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IN PURSUIT OF IMPROVEMENT 

Since perhaps World War II, most people in this culture have accepted "research" as a 
necessary activity for society, and at some level they accept that research is the likely 
precursor for "progress" or "improvement" in both general and specific ways. Beyond that, 
they may not think of it at all. 

Research in engineering and applied science proceeds through its early stages much as 
does research in basic science; the thought, discussion, intuitive flashes and imaginative leaps 
are close kin whether the subject is the ideal paving material or the perfectly-realized quark. 
When it comes to testing the hypothesis, however, the situations differ radically. 

Since headquarters for this magazine is within a research institution, we can watch 
Geophysical Institute scientists finding that field work and experimentation validate their 
carefully-constructed (or wildly speculative) theories - for example, one laboratory here 
displays photographs illustrating that the aurora in the southern polar regions is a mirror 
image of that at the magnetic conjugate point in the north, a triumph for local theoreticians. 
More often - and they would not be embarrassed to admit it - the tests do not verify the 
hypothesis. Something does not jell, some assumption turns out to be unsound, somehow 
the hypothetical handle on the universal machinery just doesn't fit the slot for which it 
was intended. That is how it goes, and how it is expected to go; the error from which new 
ideas and information can grow is a vital part of all kinds of research, and the willingness to 
take intellectual risks, to chance being wrong, is an essential attribute for a researcher. So if 
the measured quark does not coincide with their hypothetical model, the nuclear physicists 
can return to their calculations and cogitations with little fuss if not much joy. However, if 
the ideal pavement breaks down after the first hard freeze, the research engineers will be 
reminded immediately that they were engaged in a public project - the public not only 
pays, they test the theory, they judge the results, and they are more than willing to pass 
judgment on the people who devised it. 

This little background lecture is presented in partial explanation of why the staff of The 
Northern Engineer is especially pleased to present this issue devoted to recent work by the 
Research Section of the Alaska Department of Transportation and Public Facilities. Because 
their tests and experimental programs must be carried out under public scrutiny, it seems 
only appropriate to make this public presentation underlining the tremendous breadth of 
their responsibilities as well as their willingness to consider new technologiE!s for possible 
application to the aggravating problems of the north. 

We have enjoyed working with them over the past few months, and hope tha(yot.i wm 
find their studies as informative as we have. (Readers who wish to learn more about the 
specifics of research reported here - or about the outcome of projects to be carried out -
may contact the authors through the DOTPF Division of Planning and Programming, Re
search Section, 2301 Peger Road, Fairbanks, Alaska 99701.) Barbara Trego, Research 
Section editor, provided invaluable assistance in preparing this issue. Unless otherwise noted, 
all graphs and line drawings on the following pages were prepared by Firmin Murakami of 
the Research Section; similarly, with noted exceptions, all photos appear courtesy of the 
Department of Transportation and Public Facilities. 

--Editor 
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Sometimes a word can say as much as a thousand pictures, especially when that 
word summarizes such a diverse activity. This invitation to take a closer look at the 
Department's research was contributed by DOTPF staff artist Belinda Swift. 

THE NORTHERN ENGINEER is a quarterly publication of the Geophysical 
Institute, University of Alaska - Dr. Juan G. Roederer, Director. It focuses on engin
eering practice and technological developments in cold regions, but in the broadest 
sense. We will consider articles stemming from the physical, biological and behavioral 
sciences, also views and comments having a social or political thrust, so long as the 
viewpoint relates to technical problems of northern habitation, commerce, develop
ment or the environment. Contributions from other polar nations are welcome. We 
are pleased to include book reviews on appropriate subjects, and announcements of 
forthcoming meetings of interest to northern communities. "Letters to the Editor" 
will be published if of general interest; these should not exceed 300 words. Subscrip
tion rates for THE NORTHERN ENGINEER are $10 for one year, $15 for two years, 
and $35 for five years. Some back issues are available for $2.50 each. Address all 
correspondence to THE EDITOR, THE NORTHERN ENGINEER, GEOPHYSICAL 
INSTITUTE, UNIVERSITY OF ALASKA, FAIRBANKS, ALASKA 99701, U.S.A. 
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In addition to individual proj
ects, the research section maintains 
a continuous program of inventory
ing the condition of the highway 
system to aid in determining where 
and how improvements can be 
made. 

It is only through testing new 
products and techniques that we 
continue to improve. Much of the 
research at DOTPF is done in 
cooperation with research units of 
the Univer·sity of Alaska. This 
provides the logical and necessary 
connection between basic and ap
plied research. Wherever possible 
consulting firms in the private 
sector are utilized in carrying out 
projects. 

The articles in this z"ssue of The 
Northern Engineer give a brief 
overview of some of the current 
research projects. + 

Photo credits: Air cushion vehicle by 
Edwin Rhoads; ferry courtesy of the 
Alaska Division of Tourism. 
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An Introduction to This Issue 
--John Bates, Deputy Commissioner of Planning and Programming, DOTPF 

The Alaska Department of Transportation and Public Facilities has 
responsibility for the planning, construction, and maintenance of state 
airports and airport buildings, the marine highway system, ports and 
harbors, highway systems and bridges, most public buz"ldings and state 
operated communication systems. This is a broad list. 

These responsibilities are carried out statewide under an equally broad 
set of economic, geographic, and environmental conditions. The capital 
costs and maintenance costs are probably the highest in the nation and for 
this reason the state should maintain an active research program to look 
continually for improved methods of construction, new materials, and 
more efficient maintenance techniques. The research section of the DOTPF 
has a wide range of projects that reflect these responsibilz"ties. Current 
projects include ground ice detection techniques, problems associated with 
culverts in permafrost, remotely measuring such things as generator oil 
temperature or furnace room temperature in bush schools, the utilization 
of new, more energy effz"cient techniques in construction of both urban and 
rural buildings, cold weather problems assocz"ated with using gasohol as a 
fuel for vehz"cles, investigations of techniques designed to reduce icing at 
asphalt intersections, methods of lighting bush airports, investigations on 
the utilization of air cushion vehicles for transportation on rivers and more. 
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by Larry Sweet and Billy Connor 
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INTRODUCTION 

Nearly everyone in Fairbanks is familiar with the "Farmers 
Loop Sinkhole," on Farmers Loop road near the College Road 
intersection. Every summer drivers creep over this exasperating 
hole, wondering if they will drag the undercarriage of their auto
mobiles. Is it one huge block of ice that continues to melt and, if 
so, why isn't it just dug out and filled in? How thick is the asphalt 
in the hole now? 

In fact there is very little ice involved with the sinkhole and, 
now that we have a basic understanding of what is happening, it is 
obvious that the eventual solution will not be simple. 

Larry Sweet has spent most of his working career in research, 
mainly at the University of Alaska. Before assuming the duties of 
Research Manager for DOTPF, he was the executive officer to the 
Vice Chancellor for Research at the University of Alaska. Billy 
Connor, P.E., has worked for DOTPF for 11 years, the last three of 
which have been in the Research Section as a research engineer. He 
holds a B.S. in Civil Engineering and an MS. in Engineering Manage
ment from the University of Alaska. 
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UNDERSTANDING THE 
PROBLEM 

In order to understand why 
the Farmers Loop Sinkhole 
exists, one must first under
stand the geology and the 
thermal regime of the area. It 
has long been known that the 
boundary between the pre
historic floodplain of the Tan
ana River and the higher col
luvial redeposited loess is just 
north of College Road, as 
evidenced by the inter-finger
ing there of sands and gravels 
with silt and peat. Drilling 
conducted shortly before the 
construction of the present 
roadway alignment showed a 
thick layer of ice-rich peat 
beneath the embankment area. 
When the road embankment 
was emplaced in 1962, the 
thermal regime was greatly 
altered. The black pavement 
surface now absorbs consider
ably more of the sun's energy 
which is then conducted to 
the peat layer below, thaw
ing the previously frozen ma
terial a little deeper each 
year. The weight of the em
bankment compresses the thaw
ing peat, resulting in settle
ment in the area. 

Why is the sinkhole area 
so much worse than the sur
rounding area? The first clue 
can be seen on Figure 1, which 
is an infrared photo taken in 
August 1979. The now dry 
Deadman Slough can be seen 
passing between University Park 
School and the Hutchinson 
Adult Career Development Cen
ter (the large buildings oc
cupying the University Ave
nue frontage between Geist 
Road and the Alaska Rail
road in the photo). Immedi
ately north of the West Valley 
High School it is possible 
to see the faint outline of 
another, smaller ancient water
way (marked 'slough' in the 
figure) that crosses the rail-
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Figure 1. Infrared aerial photograph of the College area (courtesy of the University of Alaska, 

Geophysical Institute). 
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Figure 2. Aerial visible light photo of the area taken in 1958, before the sinking roadway was built (courtesy of William Mendenhall). 
road tracks; passces between the University 
heating piant and· the maintenance shop, 
and becomes indistinguishable in an area of 
dense spruce trees just south of the sink
hole. The sinkhole itself can be clearly seen 
on the photo as a dark spot on the road. 

Figure 2 is an aerial photo taken in 
July of 1958, before the sinking road
way was built. Careful study of the photo 
shows several interesting features. The 
slough in Figure 1 is more clearly defined. 
Looking at the area where the sinkhole 
exists, the remains of an ancient pond can 
be detected, with part of it (marked on 
the photo) still holding water. Just to the 
left of that point polygonal ground can 
be seen on the original photograph. Using 
these land features, it can be determined 
that the drainage pattern for the surround
ing region probably passed through the 
stand of spruce trees and into the ancient 
slough. Thick peat deposits formed in this 
slough, which now lies beneath the road
way sinkhole area. 

In 1979 the area was drilled to deter
mine the cause of the sinking. The results 
of that drilling are shown in Figure 3. Note 
that the peat layer is completely thawed 
in the east lane but not in the west lanes. 

In the summer of 1980, additional 
drilling was done to investigate the prob
lem further. Figure 4 is a profile of the 
subsurface layering. The holes were drilled 
longitudinally about three feet east of 
centerline. Note that the thawing under 
ttt/ sinkhole, has progressed rapidly 
between the 1979 and 1980 borings, with 
the depth of the asphalt fill about five 
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Figure 5. Farmers Loop sinkhole surface profiles (0.0 = reference elevation). 
o--o = 8/1/80 4,30 pm. 
A----c. = 8/3/80 9'00 a.m. 
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feet and the length extending about 90 
feet. Figure 5 is a surface profile in the 
area during the first week in August 
1980. It can be seen that the hole itself is 
less than 30 feet in diameter and that it is 
located at the north end of the patched 
area. This indicates that the sinkhole is 
not stationary, but that it is progressing to 
the north. Once the asphalt reaches a 
thickness of about five feet, the pavement 
either has enough strength to bridge the 
thawed peat or thaw consolidation is 
completed. In the meantime the rate of 
settlement has been measured to be as 
great as five inches per day, requiring 

frequent repairs. 
Insulating the underlying permafrost 

from surface heat is a normal solution to 
such problems. However, one must first 
determine if all the heat energy is coming 
from the surface. Table 1 summarizes 
thaw depth calculations using the "Multi
layer Solution of the Modified Berggren 

TABLE 1 

Multilayer Solution of the Modified 
Berggren Equation for the 

Farmers Loop Sinkhole 

Environmental Data 

3000°F-days thawing 
160 days thawing 
26°F mean annual temperature 
N = 1 .6 for normal pavements 
N = 2.3 for black, new pavements 

Layer 1 : ASPHALT 
dry unit weight- 1451b./ft.

3 

moisture content- 0.01% 

Layer 2: 

Layer 3: 

Layer 4: 

layer thickness - 0.25 ft. 
GRAVEL 
dry unit weight - 130 lb./ft.

3 

moisture content - 5% 
layer thickness -4ft. 

PEAT 
dry unit weight -· 18 lb./ft.3 

moisture content - 253% 
layer thickness - 2.5 ft. 

SILT 
dry unit weight- 651b./ft.

3 

moisture content - 50% 
layer thickness - 10ft. 

Solutions 
Thaw depth for 

normal pavements: 7.1 ft. 

Thaw depth for 
black, new pavements: 8.3 ft. 
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Equation". The change in the calculated 
single year thaw depth from 7.1 feet for 
normal pavements to 8.1 feet for a pave
ment kept very "black" by continual re
patching suggests that the total energy re
quired to thaw the area to 35 feet cannot 
come entirely from the surface. Either 
the entire peat layer was not frozen, or 
the energy is coming from ground water 
or a combination of the two. If ground 
water is the problem, then insulating the 
embankment will not work. 

It is difficult to speculate exactly what 
the original thermal regime was in this 
area. However, the drilling done in August 
1980 provided some clues. Figure 6shows 
how the freeze-thaw interfaces probably 
look today. Note the remaining frozen 
zone around station 7+60. Figure 7 rep
resents what the original thermal regime 
might have been. Instead of thawing 35 
feet of permafrost, only 10 to 12 feet 

may have thawed, a more plausible con
clusion in view of the above thaw-depth 
calculations. This would explain the in
dicated rapid change of 15 feet in thaw 
depths between 1979 and 1980. Actual
ly only a two- to three-foot thick zone of 
remnant permafrost may have thawed. 

A second explanation for the rapid 
settlements in this area may be that the 
water-bearing talik (thawed ground layer 
in permafrost) supplies additional heat en
ergy to the roadbed soils. The original sys
tem may have been very thermally un
stable with the ground temperature above 
the talik probably near 32°F. Therefore, 
relatively little energy was required to 
thaw the permafrost. When the overlying 
permafrost soils bridging over the peat 
did finally thaw, the weight applied sud
denly to the previously unfrozen peat 
could have caused rapid consolidation, 
producing the sinkhole. The extent of 

Figure 6. Farmers Loop sinkhole probable thermal regime 8/8/80. 
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the talik and the possibility of thaw by 
subsurface water flows is still unknown. 
If it can be accurately defined, then the 
problem area itself can be defined and a 
solution found. 

Why does the sinkhole appear only 
during July, August, and September? 
During the winter months, the embank
ment freezes to a depth of about six to 
eight feet, bridging the peat below. Dur
ing the warm summer months, the em
bankment thaws from the top down. The 
frozen layer remains strong enough to 
provide a bridge until the end of July, 
when the hole reappears. By mid-October, 
the embankment has usually regained 
enough strength to form a bridge again. 

IS THERE A SOLUTION? 

The most commonly suggested solu
tion is to bridge the section in some way. 
Other suggestions include insulation and 
replacing the peat with stable material. 
Because the thawing process appears to 
be moving northward, a bridge or material 
replacement would last only until the 
north end of the bridged area thawed at 
which time a new sinkhole would start. 
As explained earlier, insulating the frozen 
peat from surface heat will not solve the 
problem if much of the energy is being 
supplied from ground water. Other solu
tions, such as replacing the peat with 
stable material and even painting the sur
face white, have been considered. How
ever, all the "simple" solutions appear to 
be short-termed at best. 

The best long term solution may be 
quite involved and very expensive. The 
freeze-thaw interface must somehow be 
stabilized. The technology exists to freeze 
the area, which would provide stabiliza
tion but it is expensive. This could in
volve installation of freeze tubes sim
ilar to those used in the vertical support 
members (VSM) on the trans Alaska 
oil pipeline. Before any solution is reached 
further study must be done to answer 
some questions such as: What is the 
heat balance for the area? Is there water 
transport beneath the embankment? To 
gather the information for these answers 
and to determine just how much of 
the road might eventually become in
volved in the subsidence will require 
further drilling, instrumentation and 
monitoring. + 
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by John Zarling 

Passive Solar Design Elements 
for the Subarctic 

The Northern Engineer, Vol. 12, No.4 

INTRODUCTION 

The extreme low temperatures and 
long heating seasons at subarctic latitudes 
can make for severe space heating require
ments. For example, Fairbanks, in cen
tral interior Alaska at 65°N, regularly 
experiences wintertime low temperatures 
of -50°F and an annual heating index in 
excess of 14,000 °F-days. Coupled with 
these factors is the minimum of available 
solar energy at the city's high-latitude 
location for heating during the midwinter 
months. 

Designing structures for this climate 
would be simple if igloo-shaped, super
insulated, unventilated buildings without 
windows were socially, psychologically, 
and physiologically acceptable. However, 
since buildings of this type would not 
sell, the most attractive alternative for 
both social acceptability and energy con
servation appears to be a structure in
corporating the four elements of passive 
solar design: south-facing windows, ther
mal mass, thermal shutters, and thick in
sulation. 

In the project discussed here, the rela
tionship among these four elements of 
passive solar design was studied with a 
computer simulation. The model was 
used to simulate the thermal performance 
of a small building in the Fairbanks 
area; then, to test the model's accuracy, 
both short- and long-term actual energy 
consumption of the test building were 

compared to the model's predictions. 
With that test successfully passed, the 
four elements of passive solar design were 
varied in the model to predict what ef
fects their alterations would have on the 
long-term energy consumption of the test 
structure -and by extension, other simi
lar structures as well. 

THE SIMULATION MODEL 

TRNSYS is a program developed by 
the Solar Energy Laboratory at the Uni
versity of Wisconsin-Madison for simulat
ing the dynamic thermal performance 
of active and passive heating and cooling 
systems. It is based on a modular approach 
whereby the user specifies the components 
(FORTRAN subroutines) which comprise 
the system as well as the manner in which 
they are connected. The components in
clude radiation data processors, collec
tors, walls, windows, roofs, heat pumps, 
thermal storage walls, and controls. (The 
program also allows users to develop their 
own component subroutines, which were 
not required for this study.) Output data 
from the program include heating and 
cooling loads, energy used by various 
system components, auxiliary energy re
quirements and overall thermal energy 
balances for checking errors. Plotting 
routines and histograms are also included 
for output formatting. 

Building heating and cooling loads 
are calculated based on the degree-day 

John Zarling is an Associate Professor with the Department of Mechanical En
gineering, University of Alaska, Fairbanks. He is also a member of The Northern 

Engineer's Editorial Board. 
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TABLE 1 

ASH RAE Transfer Function Coefficients Calculated Using ENCORE-CANADA 

STANDARD HOUSE 

U-Value 
COEFFICIENTS Wall Sections 

BTUH/ft2-°F 0 2 3 4 5 6 inside air film 
5/8" gyp board 
5%" fiberglass b .1473E-02 .1480E-1 .1870E-2 .3190E-3 .3250E-6 .2787E-11 1 /2" plywood 0.047 
7 /8" cedar siding d .1000E+1 ·.5325EO .6381 E-1 -.8829E-4 .5298E-8 -.2046E-18 0.0 outside air film 

inside air film 
5/8" gyp board b .2363E-8 .2378E-4 .5962E-3 .1655E-2 .9358E-3 .1233E-3 5%" Doug Fir 

.1941 E-7 .1518E-10 1 /2" plywood 0.100 
7 /8" cedar siding d .1000E+1 -.1893E+1 .1198E+1 -.2990E+O .2755E-1 -.7716E-3 outside air film 

·.4840E-8 .511E-12 

BOTH HOUSES 

Roof Sections 

inside air film 
5/8" gyp board b .4015E-3 .7574E-2 .6942E-2 .6651 E-3 .5139E-5 .1050E-8 11 1/4" fiberglass 0.025 
5/8" plywood 
felt paper d .1000E+1 -.4259E+O .4499E-1 -.9561 E-3 .9389E-6 -.4071E-12 asphalt shingles 
outside air film 

inside air film 
5/8" gyp board 
11 1 /4" Doug Fir b ·.1528E-14 .4929E-11 .1819E-7 .1180E-5 .1103E-4 .2731 E-4 
5/8" plywood 0.062 .7028E-5 .8336E-6 .3745E-7 .6103E-9 .3380E-11 .5861 E-14 felt paper 
asphalt shingles d .1000E+1 -.3374E;+-1 .4577E+1 -.3214E+1 .1257E+1 -.2764E+O .3317E-1 outside air film -.2048E-2 .5981 E-4 -.7447E-6 .3520E-8 -.5595E-11 .2656E-14 

SUPERINSULATED HOUSE 

Wall Sections 

inside air film 
5/8" gyp board b .7595E-4 .3217E-2 .5676E-2 .1203E-2 .2644E-4 .2805E-7 
11 " fiberglass 
1 /2" plywood 0.025 
7 /8" cedar siding d .1000E+1 -.7500E+O .1665E+O -.1071E-1 .1330E-4 -.1063E-8 .1992E-15 outside air film 

0.0 

inside air film 
5/8" gyp board 
7" Doug Fir b .5782E-14 .1318E-7 .2535E-5 .3040E-4 .7143E-4 .4593E-4 .8930E-5 4" fiberglass 0.040 .5172E-6 .8157E-8 .3072E-10 .2433E-13 1 /2" plywood 
7 /8" cedar -siding d .1000E+1 ·.2694E+1 .2756E+1 -.1355E+1 .3349E+O -.3932E-1 
outside air film ·.2501 E-4 .7094E-7 -.3651 E-10 
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Figure 1. Sketch of the south face of the test struc
ture. (Drawings in this article by Deborah Coccia.) 

method, using response factors and 
transfer function coefficients as de
veloped in the American Society of 
Heating, Refrigeration, and Air-condi
tioning Engineers' ASH RAE 1977 Hand
book of Fundamentals.1 The advantage 
of this method is that it eliminates 
the iterative requirements of the finite 
difference method, thereby drastically 
reducing computer time and cost. How
ever, the ASHRAE Handbook of Funda
mentals does not give transfer function 
coefficients for wall insulations greater 
than 3.5 inches thick, which is less than 
the present Alaskan standard. There
fore, these coefficients had to be cal
culated a priori to be used in subse
quent runs of the program. To perform 
these calculations, a computer pro
gram called ENCORE-CANADA

2 
de

veloped by Konrad and Larsen for 
studying energy consumption of residen
tial buildings, was obtained from the 
National Research Council of Canada's 
Division of Building Research. Transfer 
coefficients as cillcurated by this program 
for the building'wall and ceiling sections 
studied in this project are given in Table 1. 

The method for applying these coeffi
cients is presented fully in the ASH RAE 
Handbook and will not be discussed here. 

THE STRUCTURE 

The basic structure (Fig. 1) used in 
this study is a frame building located 
near Fairbanks. Studs and ceiling joists 
are spaced 24 inches on center. Both 
front and rear doors are insulated steel, 
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with urethane foam cores. All but two 
of the windows are wood casements, 
with a welded glass thermal pane and re
movable glazing units on either the in
terior or exterior to make up triple- or 
quadruple-glazed units. Window areas are 
80, 36, 15, and 12 square feet, facing re
spectively south, north, west, and east. 
The vapor barrier is 6-mil polyethylene, 
taped at all joints and sealed with caulk
ing at the ceiling and floors. Penetrations 
through the vapor barrier were minimized 
by using floor-mounted electrical outlets 
and plumbing chase for all piping. Open
ings only for windows, doors, a chimney, 
a plumbing vent, and two bathroom ex
haust fans required penetrating the vapor 

barrier. Gross first floor area is 970 ft
2

, 
the same as the full basement, with a 
second level of 610 ft2. The 8-inch block 
basement walls are insulated on the ex
terior with two inches of Dow Styro
foam SMA. The heating system is hot 
water baseboard with an oil-fired boiler 
that also provides domestic hot water. 

An air infiltration measurement using 
the sulfur hexaflouride (SF6) tracer gas 
method was conducted at an outdoor 
temperature of 0°F on a windless day. 
The air exchange rate proved to be 0.15 
changes per hour, indicating a tight 
vapor barrier and good weather stripping. 
Fuel oil consumption has averaged 700 
gallons per year, or an annual energy con
sumption of 28,000 BTU/ft2. If an
nual electrical energy consumption is in
cluded, this figure increases to 36,000 
BTU/ft2 (70,000 BTU/ft2 if the ineffi-

ciencies of the heating system and elec
trical generating plant are taken into 

account). 

SOLAR RADIATION DATA 

This study required hourly solar 
radiation data for the simulations. Ob
taining these data was not a straightfor
ward problem; this will be discussed in 
some detail below for the benefit of 
readers who face a similar need for solar 

data. 

Solar radiation data collection in Alas
ka does not differ very much .in history 
from the rest of the country. Monitoring 
sites are few, with limited quality control 
over the data and little maintenance of 
the monitoring instrumentation during 
the early years of record. 

Hourly solar radiation data, in the for
mats given, are available from the National 
Climatic Center (NCC) of the National 
Oceanic and Atmospheric Administration 
(NOAA) for the following sites and years: 

Barrow 
Bethel 
Fairbanks 
Matanuska 

Strip Chart Magnetic Tape 

4/51 -09/74 1/57- 03/57 
1 /50 - 11 n5 1 /57 - 03/57 
8/31 - o7 na 1/57 - 03/57 
11 /55 - o7 n6 1 /57 - 03/57 

Because the hourly data for extended 
periods is available only on strip charts, 
all data extraction, reduction, correction, 
and digitization would have to be done 
by the user, by hand -which .is not very 
appealing. 

However~ the NCC has recently· re· 
habilitated solar radiation measurements 
for 25 stations in the U.S., under the 
SOLMET program funded by the U.S. 
Department of Energy.3 Correlating 
equations were developed which related 
solar radiation measurements to weather 
data and extraterrestrial solar radiation 
for these 25 stations; then, using these 
equations, values were derived for the re
maining 222 weather stations in the U.S. 
For Alaska, the correlating equation for 
Great Falls (Montana) was used for all 
interior sites, and the Seattle-Tacoma 
equation was used for the coastal loca
tions. Data tapes with these derived 
values of hourly solar radiation and actual 
weather data are available from NCC for 
17 sites in Alaska. 

Further, daily total radiation data 
measurements in the formats indicated 
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are available from the NCC for the fol
lowing sites and years: 

Strip Chart 
Annette 

Island 07/49 - 07/75 
Barrow 
Bethel 
Fairbanks 
Matanuska 
Palmer 03/67 - 07/76 

Magnetic Tape 

07/52 - 07/75 
07/52 - 10/74 
07/52 - 10/75 

07/52 - to date 
12/54 - to date 
01 /67- to date 

These data tapes have been used by Liu,4 

the Ncc
5 

and Wise6 to produce monthly 
averaged daily radiation for the first five 
sites listed with almost exact agreement. 
Cinquemani et a!. 7 calculated monthly 
average radiation using the SOLMET 
results for the 17 Alaskan sites; the 
SOLMET-based effort produced results 
differing from 1% to more than 100% 
from those of the three previously
mentioned studies. 

Before long, comprehensive data may 
be available for Fairbanks, but two rela
tively recent programs are not yet provid
ing usable data. In 1977, NOAA began 
operating its updated solar radiation net
work with the support of the U.S. De
partment of Energy. Fairbanks is the only 
Alaskan site included in this effort. Ap
parently the program has been beset 
with problems, such as a large backlog 
and missing data as well as instrumenta
tion failure, because only a limited 
amount of Alaskan data has been avail
able through this program. Finally, the 
last known local source of hourly solar 
radiation measurements is from the Solar 
Energy Meteorological Research Site es
tablished at the Geophysical Institute of 
the University of Alaska, Fairbanks, in 
1978 by the U.S. Department of Energy, 
At the time of this study, only six months 
of data were available beginning with 
March, 1979. These data include direct 
and diffuse measurements on a horizontal 
surface and total insolation on horizontal, 
65°-tilted, and vertical surfaces. The data 
presently are being produced only in 
tabular form, making them inconvenient 
to use. 

The solar data used in this study 
were obtained from two of the differ
ent sources. First, one week of hourly 
solar and weather data for each month 
between September and May of 1975-76 
was copied from the strip chart records 
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of the National Weather Service station 
in Fairbanks. The second source was the 
SOLMET data tape for Fairbanks for the 
year 1959-60. This year was chosen be
cause the heating season degree day ac
cumulation was within a few percent of 
the long term average. 

TRNSYS MODULES 

The following TRNSYS modules were 
used in the simulation program: data 
reader, solar radiation processor ( Liu 
and Jordan method), walls, ceiling and 
roof, room, direct gain window, over
hang, ventilation fan with controller, 
time dependent forcing function for 
shutter control and ground reflectance 
variation, algebraic summer and simula
tion summary. 

Parameters used in TRNSYS Model 

a) Window (triple pane): U = 0.34 
BTU/hr-ft2-°F 

Area = 0 to 300 ft2 

b) Infiltration: 0.15 air changes per 
hour 

c) Thermal capacitance: C = 4000 to 
16,000 BTU;DF 

d) Insulation: As given in Table 1 

e) Ground reflectance: Varied from 
0.2 during fall and spring to 0.6 
during winter 

f) Thermal shutters: U = 0.125 BTU/ 
hr-tt2-°F, operated on an open cy
cle between 7 a.m. and 8 p.m. 

g) Shading: Two-foot wing walls and 
overhang with one-foot perimeter 
gap 

h) Allowable temperature swing: 65°F 
to 78°F 

i) Ventilation fan turned on whenever 
interior temperature exceeded 78°F 

j) Transmittance of windows: Assumes 
KL = 0.0370, yielding a transmit
tance of 0.70 at normal incidence 

k) ASHRAE response factors for light 
and medium weight construction 

I) Internal generation: 750 watts 

RESULTS 

Using the SOLMET magnetic tape for 
Fairbanks as a source of hourly solar 
radiation and weather data for the months 
of September through May 1959-60, and 
recorded hourly data from the National 
Weather Service for 1975-76, various 
passive design alternatives were studied. 

The instantaneous heating loads (furnace 
heat) for the study structure were inte
grated over the entire heating season and 
compared to the heating requirements 
of the standard house. The "standard" 
house is built with standard construction 
techniques and material (Table 1); the 
initial assumptions gave it zero south
facing window area. The study structure 
is a well-insulated house, with a wall 
thickness twice that of the standard 
house, yielding an R-40 wall and ceiling. 
The doors, infiltration rate, and windows 
are assumed to be the same for both 
structures. As the various parameters are 
changed, the change produced in the 
heating load by each modification can 
then be compared to the standard house. 
This method of presentation parallels 
Gilpin,

8 
who performed a similar analysis 

for a house in Edmonton, Alberta. 

Annual heating energy requirements 
for the modeled structure were cal
culated b')l the TRNSYS program at 
42.5 x 106 BTU for the 1959-60 heat
ing season. Fuel oil consumption of the 
basic building for the 1978-79 and 
1979-80 winters averaged 700 gallons. 
Assuming that the occupants use 70 gal
lons of hot water per day, heated from 
35°F to 135°F, 240 gallons of fuel oil 
are needed annually to meet domestic 
hot water needs. To consume the re
maining 460 gallons the efficiency or 
utilization factor of the heating system 
must then be 69%, certainly a reasonable 
figure. 

Figure 2 shows the results of one week 
of simulation during a period of -30°F 
weather. For this case, a net energy loss 
occurs through the south-facing windows, 
regardless of the use of thermal shutters, 
though the shutters did reduce the net 
loss. Thermal mass did not affect the re
sults, since whatever gain occurs is used 
to meet the immediate heating load. 
Figure 3 shows this fact even more dra
matically, A month-long simulation dur
ing the minimum daylight period agrees 
with intuition, i.e. increasing the south
facing window area replaces well-insulated 
wall area with glass having a lower A-value 
and therefore a higher heating load. The 
shutters could be operated on a shorter 
open cycle, which would reduce some of 
the heat loss. Varying the amount of 
thermal mass in the structure by a 
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of four did not affect the December 
heating load. 

Figure 4 shoWs a one-week simulation 
during the end of March when daylight 
is 12 hours long and during which out
door temperatures varied between 0°F 
and 20°F. For this ease, increased south-

facing window area reduced the heating 
load by 18% at a window to floor area 
ratio of 0.3. Thermal shutters for the win
dows produced additional energy savings 
of 17%, as shown by curve (b). Finally, 
doubling the thermal capacitance of the 
structure to 16,000 BTUf>F produced 

additional ene'tgy ~aVings~of 18%, indicated 
by curve (8). "r<·'v ' 1 ,. 

The annual heating requirements' for 
buildings with and ' without thermal 
shutters and various amounts of south
faCing window' area, insulation and mass 
are· shown in Figure 5. The uppermost 

Figure 4 (left). Auxiliary heating requirements for buildings with and without thermal shutters and various amounts of thermal mass 
and south-facing window area. Figure 5 (right). Annual heating requirements for buildings with and without ther.mal shutters and 
various amounts of south-facing windows, thermal mass and insulation. 
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curve here represents the effect of in
creasing south-facing window area with 
lightweight construction. An energy sav
ings of 6% is realized for window to floor 
area ratios of 0.1. Doubling the thermal 
mass to standard construction increases 
the energy savings to 8% and increases 
the optimum south window to floor area 
ratio to 0.15. Overheating did occur 
during fall and spring months, but this 
was solved easily by venting the structure, 
i.e., opening windows or turning on 
an exhaust fan. Curve (c) shows t_he 
energy savings generated by adding 
thermal shutters to the south-facing 
windows with standard weight con
struction. For this case, energy savings 
of 22% are achievable in comparison 
to the standard building at a window 
to floor ratio of-0.3. ,Finally, the ther
mal capacitance of the structure was 
increased from 8000, BTUf>F to 16,000 
BTUf>F while retaining the shutter 
feature. This change produced only 
an additional 4% energy savings, shown 
in curve (d). Thermal mass produced 
two separate effects leading to reduced 
energy consumption: first, the ther
mal flywheel effect stores the solar 
radiation absorbed during the daytime 
for evening and nighttime heating; 
second, the increased thermal storage 
attenuates the daytime temperature rise 
such that the house interior remains 
at a lower average temperature, there
by reducing the transmission heat loss. 
As shown earlier, large amounts of 
thermal mass do not appear effective 
during midwinter months due to the 
limited amount of insolation. The lower 
set of curves, (e) and (f), represent 
the effects of the improved thermal 
enclosure or the so-called energy-ef
ficient building. This structure has a 
27% reduction in the heating load over 
the standard building with zero south
facing window area. The thermal ca
J'BCitance for the superinsulated build
ing was held constant at 8000 BTUf>F. 

CONCLUSIONS 

The important conclusions which can 
be made based on the results of this 
study are: 

1) Triple~pane south-facing windmills 
yield a modest energy saving of 6 to 8% 
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if the window to floor area ratio is in the 
range of 0.1 to 0.2. Windows facing any 
other direction will have a net loss of 
thermal energy over the heating season. 

2) Thermal shutters, as used in this 
study on all the south-facing windows 
of the structure, can save up to 22% on 
the fuel bill. Of course, these savings 
depend on the open-closed cycle and the 
insulating value of the shutters. Using 
shutters with higher A-values for a shorter 
open cycle' would provide greater savings. 
(One of the most attractive retrofits 
for existing homes are thermal shutters, 
and a definite need exists for a well
designed, inexpensive, semi-automatic 
shutter for old as well as new construc
tion.) 

3) Energy-efficient construction com
bined with direct gain passive solar tech
niques have an additive effect, reducing 
the annual heating load by 25 to 40%. 

4) Increased thermal mass in a building 
can produce energy savings; however, at 
high northern latitudes with severe win
ters and little midwinter sun, these sav
ings are not dramatic. 

The economics of the foregoing 
measures have not been evaluated, but 
it appears that designing structures with 
south-facing windows while minimizing 
windows of other orientations could be 
done easily and economically during 
initial design. Incremental costs of ap
plying this concept should be minimal. 
Adding thermal shutters to the structure 
will increase building costs, but given a 
high northern latitude climate, they ap
pear very attractive for conserving energy. 
With the current energy tax credit allow
ance in the U.S. for solar/energy conser
vation measures, shutters may easily 
prove cost-justified, especially if they 
become mass produced. 

Energy-efficient structures are gaining 
popularity as the price of energy escalates, 
but the economics of these buildings is 
not clear. Most superinsulated buildings 
are built with 2 x 4 double stud walls so 
the cost of framing materials is slightly 
higher than it is with conventional 
2 x 6 construction. Insulation costs are 
directly proportional to thickness, labor 
costs for framing and placing are in
creased, as are the costs of windows and 
doors with their required jamb extensions. 

Doubling the wall thickness sacrifices 
usable floor space; the house modeled for 
this study was smaller by about 100 tt2 

because of its thicker walls. The value 
placed on lost floor space needs to be 
determined before the complete costs 
for superinsulation can be calculated. 
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by Robert McHattie 

Highway Pavement Cracks: 
An Alaskan Overview 

Any seasoned traveler of Alaska's 
highway system has probably spent more 
than a few moments considering the mul
titude and variety of ruts, cracks, dips 
and bumps to which he is often subjected. 
Most acutely noticeable, of course, are 
the severe surface misalignments caused 
by differential thaw settlement, but more 
subtle forms of pavement damage are 
also encouraged by the state's climatic 
extremes. Some of these features, though 
unnoticed by the average driver, may 
nevertheless quickly lead to a need for 
increased maintenance or reconstruction 
of the road surface. 

Considering the significance of the 
paved highway as an element of the trans
portation system, it seemed that this 
collection of articles should include 
some general description of lesser-known 
forms of environmentally-related pave
ment distress as seen by a pavement 
engineer. A recent publication by the 
Alaska Department of Transportation and 
Public Facilities examined several types 
of nonpermafrost related pavement dam
age and is the primary reference source 
used in this discussion. 

Robert McHattie is a research civil engineer with the Alaska Department of Transportation and Public Facilities. He has worked 
with the department since 1972 and has been involved in highway systems research for the past four years. 
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TYPICAL ROAD STRUCTURE 

Describing various forms of pavement 
damage requires several terms that may 
be unfamiliar. Figure 1 and the follow
ing description are intended to aid the 
reader in understanding the nature of 
the paved road structure and the terms 
used to describe some of the damage that 
can befall it. 

As Figure 1 indicates, a typical road 
cross section can be divided into: 

1. The Pavement Structure: 
a. asphalt concrete, 
b. base course, 
c. subbase and 
d. selected material; 

2. Subgrade Materials: 
a. unclassified embankment and 
b. foundation soil. 

The pavement structure may measure 
three or four feet in total thickness, and 
except in cases where there is a per
mafrost foundation, is of paramount 
design importance. Bases and subbases are 
normally high quality, sandy-gravel type 
materials with the base, by nature com
posed of additional fines and of crushed 

'"'(l>'4'L~t.O. ~"~ 
t--.,---.L.......---1 

Figure 1. Generalized road cross section. 

rock, more tightly compactable than 
the subbase. Specifications for bases 
and subbases prescribe tight controls on 
several increments of grain size between 
.0029 inches (# 200 sieve) and four in
ches. Selected material, on the other hand, 
is composed of almost any available non
frozen, nonorganic soils of which less 

Cracks, ruts and pits are the results of frost action on many Alaskan roads. 
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than 12% of soil particles smaller than 
three-inch size would pass through a 
# 200 sieve. The pavement structure is 
designed to provide support for vehicle 
traffic in such a way that effects of traf
fic-induced bending will not produce pre
mature fatigue cracks in the asphalt 
concrete. 

Embankment material, commonly re
ferred to as "unclassified" embankment, 
is for the most part nothing more than a 
filler layer used to regulate the vertical 
geometry of the road surface and to pro
vide a means of balancing construction 
cut and fill requirements. Except in in
stances when it has an extremely high 
moisture content, no restrictions are 
normally applied to embankment mater
ial, and almost anything cut from one 
portion of a project can be utilized else
where as unclassified embankment. 

Foundation materials consist of what
ever soil layers naturally exist at the road 
construction site. Foundation types in 
Alaska can range from good nonfrozen 
gravels, which would function nicely as 
subbase, to the frozen silts and organic 
silts which are often made worse by ran
dom inclusions of massive ice. 

THERMAL CRACKING 

Thermal cracking is perhaps the most 
frequently occurring, but in many ways is 
the least serious, of all damage features. 
Figure 2A and 28 show the two basic 
forms of thermally-induced cracking. 
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Major transverse cracks cross 
the entire width of the road
way at approximately 90° to the 
center line, and constitute the 
rhythmic "tire thumpers" which 
are familiar to most drivers. Most 
studies appearing in the technical 
literature indicate that the spacing 
of these features is controlled by 
low temperature asphalt stiffness. 
However, frequent penetration of 
these cracks deep into soil layers 
and examples of cracks extending 
laterally far past the pavement 
edges would indicate that the 
relatively thin pavement surface 
may, in fact, simply be responding 
to more massive movements in the 

Figure 2A. Transverse cracking. 

I 

I 
Figure 28. Map cracking. 
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Figure 4. Transverse crack movement in the Fairbanks area. 

road structure. Although Alaskan re
searchers have been unable to correlate 
crack spacing with properties of either 
the soil or asphaltic materials, the data 
summarized in Figure 3 indicates a 
marked tendency toward strong control 
by climate. It can be hypothesized that 
the problem relates most directly to the 
thermal expansion coefficients and frozen 
tensile strength properties of the upper 
layer soils, but this has not been studied. 

Just as inter-crack spacing is controlled 
by climate severity, specific crack width at 

a given pavement location is determined by 
month-to-month temperature changes. 
Crack width variations are illustrated in 
Figure 4 for eight pavement sections near 
Fairbanks. There is a nearly 3/4-inch varia
tion in width between summer and winter, 
even in this relatively small sampling. Ma
jor transverse cracks are a particular main
tenance nuisance becausetheircyclic move
ment usually ensures a yearly repair prob
lem. In addition, asphalt will commonly 
be broken in a zone extending as much as 
a foot or more each side of the main 

Figure 3. Number of major transverse cracks 
crack. These "spalled" cracks, if 
left unattended, can create partic
ularly severe bumps. 
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Map cracking consists of ran
domly oriented hairline cracks 
(Fig. 28) affecting only the asphalt 
concrete layer. Map cracking is 
related to low temperature asphalt 
stiffness and is most abundant in 
areas having more than 3500 
degree-days of freezing. The ran
dom pattern exhibited by this 
form of cracking is sometimes 
visibly disturbing, although vehicle 
ride can remain smooth and the 
problem is not necessarily progres
sive. Oddly enough, careful main
tenance work tends to bring the 
most attention to this form 
of cracking. The oil material 
used to seal these usually hairline 
features ( < 1/8 inch width ) cre
ates small wheel bumps and 
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Figure 5. Alligator and longitudinal crack
ing. 

magnifies their perceived width to as much 
as a few inches. 

Both types of thermal cracking de
scribed above occur abundantly in the 
colder interior regions of the state with 
little apparent regard to construction 
methods or material type. At present, no 
practical design measures are known to 
control the severity of thermal cracking 
effectively. 
FATIGUE CRACKING 

As the name implies, fatigue crack
ing is formed by a destructive accumula
tion of traffic load-related pavement de
flections, a process somewhat analagous 

to work-hardening of steel. The sketch 
shown in Figure 5 depicts the nature of 
fatigue (commonly termed 'alligator') 
cracking. Another possible manifestation 
of fatigue damage is the longitudinal crack 
also shown in Figure 5. Although usually 
considered for practical purposes to be an 
early stage of alligator cracking, especially 
when they are found in the vehicle wheel 
path area, longitudinal cracks can also re
sult directly from thermal processes or 
poor construction joints. During field ra
ting procedures, the longitudinal crack is 
in fact often placed in a separate classifi
cation, one which simply implies mor
phologic rather than genetic significance. 

Fatigue cracking begins at the base of 
the asphalt layer and propagates upward 
to the surface with continued traffic 
action. The appearance of fatigue crack
ing at the surface effectively signifies the 
end of the pavement's design life. 

Damage is accelerated to a critical de
gree by the loss of soil support strength 
that occurs during the Alaskan spring 
thaw. During freezing, certain soils tend 
to accumulate water in amounts that can 
far exceed a saturated, i.e., all-voids
filled, condition. The process of volume 
expansion accompanying the moisture in
crease is that villain of arctic engineering
frost heave. In this case, however, it is 
not necessarily the heaving process that 
does the damage, but rather it is likely to 

Figure 6. Alligator cracking vs. variation in average allowable fines with increasing depth. 
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be the problem brought about by subse
quent thawing. Rapid thawing promotes 
a super-saturated soil condition where 
traffic loads are no longer supported by 
solid intergranular contact but instead 
by hydraulic pressure. This temporary 
condition of "excess pore pressure" can 
reduce stiffness of the soil forming the 
pavement structure drastically, thereby 
allowing short-term destructive bending 
of the asphalt layer. 

At present, Alaska uses a dual design 
approach where the proper structural 
thickness is arrived at by considering 
1) the freeze-thaw nature of the soil and 
2) conventional, i.e., normal-moisture soil 
properties. Recent investigations have in
dicated, however, that susceptibility to 
thaw weakening is comparatively a far 
more critical design consideration than 
characteristics of the same soil at any 
normally attainable moisture contents. 
That is, a good Alaskan road design de
pends principally on its ability to with
stand traffic during repeated spring thaws. 
The effects of thaw weakening are il
lustrated in Figure 6, which indicates 
the amount of soil fines (content of 
material passing a # 200 mesh sieve) 
which are allowable at a given depth in 
order to result in a certain level of alli
gator cracking. This set of curves was de
rived from a sampling of 120 locations 
distributed throughout Alaska, and shows 
best performance associated with fines 
content of less than 6% immediately un
der the asphalt layer, ranging to less than 
13% at about four feet. Note that by these 
curves poor performance may result if 
normally specified selected material (hav
ing a maximum allowable 12% passing 
# 200 sieve) is used at a depth of less 
than 40 inches. 

WHEEL PATH RUTTING 

Rutting is generally defined as the lon
gitudinal wheel path depressions produced 
by repeated wheel loadings. Ruts can 
result from compaction and plastic defor
mation of the pavement structure as well 
as from tire abrasion (wear usually as
sumed to come from studded tires). More 
than 200 sets of measurements compar
ing the thickness of cores taken from 
wheel path versus non-wheel path loca
tions have indicated that usually less than 
20% of total rut depth is due to tire abra-
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Figure 7. Wheel path rutting. 

sion. Ruts are, therefore, primarily a re
sult of structural soil layers being vertical
ly compressed or laterally displaced while 
the asphalt concrete simply appears to 
bend plastically to conform to these 
movements. 

Most miles of Alaskan roadway ex
hibit shallow rutting of less than 0.5 in-

ches. At this level, an almost unnotice
able amount of induced vehicle sidesway 
can produce minor increases in general 
driver fatigue and long-term wear on 
vehicles' steering and suspension com
ponents. Rut depths of more than 0.5 
inches, though uncommon within the 
state, can create water ponding sufficient 
to cause hydroplaning and also exert 
noticeable steering control against the 
driver. The relationship between rutting 
and fatigue cracking is such that, in most 
cases, a pavement structural section which 
is designed adequately against fatigue 
problems will tend to minimize rut depth. 
A diagramatic representation of wheel 
path rutting is shown in Figures 1 and 7. 

Comments Regarding 
Fatigue Cracks and Rutting 

A 1978 inventory of Alaska's highway 
system examined, on a mile by mile basis, 
2000+ miles of paved road. From these 
ratings it was determined that at least 
66% of the individual mile-long segments 
exhibited some alligator cracking in one 

Figure 8. Conceptual summary of pavement damage. 
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or more wheel paths. This is obviously 
a very common problem and one which 
continues to absorb a great deal of 
maintenance and reconstruction effort. 

Rutting, conversely, was shown to be a 
comparatively mild form of pavement 
distress, as only about 6% of the road 
miles exhibited average rut depths greater 
than 0.5 inches. Rut depth throughout 
Alaska averages a fairly acceptable 0.20 
inches and is much less of a practical 
maintenance problem than is fatigue 
cracking. 

THE GENERAL VIEW 

Figure 8 is a conceptual summary of 
physical relationships which control the 
severity of non-permafrost related crack
ing and rut damage. Fatigue cracking and 
rutting is represented as a somewhat 
cyclic process where damage is dependent 
on traffic loading, which is in turn active
ly affected by local climate. Construc
tion materials, as indicated by the half
circled boxes, exert a high degree of in
fluence on pavement stresses induced by 
the active forces of traffic and climate. 
For example, climate strongly affects the 
ability of the pavement structure to sup
port traffic loadings, as shown by the ar
row connecting climate with traffic. Con
trols are exerted, however, by soil types 
which are present within the pavement 
structure where high quality (clean) 
materials may completely mitigate the 
effects of a severe climate. The dash
ed arrow showing feedback between 
cracking and climate points out that 
damage is further accelerated by water 
intrusion from above the pavement, 
which promotes pavement softening in 
response to local rainfall as well as to 
spring thaw. 

Thermal cracking comes about through 
the action of temperature extremes on a 
variety of material types. Map cracks are 
associated with asphalt concrete hardness 
while temperature-zone location and soil 
properties would appear to control the 
frequency of major transverse cracks. 
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If it's organic it has to be gqod. S1Jrely someb,ody will 
be ready to argue with that bit of "Euell Gibb.o~:~sry," iJnd 
right away we'd have-a controversy go~ng· ... N~ver mind. So 
just what i~. ~he organic Rankine cycle anyway - another 

!r· ,[·t..J '"1.. ·' 
plot from the soft:tech radicals, ·. r: "i 1, ~; ., -': *' • to,... ,, • 

or perhaps a . benign-sounding 
~ ··~ 1 I • • ,I I ' - , • 1 f< ~ 

hard-tech substitute for "nukes" 

4 

}.\~' t.:.•\ 

perpetrated by the international 
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.process and a temperature vs. entropy plot which follows the 
cycle through its various thermodynamic states. Probably the 
two most common uses of the Rankine cycle throughout 
history have been (1) the production of mechanical work using 
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banking conspiracy? W~ll, it is a 
piece of technology, but it prob
ably' offers little in the way of 
a threat to any particular ideol
ogy.' Actually, it" is neither 
truly 'hard nor truly soft tectl- · 
nology, thus eluding current 
vernacular. Let us just say 
that it is a piece of elastic tech
nology, one which we can mold 
to serve a number of appropriate 
applications in Alaska. 

l" .( 
Figure 1. The simple Rankine cycle. (Drawings in this article by Deborah Coccia.) 
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The organic Rankine cycle, as the name implies, is a ther
modynamic cycle which converts heat into work. The Rankine 
cycle is-the practical modification of the basic Carnot cy!;:le 
and was named after William John Rankine (1820-1872), a 
professor at the University of Glasgow. The Rankine cycle has 
been in common use, pervading our society, for over a hundred 
years. ·•Figure 1 ·shows both the schematic energy conversion 
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Figure 2. Carnot cycle using steam. 

the steam engine, and (2) the production of mechanical work 
using th'e steam turbine coupled to an electric generator. How 
then .does th~ organic Rankine cycle vary from its conven
tional predecessor? The difference is to be found in the type 
of working fluid used in the process. In conventional Rankine 
cycle applications water is the working fluid. In the organic 
Rankine cycle a synthetic fluid is used in place of the water. 
Such fluids often synthesized from hydrocarbon compounds, 
and thus the term "organic" is applied. 

There are two reasons for substituting an organic working 
.fluid for a common fluid such as water. First, by synthesizing 
an organic fluid the boiling point temperature can be custom 
tailored. This permits operation at lower temperature than 
would be minimum for water steam conversion (212°F). 
Second, the pressures involved in the system can be reduced, 
thus a simpler, lighter-weight engine can be created. There is a 
penalty, however, for accepting reduced temperatures and 
pressures. This is best illustrated by examining the simple 
Carnot cycle applied to a vapor conversion. Figure 2 shows the 
generic Carnot steam cycle superimposed on a temperature 

Lee Leonard is the Chief of Energy and Buildings Research for the DOTPF. A member of the research faculty of the Geophysical 
Institute on leave from the University of Alaska, he continues as technical assistant to The Northern Engineer in an advisory capacity. 
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vs. entropy coordinate system. The 
following equation develops the ther
mal efficiency for the cycle. 

Effy = Work Out 
Heat Added 

area 1-2-3-4 

area A-2-3-B 

(T2-T1) (SB-SA) 

T2(SB-SA) 

Thigh -Tiow 

Thigh 

Note that in the end the efficiency is 
a function of the difference between the 
high temperature, the temperature at 
which heat is added to the working fluid, 
and the low temperature, the temperature 
at which heat is rejected. Therefore, the 
smaller the temperature difference the 
lower the overall thermal efficiency for 
this cycle will be. 

Accepting the fact that using the 
Rankine cycle across small temperature 
differences is not a particularly efficient 
form of energy conversion, scientists and 
engineers have for years searched for ways 
to make a practical system. Over the last 
few decades several large corporations 
throughout the world have invested sub
stantial sums in developing an organic 
Rankine cycle system which could com
pete effectively in the market place. In 
the U.S., Sundstrand Aviation of Rock
ford, Illinois, became perhaps the leading 
force in organic Rankine cycle develop
ment in 1968 when, in cooperation with 
the American Gas Institute, the company 
devised a 100 kW prototype system aimed 
at providing the total power supply for 
large buildings or apartment complexes. 
In addition to Sundstrand, many Ameri
can firms have dabbled in the field, but 
by 1980 only one company - and that 
not American-based - has proved success
ful with organic Rankine cycle technol
ogy, to the point where off-the-shelf 
models are commercially available. 

Ormat Turbines Ltd. of Yavne, Israel, 
with subsidiaries in the United States 
(Ormat Systems, Inc.), has proved that 
the theory can be transformed into a rele
vant technology. Since the late 1950s 
Ormat Turbines has produced over 3000 
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Figure 3. The organic Rankine cycle turbine as developed by Or.mat Turbines Ltd. 
(Illustration courtesy of Ormat Systems Inc.) 

throughout the world. Most of these units 
have been used as electric power supplies 
for remote microwave repeaters and other 
communications facilities where high reli
ability is required, and where maintenance 
and operations costs and logistics are 
critical factors in the selection of equip
ment. Yet the simplicity of conceptual 
design need not limit the potential 
applications. 

The operation of an organic cycle 
turbine, as manufactured by Ormat 
Turbines Ltd., is illustrated in Figure 3. 

units, accumulating millions of success- At the base of the unit is a burner. This 

advantage over internal combustion en
gines in that it can use a variety of fuels. 
Propane and diesel fuel are both common 
alternatives, although methanol, wood, 
coal, peat, or almost any combustible 
fuel can be provided for with this system. 
Above the heat source is a boiler in a 
sealed pressure vessel that is under a par
tial vacuum. Vapor generated in the heat 
addition process is driven from the boiler 
into the vapor inlet to the turbine, which 
is also in a sealed container. After expand
ing through the turbine the working 
fluid vapor passes to the inlet of the con
denser where the condensing process 
takes place; condensate returns to the ful operating hours in applications external combustion feature has a large 
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boiler by way of the rotor assembly. This 
peculiar condensate routing is a key 
feature in determining the service life of 
the equipment. The only moving part in 
the system is the common shaft on which 
are mounted turbine, generator, and feed 
pump. This rotor assembly rides in a 
fluid bearing lubricated by the condensed 
working fluid, which contains a lubricating 
agent. Thus metal to metal contact is 
avoided. 

Electrical connections penetrate the 
turbine cannister and are brought to a 
control panel. The primary electrical out
put is produced as nonregulated three
phase AC, with the frequency varying be
tween 400 and 700hz. This signal is then 
rectified and conditioned to produce DC 
power that can be inverted to any desired 
frequency or used directly as DC. This 
generation technique precludes the need 
for complex mechanical governors to con
trol turbine speed and frequency, thus 
simplifying design and eluding potential 
maintenance pitfalls. Regulation is ac
complished by controlling the amount of 
fuel supplied to the burner and thus the 
process heat which is transferred to the 
vapor. Turbine overspeed is limited by 
the design of the turbine itself. A vapor 
stream impacting the turbine wheel at a 
velocity which would normally cause an 
overspeeding condition instead will create 
an aerodynamic stall condition to develop 
at the individual blade surfaces in the 
same way that an airfoil will stall. The 
wheel will then lose its drive force and its 
speed is automatically reduced. This is 
another built-in safety feature and one 
which requires no maintenance or adjust
ment. 

Production units now being manu
factured for communications application 
are available in sizes from 200 watts to 5 
kilowatts. However, the Ormat company 
is presently building machines which will 
produce 300 kilowatts. These machines 
are being used to convert industrial waste 
heat energy to useful electric power as 
well as for the indirect conversion of solar 
energy to electric power as part of the 
Israeli solar pond development projects. 
The size of the unit can therefore vary 
considerably and is limited only by the 
market potential necessary for develop
ing production tooling for a specific 
class of units. 
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In Alaska there are many applications 
where highly reliable electric power is 
needed, but where maintenance and 
operation costs are high, or where main
tenance is very difficult because of the 
lack of adequate transportation or even 
lack of skilled personnel. Traditionally 
it has been the diesel generator that has 
supplied most of Alaska's remote power 
needs. However, the inherent limitations 
of diesel electric systems -

limited to one type of high-quali
ty fuel, 
dummy load requirements for inter
mittent load applications, 
requiring high levels of periodic 
maintenance by skilled personnel, 
noise, 
vibration, 

• undesirable exhaust emissions, 
• relatively low MTBF (mean time 

before failure), 

cold weather starting problems, 
relatively short life cycle between 
overhauls-

have long begged for an alternative solu
tion. Organic Rankine cycle units, as 
presently manufactured, overcome all 
of the afore-mentioned obstacles. 

The external combustion process 
permits a variety of fuel possibili
ties. Even unusual heat sources, 
such as burning peat or using hot 
geothermal fluids, could be con
sidered with only relatively minor 
re-engineering of the boiler. Ex
ternal combustion also insures ease 
of start-up in almost all weather, 
and even a match can be used as a 
starter of last resort. 

Since the system can be made self 
regulating, it is not necessary to use 
dummy base loads to maintain the 
highest possible system efficiency 
when intermittent loading is the 
common use. 

• In the case of the systems made by 
the Ormat company, a claim of a 
20 year maintenance-free life cycle 
is projected for the sealed vapor 
turbine-boiler assembly, while the 
burner of the fuel-fired models re
quires only the same level of main
tenance that would be required by 
the typical burner assembly of a 
residential heating furnace. 

The hum of a high speed turbine 
wheel is negligibly audible com
pared to the sound of an internal 
combustion engine. 
A well-balanced turbine is almost 
vibration free, which greatly re
duces wear and minimizes founda
tion complexities. 
External combustion is easily con
trolled, therefore exhaust emissions 
are much less of a problem than 
they are with internal combustion 
engines. 

Yet many problems remain which sug
gest that the diesel electric generator will 
not be immediately supplanted by organic 
Rankine turbines. 

The turbines are bigger per unit of 
power produced. 
They are presently available only in 
a limited range of sizes. 

• There is only one manufacturer of 
production units with any proven 
equipment performance record. 

And finally, it is of course the effi
ciency of the systems which eventually 
becomes the major impediment to clear 
superiority over the diesel. Table 1 pre
sents measured efficiencies from an 800-
watt gas-fired Ormat turbine generator: 

TABLE 11 

Boiler Temperature - 120°C. 
Condensing Temperature- 55°C. 

Turbine 

Carnot efficiency .......... 16.6% 
Rankine efficiency ......... 14.5% 
Stage efficiency ............. 77% 
Mechanical efficiency ......... 89% 
Brake thermal efficiency ....... 1 0% 

Boiler .. ................... 81% 

Generator .................. 75% 
(including rectifier and controls) 

Overall efficiency ............ 6.0% 

Full load fuel consumption 
1 080 grams/hour 

While the overall efficiency may vary 
slightly in specific units depending on 
size and duty cycle, the basic laws of 
thermodynamics prevail. 

There are, however, certain applica
tions where the particular advantages of 
the organic Rankine cycle offset the over-
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Two Ormat organic Rankine cycle energy converters at a gate valve installation along 
the trans Alaska pipeline. (Photo courtesy of Ormat Systems Inc.) 

all energy conversion efficiency problems. 
One such application was to power the 

along the length of the trans Alaska 
pipeline. 

lation of turbine power systems was 
a radical departure from the Ormat 
company's standard product applica
tion, power for communication systems. 
But perhaps the uniqueness of the Alas
kan environment suggests that there 
is a similarly unique potential for fur
ther applications of organic Rankine 
cycle equipment. In fact, the low ef
ficiency of converting heat to electricity 
offers some advantage for applications 
in Alaska. Since low thermal efficiency 
usually means high levels of rejected 
heat, a waste heat recovery system 
can be utilized simply and effectively 
to supply other needs of a particular 
system, thus enhancing the total energy 
conversion efficiency. 

The Department of Transportation and 
Public Facilities, Research Section, is now 
experimenting with the use of organic 
Rankine cycle turbines to provide high 
reliability power at remote air fields for 
runway lighting. The investigations hinge 
on waste heat recovery. In the fall of 1980 
a standard FAA-approved runway light-

62 remote-control gate valves distributed It is curious that the Alyeska instal-
ing system was installed at the Noorvik 

Two Ormat turbine units and battery shelter await shipment to Alaska for the Noorvik airport lighting demonstration project. 
(Photo courtesy of Ormat Turbines Ltd.) 

The Northern Engineer, Vol. 12, No.4 25 



ORGANIC 
RANKINE CYCLE 

TURBINE 
GENERATOR 

YEAR· 
ROUND 

IN SUMMER HEAT TO 
COMMUNITY AGRICULTURAL 

PROJECTS 

VILLAGE SCHOOL 

BUILDING 

GREENHOUSES 
& 

GARDEN 
PLOTS 

Figure 4. Conceptual diagram of organic Rankine cycle system used in a waste heat 
recovery mode. 

airport in northwest Alaska. During the 
winter of 1980·81, a system involving 
two Ormat turbines and a battery stor
age system will be installed to provide 
power to the runway lights. It was 
determined a year ago, in a study con· 
ducted by Jack West of CH2M Hill for 
the Department of Transportation and 
Public Facilities,2 that the Ormat system 
using an oil-fired burner could produce 
necessary power at a lower life cycle 
cost, with less fuel consumption, and 
at a higher standard of reliability than 
could a diesel system. In this partic
ular application the waste heat recovery 
potential for keeping the batteries and 
radio control equipment warm combined 
with the intermittent load characteris· 
tics (for which diesels are poorly suited) 
make the organic Rankine cycle the ap· 
parent best design solution. During the 
next year this system will be monitored 
closely and the results analyzed to deter· 
mine if in fact this is an appropriate ap
plication for organic Rankine cycle energy 
converters. If the system performs as well 
as expected, the many air field lighting 
systems now in the planning and design 
stages for installation in several interior 
and western Alaska villages within the 
next few years may include organic 
Rankine cycle systems. 

Since organic Rankine cycle systems 
are also capable of utilizing low grade 
heat as an energy source, the possibility 
of recovering waste heat from diesel 
electric systems in Alaska and convert· 
ing a portion of the energy to electricity 
is an attractive idea. An experimental 
project to investigate this waste heat 
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recovery potential is being conducted 
this winter at the village of Manley Hot 
Springs, located on the Tanana River 
approximately 100 miles northwest of 
Fairbanks. This project is being funded 
by the Division of Energy and Power 
Development and conducted by re· 
searchers from the Mechanical and Elec
trical Engineering Departments at the 
University of Alaska. In this application 
waste heat from the water jacket of. a 
diesel generator will be supplied to the 
boiler of an Ormat turbine, where the 
cooling water from the diesel will act as 
a heat source for the production of 
electricity. This system will be a demon· 
stration only; the unit has a maximum 
output of only 2.5 kW. If it is suc
cessful, however, larger units could find 
their way into this application through· 
out the state. 

Therefore, if hot water can be a viable 
energy source for producing electricity, 
then it is only a small step from waste 
heat recovery to the production of elec
tric power from a geothermal fluid or 
effluent from a hot spring. It is hoped 
that the University's waste heat investi· 
gations will be extended to a hot spring 
site to see if the concept can be turned 
into a practical demonstration. 

What then is the potential for the or· 
ganic Rankine cycle in areas where greater 
amounts of power are needed? At this 
point no one knows how far the technol· 
ogy will develop and to what extent these 
systems will find their way into common 
use in northern areas. The problem has 
always been that the low system efficiency 
required the consumption of about 9 lbs. 

of fuel to convert 1 lb. of fuel to useful 
electrical energy. However, if engineers 
and designers look carefully at each ap
plication, some interesting possibilities 
may present themselves. The Ormat 
company believes that an 85% total en· 
ergy recovery from this system, com· 
bining both electrical production and 
waste heat recovery, is a realistic target. 
If this is the case we may do well to look 
for applications where the heat require· 
ment exceeds the electrical requirement. 

In Figure 4 we can speculate on a par· 
ticular application for a moderate-sized 
system. We could of course accomplish 
the same thing with a diesel system. But 
since a diesel generator would require 
base loading to maintain stability and as· 
sure moderately efficient combustion, 
and an organic Rankine cycle system does 
not, a comparison might yield some sur
prising results. Unfortunately this con· 
cept has not (at this writing) received a 
complete analysis, but it is one of the 
applications which the Research Section 
of the DOTPF is now investigating. Ex· 
tension of the same basic concept to a 
village district heating level is another 
idea which follows, or hybrid systems, 
perhaps with diesel components. 

It is not possible at this point to deter· 
mine the potential of this type of tech· 
nology for northern areas fully, and only 
time and the innovativeness of the design 
community will define an upper limit. 
However, it is reasonable to suggest that 
the advantages of using an organic Rankine 
cycle system - variety of fuel choices, 
long system life, low maintenance require
ments, and simplicity of waste heat re· 
covery - will continue to intrigue en· 
gineers, exciting their imaginations and 
leading them along the trail of finding 
new and better solutions to the problems 
of living in the north. 
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by T.E. Osterkamp and R.W. Jurick 

Detecting Massive Ground Ice in 
Pennafrost by Geophysical Methods 
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INTRODUCTION 

It is widely known that large portions 
of Alaska and northern Canada are under
lain by permafrost; it is almost as widely 
known that thaw-unstable frozen ground 
can create severe problems in the con
struction of structures and facilities as
sociated with resource development, 
transportation and habitation which re
quire stable, long term foundations. At 
the very least, permafrost gives rise to a 
more expensive product and, more often 
than not, one that is blemished and main
tenance intensive. Each of us has experi
enced frustration with portions of the 
state's roadway system in this regard. 

Engineering techniques have been and 
are currently being developed to deal 
with the problems permafrost can pose. 
It appears the solutions to these prob
lems can be broken into two categor
ies - avoiding the permafrost and using 
specialized construction techniques. Both 
solutions require knowledge of perma
frost distribution and the location of 
segregated and massive ice. 

Present design stage preconstruction 
investigations for roadways, airfields, and 
buildings in these areas rely heavily on 
soil borings to determine the nature of 

the subsurface soils. While drilling does 
give excellent subsurface information, it 
represents only soils actually encountered 
and may fail to detect the presence of 
permafrost or ground ice a short dis
tance from the selected boring site. De
tailed site investigations for projects over 
limited areas can be conducted with 
massive drilling programs, but for projects 
such as roads, airfields or pipelines, this 
approach would be prohibitively time 
consuming and expensive. Other sub
surface investigative techniques clearly 
are needed to supplement soil borings. 

ALTERNATIVE METHODS 

The Geophysical Institute, in conjunc
tion with the Alaska DOTPF, has for a 
number of years investigated alternative 
geophysical methods which show promise 
for delineating near-surface permafrost 
and massive ice. The intent of the program 
has been to evaluate, with respect to the 
needs of the DOTPF, the various geo
physical methods available and to inte
grate those methods which show merit 
into state-sponsored subsurface soils in
vestigation programs. Attention has been 
given primarily to evaluating various com-

T.E. Osterkamp is Professor of Physics and Geophysics, Geophysical Institute, 
University of Alaska, Fairbanks. His interests lie in the scientific aspects of environ
mental and engineering problems involving snow and ice, including permafrost and 
frozen ground. R.W. Jurick has been a research engineer for DOTPF for more than 
four years. His work centers primarily on data acquisition instrumentation. 
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Massive ice exposed by a highway cut, approximately one mile from the test site. 
(Photo by Eldon Thompson.) 

mercially available instruments associated 
with these geophysical methods rather 
than to the independent development of 
new methods and devices. 

The overall usefulness of a geophysi
cal method depends on a number of its 
intrinsic characteristics. Some of the 
points which were considered during the 
investigation of a specific method in
cluded: 

• How much instrumentation was 
required? 

How portable was the instrumen
tation? 

the design is finalized, and often lead to 
hurried, unsatisfactory solutions and al
ways to additional expense. With these 
factors in mind, the methods investigated 
included: seismic reflection and refrac
tion, gravity profiling, galvanic resistiv
ity, surface impedance, magnetic induc
tion, audio-frequency magnetotellurics, 
and impulse radar. 

THE EVALUATION SITE 

A serious constraint other investiga
tors have faced in similar evaluation pro
grams has been the lack of suitable loca
tions where the subsurface soil and ice 

conditions were known in sufficient de
tail to test the methods. In this regard, 
our efforts were greatly aided by a steep 
roadway cut through an ice-rich area, 
provided by a recent roadway realign
ment near Fairbanks. 

Information gained from preconstruc
tion borehole loggings on a segment of 
the project indicated the presence of a 
substantial amount of massive ground ice. 
A subcut was planned for the area for 
the purpose of replacing the existing 
thaw-unstable silt and ice with tailing 
material. The tailings were to be placed 
to a depth sufficient to ensure that season
al thaw would not reach the remaining 
underlying ice-rich silt. The plans for 
this excavation indicated the cut would 
have a maximum depth of 20 feet and 
nearly vertical side walls. This offered 
a continuous two-dimensional profile 
of the subsurface soil and ice conditions 
through an area of known massive ice. 

Studies carried out before the cut was 
made included a field survey to locate a 
400-foot line along which the intended 
cut was to run, a careful visual survey to 
map discernible vegetative and surface 
expressions of the ice deposits, and sur
veys employing the geophysical methods 
under investigation. 

Soils in the cut were predominantly 
fine frozen silts (particles less than 0.07 
millimeters in cross section) to a depth 
of 30 to 40 feet, below which Birch 
Creek schist was encountered in the soil 
borings. Three areas of massive ice were 

• What level of training was required 
of the operator(s)? 

Figure 1A. Massive ice in subsurface profile. (Note: for comparison purposes, the 
horizontal scale for the test site is consistent in Fi[_ures 1A through 1 D.) 

• At what rate could the measure
ments be performed? 

• To what depth could excess ice or 100 

permafrost be monitored? To what 
resolution? 

• How much data reduction was it 
necessary? 

• Could this analysis be performed 
in the field? How quickly? 

• To what extent could the size and 
depth of an anomaly be defined? 

Methods allowing continuous or near
continuous subsurface surveys to lessen 
the chance of overlooking isolated pock
ets of permafrost or ground ice were 
particularly interesting. Such areas can 
appear unexpectedly in a project after 
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to a depth of approximately six meters, 
with the near surface more heavily weight· 
ed than the deeper soils. The overriding 
appeal of this method came from a 
combination of factors: the speed with 
which the survey could be carried out, 
the instrument's ability to register small 
chang~s in soil conductivity, and its 
continuous readout which greatly en· 
hanced lateral resolution. The instrument 
was designed to be carried over the 
ground, waist high, hence bypassing the 
problems associated with ground contact 
measurements. It allowed fast readings by 
non-technical personnel and relatively 
straightforward data interpretation. 

a.. 
<( 

100 
The resistivity contrast between areas 

0 100 200 300 400 where the permafrost contained ex
cess ice and adjacent silty permafrost 
soils containing no visible ice was suffi
cient to allow detection of the excess 
ice in the permafrost. Comparison of 
the apparent resistivity profile taken 
with this instrument (Fig. 1 B) revealed 
a strong correlation with the locations 
of the subsurface ice. The large resis
tivity differences between the spring 
and fall measurement were due, to 
a large extent, to the existence in the 
fall of the active layer which substan
tially reduced the apparent resistivi
ties and attenuated the influence of 
the silt/ice resistivity differences at 

Figure 1 B. Magnetic induction measurements. 

revealed along the face of the cut, as 
shown in Figure 1A. The massive ice 
was generally found seven to ten feet 
below the ground surface and extended 
to near the bottom of the cut or deep· 
er, as also shown in Figure 1 A. 

RESULTS OF THE SURVEYS 

Initial site inspection offered no aid in 
determining what lay buried beneath the 
surface. Although the vegetation consisted 
primarily of a sparse canopy of small 
black spruce trees generally less than 

·seven meters high and a ground cover of 
approximately 0.3 meter of sphagnum 
moss - vegetation typically found in 

shallow permafrost soils - there were no 
discernible indications of massive ice. Ex· 
cept for the occasional borehole logging, 
the various geophysical surveys provided 
the only indication of subsurface anom· 
alies until the cut was made. 

The following outlines three methods 
which, to some degree, were able both to 
detect and delineate the buried ice masses 
and meet our criteria for usability. (Other 
methods proved promising but various 
circumstances prevented our making a 
thorough evaluation of them.) 

Magnetic Induction 
The instrument used measured the ap· 

parent electrical resistivity of the ground 

Figure 1C. Galvanic resistivity measurements. 
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depth. Because of this, in areas of sim
ilar soil types and ground temperatures, 
the method would best be employed 
during the spring and early summer 
months. 

Galvanic Resistivity 

The apparent resistivity of the soil 
was measured again, using a four-probe 
Wenner array. This method consists of 
driving a constant current through the 
two outer electrodes and measuring 
the potential established by the soil 
across the two inner probes. From the 
probe spacing, current and voltage, the 
soil resistivity can be determined. Typical
ly the readings from commercially avail
able instruments are scaled to allow deter
mination of the soils resistivity without a 
great deal of effort. 

The apparent resistivity values meas
ured in this manner (Fig. 1 C) were made 
with a three-meter probe spacing, which 

100 
0 100 200 300 400 gave two to three meters of penetration. 
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Figure 1 D. Bouguer gravity measurements, with regional linear trends removed 
graphically. 

The general shape of the fall and spring 
readings are similar, with the readings 
taken during the spring (no active layer) 
registering higher values and providing 
more resolution. The three major peaks in 
resistivities are positioned at the locations 
of the major ice formations. Some of the 
erratic variations witnessed during the 
spring were associated with the problem 
of achieving consistent and low electrode 
contact resistance with the frozen soil. 
Compared to the magnetic induction 
survey, this technique is a much slower 
method for examining ground. 

Gravity 

Shallow ice anomalies of sufficient size 
can be detected by means of localized 
gravity measurements because of density 
contrasts between ice (density of approxi
mately 0.9 grams em ·3) and frozen soils 
(densities ranging between 1.3 to 2.2 
grams cm-3 ). The gravity residuals (Bou
guer anomalies) represent the difference 
between the observed and calculated val
ues for the acceleration due to gravity at 
the points along the survey line (Fig. 1 D). 
This process involves the computational 
and graphical removal of various trends 
such as instrument drift, earth tides, 
latitude corrections, elevation (free air) 
variations, and terrain corrections. Con· 
ceptually, this technique is unable to 
detect a uniform slab of ice, or changes 
in the amount of excess ice that would 
have a linear trend over the complete 
profile, but for most applications these 
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situations are unlikely. The presence 
of excess ice under portions of the sur
vey is reflected by low gravity residual 
values. 

While gravity profiling can detect the 
presence and determine the approximate 
volume of excess ice in the ground, it 
cannot determine the ice depth or con
figuration, or whether the ice occurs as a 
single mass or as multiple layers (ice 
lenses). What is more important to en
gineering problems is that the depth to 
the top of an extensive ice zone cannot 
be calculated where that depth is less 
than the width of the ice body. Due to 
the nature of the measurement, this 
method is a slow and tedious process re
quiring relatively competent and conscien
tious operators and additional field infor
mation, such as relative station elevations. 
More extensive computations are required 
as compared to the resistivity techniques. 

APPLYING GEOPHYSICAL SUB· 
SURFACE INVESTIGATIVE METHODS 

These studies have shown that several 
methods can detect excess ground ice in 
silty permafrost soils. The magnetic in
duction method appears to be the most 
straightforward to use and is one of the 
more promising methods. 

The next stage of the process involves 
integrating these techniques into exist· 
ing preconstruction subsurface investiga
tion programs. This will begin next sum
mer within Alaska DOTPF's roadway 
preconstruction soil boring program. 

The application of geophysical methods 
will provide additional subsurface infor
mation to enhance drilling programs by 
extending information on subsurface fea
tures away from boreholes, decreasing the 
number of borings required in areas where 
geophysical information indicates uni
form subsurface conditions, and detect
ing permafrost and subsurface ice anom
alies where none were thought to exist. 
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by John Rezek 

Indoor Pollution 
and 

Air-to-Air Heat Exchangers 

The Northern Engineer, Vol. 12, No.4 

With the rapid rise in energy costs, en
ergy conservation on a personal level has 
gained national attention. Smaller cars 
driven less often and at lower speeds, 
lower thermostat and water heater set
tings, and less light have become the 
norm for us. While these conservation 
measures help, bigger savings can be 
obtained by· installing shutters and in
sulation and sealing buildings against 
air infiltration. Everyday we hear "In
sulation is cheaper than oil," "plug the air 
leaks and save oil," or some such state
ment. The financial payback for perform
ing these measures is certainly very good 
these days, particularly in the colder 
climes. Super-sealed, superinsulated struc
tures are no longer the oddity they were a 
few years back; in fact they are becoming 
the envy of those who don't have them. 

Unfortunately, the solution to one 
problem can create new unforeseen prob
lems. Plugging all the air leaks reduces 
heat loss, but keeping out the cold air 
also keeps out the fresh air. Pollutants 

. that previously escaped around unsealed 
doors and windows and numerous other 
holes in the structure now accumulate. 
Some of these are: formaldehyde from 
the glue used in particleboard and chip
board and some foam insulations; nitro
gen oxides and carbon monoxide from 
combustion (smoking can be a major 
source of NOx and CO); Radon-222, a 
radioactive gas produced by decay of 
Radium-226, which can be present in 

rock and soil, masonry building materials 
and even water and natural gas; and a 
long list of particulates and organic chem
icals from smoking, cleaning products, 
and aerosols. There is also an accumula
tion of odors, water vapor and bacteria 
(which thrive in a warm humid environ
ment) that come from living in the 
building. The water vapor itself can 
cause problems. 

The American Society of Heating, Re
frigeration, and Air-conditioning Engi
neers (ASH RAE) and the uniform building 
code require ventilation air flows of from 
five cubic feet .per minute (cfm) per per
son minimum for storage areas, corri
dors and similar spaces in public buildings 
as well as for dwellings, to 10 cfm per 
person for classrooms and up to 30 cfm 
per person for locker rooms. This trans
lates, depending on the occupancy and 
room volume, to about one-fifth of an 
air change per hour minimum for a resi
dence to as much as three air changes 
per hour for a classroom. Generally, for 
low occupant-density buildings, one-half 
to one air change per hour is more than 
adequate to prevent pollutants from 
building up indoors. Buildings with less 
than one-half air change per hour should 
be considered individually to determine 
adequate ventilation. 

Well, you may ask, why not leave a 
few holes unsealed to get just the needed 
ventilation? Theoretically a person could 

John Rezek has been with the Department of Highways, DOTPF, for ten years. 
He holds a B.S.C.E. from the University of Alaska. 
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Figure 1. Schematic of an air-to-air 
Helen Higgins.) 

do this: plug a few leaks, measure infiltra
tion and then plug some more until the 
desired infiltration is reached. It is a 
valid solution; however, doing this resigns 
one to accepting the heat loss of all that 
air. 

Another approach, one which I believe 
to be a more logical solution, is to seal 
the building as tight as possible and then 
recover part of the heat from the vented 
air by controlling ventilation through an 
air-to-air exchanger, a device which trans
fers the heat from the exhausting room 
air to the cooler incoming outside air, as 

EXITING AIR 
.......--STREAM WITH MUCH 

OF THE HEAT 
REMOVED 

HEAT EXCHANGE 
OCCURS HERE 

COLD FRESH AIR 
ENTERS FROM 
OUTSIDE 

shown in the schematic of Figure 1. Air/ 
heat exchangers have been used for some 
time in large structures such as office 
buildings and hospitals where very large 
volumes of air (20,000 to 60,000 cfm 
would be typical) must be changed to 
meet basic requirements, but until 
recently the devices had been virtually 
ignored for small structures. Now the 
same energy economics which have made 
insulation and weather sealing feasible are 
making air/heat exchangers practical for 
small buildings with minimum ventila
tion requirements. 

The State of Alaska, Department 
of Transportation and Public Facili
ties (DOTPF), has in its charge. hundreds 
of buildings throughout the state which 
fit into this category. One duty of the 
Department is to operate these buildings 
as efficiently as possible, so application 
of air-to-air heat exchangers to achieve 
the required ventilation is very attractive. 
The several small capacity (25 to 400 
cfm) heat exchanger models now com
mercially available range in cost from 
about $300 to $800 for the basic unit 
F.O.B. Fairbanks. To heat 100 cfm venti· 
lation air with $1.05/gal oil in Fairbanks 
costs about $365 per year. If 75% of that 
air could be passed through a 75% effi
cient heat exchanger, the savings would 
be over $200 per year per 1 00 cfm. Even 
without escalating the cost of fuel the 
economics look encouraging. 

However, we Alaskans have long been 
skeptical of gizmos which "look good 
Outside." Some of them just don't work 
when subjected to our winters. As a re
sult, the DOTPF Research Section, in 
cooperation with the Department of 
Mechanical Engineering of the University 
of Alaska, Fairbanks, is conducting both 
laboratory and field testing this winter of 
several small capacity air-to-air heat 
exchangers for efficiency, reliability and 
economics. In addition to the com
mercial models (Fig. 2), several units 
will be constructed at the University, 

Figure 2. Section of the Lossnay (Mitsubishi) heat exchanger element. The partitions are made of a moisture-permeable 
treated paper, which allows transfer of both the sensible heat in the air and the latent heat of moisture. The small air 
passages (equivalent diameter of 1.5 mm) ice up very rapidly when operated in cold weather, reducing air flow and efficiency. 
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Figure 3. Besant "home built" air-to-air heat exchanger is made of plywood and polyethylene film (visqueen). Heat from the exhausting 
inside air is transferred to the entering cold fresh outside air as they pass each other on opposite sides of the polyethylene film as illustrat
ed. (The variable speed fan ( 150 cfm) ,ductwork and 2" rigid insulation covering are left out for clarity.) In case of icing, the un~t can~ d~
frosted easily by reversing the air flow or by shutting it down. Condensation and defrost moisture is collected into a drain at the bottom. 

(some of which could be built by the 
do-it-yourselfer) and evaluated (Fig. 3). 

With the project just recently under
way, no final conclusions are available; 
however, preliminary results of what 
laboratory testing has been performed 
confirm that extreme cold outside tem
per~tures may render some models use
less because of severe icing, while others 
perform admirably with an occasional 
defrosting. Efficiencies measured during 
extended operation have been not quite 
as good as hoped, but from the initial 
lab results, apparently there are air-to-air 
heat exchangers for use in small struc
tures that will operate in cold conditions. 
The "in use" testing of these units over this 
winter should answer some of the ques
tions concerning reliability and feasibility. 

For those who "just can't wait" to 
install an air-to-air heat exchanger there 
are several points which must be con
sidered. First, your building must be 
well sealed. A high percentage of the 

The Northern Engineer, Vol. 12, No. 4 

ventilation air has to go through the ex
changer for the heat in the exhaust air 
to be recovered. If the house is leaky, the 
device becomes just another hole in the 
wall. On the other hand, if the structure 
is very tight with inadequate ventilation, 
perhaps only one-tenth of an air change 
per hour (ACH), the heat exchanger will 
actually increase the heating cost. For 
example: If the house air exchange was 
0.1 per hour and the residents increased 
ventilation to 0.5 ACH through a 75% ef
ficient heat exchanger, they would only 
recover the heat from 0.3 ACH and lose 
the heat of 0.2 ACH, double the original 
rate. In this case, remember that the intent 
is to get adequate ventilation in a manner 
which minimizes heat loss, not reduces it. 

Another consideration is that the cost 
of installation must be added to the cost 
of the exchanger, affecting the payback 
time. This expense can vary considerably 
depending on the unit chosen and the 
building in which it is being installed. 

Ducting may be required to collect ex
haust air from point sources of pollution 
and moisture (i.e. bathrooms, kitchens, 
workshops), and prdvislons must bemade 
to~ collect or drain the' moistur'Ei1 which 
condenses in the exchanger. When one 
chooses an air exchanger, the defrost 
cycle may have to be taken' into !!Ccount 
to determine the unit's capacity. A f50 

''· cfm exchanger that can be operated 
for only 20 hours out of the day averages 
only 125 cfm. This is usually no problem, 
since most buildings have at least one ex
tended low occupancy /activity period each 
day (and thus lower air exchange require
ments) during which the unit can defrost, 
but one should be aware of this down 
time required by some heat exchangers. 

The full report on this project's 
results should be available by fall 1981 
from the DOTPF Research Section 
(Room 101, Duckering Building/·UAF 
campus) or by mail from the Peger 
Road address on page 2 of this issue. + 
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by David Esch 

RUBBER IN PAVEMENTS FOR ICE CONTROL 

INTRODUCTION 

Roadway surface ice deposits become 
a major problem in urbanized areas with 
high traffic volumes and stop and go traf
fic movement. Costs of maintaining ice
free pavements by applying de-icing 
chemicals or improving traction through 
sand applications are very high, and justi
fy considerably increased expenditures on 
construction techniques that will produce 
ice-free pavements. 

In the late 1960s, Sweden experi
mented with including rubber particles 
in asphaltic pavements. A system in
corporating 3 to 4% by weight of rela
tively large (1/16" to 1/4") rubber 
particles into an asphalt pavement was 
developed to increase skid resistance and 
durability, and was found to provide a 
new form of wintertime ice control as 
well as a reduced noise level. The ice 
control mechanism is the flexing of the 
protruding rubber particles under traffic 
action, which causes surface ice deposits 
to break down. 

An unrelated problem, but one of con
siderable magnitude, has been the dis
posal of hundreds of millions of used 
tires which are discarded each year. The 
possibility of using this form of refuse 
for public benefit must be seriously 
considered. 

Encouraged by the successes of rubber
asphalt paving mixes in Scandinavia, the 
Alaska Department of Transportation in
stalled experimental pavement sections 
in Fairbanks during 1979 and in An
chorage during 1980, utilizing similar 
mixtures. Successes and failures of these 
experiments are discussed herein. 

BACKGROUND 

Asphalt and Rubber Mixtures 

The original development work in the 
area of coarse rubber-asphalt paving 

mixtures was performed by the Swedish 
companies Skega AB and AB Vaegfoer
baettringar. The material application was 
patented under the trade name "Rubit." 
In America, the trademark "Plus Ride" 
asphalt is now used to designate this 
material. 

Considerable experimental work and 
field trials have been performed in the 
United States, and particularly in Arizona, 
California and Colorado, on rubberized 
asphalt seal coats. These installations have 
incorporated finely ground ( - # 10 to 
+ #40) crumb rubber, reacted with asphalt 
at elevated temperatures to form a thick 
elastomeric material which is then diluted 
with 5% kerosene to aid in its application. 
As such, these installations differ substan
tially from the materials discussed. Little 
or no use of the concept of incorporating 
larger rubber particles in pavement sur

facing layers has yet been made in North 

America, but the potential savings in ice 
control costs may justify the increased 
cost of rubberized surfacings. Use of such 
surfacings on bridge decks and on insu· 
lated roadway sections should offset the 
icing occurrences commonly noted on 
bridges and sometimes found over insu
lated sections of roadway. 
Ice Control Considerations 

Using sand for ice control provides 
only temporary skid resistance, and 
sand must be reapplied often. Stopping 
distances on sanded ice are also much 
greater than on dry pavement. In addition, 
sand must be removed from gutters and 
inlets in urban areas following spring 
thawing, to avoid blocking drainage 
systems. 

Some recent analyses of the costs and 
benefits of using salt to remove roadway 
ice have indicated that the ultimate costs 
to road users may be as much as fifteen 

TABLE 1 

Recommended Specifications for Rubber-Asphalt (Plus-Ride®) 
Paving Mixtures for Different Levels of Traffic 

Average Daily Traffic 
Thickness (in.) 
Aggregate% Passing 

Sieve Sizes: 
3/4" 
5/8" 
1/2" 
3/8" 

#4 
#10 
#40 

#200 
Preliminary Mix Design: 

Rubber, %of Total Mix 
by weight 
by volume (approx.) 

Asphalt,% of Total Mix 
by weight 
by volume (approx.) 

<2500 
0.7 

100 
45-60 
25-42 
13-24 
6-11 

3.0 
6.7 

7.5 
20.2 

2500 - 1 0,000 
1.0 

100 

65-82 
27-41 
19-32 
12-24 
6-11 

3.0 
6.7 

7.5 
20.2 

> 10,000 
1.2 

100 

65-80 
47-63 
23-37 
19-32 
11-22 

5-10 

3.0 
6.7 

7.5 
20.2 

Since 1965 David Esch has been employed with the State of Alaska Department of Transportation and Public Facilities and is 
now the Chief of Highway Research. He received his B.S. degree in Civil Engineering from Southwest Wisconsin in 1963 and his M.S. 
degree in Civil Engineering from the University of Illinois in 1964. 
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times higher than the sum of the benefits. 
The major cost item in these studies- pre
mature vehicle destruction through cor· 
rosion - greatly outweighed the benefits 
of reduced roadway maintenance and 
accident costs. Salts also present the pos· 
sibility of contamination of ground and 
surface waters from roadway runoff. A 
benefit of using salt which is difficult to 
quantify, however, is the saving in travel 
time possible when roadways are free of 
ice. 
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PAVING MIX DESIGN 
CONSIDERATIONS 

Aggregate and Rubber Proportions 

From experience in Sweden, three 
different aggregate (sand and gravel) 
gradations are recommended to serve dif· 
ferent traffic levels, as shown in Table 1. 

The rubber particles used in these 
mixes are produced in roughly cubical 
form from grinding waste tires, which first 
have had the steel wires in the tire bead 

#200 #40 #10 #4 3/811 1/211 3/4 11 

SIEVE SIZE 

Figure 1. Comparative aggregate gradation curves. (Drawing by Helen Higgins.) 

Figure 2. Relationship of voids to asphalt cement. 
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area removed. The rubber may include 
some tire cord and steel fibers from the 
tire belts, and is required to meet the 
gradation specification in Table 2. 

TABLE 2 

Particle Size Specifications 
for Rubber Particles 

Sieve Size 

#4 · (4.75 mm) 
#1 0 - (2.00mm) 
#40 · (0.42 mm) 

Percent Passing 

100 
15-35 
0-6 

To those knowledgeable in the area of 
designing asphalt paving mixtures, a re· 
view of these specifications will reveal 
some critical differences between modified 
and normal pavements. The most impor· 
tant difference is indicated by the shapes 
of the aggregate gradation curve (Fig. 1 ). 
To provide space for the rubber particles, 
it is necessary to create a "gap" in the 
gradation curve for the aggregate, primari
ly in the 1 /8" to 1 /4" size range. In effect, 
the rubber particles replace the rock par
ticles which normally occupy this size 
range. Unless this gradation gap is present, 
the rubber particles will resist compaction 
of the mix during the rolling operation, 
and the resultant pavement will have 
no durability. 

Asphalt Content Considerations 

The asphalt contents recommended in 
Table 1 generally will be found to be 1 to 
2% higher than in conventional mixes. 
This higher asphalt level is believed to be 
an important factor in the durability 
of rubber-asphalt pavements. In practice, 
laboratory mixes should be prepared 
with several different asphalt contents, 
and then compacted and tested using the 
Marshall procedure (in which samples are 
placed in greased open-ended steel ring 
molds and compacted with 50 blows of 
a drop hammer on each end). Samples are 
then weighed both in air and immersed in 
water, and the percentage of voids de· 
termined by calculation. As the asphalt 
content is increased, the voids will 
decrease, as shown by Figure 2. It has been 
found critical to achieve low voids and 
thereby prevent the intrusion of water. 
The minimum asphalt content permitted 
should be that at which 3% voids is 
achieved. Some minor changes in aggregate 
gradation may be necessary if this low 
voids level cannot be attained with reason· 
able asphalt contents. 

35 



Figure 3. Feeder belt to drum-dryer, showing some rubber clumping. 

SPECIAL CONSTRUCTION 
CONSIDERATIONS 

Mixing 

For preparing rubber-asphalt paving 
mixes, use of a "batch" mixing plant is 
preferred, because the required quantities 
of rubber, asphalt, and aggregates can be 
measured exactly and added separately 
to the "pugmill" or mixing chamber. In 
this plant type, preweighed sack rubber 
can be used to advantage with quantity 
control by bag count. However, both 
continuous mix and drum-dryer mix as
phalt paving plants also have been used 
without difficulty. In these plants, the 
mixing operation goes on continuously 
rather than in batches. The rubber must be 
added continuously from a separate bin 
with a belt feed to maintain uniformity. 

Very close control of the rubber con
tent is critical to assure proper field 
performance. Mixing temperatures and as
phalt grades are similar to those for nor
mal paving mixes, with some indications 
that mixes may benefit from mixing at 
temperatures as high as 350°F. 

Placement and Compaction 
The hot paving mix is placed by normal 

paving machines equipped with full width 
screeds. Rolling should commence as 
soon as the mix will not stick to the roller 
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and should continue until the mix tem
perature cools below 140°F. Rubber 
mixes are very resilient, and rebound 
noticeably behind the roller wheels. Rol
lers may be either steel wheel static or 
vibratory types; rubber-tire rollers must 
not be used. 

Compaction to the highest possible 
density with minimal voids is essential for 
good pavement performance. When core 
samples are taken from the finished pave
ment and tested, the average voids content 
should be less than 3.5%, with less than 
5% of the samples having voids greater 
than 5%. Rubber-asphalt paving mixes 
will appear excessively high in asphalt 
content to personnel familiar with normal 
mixes, but the presence of the rubber has 
been reported to prevent the possibility 
of the excess asphalt "bleeding" from 
the mix. 

Costs 
Factors which increase the cost of a 

rubber-asphalt paving mixture over a nor
mal mix include the purchase, shipping, 
and handling of the rubber, plant modifi
cations for adding the rubber, and possibly 
some additional rolling costs. At present 
the closest rubber production is in Seattle, 
and the shipping costs are a major factor 
in the delivered Fairbanks rubber price of 

approximately 30¢/lb. The addition of3% 
rubber will increase the in-place pavement 
cost by roughly 50% in the Fairbanks 
area, for a total cost increase of $15,000 
to $30,000 per mile depending on pave
ment width and thickness. 

FIELD TRIALS: 
FAIRBANKS AREA, 1979 

Site Selections 

Two sites were selected in the Fair
banks area for the first trial installations 
of "Skega" rubber-asphalt pavement mix
tures. The first site is on a frontage road 
curve at the northeast side of the junction 
between University Avenue and Airport 
Road, referred to as the "Carnation" site 
after the adjacent Carnation Dairy ware
house. The second covers the northern 
half of a roadway insulation test site 
which was constructed in early August 
of 1968, on the Fairhill Subdivision ac
cess road a half-mile north of the junction 
of the Steese Highway and Farmers Loop 
road. 

The Carnation site was selected be
cause of its proximity to the Research 
Laboratory and the frequent occurrence 
of skidding accidents due to the very 
sharp curvature of the roadway. This 
site was designed for a pavement thickness 
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of 1% inches to be applied over the exist
ing pavement width of 33 feet. The total 
section length was 212 feet. The exist
ing pavement was constructed in 1967 
and was in good condition. 

Fairhill was selected because the 
presence of the insulation layer pro
duced significant differential surface 
icing during the 1978-79 winter, where 
the roadway was ice covered above the 
insulation but not over adjacent non
insulated areas. At Fairhill, the rub
berized pavement section was designed to 
cover the northern half of the insulated 
roadway segment. In this area the original 
·pavement was placed in 1978 and was 
24 feet wide. The total length was set at 
125 feet, including two 25-foot end 
tapers leading into the 1% inch center 
section. 

Pavement Construction 

The first Fairbanks area rubber-asphalt 
paving mix was prepared on September 4, 
1979 by Associated Asphalt Company 
from Chena River gravels. The rubber was 
supplied by the Rubaturf Company of 
Seattle. Because the asphalt plant to be 
used was of the continuous mix "drum
dryer" type, it was necessary to utilize 
the existing stockpile aggregate grada
tions. As a consequence, the final grada
tion was slightly lower (4 to 5%) than 
desirable (6 to 11%) in the dust or "fines" 
size range. No problems were encountered 
in the mixing operation except for minor 
clumping of the rubber on the feed belt 
(Fig. 3). 

At the Carnation site, the mix was 
placed at an initial temperature of 240°F 
with a tracked paver (Fig. 4) in a thick-

Figure 4. Start of rubber-asphalt paving mix placement. 

Figure 5. Spreading mix with grader at Fairhill. 
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ness averaging nearly two inches. Com
paction commenced immediately behind 
the paver except for an initial delay from 
concerns over the roller picking up the 
mix. Compaction continued ~ntil the 
pavement had cooled below 120° F, with 
minor rebound still apparent at that 
temperature. At this site, the final voids 
contents ranged from 2.3 to 7.0% and 
averaged 4.6%, slightly higher than the 
desired average of 3.5%. 

At the Fairhill site, the mix was 
truck end-dumped after an RC-800 as
phalt tack coat had been applied first. 
Placement was performed with a road 
grader rather than a paver (Fig. 5), to 
evaluate the ease of placing this mix with 
minimal equipment. Unfortunately, the 
mix proved too sticky for good laydown 
by this method. The resultant manipula
tions and delays in final leveling of the 
mix caused it to cool too much for good 
compaction. Field voids at this site there
fore averaged 9%, which proved to be 
too high for good durability. 

FIELD TRIAL: 
ANCHORAGE AREA, 1980 

Three trial sections of rubber-asphalt 
pavement were included in the contract 
for the 1980 Old Seward Highway re
paving project (State project No. X-
14490). To investigate the effects of a 
range of rubber contents on performance, 
provisions were made to place pavements 
having rubber contents of 3, 3%, and 
4%. All of these rubber-asphalt sections 
were placed on the Old Seward Highway 
after a leveling layer of normal asphalt 
pavement first was placed on top of the 
existing old and deteriorated pavement. 
The 3%% rubber section ran from just 
south of Dowling Road to 71st Avenue, 
with 3% rubber from 71st to 79th, and 
4% rubber extending from 470 ft. north 
to 250 ft. south of the O'Malley inter
section. 

Traffic volumes on this road are much 
higher than on the Fairbanks sections, 
averaging 9500 vehicles per day. Prelimi
nary mix designs were prepared for each 
rubber content, and indicated that the 
original project gradation needed modi
fication to reduce total voids to accept
able levels while retaining some stability. 
Based on this testing, an increase in the 
dust content of the mixes to 8% was 
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Figure 6. Batch mixing plant; note crew unload
ing rubber onto conveyor. 

Figure 7. Rubber mix immediately behind laydown machine. 

recommended, which reduced the recom
mended asphalt content to 6.6% for all 
rubber contents. 

The rubber-asphalt paving mixes were 
prepared on June 14, 1980 in a Standard 
Steel batch plant, with the rubber added 
by manually breaking the 52 lb. bags into 
a hopper at ground level, and feeding it 
into the mixing chamber by conveyor 
(Fig. 6). 

All three different paving mixes were 
placed with a tracked Barber Green paving 
machine (Fig. 7), and compacted with a 
minimum of two passes of a vibratory rol
ler, followed by two passes of a 12-ton 
steel-wheel roller. Temperatures of the 
3 and 3%% mixes varied from 240 to 
280°F at the time of laydown. However, 
due to equipment and traffic problems, 
the 4% mix placement was delayed for 

several hours, and the mix had cooled 
excessively before it was placed. 

Pavement cores taken shortly after 
placement showed the 4% rubber section 
to have field voids of around 12% com
pared to a desirable average of 3%%, and 
ravelling and potholing began to occur 
several days after placement. On the 
3 and 3%% rubber mixes, field voids 
averaged 7.5%, still much too high for 
good long-term durability. 

PERFORMANCE OBSERVATIONS 

Fairbanks 

Visual surface ice observations were 
made during the winter of 1979-80, in an 
attempt to determine the percentage of 
time in which the rubber would benefit 
motorists. Some benefits of the rubber 
were noted during October when freeze-

TABLE 3 

Date 

2/15/80 
2/15/80 
2/19/80 
2/19/80 
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British Portable Friction Tester Measurements 
on Carnation Field Site Under Icy Conditions 

Air Percent of Dry Pavement 
Temperature Pavement Type BPN @6fiJF 

+14°F Rubber 46 65 
+14°F Normal 35 49 

+5°F Rubber 94 99 
+5°F Normal 49 52 

up was occurring. From November 
through early February, however, most of 
the roadways in the Fairbanks area re
ceived a cover of ice and packed snow 
caused by abnormal freezing rains in 
November. This ice cover at first ex
ceeded a half inch in thickness, and the 
rubber-asphalt pavement showed no bene
fit. By mid-February, tire studs and sand 
abrasion had removed the ice cover, and 
benefits of the rubber were again noted. 
A British Portable Friction Tester was 
obtained on loan and was used for occa
sional verifications of observed friction 
levels. This apparatus uses a weighted 
pendulum with a 3" wide rubber foot 
which sweeps across a 5" length of the 
pavement surface. The test result is a 
number (BPN) which reflects the height 
of the pendulum upswing after the foot 
sweeps the pavement surface, with test
ing under method ASTM E303. It became 
apparent from the field testing that the 
rubber sections did not have to be totally 
snow- or ice-free to show increased friction 
levels. Results of some typical field tests 
are shown by Table 3, with friction levels 
calculated as percentages of dry pavement 
friction at 68°F. 

By February 19th, the ice cover was 
gone from the rubber section, but re-
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mained on the normal pavement near
by until the end of February 1980. 
During March and April, all pavements 
in the Fairbanks area remained gen
erally ice-free, and little further data 
could be obtained. 

Because of the very low densities 
achieved at the Fairhill site, some pave
ment ravelling occurred. Snow also packed 
into the surface voids and created an ab
normally high surface bond. For these 
reasons, observations of the Fairhill site 
have been discontinued. The Carnation 
test site has also proven less than ideal 
for measuring differences in surface 
friction. Because the site is on a very 
sharp slow-speed curve, traffic tends to 
converge into one lane to hug the inside 
of the curve. Speeds are also so low that 
snow is not blown from the pavement 
by traffic-generated air movements. 

In spite of these factors, which make 
comparisons with normal roadways diffi
cult, public reaction to the rubber section 
has been favorable. In summary, the 
1979-80 winter performance at the Carna
tion site was as follows: 

1. No skidding incidents where vehicles 
left the roadway have been noticed 
on this corner since the end of the 
first snowfall. Skidding off the road
way was commonly noted at this 
point in prior years. 

2. Improved traction was often notice
able over the rubber area during 
this winter. 

3. During much of the past winter, 
thick ice deposits resulting from 
abnormal November rains totally 
covered the roadway and no bene
fit from the rubber could be noted. 
This ice was controlled by frequent 
sanding. 

4. Driver comments by area residents 
have indicated that the improved 
traction was detected by people 
not aware of the rubber-asphalt 
test. 

Anchorage 

The durability of the high-voids rubber
asphalt pavement placed on the Old 
Seward Highway in June of 1980 was 
very low, particularly for those sections 
having rubber contents above 3%. Ravel-

The Northern Engineer, Vol. 12, No. 4 

ling commenced soon after placement, 
and it was necessary to patch and even
tually pave over the 4% rubber area. The 
center two-thirds of the roadway width 
over the 3%% rubber area also required 
repaving during September of 1980. Ob
servations for surface ice differences will 
still be possible during the 1980-81 winter 
on the 3% rubber section and on the out
side wheel path areas of the 3%% rubber 

section. 
It must be remembered that the sec

tions constructed to date have been very 
experimental, and some failures must be 
expected on first trials. Analyses of fail
ures provide the key to future successes. 

THE FUTURE 

Personnel of the Alaska Department of 
Transportation are generally cautiously 
enthusiastic about the future use of rub
ber in asphalt pavements. We believe that 
the reasons for the deterioration of those 
failing trial rubber-asphalt pavements 
have been determined and documented. 

Asphalt contents and compactive efforts 
must both be high enough to assure low 
field voids. Additional pavement trial sec
tions are necessary to evaluate fully the 
benefits of rubber-asphalt mixes and to 
develop further the proper specifications 
for assured success. 

During 1981, a total of 650 linear 
feet of 1 %" thick rubber-asphalt pave
ment is to be placed in the Fairbanks area 
around the junction of Peger and Van 
Horn roads. This section will allow good 
observations of pavement performance 
under intersection braking and turning 
movements. On the Upper Hoffman Road 
project in Anchorage, approximately 5300 
linear feet of newly placed asphalt pave
ment will be surfaced with %inch of rub
ber-asphalt pavement similar to the low 
traffic mixture in Table 2. On this road
way section the grades are as steep as 12 
to 14%, and hazardous ice conditions 
have been very common. Rubber may 
provide the ideal solution to these road
way problems. + 

Roads for Alaska's future: A test patch in Scandinavia shows conspicuous success. 
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