values should be used for general assessment of soil behavior. Fifth
percentile values should be used for conservative analysis of sensitive areas.
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Figure 2--Response of the water table to rainfall intensity within
shallow upslope depressions at Hollis, Prince of Wales Island.
The soil in the depressions belongs to the Karta series (SM).
(Adapted from Swanston 1967.)



Landslide Risk Analysis
Procedures

Required Data

10

Prellwitz (1985) recommends a three-level approach to landslide risk analysis. Each
successive level requires a more detailed look at the potential for mass instability.
Briefly described, Prellwitz’ recommended analysis levels include the following:

Level I—Resource allocation; provides managers with an overview of landslide
potential that is adequate for resource allocation planning.

Level II—Project planning; predicts response of slide-prone areas to various
harvesting systems and transportation routes.

Level lll—Ciritical site stabilization; evaluates stabilization techniques at critical sites
before and after any construction.

Figure 3 gives a general outline for any landslide risk assessment. Elements of it
can be incorporated in either a level | or a level Il analysis; either analysis requires
topographic mapping and geologic reconnaissance studies. The geologic recon-
naissance study identifies bedrock and structural control in an area, defines
limiting characteristics of terrain and materials, and delineates areas where mass
movement historically has been a problem. In level | studies, these areas usually
are designated as "high-risk zones" and are avoided in resource allocation plans
or are identified for more intensive evaluation. Soil properties usually are not quan-
tified nor are engineering analyses made. Risk assessment is based largely on an
inductive evaluation of the area, which is based on observation. In level Il studies,
more specific site investigations are incorporated to identify critical zones of in-
stability and to provide a way to determine where cutting units and roads will be
located.

The engineering methods presented here supplement the experience-based
assessment procedures commonly used for resource allocation planning. The
methods provide an analytical approach to identify a range of risk levels within a
potentially troublesome area and to assign criteria for efficient and effective
management.

Data required to use the objective analysis method include:

1. Slope data—natural slope angle and the slope angle and height of the road
cut. These are obtained from topographic maps, field measurements, and
preliminary construction plans.

2. Ground-water levels—Ilocation of the ground-water surface during critical periods.
In southeast Alaska this is usually between September and December. Swanston's
(1967) analysis of ground-water fluctuations in response to 24-hour rainfall inten-
sities for shallow, permeable soils is shown in figure 2. To use figure 2, it is neces-
sary to determine, for the location of landslide risk assessment, a rainfall associated
with the project requirements. Isohyte maps of 24-hour rainfall intensity for different
recurrence intervals in southeast Alaska were plotted by Miller (1963). An example
for a 10-year recurrence interval is shown in figure 4.



TOPOGRAPHIC MAPPING
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LANDFORMS
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-

GEOLOGIC RECONNAISSANGE

LITERATURE REVIEW
AIR PHOTO STUDY
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(DRAINAGE)
(GEQLOGIC FORMATIONS)

v
SOIL PROPERTIES

SUBSURFAGE INVESTIGATION
LABORATORY TESTING
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ENGINEERING ANALYSIS

FACTOR OF SAFETY APPROACH

PROBABILISTIC MODELING
-

RISK ASSESSMENT

Figure 3—General outline for landslide risk assessment at the
resource allocation (l) and project planning (ll) levels.
Topographic mapping and geological reconnaissance are re-
quired for both levels. In addition, level Il requires more specific
soil properties investigation and engineering analysis to identify
critical zones of instability and a range of risk levels.

Judgments must be made on the appropriate recurrence period when a rainfall in-
tensity is selected for analysis. The appropriate period might be based on the
estimated time of establishment of new vegetation at a clearcut site, the estimated
time for maximum decay of old-growth root systems following cutting, or the design-
life of a road. There is some guidance for making these judgments. Wu and
Swanston (1980) show that maximum instability of a steep site due to decay of old-
growth spruce-hemlock systems (Picea sp.-Tsuga sp.) occurs about 4 years after
clearcutting. Significant regrowth of stabilizing vegetation occurs in about 8 years.
Storms with intensities great enough to produce a maximum rise in the water table
within the period of minimum stability will result in high-risk situations. Storms with
recurrence intervals greater than the period of significant regrowth will have a much
lower potential for producing landslides.

11
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Figure 4— Ten-year recurrence interval, 24-hour rainfall pattern
for southeast Alaska, in inches (Miller 1963).

The piezometric head on the y-axis of figure 2 is the water level above an imper-
vious subsurface. Soil depth above this impervious surface must also be known to
do a stability analysis. In the typically shallow soils found at unstable sites in south-
east Alaska, soil depth can be obtained readily by using probes or augers. For
deeper soil sites or where large quantities of rock are entrained in the overburden
profile, a seismograph can be used. For level | (planning) analyses, estimates of
soil depth based on Soil Resource Inventory (SRI) maps are usually adequate.

3. Data on soil properties are summarized in tables 6, 7, and 8. Any of these

tables can be used to assign soil properties for analysis according to terrain infor-
mation available to the user. In the tables, mean soil shear strength variables (¢)
and (c"), and bulk (saturated) unit weights (y) are given. Also shown are more con-
servative (fifth percentile) values of the shear strength parameters. The minimum
values are derived by subtracting two standard deviations from the mean parameter
to obtain an approximate lower 95-percent confidence limit. By this method, the
parameter indicated represents, approximately, the lower strength limit for 95 per-
cent of the soil group. The accuracy of these lower limits can be only approximated
because of the small number of samples in each soil group. Where better data are
available, or where individual sites have been identified for further project level
analysis, the user should develop and assign more appropriate soil strength
parameters. In level Il site investigations, particular care should be taken when
directly applying these assigned values. Natural variation in soil properties and
structural weaknesses (for example, the presence of a weak layer at the soil/rock
interface) may result in overestimation of material strength.



Analysis

This section explains the recommended procedures for level | or level Il analysis
(refer to fig. 3). A geologic reconnaissance is desirable at both levels to define con-
trolling terrain characteristics and to identify those areas with a history of active
landsliding. In addition, site investigations should be conducted in identified critical
areas for level |l to facilitate location of final cutting unit boundaries and road cor-
ridors. The investigations should include, at a minimum, preparation of field-
developed cross sections and collection of data on site-specific soil properties and
structure. Step-by-step procedures are:

1. Obtain a topographic map of the study area.

2. Prepare an overlay map of the slopes in the study area using convenient slope
ranges; suggested ranges are 0-30 percent, 30-50 percent, 50-60 percent, and
more than 60 percent.

3. Identify areas with a history of active landsliding by using aerial photographs,
ground reconnaissance, or available landslide inventories.

4. Identify dominant soil types and depths for each portion of the study area within

each slope range selected in step 2. Choose strength parameters, ¢, and ¢, and a
bulk unit weight, vy, from tables 1, 2, or 3. Mean values normally are used, but minimum
values may be chosen for especially sensitive areas.

5. Select the recurrence interval for the 24-hour rainfall to be used in the stability
assessment. Research has shown that landslide frequency is greatest in clearcut-
tings 3 to 5 years after logging (Swanston 1974). Conservative estimates of land-

slide risk could, therefore, be based on a 10-year recurrence interval; less conservative
estimates could be based on a 5-year return interval.

6. Determine, from figure 2, the estimated ground-water height (piezometric head),
h, for the selected 24-hour rainfall.

7. Use simplified engineering procedures and estimated or field-developed strength
parameters to determine the potential instability of natural slopes and slopes
created by cuts for roads.

Natural slopes—Use equation (2), the infinite slope equation, to compute the
factor of safety (FS) for various slope classes:

¢ ¥ = Myw tang'

FS = ——————
vZ cosfsing " ¥ tang . )

In equation (2), ¢', #. and y are taken from tables 6, 7, or 8. The soil depth is z. If h
is the ground-water height from step 6, above, then m = h/z. The unit weight of

water, yw, is 62.4 pounds per cubic foot (Ib/ft%). Other units may be used in equa-
tion (2), but all units must be dimensionally consistent. Slope angle, in degrees, is

represented by g, which is equal to the angle whose tangent is the percent of the
slope divided by 100.
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Cut slopes—Slopes caused by cuts made for roads are presumed to be stable at

the time of excavation. In special cases, where previously existing landslides are
transected by a cut, this would not necessarily be true. For purposes of risk

analysis, such areas would be identified in the geologic reconnaissance phase and

be assessed separately. Typically, cut slopes become unstable during the rainy season.

In addition to steps 1-6, above, it is necessary to know the proposed angle () of
the cut slope and the slope height to compute the relative stability of proposed cut
slopes. For logging roads, a proposed cut slope angle is estimated and height
limits for the slope are chosen based on roadway width requirements, road align-
ment, and topography.

For cohesion less soils (¢' = 0), the factor of safety is computed using equation (2).
The first term is set equal to zero and Sis set equal to the angle of the cut slope

above the horizontal. For cohesive soils, calculations are based on the method
illustrated in figure 5.

Examples—Suppose the impact on slope stability from roads and from logging a
watershed in the upper elevations of northern Chichagof Island must be estimated.
A geologic reconnaissance of the watershed has been completed by using aerial
photographs and limited ground reconnaissance. There are no significant bedrock
exposures. The dominant soil type is a weathered glacial till with an average depth
of 6 feet. The overlay map of the slopes has been completed, and it shows the
following distribution of natural slope classes:

Slope class Slope angle Percent of watershed area
0-30 percent 0-16.7° 26

30-50 percent 16.7-26.6° 52

50-60 percent 26.6-31° 18
> 60 percent >31° 4

From table 8, the following soil properties are selected:

¢" (mean) = 36°

c' (mean) = 206 pounds per square foot (Ib/ft?)
vy’ (mean) = 116 pounds per cubic foot (Ib/ft)
¢” (minimum) = 27°

¢ ' (minimum) = 0 pounds per square foot (Ib/ft?)

For a 10-year recurrence interval, the estimated 24-hour rainfall is 10 inches (from
fig. 4). From figure 2, for a projection of 10 inches of rainfall per day in drainage
depressions, h = 73 inches or about 6 feet. Therefore m = 1. For natural slopes
and under average conditions, from equation (2):

FS

206 , 116 1(62.4) rtan(36)
116(8) cosgsing 116 [ tanj
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For the various slope classes, the range in the factor of safety (FS) would be:

Slope class Percent of watershed area FS
0-30 percent 26 Very high-2.20
30-50 percent 52 2.20-1.41
50-60 percent 18 1.41-1.23
> 60 percent 4 <1.23

Now consider the proposed roads in the watershed. Preliminary plans indicate that
the cuts for roads will be as high as 15 feet and that the slope inclination will be
1/2 (horizontal):1 (vertical). Previously selected soil properties are applicable, as is
the water level resulting from rainfall infiltration for the 10-year, 24-hour rainfall.

First, (3 = arc tan (2) = 63.4°. Because of the heavy downslope seepage, an ap-
proximation must be made for ¢ to use figure 5:

which leads to:
yHtang _ 116(6) tan(16.6) -1
c 206

01.

)\c¢ =

Note that the soil depth, z, is less than the full depth of the cut. Therefore, the cut
height, H, is equal to z, or 6 feet. Then from figure 5, Net = 6.3 and:

The result indicates that the soil mantle over rock in the deepest proposed cuts
would be stable (FS >1) and would have an adequate (>1.5) factor of safety.

The areas with greatest landslide risk are those where landslides have happened
before, where analysis indicates they should happen again, and where there will
be unacceptable consequences if they do happen. The areas with least risk are
those where there have been no slides, where analysis shows that there should
not have been slides, and where the consequences would be tolerable if there
were slides. In between these limits there is a gradation of risk that can be as-
signed according to criteria listed in table 9.

The descriptions "low," "moderate," and "high" are subjective only. Risk levels

can also be quantified based on probability. To do so requires a large data base
to determine confidence in parameters for soil shear strength and in ground-water
response to rainfall. Because this data base is not presently available for south-
east Alaska, we did not quantify risk based on probability.



Road Subgrades
and Bases

Table 9—Supplemental criteria for assessing the risk of landslides

Relative
Landslide history Factor of safety Consequences risk
None > 1.50 Tolerable Low
Limited 1.25-1.50 Excessive Moderate
Frequent <1.25 Unacceptable High

To use table 9, begin with the landslide history and use data from ground recon-
naissance or aerial photographs. If the area under consideration has frequent land-
slides or is presently involved in active sliding, if the calculated factor of safety is
less than 1.25, and if a new slide would produce unacceptable consequences, the
area is a high-risk area. It should be avoided, or the risks should be reduced in
some way. For other, less well-defined situations, judgments must be made con-
cerning weights to be assigned to each criterion in table 9 to arrive at an overall
risk level. For instance, in an area with no landslide history (low risk), where the
calculated factor of safety is 1.3 (moderate risk), and where the consequences of
an actual slide are tolerable (low risk), an activity capable of triggering a slide
could probably be done without great risk.

In our hypothetical watershed on Chichagof Island, there was no notable landslide
history and no especially sensitive areas to be affected by landslides. The stability
analysis for natural slopes indicates, according to table 9, that clearcutting on
slopes up to about 50 percent would be generally acceptable and should not pro-
duce significant sliding in the cut units. The risk goes up as slopes approach 60
percent but is still generally acceptable. Slopes steeper than 60 percent should not
be logged. The analysis therefore indicates, based on slope stability risks, that up
to 96 percent of the watershed may be cut. The leave areas should be shown on
the overlay map. Slopes adjacent to proposed roads in the watershed should be
stable. The analysis cannot be interpreted to mean that there would be no slides
in the cut units and along roads because all slide-susceptible areas, of course,
may not be adequately represented in the data base.

Costs for timber access and haul roads in southeast Alaska vary dramatically ac-
cording to the suitability of onsite materials for roadway construction. Most road
building in the Alaska Region (of the USDA Forest Service) requires development
of offsite quarries, and transport costs can be very high. Quarry development may
result in a major environmental impact. Where materials from within the road align-
ment can be used for construction, both dollar savings and aesthetic benefits
result. In a few areas, depending on joint spacing and construction methods, ex-
cavations can be used for fill. Unfortunately, on steep ground it is difficult to blast
rock small enough for fill and to keep it at the site.
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Surfacing for roads requires good quality material. In southeast Alaska surfacing
usually comes from natural materials that most often consist of pit run, screened,
or crushed quarry rock. Asphalt and concrete surfacing are seldom used. The re-
quired thickness of rock varies according to the strength of the underlying
subgrade materials. Conditions throughout southeast Alaska are generally poor for
road construction. The wet climate, the predominance of soils with considerable
fines content, and the standard practices currently followed by the road building in-
dustry result in circumstances that make quality road construction difficult, at best.
Rather than building conventional roads on compacted subgrades with thin layers
of base materials (less than 16 inches), subgrade reinforcement to depths ranging
from 2 to 10 feet is needed to support vehicles.

Tables 1 and 4 provide Unified Soil Classification (USC) designations for soils
represented in the data base. Table 4 relates these classes to both soil series and
geologic origin. The classes of soils to be expected in a given management area
can be forecast from geology and soil survey maps.

Table 10 ranks soils for road construction purposes according to their Unified Soil
Classification designation; the ranking runs from highest quality to lowest. Table 4
is arranged the same way. Base course-type materials usually serve as the road
surface.

It is beyond the scope of this paper to provide design criteria for surface thickness
of Forest Service roads. Such designs are more properly handled by regional or
area engineering staffs. However, this section provides the basis for a general
assessment of the suitability of natural materials for road construction. Such an
assessment is consistent with the level of definition provided by landslide risk
analysis at level | or level Il (Prellwitz 1984).

Consider, for example, the hypothetical watershed on northern Chichagof Island
that was discussed earlier. The area is underlain predominantly by weathered
glacial tills. Table 4 shows that these are typically coarse soils, usually gravels,
with considerable plastic fines. Table 1 indicates that fines content might range
between about 20 and 50 percent.

Table 10 shows that weathered glacial tills would be good subgrade materials,

even if subject to frost action, but they contain too much fine material to be

suitable for a base course beneath a paved surface or a wearing surface. Further,
the high fines content does not allow good drainage and, in the climate of southeast
Alaska, probably makes such soils difficult to compact and to work with equipment
during most of the year. A road constructed on these materials would require an im-
ported surfacing.

The foregoing example considers the expected suitability of onsite road building
materials in one of the higher quality (upper portion of table 4) materials in the

data base. The evaluation indicates that properly placed and compacted, the

material is good as a subgrade; however, actual field conditions are likely to work
against good construction practices. Timber access and haul road construction in south-
east Alaska usually will be difficult and expensive because other materials are of
typically lower quality.



Table 10—Suitability of natural materials for road construction

Value whien material
net tubfect 1o Frost action

Tymical design values

Potential unit 3
USC 1/ symbel frost orainage Compaction ary Subgrade
amd description s swbgrade As swbbase  As base action characteristics eguipment 2/ weight CBR &/ modulus k 57
1b/Ft3 1b/Fed
Coarse—grained soils
(gravel and gravelly
s0i15)
G, well-graded gravels Excellent  Excellent oo None to Excellent Crawler-type tractor, 125-140 A0-80  300-500
or gravel-sand mixtures, wery rubber-tired roller,
Tttle or ne fines s11ght steel-wheeled roller
&P, poorly graded gravels Bood Gand Fair Mone ta Excellent Crawler-type tractor, 110-140 30-60  300-500
ar gravel-sand mixtures to te wery rahber-tired roller,
Tittle or no fines excellent i sTight steel-wheeled roller
EMd, 591ty gravels, gravel- Raod Gond Fair E1ight Fair Rubber-tired roller, 135-145 40-60 300-500
sand-s11t mixtures to te ta sheepsfont reller;
excellent o medfun close contral of
molsture
oM, s11ty gravels, gravels= Gond Falr Poar S14ght Pear o Eubber-tired roller, 115-135 20-10 200-500
sand-511t mixtores to nat ta practically sheepsfeot roller
suitable med jun impery ious
B[, clayey grawvels, gravel- Bood Falr Poar Slight Poar to Bubber-tired rolier, 1310=145 20=40 200=500
sand-clay mixtares to not ta practically sheepsfoot roller
siitable medium Ampervious
Coarse-graimed 0413
(sand and sandy soils):
5W, well-graded sands or Bood Fair Pocr Wone to Excellent Crawler-type tractor, 110-130 20-40  200-400
gravelly samds, 11ttle to uEFy Fubber=tired roller
or mo Fimes gaod 511ght
5P, poorly graded samd or Falr Fair Poor Rane to Excellent Crawler-type tractor, 105135 10-40  150-400
gravelly samds, 11ttle 1o to naot WEFY rFubber-tired roller
ar mo Fimes good siitable s1ignt
sMd, silty sands, samd-silt Fair Fair Poor Slight Fair ta Rubter-tired roller, 120-135 15-40  150-400
alxtures to to te par sheepsfoot roller;
good g high close tomtral of
mofisturs
SHu, 811ty sands, samd=-silt Fair Paar Mot Slight Poar to Rubber-tired roller, 100-130 10-20 100-300
nixtures to suitable o practically sheepifoot roller
fair nign imperyious
5C, clayey sands, sand-clay Poor Foar Mot Slight Poar ts Rubber-tired rollar, 100-135 5-20 108-300
nixtures to suftable to practically sheepsfoct raller
Falr high impervious
Fine-grained salis
(s11ts with Tiquid 1imit
Tess than %0):
ML, inorganic s17ts and very Poor Hot Mot Med fum to Fair Rubber-tired roller, ‘a0-130 15 ar V00-200
fine sands, rock Tiour o suftable suitable wery high to sheepsfoot raller; less
sty or clayey flne Falr pusr close control of
sands or clayey s1lts molsture
with slight plasticity
CL, inorganic clays of Tow Pear Hot Wt Med fum Practically Rubber-tired roller, 20-10% 5 ar S0-150
to medium plasticity, to suftable suftable 1o impervioas sheepsfoot raller Tass
gravelly clays, sandy falr high
clays, silty clays,
Tean clays
oL, organic s1ts and Poor Hot Hot LA Poaor Rebibar-tired roller, S0-10% E or 0100
srganic silt-clays suitable suftable to sheepsfoot roller less
of Tow plasticity high

sep footmotes &t end of table.
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Table 10—Suitability of natural materials for road construction (continued)

= _—

Tupical dasign walyas
Walua whan mateeiad

Aot subject ko frost action

Potential Urit 37
WAL 14 symbn’ Froet oratnage CompaiLian dry Subgrada
and deseription hs subgrade As subbbse  AS base aetion characteristics equipmest 27 weight CBR 4/ medulus & 3F
Tested TbsFE
Fina gradnad s013s (511ts
and £layd with Tiguid
Tnit greater than 50):
WK, incrganic 51155, wica- Pagr Het Hot Mad o ta Fair Sheepsfool roller, -105 1 or SO=10
cenus or diatomaceous suitable suilable very high T rubber-tired roller Tess
Fing sandy ar 511ty pamr
sails, elastic =ills
LW, Inorgenic ¢lags of Righ Poape Het Nt Madium fractically Sheegsfool roller, =115 15 or 50=100
plastizity, Tat clays cuitable =uitable imperious Fuhber-tired raller lesz
M, organic <lays of wediuvn Poer Hot Hit Had i Practically Sheepsfoot raller, ®-110 5 or 25-100
ta high plasticity to sultable suitable epe o Fibhar-tired rallar less
organic 517Ls veTry
posr
Fine-grained soils (silts
and Claye with Tiquad
1t greater than 50):
Pt, peat and other Hot Hot Hot 50ght Fair Lowgaction nul -
highty organic suitable sufitable suitaiele i practical
ibils peor

a¢ Undfded S0l Classification system. Divisions based on grafie s'ze and plasticity properties. [Hvision of GH amd 5H groups inte subdivistems, d and u,
are For roads and alrfieids anly. Subdiwisiom 1s on basis of Atterberg Limits; suflis d (Tor éxompie, BM) will be used when the Tiguid Timit 13 2% or Gass
and the plesticily imdex = 5 ar Tess; tha suffix u wlil be used otherwise.

2/ The equippent 11sted w111 wsuatly produce the required densities with a reasonsble nunber of passes when nodisture cooditions ard thickness of ViFL are
propariy contrallsd. 1n sowe inslances, severil typas of cquipnent are listed becawse varisble sGi1 characteristics within a gives so%l grows may require
different equipment, Tn some instances, & combinakion of Two types reay be necessary.

3., Proceseed hane martecials and ochar amgular satcrials.  STee]-wheeled amd vubher—tired rallers are recowmended for hard, argular materials with 1imdted
fines or screeniags, Rubber-tired soeipment is recommended for softer materftals swbject to degradation.

4. Fintabdng, PRusher-tired equipesnt is recommended for volling during MMnal shaping oporathons for most sodls and processed #ateriais.
£, Bguiprwnt xize. the following sizes of equipment are necessary to assure high wnit weights:
Crawler—type tractor--inbal welght in ewcess of 20,000 Tb.

Rubber-tired equipsent-—uwhee] Toad 1n gxcess of 15,000 Tb; wheel Toads as high &g 40,000 may be nacessary to obtain the required enlt welghts Fo Some
materials (basad on conlacl pressure of approsimately BS to 150 1hfnZ).

sheepsteot Taller-—unii presture (on G- to 17-1n7 Foot] to be in excess of 250 TbSinE ard URTE prossuras as high as £51 1b/ing may be necessary
to oblafim the réquimed unit weignis for some materials, The area o §he Feet showld be at Teast § percent of the Total peripheral area of the drum,
us'img the dismeter measured to the Faces of the feet.

3/ unit dry weights are for cempacted soil at optimum mofsture content for medified AASHD compaction effort.

4/ California Bearing Ratle. The maximun value tnst can be uted ia desian of aivflalds 15, in sone cases, Timited by grecaiiod and plasticity requiTements.

5/ Modulad of subgrade weaction.
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Conclusions

Metric Equivalents

Extensive quantification of geotechnical information on surficial materials in
southeast Alaska is lacking. A data base is developing, however, that links
engineering properties and index values to dominant soil types as designated and
mapped by the USDA Forest Service, Alaska Region, Soils Resource Inventory.
This information, coupled with simplified engineering analysis procedures, can be
used in resource allocation and project planning analyses to determine the poten-
tial instability of natural slopes and of slopes created by cuts for roads. The infor-
mation is also useful for assessing the suitability of these soils as road subgrades
and bases.

1 inch (in) = 2.54 centimeters (cm)

1 foot (ft) = 0.31 meter (m)

1 mile (mi) = 1.61 kilometers (km)

1 pound-mass (Ib) = 0.45 kilogram mass

1 square inch (in®) = 6.47 square centimeters (cm?)

1 square foot (ft?) = 0.09 square centimeter (cm?)

1 cubic inch (in®) = 16.39 cubic centimeters (cm®)

1 cubic foot (ft®) = 0.03 cubic meter (m®)

1 pound-force (Ibf) = 4.45 newtons (N)

1 pound-force per square inch (Ibf/in®) = 0.07 kilogram-force per square
centimeter (kgf/cm?)

1 pound-mass per cubic inch (Ib/in®) = 27680.0 kilograms-mass per square
meter (kg/cm?®)

1 pound-force per square foot (Ibf/ft?) = 4.88 kilograms-force per square
meter (kgf/m?)

1 pound-mass per cubic foot (Ib/ft®) = 16.02 kilograms-mass per cubic
meter (kg/m®)
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Recent quantification of engineering properties and index values of dominant soil
types in the Alexander Archipelago, southeast Alaska, have revealed consistent
diagnostic characteristics useful to evaluating landslide risk and subgrade material
stability before timber harvesting and low-volume road construction. Shear strength
data are summarized and grouped by Soil Conservation Service soil series, by the
Unified Soil Classification system, and by geologic origin. Such groupings allow the
selection of strength parameters for slope and subgrade stability analyses based
on existing knowledge of the terrain and on available inventory data. Parameters
are expressed by mean and minimum values so that both average and conserv-
ative evaluations can be made, depending on management requirements.
Engineering procedures were used to incorporate the parameters into planning and
project-level investigations to identify areas of unstable terrain, to assess levels of
landslide risk, and to define suitability of materials for road construction.

Keywords: Slope stability, subgrade stability, soil properties (physical), southeast
Alaska, Alaska (southeast).
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