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Abstract:

This thesis presents the experimental results of a laboratory project to construct a measurement system
in a refrigerated, hydraulic flume to measure the normal and tangential forces transmitted to a river
shoreline due to a floating, fragmented ice cover. Two materials were used to model the floating,
fragmented ice cover; real ice and a commercially available polyethylene with the same specific gravity
as ice. Two block sizes of each material were used. The experimental results of the thrust exerted by
the model ice covers on a floating retention structure, called a boom, are also presented.

The results of the studies of the boom thrust show that the boom thrust attains a maximum value when
the length to width ratio of the ice cover reaches a certain value. This relationship is of the form
(Formula not captured by OCR) The normal and shear force exerted by the ice cover on the shoreline
was shown to generally have maximum values at the downstream edge of the cover and decrease in the
upstream direction. The normal force was in the range of two times the shear force at all conditions
tested. The normal and shear forces exerted on the shoreline, at any one point, were normally less than
the thrust exerted on the boom.

The two model materials, ice and plastic, showed slightly different results. The real ice data always had
much more experimental . scatter. The forces developed by the plastic blocks were generally larger
than for the ice blocks under the same testing conditions. It is theorized that this is due to differences in
surface tension effects of the two materials. Friction coefficients were found for the jams consisting of
the two model materials against the river shoreline. The friction coefficient for the jams consisting of
plastic blocks was an order of magnitude higher than for jams consisting of real ice blocks.
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ABSTRACT

. This thesis presents the experimental results of a laboratory
project to construct a measurement system in-a refrigerated, hydraulic
flume to measure the normal and tangential forces transmitted to a
river shoreline due to a floatlng, fragmented ice cover. Two mater¥
ials were used to model the floating, fragmented ice cover; real ice
and a commercially available polyethylene with the same specific
gravity as ice. Two block sizes of each material were used. The
experimental results of the thrust exerted by the model iée covers on
a floating retention structure; called a boom, are also presented.

The results of the studies of the boom thrust show that the boom
thrust attains a maximum value when the length to width ratio of the
ice cover reaches a certain value. This relationship is of the form

L
FB = C (l,—Coe B)i

The normal and shear force exerted by the ‘ice cover on the shore-
line was shown to generally have maximum values at the downstream edge
of the cover and decrease in the upstream-direction. The normal force
was in the.range of two times the shear force at all conditions tested.
The normal and shear forces exerted on the shoreline, at any one '
point, were normally less than the thrust exerted on the boom.

The two model materials, ice and plastic, showed slightly differ-
ent results. The real ice data always had much more experimental .
scatter. The forces developed by the plastic blocks were generally
larger than for the ice blocks under the same testing conditions. It
is theorized that this is.due to differences in surface tension ef-
fects of the two materials. Friction coefficients were found for
the jams consisting of the two model materials against the river
shoreline. The friction coefficient for the jams consisting of
plastic blocks was an order of magnitude higher than for jams con-
sisting of real 1ce blocks.




Chapter 1

INTRODUCTION

In northern.climétes, ice jams in rivers have been historical
events. However, it has only been in recent years fhat the studf.of
the méchanics and hydraulics of river ice jams has.been undertaken.

'Although various theofies.on the mechanics of river ice jams have been
proﬁésed'and énaiogiés with theories from other fields have been drawn,
: verf few field or laboratory investigations Eave been undertaken in
this area and quantitative. data is very scarce.

Hydraulic éngineering pfojects on rivers are playing an ever-
increasing role in our expanding technological society. Ice jams
are an extremely important féature of rivé% engineering in cold regioms.
Tt is well to recall when defining the geographical limits of cold
regions such events as the ice‘jgm in 1899 in the Mississippi River
at New Orleans! (Gerard, 1980) Design engineers for hyaraulic
‘ strucfures seriously lack the data wifh which to evaluate the effect
of forces exerted by fiver ice jams. Quantitative measurements-of
forces exerted by river ice jams are almost noﬁ—existent, due mainly
to the difficulty of obtaining such measurements in the field. Recent
literature has showﬁ a beginning in,the‘area-of-measurement of river
ice jam forces througﬁ attempts at instrumenting bridge piers and piles

in northern rivers which experience ice jams. However, much additional

work needs tq Be done in order to provide information needed for cost

effective design and overation of civil works projects.
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Ice jams and ice accumulations may ;aké many forms but there»aré'
fundamentally three basic modes of the accumulation process.- In
relatively low velocity flow the first mode of accumulation occurs.
‘"Under this condition the ice jam progresses upstream by mere juxta-
positioning of ice floes. As the velocity in the reach of the jam
formation is increased the ice jam thickens. The secénd moée of
accumulation occurs in a "hydraulicly narrow" river section, defined
as the hydraulic reach in which the ice cover thickens b& floe entrap-
ment under the jam from underturning of the ice floes at the leading
edgé of the cover. This thickening will continue until the head loss
created by the deposition of the entfaéped floes raises tﬁe upstream
water level to the point at which the velocity becomes low enough to
allow a new upstream progression of the ice cover.

A “h&draulicly wide" river section, in which the third type of
accumulation wiil occur, is defined as.the hydraulic reach in which
the jam thickens when the thrust on the co&er exceeds the internal
strength of the ice cover. A folding or collapsing of the jam occurs
which thickens the jam until the internal ;trength can resist the
external forces applied, namely thg shear force of the flow applied to
fhe_jam on the undersurface of the cover and tﬁe gravity component of
the weight of the ice in the streémwise direction. When a new equiii—
brium is. restored the upgtream progressiqn of the cover will continue;‘

Each of the modes of the accumulation process are dynamic.
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A giveh river rea;h may during the éourse of the formation of a jam

act as either'h?draulicly wide, hydraulicly narvrow, or juxtap&sitioning
of the ice floes may occur, depending upon the changing hyd?aulic

conditions and the integrity of the ice floes.




Objectives

When a fragmented ice cover comes to rest within a given river
reach the hydrodynamic f&rces exertea on the cover are éither absorbed
internally in a crushing failure of the cover of are transmitted to-
the shorgline throughout the length of the cover. The river shoreline
will see this force in three components, a force normal to the_béhk
face, a force tangential to the bank face, or a force which is in tﬁe
vertical plane of the bank face. The objectives of this thesis are
to present the‘results of a laboratory project to construct a measure-
ment system in a refrigerated, hydraulic flume to méasure the. normal
and tangential forces transmitted to a river shoreliﬁe due to a
floating, fragmented ice cover and to present the results_pf ax
1imited number of experiments conducted with this measurement system
using two materialsgto model the floating, fragmented ice cover:freél
ice and a commercially available polyethylene with the same specific

gravity as ice.




Chapter 2

LITERATURLE REVIEW

The objective ofithis section of .the Fhesié is to present a
brief 6verview of.the theoretical and_gxperimenfaljstudies fhat héve7
been coenducted on the:forces exerted on river ice jamg. All of the
river ice iam theories presented include a postulafion of tﬁe stress
distribution within the fragmented coVver. A brief description of the‘
assuﬁptioﬁs involved in each is presented. A summérization of the’
.labératory and field'iﬁvestigations of the forces éxerted by a
floating, fragmented cover on a fl&ating reténtipn structufé, normally 
called a boom, is also presented. To the knowledge of this auﬁhbt,
this study is the first attempt at the neasurement of the forces
exerted by an ice jam on a river shoreline. ' - :

Many of the accepted theories of the distribution of stresses iﬁ
a fragmented ice accumulation have stemmed from analogies with gravity
flow of granular média thfough two diﬁehsional hoppers and:bins gna
from the tﬁeories of p?essure.distribu{ion in granular soils. A.
floating, fragmented ice cover ié’aséuﬁed to act as a granular mater
+ ial with fespect totthe interacéion of the parpicies iﬁ'the4mass, in
al} the present theories. |

. Patisetiahd Hauséer (1961) have fétmulated a theory forfthg
formation of‘ice covers énd ice jams .in rivers based on Janssen“s:
(1895) theory fbf.graih pressure in 4 silo. ‘Michel (i970) hés

followed Caquot's (1956) theory from the field of soil mechanics




6
which éssumes that the total thrust on the granular mass is trans-
mitted to the edges by an arching action of the material.

Sodhi and Weeks'(1979) have developed a one-dimensional theory
gbverning ice pressure'in a straight channel for a stationary frag-
mented ice cover based on Cowin's (1977} derivation of static loads
in bins.

Uzuner and Kennedy (1976) have developed a theoretical ﬁodei of
a river ice jam in a straight, rectangular chahnel using an eulerian
control Qolume apﬁroach and assuming that the stress within.the ice
cover is distributed to the banks according to the coulomb friction
law.

Tatinclaux (1977) has presented é theofetical model éimilar to'.
that of Uzunér and Kennedy and correlated this with a large number of
flume experiments condugted'with plastic and ice blecks. Tatinclaux's
model concentrates on the equilibrium thickness of tﬁe'jam accunula-
tion and avoids the hydraulicly wide river case.

Several experimental investigations have been conducted on the
thrust developed on a boom b§ a floating, fragmented acéumulagion.
Latyshenkov (1946} conducted a study in a small naturai channel, 1.6
m wide, with a sinéle layer cover of ice f;oeé. Refer té Figure l.l
The thrust e#erted on the boom by the ice cover was shown to attain".
a maximum when the cover length was 2.5 to 3.0 times the channel

width. TFigure 1 plots the boom thrust normalized by the maximum
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FIGURE |.  Results of tests with ice floes.

Latyshenkov (1948)
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Figure 2.  Forces on o boom caused by a model Iog jam.

Kennedy (1956)
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thrust seen on.the boom égainst the length to width tétiq (%).

Figure 2 shows the results of fluﬁe tests conducted by Kennedy
(1956) with model wooden logs. Kennedy's data islplottéd in the same
form as Latyshenkov's daﬁé. The experiméntal data was limited due to
model length at the length to width ratio (%5 equal to 4.0. The
correlation between model results using wooden logs and ice jam behav-
ior may be of .questionable value, due to differencés.in the material -
interaction and differences in‘materiél shapes.

Delagrave (1966) conducted tests in a 2 meter‘wide flume with
polyethylene pieces used to model ice floes. Refer to Figure 3. Thick
covers werelmodeled in these tests, simuléfing river idg jgm cénditons.
The jam thickness to flow depth ratio (h/Y)'rangéd from 0.2 to 0.3.
The boom thrust is plotted against %—showing the leveling off of the’
boom thrust as the ice jam is increased.

This study will extend the experiﬁental work -conducted on forces
exerted by rivér ice jams. This is tﬁe first attempt to in&estigaté
the forces gxerted on a river shoreline by an'icé jam. Further exper-
iments measuring the thrust on a boom from a rivér ice jam covering a
widér range of conditions will be presented. Two model materiéls will
be used to model the ice jams and resulting forces. It has not been
shown in the literature that polyethylene éan be succéséfully_subsgif
tuéd for real fce in force model. Comparative data for the two mater-

ials will be presented. Data will be presented for the evaluation of
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the stress distribution of ‘the forces excrted on a model ice jam.




Chapter 3

EXPERIMENTAL APPARATUS AND PROCEDURE

Experimgntal Appargtus

The‘work‘fepqrted:hereiﬁ'was conducted in the.refrigerated flume
facility of the Ice Engineéring Regeérch,Bfanch of the U.S. Army’Cold.'
Regioné Research gnd Enginéering Laboratory in Hanover, N.H. A
measurement system was constructed which consisted of an instrumented
river bank and ice boom locgtéd'in the flume,.and a computer controlled
data collection systém. Refer £o figure 4 for a schematic drawing
of the test setup in the flume; |

Instrumented river bank elements comprised tﬁe river shoreline
between which thg fragmented ice cover floéted. The instfumented’:
boom was placed at the dgwﬁstream end of the £;st section to coﬁstréin
the cover. A false wall extended belqw.the river bank elements to
form the channel into é rectangular shape. The lengtﬁ of'the instru-~
mented section was five times the test'section width. '

The hydraulic flume ﬁsed for this project, shown in-Figure 5 is
120 ft. long, 4 ft. wide, and 2 ft. deep. It één be filted with ;
variable dlope range from'—0.069 fr./ft. to 0.018 ft./ft. By‘aﬁ.éuto—
ﬁatic coordinated jacking system. The flow capacity is variablé from
0 to 14 CFS and is monitored wiﬁh magnetic flow meters. The water
level in the fiume can be controlled with eifher a submersible head~

gate, tailgate or a series of adjustable vertical louver gates located

in the tailbox.
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The flume is located in a room that can be refrigerated with a
variable range down to -20° F. The flume Eottom can be refrigerated
to 0° F and the test water used in the flume can be chilled to 32° E
prio? to entering the flume body. The sides of the flumé are composed
of 2 ft. by 6 ft. sections of tempered glass, supported with 2 in.
by 4-1/2 in. aluminum channels with rubber isolatiom gaskéts between
the gléss at all suppdrts. The Manning roughness coefficient n for
the fiume bottom is in the range of 0.010 and 0.011l, which corresponds
to a Darcy-Weisbach friction factor f of 0.015 to 0.018.

The instrumented shoreline panels consisted of ten 3-feet long by
1/2-foot high, each suspended parallel with the flume walls by a 3/4
inch diﬁmeter strain gaged aluminum rod, five on each. side of the
flume. Refer to Figure 6. TEach panel was bolted vertically thréugh
its center point to a support rod. The Sufport rods werée bolted té.

a rigid overhead frame, which was secured to-the flume bbay.

Appendix A details the instrumentéd rod and strain gage posi-
tioning. Each support rod had a milled down section located one foot
above the panel. The milled sections contained fou; flat vértical
faces on which two pair of linear displacemént strain gages were
mounted. Movement of the panel in the horizontal plane would be
transmitted to the 'strain gages through the movement‘of the rdd. After
calibration of the support rod and panel ;n unknown load could be

measured by observing the readings from the strain gages on each rod’







Figure 6. Photographs of Shoreline Panels and Instrumented
Force Rods.
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and comparing with the calibratién matrix for each corresponding
system. Refer to Appendix A for caiibration principles and procedurés.

The'strain gaged rods were mounted in the support frame such that
one pair of gages was oriented in the direction of water flow and fhe
other pair Qas lbcafed transverse to the flow. The shoreline panels
were posifioned in the same plane as‘the streamwise pair of gages. In
thié configuration, one pair of strain gages measured the movement of
tﬁe panel in the streamwise direction, analogous to the tangential
force, and the transversely mounted gages measured the movement normal
to the panel face, the normal force. The moment created due to an
eccentric loading on the shoreline panel, with respect to the supporf
rod, could not be reaa by the strain gages as thé axis of the moment
was coincidgnt with.the neutral axis of the bar.

Fach pair of strain gages was wired into a NIFTF SeriesyBOO
amplifier and signal conditioner as a two active arm wheatstone
bridge. Appendix A details the strain gage circuit. The NEFF signal
conditioner was used to complete the Wheatstoné bridée and to provide
signai conditioning for interfacting with an HP 9845 digital computer-.
The purpose of signal conditioning is to preﬁare the transducer out—:
put for amplification and éonversion to digital code for subsequent.
recording or direct processing. Refer to Appendix B-for'additipnal
informétion on ‘the NEFF signal conditioner.

Thé HP 9845 computer served as the controller for ‘the NEFF syétem
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and provided data storage via flexible disc memory units. Several
programs were written ﬁo? the HP computer to control the NEFF system,
for calibration of the bar and panel systems, monitoring drift in the
NEFF system, for contfolling data acquisition, storage and reduction.

These programs are listed in Appendix D.

Experimental Procedure

A limited number of experiments were condtcted in this apparatusi
in the time period alléwed for this project. .Polyethylene parallepeds
and real ice pieces of ne;rly identical sizé and shape were used to
simulate floating, fragmented ice covers. Two block sizes were used
with each material, 51 mm X 51 mm and 102 mm X 102 mm. The results of
these experiments are reported herein.

The testing pattern followed is shown in Table 1.

TABLE I
Q } PLASTIC BIOCKS ICE BLOCKS
n>/sec 51 mm 102 mm . 51 mm- © 102 mm
.0252 X X X XX
.0316 , xx XX x x
.0379 XX xx x ﬁ
0442 - - ‘ x -

.0473 XX XX X XX

Each x denotes a separate testing event.
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The ice jam thicknesses ranged from 6 mm_to 150 mm and were
relatively uniform élong'their 1éngths. These yalues are tabulated in
Apéendix E. The jam thickﬁesses were measﬁred by inserting arrule
'vertically‘thfough the jaﬁ.along the centerline of tﬂe flume and
observing:thg readings at the top and botpoﬁ of the jam through the.

lglass Qalls of thé flume. Thiékness measurements were taken at‘thg
midboint of each panel section.

The plastic blogks were cut from commercially available polyethy=
lene sheets with a bénd saw. All the piastic blocks1had a.thickneés
of 6 mm. The polyethylene had a density of 0;92,'§ery similar té.
freshwater ice. | -

The ice Eiocks were frozen in trays near the headbox of the flﬁme
and pl;ced in the flow-atithat point, Thé planar dimensions of.gﬁe ice
blocks were also 51 mm_i 51 mmhand 192.mm X 102 mm. The thickness of
" the ice blocks varied slightiy due to'the methgd of construction but
on. the average were the same as the plastic blocks. The thickness
values for the ice blocks are tabulated in Appendix E.

A typical teét proéedu;e-was as follows: The water discharge :
through the flume was set and the watér.eleVation through the test
section obtained. Force feadings on the river bank elements:Wgre,
taken without the boom in plaée. The icé boom was then attached  to
its two support rods gﬁd'another set.of'force.readings obtainédt' A. _

difference in the force readings on the shoreline was found, caused’by
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the backwatef effect Ofvthe,boom.

The model ice{-eiiher plastic or ice, was'thep-placed in the
flume upstream of the instrumented sections and allowéd to float into
position behind the instrumented boom. - The floating'cover'was-allowed
to thicken until it came tq its equilibrium thickness. Rakes, or
dividers,-were then' introduced into the jam at the'panel intervals -
and the jam'was broken up into segments, with the length equal to the.
channel'widthf Refer to Figure 7. A floating sheet éf polyethylene
wés.then placed immediately upstream of the jam to act as an e%tension
of the cover length-to develop the proper .shear stress underneath the
cover ﬁithin the instrumented length of the jam. The polyethylene
sheet was held so that its'weight did not contribute to the férce with-

in the jam.

Force readings Qere then taken, incremeﬁting the cover length by
removing the rakes. Tyﬁicaily the jam iength was longer than the
ﬁeasured section. In this case the boom forces inducéd from the‘total
length of the jam were measured but the bank forces could only be
measured in the instrumented sectiop, the firsﬁ fivé river widths.

After all the rakes had been removed from the  jam and the force
readings were comple;ed, the boom was removed and the mOAel floes were
released from the measurement section. On'Several tests these dyﬁaﬁic
fbrées were‘meésured, as the jam-released'and,floated downstreém.- After

the jam had cleared itself of the test section force readings were again
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taken, to measure any offsets and drift in the méasurement.system.

For each test sequence, the water level, flow velocity, jam
thickness along its centerline, ambient air temperature, water temper-
ature, and jam iength were measured. When the ice blocks were used,
the thickness of the blocks at the start and end of the test was
measured to determine'tﬁe amount of melting that occurred. 1In most
instances, this.was slight. The force réadings and accompanying data
for.each test run a%e tabulated in Appendix F. Special care Wés faken
in moniforing the room temperature andhthe flume water temperature with
the ice tests to insure that the blocks were not freezing together
in the jam. Forces induced from adhesion éaused by freezing of the
blocks to each other were not modeled in these tests.

The ;ign convention and numbering of the panels'USed in reporting- -

the force values are shown in Figure 8.




22

v
B800M WAS ATTACHED
WITH STRINGS TO
TWO ROOS

FIGURE 8

SRR T N R Rt Rk G SRR G A SR g

p////,/v//%t
ﬁ'l‘uﬁll‘ull‘u|4|1
“ : q +
o
|' ®©

-_—— o) ———— w
@

HFPFF% .

1 @ 9 0 G] @)

AT S ) T i TR O TR Vi T T T W VAR VIR S, o S S o T T T s R T ek, R, R W L




A

Chapter 4

RESULTS AND DISCUSSION

The eiperimental.conditions'investigated, the model jam char-
acteristics, and resultant force measuremenfs are stmarized in
Appendix D. |

In the Literatufé Review (pp.-7-8), a summarization of the
pfevioué studies of forces exe?ted on booms by floating, fragmented
covers was presented. The data from the experimenfs reported herein
will be presented in similar form for comparison. Alternétive férmats
of viewing the data will also be used. In each series of plots shqﬁn;
the tests with the plastic blocks and the tests with the ice blocks
‘can be compared. The booﬁ force data an& results and the experiﬁental
results_of the shear and ﬂormal force measurements on the river bank
" elements will be presented. In addition fo the graphical format of
the data ppesenfed in the main body of the thesis, the data is listed -
and summarized in tabular form in Appendix F.

It was not known at the outset of this investigation whether the"
hydrodynamics of the polyethylené blocks would be éignificantly'
different from the icé blocks thus affacting the modeling of forces
with the simulated jams. Tatinclaux (1977) discussed the effect of
surface tension on materials‘prefereﬁtially and nonjpreferentiaily
wet by a water menescus and the effects of this on the modeling of the

incipient critical submergence velocity of model ice floes. Refer to-
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Figure 9 for a schematic drawing of the meniscus on each material.

Refer to Figure 9 for a schematic drawing of the miniscus on each

material.
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|
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FIGURE 9.
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Tatinclaux found the effect of surface tension between the plastic and
the water to be significant when small blocks of the material were
used in the laboratory experiments to simulate ice floes. This con-
clusion was based upon comparisons of the critical submergence velo-
cities for polyethylene blocks and real ice blocks of similar dimen-
sions. The polyethylene blocks, preferentially wet by the air
meniscus, were found to have submergence velocities 40 to 50 percent
higher than for the real ice floes, preferentially wet by the water
meniscus. The polyethylene blocks were coated with an oxidizing
agent to reduce the surface tension and the results were found to

compare quite closely between the two materials. Although the




25
oxidiéing agent gave good results, it was not practical for labofatory
use as if Qore off tﬁé blocks very rapidiy.
At the outset of this study it was aésumed that the surface

tension of the blocks was not an important parameter as .the method for

the deposition of the jam was not being modeléd, just the forces exert—

ed on the boom and shoreline once the jam was in pléce. It will be
shown that the forces devéléped with the plastic blocks and the ice,
blocks do not agree very closely. This is ﬁhought-to be due only in
part to the surface tension effect on the twa model materials. The.
effect of the interaction of the two materials~with-the smﬁbth shore-
line is thought to be more significant. When melting ice is 'in contact
with another surface there is a small water layer developed between.
the two surfaces. On a smooth boundary sgch as used .in tﬁig experi-
ment, this slight water layer will significantly change the coefficient
of friction between the two surfaces. The plasfic'blocks tended to
show an attraction to the shoreline due to the adhesive force from

the surface tension effect. The icé biocks, due to ﬁatér layef aroﬁﬁd
them and é different surface tension tended'to-slip along the shoreline
and each othei,_in comparison with the plastic. It is believed that a
shoreline with a higher roughness would tendvﬁo minimize this differ—
ence in surface tension effect, being more résistant to ﬁotion along

its surface. There would still be the effect of surface tension on

the blocks between each other,.the plastic attracting the air meniscus
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and the ice attracting the water meniscus, but the differences would

be minimized.

The boom force data are plotted in the following four formats:

1. L vs. L/B Figures 10 - 14
2. [FB/FB ] vs. L/B Figures 15 - 18
. max.
3. [F /Qéy~ 1 wvs. L/ Figures 19 - 22
B g B .
— 2 . .
4. [FB/cB ] vs. L/B Figures 23 - 26
where" ' FB .= the resultant force exerted on the boom by the jam..
FB . = the maximum resultant boom force observed in each
max test. :
p = the specific density of the model ice pieces -~ 0.92.
A = the average area of the ice cover in contact with the
boou face.
B = the channel width = 0.9 m.
L - the model jam length.
V = the average flow velocity under the cover.
Z = the average shear force exerted under the ice cover by
the flow. : '
t = the average thickness of the jam.

Io all of the following plots the convention ofllabeling the
ordinate axis versus the abscissa axis was chosen. The numbers shown
next to each line of data are the respective test numbers. Tﬁe test
nﬁmberé on the pléts correlate with the test nuﬁbers'used in the

Appendices where additional data is available for each test.
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I. F“‘vu L/ (Plgures 10 14).

From these plots, in general, it can be said fhat the boom force
exerted by the plastic block ice jams levels off as the cover length
‘reaches thrée to_four timés the river width (L/B = 3 to 4). Thé real
ice floes did nbt exhibit this phenomena. For fhe low velocity cases,

refer to Appendix E, the ice block test data levels off but as th¢'
velocity wés increased, the measured force pattefn deviated from this
leveling off trend.

The plastic blocks, at every velocity tested, developed a highéf
friction force with the shoreline panels thaa the ice blocks did;
This is il];strated in the section of this thesis that discusses |
theﬁéhear versus normal force plots, Figures 27 to 30. Thué, for the
same longitudinal forées exerted within the jam, a proportioﬁally
greater amount of the longitudinal force would be transmitted to the
boom throuéh the ice cover_thah‘through the plastic cover. There
appears to be a direct relationship between the friction-developed
between the jam-and the river shoreline and shaﬁe of the fB.vs. L/B
ploté; alsaithe normalized boom forces versus L/B plots. Wheﬁ-fheré:.
is li;tle ffiction developed between the ice jam and tﬂe river.shore—
line, as was the case with.the realvice floes, the boom forée wiil
attain a maximum value at a much higher ice jam length than when a

greater amount-of- friction is created, as was the case with the plastic

floes. 1In the tests conducted with the real ice floes, less friction
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Figure 12. [FB] vs L/B - 4" Ice Blocks.
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[FB] vs L/B - 4" Ice Blocks (Test 69).
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