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Extremecoldweatheresutsinwinter construction problemssuch asdecreased human productivity,
increasedrittlenessof materials, and susceptibilityof concree to freezing. On the otherhand,
extendecdcold temperaturesffer severad advantages such as accessibility to remoteareas,natural
working platforms on rivers and lakes, and ilased load resistance from frozenwgrd.

Thispaperdocumentsheuseof iceasaconstrution materialfor work platformsfromwhichheavy
civil engineeringtructuresud asbridgescanbebuilt. Girdererectionfor the400mlong‘Suncor’
bridge over the Athabasca River near Ft. McMurraywascarriedoutoff anice platformin theriver.
Because of the short construction window, therewasa needto optimizethe thicknessof theice
bridge to minimizebothits constructiotimeandtherisk of failureunderthedesignoad. Thepaper
describes methods used to assess the structural characteristics of the ice sheet and design
considerationssed to determineits bearingcapacityunderavarietyof bothtransientandstationary
loads.

Keywords Ice Platform, Design, Creep,Yield Line, Freeboard Strain Enery, Examples,
Environment, Ice Bridge



USE OF ICEPLATFORMSFOR BRIDGE CONSTRUCTION
INTRODUCTION

Problemsandchallengesssociatedvith constructionn cold weatherarewidely knownin Canada
and elsewhere. Such problems inclddereasén productivity(CanadiarConstructiorResearch
Board, 1994), placing and curing concrete, brittle fracturein steel,ice forceson bridge piers
(Balakrishnan1998), freezing ground conditions, andothers.However therearealsoopportunities
ard advantages in winter constructionsuchasaccessibilityby ice bridges,improvedcapacityof
groundto supporthigherwheelloads,improvedgroundconditions(i.e. reductionor eliminationof
dewatering), better slope stability and absence of mosquitos!

This paper deals with the useof anice coverandanice plaform for bridgeconstruction.An ice

platform, constructeaf varyingthicknesses;anbe usedfor constructioroperationsuchas bases
for drilling geotechnicaboreholes,nstallationof drilled piles, base for pier constructionand

erectionof girders. Suchplatformsoffer theenvironmental advantage of isolaing thewater column

from the constructionoperationand thus satisfyng the FisheriesAct requirementsnamdy the

prevention of the“harmful alteration of thefish habitat”, at alower cost.

Typically, bridge pier constructionin the river is carried out asfollows:

1) Construcigravelbermsextendingrom the shoreto the pierlocation. Up to about1995or
so,theenvironmentategulation$have not explicitly prohibited use of regul ar earthen berms.
Currently, thebermmaterialmustbethegravel,size25mmplus,andthewidth of thegravel
bermmust be such that not more than one hadf the waterway is restricted. This usualy
meanghateitheroneor two piersmaybebuilt concurrentlyunlessemporarywork bridges
are built to the berms.

2) Once the berms are constructed, piles could be driven or drilled through the berms.

3) After theinstallationof the piles,a pile capand a pier has to be constructed. This usually
requiresa sheetpile cofferdaminside the berm, excavatiaf the materialfrom insidethe
cofferdam, dewaterin@gnd casting of the pile cap and pier.

4) Berms andcofferdamsareusually desigrefor fall/winter flow conditions foeconomical
reasos. Thereforetheallowable“window” for constructions probablyin the orderof 6
months, beyond which the risk of washout increases significantly. For example,during
constructiorof amajorbridgein northernAlberta,thebermsandtherail carswhich were
usedto temporarily span the berms (in order to obtain the required waterway) werewashed
out three times, and three of the rail cars still have not loerl



5) After thepiershavebeenconstructedthebridgegirdersareerectedyorkingoff the berms.
Two craneswill usuallyberequiredfor concretagirders. For steelgirders, ondargecrane
mightbeusuallyadequee. Howevertemporarysuppot pierswill berequiredif thespans
are large, especially for sted girder bridges.

Dependingon the constructiorperiod,ice platformsconstructedy thickening the natural
ice coversmaybeusedasabasefor constructiorof the piersor erectionof girdersor both.

If construction of the icplatformis possible, considerable savingsin both time, resources
and environmental liability can lmbtained.

STRENGTH AND DEFORMATION PROPERTIES OF ICE

Iceis aviscoelastienaterialin whichthestresstrainbehavioudependson itsmicrostructuretime,
temperaturestresdevel,deformatiorhistoryandlevelof impurities. Inthisrespect, it isinstructive
to compareits propertiesto the widely usedviscoelasticmaterial: concrete. All valuesare
approximate and is based on laboratdaa for ice from Gerard al, (1990).

Table 1

Property Concrete Ice Comments

Compressive strengths, normal 25 MPa 3.4MPa Variation of in place strength is
considerable for ice

Tensile strength (modulus of 3.0MPa  0.5MPato Depends on grain size,

rupture) 25MPa temperature, etc.
Elastic modulus 25 GPa 4.3 GPa

Poisson’s Ratio 0.20 0.4

Sheer Modulus 10 GPa 1.5GPa

Of particularinterestis thecreepperformance Figure 1 showsherelationshipof concreteandice.
Rusch(1960)(Takenfrom McGregr andBartlett,"ReinforcedConcete- MechanicandDesign”
(2000), for concrete and KeK1982) for ice.



Figure 1: Strain-Time relationship (a) concrete(b) ice
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At about 75% of the cylinder compressive strength of the concrete, mortar cracking in concrete
beginsto increaseanda continuougatternof microcrackingbegns to form at whatis calledthe
criticd stress. If the specimen isnotunloadedstrain increases more and more rapatid failure
occurs. Similarly, for ice,thecreep with respect to time iseven more pronounced but the strainrate
does not seem to "flatten out” with time, asit doesfor concrete. For ice, this @ is important at
stress levels as low as 0.4 MPa (Gold, 1981).

STRUCTURAL BEHAVIOUR AND LOAD CARRYING CAPACITY OF ICE
PLATFORMS:

1. Yield Line Theory:

Accordingtoyield line theory aconcreteslabsubjectedo aconcentrated load falsby formingyied
lines in a fan shape. See Figure 2.

Figure 2: Concentrated load
forming vyield linesin a fan shape.

Negativa moment yield line

/Posmu moment yield line

(5) Fan yield line around a downward
concentraled load at A




Basedbnthetheoryof virtud work, anupperboundcanbeobtainedor theload capacity, givenby

P=2Bm 1)
Where m is the bending moment capapiy unit length.

If we assume tensile strength of ice as 1000 kPa, then m = 1000h* kN m/m where h is the
6
thickness of ice platform in metres. Substitutingin (1), we obtain
P =1047h (2)

Iceis avery brittle materal therefore, strictly speaking, theyield line theory isnot applicabletoice.
However,the yield line theory gives an indication of the upper bound. For thick platforms,
membranection might come into play, thusncreasing the actual failure load. However, because
the failure modeis brittle, thereis not sufficientwarning of the impendingfailure. Thereforea
highersafetyfactor comparedo reinforcedconcretejs warranted. One might surmisethatif a
reinforcement(such as geotextile fabric, perhaps) is introduced in the ice platform, the capacity
could be increased.

It is also important to note that esckspropagatewater seepshrough to the top of the platform
thus increasing the load and aeyof ponding failure.

It is prudent to limit theloadto formationof theinitial crack (probablyn tension at the bottom of
the icesheet). In this case, the load capacity for ice platform with 1 MPamodulus of rupture will
be 50% of the valuein (2), that is

P, = 523 i 3)

It is interestingo notethattheempiricalformulaoftenusedto determingheallowableload (Kerr,
1982) givesthisvdue as
P = 890 I (4)

a

for transient loads on ice bridges

The presence of thermal gradient across the cross-section will create stresses. |ce temperature is
closeto 0°C at the bottom and when the ambient temperature fallswell below this, self equilibrating
stresses are introduced across the csestgon.

Gold (1988)reportshat,basednpracticalexperiencef thesuccessfuliseof icecovers P = 350H
to 1750h%. Experiencehasshownthat,accordingo Gold, P = 1400h? maybeusedfor shortterm
moving loads under controlled conditions. Thus, P = 356 & fairly saé criterion.



2. Load Deflection Behaviour Based On Elastic Theory.

Forshorttermtransientoad, (loadduration of about 3 minutes or less, suchasthatfor ice bridges),
the theory of ple on elastic foundation is applicable.

DAt oty =g 5)
W
where D= ————
12(1 - v?)
E = Young's modulus
< = Poisson's ratio
h = thickness
( = unit weight of water
q = applied load
T = deflection

A parameter calledthe characteristidengh, R, canbe usedto simplify the left handside of the
equation (5), where

R = VD iy

Gold (1988) and others found that, based on field measurements,

R = 16k (6)

Solvingequation5) for thecaseof aconcentratetbadon uniform plate,oneobtainghemaximum
deflection under the load as

To = P (7)

Thedeflection surface is bowl shaped, with deflectionpracticallyzeroatabout3.5Rfrom theload.

For example, if h = 0.6 nR= 10.9 m and the deflection bowl is about 70 m diameter.



The deflection patternis confirmed by long tem testsby Gerad et al (1990). SeeFigure 3.
Variations of maximum deflection with time due to creep is shown in Figure 4.
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Beltaos and Lipsett (1978)Vm&suggested that cpedeflection be given bthe expression

2 0t (8)

[z T

wheret is thetime afterloading,andJ is atime parameter taken as time for deflection to increase
to twice the initial deflection.

FAILURE CRITERIA
1. Frecboard Criterion:

Density of ice is about 92% of that of water (approximately 9 kN/m? compared to 9.8 kN/m? for

water). Thereforejf theloadis lessthanabout8% of theblockof iceonwhichit iscentrally placed,
failure doesnot occur(andthe block of ice actsasaraft). Thefreeboad criterion is to limit the
deflectionof theice sheet at the |oaded | ocation to | ess than 8% of thethickness of theice platform.

Therefore, using equations (6) & (7) and letting T = 0.08 h, we obtain:

F

08h= —————
Byl 16kt

P = 1605k % with ¥ = Q.Skﬁyﬁ (9)

2. Strain Energy Criterion

Beltaos(1978)proposedhatwhenthetotal strainenergyexceeds certainvalue,failure occurs.
This criterion can be used for both thelong term and short term loading. The suggested formis:

W, = 3004 % (10)

where Wy = strain energy at the onset of falure, in KN.m, hisin metres.

For shortterm loading,durationof lessthanabout200 seconds,the strainenegy is essentially
elastic. For suddenly applied loads (such as that due to moving vehicles) it is prudent to take the
strain energy as load x deflection, and combining equati(@)s(7) and(10), for suddenlyapplied
short term | oading,

P = 2454k (11)

3. First Crack Criterion



Kerr (1982) derived the followingkpression based on theory of plateelastic foundation.

IS SR 12
oo 7" (12)

: : radizs of the loaded arex
where C{e) is a function o'« =
Characteristic length
= a wherea = radiusof the loaded circular are8de Fig.4)
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Figure 5: Parameter in Equation (12)

Example:

Let us consider the short term and long term load carrying capacityof 0.6 m (2 feet) thick ice
platform:

" Safeloads' - Transient moving loads
Gold’'s Safe Load Criterion = 356
(Based on experience)

126 kN



Government of Manitoba:

Blue ice capacity = 250 kN
White ice capacity = 125 kN
University of Minnesota
Clear sound ice . 300 kN
("White ‘bubblefilled’ ice should
Be twice as thick") => 100 kN
"Limit L oads"
Elastic/Strain energgriterione 2454h? = 883 kN

Freeboard = 0.08 h = 0.048 m
Load based on limiting the deftemn
to freeboard - (elastic) = 16082 = 456 kN

Load based oninitiating the first tensile

crack:
1 mm grain size of ice (snow ice) = 535 kN
25 mm columnar ice = 107 kN

"Long term L oads"
Environment Canada - parked air¢raf = 135 kN
Based on limiting the strain energy:

If long term creep (secondary creep) is

about 3.7 times initial deflection = 456 kN

If allowable defletion is limited to the free
board amount in thelong term, and if

2 37 , the sustained load based on limiting the

&,

immediate deflection to freeboard + 3.7 = 125 kN

For 1 m thick concrete,
Gold’s ‘safe’ criterion = 350¢ = 350 kN

For£ _ 37, limiting the long term

2,

deflection to freeboard of 0.08 h =80 mm
..... maximum sustained load 160% k 3.7

433 kN

In bothinstancesit is seerthatusingGold's ‘safe’ loadcriterionin afairly reasonablestimateof
the limiting load satisfying most of the otheriterion.



Itis alsoevidentthatliming thetotalmaximumdeflectionto thefreeboard isareasonable, practical,
usually safecriterionandwill mostlikely mantainthecreepbelowthe"seconday creg" range. It
is of course important to continuously monitor this deflection and determineboth the rate and
magnitude.Once therate is stabilized, one should be able to extrapolate the time requiredtifier
deflection to exceed the freeboard.

ICE PLATFORM FOR SUNCOR BRIDGE OVER ATHABASCA RIVER

Figures5, 7 and8 showtheice platformusedfor theconstructiorof the Athabasc&iver bridge for
Suncorin 1998. Theweathercooperate@ndthetotal load (stationaryandtransienioads)werein
theorderof 200tonnes.Thebridgeis about400m long, with threespanof 84 m andtwo endspans
of 69.5m. Thereare3 steelgirdess in the superstructure, 3.5 m deep. The bridge is designed to

carry180tonnehaulpakmining equipmentand300tonnetransporters Figure 9 showsthe bridge
nearing completion.

A synhesis of the considerationgliscussedibove,was usedto designthis ice platform for the

combinationsof stationary and transientloads. The ice platform was usedas a basefor pier
construction and erect bridge girders.

Figure 6: Suncor - Athabasca River Bridge



Figure 7: Suncor - Athabasca River Bridge

Figure 8: Suncor - Athabasca River Bridge



Figure 9: Suncor - Athabasca River Bridge

CONCLUSIONS

Designingice platforms involves considerations of previous experience, strain energy andvarious
failure criteriaandcreep. Freeboardcriterionin conjunctionwith field monitoring is areasonable
approach.
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