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EDITORIAL 
by 

Vincent S. Haneman, Jr., P.E. 
Dean, School of Engineering 

The progress ofengineering and its impact on the standard of living has always been a 
critical element in the mission of the School of Engineering. The distribution of ideas, 
placing ofconcepts, and implementation ofmethods to better resolve limitations is the goal 
ofthis school and this magazine. 

To that end, we are striving to provide you with a vehicle to bring engineering to the 
fore-material with a particular emphasis or application to cold regions. Our last issue 
contained a survey. I urge you to complete it and return it to us so that we may serve you 
better. At the same time, articles, based on your experiences with cold regions engineering, 
are needed to bring the latest knowledge available to other practicing professionals. 

Significant research is being conducted at the School of Engineering in a number of 
areas that may be ofinterest to you. Your response to the survey and the interest it generates 
will help us determine whether researchers should be encouraged to provide us with 
progress or interim reports on their research activities. Research currently underway 
includes: design ofculverts to promote fish passage; geofabrics to improve road stability; 
arctic watershed runoff prediction; an herbicide study; and diesel generators for remote 
power production. 

I would like to update you on one particular research project. The Spring 1987 issue of 
TNE contained an article dealing with the possible use ofirradiationfor food preservation, 
especially as it applied to Alaska. The Phase I report was submitted to the Governor of 
Alaska in December 1988 with the recommendation that the investigation continue into 
Phase II for further study. Phase II would involve development of a research facility to 
further evaluate the process. Federal funds were already earmarked for this facility and the 
program could have continued to provide answers necessary for a final decision on food 
irradiation. Unfortunately, Governor Cowper was placed under intense political pressure 
with the result that the decision was made not to proceed with the project. Food irradiation 

. research in Alaska has been terminated with some critical questions left unanswered. 

The economic potential offood irradiation to the State ofAlaska's various industries 
was substantial. I feel it is unfortunate that the study was discontinued before it reached the 
point where hard decisions could be made on the basis offactual data. The long-term impact, 
in pushing the frontiers of the application ofscience, is considerable. It now appears that 
the study ofnew concepts can be terminated on an emotional basis rather than on logical 
and substantive data. 
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CIRCUMVENTING COLD REGIONS CLIMATE BY 

CONCRETE CONSTRUCTION INSIDE A THREE ACRE 


TRANSPORTABLE AIR STRUCTURE 

by 

Alfred R. Mangus 

'The dust ofhard work hung heavy in the air. 
The pressurized tent muffled the loud sounds of 
construction, giving the atmosphere a su"ealistic 
feeling; as if it belonged more on some distant 
moon ofMars than tucked away in the woods of 
Eklutna. Then, suddenly, POP! a large crane 
punctured a hole in the ceiling. The cold air came 
rushing in, reminding workers and visitors alike 
that this was a temporary world. rr10 

Using 1980s state of the art construction technology for 

cast-in-place concrete during subarctic conditions, what is the 

most economical way to build several facilities spread out over 

an area 300-feet by 380-feet? 

Goentzel Builders, Inc., an Anchorage, Alaska based con

struction firm (100 employees), had to solve this question 

during the summer of 1985. The firm was awarded the sub

contract to build the concrete portion of the facilities for an 

expansion of the Point Woronzof Wastewater Treatment Plant 

for the Municipality of Anchorage's Water and Wastewater 

Utility (AWWU). Due to the size of the project discussed, only 

organizations participating in transportable tent technology will 

be featured. 

The first patent (British #119339) for an air structure build

ing was issued in 1917, a spin-off technology from the 

dirigibles ofWorld War 1.1Air structures have evolved, becom

ing more materially efficient with sophisticated synthetic 

fabrics and computers to perform design and shape calcula
tions_2.3,4,5,6,7 

The AWWU held several public relations seminars during 

1984/85 to describe long-range conceptual plans for the Eklutna 

Water Project featuring several large cast-in-place concrete 

facilities to be constructed in the late 1980s. The desired con

struction enclosure would: 

• 	 Be a transportable facility. 

• 	 Be structurally sound-complying with the 
Uniform Building Code as amended by the 
Municipality of Anchorage and OSHA. The 
facility would withstand wind loading, snow 

loading (40 pst) and not exceed safe working 
stresses, so it could be used for many years. 

• 	 Have a low initial cost-since money to purchase 
the facility would have to be borrowed, no waste 
of materials must exist. 

• 	 Be reusable, with standard components, 
incorporating into the design and shape the ability 
to enclose the future Eklutna Water Treatment 
Facility and any other future cast-in-place 
conventionally reinforced construction projects. 

• 	 Ensure future winter work, making year-round 
employment possible. 

• 	 Produce the highest quality work possible. 

• 	 Generate positive publicity for the chosen firm. 

After studying the site layout at Point Woronzofand contact

ing several manufacturers of air structures for bids, Air Tech 

Division (ATD) was selected to manufacture the "Goentzel 

Tent" This firm had manufactured more facilities, operating in 

heavy snow regions such as Colorado, Alaska and Canada, than 

any other organization. 

An 80-foot-high by 400-foot-long by 330-foot-wide (clear 

span) tortoise-shell shaped air structure was purchased from 

ATD after many hours of planning and discussion (see Fig. 1). 

The primary structural element was a network of steel cables 

(wire rope); synthetic fabric was the secondary structural ele

ment The large load-bearing cables, spanning the 330-foot 

{clear span) width, have Uniform Building Code design loads of 

30,000 pounds tension, calculated by AID's computer pro

gram. These primary cables were spaced six-feet apart at the 

tent perimeter along the 400-foot sides of the air structure. The 

300-foot ends have only three rows of "spacer" cables, which 

served a function similar to that of bridging in a framed struc

ture. 
A foundation system, made of conventionally reinforced, 

precast concrete, anchor blocks was selected during 12 hours of 

meetings between A TD designers and Goentzel staff. The as

sumption was made that the air structure would always be 

erected around an excavated site or "hole," therefore, the ex

cavated soil would always be available as a dead load mass to 
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Figure 1. Air structure used to build the Point Woronzof A WWU Wastewater Treatment Plant. 

Note the 60ft. long white vehick air loclc on the right side ofthe figure. 


anchor the enclosure. The concrete anchor blocks connected the 

tent forces and the soil mass to the ground anchors and stakes, 

transferring the forces into the earth. 
There were 56 large (seven-foot-wide by twelve-foot-long) 

and 52 small (four-foot-wide by twelve-foot-long) concrete 

anchor blocks for the structure's foundation. The conventional
ly reinforced concrete anchor blocks have the following unique 

features: 

o 	 Specially shaped bottom surfaces for increased 
traction (sliding friction). 

o 	 Patterns of anchor bolts for a steel framing 
clamping system to attach fabric perimeter. 

The large concrete anchor blocks also have: 

o 	 Guide, or alignment pipes at the seven-feet-wide 
ends of the blocks. 

o 	 Embed plates for the cable steel link bars. 

o 	 Patterns ofanchor bolts for "split T" connectors to 
shackle screw-in ground anchors. 

o 	 Steel pipe embed sleeves to guide steel pipe 
stakes. 

Further: 

o 	 The actual length of the concrete anchor blocks 
was 11.11-ft 11-in. but they were placed 
twelve-feet center to center, leaving a two-inch 
gap between adjoining blocks. This gap allowed 
the blocks to be placed on uneven ground surfaces 
and spaced for alignment. When the concrete 
anchor blocks were poured, they varied nominaly 

in thickness from 12-inches to 13.5-inches with a 
bottom corrugated surface pattern designed to 
increase traction (sliding friction) to resist 
horizontal sliding. The corrugated pattern was 
formed by rows of nominal two-inch by four-inch 
boards; five concrete blocks were cast at a time. 
This concept was suggested by ATD design staff; 
the site cast forming system was developed by 
Goentzel Builders (see Figs. 2 & 3). Workers 
coordinated or integrated the construction 
sequences of the permanent cast-in-place 
wastewater treatment plant construction with the 
air structure foundation fabrication. 

o 	 Air structures are really just big balloons and any 
leaks must be sealed. A steel framed clamping 
system for attaching the fabric to the concrete 
anchor blocks was developed. It was bolted to the 
concrete anchor blocks with some pattern of 
anchor bolts cast in the concrete. 

o 	 Alignment pipes are at the center of each end of 
the large anchor blocks. One end has a male steel 
pipe with a closure plate cast into the concrete. The 
opposite side of the block has a large diameter 
steel pipe (female). The alignment pipes give 
workers a method of laying out the foundation and 
reduce the possibility of progressive failure. This 
simple looking concept is shown best in Figure 4. 

o 	 A steel link bar, four-inches-wide by 50-inches
long, was located in the 36-inch-deep soil backfill 
and connected the embed plate to the 3/4-inch 
diameter air structure cable. Only the last 
five-inches of the link bar protruded from the soil 
backfill mass to be shackled to a cable wire rope's 
swagged eyelet A large 1.25-inch diameter bolt 
connected the link bar to the embed plate (see Fig. 
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5). To transfer loads into the concrete anchor 
block, eight rebar dowels were positioned through 
holes drilled through the embed plate. 

• 	 Two manufactured ground anchors per large 
concrete anchor block were provided to achieve 
the desired safety factor in uplift It was more cost 
effective to purchase one of the ground anchor 
systems than to add height to the three-foot 
backfill. Patterns of four anchor bolts were cast 
with concrete to allow steel "split Ts" to be bolted 
to the concrete. The ground anchors were literally 
screwed into the ground, but had a tendency to 

drift. Thus the double shackle (universal joint) is 
an excellent connection (Fig. 6). 

• 	 Every large concrete anchor block was cast with 
four 15-inch-long, seven-inch-inner diameter 
steel pipes (surplus well casings). Each steel pipe 
had two rebar dowels welded to it to bond the 
concrete. These sleeves were guides for the 
open-ended six-inch standard pipes which are 
giant four-feet-long tent stakes. A steel-lined 
guide hole would be more durable to abrasion 
from years of installation and removal of the steel 
pipe stakes. An eight-inch square steel plate was 

Figure 3. SmaU concrete anchor block picking insert, designed by 
author, features two identical rebars with 90° bend and ACI1800 
hook at ends. Rebar was placed in pyramid shape and was tack 

welded at point which protruded above concrete surface. The white 
powder seen in the form is frost. 

Figure 2. Timber casting bedfor concrete anchor blocks located in 
contractor staging area at Point Woronzof property. Wood 2 x 4 
studs were laid flat to form cleated surface in bottom ofblocks. 

Figure 4. Close-up ofthe female end ofa large concrete anchor 
block. Steel pipe with welded plate receives male end ofanother 
large anchor block. Cleated bottom surface was used to increase 

sliding friction. 
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welded to the top of each stake which was driven 
with the bucket (giant hammer) of a backhoe. If 
longer or thicker wall pipes were needed in the 
future, they would work with the steel sleeves 
(Figs. 7' 8, & 9). 

A field survey crew set the tent corners and the concrete 

anchor blocks were positioned using a flat-bed trailer, Lorrain 
crane, FMC Linkbelt, Bobcat and a crew of four. The three-foot 

backfill was placed with a John Deere 450, two dump trucks 

and a Bobcat. 

Figure 5. Dollor bill gives scak to embed plate for link bar attoch
menL Bolt is 1.25 in. diameter and embed plaJe has 8 holes with 8 
trt~nverse rebar through it to develop 30 kip tension force. Since 
each large concrek anchor block luul two embed plaJes they were 

used to pkk up the blocks with a crt~ne. 

Figure 6. Close-up of"Split T" using double shackles to attach 
ground anchor shaft to large concrete anchor blocks. Wire rope 

was added by Goentul Builders at south face ofair structure where 
ground anchor installation was prohibited by the Municipality of 

Anchorage's engineering consuliiJnts. 

The air structure was ordered with six escape openings, one 

personnel air lock (two openings with fabric boots) and one 

vehicle air lock (also with two fabric boots). A boot is a fabric 

tunnel between the sloping tortoise-shell shaped air structure 

side and the rectangular box shaped air lockS. Air locks are used 

to minimize air pressure loss. Each air structure was custom 

manufactured to the owner's needs and local building code 

requirements. The escape openings are three-foot-high oval 

openings with fabric-reinforced sewn edges. A flap of material 

hangs down to seal off at the bottom edge with velcro. Air 

Figure 7. Genert~l contractor excavated construction site to 35ft. 
below the existing ground leveL FlaJ bed trailers were used to 

transport anchor blocks from the casting sit. to the crt~ne lifting 
point. Blocks were positioned around the perimet.r ofsite and air 

structure. Figure is looking west at Fire Island. 

Figure 8. Southwest corner ofair structure. Concrm anchor 
blocks were placed on the grt~ss lawn and through the maze ofexist
ing treatment plant facilities. Backhoe bucket, to left, was used as a 
big hammer to drive 6 in. standard pipes (stakes) into the ground. 
Stake sleeve pipes are on right side ofthe block. Block stakes can 

be seen in rear ofthis figure. 
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Figure 9. The portable foundation system consisted ofconcrete 
blocks with 3 fL ofbaclif"dl. "Split-Ts" to left have ground anchors 
connected to them. Main tent cables connect to 4ft. long steel link 
bars andfabric edge clamps to top ofsteel framing on right. The 

steep 30ft. blufflimited positioning oftlu! air strru:ture. 

pressure seals off the material so that leakage is minimized. 
When exiting, the 5 psf air pressure will blow your hard hat off 
your head and send it flying six- to seven-feet in front of you. 

There is no discomfort in entering or exiting the tent; it is like 
walking into a very strong wind. The structure was ordered with 

extra openings, plus boots. A solid piece of fabric was laced 
across the opening at unused extra boot locations where there 

was some minute air pressure loss. After the air locks were 
connected to the boot, the fabric door was unlaced. 

Two large boots were ordered and fabricated on the center of 
each 300-foot side of the structure for alternate air lock loca

tions. An air lock can be relocated at anytime providing for 

future use at new sites and allowing for flexibility. This struc

ture was manufactured with two small boots for personnel air 
locks. The personnel door was ordered with a unique hinged air 
release panel, instead of the standard revolving door option, to 

allow long objects to be carried into the facility. 

The air locks were manufactured by Kirk & Blum of Lexi

ngton, Kentucky, except for the fabric covers, which were 

provided by A TD. One personnel air lock and a 60-foot-long by 
20-foot-high by 20-foot-wide vehicle air lock with a 14-foot by 

14-foot clear doorway were purchased with the structure. The 

metal garage doors supplied did not have sufficient structural 
strength for the constant 5 psf air pressure; they lasted about a 

month. A new, stronger pair of garage doors, such as those used 
in hangars and bus maintenance facilities, were purchased from 

Overhead Door of Anchorage, Alaska. Every air lock had two 
doors, one at each end, so only the volume of air in the air lock 

Figure 10. A trailer carrying two sections of84 in. diiJmeter con
crete sewer pipe inside the 60ft. long vehicle air lock. The 

workman to left is opening the inner roU-up 14 x 14ft. door to inte
rior ofair strru:ture. 

was lost during entering or exiting. The size purchased allowed 

all the special concrete construction equipment inside via the air 
lock. This included a concrete pump truck, concrete mixing 

trucks, cranes, pick-up trucks and flatbed trailers transporting 
material such as concrete sewer pipe (Fig. 10). Four thousand 

cubic yards (3,000 cubic meters) of concrete was placed during 

air structure inflation.9 

This structure was fabricated in nine sections, rolled up and 

shipped to the site. A bundled section, about the size of a 
five-foot cube, was easily transported by an all-terrain forklift. 

ATD's method of connecting fabric sections is a shiplap joint 
with a continuous row of one-foot-long bolted aluminum 

clamps, about 3000 clamps total. Every section is actually com
prised of numerous pieces dielectrically heat-sealed together 

into curved shapes in three dimensions. The synthetic fabric 

was a translucent white vinyl-coated polyester, weighing 28 

ounces per square yard. A small heating/patching iron was 
provided to seal any tears that occurred during the laying and 

pulling of the fabric across the rough ground. 
The translucent white material allowed illumination from 

daylight; at night or on cloudy days twelve lighting masts 

equipped with I 000 watt bulbs were pointed at the material, 
providing reflective lighting. 

The tent was inflated with 3-five million BTU/hr natural gas 

heaters which provided warm air to heat the structure and main-
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tain inflation. Natural gas was chosen for economic considera

tions due to the close proximity of the site to the Cook Inlet 
Natural Gas field. Diesel-powered electric generators were used 

for backup. 
According to the State of Alaska's OSHA field inspectors, 

one of the leading causes of Alaskan construction deaths is 
carbon monoxide poisoning in small homemade construction 
covers or tents. This silent, odorless killer was monitored three 

ways. The general contractor used an electric L.E.D. carbon 
monoxide monitor (about $600 retail) that displayed red digital 
numerical readings in parts per million (ppm). Goentzel used a 

bellows system with glass encapsulated test cartridges, as did 
the OSHA field inspectors. These cartridges contain materials 
that change color when exposed to carbon monoxide. The bel
lows (about $300 and for C02, about $1.50 each) is more 

precise, but only takes a reading for a specific time or test. A 
cartridge must be used for each reading. The bellows were used 
to monitor carbon dioxide with the appropriate cartridges, and 
are available for most common gases. Carbon dioxide is one of 
the main components of diesel-powered equipment exhaust. 
The number of strokes on the bellows varies with the gas being 
monitored. The third method used was plastic warning badges, 
which hold a pellet that changes color if carbon monoxide 
exceeds 50 ppm. The warning badges sell for about $5.00 each; 
all three methods have a shelf life of about a year. 

OSHA limits for activities under sustained exposure to carb
on monoxide is 50 ppm. Even though clean burning (com
pressed natural gas) propane vehicles exist, conversion of 
specialized construction equipment is cost prohibitive. There
fore, the structure must be equipped to exhaust polluted air from 

the structure. Most air structures recycle the air since they are 
used by few occupants. Contractors should verify that an ex
haust system is part of the facility design and included in the 
contract with the manufacturer. 

HISTORY OF THIS AIR STRUCTURE 

September 16-17, 1985-Contract signed between Goentzel 
Builders, Inc., and the Air Tech Division. Technical design 
criteria and air structure configuration determined. 

September 23, 1985-Concrete anchor block components or
dered. 

October 3, 1985-Concrete anchor block fabrication begins. 

October 22, 1985-Ground anchor installation begins. 

November 11, 1985-ATD field representative arrives and 
fabric unbundling and stretching-out begins next day. 

December 4, 1985-Air structure is inflated in seventy minutes. 

December 31, 1985-New Year's Eve snowfall of fourteen 
inches of heavy, wet snow. Air structure safely functions while 
Goentzel employees enjoyed the holiday night and next day off, 
free of work worries. 

Spring 1986-Hoffman Construction Company of Alaska's 
project manager, Keith Boersma, watches air structure opera
tions at Point W oronzofWWTP. He decided that Hoffman could 
use the tent for the cast-in-place conventionally reinforced con
crete construction of the Eklutna Water Treatment Plant during 
the winter of 1986-87. 

June 1986-Air structure deflated by Goentzel Builders, Inc. 

July 1986-Hoffman Construction Company of Alaska pur
chases air structure from Goentzel Builder's, Inc. The author is 
retained to provide installation advice and stamped structural 
calculations for the installation at Eklutna. 

August 1986-All tent components, including concrete anchor 
blocks (13,000 pounds each) transported by truck and flatbed 
trailer 35 miles from Point Woronzof site to Eklutna site. East 
portion of cast-in-place concrete structure of the Water Treat
ment Facility built to serve as foundation for east end of air 
structure. Soils consultant retained and recommends purchasing 
different ground anchors. Ground anchors from Point Woronzof 
could not be reused. 

September 1986-Air structure inflated. 

November 14, 1986-Photo of air structure's interior in the 
Anchorage Times. 

December 1986-Air structure featured in local evening TV 
news broadcast. 

January 11, 1987-SundayAnchorage Times features air struc
ture on front page. High temperature was 10<>p and low tempera
ture was -5<>p. Sunrise at 10:02 a.m. and sunset at4: 15 p.m. with 
6 hours Jlnd 13 minutes of daylight recorded on newspaper 
banner.1 

May 1987-Air structure deflated and stored. 

December 17, 1987-Entire air structure system, including 
concrete anchor blocks, advertised for sale by Hoffman Con
struction Company on page 152 of the Engineering News Record 
magazine. Sales price is $270,000 (U.S.) F.O.B. Anchorage, 
Alaska. 
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CONCLUSIONS 

Positioning the air structure at the Point Woronzof Was

tewater Treabnent Plant was complicated because it had to be 

located through a maze of existing cast-in-place concrete 

facilities to the south and a 30-foot-high bluff to the north. Also, 

the air structure and construction activities were not allowed to 

interrupt the activities of city employees operating the WWTP. 

Goentzel Builders, Inc. was one of the five main subcontractors, 

so impact on the other firms' construction activities had to be 

coordinated. One advantage was that the general contractor 

would pay utility bills to operate the structure. Disadvantages 

included fall-winter installation and frrst time installation ex

perience. 

The installation at the Eklutna Water Treabnent Facility was 

easier because the new owner was also the general contractor 

and the Municipality of Anchorage's engineers and engineering 

consultants were familiar with the tent's use at Point Woronzof. 

Since the site was formerly wilderness, the air structure could 

be positioned as desired; the tent was installed during the sum

mer, so employees were more productive and efficient; and 

fmally, the professionals involved with the six-month inflation 

of the air structure at Point Woronzof were available for con

sultation. 

At both sites, the bottom elevation of the conventionally 

reinforced cast-in-place concrete structures was about 35-feet 

below fmished grade of the ground surface (grass lawn, or the 

bottom face of the concrete anchor blocks). Very few heavy 

vehicles, especially construction equipment, can drive up 

grades steeper than 10% on dirt ramps. For this reason, an 

exterior dirt ramp led into the air structure and the vehicle air 

lock was installed below the tent concrete anchor block eleva

tion. Therefore, the vehicle air lock was never attached to either 

fabric boot at both sites. By coincidence, the vehicle air lock 

was located on the east side of the tent at both sites. At Point 

Woronzof a steel framing system, designed by the author, was 

constructed to support the east base of the air structure. 

The welded steel solutions evolved in a fast-track, 

design/build process. The structural loading was provided by 

ATD's computer analysis of the tent using uniform building 

code wind and earthquake formulas. The clear span over the 

Grit Removal Facility began as 55-feet and increased to the 

desired span of 85-feet. The biaxial bending combined with 

torsional loading resulted in the box configuration of the beam. 

The top elevation of the box beam was limited by the elevation 

of the remainder of the tent, while the bottom had to clear the 

top of the Grit Removal facility to be constructed for the sewage 

treabnent plant. The most economical solution was to weld the 

box beam out of stock plates from various steel fabricators' 

inventory in Seattle. The standard stock size plate of 0.875-in

ches by eight-feet by 20-feet would be cut into four plates to 

form a 20-foot-long box section. The total length was a con

tinuous 180-feet, with three unequal spans. The nine stock 

plates were shipped to Alaska after being cut into 36 pieces in 

Seattle. They were then welded at a shop eight miles from the 

construction site. Structural pipe and casing were available at 
very economical prices due to oil industry activity in the state. 

The pipe section was very efficient for the torsion loadings at 

tent comers and A-frames supporting the center of the box 

beam. Since foundation construction did not begin until 

November, the ground was subject to freezing, so driving 10

inch diameter pipe piles proved to be more economical than 

concrete mass footing. Fabric was purchased to seal off the area 
between the bottom of the box beam and the irregular ground 

elevation of the east side. 

The 180-foot-long continuous box beam had spans of 85

feet, 28-feet and 65-feet. Welding was used to join box sections 

into a continuous beam, which allowed the exact position of the 

frames to be site-located. Welding foreman Larry Griffen sug

gested the tongue and groove field-weld joint system by offset

ting web plates from flange plates during shop welding. A 

come-along was used to pull the sections together. Bolted splice 

joints would have had the disadvantages of leaking tent air 

pressure and allowing rain and snow run-off to enter the box 

beam. To size bolt connections, their precise location had to be 

known in order to determine the combinational effects of shear, 

moment and torsion. The staff of Goentzel Builders had to 

field-locate supports away from the activities of other sub

contractors. Design stresses in the box beam were limited to 

only 16,430 psi maximum stress, in accordance with AISC 

unbraced beam formulas for A36 steel. The 28.2-inches wide, 

286 plf box beam shape could also serve as an access walkway 

during and after erection with the minor cost of a handrail 

system. 

After the piling was driven, steel pipe frames were welded 

together. The 20-foot-long sections of the box beam were 

welded into one 100-foot segment and one 80-foot segment. 

The two segments were moved by two cranes and a bulldozer 

into final lifting by the large Lorrain crane. 

The box beam was field-welded to tab plates bolted to the 

pipe frames. The frames are subjected to tension and compres

sion loads only, making the pipe section the most cost-efficient 

choice. It took a crew of ten from November 12, 1985 until 

December 3, 1985 to install the tent fabric and cable system 
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covering an area of three acres, but took only 70 minutes to 

inflate the tent on December 4. The welded steel solution 

received a merit award from the James F. Lincoln Arc Welding 

Foundation in the 1987 National Awards competition. 

In January 1986, the annex tent framing was built out of 

seven-inch surplus well casing and 3/8-inch diameter wire rope. 

A pyramid-shaped frame was built out of the pipe. The west end 

was welded to the box beam system; the east end used surplus 

concrete blocks from the main tent. The pyramid shape allowed 

the welder to construct the frame in the field without precise 

dimensions from the engineer-surveyor. The pipe section was 

the best selection again because the pipes are subjected to 

compression plus bending during erection. After inflation, the 

pipes are subject to tension-bending loading. The steel wire 

ropes were installed in a hip roof framing pattern which could 

be field-measured and then cut without the designer's presence. 

Cables were attached to the pipes with tab plates field-welded to 

the pipe and aligned to minimize bending stresses on the pipe. 

Hoffman Construction Company of Alaska's project 
manager, Keith Boersma, eliminated the steel framing system at 

Eklutna. A portion of the water treatment facility conventional

ly reinforced cast-in-place concrete structure was built prior to 

tent installation. A 16-foot gap, or construction break, was left 

to permit vehicular traffic into the structure. This gap was 

sealed off with additional materials to maintain proper air pres

sure. The vehicle air lock was installed east of the gap. The 
author was retained to provide stamped calculations 
demonstrating that the cast-in-place permanent concrete struc

ture would not be overstressed during the anchoring of the air 
structure. Calculations were submitted by Hoffman Construc

tion for review by the consulting engineers retained by the 

Municipality of Anchorage. 

Inflation or deflation of the air structure is the most critical 

stage for this type of facility. Wind speed should be under 10 

mph because the entire steel cable system must be under tension 

for structllfl;ll stability. High winds can damage the structure 

during this transition period. The spider's web of cables is taut 

only when the air structure is at the correct inflated pressure. 

One of the contractor's duties during inflation is to prevent the 

cables from becoming entwined. Similar to an air mattress, the 

structure enlarges at the side closest to the inflation units. The 

far side lies on the ground while the other side nears operating 

pressure. Pressure losses occur because it is impossible to have 

a perfect seal. It seems incredible, however, that personnel can 
walk up and over an inflated air structure, literally walking on 

air. 

Figure 11. Employees attaching padding to one oftwo tower cranes 
inside air strucure. Cranes were used to Uft the pre-tied rebar m4ls 

andform work into place. 

Another problem faced by contractors operating equipment 

inside a fabric air structure, is punctures or tears in the material. 

Prevention (Fig. 11) was attempted, but failed, according to a 

newspaper account. 

The tent was a technical success, demonstrating that it could 

become another piece of cast-in-place concrete construction 

equipment-engineered to be efficient, durable, reliable and 

transportable, anchored by large precast concrete blocks. A key 

employee of the engineering consultant firm (a University of 

Alaska Fairbanks graduate) published the following thoughts: 

"The tent performed as expected. Crews were 
exceptionally productive and maintained high 
morale because they did not have to be content with 
inclement weather, poor lighting and winter cloth
ing, and their concrete work was of good quality. 
The shadow{ree, reflected illumination eliminated 
the normal strain of working at night under artifi
cial lighting. It also proved ideal for inspections 
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because there was no problem of dark shadows 
contrasting with harsh lighting." 9 

Fabric tension structures are being built in numerous loca

tions. Air structures are becoming more common as construc

tion enclosures for cast-in-place concrete construction. The tent 

featured in this article had a surface area of approximately three 

acres, eclipsing the two-acre record held in Alaska. Larger air 
structures have been fabricated, but no manufacturer has a com

pletely modularized system yet. The famous British Bailey 

Bridge of World War II achieved its status because it utilized 

only standardized components. The two main components of an 

air structure-the fabric shape and cable lengths-are unique to 

each facility. When interchangeable parts are developed for air 

structures, more contractors will purchase these facilities to 

create a controlled climate for cast-in-place concrete construc

tion. The tent ordered by Goentzel Builders, Inc. had many 

standardized interchangeable components, including the con

crete anchor blocks. Since the entire facility was transportable, 

durable and reusable, it became part of the firm's construction 

inventory. 

Contractors living in cold regions have many reasons for 

needing an air structure. Pre-engineered solutions for construc

tion needs of contractors are becoming the norm rather than the 

exception. Contractors must legally comply with strict laws 

covering worker safety and economic constraints by liability 

insurance. 

This air-supported solution to cold region construction has 

fascinated the media and the general public. In addition, it is a 

solution using the latest technology. 
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If you would like further information on air structures/port

able enclosures, here are some U.S. based manufacturers: 

Air Structures Air Tech International Inc.; 30 Rockland 
Park Avenue; Tappan, NY 10983; 1-800-AIR-BLDG. 
Alpha Structures; PO Box 22306; Lexinton, KY 40512; 
606/259-3779. 
Irvin Industries, Inc.; Air Tech Division; PO Box 507; 
East Rutherford, NJ 07073-0507; 201/460-9730. 
Kelly Klosure System; 519 North Broad Street; Fremont, 
NE 69025; 4o2n21-1344. 
Kirk & Blum Manfucturing Company; PO Box 13590; 
Lexington, KY 40512; 606/254-0386. 
Rubb Inc.; Sandford Municipal Airport; Sandford, ME 
04073; 207/324-2877. 
Sprung Instant Structures; 330 Townsend Street, Suite 
216; San Francisco, CA 94107; 1-800-661-1163. 
Thermo-Flex Inc.; PO Box 1184; Salina, KS 67402
1184; 913/827-7201. 
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COLLECTOR SNOW FENCES IN THE ARCTIC 

by 

Per Wangstrom 

INTRODUCTION 

Collector snow fences have gained popularity in recent years 

to protect various facilities in the Arctic from blowing snow. 

Their popularity can be attributed to improved technology 

which has made snow fences an alternative to mechanical snow 

removal. 

The improved technology is based on a better understanding 

of snow properties, behavior of blowing snow, and charac

teristics of different types of snow fences. Engineers have used 

this knowledge to design efficient and reliable snow fences. 

This paper will discuss the various properties of snow, and 

snow fences, relevant to constructing collector snow fences. A 

case study from the North Slope of Alaska will illustrate the 

recent success of collector snow fences. This success will more 

than likely lead to the construction of more snow fences in the 

future. 

HISTORY OF SNOW FENCES 

The history and development of snow fences in the United 

States goes hand in hand with the development of transportation 

in the Rocky Mountain states, especially the flat, windswept 

state of Wyoming.1 Collector snow fences made of upturned 

flat rocks were first used on the transcontinental railroad in 

Wyoming circa 1869 to prevent snow drifts from forming on 

the tracks. Later, railroad companies started to use collector 

fences made of wood. The two types commonly used were the 

high, horizontal board Swedish fence and the low vertical slat 

picket, or Canadian, fence. 

The use of cars and trucks increased rapidly in the 1920s, 

and many highway departments started to use collector fences 

to keep the highways clear of snow by catching the windblown 

snow before it reached the road. 

Installed properly, the use of snow fences proved to be an 

inexpensive and reliable method of keeping roads free of snow. 

However, many snow fences were placed or designed incorrect

ly resulting in buried or broken fences; no improvement or 

sometimes even larger drifts resulted on the road than without a 

snow fence. Design flaws in the snow fences, coupled with the 

development ofbetter snow removal equipment and techniques, 

meant the death of snow fences for almost forty years. 

Snow fence technology was resurrected in the early 1970s 

after the construction of Interstate 80 in southeastern Wyoming. 

On the 77 mile stretch of the Interstate between Laramie and 

Walcott Junction, jokingly called the "Sno-Chi-Minh Trail" by 

truckers, nature overpowered the snow removal equipment of 

the Wyoming Highway Department and closed the road on 

several occasions. An experimental program led by Dr. R.D. 

Tabler was started to install snow fences along the new Inter

state. After only a few seasons it was clear that the snow fences 

were very effective. Not only did they keep the snow off the 

road, but improved visibility and reduced accident rates as 

wen? 
Much of the technology developed in Wyoming has been 

recently used to design snow fences in Alaska. Snow fences 

have been built during the 1980s to protect oil and gas facilities 
3. h" hin Prudhoe Bay, Arctic villages, and moun tam 1g ways. 

PROPERTIES OF SNOW 

To understand how snow fences work, one must understand 

how and why snow is transported by the wind Snow particles 

are very small. Everyone has seen pictures of snow crystals. 

The crystals are only approximately three millimeters across as 

they fall through the air. If the crystal makes it to the ground 

without being crushed, it will strengthen as its tips evaporate 

and the voids are filled with the condensation.4 A fairly large 

snow particle results from this process. Snow particles on the 

ground will bond together over time. In other words, the longer 

the snow stays on the ground the less likely it is to be 

transported by the wind. If the snow crystal falls during a 

windy day, it will bounce along the surface and break apart into 

0.1 - 0.2 millimeter grains. 

If the bonds holding the snow particles together are over

come by the wind, the particles wi II start to roll, jump along the 

surface or become airborne depending on the grain size. 5 The 

largest particles will roll, or creep, along the surface pushed by 

the wind. Particles larger than 0.1 millimeter will move by 

saltation, i.e., jumping in parabolic arcs along the ground. As 
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one particle lands, it will hit another particle, causing that par

ticle to jump. The smallest particles, less than 0.1 millimeter, 

will be suspended in the air and carried by the wind. The 

particle size of the three transportation modes is not fixed; it 

depends on wind speed, temperature, and humidity. The size 

distribution with respect to the height of the moving snow 

particles will be a hyperbolic curve with the larger particles 

moving along the surface and the smaller particles at a higher 

elevation, Figure 1. 

Even though the number of small particles suspended in the 

air is large, the majority of the mass flux, i.e., the snow transpor

tation rate, occurs close to the surface. Studies have shown that 

at a 26 mph wind speed, 90% of the mass flux is within four-feet 

of the surface.6 A generally accepted rule is that the mass flux 

of snow will increase with the cube of the wind speed. 

SNOW FENCE CHARACTERISTICS 

To design an effective snow fence for a particular location, 

the snow fall, its moisture content, the amount of snow that will 

stay on the ground due to melting, bonding, or vegetation/ter

rain-wind cover, the duration and intensity of the wind, and the 

area upwind of the snow fence, from where the snow would be 

transported, must be known. If the area upwind of the fence (the 

fetch) is large, as on the North Slope of Alaska, one would 

believe that the amount of transported snow would be enor

mous. However, as it is transported, the snow grains ablate? 

The rate of ablation depends on relative humidity, solar radia

tion and snow particle size. Ten thousand feet is commonly 

used as an average maximum fetch distance for calculating 

snow transportation rates, because most snow particles have 

ablated beyond this point.8 

A collector snow fence can be constructed of many different 

materials and in various configurations. Because porous snow 

fences work best, most designs consist of vertical or horizontal 

slats or boards with openings between them. Some examples of 

porous snow fences are listed below: 

A. The Canadian, vertical slat picket fence, consisting 
of nominal two-inch by 3/8-inch slats held together 
with twisted wires. Typically these fences are four
to six-feet taii.9 

B. The Swedish fence is a six and one-half-foot tall 
horizontal board design. Nine six-inch boards with 
two and one-half-inch gaps are built in sixteen-foot
long sections.10 

C. The Wyoming fence is a further development of the 
Swedish fence. It is eight- to fourteen-feet-high 
having six-inch-wide horizontal boards spaced with 
six-inch gaps and built in sixteen-foot-long sec
tions. The fence is inclined 10°-15° leeward, and 
has a 12- to 18-inch bottom gap. 11 

During the 1980s, fabric snow fences have been developed. 

Typically, these consist of plastic fabric with 40%-60% 

porosity which is stretched between vertical posts 12- to 16-feet 

high. TensarTM fabric is used in the fence pictured in Figure 8, 

and Signode Sno-strapTM fabric is used in the fence pictured in 

Figure 11. Both of these fences are located in Prudhoe Bay, 

Alaska. 

Solid snow fences are also able to collect blowing snow, but 

have only one-third the collecting capacity of porous fences 

with a bottom gap. Solid snow fences are mostly used for wind 

protection. 

Why do snow fences collect snow? A common belief is that 

fences slow the wind, and the wind-carried snow settles to the 

ground. This explanation is not quite correct The snow will be 

eroded where the wind induced shear stress is higher than the 

shear strength of the snow on the ground.12 Wind transported 

snow will be deposited where the wind induced shear stress is 

too low for transport Because the wind induced shear stress is 

proportional to the velocity gradient (du/dz}, rather that the 

absolute wind speed, the change of wind speed with respect to 

elevation above ground is the important factor. Thus, the shape 

of the wind profile will determine where the snow is deposited 

and where it is eroded. A properly designed snow fence takes 

advantage of this fact by creating a wind profile behind the 

fence favorable to snow deposition. 

The ability of a collector snow fence to catch the wind

transported snow is called its trapping efficiency_l3 Absolute 

trapping efficiency refers to the fence's ability to catch snow 

from the ground up; while trapping efficiency refers to the 

ability to trap wind-driven snow between the ground and the 

top of the fence. The trapping efficiency of a well designed 

snow fence will start out at 95% for an empty fence, and slowly 

declines as the fence fills with snow. When the fence is about 

80% full, the trapping efficiency will rapidly decline to zero. 

Figure 2 shows the trapping efficiency for a 50% porous 

Wyoming snow fence. 

When the trapping efficiency reaches zero, no more snow is 

caught by the fence, and the fence is considered mature. A 
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GRAIN SIZE 

Figure 1. Snow grain size vs. elevation above ground for wind 
blown snow. 

mature fence is in aerodynamic equilibrium with the wind, and 
does not create the important shear stress reducing wind profile. 

To catch most of the wind driven snow during a season, the 

fence should be designed so that it does not mature and will thus 
retain a high trapping efficiency. 

The capacity of a collector snow fence is directly related to 
its height (H), see Figure 3.14 The Wyoming snow fence has a 

cross-sectional area of 3.6H2 for the 16H-long windward drift, 

and 21.5H2 for the 34H-long leeward drift. This computes to 
6.7H2.2 of water equivalent volume per unit length; the 2.2 

exponent is due to the density increase ofa drift with increasing 

overlaying snow.15 The dimensional values for a fabric fence 
with 50% porosity and the same bottom gap as the Wyoming 
fence is believed to be about the same. 

The height and integrity of the bottom gap is very important. 

The primary purpose of the bottom gap is to prevent the fence 

from being buried in snow. The bottom gap forces the wind 
driven snow to speed up under the fence preventing deposition, 

and in case of snowfall accumulation under the fence, erosion. 

Many theories exist about the optimal height of the gap, but 
0.10-0.15Happears to be a useful number.16 

PERCENT FUU 

Figure 2. Tmpping effiCiency. 

The snow drift behind the fence, forms in a predictable 
manner. As shown in Figure 3, the drift will firSt be fairly high 

and short, with a cornice. Later, it will start to streamline and 

lengthen. When the fence matures, the drift will be very long 

(34H) and aerodynamic. The mature drift will be about 15% 

higher that the fence itself. 

SNOW FENCE PLACEMENT 

After the type and height of collector snow fence has been 

selected, the length and location of the fence must be deter

mined. Naturally, the fence should be placed upwind of the area 
to be protected. The prevailing wind direction or directions (one 

location may have several prevailing wind directions) during 
the snowy season must be gathered from local weather data. 
The fence should be placed perpendicular to the prevailing 

wind, and be as long as practical. One long fence is better than 

several shorter ones as the sides of the drifts are rounded, and 
rounding reduces the capacity of the fence. 

The fence should be placed at least one leeward drift length 
away from the area to be protected. The probable locations of 

the drifts must be predicted before installing the snow fence so 
that the drifts do not form in an unsuitable location. All the 

Figure 3. Snowdrift formation. 
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different prevailing wind directions must be considered in this 

analysis. Snow fences require a lot of area. For instance, a 

15-foot-high by 1000-foot-long fence in an area with two op

posite prevailing wind directions needs an area 1020-feet by 

1000-feet, or almost 24 acres. 

The topography of the area around the snow fence could 

have a detrimental or positive impact on the performance of a 

particular snow fenceP If a fence is placed at the beginning of 

a down slope, the capacity of the fence will increase; if the 

fence is placed at the beginning of an uphill slope, the capacity 

will decrease. 

Arctic engineers use their knowledge of snow and snow 

transport, as well as the characteristics of snow fences, to design 

effective and reliable collector snow fences feasible for use on 

the North Slope. This knowledge was used to construct snow 

fences for the Lisburne Oil Field as discussed below. 

ICASE STUDY- SNOW FENCE ON THE NORTH SLOPE I 
Snow fences have been used to protect oil and gas facilities 

in Prudhoe Bay, Alaska for several years. An experimental 

fence was erected as early as 1976.18 However, it is only in the 

last couple of years that snow fences have been widely used. 

The reason for this is twofold: peoples' mistrust in the ability of 

snow fences to catch the snow; and the high cost of the snow 

fences. 

A snow fence was built to protect an outdoor materials 

storage area in 1984. The fence has some shortcomings, but it 

has been effective in catching snow and in demonstrating the 

value of snow fences on the North Slope. 

In 1987, the Lisburne Oil Field began production on the 

North Slope. This field is located close to the Arctic Coast with 

little protection from the wind. After one winter without snow 

fences, it was clear that something had to be done about the 

drifting snow that virtually buried the drill pads and pipelines. 

Temporary snow fences were built on steel skids, and placed on 

the tundra. The temporary fences worked, but they had two 

drawbacks. First, the fences could not be placed on the tundra 

until it was sufficiently frozen to allow traffic, normally in 

December. Thus, all areas were unprotected for the beginning 

of the snow drift season. Second, the regulatory agencies did 

not support the temporary fences, since it required semiannual, 

heavy travel on the fragile tundra. The first permanent snow 

fences for the Lisburne field were constructed in April 1988. 

Figure 4. Truck mounted driU rig drilling holes in the 
tundra for fence posts. 

The fences, designed by Dr. Barry Santana19 and the author in 

cooperation with Dr. R.D. Tabler, are 15-feet-high with an 

18-inch bottom gap. The length of the snow fences varies from 

1000 to 1500 feet To reduce the cost, five and one-half-inch 

diameter, and nine and one half-inch diameter surplus drill 

casings were used as fence posts. 

After the fence locations had been surveyed, ice roads were 

built along the proposed fence sites. A truck-mounted rotary 

drill augured holes 15-feet-deep in the tundra, and the fence 

posts were set and slurried, see Figures 4 and 5. The posts had 

to be set 15-feet-deep to avoid frost jacking. After the minimum 

48 hour freeze back period for the sand slurry, the installation of 

the Tensar™ fence fabric began. The fencing material was 

delivered in one-meter-wide rolls which meant that four layers 

had to be installed, beginning with the top layer. The plastic 

Tensar™ snow fence fabric is designed to be stretched between 

two solid posts to achieve the correct tension. Thus, two braced 

end posts were erected approximately 500-feet apart with inter

mediate cantilevered posts on 15-feet centers in between these 
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Figure S. Fence posts made ofused drill casing set in the tundra. 

two solid posts. The end posts were wrapped with a plastic 

geotextile to reduce the abrasion of the fabric. The fabric was 

wrapped around the fttst end post over the geotextile, and the 

end of the fabric was returned and woven into itself with a 

two-inch by one-inch wooden slaL The fabric was laid out on 

the ground, and spliced longitudinally by weaving the fabric 

together for the500-foot required length. It was then positioned 

and tensioned at the tension end post. The fabric was stretched 

12-inches per 100-foot length. After the fence was attached to 

the tension end, it was fastened to the intermediate posts by 

sandwiching it between two layers of geotextile. A nominal 

two-inch by four-inch board was attached with stainless steel 

bands to the posts compressing the fabric to the steel posts. The 

process was repeated until all four layers were installed (Figs. 6 
and 7). The fence began working immediately; it caught a small 

drift in the spring of 1988 (Fig. 8). 

The installation did produce a few problems. First, it is very 

difficult to locate geographical features, such as lakes or creeks, 

on a snow covered tundra As it is not a good idea to install a 

snow fence in a lake, it is best to locate them by placing the end 

posts during the summer (Fig. 9). A walk on the tundra in the 

Figure 6. Tensar™ snow fence fabric being installed. 

summer also enables the fence designer to learn more about 

local features, such as gullies or ponds. Second, when an ice 

road is built over the tundra by the fence, the true elevation of 

the ground is not readily obvious. It is easy to dig down in the 

snow/ice to find the tundra, but this is very labor intensive. The 

auger leaves a mound of drill cuttings next to the post hole; if 

the tundra elevation is measured by the post it could yield a 

false tundra elevation. Thus, tundra elevation should be check

ed a few feet away from the post. This second problem results in 

an excessive bottom gap (Fig. 10). Third, the contractor had 

some problems getting the tension correct on the fabric. A new 

attachment method for the tension end was developed to make 

the operation easier. A shorter tension run, 250-feet, rather than 

500-feet, was also suggested to additionally ease the setting of 

the tension. The installation of the fttst Lisburne Oil Field snow 

fences demonstrated that they can be installed at a fairly 

reasonable cost (approximately $75/ft). 
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Figure 7. Snow fence installed. 

Figure 8. A smaU snow drift formed after the short drift 
period during the spring of1988. 

Figure 9. Snow fence in the short arctic summer. 

Note the smaU tundra lakes. Figure 10. Excessive bottom gap. 
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Figure 11. Snow fence using Signode Sno-Strap™ insllllled by 
Slllndard Alaska Production Company. 

CONCLUSIONS 

Today the physical properties of blowing snow are fairly 


well understood. The knowledge of these properties has enabled 


engineers to design efficient snow fences oriented in the proper 


direction and high enough to catch a season's drifting snow. If 


positioned correctly, drifts will not form in undesired locations. 


The efficiency and reliability of today's snow fence designs 


compared to the early, experimental snow fences, has increased 


our acceptance of this technology. This change in attitude has 


resulted in the construction ofnumerous snow fence systems on 


the North Slope of Alaska. 
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ELECTRICAL POWER ENGINEERING IN 

AN ARCTIC ENVIRONMENT 


by 

J.R. Eaton, R.P. Merritt and E.F. Rice 

This article originally appeared in IEEE Transactions on temperatures which are experienced, (3) the low humidity in 

Power Apparatus and Systems, Volume PAS-96, Number I, winter months, and (4) geomagnetic storms. 

January/February 1977. 
 This discussion of electric power includes situations which 

have already been encountered as well as the troubles which ABSTRACT 
might be encountered with equipment in common use in the 

The development of the oil fields and other large projects in "lower 48 states" when applied in an Arctic environment. In 
the Arctic is requiring the construction of new power facilities this report, emphasis is on conditions known to exist in Alaska. 

in the far north. The conditions under which these facilities are 

constructed and operated are markedly different from those THE ENVIRONMENT 

normally encountered in the "lower 48 states." This paper calls 
Climatic conditions. The temperatures encountered in the 

attention to many of the special conditions which must be 
northern regions are illustrated by the curves shown in Figure 1,

considered in preparation for design, construction and opera
which presents data observed at Fairbanks, Alaska. As may be

tion. 
noted, the recorded range of temperature is very great, from a 

record low of -660p in winter to a record high of +950p inINTRODUCTION 
summer. The temperature extremes in any month are observed 

The Arctic and Subarctic environment presents certain uni by noting, for example, that in January there is a record low of 
que problems to the designer and operator of electric power -6s0p and a record high of +460p. Temperature patterns in 
systems. Most of these problems have their origin in ( 1) the low other parts of the North range from slightly lower minimum 
ambient temperatures encountered, (2) the extreme range of 

·c 'F 

35 95 

•I .JhIL,.J. aJ .~30 86 

25 77 

20 68 

i/ "~ J/. 15 59 

10 50 

5 41 

0 32 

-5 23 

.. Gl... 
~ -10 14 

l! -15 5 
Gl 
a. -20 -4
E 
Gl 

1 -25 

-30 

-13 

-22 
v {f' t Fairbanks Air Temperature 

Prepared by: C. Hartman, 
\, 

___u 
['..... ,..,.. ,r r1 ' 

-35 

-40 
_ 
45 

_50 

, Institute of Water Resources, 
-311---f---+----rlll..,.lll--1 University of Alaska,

J r¥' Fairbanks, Alaska 99701 
-401----r-----+.M.I--'+----1 
_491--~l....,_IJII"_._,t--f 1:,r_';';~o ~-~-~~:w 

l A& l IV 1'4 (From Nallon•l weather SenK:e recorded eir 
_58 1Pv IV ~omo•"'"'., .. ,,....,., ••••m•u-•• ••oortl 

V~ Normal Low , 
1\f 

Wj\ j ,, 

1 Record Low l [~ f 
\ ..__ II\ l .n.1. ~ JV 1" 

.JW .'!.lf'LIAIY 

-55 -67 1 
JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEPT. OCT. NOV. OEC. JAN. FEB. MAR. APR. MAY JUN. 

Figure 1. Obsened data-Fairbanks air temperature. 
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temperatures in the interior of the state, to the more moderate 
temperatures experience in the coastal areas. 

Annual precipitation in Alaska varies greatly from five in
ches per year in the high arctic regions to 200-inches per year in 
some coastal areas. Much of the precipitation is in the form of 

snow. Snow cover varies from a few inches in winter months 
only, to several hundred feet of permanent snow and ice cover 

in some of the high mountain areas, with the thinnest winter 

snow cover near the Arctic coast. 
Wind in some areas, such as Fairbanks, is almost non-exis

tent In other areas, its continual presence causes great lowering 

of the "chill factor." Chill factor is a measure of the combined 
cooling effect on exposed flesh of wind and low temperature. 
In the Aleutians, gale force winds are common. 

Humidity in the southerly coastal regions may be very high 
and, in the colder months, icing may be very severe. In con

trast, humidity is very low in the Far North and the Interior 
during the winter. 

Lightning strikes cause many forest fires in Alaska during 

the summer months. Thunderstorm incidence is shown in Fig

ure2. 

Soil conditions. In the regions bordering the Arctic Ocean, 

80~. the ground may be permanently frozen to a depth as great 

as 2000-feet. Farther south, 70~. the thickness of permanently 

frozen ground becomes shallower. In somewhat lower 
latitudes, 60~. permanently frozen ground may be restricted to 

local areas, such as north-facing slopes or swamps. 

The active layer of the soil is defined as that (top) layer 

which seasonally freezes and thaws. In extreme northern 
latitudes, 80~. the active layer may be only a few inches thick, 

whereas in the lower latitudes, 60~. it may be as great as 15- to 
20-feet. 

Rock and gravel present few problems particular to the 

Arctic. They do not heave, nor do they settle greatly when 
thawed. But when cemented with ice they are extremely hard to 

excavate. In contrast, soils which contain silt, an organic matter 

with a high water content, and are permanently frozen require 
special attention. Permafrost is often covered with a layer of 
vegetation that is easily destroyed. In some locations, ice in the 
ground causes the appearance of a polygonal structure, similar 

to that observed when a thin layer of mud dries out. The 

polygons, induced through thermal cracking, may be 30- to 
50-feet on a side (Fig. 3). Beneath each side is a wedge of ice 

the length of the side, sometimes eight- to 10-feet wide and 
perhaps 30-feet deep. In other permafrost locations, ice may 

Figun 2. Tlaunderstrom incidence in Alaska, 1971, ESSA local 
climatological data. 

form in horizontal sheets (lenses) a few inches below the sur

face of the ground, and several feet in thickness. Seasonal 
thawing at the surface may provide new moisture causing a 

slow change in the dimensions of the wedges and lenses, with 

the development of strong forces. 

The upper atmosphere. The ionized upper atmosphere, or 
ionosphere, normally extends from a height above 50 km to 

beyond 600 km with a maximum ionization density near 300 
km. An oval region of the ionosphere roughly symmetrical 

with the earth's magnetic pole is often highly disturbed because 

of complex interactions between the earth's magnetic field and 
the particle flux continuously emitted by the sun. The solar 
particle flux, called "solar wind," changes continually, depend

ing upon conditions on the sun's surface. 
Ionosphere absotption events and associated magnetic dis

turbances are identified with three types of solar radiation. 
Eruptions of tremendous energy occur on the surface of the sun 
in the region of sunspot activity.1 During the eruption, radio 

frequency, visible, ultraviolet, x-ray, and gamma electromag
netic radiation are emitted and reach the earth in about eight 

minutes. The electromagnetic radiation will cause a great in
crease in the ionization of the atmosphere from 50 km to 80 km 

in depth from the surface of the sunlight side of the earth? Very 

high energy particles are also projected into space and reach the 

earth's orbit in about 90 minutes. The high energy particles are 

concentrated by the earth's magnetic field over the north and 
south polar regions. The greatest concentration in the North is 
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Figure 3. Pemuzfrost is frequently composed ofice-rich silt. Ice is in the form ofboth "wedges" and "lenses." Polygon boundaries are the 
surface manifestation ofan ice wedge below. 

in a circular region approximately 1200 miles in radius centered 

on the north geomagnetic pole. This region in Alaska extends 

as far south as Fairbanks and Anchorage with intense storms. 

The particles penetrate to an althitude as low as 50 km and 

result in intense ionization in the lower ionosphere. This 

ionization and frequent collisions with neutral molecules results 

in a strong absorption of high frequency radio waves, a condi

tion which may persist for several days. The high-energy but 

relatively low-density particles, consisting mostly of protons 

and ionized helium atoms, are often followed by a much higher 

density, low energy cloud ofparticles that travel from the sun to 

the earth in about thirty-six hours? The higher density particle 

flux distorts the earth's magnetic field in space and gives rise to 

large magnetic disturbances and auroras. 

During periods of great activity, the charged particles 

moving in the upper atmosphere constitute large currents, 

whose magnetic fields extend to and into the Earth. Hence, 

these phenomena are known as "geomagnetic storms." During 

these storms, magnetic compasses are disturbed. As the cur

rents change, the changing magnetic flux linking the earth in

duces voltages which result in differences of potential between 

different points of observation on the surface of the earth. 

Potential differences of the order of one to 10 volts per km are 

sometimes observed. 

During geomagnetically disturbed periods, the Earths Sur

face Potential (ESP) will produce quasi-direct current flow in 

conductors grounded at two or more points. These currents 

flow, for example, in the Trans-Alaska Oil Pipeline and through 

power transmission lines such as the Anchorage-Fairbanks In

tertie. During extreme geomagnetic disturbances the current in 

the pipeline has been measured approaching 1000 amperes. At 

the Golden Valley Electric Association's Gold Hill substation 

near Fairbanks, currents of more than 10 amperes have been 

measured in the Wye connected transformer neutral to ground 

conductor. An ongoing study of the effect of quasi-direct cur

rent on the operation of a power system is being conducted by 

the University of Alaska Fairbanks, Department of Electrical 

Engineering.4 
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LOW 1EMPERATURES 

Electrical insulation. Many of the materials commonly 

used as electrical insulation become glass-like at low tempera

tures and shatter if bent.5 Power cables with plastic insulation 

are subject to damage during installation at low temperatures. 

Extension cords for outdoor use and power cables for portable 

machines must be insulated with materials which will remain 

flexible at low temperatures. Certain synthetic rubbers are par

ticularly troublesome. Some automobile tires and innertubes 

are destroyed when flexed at low temperatures. 

The material used for electrical insulation is of many dif

ferent types with many variations of manufacture. No par

ticular class can be specified as approved for use at low 

temperatures. Any insulation proposed for use in the Arctic 

should be cold-tested before it is specified for use. Proper 
warm-up facilities are necessary for installing stress cones, ter

minations and splices. 

Oils. Lubricating oils must be fluid at the lowest anticipated 

operating temperature. 

Insulating oils, such as those used in oil circuit breakers, 

transformers and cables, present the risk of becoming solid at 

low temperatures. Such behavior makes operation of oil circuit 

breakers impossible and may interfere with the cooling of trans

formers, particularly ones with external radiators. 

Transformer oil and switch oil have been developed primari

ly for insulating and arc-interrupting characteristics. In some 

instances, electric heaters have been installed on oil circuit 

breakers and on circuit re-closers. This practice is not al

together satisfactory, as it results in a continuous power loss and 

fails if electric supply is interrupted for an extended period of 

time. 

In oil-impregnated cables, consideration must be given to the 

possible production of voids when the oil solidifies. At low 

temperatures, it is possible that pressure could not be properly 

maintained in pipe-type cables. 

Sulphur Hexafluoride. The electro-negative gas sulphur 

hexafluoride (SF6) has come into very common use in circuit 

breakers, in enclosed substations, and in compressed-gas insu

lated cables. This material is ordinarily operated at several 

atmospheres of pressure. Under the usual operating pressure, 

the gas liquefies at a temperature well above that commonly 

encountered in the Arctic. SF6-insulated equipment, if applied, 

would have to receive special attention to keep it at an elevated 

temperature. 

Vacuum circuit breakers. Vacuum circuit breakers appear 

to have considerable advantage for application in the Arctic. A 

minor source of trouble might be in the bellows through which 

operating rods are passed. Attention must be given to the 

material used to construct these bellows to be sure that they 

remain flexible at operating temperatures. 

Instrumentation and control. Solid state devices are being 

used extensively for instrumentation and control of electric 

power equipment The behavior of semiconductor devices is 

very much dependent on operating temperatures. Many of the 

commonly used materials and devices become inoperative at 

low temperatures. Careful design of solid state systems can 

extend the useful temperature range for reliable operation. 

Solid state devices should be applied only in those locations 

where adequate temperature can be maintained. Otherwise, the 

old reliable electromechanical relays and instrumentation may 

be desirable. 

Ground electrode systems. Electric power systems require 

many ground connections at generator stations, substations, 

distribution transformers, and on customer premises. In 

uniform soil the resistance of the ground connection is depend

ent on the soil resistivity. Conduction in soils is dependent on 

ion mobility, acharacteristic which decreases at an alarming 

rate as the temperature drops below the freezing point Soil 

resistivity at o<>p maybe 100 or 1000 times the value at so<>p. 
Ground electrode systems bUried in frozen soil are almost 

valueless (Fig. 4a). Some improvement may be had from the 

use of salt mixed with the soil in which the system is buried 

(Fig. 4b). However, even in the presence of salt, ground resis

tance increases vary greatly as the temperature drops. In 

localities where the depth of freezing is not great, it may be 
desirable to drill through the frozen layer into soil that is per

manently frost-free. Whether or not such a practice is desirable 

depends, ofcourse, on the soil resistivity below the frozen layer. 

During system faults, the proper operation of protective relays 

in many instances is dependent upon current flow to ground at 

the fault point. If at the fault point the ground is frozen to a 

considerable depth, fault current may be so low as to make 

protective relaying unreliable. For example, a tree felled into a 

138 kV line in winter failed to cause operation of protective 

relays. Consideration should be given to design of power sys

tems that will avoid the necessity of low resistance earth con

nections. Although isolated-neutral systems have been 

generally abandoned, it is possible that they may find applica

tion in Arctic regions. There seems to be very little information 
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4(b) Resistance of Treated Electrodes. 

Batteries for operation of railroad 

signal equipment are buried below the 

surface in an insulated vault to main

tain the temperature at -3 to -1°C. 

Construction. Heavy construction 

in the Arctic is handicapped by the dif

ficulty of excavating frozen ground. 

On the other hand, frozen ground may 

make cribbing unnecessary. Certainly 

it permits the movement of heavy 

machinery over locations which would 
10 ao 
~UL. be impassable during warm weather. 

Hard-frozen soils of all kinds will 

support heavy loads. The load-carry

ing ability of rock and gravel is little 

changed by thawing. In contrast, 

ground made up of silt and organic 

matter with a high percentage (perhaps 

in excess of 75%) of water will change 

character completely when thawed. 

The soil becomes a slurry, will support 

almost no weight, and may flow to 

lower levels. If structures to be heated 

are built on such soil, provision must be 

made to keep the heat from conducting 

into the ground. Floors must be ther

mally insulated and structures must be 

built above ground on pilings or posts 

to permit free circulation of air beneath 
Figt.t~'~ 4. Resistance ofelectrodes installed near Ba17'0w, Alaska. Treatment: Sodium Chloride. Taken/rom the 

Uni~ersity ofAlaslca Fairbanks, Geophysical Institute's Report UAG R69. the building. In some cases, cooling 

available relative to the resistivity of soil at different depths 

throughout the areas of interest in Alaska. Studies made on the 

resistance of wells (water and oil) taken at different depths 

during the driving operation could yield information which 

would be helpful in ground electrode system design. The need 

for additional information has been expressed by persons in the 

communications, power and aviation industries.6 

In the high Arctic, no satisfactory method of obtaining low

resistance year-round earth connections is available. The thaw 

bulbs beneath lakes which do not freeze solid in the winter offer 

a possibility for the installation of ground electrode systems. 

Batteries. Batteries of all kinds lose effectiveness at 

temperatures frequently encountered in the Arctic. Alkaline 

batteries, however, seem to be superior. Attention must be 

given to battery behavior in all classes of equipment. 

coils may have to be placed in the ground to absorb the 

downward heat loss from the building. 

Many structural metals become brittle at low temperatures 

and thus are vulnerable to shock loads. Proper alloys should be 

chosen for operation under extreme conditions. As an example 

the structural members in the 85 foot diameter 100 ton NASA 

antenna at Gilmore Creek, north of Fairbanks, uses a high 

nickel steel alloy to retain its strength to -65op. 

Cooling. The wasting of heat from power generation 

facilities seems to be an unavoidable shame, particularly in the 

far north. In addition to the primary reason of conservation and 

cost, considerable value accrues to the design which maximizes 

use of waste heat. 

Evaporative cooling, as in towers and cooling ponds is at

tractive for its effectiveness in meeting the cooling needs over a 
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wide range of heat loadings, but in the Arctic, evaporative 

cooling can cause serious problems. When temperatures are 

colder than about -220p (-30°C), ice fog forms, fed by the vapor 

from the cooling towers or ponds. Ice fog can be so dense as to 

render visibility negligible. It is a common occurrence in Alas

ka for ice fog generated by a community to make air and ground 

transportation difficult, hazardous or even impossible. While 

power plant cooling is the greatest single source of such ice fog, 

vapor is also generated from the products of combustion of any 

hydrocarbon, so that even automobiles can leave vapor-trails 

similar to those of high-flying aircraft. 

The inevitable production of ice fog from oil-burning 

facilities can be made less onerous if care is taken in the loca

tion of the exhaust pipes. Usually, if deep cold persists, a strong 

temperature inversion is present. This is reduced or eliminated 

when there is wind, and the ice fog is rapidly diluted and 

dispersed. Ice fog occurrences are normally associated with 

calm or very weak breezes. Under these conditions, the com

mon tendency is for the stable and foggy pool of cold air to drift 
downstream-the cold-weather variant of the familiar "valley 

breeze" of the sea coast It therefore is desirable to locate major 

sources of ice fog on the downhill or downwind side of roads, 

towns and airports, and as far away as is practical. 

Condensation. In cold weather, humidity indoors tends to 

be very low. Nevertheless, the windows are so cold that even a 

relative humidity is enough to cause them to frost over. Nor are 

the windows the only surfaces to which moisture is attracted

any cold surface will do. When electrical apparatus, for in

stance, is mounted on the warm side of exterior walls, there can 

be considerable heat loss to the outside, leaving metal parts 

colder than the dewpoint Frost or moisture buildup is a com

mon occurrence in such places. Naturally, through-the-wall 

metal fasteners, conduits or conductors deserve special atten

tion to avoid such condensation problems. 

VARIABLE WW TEMPERATURE 

Instability or foundations. The variable temperatures en

countered in the Arctic may, in certain types of soil, render 

foundations unstable. The melting of permafrost due to the 

escape of heat from buildings frequently permits the displace

ment of foundations to an alarming degree. The heaving of soil 

due to freezing and thawing results in jacking poles and other 

vertical supports up from their originally installed positions. In 

some instances, poles are lifted almost out of the ground by this 

behavior. The use of metal plates or bare wire on pole butts for 

ground connections is practically useless in frost-active soil. 

Rigid transmission structures require careful design to be ap
propriate for such locations. 

Pole and other vertical supports are sometimes wrapped at 

the ground line to below the active layer with a double layer of 

polyethylene sheet. This treatment breaks the bond between the 

pole and the frozen earth and substantially reduces the tendency 

for pole jacking, if care is taken to anchor the pole below the 

active layer. 

Direct burial cable. Direct burial cable which is laid 

through frozen ground may be subject to great mechanical 

stress as the ground cracks with the seasonal change of tempera

ture. Bedding the cable in sand or pea gravel tends to break the 

bond between the cable and the ground and successfully 

reduces the danger of cable failure from this cause. The cable 

must be "snaked" along the trench to provide slack if different 

cable locations become frozen tight to a section of soil. 

Sags and tensions or conductors. In parts of the United 

States, acceptable design loadings for sleet and wind have been 

well standardized. It is doubtful if enough experience has been 

accumulated in the far north to permit standardization ofdesign 

parameters. Sag tables for extreme cold construction have been 

developed by researchers at the University of Alaska Fairbanks, 

Institute of Northern Engineering. 

Overloads at low ambient temperatures. Practically all 

electrical equipment can be loaded beyond name-plate values if 

the ambient temperature is below design values. Advantage 

may be taken of this fact in the loading of equipment such as 

distribution transformers, particularly during winter months. 

There is, however, some risk in carrying this practice too far as 

record high temperature and record low temperatures for the 

same day of the year may differ by as much as 100°. Hence a 

period of warm weather occurring in the wintertime may be 

disastrous to overloaded equipment (electrical loads often bear 

an inverse relation to temperature). 

Wire in entrance ducts. Residential customers are fre

quently served by wires passing through an entrance head and 

then proceeding down through a vertical pipe. In some 

localities, trouble is experienced in failure of the insulation on 

those wires during freezing weather. 
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LOW HUMIDITY 

Static electricity. The very low humidity observed during 

periods of low temperature permits buildup of static electricity 

beyond that normally observed. The writer has measured with 

a sphere gap a potential as great as 20,000 volts, due to the 

removal of a wool shirt placed on a chair. Because of the 

tendency of electric charge to accumulate, great care must be 

taken when working directly on solid state circuitry as this type 

of equipment may be damaged by very moderate over-voltages. 

While working with such equipment, it is desirable for the 

technician to wear a metal wristband which is connected, by a 

flexible lead, to a water pipe or other grounded reference. The 

voltages accumulated by friction on clothing can easily be of 

sufficient magnitude to puncture the insulation normally found 

on solid state devices. 

Static electricity produced by friction of clothing, paper or 

other insulating materials may be reduced by treatment which 

makes the material slightly conducting. In some machines, 

ionization of the air by radioactive sources will reduce the 

accumulation of a charge. Rooms containing computers must 

be humidified to reduce static buildup on tapes and paper and to 

prevent paper products from changing dimensions. 

Induced voltages under high voltage lines. The electric 

potential gradient under a 500 kV line may be several thousand 

volts per meter. In such a field, vehicles on rubber tires and 

other insulated objects may take on substantial voltage above 

ground. This condition is particularly noticeable during low 

temperature/low humidity conditions because surface leakage 

across tires and other supporting objects is extremely low. A 

large object such as a semi-truck(trailer) combination parked 

under a high voltage line may present a slight hazard to person

nel, and a definite hazard if an attempt is made to transfer fuel 

under these circumstances. Induced voltages on trucks and 

other objects may be substantially reduced by grounding the 

object, if a ground terminal is available. 

SUMMARY 

The Arctic environment is markedly different from that 

of temperate regions. 

Materials, components and designs to be used in the 

Arctic should be thoroughly cold-tested before fmal 

design approval. Limited transportation and repair 

facilities make revision of installed equipment extreme

ly difficult, time consuming and costly. 
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"SOME POST-CHALLENGER REFLECTIONS" 
by 

F. Lawrence Bennett, P.E. 

This paper is based on an address given at the initiation ban
quet of the Alaska Alpha Chapter of Tau Beta Pi on April 8, 
1989, Fairbanks, Alaska. 

It is a genuine pleasure to be a part of tonight's celebration. 

Let me offer my personal congratulations to those of you who 

have been selected for membership in Tau Beta Pi. And I am 

sure I speak for your faculty when I tell you that we are proud of 

your accomplishments and pleased to have a chance to honor 

you in this way. That you would even consider having one of 

your own faculty as speaker at an event like this is, I believe, a . 

tribute to the instruction you have received on this campus. And 
I thank you for that. 

Our schools of engineering owe much to people like Profes

sor Bill Mendenhall who had a dream of establishing this honor 

society here at UAF, and who also had the tenacity to follow 

through and see that it was established, and then to nurture it 
through all the years of its existence. 

Let me also bring greetings on behalf of the Alaska Society 
of Professional Engineers, which I have had the pleasure of 

serving as president during the past year. This organization, like 

its counterpart National Society of Professional Engineers, has 

a deep and abiding interest in engineering education. I hope, 
once you are registered, that you will become active in this 

organization, in part to help continue this support of education, 

as a way of returning something that has been done for you 
during your student years. 

The news these days seems to be dominated with disasters. 

Would it be fair, for example, to suggest that Captain Hazel

wood is a household word? Indeed, Chernobyl, Bophal, Exxon 

Valdez, Three Mile Island, Challenger. We all remember where 
we were when each of these happened, and we also remember 

the subsequent fallout (terrible choice of words!), grief, debate, 
fmger pointing, punishment, and lack of conclusions. 

My concern is two-fold with respect to reaction and response 

to such events. First, I wish there were some way to gather and 

report both sides, indeed all sides, of the stories. The popular 

press, in its most responsible mode, is quite successful at this. 

But sometimes, it is quite clear that the reporter already knew 

what she was going to report before she performed the so-called 

"investigative reporting." For example, Brookhaven 

Laboratories reports that there were many deaths as a result of 

the incident at Three Mile Island; more than 300 people died in 

the first six years after the incident because of the pollution 

from the fossil-fuel power that was generated to replace the two 

nuclear reactors that were lost. That's another side of the story, 

less dramatic than what we have heard. 

My other concern is that we make sure to learn something 

useful from these disastrous incidents, so we can do it right, or 

do it better, in the future. I guess I have a basic optimism about 

the future of our race, provided we can learn from our mistakes 

and then move ahead. I am sure we have already learned a lot 

about oil spill contingency planning, but that's only the begin

ning of the process of doing something about it. 

In that spirit, then-the need to learn something from our 

mistakes-! would like to think back with you to January 28, 

1986 and to the subsequent fallout from that fateful day. 

This may be a rather "heavy" topic for an after-dinner con

versation at a celebration such as this. But it is a topic I have 
reflected on, as it relates to my personal experience, and be

sides, you are a very ready captive audience. Thirty-eight 

months should be adequate time to begin to learn some things. 

In a sense, it will almost be "We told you so." But I am 

primarily concerned that we take an event like this and learn to 

do it better next time. 

Thus, let me share with you for a few minutes "SOME 

POST -CHALLENGER REFLECTIONS."1 

I want to speak briefly about three aspects of this event, and 
then suggest that we, who have been marked with the phrase 

"NOBLESSE OBLIGE," have a right, but especially an obliga

tion, to translate our talents into learning something from the 

event and then using that learning to make this a better place for 
humankind. 

The story is well-known. Seventy-three seconds into its 

flight, on January 28, 1986, the space shuttle Challenger ex

ploded. Seven of America's best perished. The nation and the 

world were shocked, grieved, embarrassed, and a lot more. 

Subsequent investigation concluded that the explosion occurred 

because of the failure of a seal in one of the solid rocket booster 
joints. 

The ftrst aspect has to do with the organization and manage

ment of engineering projects. In this project, we have a classic 

confrontation between those responsible for getting the project 

done in a timely and cost effective manner and those respon-
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sible for getting the project done "right" This is what we call 

the dilemma between project manager and functional, or dis
cipline, manager. 

It has been said the essence of successful project manage

ment is to satisfy the "triple constraint" of technical perfor
mance, budget requirements, and schedule requirements? And, 

in most projects, tradeoffs among these goals are necessary. It 

may be necessary, for example, to spend a little more money in 

order to complete the Butrovich Building ahead of time. Or, we 

may decide to allow a little more time in the schedule in order 

to assure that the performance specifications are completely 
fulfilled. 

It is clear in the aftermath of the Challenger incident that the 

project managers won over the functional managers. The 

decision to launch was a decision to forego technical complete

ness in favor of project progress. And it is easy, in retrospect, to 

condemn that decision, although I don't want to do that com
pletely. All decisions involve risks, tension between competing 

goals, incomplete information, tradeoffs among the three parts 

of the triple constraint. And that's certainly what happened in 

this case. 
But what can we learn from this aspect of Challenger? We 

can learn that projects are like that. We can learn that com

munication in project organizations is complex but essential. 
We can learn that decisions must consider all available informa

tion. 

The second aspect is more focused on Alaska, although our 

downfall is often, as it was in the case of Challenger, that we 
assume it applies only to Alaska and other arctic areas. And that 
has to do with cold temperature effects on materials, products 
and operations. Here, I am compelled to say, again, "I told you 

so." But our communication failed. Somehow you didn't hear 
what I was saying. 

It was 29<>p ambient at launch time. The 0-rings did not seal 

properly because it was too cold. Tests a year earlier had shown 
some interesting results. These tests consisted of squeezing the 
0-rings and measuring the time required to restore their seals at 
HXf, 75° and 50<>p. "At 100°, the 0-ring reacted and main

tained its seal; at 75°, 2.4 seconds elapsed before the 0-ring 
restored its seal; and at 50°, ten minutes elapsed and the 0-ring 
had not yet restored its seal." And yet they launched when the 
ambient temperature was 29<>p. The combination of primary 

and secondary seals failed, the feared (and predicted!) hot gas 
blowby occurred, and the tragedy ensued. 

Things are different in the cold! And "cold," clearly, does 
not have to be confined to minus forty and below. Surely, we 
know that biological processes slow down at forty below. We 

know that batteries are not as efficient at forty below, that the 

performance of metals is different under these conditions, that 

permafrost, when heated, may lead to problems and that warm 

permafrost is likely to be more of a problem than cold per

mafrost. 

These are facts that must be preached widely! But just as 

important are facts regarding the performance of things at rela

tively mild cold temperatures. The task is education about road

way performance in the cold in Minnesota and Michigan and 

New Hampshire; about embankment performance in Montana 

and Maine; about metal expansion and contraction in New York 

State and Vermont; about frozen stream characteristics in North 

Dakota and Ohio and Haines, Alaska. 

Some progress is being made. I have had the privilege of 

working with the ASCE organization for the past ten years to 

raise awareness among civil engineers of cold temperature ef
fects on civil engineering operations and products. This new 
Technical Council on Cold Regions Engineering, authorized in 

1979, has as its stated purpose, "to identify, assess and report 
effects of cold region environment upon engineering design, 

construction and operations and to make recommendations for 
advancement of scientific knowledge and practice in engineer

ing solutions of cold region problems."3 Other technical 
societies, such as ASME, have subgroups with similar pur

poses. One ofTCCRE's main challenges has been to disturb the 

mindset that connects cold regions with Alaska only. We have 
tried to insure a geographical dispersion of membership on our 

committees and to address problems not uniquely Alaska. 

And then Challenger. "I told you so!" 0-rings at 29<>p do not 
perform like the same product at 100° or 75° or even 5o<>p. This 
incident helps us to reinforce that idea and resolve to insist that 

others learn it as well. 

The third and fmal aspect that I hope we can learn from is 
perhaps the most important, as it relates to the moral and ethical 
dimensions involved in the Challenger tragedy. The name 

Roger Boisjoly will be forever remembered as the engineer in 
the middle, the man who knew problems could erupt, who did 
his best to advise delay of the launch in those temperatures, who 
was overruled, and who has now become a "whistle blower" 

who lost his job and has had to live with his failure to be able to 
convince the folks at Morton Thiokol and NASA to delay the 

launch. 

The full story is too long to repeat here. Suffice it to say that 
Boisjoly had 25 years experience as an engineer in the 

aerospace industry and was considered the nation's leading 
expert on 0-rings and rocket seal joints. As early as January 

1985, he had alerted his management at Morton Thiokol of 
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problems with the 0-rings. Even after repeated tests, reports, 

conversations, and the like, the decision to "go" was close to 

being made. The process came to a head when, on the evening 

before the launch, a Morton Thiokol Senior Vice-President 

turned to the company's Vice-President for Engineering and 

asked him to "take off your engineering hat and put on your 
management hat." And they talked a little longer and decided to 

support the decision to launch. 

WOW! Especially for those of us concerned about the 

management of engineering, the suggestion Jhat a different 

ethic ought to apply to the management of engineering than to 

the technical aspects of engineering is ludicrous, uncon

scionable, appalling, unbelievable. But it happened. 

Boisjoly was chastised for "airing the company's dirty 

laundry," when he testified after the explosion. He became a 

"whistle blower" whose job became so untenable and useless 

that he was granted extended sick leave in July 1986. 

Friends, most engineering codes ofethics say something like 

"engineers shall hold paramount the health, safety and welfare 

of the public in the performance of their professional duties.'.4 

Roger Boisjoly made his decision at an extremely high per

sonal cost. His professional position, his relationships and his 
health have all suffered. And yet he said this, "I have been asked 

by some if I would testify again if I knew in advance of the 

potential consequences to me and my career. My answer is 

always an immediate 'yes.' I couldn't live with any self respect 

if I tailored my actions based upon the personal consequences 
as a result of my honorable actions. ,,s 

What can we take away from this, my third aspect of the 

Challenger tragedy? First, know that dilemmas such as this will 

arise in the course of your professional career. They may not be 

as dramatic or seemingly as important as this example. But, 

large or small, they will arise. Second, be prepared to respond 

by reflecting, thinking, reading, praying; know what position 

you will take. Third, be assured that others have faced similar 

questions and have had the courage to "hold paramount the 

health, safety and welfare of the public." 

And so, what does all this mean for those of you whom we 

honor and with whom we celebrate this night? May I share a 

phrase from the secret ritual, even with those who haven't 

learned the password? That phrase is NOBLESSE OBLIGE. 
Listen to these words from D.H. Lawrence-"Now we begin to 

understand the old motto Noblesse Oblige. Noblesse means 

having the gift of power, the natural or sacred power. And 

having such power obliges a man to act with fearlessness and 
generosity, responsible for his acts to God. A noble is one who 

may be known before all men."6 

The gospel of Luke puts it this way-"Much is required from 

the person to whom much is given; much more is required from 

the person to whom much more is given."7 

That, I'm afraid, is the way it is. You who have been blessed 

with superior talents, who not only have those native 

capabilities but also have learned to use those talents to succeed, 

now are required to use them even more. 

That's what Tau Beta Pi is all about! Whether it's the or

ganization and management of the engineering enterprise, or 

the technical aspects of cold regions engineering, or the ethical 

dimension that surrounds it all, you will lead. Without your 

leadership, it won't happen. 

Thank you for inviting me to share these moments with you. 

Congratulations on a job well started! 
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A METHOD FOR RATING UNSURFACED ROADS 
by 

R.A. Eaton, S. Gerard and R.S. Dattilo 

This article is a summary of the U.S. Army Corps of En
gineers Cold Regions Regions Research & Engineering 
Laboratory Special Report 87-15 and was presented at the 
Fourth International Conference on Low Volume Roads in 
Ithaca, New York, August 1987. The conference proceedings 
were published in Transportation Research Record 1106, pub
lished by the Transportation Research Board, Washington, DC. 

A method for rating the surface condition and drainage of 

unpaved roads has been developed, and a field manual has been 

prepared to assist county, municipal, military, and township 

highway agencies in managing the maintenance of such roads. 

Types of distress found in unpaved roads are categorized and 

listed. For each type of distress listed, there is a description of 

the type and level of severity, an illustration, and a measure

ment method. The manual also includes instructions on how to 

inspect unsurfaced road conditions, a field inspection 

worksheet, and a family of deduct-value curves for the distress 

types and associated severity levels. The curves were validated 

using data gathered during seven field surveys throughout the 

United States. The surface and drainage rating method and 

maintenance management strategies can be used alone, or they 

can be adapted for use with any existing computerized pave

ment management system (PMS). The rating method and 

strategies are compatible with the PAVER PMS developed by 

the U.S. Army Corps of Engineers and the American Public 

Works Association. An unsurfaced roads component of the 

PAVER PMS is available as Micro PAVER version 2.0 to 

provide local highway agencies with a more comprehensive 

roadway management system. 

INTRODUCTION 

About two-thirds of the highway systems in the United 

States and 90% of all roads worldwide are unsurfaced or lightly 

surfaced low-volume roads. No single recognized management 

system is being used to effectively maintain these roads. The 

U.S. Army Corps of Engineers, the American Public Works 

Association, and others have developed pavement management 

systems (PMSs) for use on paved roads. These PMSs cannot 

currently be used for unsurfaced roads. An unsurfaced roads 

component that can stand alone or be used with any of these 

PMSs would provide local highway agencies with a com

prehensive roadway management system that would be more 

suitable for their needs. 

The research effort to develop a method for rating and 

managing the maintenance of unsurfaced roads has been 

divided into three phases: Phase I, field manual development; 

Phase II, field validation and deduct-value model development; 

and Phase III, method implementation and development of 

PMS software-compatible packages. Only Phases I and II are 

addressed in this paper. 

Phase I consisted of the development of a field manual for 

rating the condition of unsurfaced low-volume roads. Main

tenance management practices employed by townships, the 

military, and municipal, county and state governments were 

used to develop this rating system. The effort also focused on 

reviewing past and current maintenance practices and on iden

tifying and conducting field surveys of unsurfaced road distress 

types. 

Phase II consisted of a series of field surveys that were 

directed at validating the field manual. These surveys provided 

the information required to define and describe the distress 

types and their associated severity levels. In addition the sur

veys provided the data needed to develop the deduct-values 

associated with each distress and severity level. This phase was 

conducted through the cooperative efforts of the Federal High

way Administration (FHWA); U.S. Army Corps of Engineers 

Cold Regions Research and Engineering Laboratory (CRREL), 

Construction Engineering Research Laboratory (CREL), and 

Waterways Experiment Station (WES); U.S. Army Forces 

Command; U.S. Army Training Command; U.S. Army 

Facilities Engineering Support Agency; U.S. Army Engineer 

District, Tulsa; Town of Hanover, New Hampshire; Department 

of Transportation; Hardin County, Kentucky; Long County, 

Georgia; Ft. Knox, Kentucky; Ft. Stewart, Georgia; Ft. Chaffee, 

Arkansas; Ft. Irwin, California; Ft. Lewis, Washington; and 

State of Alaska Department of Transportation. CRREL Special 

Report 87-15, Rating Unsurfaced Roads, provides more detail 

about Phase I. 

THE NORTHERN ENGINEER, VOL. 21, NO. 1 & 2 30 



PROJECf BACKGROUND 

The Phase I development of the unsurfaced roads field con

dition rating method and manual was funded through the 

FHWA Rural Technical Assistance Program (RTAP). There

search study work has been conducted as "RTAP Project No. 

29: Revising the PAVER Pavement Management System for 

Use on Unpaved Roads." A concise description of the RTAP 

program and how the study originated follows. 

The U.S. Congress appropriated funding for RTAP begin

ning in 1982. The program is focused on roads, bridges and 

public transportation in rural areas. It is mainly aimed toward 

county, municipal and local agency personnel. Under the pro

gram several RTAP centers were established, primarily at in

stitutions of higher learning. Through these centers, local 

agency training is completed and transfer of new technology by 

various other means is also accomplished. 

The PAVER PMS was developed by an unsurfaced roads 

component of the U.S. Army Corps of Engineers (COE) and the 

American Public Works Association (APWA). It was sug

gested to FHWA by the Vermont Local Roads Program 

(VLRP), which is the RTAP center at St. Michael's College in 

Winooski, Vermont. The VLRP-RTAP center had been assist

ing local agencies with implementation of the COE-APW A 

PAVER PMS, and found that it, as well as others, did not 

include provisions for unpaved roads. Several local agencies 

indicated that having an unpaved roads component in the 

PAVER system would be helpful because this category of roads 

constitutes a major portion of the roadway system that they 

were responsible for maintaining. They also agreed to work on 

a project to develop this component. Based on the VLRP sug

gestion and evidence of local agency need and support for such 

a project, the Phase I effort to develop a method and manual for 

rating the field condition of unpaved roads was initiated in 

cooperation with the COE. To ensure compatibility of the 

developed method and the manual with the COE-APW A 

PAVER PMS, the CERL, which originally developed the 

PAVER system, was asked to participate in the study. A 

prototype rating method and manual were developed, and the 

need to validate them under actual field conditions was recog

nized. 

As a result of the Phase I study, the Phase II field validation 

effort was approved and initiated. The Phase II work was 

jointly funded through an extension oftheRTAPProjectNo. 29 

and by contributions from several U.S. Army agencies. An 

executive steering committee was formed by the principal fund

ing agencies to coordinate the work activities in Phase II. This 

committee included representatives from the U.S. Army's 

Facilities Engineering Support Agency, Forces Command, Of

fice of the Chief of Engineers, Training Command, Corps of 

Engineers research laboratories (CERL, CRREL and WES), 

and the FHA. A representative of the VLRP RT AP Center, was 

a liaison member. The actual field validation was performed at 

military installations and nearby areas. The selected sites repre

sented the varying unpaved road soil and surface aggregate 

conditions, environmental conditions, and degrees of main

tenance provided. The sites were located in Kentucky, Georgia, 

Oklahoma, Arkansas, New Hampshire, Vermont, California, 

Washington, and Alaska. Field condition rating panels consist

ing of representatives of the military installations and local 

areas have used the Phase I prototype method and manual to 

ensure that the unpaved road distress types, severity levels and 

deduct-value curves are accurate and repeatable. A final field 

manual including fmal curves has been published as CRREL 

Special Report 87-15. The COE Army Technical Manual 5

623, Pavement Maintenance Management, published in 1982 

will be modified to include unsurfaced roads. 

ST A 1EMENTS AND DEFINITIONS 

The following are the statements and definitions used in the 

development of the manual: 

Pavement Management. Differences exist be
tween paved roads and unpaved or gravel roads. 
This is primarily because of the short life span of 
gravel roads compared to paved roads. Long
term planning for a paved road would be five- to 
15-years, whereas for a gravel road it would be 
one- to two-years. 

Unsurfaced Road Management. An unsurfaced 
road is any road that does not have Portland ce
ment concrete, asphalt concrete, or any other sur
face treatment. The normal maintenance of 
unsurfaced roads consists of blading with a road 
grader. Unsurfaced road management is based on 
a dynamic situation in which road conditions 
change significantly between one grading or blad

ing and the next. Blading or grading should be 
conducted three or four times a year, and planning 

THE NORTHERN ENGINEER, VOL. 21, NO. 1 & 2 31 



or scheduling should be done on an annual basis. 

Distress. Distress signifies any undesirable con

dition of an unsurfaced road. Use of this term 
maintains compatibility with PAVER. 

Roughness. This term refers to the ride quality of 
an unsurfaced road. 

• 	 Unsurfaced Road Condition Index (URCI). This 
index is a numerical indicator, based on a scale of 
zero to 100, that measures the road's operation 
condition; it corresponds to the PCI (pavement 

condition index) in the PAVER management sys
tem. 

Inspection. As used in the manual, "windshield 
inspection" consists of driving the full length of 

an unsurfaced road at 25 mph (the speed may be 
higher or lower depending on road conditions or 
local practice) in a pickup truck, to determine the 
overall surface and drainage conditions. Inspec
tions should be conducted four times a year, once 
each season. Relative surface condition ratings 
and drainage problems can be noted for all unsur
faced roads within the military installation, town 
county or city limits. General estimates of main
tenance needs and priorities can be made from this 
initial inspection. 

Measurements. Measurements are the collection 
of detailed data on the roadway's surface and 
drainage conditions by highway personnel. After 
the initial inspection ride, a representative one 
hundred-foot section of the road, for every one

half mile, is selected in which actual measure
ments of distresses are taken. The measurements 
are needed to develop the numbers for the URCI. 
This section should be permanently marked so 

that future measurements will be taken in exactly 
the same location. 

Deduct-Values. As used in PAVER, the deduct
value is a number from zero to 100, in which zero 
indicates that a particular distress has no impact 
on road conditions, and 100 indicates an extreme
ly serious distress that caused the road to fail. 
Deduct-values for each distress and severity level 
are presented in this paper. 

Delphi Panel. A Delphi panel is a group of ex
perts on a subject who are brought together to 
discuss and document an area of concern. 

FIELD MANUAL DEVELOPMENT 

The field condition rating manual was developed by ac

complishing the following tasks: 

conducting an extensive literature search on the 
design, construction, operation, and maintenance 
of unsurfaced roads; 

convening a series of workshops using the Delphi 
panel technique, in which the panel is 
predominantly composed of unsurfaced road ex
perts from New England; 

conducting discussion with local, state, federal, 
and university personnel; and 

conducting a number of on-site field trips to sur
vey unsurfaced road distress problems, how these 
problems manifest themselves, and what main
tenance strategies are used to combat them. 

First, an extensive review was conducted of available pub

lished information on operations and maintenance practices, 

maintenance management systems, construction and design, 

and traffic volumes and loads of unsurfaced low-volume roads. 

The literature search included a thourough review of docu

ments, reports, manuals, and fact sheets prepared by a wide 

spectrum of organizations, including the Transportation Re

search Board, FHW A, the U.S. Department of Agriculture 

Forest Service, CRREL, the New Hampshire Department of 

Transportation, the U.S. Army Facilities Engineering Support 

Agency, APW A, and VLRP. These documents provided a 

good background for the Delphi panel workshops and ensured 

that the rating and maintenance management system developed 

for unsurfaced roads was compatible with existing methods, 

procedures and systems. Based on this review, it became ap

parent that this effort was not duplicating previous or ongoing 

efforts and that it was worthwhile. 

Three Delphi panel workshops were held with New 

Hampshire and Vermont local and state highway agency per

sonnel. The purpose of the workshops was to prepare a prelimi

nary draft of the distress rating and identification manual to be 

used in the Phase II field validation work. The Delphi technical 

panel accomplished this task. The results of its efforts were 

documented in an interim, unpublished project report. In addi

tion, the panel brought up and discussed many other topics 

related to construction, operation and maintenance of unsur

faced roads. These three workshops provided the major con

tributions to the manual. They provided the background 
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information on how unsurfaced roads are currently being main

tained; identified some economic, political, and social 

problems; and outlined the information that should be included 

in the manual. 

Another major goal of the workshops was to present the 

information so that it could be readily understood by highway 

personnel and help them maintain their roads and conduct their 

budget reviews. 

UNSURFACED ROAD DISTRESS 

The Phase I field manual identified six unsurfaced road 

distresses and two drainage-related distresses, each with a 

separate index. As a result of the Phase II field validation, the 

manual was modified by combining the two indices so that it 

currently lists the following seven distresses: 

Improper cross-section; 
• 	 Roadside drainage; 


Corrugations; 

Dust; 

Potholes; 

Rutting; and 

Loose aggregate. 


Each of the following sections is structured to provide a 

description of the type of distress, definitions of its severity 

levels, and instructions on how to measure both the distress and 

its severity level. The accompanying figures depict the deduct

curves for each of the seven distresses. 

Improper Cross-Section 

Description 

Improper cross-section is the result of the road surface not 

being properly shaped or maintained to carry water to the 

ditches. This condition is evidenced by water ponding on the 

road surface, water draining or running along the road surface, 

lack of a crown on the road, or road surface erosion caused by 

water runoff. 

Severity Levels 

L-Small amounts or evidence of ponding water on the road 
surface or completely flat road surface (no cross-slope), or 
both. 

M-Moderate amounts or evidence of ponding water on the 
road surface or a bowl-shaped road surface, or both. 

H-Large amounts or evidence of ponding water on the road 
surface or severe depressions in the wheel paths on the road 
surface, or both. 

Measurement 

Improper cross-section is measured in linear feet per 100

foot section from outside shoulder break to outside shoulder 

break. Different severity levels can exist within the 100-foot 

sample unit A maximum of 100 linear feet can be measured. 

The deduct values are shown in Figure 1. 

Roadside Drainage 

Description 

Poor drainage causes water to pond. Drainage problems 

occur when ditches and culverts are not in the proper condition 

to adequately direct and carry runoff water. This condition is 

evidenced by overgrown or debris-filled ditches, ditches that 

have not been properly shaped or maintained, water running 

across or down the road, and areas in which the ditches have 

begun to erode into the roadway. 

Severity Levels 

L-Small amounts of: 
- ponding water or evidence of ponding water in ditch; 

and 
- overgrowth or debris in ditch. 

M-Moderate amounts of: 
ponding water or evidence of ponding water in ditch; 

- overgrowth and debris in ditch; and 
evidence of erosion of ditch into shoulder or road
way. 

H-Large amounts of: 
- ponding water or evidence of ponding water in ditch; 
- water running across or down road; 
- overgrowth and debris in ditch; and 
- erosion of ditch into shoulder or roadway. 

Measurement 

Drainage problems are measured in linear feet per 100-foot 

section parallel to the road centerline, from the outside shoulder 

break perpendicular to and away from the road. It is possible to 

have a maximum of 200 linear feet of roadside drainage dis

tress. 

The deduct values are shown in Figure 2. 

Corrugations 

Description 

Corrugation, also known as washboarding, is a series of 

closely spaced ridges and valleys or ripples that occur at fairly 

regular intervals. The ridges are perpendicular to the traffic 

direction. This type of distress is usually caused by traffic 

action and loose aggregate. These ridges usually form on 
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grades or curves, in areas of acceleration or deceleration, or in 

areas in which the road is soft or potholed. 

Severity Levels 

L-Corrugations less than one-inch deep or low-severity 
roughness, or both. 

M-Corrugations one- to three-inches deep or medium
severity roughness, or both. 

H--Corrugations deeper than three-inches or high-severity 
roughness, or both. 

Measurement 

Corrugation is measured in square feet of surface area per 

100-foot-long section. The total square footage of the corruga

tions must not exceed the total area of the section. 

The deduct values are shown in Figure 3. 

Dust 

Description 

The abrasive action of traffic on unsurfaced roads eventually 

loosens the larger aggregate particles from the soil binder. As 

traffic passes, dust clouds create a danger to trailing or passing 

vehicles and cause significant environmental problems. 

Severity Levels 

Normal traffic produces the following levels of severity: 

L-Thin dust that does not obstruct visibility. 
M-A moderately thick cloud that partially obstructs visibility 
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FigUI'fl 2. Deduct 11alue cur~~es for inadequate roadside drainage. 

and causes traffic to slow down. 
H-A very thick cloud that severely obstructs visibility and 

causes traffic to significantly slow down or stop. 

Measurement 

Dust is measured by driving a vehicle at 25 mph and observ

ing the dust cloud; the dust is estimated to be thin, moderately 

thick or very thick. 

Dust is not rated by density. The severity of the distress is 

determined by the size of the dust cloud generated by traffic and 

the reduction in visibility caused by the dust. 

The deduct-values for the levels of severity are as follows: 

Low 2points 

Medium 5 points 

High 15 points 

Potholes 

Description 

Potholes are small, bowl-shaped depressions in the road 

surface that are usually less than three-feet in diameter. Their 

growth is accelerated by free moisture collection inside the 

hole. Potholes are produced when traffic abrades small pieces 

of the road surface. The road then continues to disintegrate 

because of loosening surface material or weak spots in the base 

or subgrade. 
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Figure 3. Deduct value cllT!Ies for corrugations. 

Severity Levels 

The levels of severity for potholes under three-feet in 

diameter are based on both the diameter and the depth of the 

pothole according to the following table: 

Average Diameter 


Maximum Depth <1ft 1-2ft 2-3ft 3ft 


1/2-2 in L L M M 

2-4 in L M H H 

4in+ M H H H 

If the pothole is over three-feet in diameter, the area should 

be determined in square feet and divided by 7ft2 to fmd the 

equivalent number of holes. 

Measurement 

Potholes are measured by counting the number that are of 

low, medium, and high severity in a 100-foot-long section and 

recording them separately by severity level. 

The deduct values are shown in Figure 4. 

Rutting 

Description 

A rut is a surface depression in the wheel path. Rutting is 

caused by a permanent deformation in any of the road layers or 

subgrade. It results from 

repeated traffic loads, espe

cially when the road is soft. 

Significant rutting can lead 

to major structural failure of 

the road. 

Severity Levels 

L-Ruts less than one-inch deep 
or low-severity roughness, 
or both. 

M-Ruts one- to three-inches 
deep or medium-severity 
roughness, or both. 

H-Ruts deeper than three-in
ches or high-severity rough
ness, or both. 

Measurement 

Rutting is measured in 

square feet of surface area 

in a section. The total 

square feet of rutting must 

not exceed the total area ofthe 100-foot-long section. 

The deduct values are shown in Figure 5. 

Loose Aggregate 

Description 

The abrasive action of traffic on unsurfaced roads eventually 

loosens the larger aggregate particles from the soil binder. This 

leads to loose aggregate particles on the road surface or 

shoulder of the road. Traffic moves loose aggregate away from 

the normal road wheel path and forms berms in the center or 

along the shoulder of the roadway or less-traveled area, parallel 

to the road centerline. 

Severity Levels 

L-Loose aggregate on the road surface or an aggregate berm 
on the shoulder or less-traveled roadway area of less than 
two-inches, or both. 

M-Moderate (two- to four-inches) aggregate berm on 
shoulder or less-traveled roadway area; excessive fines are 
usually found on the roadway surface. 

H-Large (greater than four-inches) aggregate berm on 
shoulder or less-traveled roadway area. 

Measurement 

Loose aggregate is measured in linear feet in a 100-foot-long 

section parallel to the road centerline. 
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The deduct values are shown in Figure 6. 

FIELD VALIDATION SURVEYS 

Based on the workshops, the relative importance of each 

type of distress was established. This information was used to 

develop the deduct values for each type of distress and the 

associated severity levels for the initial field validation survey 

at Ft. Knox and Hardin County, Kentucky. 

The initial field validation survey team was composed of 

eight members. Twelve, 100-foot sections of road were 

selected for evaluation and measurement. Each member of the 

team rated the section according to the Unsurfaced Road Condi

tion Index (URCI) as follows: 

0-25 Poor 

25-50 Fair 

50-75 Good 

75-100 Excellent 

Field evaluation surveys were then conducted at Ft. Stewart 

and Long County, Georgia; southeastern Oklahoma; Ft. Chaf

fee and northwestern Arkansas; central New Hampshire and 

Vermont; Ft. Irwin and southern California; Ft. Lewis, 

Washington, and central Alaska from Anchorage to Prudhoe 

Bay. 

In addition to the original URCI estimate, each team member 

was required to assess the distress in each section. These dis

tresses were used to compute ratings based on the deduct

values. Based on both the ratings and the distress 

measurements, new adjusted deduct-values were developed that 

resulted in the least difference between the computed and es

timated ratings. 

These adjusted deduct-values were used to compute ratings 

at subsequent field validation surveys. The mean difference 

between the estimated and the computed ratings was -0.1 point. 

The average dispersion of any road section among the team 

members was approximately 6.0 points. These differences in 

the estimated and computed ratings are extremely small con

sidering the significant differences in the locations, soil condi

tions, composition of the survey teams, and road conditions. 

A sample of the inspection sheet developed to conduct the 

unsurfaced road measurement surveys is shown in Figure 7. 

UNSURFACED ROAD INSPECTION AND DISTRESS 
MEASUREMENT PROCEDURES 

The unsurfaced road network must be divided into branches, 

sections, and sample units before it is inspected and distresses 

are measured If a pavement management system for paved 

roads is being used, the same procedures can be followed for 

unsurfaced roads. If the PAVER PMS is being used, the 

specifications in Army Technical Manual 5-623, mentioned 

earlier, should be followed. Once this has been accomplished, 

road condition data can be obtained and the URCI of each 
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Figure 4. Deduct value curves for potholes. 
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section can be detennined. 

A windshield inspection and detailed distress measurements 

are both perfonned for unsurfaced roads. A description of the 

recommended inspection and distress measurement procedures 
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Figure 6. Deduct 11alue cunes for loose aggregate. 

follows. 

Unsurfaced road inspections should be made from inside the 

road agent's vehicle at 25 mph. The inspector should drive the 

full length of each unsurfaced road, and note any surface dis-

I-'" 

90 100 

1--

J-1

18 20 

tresses and drainage 

problems. These inspections 

should be made four times a 

year, once each season. How

ever, detailed distress meas

urements necessary to 

compute the URCI are not re

quired every year. These 

field measurements should be 

taken between 15 August and 

15 September in order to 

compare ratings from one 

year to the next. This time 

frame is suggested based on 

conditions in New England 

and may vary for other parts 

of the United States. It is the 

time of year in which roads in 

New England are in the best 

and the most consistent con

dition from year to year. 

Measurement sample units 

should be 100 feet long, and 

the number of samples 

measured per section depends 

on the length of the section. 

Two sample units per mile of 

unsurfaced road generally are 

sufficient. 

Data collected during the 

distress measurements are 

used to calculate the URCI, 

which is based on deduct 

values. As was previously 

stated, a deduct value is a 

number from zero to 100, in 

which zero indicates that the 

distress has no effect on the 

road condition and 100 indi

cates that the road has com-
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UNSURFACED ROAD INSPECTION SHEET 

Potatoe Hill Central 
Date 

07/15/86Branch 
PH2 R.A. EatonSection Inspector 

1 100' X 16'Sample Unit Area of Sample 

DISTRESS TYPES SKETCH 

1. Improper Cross Section (linear feet) 100'~ . >I 
2. Inadequate Roadside Drainage (linear feet) 
3. Corrugations (square feet) I :: ]f6'4. Dust 
5. Potholes (number) culvert 
6. Ruts (square feet) 
7. Loose Aggregate (linear feet) 

DISTRESS QUANTITY AND SEVERITY 

Type 1 2 3 4 5 6 7 

Quantity L 100 X 1 100 
and 

MSeverity 100 1 
H 100 25 

URCI CALCULATION 

Distress Deduct REMARKS:Density SeverityType Value 
Erosion around culvert 

1 6.3 L 13 URCI = 100 - CDV = 2 6.3 M 15 100 - 36 = 64
2 6.3 H 20 

4 L 2 

5 0.1 L 1 

Rating = GOOD5 0.1 M 4 - 
7 6.3 L 10 
7 1.6 H 8 

Total Deduct Value = 73 
q: 5 

URCI: 64 RATING= Good 

Figure 7. Example ofan Unsurfaced Road Inspection Sheet. 
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pletely failed. Step 1. Each sample unit has been inspected and the distress 

The URCI of a sample unit can be calculated by the follow recorded on an Unsurfaced Road Inspection Sheet (Fig. 
ing simple, four-step procedure: 7). 

1. Each sample unit selected for distress measurements is Step 	2. The deduct values are determined from the deduct 

inspected and distress data are recorded on the Unsur	 values curves. The densities of each distress and 

faced Road Inspection Sheet (Fig. 7). 	 severity level are based on a sample unit of 1 ,600ft2 

2. The deduct values are determined from the deduct (shown in Fig. 7). 

value curves for each distress type and severity level. 1. For 100 linear feet of low-severity improper cross-sec

3. A total deduct value (TDV) is computed by summing tion, the density equals 

all individual deduct-values. 100 
1,600 X 100 = 6.3 4. Once the TDV is computed, the URCI can be deter

mined from a correction curve (Fig. 8). 	 2. For 100 linear feet of medium-severity roadside 

drainage, the density equals The URCI for a section is computed by taking the arithmetic 

mean of all the individual URCis of all sample units measured. 100 
1,600 X 100 = 6.3 

3. For 100 linear feet of high-severity roadside drainage, EXANWLEOFURCICALCULATION 

the density equals 


A sample section called Potatoe Hill Central at Sardis Lake, 

100 

Clayton, Oklahoma, was chosen to illustrate the determination 1,600 X 100 = 6.3 

of the URCI (Fig. 7). 4. Dust has been measured as low severity. 

Based on the previously described procedures, the URCI of 5. For one pothole at low-severity, the density equals· 
Potatoe Hill Central is calculated as follows: 1 

x100=0.11,600 

TIIE NORTIIERN ENGINEER, VOL. 21, NO. 1 & 2 39 



6. For one pothole at medium-severity, the density equals 

1 
X 100 = 0.11,600 

7. For 100 linear feet of low-severity loose aggregate, the 

density equals 


100 

1,6()() 	 X 100 =6.3 

8. For 25 linear feet of high-severity loose aggregate, the 

density equals 


25 

1,600 	 X 100 =1.1 

Using the deduct value curves, deduct values can be 

obtained for all the densities computed above; these 

are shown in Figure 7. 

Step 3. A TDV is computed for the sample unit For example, 

in Step 2 the total deduct value is 13 + 15 + 20 + 2 + 1 

+ 4 + 10 + 8 =73. 

Step 4. The URCI is computed. 	 In the Step 2 example, the 

TDV was found to be 73. The value ofq, the number of 

individual deducts the value of which is greater than 

five, is five. Based on the corrected deduct value cur

ves in Figure 8, the URCI is 64. The rating is good. 

Note that if the section being rated had had only one 

sample unit, the section's URCI would also have been 

64. But if two or more sample units had been rated, the 

section's URCI would have been the arithmetic mean 

ofall the sample units rated. 

MA~ANCEMANAGEMENT 

The ratings obtained using this procedure can be used to 

effectively manage maintenance of unsurfaced roads. Each 

agency can establish critical URCI ratings that can be used to 

establish a maintenance strategy. For example, a rating of 50 on 

a road would require the development of maintenance action to 

restore the road to a rating of 75 or higher. This technique could 

be used as a stand-alone, or manual, pavement management 

system, or it could be used in conjunction with PAVER or any 

other automated PMS. The integration of this rating method 

into PAVER would provide procedures to divide the road into 

sections, conduct a road condition survey and rating, evaluate a 

road, determine rational maintenance and repair needs and 

priorities, perform life-cycle costing on feasible maintenance 

and repair alternatives, and develop manual or automated sys

terns to store and retrieve data. 

CONCLUSIONS 

A method of rating unsurfaced roads has been developed and 

field-validated at seven test areas across the United States from 

New England to Alaska. This method can be used alone to rate 

unsurfaced roads, or it can be incorporated into automatic, 

computer-aided pavement maintenance management systems 

for paved roads, such as PAVER. 

Manual or computer-aided PMS use of this rating method 

should provide the data necessary for optimum allocation of 

resources and maintenance of unsurfaced roads in the best pos

sible condition for the least cost. 
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THE STUDENT ENGINEER 
or The Field ofEngineering Needs You 

by 

George "Bub" Mueller 

Executive Officer, School of Engineering 


This column will be a continuing fea

ture in TheNorthern Engineer, its purpose 

is to introduce engineering concepts to 

students-the younger the better. I want to 
reach students under 15 years of age be

cause studies show that this is when the 

decision is made to pursue a career in 

engineering or science. I am also hoping 

that some of our more seasoned readers 

will even find this information useful 

enough to apply to some of their 

problems-because that is what engineer

ing is: problem solving. Or as the diction

ary defines it: "The application of 

scientific principles to practical ends as 

the design, construction, and operation of 

efficient and economical structures, 

equipment, and systems."1 

In future columns, we will be looking 

at some practical methods of collecting 
and analyzing data from your surround

ings and using this information to control 

them. Early columns will help you use 

your computer to obtain data like tempera

ture, record and compare it, make 

decisions on its value, and use it to control 
equipment (such as a fan). Later on, I will 

present some actual circuits and programs 

that have been used to solve problems on 

research projects conducted by the In

stitute of Northern Engineering. These in

clude using a computer to remotely 

control data loggers for a year's unat
tended operation and using radio signals 

to conserve battery operated navigational 

equipment. 

Before you start saying that this 

column is only for electrical engineers, let 

me tell you that no matter which field of 

science or engineering interests you, you 

will be collecting data. The more you 
know about the principles of data collec

tion, the better your decisions will be. 

I will need feedback concerning this 

column. If you have suggestions, com

ments, questions, or a better method of 

solving a problem-! welcome your input. 

We can explore things together. 

For the first projects, a computer with a 

game port (the place on the computer 

where a joy stick or paddles are con

nected) will be required. No special make 

or model of computer is required-all 

projects can be done with just about any 

computer from a Commodore C64 to an 

Apple IIC to an IBM-PC to a MAC II (see 

shaded box). I will be explaining the use 

of an IBM-PC type computer with all 

software examples given in GW-BASIC. 

If you are using some other computer sys

tem or software, you will have to make the 

appropriate adjustments, however, I will 

try to help if you contact me. 

Before we begin, I want to give a little 

spiel about your educational future. If you 

are considering science or engineering 

(civil, electrical, mechanical, etc.), please 

take all the math and science courses your 

school offers. You will find that the more 
you explore the exciting world of en

gineering, the more you will need math 

and natural science courses. 

Ideally, your school will have some 

type of science, computer, amateur radio, 

or engineering club (see shaded box). 

Clubs can get you started with difficult 

terms and concepts, you will find that 

there are many abbreviations and a unique 

vocabulary for any technical area, plus 

clubs are fun! 

There is one more reason you should 

consider taking additional math classes

MONEY. In the July, 1989 issue of 

Science Digest, there is an article entitled 

"$=MC2?" which states: 

"The more mathematics courses that 
students take in high school and co~ 
lege, the more money they're Ukely to 
earn IIlier. A Department ofEducation 
study that made allowances for per
sonal background, high-school perfor
mance, and job field, conj~rmed this 
strong tie between math and 
money.''2 

Okay, enough of the hard sell, but 

honestly, the time you now spend studying 

will be time well spent. 
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A game port is an "add in" board for 

the IBM-PC type computer-you really 

wanted a joy stick for those games 

anyway-now you can justify it for educa

tional purposes. The game port is the 

most "user friendly" I/0 (Input/Output) 

means that computers have of interfacing 

or connecting with the "real world." The 

real world is an analog world; that is most 

things vary continuously over a given 

range, whereas the computer world is a 
digital world; that is things vary in discrete 

steps over a given range (there have been 

analog computers but the PC type com

puters that we use are all digital). 

Changing from analog to digital can 
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Fig.l(a). Analog (real) world. 
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Fig.I(b). Digital world. 

THE GAME PORT 

mean a loss of information depending on 

how sharp the curves are and how large 

the spaces between the points. One way to 

think of the difference between analog and 

digital is to draw a line with curves-this is 

analog. Now take an eraser and make the 

line into a dotted line-the dots, or points, 

are the digital world (see figs. 1(a) and 

1(b)). A point can be represented with a 

real number (get out your math book for 

the definition of a real number). 

All engineers and scientists are con

stantly faced with the problem of collect

ing the most precise data at the lowest 
possible cost. Data can be more precise in 

two ways: (1) more exactly measuring 

the value of the point; 

and (2) moving the 

points closer together 
(less time between data 
points). For instance, 

the monitoring of ground 

temperature normally re

quires few data points, 

maybe one an hour or 

even one a day, because 

the change in ground 

temperature is usually 

very slow; but the meas
urements must be very 

exact, usually to the 
nearest 0.1° or 0.05° 

Celcius. 

Monitoring solar ir

radiance is normally the 

converse; that is, meas

urements should be fair

ly frequent, usually one 
D each minute because of 

" 	 fairly rapid changes (like 

fast moving clouds) but 

many times the precision 

of the measurement is 

not critical. There can 

be exceptions; for example, if you were 

measuring winter irradiance on the 

Beaufort Sea floor, you must be able to 

maintain precision to at least 0.1 

microeinsteins/square meter/second. 

Therefore, you should always perform the 

necessary research and calculations to en

sure that your data collection system and 

instrumentation sensors are adequate for 

the type of data being collected, but you 

don't want overkill, since that is a waste of 

resources. 

In later columns, I will discuss how 

precise and how quickly you will be able 

to make measurements with the game port 

but for now let me just describe the 

general capabilities. The IBM PC game 

port has the capability of monitoring four 

switch closures and four analog signals. 
In this column, we are going to be discuss
ing only the switch closure (digital) 

monitoring function. I know, I can hear 

"but he just said the 'real world' is 

analog." However, there are still many 

things that can be monitored that are bi

nary digit based. Binary is a number sys

tem that has two as its base-that is, there 

are only two numbers used when counting 
in it zero (0) and one (1). Please use your 

math books again for more information on 

the binary system because we will be 

using it again in future columns. 

Switches are binary because most have 

only two states: OFF (Logic 0) and ON 

(Logic 1). What can you do with some

thing that monitors binary? You can do 
everything from building a burglar alarm 
to measuring the amount ofrainfall (with a 
tipping bucket rain gauge) to measuring 

the rpm (revolutions per minute) of a 

motor or engine. It is really up to you and 

your ingenuity in building and/or applying 

sensors that provide a binary output. 

The pinout (or connections) for the 
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game port is as follows: 

Line Name Pin Number* 

+5VDC 1 

Button4 2 

PositionO 3 

Ground 4 

No Connection 5 

Position 1 6 

ButtonS 7 

+5VDC 8 

+5VDC 9 

Button 6 10 

Position2 11 

Ground 12 

Position3 13 

Button 7 14 

+5VDC 15 


* 	Information from Jameco 
Electronics User's Manual for 
JE1060,1/0 Card forXT. 

Game Port DB15
Adopter Mole 

(plug) 

!o 
uuuuaouuuuouoo 

.----~---. 
:·:··· 

: ..... <> , ~ ~ -::.: :~_:DB1 s I! lrglli~ 118 

:: 	.-._.l="emale ~: ~ o 11 :: ..· 

(socket} l• <> ~ ~! 1 j :~::· :;:..


•7 	 ()A •i& 	 D.., l:l i •,·, ·:·· 
-:.:::._ ... 

~ I 
view from( back at plug 

view from rear )
( of computer 

NOTE: Some game port cards have two 
connectors, with lines switched on the 
second connector (i.e., Button 6 is on Pin 2 
and Button 4 is on Pin 10, etc.). The 
power ( +5VDC) and ground pins remain 
the same on both connectors. 

Assuming that you are interested in 

making a burglar alarm, Figure 2 shows 

semi-schematically how to connect 

switches to the game port. The pins that 

will be of interest to us are the "Button" 

and "Ground" pins (pins# 2, 4, 7, 10, and 

14). The easiest way to access these pins 

is using a DB15 male connector to ter

minal block adapter (see SIDE BAR for 

sources). Listing 1 is a simple BASIC 

program for monitoring the status of the 

switches and alarm; this assumes that 

when the door and/or window is closed the 

switch is closed (thus the status will 

change if someone enters or if the wires to 

the switch are cut). 

Build the circuit (making sure that you 

use the correct pin numbers) and enter the 

software. Experiment with the circuit

you can't hurt anything, so long as you 

don't introduce any voltages other than 
from the pins of the game port. Also, 

tinker with the software until you under

stand what each command does. 

Let me hear from you-if you come up 

with something interesting, I'll pass it 

along to the other readers. 

REFERENCES 

1Morris, William, Editor. 1970. The American 
Heritage Dictionary of the English Language. 
Boston, MA: American Heritage Publishing 
Co., Inc. 

2science Digest. July, 1989. "$=MC2?" p. 93. 

15 Position 
Barrier lerminol Block 

Switch 1 (button 4) 

Ground 

Switch 2 (button 5} 

) 
Switch ~ (button 6) 

Switch 4 {button 7} 

Figure 2. How to connect the switches. 
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LISTING 1 

010 REM* July 13, 1989 
020 REM * Written by Bub Mueller 
030 REM * School of Engineering 
040 REM* University of Alaska Fairbanks 
050 REM * Fairbanks, AK 99775 
070 STRIG ON 'Must be executed before any STRIG(n) function calls may 

be made. 
080A=0 
085 W=STRIG(1) '-1 if Switch 1 is currently closed; returns 0 if not. 
090 X=STRIG(3) '-1 if Switch 2 is currently closed; returns 0 if not. 
100 Y=STRIG(5) '-1 if Switch 3 is currently closed; returns 0 if not. 
110 Z=STRIG(7) '-1 if Switch 4 is currently closed; returns 0 if not. 
120 PRINT W,X,Y,Z 'Prints on screen the status of each switch 
130 IF W=O THEN A=1 : GOSUB 200 'If Switch 1 has been opened then 

ALARM 
140 IF X=O THEN A=2: GOSUB 200 'If Switch 2 has been opened then 

ALARM 
150 IF Y=O THEN A=3: GOSUB 200 'If Switch 3 has been opened then 

ALARM 
160 IF Z=O THEN A=4: GOSUB 200 'If Switch 4 has been opened then 

ALARM 
170 FOR J= 1 TO 1 000 'Called a Timing Loop 
180 NEXT J 'In this case to slow things down so screen can be read easier 
190 GOT080 
195 END 
200 REM SUBROUTINE ALARM 
210 IF A= 1 THEN PRINT "Switch 1 has been opened or wires have been 

cut" 
220 GOT0300 
230 IF A= 2 THEN PRINT "Switch 2 has been opened or wires have been 

cut" 
240 GOT0300 
250 IF A= 3 THEN PRINT "Switch 3 has been opened or wires have been 

cut" 
260GOT0300 
270 IF A= 4 THEN PRINT "Switch 4 has been opened or wires have been 

cut" 
280GOT0300 
300 FOR J = 1 TO 10 
310 BEEP 
320 NEXT J 'Computer will beep 1 0 times to alert you that a switch has 

opened 
330 RETURN 

NOTE: This program assumes that the 
switches are wired so that the normal 
state of the switches Is closed (shorted) 
when the window, door, or whatever Is 
In the "normal" state (e.g., door closed= 
switch closed). 
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BACK OF THE BOOK 


• CONFERENCES 

The next three events will be presented 
by our own Transportation Technology 
Transfer program. For information about 
these courses, or to get on the mailing list 
for future course announcements, please 
contact Michelle Johnson at (907) 474
7733. 

August 7-8, 1989-Right-of-Way 

Forum, University of Alaska Fair

banks, Wood Center. 

August 16-17, 1989-Work Zone 

Traffic Control Devices, UAF 

Wood Center Ballroom, Fair

banks, Alaska. 

August 23-24, 1989-Work Zone 

Traffic Control Devices, Captain 

Cook Hotel, Anchorage, Alaska. 


August 29-31, 1989-The Division of 
Mechanical Engineering, National Re
search Council of Canada and the U.S. 
Water Jet Technology Association are 
pleased to announce that the 5th American 
(formerly U.S.) Water Jet Conference will 
be held in Toronto, Ontario, Canada. The 
purpose of the conference is to provide an 
opportunity for the specialist and the 
novice alike to meet, review, and discuss 
and exchange ideas on all aspects of the 
technology. Address inquiries to Mrs. H. 
Lacoste, Conference Coordinator, Con
ference Services, National Research 
Council of Canada, Ottawa, Ontario, 
Canada KIA OR6, phone (613) 993-9009. 

September 27-29, 1989-The 
Canadian Association ofDam Safety Offi
cials (CADSO) is organizing a Dam 
Safety Seminar in Edmonton, Alberta. 
The seminar will include presentations on 
investigation and evaluation of existing 
dams, evaluation of spillways and control 
features, floods, dambreak computer 
modelling and emergency preparedness 

plans, an rehabilitation of existing dams. 
A tour of the Oldman River Dam and the 
Frank Slide area in southern Alberta is 
planned. Further details are available from 
Barry Hurndall, P.O. Box 4490, South Ed
monton Postal Station, Edmonton, Alber
ta, Canada T6E 4X7, phone (403) 
422-1356. 

November 14-17, 1989-The fourth 
annual meeting ofBIOQUAL will be held 
at the Alberta Research Council, Edmon
ton, Alberta. Plenary sessions with presen
tations by experts in the application of 
environmental biotechnology to major in
dustrial sectors-oil and gas, forestry, 
coal mining, agriculture and environmen
tal protection-will be featured. A special 
afternoon session will deal with the issues 
related to biotechnology regulations. A 
basic microbiology workshop, scientific 
posters, literature display tables and com
mercial exhibits are also being planned. 
For additional information, contact Nina 
Merchant, Alberta Research Council, 
P.O. Box 8330, Postal Station F, Edmon
ton, Alberta, Canada T6H 5X2, phone 
(403) 450-5323. 

• NOTED 

We receive many news releases from 
the U.S. Fish and Wildlife Service, some 
of which we pass on to you. In recent 
weeks, many of the news releases have 
dealt with the oil spill and its effect on the 
wildlife in Prince William Sound. 

So much of the publicity surrounding 
the spill and its aftermath has focused on 
blame. We applaud U.S. Fish and Wildlife 
Service efforts to track and aid the eagles, 
otters and other migratory birds. While 
the results of their surveys are often sad 
and sobering, their commitment to do 
what they can without a lot of hand-wring
ing and casting of blame is encouraging. 

********** 

Other news from USF& WS includes a 
warning to international travelers regard
ing the ban on the importation of African 
elephant ivory. Effective June 9, 1989, 
any elephant ivory obtained abroad is sub
ject to seizure upon entering the U.S. This 
ivory is easy to obtain in the Far East and 
with Anchorage as a major stop on many 
international routes, Alaskans (and others 
disembarking there) should be aware of 
this ban. 

********** 
Eight new faculty have recently joined 

the School of Engineering. Drs. J.G. 
Hawkins and G.G. Walker, both Assistant 
Professors of electrical engineering, 
joined the staff in the Fall of 1987. Dr. 
Hawkins received his Ph.D. in Electrical 
Engineering from Stanford University in 
1987. Dr. Walker, who was first a visiting 
assistant professor at UAF, received his 
Ph.D. in Geophysics from the University 
of Alaska Fairbanks in 1988. 

Dr. M.A. Tumeo accepted a position 
with the Civil Engineering Department in 
the spring of 1988. Dr. Tomeo holds a 
Ph.D. in Environment Engineering from 
the University of California, Davis. 
Before teaching at UAF, Dr. Tomeo was 
an Associate Instructor at the University 
of California, Davis. 

Drs. L.C. Gominho and L. Raad began 
teaching at UAF with the Fall 1988 
semester. Dr. Gominho received his Ph.D. 
in Mechanical Engineering in 1986 from 
the University of Rhode Island. Dr. Raad 
has a 1977 Ph.D. in Pavements and Soil 
Mechanics from the University of Califor
nia, Berkeley. Prior to coming to UAF, 
Dr. Raad taught at the American Univer
sity of Beirut in Lebanon. 

Spring 1989 saw the arrival of DJ. 
Goering, and Drs. K.C. Curtis and C.E. 
Mayer. Dr. Curtis, who has a Ph.D. in 
Structural Engineering from Colorado 
State University, is now an Assistant 
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Professor of Civil Engineering. Doug 
Goering will receive his Ph.D. in 
Mechanical Engineering this summer, 
from the University of California, 
Berkeley and he will be an Assistant 
Professor of Mechanical Engineering. Dr. 
Mayer is an Assistant Professor ofElectri
cal Engineering. He received his Ph.D. in 
Electrical Engineering from the Univer
sity of Texas in 1983. Prior to coming to 
UAF, Dr. Mayer was a research engineer 
at the electrical engineering research 
laboratory at the University of Texas at 
Austin. 

The Northern Engineer would like to 
welcome all our new faculty members! 

• PUBLICATIONS 

Manual for Repair Methods of Cjyil 
En~jneerin~ Structures Dama~ed by 
Eartbquak;es is now available in English. 
Originally published in Japanese, the 941
page hardcover text is designed for use by 
engineers and construction managers 
responsible for retrofit or repairs of roads, 
sewage pipeline, river, coastal, and 
erosion control facilities. The report 
covers topics from earthquake-resistant 

design to the development of repair tech
nology for earthquake-damaged struc
tures. The manual is available from the 
National Center for Earthquake Engineer
ing Research, State University of New 
York at Buffalo, Red Jacket Quadrangle, 
Buffalo, NY 14261 for $65 plus postage 
and handling. 

********** 
Gulf Publishing Company has three 

new catalogs available: 1989 Spring 
Professional, Reference and Technical 
Book Catalog, 1989 Video Catalog, and 
1989 Spring Trade Catalog. The 
catalogs are free for the asking from Gulf 
Publishing Company, P.O. Box 2608, 
Houston, TX 77252-2608. 

• WHOOPS! 

Our last issue contained an article en
titled "Buildings and Utilities in Very 
Cold Regions: Overview and Research 
Needs" by Wayne Tobiasson. We forgot 
to include the "About the Author" section 
on this article. Our apologies to Mr. 
Tobiasson and our readers. We include it 
here: 

Wayne Tobiasson is a Research Civil 
Engineer with the U.S. Army Corps of 
Engineers Cold Regions Research and En
gineering Laboratory (CRREL) in 
Hanover, NH. His current work is chiefly 
aimed at documenting the performance of 
buildings in cold regions for the purpose 
of updating design and construction 
criteria and developing better operation, 
maintenance and rehabilitation proce
dures. In pursuit of these goals, he has 
traveled extensively in Alaska, Canada, 
Greenland, Scandinavia, Antarctica, and 
Siberia. 

Mr. Tobiasson obtained a B.S. in Civil 
Engineering from Northeastern University 
in 1961 and a Masters of Engineering 
from Dartmouth College in 1974. He is a 
member of the American Society of Civil 
Engineers, Chairman of the ANSI A58 
Snow Loads Subcommittee, Past Presi
dent of the Eastern Snow Conference, a 
member of the faculty of the Roofing In
dustry Educational Institute, and a 
registered professional engineer in the 
State ofNew Hampshire. 
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