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ABSTRACT

During the spring, as the average daily air tempegaand declination of the sun increases, so theetemperature
of the asphalt surface layer. As the increasermp&rature travels through the surface layer anche=athe unbound
aggregate base layer, the saturated base layershiegihaw. For a flexible pavement with a fineigea subgrade,
the moisture in the base becomes trapped betwedmpiermeable asphalt concrete layer and the frdiren
grained subgrade.

The excess water requires a long period of tinrdaperly drain. During this period, the subgradedmees
considerably softer and decreases in stiffnessttandadway experiences an increase in damageedadtion in
service life. The duration of thaw for a typicavpanent structure depends on soil type, moisturetizemnal
properties, air temperature, solar radiation, dgrgénand the location of the site. Spring load ia&ins are applied
to protect weak pavement structures that wouldratise experience excessive deflections. Nearly 58te
Manitoba Provincial pavement network is subjectedpring load restrictions, and most of these raasist of a
thin flexible pavement or an asphalt surface treatm

This paper relates pavement deflection data fronbDR®&éting to environmental indices such as the timalex.
Deflection data collected since 1990 on pavemetitses and the LTPP site in Manitoba are used tabésh
network-level and statistically representative ealfor pavement properties during the thaw wealkeaimd
recovery period.

The base and subgrade moduli during spring thawa@rguted using a back-calculation algorithm andgarized
in terms of ranges of the thaw index. The dataséduvith the prediction models of the AASHTO Medkto
Empirical Design Guide to assess the impact ohgpoad restrictions on pavement service life.

Five scenarios are considered and these accownédge conditions on an unrestricted road anthécases of
reducing axle loads, with and without an increasthé number of trips, required to transport aaienpayload. An
economic analysis on a typical pavement structewveals that the cost of removing the restricticars loe assessed
using the service life predicted by the models.

The results indicate that, in some cases, spriag testrictions may in fact adversely impact pavarfige. An
understanding of the relationship between axledaaw generated traffic volumes is necessary ieraaoptimize
the utilization of the network and protect investmia infrastructure.



1.0 INTRODUCTION
1.1 Dependence of Infrastructure on Climate

Movement of passengers and freight by roads, rggwairports, seaways and bridges is a vital pffastioeconomy
and society. Transportation industries accounafiproximately 4% of Canada’s gross domestic prodod
employ more than 800,000 people [1]. Planningigiheonstruction, maintenance and performancaisf t
infrastructure is affected by weather and climdtange throughout its service life.

By the end of this century, Manitoba will be 4 td&grees Celsius warmer, on average, than it aytf]. This
change in temperature will have impacts on ouretgceconomy and health. The extensive systen8 ®0D km of
roads and 2,400 bridges and structures in the peeviave an estimated replacement cost of $6i6rbilAs well,
this transportation network is a vital componenMaiitoba’s economy, having exported an averadgk8d@ billion
annually from 1990 to 1999 [3].

Deterioration rates for asphalt pavements will @se with warmer temperatures and more frequem#ieycles.
Increased severity and frequency of higher tempegatcould lead to more rutting and structural [geis on roads.
Further, an increase in thermal cycles could leatidre freeze-thaw pavement cracking.

During thaw periods, excess water in the paventemttsire cannot properly drain and thus the bager laecomes
considerably softer and decreases in stiffness duiring this period of saturation that the roagh@xperiences an
increase in damage and reduction in service Iifee duration of thaw for a typical pavement streetdepends on
soil type, moisture and thermal properties, airderature, solar radiation, drainage and the looaifahe site.

1.2 Manitoba Road Network and LTPP Monitoring Sites

Manitoba Infrastructure and Transportation (MITeosees a provincial road network consisting of d8000
kilometres of various pavement and road types. magrity of the network is bituminous pavement iaging
granular subbase. For planning purposes, the meialihighway network is divided into approximatélyp00
control sections that are homogenous with respetraffic volumes. The provincial network breakeh is shown
in Table 1. It should be noted that the term ABfErs to an Asphalt Surface Treated pavement whéna layer
of stone chips is placed upon a prepared granuféacse.

Table 1 — Pavement Type & Distance (2-lane km) v€lassification [4]

Classification | Gravel AST B|tum|nou_s * Concrete_ * Total Distance
Road Mix Composite
B1 5295.4 | 2745.9 1397.8 13.2 9452.3
Al 580.7 1550.0 1543.1 17.4 3691.2
RTAC 8.2 407.3 4427.8 943.6 5786.9
Network 5884.3| 4703.2 7368.7 974.2 18930.4

In Manitoba there are two Long Term Pavement Patémce (LTPP) Seasonal Monitoring Program (SMP$§ site
The SMP program is an attempt to understand thaétngpf daily and yearly, temperature and moistinanges on
pavement structure and its response to loads. Xtkegve data collection effort includes inventanaterial
testing, pavement performance monitoring, climataific, maintenance, rehabilitation, and seastesting
modules.

1.3 Motivation and Objectives

According to MIT, in 2004, 57.5% of the road netweras under Spring Load Restrictions (SLR). A sianyof
this information can be seen in Table 2. Thisrimfation excludes access roads and reflects thedligy,
involving thawing index, implemented in 2003. Trhajority (52.7%) of the AST and flexible pavemeoad
network was warranted for restriction under theqyol



Table 2 — Warranted and Actual Lengths of PavementRestricted [5]

2004
Class Level Distance in 2-lane km
Warranted Actual
RTAC 798 158
Al 1 731 806
B1 882 921
Total 2412 1885
RTAC 86 6
Al 2 1305 1067
B1 2302 2295
Total 3693 3367
Total Level 1 & 2 1&2 5854 5253
Total Network 1&2 12370 12370
% Restricted 1&2 47.3% 42.5%
% Unrestricted 1&2 52.7% 57.5%

The purpose of this research is to (1) evaluateaaiadlyze, from an engineering standpoint, the ctiidanitoban
spring load restriction policy as well as (2) addréhe vulnerability of the province’s transpodatinfrastructure to
climate change. Under these main objectives tiseatso the intent to determine adaptation strategnd possible
recommendations for the improvement of spring lasdrictions with respect to current practicesddition to
climate change.

2.0 DATA COLLECTION
2.1 Environment Canada Climate Data

Environment Canada weather stations with climatenads in Manitoba were used in the analysis of shisly.
Climate normals or averages are used to summaridestzribe the average climatic conditions of digalar
location. Environment Canada defines a climatenabmweather station as one that has a minimum ge&ss of
average climate data between 1971 and 2000. HEnereurrently 110 weather stations in Manitoba theét these
climate criteria.

2.2 Falling Weight Deflectometer Data from MIT and LTPP

Falling weight deflectometer (FWD) data from vasdesting programs was provided by MIT. The datgecs a
period of time from 1993 to 2005. This resultsiwaried cross section of pavement types, strustamd dates.
Based on the FWD data files, it was determined2@a®rovincial Trunk Highways (PTH) and ProvindRdads
(PR) were tested. Of these 27 PTHs and PRs, tienee tests conducted on 90 MIT control sectioralifive
highway regions in the province. These tests taswa total of 446 FWD data files.

Of these 90 control sections tested, 17 have dardrCement Concrete (PCC) surface layer or a RE€ Wwithin
their structure. Also, there are a total of siphAalt Surface Treated (AST) tested roads. Theiréng67 control
sections are bituminous pavement structures andwihe focus of this analysis.

Between 1990 and 2004, there were 60 and 33 FWBftasLTPP sites 83-1801 and 83-3802, respectively
Unfortunately, after many attempts to obtain ig thw data files were unavailable to the autholt.te&ting
previously carried out at both SMP sites was daiegia Dynatest 8000 FWD, generating loads bet&éenkN
and 71.2 kN. Both site 83-1801 and 83-3802 west=tkunder three load levels. These load levétgya.0 kN,
53.4 kN and 71.2 kN for three separate drops. dditnal drop is performed for flexible pavemeats load level
of 26.7 kN.



3.0 MODELING SEASONAL VARIATIONS
3.1 Backcalculation of Base and Subgrade Moduli

The “Deflection Basin Fit” method of calculation svamployed to backcalculate the effective moduthef
pavement structure. This method utilizes the OdkBaussinesq methods, but the convergence critebased
on degree of fit between the measured and calcltifiection basins. The basin fit option methodglstarts with
a set of estimated moduli for the pavement stractlihe theoretical deflection bowl for this pavetr&ructure is
calculated and the error between the measuredctiefie and calculated deflections is then asse3sedmoduli in
the structure are then increased or decreasedimakh amount (typically 10%), and if the error ither of these
deflection bowls is less than the original defleatbow! this is taken to be a better solution. Trscess is iterated
until a minimum in error between the calculated ar@hsure deflection bowls are found [6].

Using this method does have a drawback in thatrabpavement structures may result in the samedéfh bowl
and the program may output any one of these sokitid herefore, to aid the programs precisionpftteons within
ELMOD to reduce the percent difference betweentiwia and to use the old moduli as seed values gleysen.
As well, the following limits for layer stiffnessexe inputted based on the date of the various F¥¥[3 {i.e. the
tests were conducted between March and August):

* Asphalt Concrete / Bituminous layers: E = 1,008,200 MPa

e Granular / Subbase layers: E = 100 to 350 MPa

e Subgrade / Soil layers: E = 25 to 125 MPa

» Portland Cement Concrete layers: E = 10,000 toCf0NPa

With regard to the pavement structures themsebleadjacent bituminous and bituminous pavementuméixlayers
were combined to form one layer. This was alscedon granular and base layers.

3.2 Analysis of LTPP FWD Files

The pavement structure at LTPP site 83-1801 cansfst11 mm of asphalt concrete and 478 mm of daamase
material overlain native subgrade material. Narigyer exists within 6000 mm [7]. Site 83-188lbkelieved to be
a 4.8 kilometre section of road that underwent ijpguch 1984, asphalt surfacing in 1986 and receme@sphalt
sealcoat in 1998. Due to the fact that the replameduli from LTPP were unrealistically high andtlhe details
of the backcalculation methods are unknown, thedeaflection database files were obtained from th@R online
database for analysis using ELMOD5. A focus wasgdl on the FWD tests performed in the same tiaradras
the MIT tests. Therefore, of the 60 LTPP FWD moriitg tests, a total of 39 dates were analyzede r€maining
21 dates were outside of the desired date rangetwiuary through August. Of the 39 analyzed filesr files
returned exceedingly high moduli values most likdlye to the fact that structure was still frozenmytesting (the
test dates were in either February or early Mardijus, these calculated values were not plottéld the remaining
35 test dates. The resulting moduli values arevehin Figures 1 and 2. The curves in Figures 12angre created
using Loess statistical modeling.
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Figure 1 — LTPP Granular Base Modulus vs. Thawingmdex
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Figure 2 — LTPP Subgrade Modulus vs. Thawing Index



The data from LTPP follows the theoretical relasibip expected in terms of modulus and thawing indetxe
values are within expected ranges for strengthdififietentiate between base and subgrade from frézémaw to
recovered conditions. The reason for this is ilkdile to the fact that the LTPP testing is a momsistent and
detailed location with ample information regardliager properties. The backcalculated informatiemdnstrates
the seasonal variation of subgrade and granular imasluli in Manitoba. This reinforces the needdonechanistic
method of SLR implementation in order to accountli@ variability of the materials throughout theyince and
spring season.

3.3 Normalized Loss of Bearing Capacity due to Spring faw

It was possible to gather spring and summer bacutabed moduli values for a small number of MIT FWé3t
sites on PTH 1, 2 and 3 for the same testing y&he LTPP test site 83-1801 was also tested abwmitimes
during a typical year and thus seasonal moduliesaluere readily available for that location.

The average loss of bearing capacity for the gearhdse and subgrade layers for the MIT sectioms feeind to be
0.07 and 0.21, respectively. In other words, trexage MIT section was 7% and 21% weaker from gpon
summer for the granular base and subgrade, regplgctiThe LTPP test site experienced higher Iddsearing
capacity for its granular and subgrade layers. fdrenalized losses of bearing capacity for thigsisacvere found
to be 0.19 and 0.26 for the granular base and adedayer, respectively. The subgrade layersdtn the MIT
sites and the LTPP site were found to be comparhbléng losses of 21% and 26% of strength. Caehgrthe
average loss of strength experienced by subgryee dd the LTPP site was almost triple that of khid sites (19%
to 7%). This may be attributed to the fact tha¢¢hof the seven MIT sites showed an increaseanujar base
strength from spring to summer testing.

4.0 CLIMATE CHANGE IMPACTS ON PAVEMENTS
4.1 Climate Change Model Development

A regional downscaled climate change scenario wad in this research to address impacts on tratasjoor
infrastructure due to climate change. Dynamic dsmating techniques using a meso-scale weathergiadi
model were used, where finer resolution climaterimiation is derived from coarser resolution Globkmnate
Model (GCM) output. Canadian Centre for Climateddling and Analysis (CCCma) data, after necessary
transformation, was used as the boundary conditibting the downscaling process for years repréisgrit978 (1
x CO,) and 2044 (2 x C¢. Output from the two representative years waslus develop a climate change
scenario. Mean annual temperature increase negdifbm doubling of C@is in the order of 3.5°C to 4.0°C. Much
of these increases result from warming in the gpaind early summer. There is a cold bias in thdehcompared
to the climate normal. Also, the number of frasefdays increased by 15 to 20 days due to thedserin CQ
Results obtained in the study are in general ageaemith other climate scenarios, although theesaanumber of
known deficiencies in this analysis. Namely, arsperiod of integration relative to climate, amitialization of
surface fields, such as snow cover and soil mastay not be representative. Therefore, resuttaldmot be
taken directly to reflect average future climatarce [8].

The climate change model found that due to theeas® in CQ warming is seen to be between 2°C to 5°C year
round except for the month of February. Warmingrduthe winter (January) varies over the model diom
Winter warming of 1°C to 6°C is seen over the matteghain with an average increase of 3.5°C. Warririrtge
month of July is relatively evenly distributed otke domain. An average warming of 4°C is seemduhe mid-
summer month [8].

4.2 Impacts on Spring Load Restrictions

Using the output of the downscaled regional modetlie average daily air temperature at Winnipegrirational
Airport, the impacts on SLR were estimated. Thetheommon method used to transfer the signal ofatk
change from climate models to hydrological modeais been the delta approach. In this approach,diffdrences
in the most relevant climate variables—typicallggpitation, temperature and evapotranspiration—eateacted
from the control and scenario simulations of thimate model [9]. In this research a comparisombenh the
model temperature trends for the year 2044 andrebdelata from 1990-2005 for Winnipeg InternatioAaport



was made. Figure 3 shows the observed averagetdaiperature for 1990 to 2005 and the climate ghanodel
trends applied to it. The average temperatureas® for the model year is 3.28°C. Further, tlezame
temperature increases for the seasonal periodstén{December-January-February), spring (MarchiiAday),
summer (June-July-August) and fall (September-Gatdbovember) are 1.68°C, 5.78°C, 4.89°C and 0.78°C,
respectively. Both data sets were fit with a soidial model relationship with the parameters shawtie figure.
The difference in winter temperatures is explaiasgossibly being due to snow cover data usectidéwelopment
of the model [8].

»° —— Obs. Data Observed Data
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Figure 3 — Observed and Climate Model Temperature Bta

First, a comparison of historical start date arddiimate model start date were completed. Itaeermined that
the average historical start date for the perideen 1990 and 2005 is March™8vhereas the projected climate
model data translates to a start date of MafthTherefore, comparing 1990-2005 with 2044, alath the
increase of 12 days at the start of SLR, this wdik&ly lead to a decrease in the duration of winteight
premiums for Manitoba. As well, the differenceviseén the hypothetical historical end dates forgitzaular base
and subgrade layers is 20 and 30 days, respectivedyvell, a decrease of the cumulative freezimgk in the
order of 529°C-days was found for the projected p&a4.

An increase of 12 days in the start date of SL&lgsificant in terms of the strength of the pavehstructure and
the current policy, since for a warm spring theedaty actually theoretically fall in February leaglto a major
change in the SLR TI calculation guidelines. Fertleven though this research finds a net increaSeR start
date of 12 days for 2044, it is unknown what tharye-year influences of climate change actualey arhis
fluctuation appear that the impact of climate cleaaog SLR policy will be a fundamental shift in ttart date
commencing in early March or late February. Aslywaekignificant change in the length of SLR mayréguired to
accommodate the change in temperature in the paxtestracture. The benefits of a flexible startedatay also be
seen by the addition of a flexible end date to miné damage to the road structure and impact tking industry.
Ultimately, SLR policy should be condition or clitesbased, rather than fixed date, in order to ple@the
necessary flexibility to compensate for climatergf@impacts. Whether or not SLR policy can be fiedi
remains to be seen as such decisions are infludncedonomics and politics as well as the conditibthe road
network.

5.0 Mechanistic-Empirical Damage Comparisons

Mechanistic-empirical damage comparisons were eguising the American Association of State HighWesffic
Officials (AASHTO) Mechanistic-Empirical Design Gld (MEDG). The MEDG was developed in part by



numerical models provided through the LTPP progr#s.well, the LTPP dataset is the most consisdedt
reliable data available to this research. As saatamage analysis using the MEDG was carriedusing the
LTPP site 83-1801, to determine the accumulatedag@nconsequences and costs associated with spawg t
weakening. Unfortunately, consistent testing dreohighway sections for Manitoba is unavailabléhe time. As
much as possible, site specific inputs for trafflapate, and structural information were useddouaately depict
the existing conditions at the LTPP site.

Five scenarios were tested as follows:

* Scenario 1 is a pavement structure that undergomegyghaw weakening in March, April and May,
experienced partial strength recovery in June aliddcovery in July. This scenario simulates eatr
conditions occurring during spring thaw without acenodation for SLR (100% axle loads).

e Scenario 2 is a pavement structure that undergoegysthaw weakening identical to scenario 1 bué ax
load spectra was reduced to 90% of normal axleslda®larch, April and May. This scenario simulates
pavement structure that subjected to Level 1 of iR limits by MIT. This scenario assumes that no
additional trips are generated by the enforcemeSsL®R.

» Scenario 3 is a pavement structure that undergo@sgshaw weakening identical to scenario 1, bde a
load spectra was reduced to 65% of normal axleslda®larch, April and May. This scenario simulaées
pavement structure that subjected to Level 2 of 1R limits by MIT. This scenario assumes that no
additional trips are generated by the enforceméSL&.

» Scenario 4 is a pavement structure that undergow@sgshaw weakening identical to scenario 1, bde a
load spectra was reduced to 90% of normal axleslda®larch, April and May. Scenario 3 assumes that
additional trips are generated by the loss of myloreated by the enforcement of SLR.

e Scenario 5 is a pavement structure that undergoegyshaw weakening identical to scenario 1, bd a
load spectra was reduced to 65% of normal axleslda®larch, April and May. Scenario 5 assumes that
additional trips are generated by the loss of myloreated by the enforcement of SLR.

With respect to scenarios 4 and 5, the enforcefeé8LR was assumed to generate additional tripg;duhe
months of March, April and May due to the reductiopayload experienced by the shipping industgom the
current traffic collection information, it was detgined that 90.5% of the truck traffic on this higdy section was
from class 9 (59%), class 10 (18%) and class 135¢Btrucks. Based on tare weight information [46Y the
current MIT gross vehicle weight restrictions, Huitional trips theoretically generated by theoecément of 90%
and 65% SLR levels were determined.

In order to transport the same fully loaded madseight under Level 1 SLR as during normal cormdif, class 9
trucks must utilize 1.15 trucks, class 10 truckstutilize 1.17 trucks and class 13 trucks mudizetil.18 trucks.
This translates into a weighted average of 16 axddit trips, per 100, theoretically generated dyitievel 1 SLR

by class 9, 10 and 13 trucks. Further, In orddransport the same fully loaded mass of freigliteuri_evel 2 SLR
as during normal conditions, class 9 trucks muszet2.23 trucks, class 10 trucks must utilize&tducks and class
13 trucks must utilize 2.67 trucks. This tranddtdo a weighted average of 134 additional tnges, 100,
theoretically generated during Level 2 SLR by cls$0 and 13 trucks.

Although the MEDG simulates failures in variousegadries, a focus was placed on fatigue (bottomergmking,
longitudinal (top-down) cracking and permanent defation (rutting) as the three failure modes f@ plavement
structure. Typically, rutting and longitudinal cking failure does not constitute failure of a reagt and can be
sometimes repaired for a lower cost by crack sgalimd/or sealcoating (as was performed in 1998).

Of the three failure modes, the bottom-up failwiacking was the governing failure mode over they@8r design
life. A comparison of the total rutting, top-downd bottom-up cracking failure modes can be seealffo
simulations in shown in Table 3. It was found tthet all simulations reached the failure limits.



Table 3 — Summary of MEDG Failure Modes

Failure Mode

Simulation (load)

Top-down Cracking (ft/mi)

Bottom-up Cracking (%)

Total Rutting (in)

Scenario 1 (100%)

1,000 at 17.42 years

25.0 at 9.42 years

0.750.88 years

Scenario 2 (90%)

1,000 at 17.58 years

25.0 at 9.50 years

0.750.88 years

Scenario 3 (65%)

1,000 at 18.67 years

25.0 at 9.83 years

0.750.67 M@ars

Scenario 4 (90%)

1,000 at 16.83 years

25.0 at 9.33 years

0.750.80 years

Scenario 5 (65%)

1,000 at 15.42 years

25.0 at 8.42 years

0.750.80 Mears

When comparing the five scenarios, it can be seatthe expected behaviour of the pavement striitiseen
when comparing scenarios 1, 2 and 3 where loadsshaintrips, are restricted during spring thaw.e Hesign life of
scenario 1 is expected to be the shortest sinsaiitder 100% axle loads when compared to the déisigs of
scenario 2 and 3 and limiting the loads should cedipring damage caused to the roadway over itcedife. It
should also be recognized that the results ofithalation demonstrate small increases in servieefdir the Level 1
SLR when compared to the service lives from LevBLR.

Where the MEDG results deviate from expected behsas when trips in scenarios 4 and 5 are inceb&se
compensate for loss of payload due to SLR. Whenpeoing the baseline scenario 1 to 4 and 5, itfeasd that
the increased trips have a more substantial impathe structures service life than the limitatadraxle loads in
the MEDG. This is seen by the consistently shagevice life values returned for scenarios 4 afat all three
failure modes. Current practice does not refleat the number of trips experienced by the netwdomng SLR
periods will be the maximum values of 1.16 and 2.B4vould most likely be cost prohibitive for mitking
company to ship 2.34 trucks during Level 2 SLRdmpensate for lost payloads. A case in betweebdbkeline
scenario and scenarios 4 and 5 would better redletaal conditions. This case study is a compari@dwo
extremes with respect to load limitations and ggmeration. Realistically, the impact of SLR is tteterrence of
trucks using the network during spring thaw by tirgpa situation where it is not cost effectivehtul, particularly
at Level 2. Further research should be done terahitie the exact impact of SLR on the number p6tdreated and
their implications during spring thaw periods. Twulation of SLR impacts on a Manitoba highwagsio
demonstrate the damage occurring the spring thaweinforces the need for an improved system vigtkilility
and climatic conditions to compensate and redueéntpact on the roadways. The differences betwlesign lives
returned by the MEDG may be considered minor bsihduld be remembered that this section is corsibdarstrong
pavement and the damage and effect on service vbeuipteater on a weaker pavement structure suitte ames
under SLR.

6.0 CONCLUSIONS

The backcalculated data from LTPP follows the th&oal relationship one would expect in terms ofdnas and
thawing index. The values are within expected earfgr strength and exhibit the change the layedergo from
frozen to thawed to recovered conditions. Basethenesults, it appears that the pavement streicemains
frozen at the SLR Tl implementation value of 15-diegs. Further, it would appear that both the gi@mand
subgrade layers have not experienced strength eegav the arbitrary end of SLR on May 31 for aegiwear and
could take up to six further weeks of restrictiomsrder to recover. Using climate data for Wiregdnternational
Airport, average calendar end dates for SLR weterdened for the critical values of thawing index &ach layer.
For the granular base, a Tl of approximately 108§-days is equal to an average date of June 9thE@ubgrade
layer, a Tl of approximately 1500 deg-days is eqo@n average date of July 8. This demonstragesadriability
of pavement structures throughout the provincetheil strength behaviour during spring thaw. Adlvibe
backcalculation of moduli does effectively estimtite loss of bearing capacity seen by the subgaadegranular
base layers. This information enforces the need fmechanistic method of SLR determination in Naira.

A damage analysis using the AASHTO Mechanistic-Eiogi Design Guide was carried out, using LTPP 88e
1801, to determine the accumulated damage conseggiand costs associated with spring thaw weakening
Realistically, the impact of SLR is the deterrent&ucks using the network during spring thaw bgating a
situation where it is not cost effective to hawdrtcularly at Level 2.



Impacts on SLR policy were determined using theaate change model provided for this research projas well
as creating an earlier SLR start date, this woldd kkely lead to a decrease in the length of ainteight
premiums for Manitoba. With respect to the layarthe pavement structure specifically, it was foahat the
largest difference lies in the determination of shbgrade end date.

Also, due to the warmer air temperatures, the atadtend dates were determined to be earlier tremhistorical
average from 1990 to 2005. An increase in the dtte from the historical average would have sicgmt impact
on the strength of the pavement structure anduheist SLR policy. This fluctuation appear that tmpact of
climate change on SLR policy will be a fundamestaft in the start date commencing in early Marchate
February. The benefits of a flexible start datey miso be seen by the addition of a flexible eng da minimize
damage to the road structure and impact to truckidgstry. Ultimately, SLR policy should be coridiit or climate
based, rather than fixed date, in order to prothidenecessary flexibility to compensate for climgttange impacts.
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