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PREFACE

This is a report on one part of Corps of Engineers Greenland Project 13,
USA SIPRE Project 22. 2-6. The purpose of the werk was to develop and
test a technique for making snow-arch covered trenches for use as sub-
surface military shelters and communication ways on the Ice Cap. The
work was accomplished during 1955 and 1956 by R. W. Waterhouse, civil
engineer, Applied Research Branch, Personnel of the First Arctic Engi-
neer Task Force, now the Polar Research and Development Center, pro-
vided {field support.

This report has been reviewed and approved {or publication by the
Office of the Chief of Engineers.

! w. L, NU?&ESSER
Colonel, Cérps of Engineers

Director

Manuscript received 9 March 1960
Department of the Army Project 8-66-02-400
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lt' SUMMARY

;During 1955 -~ 3 1456 a technigue was developed xnd tested in
Greenland for makin- ~now-arch covered trenches designed for use as
subsurface military shelters and communication ways on the Ice Cap.

The initial installation consisted of a trench 8 {t wide and 10 ft
deep over which an arched snow cover was formed on a removable
steel form system. A track-mounted Swiss snow-milling machine
driven by a gasoline engine was used in bisth the trench-cutting and

roof forming operations.
Five hundred fe=t of covered trench was formed and instrumented

io gage the time deformation and closure rete of the cavity,
A sequence of photographs are inciuded to show details of the con-
struction technique. The appendix contains details of the snow forms.




CUT-AND.COVER TRENCHING IN SNOW

by
R. W. Waterhouse

Introduction

Snow in the accumulation zone of Arctic ice-cap regions has properties which per-
mit its use as a material of construction.

The system described here for producing covered trerches in snow, was developed
and tested in Greenland during 1955 and 1956. The site of the testing was on the Ice Cap
220 miles inland and east from Thule, Greenland, at an elevation of 7000 ft. This polar
plateau is essentially flat and arid. The accumulating wind-drifted snow has an average
mean dernsity of 0. 4 g;’cm3 for the top few feet, and increases in density with depth.
During ihe summer, the sun is continucusly above the horizon and air temperatures are
rarely above freezing. These general characteristics required the introduction of new
trenching concepta.

Photographs in sequence of the cut-and-cover method are included at ‘he end of
this brief description to permit study of the details of this technique.

Trench cutting

The machine used for the trench cutting was a Swiss-made irack-mounted milling
machine with a rotating drum mounted on the front. Forward motion of tihe machine on
its tracks forces the rotating drum and helical blades intc the snow, which is disaggregated
and carried by centrifugal action to two ducts over the drum from which it is discharged,
guided by adjusiable chutes, The cut produced by a single pass of this machine is 8 it
wide and a maximum of 4 ft deep. Repeated pagses with the machine enlarged the test
trench to its final dimensions.

Precise control was accomplished with this machine except in surface cuts where
the high bearing pressure on the tracks, combined with large differences in density and
strength of surface snow layers, made vertical control difficult,

The first two cuts in the trench produced an excavation 12 ft wide and 2 ft deep to
provide shoulders for the roof in snow rauch more stable than the surface material.

The third and successive cuts of the miller were directed down the middle of the 12 ft
wide section, leaving a 2 ft shoulder on each side of the trench.

The forward speed of the miller was reduced by increased density in the deeper
cuts. The trenches were cut to a depth of only 10 ft to permit the use of weasels as
working platforms during placement of the roof forms,

Trench covering

The arch support system consisted of steel angles, square tube or tee pins, and
slotted tube sections, in which the arch sections were seated, The systemn was designed
to permit rapid installation and stripping of the forms, using only a wrecking bar and/or
2 6 1b hammer.

The method of installation consisted of first forcing one leg of the light gage metal
angles into the snow wall until the other leg was in contact with the snow. The angles
served as load distributors, transferring the arch load from square tube pins inserted
into the snaw wall through slots in the exposed leg of the angles. The pins in turn sup-
ported the slotted tubular sections acting as seats or abutments for the arch sections.
Tubes also served as shoes during the assembly, which required forcing the arch into
the angle seats, Speed in placing the arch system was essential to avoid damage to the
snow walls by melting or closing of the trench by drifting snow. Although the air tem-
perature rarely rose above Ireezing, the vertical snow walls absorbed enough solar
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radiation to start melting in time, producing a deeply honeycomived, fragile snow struc-
ture. When increments of 100 ft of roof were in place, the ends were blankad off with
plywocd sheets, and the miller, traveling parallel to the trench and 30 to 40 ft upwind
began backfilling with snow for the arch fill,

During the covering of the arches with Peter snow, the forms were inspected fre-
quently to check for signs of distress in the support systern or snow shoulders, When
the average crown thickness of the blown snow was about 2 {t, it was permitted to age
undisturbed for 24 hr. The depoeit of Peter snow remained granular for 20 min to 1 hr,
denending on the weather conditions, particularly the temperature, Colder temperatures
appeared to arrest the hardening process,

Only one failure occurred in constructing this first 500 ft of covered trench. A 20 ft :
trench ghoulder section in the third 100 ft component collapsed because solar heat hagd H
weakened the snow which was further damaged by the miller on backing out of the cut,

The toof of a weaselserved as a work stage for stripping the forms which progressed
as followa: a. driving the 2.in. square tube pins into the snow until they were flush with
the & x & in. angle seat face; b, levering loose alotted tubes, ¢, dropping an arch form
section at one side; d. removal and stacking of the arch sections; e. removal of the
6 x 6 in. angle and pins remaining in the snow walls,

Discussion

During the initial stripping, it was found that considerable shock and mutilation
could be sustained by the snow seat 2z well as the filled arch without apparent detriment
to the roof system,

The original form system proved to be easily handled by teams of enlisted pecrsonnel,
with a minimum of instruction, and it has been successfuily used on many occasions
since. In fact, the form system and snow arch proved more successful than expected
considering that at the time knowledge on the strength properties of either natural or
disaggregated snow was limited,

Engincering properties of the snow studied during this operation included the defor-
mation rates of the tunnel section, Mary factors, including arch-cover thickness, arch
span, and trench depth, influence such deformations. After the plywood was removed,

a grid was painted on the end section of the roof to assist in the deformaticon study.

The current {1960} technique tor making cut-and-cover trenches siiows no radical
changes; however, the hardware has been improved. The Peter millers now in use are
larger and more powerful than they were in 1956. Details of hand-placed arch forms,
including those now in use may be found in the Appendix. Recent developments include
the replacing of the hand-placed hardware with a ski-supported mechanically-articulated
forra system, Peter snow arches of 16 {t span have been successfully formed.

Conclusion

Experience has proved that cut-and-cover trenching by the method described is
sound and practical. Underanow facilities of significant size and durability can be
quickly produced by service personnel.
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APPENDIX

Arch form details

~ . .?
1956 ,‘\'\é

L

o ARCH SEAT —

616 2 anaLE FoRMED
COLD & THEN GALVANIZED,

08 cut ~ SNOW ARCH FORM —

'8 GA GALVANIZED CORAUGATED
STEEL -2 "2 NOM. CORR, — 33" WiDE.

= ARCH BUSHING —

16 GA- SHEET ROLLED /Ay'
T0 SHAPE / )
~—BEARING PIN—

232'-cALvanIZED
16 GA.STEEL TuBING.

1958

.
—r—

igf
= ARCH SEAT— L

Cu12s /8 ANGLE
FORMED COLL &
THEN GALVANIZED

— SNOW ARCH FORM —
16 GA. GALVANIZED
CORRUGATED STEEL.

~ARCH BUSHING~

.
16 0A.SHEET ROLLED vy

- — BEARING PIN —
Yo cuare. “..@ 2'a2™-aaLvanZED
/ 16 GA.STEEL TUBING

1960

— ARCH SEAT —

Ve STEEL SWEET
GALVANIZED AFTER
FARRICATION

— SNOW ARCH FORM -

16 GA. GALVANIZED
CORRUGATED ITEEL.

= ARCH BUSHING —

= BEARING PINS ~
16 GA. COLD FORMED

2°R. - SEMICMCULAR
STEEL OALVANIZED. 178" GALVANIZED STEEL
2" DIAM SLOTTED TUBE. " 1°R. =~ SEMICIRCUL AR

3/327 GALVANIZED STEEL

Preceding Page Blank
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APPENDIX

FPrincipal {eatures, Peter snow miller

Manufaciurer: Konrad Peter Co., Inc., Liestal, Switzerland

Gross wt:
Length:
Width:
Heigh.:
Drum diam:
Drum length:
Drum speed:
Power:
Drum drive:
Track drive:
Milling speed:

GrO 8017833

1200 kg

6.30 m

2.46m

2.95m

1.2 m

2.07T m

260 rpm

2 Ford industrial engines, 100 hp at 2700 rpm
Geared drive direct from engines
Electric motor 25 hp/track

780 yd~ /hr in 0. 4 gicm3 snow

L

1 st




