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EXECUTIVE SUMMARY

Thnis C-SHRP data insight project was camed out in an effort to better understand and
characterize the seasonal behaviour of roads located in areas subjected 1o seasopal frost. For
each of the 65 C-LTPP test sections investigated, Benkelman Beam rebounds {deflections)
were measured during the spring and summer seasons. Four different pavement response
indices wara then calculated for each section and related to different factors {envirenmental,
climatic or related to construction) that could influence the temporal variation in deflections.
The indicas were computed based on uncorracted Benkelman Beam rebounds because it js
halieved that a temperature correction will mask the seasopal variations. A categorization
technigque was used to illustrate the various trends observed. Generally speaking, the four
pavement response indicas allowad for a good characterization of the deflection profiles.
Based on the observations made, it seems that in addition to temperature, the total road
structure thickness, the subgrade frost susceptibility, freezing index and precipitation have the
greatest influence on the seasonal deflection vanations.

Finally as a possible application of this analysis, all of the findings were synthesized and
combined with the calculated pavemeant respense indices to develop a correction taple for use
in pavement design, that accounts for the seasonal deflection variations. For various types of
roads located n different climatic zones, correction factors are proposed to correct or adjust
the average summer Benkelman Beam rebound.

Key words: Seasonal variation, deflections, pavement response, factorial analysis,
Benkelman Beam, summer deflection correction, rebounds, pavement strength.
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CHAPTER 1: INTRODUCTION

1.1 Background

In areas subject to seasonal freezing, spring thawing significantly affects roads and the
amount of damage caused. It is generally accepted that ice thawing in tha pavement structure
{pase, subbase and subgrade) increases the moisture content of all materials which results in
a reduction in the structure’s overall bearing capacity. Therefore, loads applied to the road
during this period accaierate deterioration of the pavement. For this reason, load restrictions
are often imposed as a preventative measure during thaw perinds. In many cases, allowable
loads are reduced by up to 50% which decreases the profit margin of trucking and other
transportation related companies. Considering the minimal amount of information available
concerming seasonal vanations of bearing capacity, and the growing cost of rehabilitation, oad
restrictions are currently the only feasible solution.

Recent swdies have demonstrated that seasonal variations in pavement strength may vary
from one site to another (Alberta Research Council 19958). Same sites located in a wet-freaze
environment show little or no variation while others with similar climatic conditions have high
seasonal variations. For both these cases, ane can question the comrectness of imposing
identical load restrictions.

Without a convenient tool for assessing the site specific response, pavement engineers often
make conservative assessments when designing and maintaining pavements. In many
instances, the temporal variation in pavement strength is even neglected. These situations
result in costly errars with respect 1o the design and maintenance of the pavements.

The Federal Highway Administration (FHWA) has undertaken a Seasonal Monitoring Program
(8MP) with the goal of qualifying temporal variations on pavement response due to the effects
of temperature and moisture variations and traffic (Rada et al. 1994). This experiment should
provide better answers concerning seasanal variations in pavement strengths.

The Canadian Strategic Highway Research Program (C-SHRP) is also investigating the effect
of seasonal variations in pavement strength. In 1981, a fieid program was undertaken by C-
SHRP to identify seasonal trends on the magnitude of pavement responses under moving
loads (Alberta Research Council 1995). The study included installation of instruments capable
of recording pavement surface deflections under moving wheel iocads in four pavement
structures. In 1989, C-8HRP initiated the Canadian Long-Term Pavement Performance (C-
LTPP) project which is a fifteen year study involving the systematic observation of in-service
pavement test sections located across various environmental regions in Canada.

Different "data insight” projects are conducted under the C-LTPP umbrelta with the ahjective of
providing insight into pavement performance by gquantifying the influence of various factors on
the perfarmance. This research report is the product from one of these dara insight projects.

This report describes the different seasonal variation indicators (or pavement response
indices) used to characterize each C-LTPP test section by providing an assessment of the
seasonal variations in pavement swength. The resuits of the analysis are presented along with



different relationships between the indicators and various influential factors. Finally, a
correction table is proposed which relates the average summer deflection to the temporal
variations in deflections, for potential use in design.

The word “deflection” and “rebound” in the context of the Benkelman Beam testing procedure
are used interchangeably in this repon.

1.2 Project Objectives

As noted previously, there is a need to better understand the variations in bearing capacity and
pavement strength throughout the year. It is equally imperntant to determine which factors
cause these seasonal variations. Knowledge of these factors will enable pavement engineers
1o take various precautions (when designing new or rehabilitated pavements) to allaviate the
adverse effect of seasonat fluctuations.

Within this context, the specific objectives of this project are:

1. W calvulale o pavement response ingex, reprasenting the seasonal response of a
given pavement (taking into account seasonal vanations), for each of the C-LTPP
test sections, and

2. 1o identify and compare trends in the pavement response index across test sections
in order to quantify the effect of different variables on the seasonal variations in
pavement strength.

1.3 C-LTPP Monitoring Sites and Deflection Testing Program

The C-LTPP project includes 24 test sites composed of twa, three or four adjacent test
sections. A total of 65 test sections, representing a wide variety of climatic and loading
conditions, and featuring different rehabilitation techniques, are monitored in all ten Canadian
provinces.

The pavement type under study i$ asphalt concrete constructed over granular base courses
which was overlaid in 1989 or 1990 using either virgin or recycled asphalt concrete. The
experiment is schaduled to extend over a 15 year period. In essence, C-LTPP is a full scale
field experiment designed to provide realistic data which will be used to examine the trends
relating the input factors of design, construction and service condition to the measured field
performance. Ultimately, the resulis of the C-LTPP project will be used towards the
development of pavement performance models for asphalt concrete pavements across a
range of Canadian conditions.

The mechanical responsa of the C-LTPP test sections is measured using the Falling Weight
Deflectometer (FWD) and the Benkeiman Beam. While the FWD is mainly used to measure
the change of the mechanical response over time (one measurement every second year,
during summer), the Benkelman Beam is used to monitor the seasonal response, and also the



spring peak, of the C-LTPP pavements under a standard axle load. At the tme of wrlting this
repnrt, A minimuam af thrra seASANAE manitring rycles had heen conducted at each section.

Benkelman Beam measurements arg obtained in the C-L.TPP project according to C-SHRP's
Pavement Research Technical Guidelines (C-SHRP 1989). C-SHRP's guidelines were
adapted from the "Operations Manual for the Benkelman Beam” published by the Ontario
Ministry of Transpartation (MTO 1977) and the Canadian Good Roads Association Benkelman
Beam procedure (CGRA 1959).



CHAPTER 2: ANALYSIS METHODOLOGY

2.1 Typical Pavement Deflection Profiles

in order to properly evaluate the seasonal pavement response, it is first necessary to
characterize the seasonal deflection profile. Generally speaking, seasonal deflection variations
are charactenzed by a spring peak followad by 2 recovery period (deflection diminution) of
variable duration, and finally, a drop in deflection during winter when the structure is frozen.
The worst performance conditions occur on roads witnessing a high spring peak followed by a
slow recovery with relatively high deflections all summer long. This type of road deteriorates
faster because the bearing capacity is lower for a longer peried. Alternatively, one wouid
expect a road showing little or no seasonal variations to have a longer life.

Three types of profiles can be discemed by examining the deflection profiles for the C-LTPP
test sites shown in Appendix A. Type | profile is characterized by a high spring peak with a
rapid recovery, to nearly constant summer deflections. Type |l profile has a high spring peak
and a much slower recovery until fall. Type Il profile is typical of roads having little or no
seasonal variation in deflections. It is convex with a maximum deflection in the middle of the
summer when the pavement temperaturas are at their highest. The three profile types are
illestrated in Figure 2.

Type | Type 11 Type I1I

T

L
o ol

¥

Figure 1: Typical Deflection Profile Types

As mentioned, one of the objectives of this project is to develop a pavement response index
that represents the annual defliection profile. in an effort to come up with an intuitive and useful
index, four different approaches were investigated. These are presented in Section 2.2 with
their inherent advantages and disadvantages. The main difficulty in defining the seasonal
vanation indicators involved determining a proper reference base for comparing seasonal
variations. The most convenient comparison base is believed 1o be the summer deflaction but
very few of the C-LTPP 1est sites displayed constant Benkeiman Beam rebound values dunng



the summer monitoring peried. Therefore, three possible hypotheses were assessed for
computing a *summer daflection” in this study:

1. the smallest deflection measured between the spring peak and Octaber 1st. In
other words, the summer deflection would equal the lowest Benkelman Beam
rebound measured during the post thawing period. This method was rejected
because the minimum deflection often only occurred a few days after the spring
peak deflection which may be attributed to the refreezing of the pavement structure.
Moreover, this companson base 15 not convenient to the pavement designer since a
number of deflection measurements would be required in order to "cateh” the
minimum deflection.

2. the average deflection between June 21st and September 21st. Using this value for
the average summer defiection could mask the differences between test sites
having a rapid recovery, from those having a slower recovery with refatively high
deflections all summer,

3. the average deflection between June 21st and September 215t minus one standard
deviation. This value was selected to represent the “summer deflection.”

Typically, Benkelman Beam rebounds are adjusted to a common temperature in order to
eliminate the asphalt concrate temperature variable from the analysis since it has been shown
that rebounds tend to exhibit a linear increase in magnitude with increasing temperature
(Alperta Research Council 1995). This allows for a clearer investigation of other factors
influencing pavement response. In this study, temperature carrections were not applied to the
measured Benkeiman Beam rebounds because it is believed that this comection can mask the
spring peaks. Also the potential application of the results of this project is geared to actual
Benkelman Beam rebounds measured in the field.

2.2 Development of Seasonal Deflection Variation Indicators

Many existing pavement performance models make the assumption that the pavement
strength changes throughout the year. This assumption is certainly valid in Canada as most
roads are subjected to numerous freeze-thaw cycles during the vear, and require load
restrictions during the thaw weakening stage in the spring. These changes in pavement
strength are substantiated by an irregular annual seasonal deflection profile (as shown in
Figure 1). Consequently, a technigue is needed whereby seascnal variations in pavement
strength are explicitly considered in performance modeliing and design. With this goal in mind,
four different pavement response indices were developed.

2.2.1 Profile Area Ratio (PAR)

The Profile Area Ratio, PAR, is defined as the ratio between the area ynder the measured
aeflection curve (represented by the shaded area noted A on Figure 2) and the area under the
summer deflechon line which is equal to the summer deflection times the length of the
measuring penod. These areas are dehmited by the zera deflection axis. No Benkelman Beam
measurements were taken in the winter. Since little deflection occurs during the winter months,



an assumption was made that the majority of fatigue damage occurs in the spring-summer-fall
pericd. A study by Coree and White tends to demonstrate that 82% of failures’ occur in the
spring-summer-fall period whiie only 28% occur in winter (Coree and White 1990).

Dellaction

1at m<as urement last meas urement
Winter Spring Summer Fall

Figure 2: Calcularion of the Profile Area Rario (PAR)

Advantages

» The propased PAR indicator will be useful to assess seasonal deflection variations as
compared with the average summer deflection. It will expose pavements that experience
farge seasonal variations {i.e. high PAR)

= PAR will also demonstrate the error in using a constant summer deflection far pavement
design and evaluation instead of taking inte account the seasonal variations.

Disadvantages

= This indicator does not differentiate between a profile with a high but short {time wise)
deflection peak from one with a jow but long peak.

= PAR will not differentiate between a pavement that 15 relatively weak (high deflections)
from a pavement that is strong (Jow deflections) year round.

+ The time of the first and last measurements are not fixed.

2.2.2 Cumulative Excess Deflection (CED) Index

The excess deflections (+ or -, see Figure 3a) are the difference between the measured
deflection curve and the summer deflection line against time. These excess deflections ¢an be
cumulated to generate a cumulative excess deflection curve {see Figure 3b). The seasonal
variation index i1s then the difference batween the maximum and minimum values on the
cumulative defiection curve (noted Hp an Figure 3b) multiplied by time (in days, Lp).

1 Fadure i lerms of Ihe preseni servicealuity index (AASHTO PS)) 5 8 termingl Senaceatity at which the level of oistress has
accumuiated to & level which producas an undesirabie nde lo the user
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Figure 3: Calculation of the Cumulative Excess Deflection (CED) Index

Twa assumptions related to the winter deflections were made due to the lack of Benkeiman
Beam measurements in the winter:

1. the winter deflection is constant and equal to the least of 0.2 mm (0.2 mm is the winter
deflection for the C-LTPP test sections having winter measurements) and the minimum
measured deflection.

2. the length of time between the end of the constant winter deflections (= 0.2 mm) and the
first measured deflection in the spring is one month (30 days) and the deflaction will vary
linearly during this time.

Clearly, higher values of the CED index relate to more significant seasonal vanations. For
example, Figure 4 shows the difference in CED between two roads, The first road {C-LTPP
test section #8104041) corresponds to a fype ! deflection profile (see Figure 1) which is



characteristic of large seasonal variations while the second rpad (C-LTPP test section
#8406043) conforms to a type lIf profile.

Advantages

This method was developed to best represent the shape of the defiection profiles. Peak
and length of recovery, are taken into account.

This method discems between roads having the same maximum spring deflection and
different recovery profiles i.e., one recovering rapidly with low summer deflections and the
other demonstrating high deflections all summer.

The slope of the positive portion of the cumulative excess deflection curve can be used to
discern cases of roads having a high but short (time wise) spring peak from those having a
low but long spring peak.

Disadvantages

Taking into consideration the small number of Benkelman Beam rebound measurements
(less than a dozen per year on each sile), it was necessary to interpolate between the
known values in order 1o produce the cumulative deflection curve. This introduces a
systematic errer to the analysis.

It is occasionally difficult to identify the maximum or minimum values on the cumulative
excess deflection curve and the exact length of recovery.
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Figure 4: Comparison of CED Curves for Two C-LTPP Test Sections



2.2.3 Ratio Between Maximum Deflaction and Summer Neflactinn

The proposed seasonal variation indicator is simply the ratio between the maximum measured
deflection and the summer deflection, regardless of when the maximum deflection was
measured (see Figure §). Based on this ratio, higher values would tend to indicate greater
seasonal variation in pavement rebounds (i.e. pavement strength).

This method leads to a rapid identification of pavements having a significant loss of bearing
capacity during the spring season (i.e. high Max/Summer ratio) However, it will mask roads
that have an irregular deflection profile (e.g. max. defiection oceuming in the Summer), or
roads that demonstrate jarge varniations in deflection during the summer.

4 Maximum deflection

Deflection

\J o S Summer deflechion

Winter Spring Summer Fali

Figure 5: Ratio Between the Maximum and the Sommer Deflection
2.2.4 Variation Index (Vi)

This method involves a simple statistical computation using the average summer deflection
and each measured deflection during the year. Specifically, a variation index (V) is calculated
as the inverse of a modified variance?2. Lising this method, any decrease in the variation index
will indicate greater seasonal variation in deflections. The VI will also expose pavements that
exhibit high daflections throughout the summer. One disadvantage with this method is that the
results depend an the number and spacing of the measurements which vary from site to site.

Varation index=1/%

’ 2
n

& = measured deflection;
&5 = summer deflection;
n = number of measurements

2 The stabsheal vanance of a sample 15 expréssed relaiva to the mean of the sample, tor the calculation of VI, & modifiad
vanance 15 used o which the “summer deflection” replaces the Sampie mean in the formula.



2.3 Factors Contributing to Seasonal Variations

It is generally recognized that seasonal variations in pavement strength (or pavement
deflection) are a function of many influential factors, These factors can be broken down as
follows:

climate-related
material-related
traffic-related, and/or
canstruction-related

Table 1 lists the most important factors believed to influence the pavement response, based
on a literature review. The literature described many influential variables but this repon only
considers those that can be easily measured or obhserved, and those maost frequently
mentioned by different authors. The factors are presented here with a short explanation as to
their influence on pavement behaviour.

Table 1: Seasonal Varation Contributory Factors

Environmem-Related influence on Pavements Main References
Factors
Annual precipitation * "During spring thawing, the | » Haas et al. 1994

strength of the ground may | « Rutherford, M. 1989

be measurably weakened |e RBijeth, J.l.. and Bentrand, L.
compared with its summer- 1991

fall state because of + Bellanger, J. 1987
maistyre migration into the
soil during the preceding
freezing penod.”

» Deflection profiles and the
hydrous balance have
been shown to have similar
seasonal vanations.

+ High deflections can occur
after thawing or after rainy
periods in the summer or
fall.

Freezing Index + Reflects the intensity of = Haas et al 1994

frost and thus the amount |« Rutherford, M. 1989

of water that can freeze.

Maisture cantent of * Increase in moisture * Sage ana D'Andrea 1988
materials content of materials leads | e« Kestler, Harr, Berg and
directly to a decrease in Johnson 1995

bearing capacity.
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Material-Related Factors

Influence on Pavements

Main References

Subgrade type (fine or
coarse)

= Reflects the drainage
capacity of the subgrade.
"The permeability of the
subgrade ... can resinci
the drainage of exeess
water. Therefore, ane can
expect most damage to
occur during the spring
thaw period”

+ Haasetal. 1994
+ Janco, V.C. and Berg, R.L.
1990

Frost susceptibility of
subgrade soil

¢ Frost susceptible soils are
more prone to thaw
weakening because of the
high increase in moisture
content.

* Sage and D'Andrea 13988

Traffic-Related Factors

Influence on Pavements

Main Refersnces

Traffic loads

+ "The effect of traffic
loading on pavement
performance becomes
moare evident in heavily
trafficked roads"

» Haas et al. 1994
« Suleiman et al

Construction-Related
Faciors

Influence on Pavemenis

Main References

Pavement type (rigid or
flexible)

AC layer thickness

Tatal thickness of
pavement structure

Number of years since
constrdction

« Rigid pavemsants shouid
maore easity sustain the
decreases in beanng
capacity without failure.

* Reflects the naidity of the
syrface jayer and indicates
the resistance to cracking.

= " no factor was as
significant as the effect of
the total thickness
{surfacing + base +
subbase) regardless of the
layer or thickness
combinations... (an
perfaormance)”

» Reflects the number of
frost/thaw cycles that the
road has undergone.

s« Haas et. al 1994

=  White and Coree 1990

+ White and Coree 1990

The influence of each of the preceding factors (except for moisture cantent and pavement
type) on the observed temporal variations in pavement rebounds was evaluated and the
results discussed in Chapter 3, and illustrated in Appendices C and D.
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CHAPTER 3;: COMPUTATIONS AND ANALYTICAL RESULTS

3.1  Seasonal Deflection Variation Indicators

The four seasonal vanation indicators defined in the preceding Chapter were calculated for
each C-LTPP test section, and are presented in Table 2. The C-LTPP test sections were
categorized according 1o the three deflection profile types (1, I, and {li) illustrated in Figure 1.
Average values of the indicators were then calculated for each profile type. These are shown
in Table 3.

As one can see from Table 3, the average seasonal varniation indicators are directly related to
the deflection profile type. For example, the highest vaiues for the "CED Index" and "Profile
Area Ratio” correspond to a Type Il deflection profile which are roads displaying the largest
deqgree of vanatinn in measired feflacrions throughout the year. This same trend is observed
for the “Variation Index” where the lowest values (corresponding 1 the most seasonal
variation) were computed for the Type |l profile. The only exception to the observed trend
involves the "maximum/summer ratio” whare the highest values favoured the Type | deflection
profile. This can be explained by examining the formulation of the maximum/summer equation,
and remembering that the average summer deflection of a pavement with a Type | profile is
always Jower than the Type Il average summer deflection.

Tabie 3 also suggests that the least seasonal variation (.e. low values for CED, PAR,
maximum/summer rato, and high values for the VI) occurs with a Type Il profile.
Consequently, the author feels confident that the proposed seasonal variation indicators
provide an acceptable measure of the temporal variations in pavement deflections.

Table 2. Computed Seasonal Varation Indicators for C-LTPF Test Sections

Cumulative
Profile Area Excess Max/ Variation
C-LTPP Ratio Deflection Summer Index
Section Site ID {PAR) {CED) Index Ratio {VI)
1 8104041 1.732 14272.1 2.338 0.0067
2 8104042 1.674 10207.2 2.414 0.0081
3 8104043 1.507 9889.9 2.361 0.0121
4 8104044 1.742 13472 4 2.641 0.0083
5 8202051 1.097 479.1 1.601 0.2900
5] 8202062 1.134 1055.2 1.707 0.3021
7 8205021 1.327 268519 2.357 D.0646
8 8205022 1.230 1670.8 2.204 0.0788
] 8206051 1.277 2219.5 1.833 0.129%
10 8208052 1.472 3839.2 2538 . 0.0659
11 8304031 1.089 1870.5 1.455 0.0435
12 8304032 1.157 3210.0 1.5652 $.0279
13 8304033 1.092 2233.0 1.562 0.0314

12



Cumulative

Profile Area Excess Max/ Variation
C-LTPP Ratio Deflection Summer Index
Section Site ID {(PAR) {CED) Index Ratio (V1)

14 8308011 1.299 1814.2 2.244 0.0415
18 8308012 1.203 6240.0 2117 0.0252
16 8308013 1.229 2727.2 1.828 0.0288
17 §308014 1.160 2058.6 1.965 0.0476
18 8401011 1.175 638.2 2.393 0.0607
19 8401012 1.1549 686.4 2.333 0.0567
20 8401013 1.148 805 4 2.351 0.0277
21 8402041 1.250 4717.5 2.142 0.0131
22 8402042 1.106 2018.8 1.651 0.0245
23 8406041 0.866 507.4 1.208 0.0209
24 8406042 1.020 135%8.4 1.489 0.0358
25 8408043 0.925 96.9 1.117 0.1351
26 8406044 1.050 416.4 1.225 0.4836
27 £502011 1.336 1231.0 1.684 0.2548
28 8502012 1.434 2078.3 1.883 0.1206
29 8502081 1.237 606.7 1.491 0.3902
30 8502062 1.184 281.2 2318 0.1626
31 8506011 1.047 487.0 1.442 0.56714
32 8506012 1.434 2295 4 3.118 0.0785
33 8605071 1.121 1188.8 1.546 0.1411
34 8&05012 0.877 443.5 1.255 0.1420
35 8605013 1.031 796.0 1.231 0.2812
36 8606031 1.309 1791.5 2.426 0.0246
37 5606032 1.254 1357.4 1.838 0.0427
38 8606033 1.174 1053.7 1.855 0.0499
29 8701021 1.0584 2389.3 1.245 0.0918
40 8701022 1.105 4186.1 1.313 0.0573
41 8705041 0.872 191.1 1.278 0.3143
42 8708042 1.005 287.3 1.230 0.4171
43 8705051 1.108 20793 1.533 0.0958
44 8705052 1.110 13350 1.494 02360
45 8705053 0.964 7R0.8 1.280 0.6603
45 8705054 1.187 3487.9 2.005 0.0298
47 8707011 1.071 428.6 1.781 0.1208
48 8707012 1.043 380.0 1.779 0.1673
53 8905031 0.914 718.8 1.2186 0.0593
54 2905032 1.108 2336.8 1.613 0D.1256
55 8905033 1.001% 870.3 1.2581 0.1450
56 BO0S034 1.089 1674.5 1.344 0.2378
a7 8907021 0.969 1057 .1 1.375 0.0310
58 8907022 1.140 2181.4 1.598 0.0619
59 9004021 1.003 586.9 1.194 0.2087
31} 9004022 1.042 10241 1.298 01221

13
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Appendix C

Seasonal Variation Indicators
versus
Influential Factors: Data Tables



ANgndsosas 1804
apeafans ay Jo ssagpaedal

LOHINISUD 33U & $18a

£103238> Suppucdsanod ey 2o}

Jojedpu| aig) Jo enjea sfeieay

WL U] SSUYILLL

0 L uwey
rargk| O o o2 0 WpPW
Lrergl 0E-02 ZBREE] OZ © O &£'9812 O o
t vI0g| oo |9 2 ooiez| iy
; i] wnjpei ogg-0ne
1] ol
S1°08EE oz ol It EEEE [1.1]1] ' 2'gnie onu.a_
1. . Q | WAfpew Qa2 GoZ-09)
G Mol
65991 udyy
FY- Ty 00 1 WAL 'S99} a%)-0
} 0Lwa | d W11 L7
uopanieucd eaus seeAl  ugiannsues eows- siee ) lqndessns |soy epeist sfiiandessns 9oy epmiBang SERUNIYY JekE o SSAUNDI WD)

RU040)U1 10KE] Y 9y o s5appurBas
Anrandeasms jsosy opriSang

ss|qeL auy Bupeay o) Aay

L1oFoiea sy sog
$U0)3098 J0 Jaquiny

sopcdaieaqas pue mu_,.smsuufl

Cl1



e ] Yoy
Io 0% ol O 1 2p0 | wmpol ST L 65z«
59907 O0t-08 9 EEOEEERD SET0°) yory 1] o
2 lla okoo e y orEY | iy
e 1 Ziiory|  wnpew rredtL| 092-002
z g090'L of o 02 o o]
gogn’ | o2 ok |0 oz o 0l g930' 1| wmpew | 19960 yly 16074 006 <
g ) or B 0 12 0 Wip e 1508°0] 002-094
g R £2 0 MO|
S ) e o 02 | ) 4y
040 o oz o 0l st 0 Wrip e 09 k-
0 0 ol oro |0 [ 0] ol
. i ) yiy
) oF o 0F i} lApai gial'l 095«
cest’y|  og02 |0 0z 91 01 yflyy 4 Bioli #o|
gl 0 gL oto |0 0 ythiy
: ;e . i gy )| Twhpewr | giva)| 092-00%
5 oge0y| OF @ 0Z z BEREL Mo
igoz | oz oo o 0z o al s50'1] wmipew o vy goei 1| ov0r-00s
] ‘ 0 ‘ ¥ gag0° )| wnpeur SI9L° | DO2-081 :
5 gEEZ | Mo
' o B oy
o1 5 1602'L| o % 01 BOVE | ) P wnipeluy gLzl 0g-g
0 0 or o o |2} b 0] !
ok % [ Yty
1] ozzZ't{ OF O 0B 0 uinipedw LL6'0 pog<
go'y| oB02 | 8E80'} BiLtl ydy b BLIED woy
bl 1691} i g8ac | Uy
_ o 0 | wmipew ee'd| ogz-oue
3 b 8021} mal
ey o2 o1 o pop6 0|  wnpew i faiv ey ZeLTH| D000
g ) z 03g670|  Wmpew g8k || 002091
g : z TR #0]
E g2v0')L| of o o2 o ybiy
L8511 oo S9L1L| 0Z ™ o) BLLD' L 0] 7 82260 wnipaw 2riod o540
3 [ta oL oo | I 8960" | ] gl
; Sl [ yhy
‘ g ove0’l| of @ oZ D wn|pal 098<
oree | os-02 I POLL'E| 0Z 2 OF 9580 | Yby 0 10|
§ I gatkl| ol oo |8 z FETIH yBiy
= e o N 2or1 | 09%-00%
: " e 0 o]
vELH o2 01 [0 0z o af wnipew | £E0L1 ybiy 46601 Bog-0
Z 0 o whpsw T gL00'L| 002081
H 0 Mo
0 g g0s0'4 ybly
£aLL) 040 0 g o wrlpsl | 9080k 09 b 0
| 0 TR o e 8

UOlarijaucsd aduie fles |

LUSIOM9eY oS gika )

Ayrqndecens jeoy) epeibgng

Angidensns Jeey} spaiflgng

BEBUNIIL Jodel oy

asauyaly| |60 )

{dvdl oney ealy sljotd 110 AlGel

C2



Table C2: Profile Area Ratio (PAR)

'Frost Susceplibility Fragzing Index Annual precipitations

[l ESALs
17 7lo-7o0 0 0-100000 10778 7
: 0-500 [1.2069 700-1400 0l 100000-200000 0
*1400 1.2069 7! =200000 0
10{0-700 0 0-1000400 1.2978 4
500-1000 {1.1424 700-1400 1.1424 10} 100000-200000 0
Low 1.1812 >1400 0 >200000 1.1018 &
040-700 ) 0-1006000 0
1000-1500 700-1400 oll 100000-200000 )
=1400 0 200000 8]
6l0-700 0 0-100000 Q
*>1500 700-1400 Off 100006-200000 0
>1400 0 =200000 0
12 2{0-700 Q 0-100000 1.0797 2
0-500 (1.0797 700-1400 10797 2l 160000-200000 (3}
=1400 0 =200000 0
8lo-700 0 0-100000 1.0922 4
500-1000 [1.0288 700-1400 1.0288 8!l 100000-2060000 1]
Medium ]1.042 =1400 0 >200000 0.9654 4
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1000-1500 |1.0568 700-1400 1.0568 2 100000-200000 [1.0568 2
»14G0 0 *>200000 [+]
clo-7o00 0 0-100000 )
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0-500 700-1400 Ofl 100000-200000 0
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High 1.186 > 1400 0 =200000 0
10{0-700 11.6639 4 £-100000 1.6639 4
1000-1500 {1.2875 700-1400 1.0277 4% 100000-200000 0
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Table C4; Cumulative Excess Deflection (CED) Indicator -

Frost Susceptibiiity Freezing Index Annpal precipitations ] ESAls |
17 7(0-700 0 0-100000 1214.2 7
0-500 1214.18 700-1400 Off 100000-200000 O
=1400 1214.2 7] =200000 0
10{0-700 0 0-100000 1049.3 4
500-1000 }875.95 700-1400 875.95 10 100000-200000 0
Low 1016.22 >1400 D =200000 760.38 3]
Qi0-700 [4] 0-1000G00 [+]
1000-1500 700-1400 Off 180000-200000 0
=1400 0 =200000 0
010-700 0 0-100000 0
=1500 700-1400 QO 100000-200000 1]
=1400 G =2Q0000 0
12 2{0-700 0 0-100000 3287.7 2
0-500 32B7.7 700-1400 32877 20 100000-200000 {
>1430 ) =200000 Y
Bi0-700 0 Q-100000 1900.7 4
500-1000 1247 87 700-14Q0Q 1287.9 Bl 100000-2G0090 o
Medium 1445.58 ) >1400 0 =200000 =95.00 4
210-700 0 0-100000 0
1000-1500 |394.28 7Q0-1400 39428 21 100000-200000 {394.28 2
>1400 0 =200000 o
010-700 0 Q-100000 0
>1500 700-1400 ¢l 100000-200000 0
=1400 [} =200000 4}
28 Gj0-700 Q0 0-100000 ]
0-500 ‘ 700-1400 04l 100000-200000 0
=1400 ¢ =200000 Q
410-700 4] 0-100000 3368.2 2
500-1000 {1803.67 700-1400 1803.7 A4 100000-200000 123819 2
High 3389.3 >1400 O *=200000 4]
10)0-7Q0 119604 4 £-100000 11960.4 4
1000-1500 {5662.05 700-1400 1385.1 41 100004-200000 0
=T14Q0 Y] =200000 1463.2 &
1410-700 2394 5 14 Q-100000 1754.9 2| -
=1500 2394 .46 . 7Q0-1400 O 100006-200000 127331 g
=1400 Q =200000 0
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Table C6: Maximum/Summer Ratio

Frost Susceptibility Freezing index Annual precipitations E) ESALs
17 7lo-700 of  6-100000  |1.9694 7
0-500 {1.2694 700-1400 ofl 100000-200000 0
>1400 1.9694 74 =200000 0
10]0-700 0f  06-100000  J1.8183 4
500-1000 [1.8383 700-1400 __ |1.8383 10§ 100000.200000 0
tow  |1.8923 >1400 0 >200000 _ f1.8s516 6
ofo-700 0§ 0-100000 0
1000-1500 700-1400 o[l 100000-200000 0
>1400 0 >200000 D
n10-700 O Q-100000 0
=1500 700-1400 o[l 100000-200000 0
>1400 0 =20000Q G
12 2[0-700 ol 0-100000_ |h.2794 ~ 2
0-500 {1.2794 700-1400  {1.2794 2l 100000-200000 g
>1400 0 >200000 0
8]0-700 ol o0-100000 h.ssos 4
500-1000 |1.4201 700-1460 |1.4201 8l 100000-200000 0
Medium  |1.4566 >1400 0 >200000  |1.2505 4
2j0-700 of _o-100000 | 0
1000-1500 {1.7799 700-1400 117799 2| 100000-200000 |1.7799 2
»>1400 ol =200000 0
olo-700 0] 06-100000 0
>1500 700-1400 0fl 100000-200000 0
>1400 0 >200000 0
28 0}0-700 o ©0-100000 o
0-500 700-1400 0]l 100000-200000 o
>1400 0 >200000 0
afo-700 of o0-100000 [1.8988 2
500-1000 |[1.5754 700-1400 [15754 4l 100000-200000 h.2547 2
High  [1.7472 >1400 0 >200000 0
1010-700 24384 4 0-100000 2.4384 4
1000-1500 {1.815 700-1400  [1.3559  4fl 100000-200000 0
>1400 a =200000 113994 6
14]0-700 1.7478 4] 0-100000 [|1.4121 5
*>1500 (1.7478 700-1400 o)l 100000-200000 h1.9344 )
>1400 0 >200000 0
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Table C8: Variation Index (VI

Frost Susceptibility Freezing Index Annual precipitations ESALs
17 7j0-700 0 0-100000 0.1942 7
0-500 0.1942 700-1400 0 100000-200000 0
=»1400 [1.1842 7] =200000 0
10jG-700 ) 0 0-10G000 0.2321 4
&600-100Q0 |0.1638 700-1400 0.1638 10| 100000-200000 0
Low 0.1763 =1400 0 =200000 3.1182 6
0}0-700 0 0-100000 4]
1000-1500 700-1400 Qi 100000-200000 [4]
=1400 0 =>200000 0
010-700 Q 0-1000060 4}
=1500 700-1400 O 1000006-200000 0
=1400 0 =200000 0
12 216-700 0 0-100000 0.0745 2
0-500 0.0745 700-1400 0.0745 21 100000-200000 0
=1400 0 >200000 0
810-700 0 0-16GaG00 02555 4
500-1000 jo.2122 700-1400 02122 8] 100000-200000 0
Medium 0.1778 >1400 Q =200000 0. 1688 4
216-700 Q 0-100000 4]
1000-1500 {01441 700-1400 0.1441 24 100000-200000 {0,140 2
=1400 Q =200000 Q
o{0-700 0 0-100000 0
=1500 “|zoon-1400 Qi 100000-2000040 Q
»1400 0 =200000 ¢
28 o{0-700 0 0-100000 0
0-500 700-14008 Ofl 1000060-200000 V]
=1400 0 =200000 )
, 410-700 0 D-100000 0.0188 2
500-1000 10.1923 700-1400 01923 Al 1Q0000-200000 |0.3657 2
High 0.0778 =1400 0 =2000090 a
1010-708 0.0083 4 Q-100000 0.0083 4
1000-1500 |0.0694 700-1400 01419 4F 100000-200000 "]
*>1400 Q =20C000 0.1101 =3
14]0-700 0.0512 14 0-100000 0.0369 5
>1500 8.0512 700-1400 O 100000-200000 10.03713 9
=1400 0 =200000 [+]
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Appendix D

Seasonal Variation Indicators
versus
Influential Factors - Figures
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Total paverment slructura thickness {mm)

Total pavement structure thickness (mm}
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Avarage lolal pavement

struchure thickness (mm)
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Average lotal pavernent
slruchure thickness {mm)
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AC layer thickness (mm}

AC layer thickness {mm}
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AC layer thickness {mm})

AC layer thicknass (mm)
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Max/Summer deflection ratio

Prolile Area Ratio
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Freezing Index [*C-days)

Fraezing Indsax (°C-days)

— - -Freezing index —=— Annual precipitation |
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— # -Freezing index —2— Annual precipitation
R= 0.10097 R= 0.093481
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