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RHVP SIX YEAR REVIEW

1.6 INTRODUCTION

Golder Associates Lid, {Golder) was retained by the City of Hamilton {City) to evaluate the performance of the
Red Hill Valley Parkway (RHVP) five years after construction. The RHVP is a divided highway, approximately 7.5
kilomster long, connecting the Lincoln M, Alexander Parloway and Queen Elizabeth Way in Hamilton, Ontario,

The RHVP was constructed in 2007. ) y
2.0 FIELD INVESTIGATION '

Golder completed a fleld investigation to assess the current condition of thq% ‘,-
2013, The field investigation involved the following:

he Spring and Summer of

& Visual condition Inspection;

B Limited coring of the asphalf;

@ Surface longltudinal profile; an'd

B Falling Weight Deflectometer (FWD) testing.

3.0 RESULTS
3.1 Visual Condition %nsgec&xm

The visual condition inspection was completed by 1
Group in the spring of 2013, The p

Fgood conditzon with limited surface distresses being
wshoulder in-numerous. locations ‘and-was “sfight to'

v. L ltis anticipated that the distortions are a result
i in the past on the mghway No cracking was present in the distorted .

te generally Iongiudinal Crgcking was observed in portions of the north and south bound lanes
ent. The cracking A

January 2014 :
Report No, 13-1184-0046 1

RHV0001010



Figurs 2: Longluslingl top down cracking on RHVP
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RHVP 8IX YEAR REVIEW

The longtiudinal construction joints were opening.in a few locations. These locations were particularly where the
highway widenead to three fanes in one direction. Additional photos from the visual pavement condition inspection
are provided in Appendix A. No other cracking was observed in the pavement.

3.2 Asphalt Coring

Four asphalt cores were drilled by representatives of Golder on August 8, 2013,
further investigate the longitudingl cracking that was observed on the pavepy

halt cores were taken to
b surface during the visual
und outside lane (Lane 2)
hetween Barton Street and Queenston Road. The cores were taken at logatio here longhtudinal cracks were
visibie on the surface. A description of sach of the four cores is provided tos of the cores are
provided in Appendix B,

Core Crack Depth
Core § Thickness | from Surface

{mm)} {mm)
f ' ded frorn second Jift, Only top lift
1 30 mm 38 mm ‘xiracied, as throughout the thickness of the
2 z\,
2 248 mm re. The cracking was throughout the

on. i:wc: lifts of asphalt

3 250 mm

it o thie
seccmd lift of asphait,

Top lift of asphalt (SMA) debonded from second lift. Only fop lift
4 was exiracted. The crack was throughout the thickness of the

4
Core was being drilied, waier was coming out of vo;ds in the
| surrounding pavement surface,
As shown in Table ¥ s*'were found to be within the top of maximum top two layers of asphait. The top

asphalt layer and s&6ong or Were often-debonded from the deeper layers of asphalt. While Core 4 was being

drifled, water from the drftimg activity was coming out of the pavement surface through surrounding voids.

3.3  Surface Profile

The longitudinal profile of the RHVP was measured in Lanes 1 and 2 in both the northbound and southbound
- directions. The profile was measured at highway speed. Stationing started at 0+000 at approximately the south
limit of the RHVP and increased untii the north limit of the testing {7+600}), The Intemational Roughness index
{IR1) was calculated every 100 m in each lane. Complete resulis of the profile testing are presented in Appendix
C. Table 2 shows a summary of the profile testing.

Janwary 2014 .
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RHVP SIX YEAR REVIEW

Table 2: RHVP IRI

Lane Average IRl (imfkm) | Maximum IRl (mfkm} | Minimura IR {m/km)
Lane 1 Southbound 0.92 : 2.25 0.52
Lane 2 Southbound 1.05 2.18 0.62
Lane 1 Northbound 0.99 2.29 % 048
Lane 2 Northbound 1.14 222 0,73

4.0 FALLING WEIGHT DEFLECTOMETER DAT

and the traffic pattern on the RHVP. Limited testing was carrie i
directions from Barton Street fo Queenston Road and from King
fop down cracking was the most frequent. In botijdirections the test{n )
m intervals with the test points in the adjacent
Lane 2 was carried out at a 66 m spacing

Greenhill Avenue, whete longitudinal
he inslde lane was carntled out at 100

temperature of 2188 n acidm to normalizing the measured deflections, the analysis of the FWD data also
involved determination 'ihé% avement surface modulus. Pavernent surface modulus is determined using the
normalized deflection megstured by the geophone located at the centre of the loading plate. Pavement surface
modulus is an indication of the overall load bearing/support characteristics of the entire pavement structure,

Table 3 shows a summary of the normalized dsflections and pavement surface modulus for the tested section.
Typically the pavement surface modulus for & conventional asphalt pavement ranges between 300 fo 500 MPa
and for a de&p strength aspha[’z pavement between 500 and 800 MPa E‘rcm the table shown belaw ;t can be

January 2014 J
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RHVP SIX YEAR REVIEW

- RHVP was désigned fora 50 year life while cohventional desp strength asphalt-pavements ate design fora 20+
year life. ’ '

vTabIe 3: Summary of Normalized Deflection and Pavement Surface Modulus

Normalized Pavement Suface
Section Name " Direction | Lane Reflection (mn) - d;glus {MFa)
Mean Stax}de.lrd ~ ¢ Standard
Daviation Deviation
QEW to Line Northbound § 1 0.16 206 ,
QEW to Linc Southbound 1 017 0.0 187
Barton Streetto 1 oo ibound | 2 | 06 211
Clueenston Road )

King Street to . ”
Greenhill Avenue Southbound 2

termine the design rebbund deflection
estimated to'be the remaining ESALs
i dts design life. The design rebound

The Asphalt Institute Manual Series No. 17 (Al M5-17) was 08
required to accommodate approximately 80,000,000 ESALS,;'wh
that the pavement on RHVP would be requireg

Table 4; Static Deflection

Static
Dirsction Lane § Deflection
_{mm)}
Norihbound 1 0.34
: Southbound 1 0.36
o ;i‘s‘ i ’
arton utr%%go Queenston Southbound 5 0.40
‘Rpad
et to Greenhill ‘ . 0.34
Avenue Southhound 2

Table 4 above. shows that the ‘measured deflection for each of the sections was either slightly below or only
slightly above the design rebound deflection required for the remaining 80,000,000 ESAL required to be
accommaodated by the RHVP. The section in Southbound Lane 2-from Barion Street fo Queenston Road liksly
has a higher caleulated stafic deflection as compared o the other sections because it had the fewest test points
with one test points having a higher deflection, as shown in the detailed analysis results in Appendix I, which in
turn resufted in @ higher standard deviation. The higher standard deviation for this section increased the
caleulated static deflection which is a function of both the mean and stendard deviation of the measured dynamic

deflection.

January 2014
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RHVP SIX YEAR REVIEW

41.2  Layer Moduli

if the layer thicknesses are known, the deflection basing that are determined during the FWI testing, can be
subsequently used to backcalculate the modulus of each of the pavement layers at each test point. For the
purpose of the analysis, all the asphalt layers of the pavement structure were combined. Additionally, the base
and subbase layers wers also combined for the backcaloulation and a combined gnodulus for the granular

material was obtained.
lized; however, it should be
. the design thicknesses.
he layer thickness at a

For the backcdlculation analysis the design pavement layer thicknesses w
noted that the as constructed pavement layer thickness may somewh§
Backealculation of layer moduli Is very sensitive to the inpuf layer thickness and
particular test location are nof representative of the aciual tmcknessg
can be inaccurate. Very low modulus value for the asphalt cone

verified duringivisual condifion
odulus values could indicate that

The asphalt modulus values were

within the specified range indicating that the aspt tural condition. Typicat granular

layer modulus valuas are betwaen 300 and 700

Base/Subbase Subgrade Modulus
; Modulus (MPa) {(MPa)
Name - .
Standard Standard Standard
Deviation Mean Deviation Mean Deviation
08 720 417 132 217 76
580 373 83 218 84
Streetto = . '
Queenston 2 5457 1582 381 99 233 54
- Road
King Street }
to Greenhill | Scuthbound 2 5154 607 3986 | 123 197 57
Avenue :

As noted previously, the backcaleulation analysis was carrled out using the design layer thicknesses; however,
the resulis shown in Table 5 can be used as estimates of the pavement laysr moduii on the RHVP. Therefore,
the results indicate that there is no significant deterioration of the load bearing capacily of the pavement layers

on the RHVP.
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RHVP SIX YEAR REVIEW r

50 FRICTION TESTING |

Tablo 8: Friction Testing Results
Section Average Fri

Lane 1 Southbound
Lane 2 Southbound
Lane 1 Northbound
Lane 2 Northbound

construction {between 3¢ and 34), they are cons| g,
least aqual to or higher than 40 fo be congidered
should be at least 48 for a molorway pavemeant.

i

VP and the life cycle cost analysis | was anlicipated that some :
wn, will 'ocour and will have o be addressed. This lop down cracking would j
ing belween years 510 12 after the pavement Is opened to fraflic. In the life
part of the pavement design process, it was assumed that about 740 m2 of ?
e required per kilomelre, 4 lane width, in Year @ and then 3000 m2 in Year b

15 and agaln in Yoear 1 \_ s assumed that the entire pavement would require resurfacing in Year 21.

It was also anticipated tha the paverment would require routing and sealing over time: 240 m per kilometer in’
each lane In year 3; 640 m per kilometer in each lane in year 8; 1200 m per kilometer in each lane in year 15;
and 1200 m kilometer In each lana in year 19. Table 7 shows the cumulative Fquivalent Single Axle Loads !
(ESALs) that the pavement of the RHVP parkway was assumed, during the original pavement design, to have
during various stages foliowing its opening 1o traffic.

T
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RHVP SIX YEAR REVIEW

Tabie 7: Cumulative ESALs Assumed to have Been Accommodated, at Orlginal Design Stage, Following
Specified Years of Service

Years After Cumulative ESALs Assumed
Opening to Traffic | to have been Accomodated
g 14,000,000

15 : - 18,000,000
19 26,000,000

21 29,000,000

In-reality, the traffic loading on the RHVP was much higher than thedualt the original design

as shown in Table 7. Our nilial analysiz indicates that the paver ; approxXimately

ng the original
design and life cycle cost analysis it was anlicipated that §
and 15 years afler the pav&nizent was opened o traffic.

nimum the milling and overlaying should
wii eracking is observed. RBased on our pavement

visual condition fnspection, the mibliy
about 2.5 lum. The exact log mill erlaying should be determined on site. it is also

*

The cracks in the pave Silder along the edge of the driving lanes should also be routed and sealed to stop

the ingress of water,

January 2044
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APPENDIX B

Core Photographs
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APPENDIX B
CORE PHOTOGRAPHS

Photo 2: Top View of Core 1
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Photo 4: Top View of Core 2
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CORE PHOTOGRAPHS ‘

Photo 8: Top View of Core 3
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Photo 8: Top View of Core 4
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APPENDIX C

Surface Profile Results
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June 2013

Highway:
Date Testad:
Direction:

$

Lanes

Red Hill Valley Parkway

tigy 8, 2018
Tengthikm)
7,8

From {m}

Toim)

Sublot
Length {m

L

Run i

Run 2

1R1 Laft

| Right

IRI Right

10000

FUN

R
. 1es

iR L.Eft

1,77

IRl Right
TLE?

9500

2800

100

.82

5,50

.97

Q.83

100

082

2

ST S

0.88

0,88

SR

D7

8700

2800

160

162

1,53

1,72

152

9500

B

74

1,88

31 r}&

L5

dddo

9500

400

i)

188

227

2.23

~8300

TLO%

~it 30k

iR Average

4

0.3

L.17

0.95

pRel

200

3180

A58

- 3.36

S

800

100

.51

147

144

5800

390G

C B35

278

R N

1.52

LoOEg

8800

100

0.83

.71

.70

8800

¥

Er

TEAR

Taae

R

100

.87

2083

145

0.88

AN

s D56

#3500

R400

100

$300

8200

CBEG

TR

0,58 .

0.84

s

153

086

8100

8000

(.64

IR0

BT

7800

T T

FROG

F700

T R

“Se00

.62

3,72

.84

TEOG

7500

7400

LA

.88

7300

AT

e T

0,58

B 73 s SR

BT

Q7L

7100

7000

0.72

oD

B350

881

B300

6800

0,81

TR0

8700

5600

[ R

.83

G800

- R ;Y S i

0.53

082

§400

G300

LIS

8,94

5200

6100
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June 2018

Highway: fad Ml Valloy Perkwey
Date Tested: May 9, 2013
Direction: Lane: Length{km):
3 1 7.8% 7
Sablot Run 1 Run2 . )
From {m} To{m) Length (m) T Lot Al Right IRl Left IRl Right IRI Right IR Avarage
00 6000 7 100 1.28 109 1,28 1.08
8000 5300 A R IR R 208
L 5BO0 . 100 0.50 0.5% 0.56 0.45
CHA0 A0 .58 L DEE Ry BB0
5500 100 8.73 8,55 0,62
5500 Soapne BB S0 CLU,BE T
5400 100 575 0.55 0.73 e a
TR0, TURRE 4 G.88 EeI 0,58 A3 B 4an
5200 100 0.65 0.86 0.6% .62
SRR 60 R b : TR
< BODD 130 .72 0.75 .78
4900 A0 B8 B85 - R =TA
4806 100 0.80 U.57 857
4706 AR0 T g 78 TG 070
500 360 0.59 0.63 C 058
4501 L R R h N 0,65
BAu1 100 0.72 0.69
4301 10D QB8 o6 e
4201 196 0,54 8,55
e TR A),BE
4001 100 342
3807 - A00 . 080
3801 0,80
3704, ST T Yo
“3enl 9,50
3501 w53
e e
3201 086
3101 R R
TTR00L. 0.79
g~ 558
2801 0.54
TR 157
2603 057
e SR80
2401 0.28
2 0,807
R v R 0.87
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June 2013

Highway:
Diate Tested:
Directiomn:

S

Red Hill Valley Parkway

May 8, 2013
Lane:
2

Length{km}:
7.8%

13-1184-0026

From {m)

To {m}

Sublot
Length {m}

Runil

Run 2

‘Runz

IRI Left

IR Right

10000

9500

237 |

127 |

IRl Left
S 185

IRl Left

1Ri Rig_ht
T 141

9800

9R0D

100

(.82

0.67 2.08

0.84

5800

9700 |

L1100

T p.83

o8t

076

9700

9600

100

1.67

142

1.07

3 9660

CLEs00n

A8

1,81

2500

2400

100

1.52

1.83

9400

8300

300

089

Tiss | L

2.57

~-1.53

3300

2200

100

157

138.

1.88

5200

‘8100 -

100

228

8100

9000

100

163

255

165

8200

8800

116

1.38

8800 -

8700

CXTRRE

8700

8600

1.51

TBE00

8500

8500

2400

8400

8300 |1

0,74

0,81

0.80

8300 -

8200

8200

81000 b

0.898

0.75

8100

BO00 »

082

8000

0,95

7900

78O0

0.98

Feon

700 |

1088

7700

7506

7600 | 7500

(.68

0.80

7500

7400

0.80

7400

7300

- 1.18

7300

7300
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Suns 2013

Highway;
Date Tested:
Direction:

5

Red Hill Valley Parkway

May 8, 2013

Lane:
Z

Length{km):

7.8%

13-1184-0088

From {m)

To {m)

Len

gth

Sublot

mj

Runl Run 2

Run 2

IR} Left

iRI Average

1R1 Ri_g‘ht IR! Left .

72000 0 |

7100 -

100

0780

IR1 Right
CAL 0L

074 078

7100

7000

100

0.98

1.27 0.75

7006 |

6800

2300

897

17

6300

6300

100

0.87

0,72 0.52

6800

6700 |

10 |

114

1.23

T 0.88

§700

6600

100

1.18

1.03 1.21

G600 -

6500

360

T

o7 1 L

&§500

5400

100

1.03

092

400 o

138

6300

6200

100

0,76

- B2O0

. Bla0

100

A7 .

€100

6000

100

6000 . 1

5800

100

1.33
22y

5900

5800

100

Q.50

- 5BO0

5700

5700

5600

5600

5500

"0.80
078
D.98

5500

5400

" Usa00

TTE300 1

0.28

5300

5200

0.76

LIBE00

075

5100

5000

1.10

TBooo. . |

o DBS

4800

4800

BT

Ao |

.58

.80

4700

4800

0,80

- A600 ..:

4501 T

093

4501

4401

.80
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Highway:
Date Tested:
Direction:

3

Red Hill Vallev Parkway

May g, 20138

Lane:
2

Length{km};
7.8%

13-1184-0028

From {m}

To {m}

Sublot

Runi

Run2

iRI Left

IRI Left

"

4801

4301

Length {m)

BFE N

070

IRl Average
ERight ; ° !

IR
066

4301

4201

100

0.69

059

0.72

0.54

AL

300

07

o0 |

TR

4101

4001

100

1.32

1.37

1.30

4001

3ol

106 |-

57 0.85

o8k |

o8l | 101

3801

3801

100

1.18

1.28

3801

3701 |

100

080 | -

0.75

131 -

oez 1 0%6

3701

3601

100

0.80

076

R £ x RO R

3501

100

073

3501

3401

100

- 0.96

057

0.78

3401

"e,»aaoi;;:;v

100

3301

3201

100

3201

A0

080 | 099

D98

1.13

082 |

2101

3001

100

1.08 T L09

3001

2901

28071

2801

0,94

194

2701

2601

2601

2501

0.83

0.84

2501

2470

1.07

Golder Associates L4d,

 RHV0001010



Juns 2013

Highway:
Date Tested:
Direction:

N

Red Hill Valley Parkway

May 9, 2013
Lane:

Length{km}):

7.8%

13-1184-0026

From {m}

To {m)

Sublot

gth (m

Runl

IRl Left

2300000

Len

400

)
e

IRI Right
1300 b

2400

2500

100

1.24

1.18

2500 |

2600 |

7100

- V:: ?_v1ﬁ48§'

2600

2700

100

1.00

1.05

o200

100 |

e

TR

2800

2200

100

1.66

1.60

2800 |

3000 |

ST

086

G Y i ey

IRI Average

3000

3100

100

1.12

T30 |

23200 gy

1000 0

3200

3300

100

! 3300 AN P

3800 |

CUAO0 b T AA8 o D, ‘

3400

3500

100

300

100 | 0.88

3600

3700

100

37000 |

3800

33800

35800

100

4000

4000

4100

.

41000 |

o

©3000 100,
106 :

4200

4300

100

TAB00 | -

4400

S fa
8 N

CUAB00 e

4600

4800

5000

Goider Associates Lid,

RHV0001010



June 2013

Highway:
Date Tested:
Direction:

N

Red Hiil Valley Parkway

May 9, 2013
Lane:
1

Length(km):

7.8%

13-1184-0028

From (m}

To {m}

Sublot

Runil

Run2

Ticﬁ;

Length {m

iRl Left IRl Right

T

DBI ] D

5200

5300

100

1.17

1.18

5300 |

5400

D86 e

0860 08g

5400

5500

100

0.55

_0.52

:”L;5500£E \§.;*

5600 |-

1000 ]

B 1% LRI S

15

5600

5700

100

0.54

,158003F»f12“5

00 |

053 |

0.61 -

5800

5900

100

0.55

S 5000

6000 |

00 |

143

6000

6100

100

6200

6300

100

6300 - | -

640D -

300 | 0.

6400

6500

100

B iw v::', ‘. ‘

5600

6700

100

6700 . )

6800 .}

300

6800

6900

" e200

BERN o (s ke »

7000

7100

T

7200

7200

7300

7300 |

L7400

7400

7500

CTs00

LTB00 e

7600

7700

78000 F

7800

7900

Golder Associates Ltd,

IRl Average
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June 20613

Highway;
Date Tested:
Direction:

N

13-1184-0028

Red Hill Valley Parloway

May 9, 2013
Lane: Length{km):
1 7.8%

From {m}

Sublot Runi Run?2 Run 2
To (m)

Length {m) IR] Left 1R1 Right IR Left

iRl Average

kil . IRI Left iR} Right

8000 b 4000 b per o 084 4 088 0880 079

8000

18100 100 0.68 0.68 0.68 0.68

8106

o-B200 ) 400l 088 i 072 | o088 | 0730 g

2200

8300 100 0.62 0.53

0.53

B300  p o

8400 | 100 | o098 | o082 | 0 080 |

8400

8500 100 0.79 0.72 0.69

T o8

- 8600

8600 |- 100 067 1 0863
8700 100 0.87 '

0.71

§§;u

g0 |

8300 00 4o CR0R 553

i ’_"1‘.‘:78' 2

2800

8500 100 0.81 0.87 |

= ROpl

o000 | 100 | 2

237

9000

9100 100 0.79

8100

9200 [ 160 | 225 | T

9200

9300 100 1.00

5300

9400

9500 100 1.83

8500

“eeoo | 100 ] T 188

9600

9700

1.67
1 s

eso0 | 100 | T

9800

9900 4 if 0.86

Golder Associates Lid,

RHV0001010



June 2013

Highway:
Date Tested:
Direction:

N

Red Hill Valley Parkway

May 8, 2013

Lane: Length{km):

2 7.8%

13-1184-0026

From {m)

To {m] Sublot

Length {m

Runl Run 2

Run3

Ri Left

B3

L

240000 1 100 o]

IRI Right IRI Left IRIR 1

i B0 P R I

123

SD,980

Rl Left IRI Right -

2400

2500.00 100

1.46

1.46

7-2800.00 1300 0

C080 g

00 1.15

s .86

2600

2700,00 100

0.75

700 |

280000 | - 100 |

084 |

COBL

2800

2900.00 100

0.60

0.61 1.65

ae00.

300000 0 400 o

129 |

088 | 4

T e

3000

3100.00 100

1.01

1.08

o300 e

320000 | 100 . | .

091

3200

3300.00 - 100

T 137

IRl Averags

1.23

340000 | 100 ] o

3400

3500.00 100

23500 Toige s

360000 | 100 |-

T

0.79

3600

3700.00 100

1.17

7380000 | 1

3800

3800.00

20380000

400000 |

{208

0.82

Tov0. . B

4000

- 4100.00

“Ta30000 | . 10

1.41

4200

4300.00 & ff

0.77

4400.00.

4400

4500,00

0.93

4500 |

- 460000 |

205

4600

4700.00

480000 |

1.06

4800

4900.00

0.85

L A800

105

5000

5100.00

0.84

Golder Associates Lid.

T o3 EoaE
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June 2013 13-1184-0026
Highway: Red Hill Valley Parkway
Date Tested: May 8, 2013
Direction: Lane: Lengthlkm}k:
N 2 7.8%

Sublot Runl Run 2
From {m} To {m} " :
. Length {m) IRI Loft IRI Right IR Left RIghE oL IRl Left IRI Right
COB100C 0 f 5200000 100 booegs oo booaana b 073 o 088 a7 T 068
5200 5300,00 100 091 0.98 182 b 2. e 2.03
L B300° oL 540000 4 0 4000 - 089 e 089 08l ] oo DBR
5400 5500,00 100 0.96 0.91 - 0.87
CBB00° 1 SE0600 . 1000 bop87 Lo od06 ] 120
5600 5700.00 100 0,87 0.77 0.74
©o57000 . o] 580000 - | ot00 1 069 . f . 065 (R0
5800 5900.00 100 1.81 2R3 1.09
oB300 . 600000 | 100 - 1 084 ) 080 s B
8000 §100.00 100 0.72 2.35
CBI00 . L 6200000 o 300 o b 4 88
6200 6300,00 100 0.95
6300 | 640000 | 0 lo0 0,65
6400 6500.00 100 , 0,90
500 - 1 660000 1 100 o} 1,08
6600 6700.00 100 1.04
57000 | o 6R00.00 108 L 0 1
5800 6900.00 1.02 |
89000 ] 700000 176
7000 7100.00 & 0,93 |
o100 1 720000 D30
7200 730000 B 109
7300 F 0 740000 1 M op7e
7400 7500.00 1.16
7500 ] - 780000 | 108
7600 7700.00 0.86
F70000 o o 7BOOOD o o 1.23
7800 780000 1,22

Run 3

iR! Average

Golger Associates Lid.

RHV0001010



June 2013

Highway:
Date Tested:
Direction:

N

Rad Hill Valley Parkway

May 9, 2013
Lane:

2

Lengthikmh
7.8%

1311840028

Fram (m)

To {m)

Sublot
Length {m)

Runi

Run 3

iR} Left

800000

00

ot B

IR} Right

IRl Avarage

0:83 Sp

iRl Rjﬁht
T o T

8000

B100.00

180

118

1.29

0.97

8100 |

820000 |

100

do4el

SN 0.99 .

8200

 8300.00

100

0.98

0.86

1.01

8300

840000 |

- 100

N L R

TTAa0

2400

8500.00

100

1.21

1.20

8500

860000

300 .

1.30

AR

i e _’_3-0,73 :

8600

‘8700.00

100

(.83

117

8700

- 8800.00

380

1,83

2800

8900.00

100

8300 4 -

2000

9100,00

100

910

920000 ¢

- 100

1.29

2,85

1325

225

3200

2360.00

100

1.40

© 8300 -

9400

9500.00

100

9500

- 260000

9600

8700.00

2.50

© 1,93

880000

1.47

087

9200

9900,00 4

0.86

Golder Assogiates Lid.
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June 2013 ) 131184-D02S

International Roughness Index
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2.00 k1
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January 2014
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Janusary, 2014

TABLE D-1
RED HILL VALLEY PARKWAY
NORTHBOUND LANE 1.

SUMMARY OF FWD DEFLECTION RESULTS

13-1184~0026
Page 1 of 32

STATION NORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS
{km) {mmj)
3,150 .18
3250 3,20
3.350 .22
3.450 0.22
3,550 .18
3.650 0.23
3.750 0,46
3.850 0,11
3.950 .10
4050 0,14
4.150 0,14
4.251 '

4350
4,450
4.55(}
4,650
4,750
4.850
4,951

Golder Associates Lid.

RHV0001010



Januéay, 2014

TABLE b-1
RED HILL VALLEY PARKWAY
NORTHBOUND LANE 1

13-1184-0026
Page 2 of 32

"SUMMARY OF FWD DEFLECTION RESULTS

STATION NORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS
{kim) {mm} {MPa)
7.150 0.14 1084
7.251 (.13
7.350 0.09
7,450 0,14
7.550 0.15
7,650 0.15
7.750 0.13
7.850 0.15
7.951 0.13
8,050 0.12
8.150 Q.15
8.250 0.12

8.350

8.451

8.550

8.651

8,750

8,851

8.950

9.050

9.150

Mean + 25D 0.22 -
Static Deflection 0.35 -
Spring Deflaction 0,53 -

Golder Associates Lid,

RHV0001010



13-1184.0028
Page 3 of 32

January, 2014

FIGURE D-1A
RED HILL VALLEY PARKWAY

NORTHBOUND LANE 1
PAVEMENT FWD DEFLECTION
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13-1184-0026
Page 4 of 32

January, 2014

FIGURE D-1B
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January, 2014

13-1184-0026
Page 5 of 32

TABLE D-2
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 1
SUMMARY OF FWD DEFLECTION RESULTS

STATION NORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS
{kmj} {mm) {MPa)

10000 0,17
9.800 (.18
8.800 0.13
9.700 0.15
8,600 0.09
9.500 0.12
9.400 0.18
9,300 0.14
8.200 0.14 .
9.100 0.15
9.000 0,14
8.900 0.15
8.800
8.700
8.600
8.500
8,400
8.300
8.200

8.099

Golder Associates Lid.

RHV0001010



13-1184-0026

January, 2014 Page 6 of 32
TABLED-2
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 1 -
SUNMMARY OF FWD DEFLECTION RESULTS
STATION NORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS

{lam} {rmm) (MPa)

6.000 0.18 765

5900 0.20

5,749 0.21
5.700 0.16
5,600 0.17 ?
5,500 0.21

5.400 0.16

5.300 0.20

5.200 0.22

5.100 0.21

5.000 0.20

4,900

4,800

4,701

4,600

4500

4418

4171

4,100

4.000

3,900

Mean@ .4
Standard Deviaﬁ%’ﬁ*g’* ’
Mean + 25D
Static Deflection
Spring Deflection

Golder Associates Lid.

RHV0001010



13-1184-0028
Page 7 of 32

January, 2014

FIGURE D-2A
RED HILL VALLEY PARKWAY .

SOUTHBOUND LANE 1
PAVEMENT FWD DEFLECTION
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13-1184-0028
Page B of 32

January, 2014

TABLE D-2B
RED HILL VALLEY PARKWAY

SOUTHBOUND LANE 1
PAVEMENT SURFACE MODULUS

rnsns 3+ nm
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13-1184-0028

January, 2014 Page & of 32
TABLE D-3
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 2 - From Barton Street to Queenston Road
SUMMARY OF FWD DEFLECTION RESULTS
STATION NORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS
{kary) {mm) , {MPa)
9,097 0,15 . 785
9.050 ’ 0.14 _ _1‘1;024
9.000 0.30 890
8.949 0.12
8.900 0.15
8.850 0.14
8.801 . 015
8.750 ' 047
8.700 013
8.650 0.12
Mean 0.16
_Standard Deviation 0.05
Mean + 25D gg.s
Static Deflection 04 -
‘Spring Deflection -

Golder Associates Lid. .

RHV0001010



January, 2014

13-1184-0026

» Page 10 of 32
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FIGURE D-3A

RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 2 - FROM BARTON STREET TO QUEENSTON ROAD
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13-1184-0028

January, 2014 Page 11 of 32

FIGURE D-3B
RED HILL VALLEY PARKWAY
$OUTHBOUND LANE 2 - FROM BARTON STREET TO QUEENSTON ROAD
PAVEMENT SURFACE MODULUS
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January, 2014

TABLE D4
RED HILL VALLEY PARKKWAY

1311840026
Page 12 of 32

SOUTHBOUND LANE 2 - FROM (NG STREET TO GREENHKILL AVENUE

SUNMMARY OF FWD DEFLECTION RESULTS

STATION MORMALIZED DEFLECTION PAVEMENT SURFACE MODULUS
{kmn) {mm} {iviPa)
7.660 0.14 1054
7.606 0.15
7.550 0.17
7.498 0,14
7.448 G.15
7400 .34
7.100 0.12
7.050 0.15
7.000 0.16
6,945 0.16
6,800 0.16
6.844 0.15
6.800 0,18
6.700 0.1
6.650
6,600
Mean
Standard Deviation
Mean + 25D -

Static Deflection

Spring Deflectiond

Golder Associates Lid.

RHV0001010



January, 2014

13-1184-0028
Page 13 of 32

FIGURE D-4A

RED HILL VALLEY PARKWAY

SOUTHBOUND LANE 2 - FROM KING STREET TO GREENHILL AVENUE

PAVEMENT FWD DEFLECTION
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1311840028

Janhuary, 2014 Page 14 0of 32

FIGURE D4B
RED HILL VALLEY PARKWAY
- SOUTHBOUND LANE 2 - FROM KING STREET TO GREENHILL AVENUE
PAVEMENT SURFACE MODULUS
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13-1184-0026

January, 2014 Page 15 of 32
Table D-5
RED HILL VALLEY PARKWAY
NORTHROUND LANE 1
SUMMARY OF LAYER MODUL
. Asphalt Modulus Base/Subbase Modulus Subgrade Modulus
Station
{iPa) - {MPa} {MPa)
13,150 5584 150 289
3.250 4662 260 98
3.350 4084 240 100
3.450 3852 251 ) 114
3.550 4397 331 129
3.650 3671 242 400 81
3.750 3539 464, " 207
3.850 3540 Foa 388
3,950 3909 o 68
4.050 4161, 170
- 4,150 4156 298
4.251 3389 63
4,350 3999 329
4.450 3110 129
4,550 3307 278
4.650 3825 174
4.750 167
4,850 143
4,951 186
5.050 123
5.150 207
5.250 180
193
188
185
168
196
243
172
145
188
167
236
215
153
192
238
200
184
296

Golder Associates Lid.

RHV0001010



January, 2014

Table D-5
RED HILL VALLEY PARKWAY
NORTHROUND LANE 1
SUNMMARY OF LAYER MODUL

13-1184~0026
Page 16 of 32

Typical

Station Asphalt Modulus Base/Subbase Modulus Subgrade Modulus
{MPa) {MPa) (MPa) -

7.150 4826 466 321
7.251 4280 608 235
7.350 5257 916 204
7450 4610 A75 256
7.550 5213 178
7.650 4736 234
7.750 5252 273
7.850 5113 194
7.95% 4946 68
8.050 6533 337
8.150 55875 161
8,250 4689 298
2.350 4605 203
8451 5045 141
8.550 4863 161
8.651 5889 230
8.75¢ 260
8.851 265
8.850 246
9,050 191
8,150 168
8.250 168
253
245

259.
215
311
354
368
Mean 217
Standard Deviation 76
173

Note: Values highlighted in yellow were not included in the calculation of the summary statistics

Golder Associates Lid.

RHV0001010



13-1184-0025
Page 17 of 32

Januagry, 2014

FIGURE D-5A
RED HILL VALLEY PARKWAY

NORTHBOUND LANE 1

ASPHALT MODULUS
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131184-0028
Page 18 of 32

January, 20174

FIGURE D-5B
RED HILL VALLEY PARKWAY

NORTHBOUND LANE 1
BASE/SUBBASE MODULUS
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13-1184-0026
Page 18 of 32

January, 2014

FIGURE D-5C
RED HILL VALLEY PARKWAY

NORTHBOUND LANE 1

SUBGRADE MODULUS
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January, 2014

Table D-6

RED HILL VALLEY PARKWAY -
SOUTHBOUND LANE 1
SUMMARY OF LAYER MODULI

13-1184-0026
Page 20 of 32

Station Asphalt Modulus ﬁase/Subbase Modulus Subgrade Modulus
{MPa) {\MPa) {MPa)}

3.100 2527 340 127
3.200 3471 286 109
32.300 3346 262

3.400 3430 192

3.500 3770 288

3.600 3481 331

3.699 4352

3.800 3386

3.800 4035

4.000 3630

4,100 3716

4,171 3888

4,418 3282

4.500 3255

4,600 2979

4,701 3200

4800

4.900

5000

5.100

5.200

Golder Associstes Lid.
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January, 2014

Table D-6
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 1

13-1184-0028
Page 21 of 32 .

SUMMARY OF LAYER MODUL
Sta’;ioﬁ Asphalt Modulus Base/Subbase Modulus Subgrade Modulus
{MPa) {MPa) {MPa}

7.200 4303 371 223
7.300 4102 379 174
7.400 4052 484 274
7.500 4696 384 179
7.600 4235 343 205
7.700 4132 408 194
7.800 4578 296
7.900 4720 244
8.000 5538 361
8.099 4551 253
8,200 4488 479
8.300 4343 212
2.400 3805 215
&.500 4106 . 208
8.600 4883 196
8.700 3671 292
8.800 331
8.200 200
9.000 226
S9.100 188
8,200 247
3,300 243
9,400 145
285
161
268
411
R 178
10.000 236
Mean 218
Standard Deviation 84
157

Typical

Note; Values highlighted in yellow were not included in the calculation of the summary statistics
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FIGURE D-6A
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FIGURE D-6B
RED HILL VALLEY PARKWAY
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Table -7
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 2 - FROM BARTON STREET TO QUEENSTON ROAD
SUMMARY OF LAYER MODUL
Station Asphalt Modulus Base/Subbase Modulus Subgrade Modulus
{ipa) {MPa} MPa)
5550 7421 471 314
8,700 6631 463 262
8,750 5505 2334 160
8.801 5659 314 258
8.850 5186 299
8.800 5199 205
8.949 5680 258
9.000 1737 209
9.050 6200 13
9.087 4354 155
hMean 5457 233
Standard Deviation 1582 54
Typical 5195 708
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FIGURE D-7A
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o FIGURE D-7B
RED HILL VALLEY PARKWAY '
SOUTHBOUND LANE 2 - FROM BARTON STREET TO QUEENSTON ROAD
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FIGURE D-7C
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Table D-8
RED HILL VALLEY PARKWAY :
SOUTHBOUND LANE 2 - FROM KING STREET TO GREENHILL AVENUE
SUMMARY OF LAYER MODULE
Station Asphalt Modulus Base/Subbase Modulus Subgrade Modulus
{\MPa) {\ViPa) {MPa}

6.600 35440 204 110
6.650 5110 419 168
6700 4477 345 252
6.800 4140 301 165
65.844 5176 398 144
6.900 5597 142
6.945 5234 174
7.000 4975
7.050 4871
7,100 6442
7.400 5388
7.448 5560
7.498 5510
7.550 5285
7.606 5314
7.660 5498

Mean 5154

Standrd Deviation

Typical
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FIGURE D-8A
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 2 - FROM KING STREET TO GREENHILL AVENUE
ASPHALT MODULUS
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1000

RED HILL VALLEY PARKWAY

FIGURE D-3B
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FIGURE D-8C
RED HILL VALLEY PARKWAY
SOUTHBOUND LANE 2 - FROM KING STREET TO GREENHILL AVENUE
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