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Abstract.--32 strain gages and 6 load cells were in
stalled in a reinforced concrete avalanche shed at the East
Riverside path, San Juan Mountains, Colorado. The sensor
locations were chosen to provide information about avalanche
induced impact and depositional loads and strains at the ends
and mid-points of the roof slab. Data are monitored continu
ously by a MEGADAC 2200 data acquisition system at O.Ol-second
intervals throughout the avalanche season. This system has
been programmed to permanently record on magnetic tape all
strain and load data 30 seconds before and 120 seconds after
impact whenever a threshold strain level (+ 75 x 10-6) has
been exceeded. -

Avalanche velocity and lateral extent will be observed
and recorded on videotape from a high rock outcropping approx
imately 400m north of the shed. The avalanche loads and
strains will be compared with those obtained from a static
test in which a 3,500kg (4 ton) block was set down at 55
locations on the shed roof, thus calibrating the system to
a known load magnitude and distribution.

INTRODUCTION

A SSm (180 foot) long avalanche shed was
built during 1985 to protect a section of US 550
between Ouray and Silverton in the San Juan
Mountains of Southwestern Colorado. The shed pro
tects a short section of the highway where 5 people
were killed in 3 separate avalanche accidents since
1963. Large avalanches in the East Riverside and
adjacent paths will easily exceed the shed width
and overrun both north and south portals. Complete
protection of this portion of highway would require
substantial extensions of the structure beyond both
portals.

Design avalanche loads can be large at the
Riverside shed location because of potentially
thick avalanche debris deposition on the shed roof
and because of deflection loads due to avalanche
momentum change at the shed. These loads, which
could not be avoided in design, were computed by
using traditional avalanche-dynamics equations, and
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terrain analysis within this path. Assumptions
were made in analysis about avalanche density,
flow thickness, velocity, and volume. Direct
measurements of avalanche properties or measure
ments of the effects of avalanche interaction at
the site were not made prior to construction.

Future extent ions of this shed or design of
other structures to resist avalanche loads can
benefit from knowledge gained about avalanche im
pact with or deposition against this structure.
Therefore, the shed was instrumented to measure
the loads and strains resulting from avalanches.
The shed is reached an average of 4 times per year
during the 35-year period prior to construction,
therefore, an excellent opportunity to collect
avalanche and load data exists at this location.

EXPERIMENTAL DESIGN

The avalanche-loading experiment at the
Riverside shed has the following objectives:

1. To measure avalanche-induced strains at
32 locations within the shed roof;

2. To measure avalanche loads at 6 locations
at the edges of the roof span;

3. To record the variations of these loads
and strains prior to, during, and after avalanche
passage;



4. To determine velocity and extent of each
avalanche; and

5. To relate loads and strains to measured
avalanche characteristics.

Load cells and strain gages were installed within
the reinforced concrete structure during construc
tion (Figure 1) at both tension and compression
sides of the roof slab. Each load cell or strain
gage was connected to a conductor and each conduc
tor cable was run to a central location inside the
shed. Therefore, all gages, cell, and conductors
are completely protected by the shed.

Strain and load data at each location are
being monitored continuously at O.Ol-second inter
vals throughout the entire avalanche season, and
are being stored in the memory of a MEGADAC 2200
data acquisition system installed in the shed. This
system has been prograillIlled to permanently record on
magnetic tape avalanche strains and loads 30
seconds before and 120 seconds after impact. A mid
span strain of approximately 75 x 10-6 is required to
trigger permanent data storage on the magnetic tape.
The strain gages and load cells may also be sensi
tive to thermal stress in the structure, highway
vibrations, and other "noise" intrinsic to the
electrical system. The threshold strain (+ 75 x
10-6) is approximately one order of magnit~de larger
than any noise levels recorded.

Avalanche properties must also be recorded and
related to the strains and loads in order to extend
thedata to other locations for design purposes.
Ideally, data on avalanche velocity, width, density,

. and flow height should be obtained for complete
correlation of loads with avalanche characteristics.
At present, the experiment is designed to collect
data on avalanche front velocity and width. These
data will be collect.ed simply by direct observation
End video tape recording of the avalanche passage
over the shed. Data acquisition will require climb
ing to a site approximately 400m north of the shed
which is beyond the reach of major avalanches from
the East Riverside. The video-tape procedure must
be set up prior to explosive control attempts by the
Colorado Highway Department. This procedure is con
sidered to be more reliable than remote triggering
of a camera because of the difficulties in main
taining a power source over the winter at a remote
location. The avalanche descent will be recorded
on video tape and the velocity will be computed by
timing the avalanche front between points a known
distance apart.

CALIBRATION OF STRAIN GAGES AND LOAD CELLS

A loading test was devised to determine the
effect of a known load on the strains as recorded
in the MEGADAC 2200. In this test, a 3,500kg (4
ton) block was lifted by crane and set down at 55
points on the shed roof surface. The weight of the
block produced a different set of strains at each
gage as it was placed at various locations on the
roof. The summation of strains from all 55 weight
locations can be added, in accordance with the
principal of linear superposition, to determine the
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effect of a simultaneous load of 200,000kg (220
tons) distributed over the shed surface. Thus, a
known load will produce certain measurable strains
and this can later be correlated to strains pro
duced by avalanche passage.
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Figure l.--Plan and section views of Riverside shed showing locations of strain
gages <L:]) and load cells (~).
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