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Figure 3. Snow removal along centerline of new Ice Tunnel Road.
5 June 1958

Figure 4. Fill being p'aced along new Ice Tunnel Road, 7 June 1958.
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‘Figure 7. Construction of timb-er crib§ on new bridge, 14 June 1958.

Exact records were not kept on the amount of yardage, equipment or personnel but observa-
tions indicate that the work output was appioximately the same as in 1956 (USA EWES, 1963). The
same types and numbers of items of equipment, such as trucks and bulldozers, were used. Approxi-
mately 5680 yd® of material were used to build the road and to build a pad in front of the tunnel entrance.

Bridge construction

Work was started on the bridge at Station 6+35 immediately after road construction began. A
ladder-type trencher was used to excavate holes for the placing of the timbers which were used as
uprights for the crib. The timbers were placed in the holes and aligned and slush and water were
placed around them as backfill. As the work was done in early June, the timbers froze in place
in about 24 hr. The timbers were 12 in. x 12 in, x 16 ft and were placed in the ice to a depth of
8 ft. Figure 5 shows that the Treadways were supported by four timbers. The capacity of each
abutment was ample to support any vehicle that would use the bridge.

As soon as the piles were frozen in place, cribs composed of 6 in. x 8 in. x 9 ft timbers were
nailed in place (Fig. 7). After both cribs were built, the one on the southem end of the bridge was
loaded with coarse fill and the Treadways were placed in position. The crib on the northern end
of the bridge was filled by end dumping from the bridge and road construction was continued to
the tunnel entrance.

The Treadways were placed on the abutments at a spacing of 84 in. from centerline to center-
line. This permitted all of the vehicles in use at Camp Tuto to cross the bridge with the exception
of the M-29 Weasel.

Cut section construction

A cut was made through a small ice ridge that crossed the centerline of the road approximately
at Station 6+90 to 7+60. After the snow was removed by bulldozers, the ice was shattered by a
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Figure 8. Cut section on new Ice Tunnel Road, 17 June 1958.

charge of dynamite exploded in a small hole drilled in the ice, and the ice was bulldozed aside.
The cut was designed to allow a full depth of fill and still maintain the desired grade (Fig. 8).

Special procedures are necessary in the use of explosives in ice. Only a small number of
charges, usually 4 to 8, should be placed at one time, and they should be fired immediately after
thev are placed. This precaution is necessary because the amount of water present either causes
the charges to become damp and not fire or interferes with the electrical connections. Black pow-
der has a better shattering effect than dynamite but is more susceptible to moisture. Experience
has also shown that ice should be removed in relatively thin (1- to 2-ft) layers, instead of blasting
the entire depth of cut at one time.

Culvert construction

With the failure of all the culverts along the Transverse Road, due to perching, a consider-
able section of the ramp was drained under the new bridge. In an effort to divert some of the
water, a culvert was constructed at Station 14+18 on the Transverse Road. This site was selected
because two melt streams intersected at this point and a large amount of melt water would be
drained through the road fill.

The culvert, of the cut-and-cover type, was constructed by removing the fill from a section of
the Transverse Road and cutting a trench through the ice with the trenching machine (Fig. 9). The
trench was covered by 2-in. x 6-in. x 6-ft planks and a layer of 1-in. boards. The fill was replaced
and the road opened to traffic. Canvas curtains were hung over each end to shade the ice walls of
the trench.

Performance of 1958 construction

Tunnel access road. The failure of all the culverts on the Transverse Road caused a large
amount of melt water to flow along the south side of the road, resulting in erosion, slumping and
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Figure 9. Ladder-type trenching machine cutting through ice ridge on
Transverse Road, 24 June 1958.

abnormal perching. Figure 10 shows a comparison of the cross sections at each station along the
road in June 1958 and August 1959. The extremely rapid ablation at Stations 5+00 and ¢+00, on
the north side, is due to erosion by the melt water. Additional fill was added along the south side
of the road in August 1958. The road remained serviceable throughout 1959 without repairs.

Bridge. There was a larger amount of melt water beneath the bridge than expected. Profiles
along the centerline of the ice beneath the bridge are shown on Figure 5. Melt-water erosion
rapidly undermined the cribs and twice during the 1958 field season additional fill was added to
the cribs. At the end of the 1958 season two large culverts composed of oil drums welded end
to end were placed in the channel and covered with coarse fill.

In 1959 the culverts beneath the bridge functioned during the beginning of the melt season
but by the first week in July the fill was eroded away and the culverts washed down the channel,
Fill was added to the cribs three times in 1959 and at the end of the season coarse fill was placed
in the channel to the level of the Treadways.

Cut section. No problems resulted from the cut section. The exposed ice along the side
melted rapidly; by the end of the 1958 scason the ice was level with the road surface and by the
end of the 1959 season, it was below the road surface (Fig. 11).

Cut-and-cover culvert. The culvert was finished on 25 July and the largest amount of melt-
water flow measured was 18 ft*/sec on 5 July. Excessive erosion at both ends of the culvert re-
sulted in narrowing of the Transverse Road. As a safety measure, the culvert was filled in and
fill placed along both sides of the road. By the time the culvert was filled in the ice on the uphill
side had melted below the elevation of the bottom of the trench so that melt water was bypassing
the culvert (Fig. 12).
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Figure 11. Cut section on Ice Tunnel Road at end of 1959 thaw season,

NOT REPRODUCIBLE

13 August 1959.

Figure 12. East end of culvert C-12, 24 July 1958.
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Figure 13. South s:ie of Ramp Road, Station 4,00, 27 August 1959.

the ablation exceeded the upthrust, this was not apparent except where the 1ce was insulated by
the road fill. Above this area the road surface was gradually lowered by the outward flow of the
ice. This resulted in a steepening of the slope from Station 0+00 to approximately Station 33-00
and a flattening of the slope from there to the end of the road. This refers only to the road as the
ablation resulted in a steeper slope of the exposed ice from the edge of the glacier to the end of
the road.

The road surface was rough and uneven. This was caused, in part, by some melting of the ice
beneath the road; e.g. calculations show that in 1957 0.1 to 0.2 ft of ice melted beneath the road
fill (USA EWES, 1963). An additional cause was the practice of scraping the road periodically.
This removed the fines from the surface and exposed the coarse fill.

Extensive repairs were required to restore the road to its original condition. A* the end of
the 1959 field season the road had narrowed to 18 ft in some places. A large amount of fill would
be needed to rebuild the road to the design width of 30 ft. In addition, the entire road needed re-
surfacing.

Based on the amount of material required to repair the road it was decided at the end of the
1959 season to abandon the original Ramp Road above the intersection of the Transvrse Road and
to construct a new road in a different location in 1960. At the end of the 1959 season profiles
and cross sections were made in the area south of the present location to select the site for the
new road,

Transverse Road

This section of road was constructed to furnish access to the original ice tunnel and to in-
v stigate the effect of a gravel fill road at an angle to the drainage pattem. Various sizes and
types of culverts were placed in the road fill at the time of construction but due to perching of
the road above the ice all became ineffective. Since the road fill serves as a dam, a large
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Figure 17. Surface of crushed rock test section after two thaw seasons,
11 August 1959.

the end of the 1959 season. As can be seen, the total ice melt below the 12-in. section was 58%
of the melt beneath the 6-in. layer.

Based on observations and measurements for 2 years it is concluded that a crushed rock
road with a thin layer of fill is not satisfactory where there is substantial ablation. A thin fill
may be usable in an area where there is no ablation or only a slight amount. In this case, since
the road surface was only barely above the surrounding ice, there would probably be a deep snow
cover and plowing problems.

The failure of the sections with thin fill layer was attributed to differential melting of the
ice beneath the fill. The thickness of the fill was not uniform due to the rough ice surface, and
the rate of melting varied with the thickness of fill. Swales, hummocks and ruts developed.

Culverts

The Ramp Road was constructed parallel to the melt-stream pattem so that drainage struc-
tures were not required. During the building of the first 800 ft of the Transverse Road in 1955,
four types of culverts were incorporated in the road: 1) a 36-in - diam corrugated iron pipe; 2) a
French drain consisting of boulders hand-placed in the channel; 3) oil drums welded end to end:
and 4) a 36-in~diam half-round corrugated iron pipe placed on wood sills. At the end of the 1955
season only the half-round culvert was operating. The other culverts had become perched above
the surrounding ice and were bypassed by the melt water.

When the road was extended in 1956, seven half-round culverts were placed through the fill.
Based on observations of the culverts installed ir. 1955 this was thought to be the most effective
type. In addition, an 18-in-diam corrugated iron pipe was placed in the fill as an experiment. At
the end of the 1956 season only four of the culverts were functioning. By the middle of the 1957
thaw season, the warmest season recorded up to that time, all the culverts were perched above the
ice level on either side.


























































































































































































































