Reconstruction of
Pa Turnpike
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This Map was Published in 1941 to lllustrate the
Original Pennsylvania Turnpike

Toll - $1.50 travel 160 miles; January 2009 $11.90



Westbound
10’ shoulder, 12’ travel, 12’ passing, 10’ median (pcc) - Eastbound
(proposed used of HMA for 2 lanes was dropped)

Unskilled labor $ 0.525 / hr

Heavy equipment operator $ 1.40 / hr




Total Reconstruction Project Began in 1998, to date:

50 miles completed
20 miles currently under construction (Dec 2008)

Typical Section is 2 Contracts:

* Bridge replacement contract

e Pavement contract

2008 850,000 tons of Hot-Mix on the Pa Turnpike

Next 10 years look very similar




Pa T-pike MP 94 - 99
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Fiscal Year 2007-2008 (in $000)

Roadway
1st Year Priority A (years 2-4) Priority B (years 5-T) Priority C (years 8-10) Total
2007 - 2008- 2009- 2010- 2011- 2012- 2013- 20M4-  2015- 2016-  Funding
Project Number - Title 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Needed
TOG7.00RR003 - Total Reconstruction: MP 67 - 75 (Constr. Phase) $23200 §22200 §24200 $41,600 $33,000 50 50 50 50 50 $144.200
Study 30 50 50 50 30 50 50 50 30 50
Design 50 50 50 50 50 50 50 50 50 50
Right of Way 30 50 50 50 30 50 50 50 30 50
LUtility 50 50 50 50 50 50 50 50 50 50
Const 521,000 §20,200 $22200 %$37,000 %30,000 50 50 50 30 50
Inspect 2 200 2.000 2.000 G500 3,000 ] 0 0 0 ]
T291.00RR001 - Total Reconstruction: MP 211 - 215 (Constr. Phase) §3,000 %$40000 534,000 50 50 50 50 50 50 50 B77.000
Study 50 50 50 50 50 50 50 50 50 50
Design 30 50 50 50 30 50 50 50 30 50
Right of Way 50 50 50 50 50 50 50 50 50 50
IUtility 30 50 50 50 30 50 50 50 30 50
Const §2 750 $36500 §31,000 50 50 50 50 50 50 50
Inspect $250 %3500 3,000 50 30 50 50 50 30 50
T031.20RR003 - Total Reconstruction: MP 31- 38 (Constr. Phase) $3.400 55800 §15000 548,000 %$49,000 %$24000 50 50 50 50 $145,200
Study 50 50 50 50 50 50 50 50 50 50
Design 50 50 50 50 50 50 50 50 50 50
Right of Way 30 50 50 50 30 50 50 50 30 50
LUtility 50 50 50 50 50 50 50 50 50 50
Const $3,100 55300 5$13,600 544,000 545000 $22000 50 50 30 50
In;sned 5300 $500 51400 54000 54000 $2000 50 50 50 50
T040.00RR001 - Total Reconstruction MP. 40 - 48 (Design Phase) §2,500 53,500 $3,000 52,400 50 50 50 50 50 50 511,400
Study 50 50 50 50 50 50 50 50 50 50
Design §2,500 $2,000 $2,000 51,500 50 50 50 50 50 50
Right of Way 50 5750 5500 5450 50 50 50 50 50 50 1
Utility 50 5750 5500 5450 50 50 50 50 50 50
Const 50 50 50 50 50 50 50 50 50 50
Inspect 50 50 50 50 50 50 50 50 50 50
T319.00RR001 - Total Reconstruction: MP 318-326 (Design Phase) §2.500 $3,000 $2 000 $1,000 50 50 50 50 50 50 §8,500
Study 50 50 50 50 50 50 50 50 50 50
Design §2,000 $2 100 §1,000 5600 50 50 50 50 50 50
Right of Way 5400 5500 5700 5200 50 50 50 50 50 50
Utility 100 5400 5300 5200 50 50 50 50 50 50
Const 50 50 50 50 50 50 50 50 50 50
Inspect 50 50 50 50 50 50 50 50 50 50
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Fiscal Year 2007-2008 (in $000)
Roadway

Priority A (years 2-4) Priority B (years 5-7) Priority C (years 8-10)
2008 - 2009 - 2010 - 2011 - 2012 - 2013 - 2014 - 2015 - 2016 -
Project Number - Title 2009 2010 201 2012 2013 2014 2015 2016 2017
Z000.00RR004 - Design/Construction Audit Services %50 5250 50 30 80 30 §0 30 &0
Study 50 50 50 50 50 50 50 50 50 50
Design 50 50 50 50 50 50 50 50 50 50
Right of Way 50 50 50 50 50 50 50 50 50 50
ility 50 50 50 50 30 50 30 50 30 50
50 50 50 50 50 50 50
50 50 50 50 50 50 50 50 50 50

Total Number of Roadway Projects: 71 $273,450 $241,750  $254,950  $252,880  $254,500  $252,200  $255100  $274,100

26 Total Reconstructions Projects out of the total of 71 projects



Major Construction Projects Monthly

Construction
Schedule
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@ Route 903 Slip

Ramp Project

-~ A I-"'HME o
@ Milepost 0,10 : @ Route 29 Slip i @ Milepost A20-A30
Reconstrugtion : Ramp Project : Widening
Project : :
) @ Gettysburg Pike @ Allegheny River
{@ Six-Lane ! Interchange ! Bridge Project
=" Widening - Valley . — ——
Forge to ! @ 1-95 Interchange ! @ EpOSL B/ -
Norristown Reconstruction
MonfFayette 5 @ Milepost 320-326 5 ‘@ Milepost 210-215
Southern Beltway ~\_ | T | Reconstruction

Alternate Bid Remaining Projects
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CONSTRUCTION AND EXPANSION

Reconstruction MP 210 to MP 215
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PROJECT SUMMARY:
Total recadway and bridge
reconstruction between MP
210.9 and 215.3

CONSTRUCTION START:
March 2008.

CONSTRUCTION
COMPLETION:
November 2009.

PROJECT TOTAL:
$61.7 million.

Little Washington

ad

-

Bears Crossroads




SR 233 Bridge Demolition

Prestressed Concrete Bridge Beams
SR 233




| Feb. 4, 2009 |




Typical Reconstructed Section

Shoulder Lane 1 Lane 2 Lane 3

22-foot Median

Lane 3 Lane 2 Lane 1 Shoulder










Mp 111 to MP 115 Perpetual Pavement “Proposed” Design

4-inches BCBC (PG 64-22)
3-inches BCBC (PG 64-22 rich bottom)
4-inches Asphalt Treated Permeable Base

16-inches frost free select borrow /6-inches prepared subgrade




Mp 111 to MP 115 Perpetual Pavement “Proposed” Design

20,648 tons 12.5mm (PG 76-22) 1,200 tons @ 58
30,972 tons 25mm (PG 76-22) 1,550 tons @ 59
41,296 tons BCBC (PG 64-22) 1,569 tons @ 38

30,972 tons BCBC (PG 64-22 rich bottom) 1,270 tons @ 4!

41,296 tons ATPB 1,032 tons @ 2°

165, 184 tons TOTAL 6,621 tons

850,000 tons /year x .04% = 34,000 tons PG x 10 years = 340,000 tons PG

Modified estimate I 141,220




Pa Turnpike MP 110 to MP 115

(as constructed)

(Note)

$/TON
2-inch 12.5mm (PG 76-22) 84>
3-inch 19mm (PG 64-22) 5061
8-inch HMA Base (PG 64-22) 4523
4-inch Rich Bottom (PG 64-22) 59°°

estimated from sy bid



Pa Turnpike MP 110 to MP 115

(what if)

3-inch 19mm (PG 64-22) 835
8-inch HMA Base (PG 64-22) 1990
4-inch Rich Bottom (PG 64-22) 1310
4-inch ATPB (PG 64-22) 685
$15,689,243

Total $$$$ on Project $62,153,952

+ 07% project
10/26/1938 MP 204 to MP 215 was $458,058



Quantifying the Effects of PMA

Quantifying the Effects of PMA

FOR RERBUCIN®E PAVEMENT DISTRESS
EX P ECTER$NCREASEINSERNVIEELHFE-FOR
PAVEMENTS WITH PMA MIXTURES

The M-E damage-based analyses completed for fatigue cracking and distortion were used to
estimate the increase in expected service life for flexible pavements and HMA overlays. The
computations were completed assuming that the pavement was adequately designed for 20 years
using unmodified HMA mixtures and that PMA mixtures are used in the wearing surface and base
layers. Table 2 summarizes the expected increase in service life for various conditions and site
features.

Table 2. Expected Increase in Service Life for Flexible Pavements and HMA

Overlays, Assuming a Design Period of 20 years

Site Condition Descripti Increase in Service
Feature S Life, Years'"
Non-expansive, coarse-grained soils _35-10
Fonkdaion Expal?si.vc soils; moderately to highly plastic soils ’_5
Soils (F’I;mxcntv [nd;x > 35) : : 5 Wit
Frost Susceptible Soils in cold Clmwles;) moderately to y_5
highly frost susceptible (Class 3 and 4)** Taatse
Water Table | o I - J_ﬁ ) S
Depth Shallow; '{ulcqualc (lramgg: 0 5-8
Shallow; inadequate drainage W 0-2
| Stop & Go/lntersections 5-10
Low Thoroughfares ~3-6
Traffic | Heavy loads/Special containers 5-10
Moderate volumes 5-10
‘ High volumes 5-10
ASPHALT INSTT] Hot i 5-10
I1S-2 Climate Mild 2-5
Cold 3-6
ot} HMA Good con(lli:tion : s 5-10
Existing Poor condition; extensive cracking 1-3
Pavement Good condition"” 3-6 s o]
Condition PCC/JPCP | Poor condition; faulting & mid-panel 02
cracking® PR
Notes:
1. The range of the increase in service life is based on the M-E damage-based analyses,
comments from the experts, and engineering judgment.
2. Without sufficient thickness of non-frost susceptible materials to prevent frost from
penetrating frost susceptible soils.
3. Without the use of any reflection cracking mitigation techniques.

The expected increase in service life is based on structural requirements and not routine
maintenance that will still be required for both conventional and PMA mixtures. Many state

hiahwanyv agancice hava maintananca and rohshilitation cchadilae that are 1iced or acciimed in life




Present Worth Analysis

10year performance period
48" Mainline + 28" Shoulders @ 13.5-inches

Year Construction ltem GQuantities  |Unit Costilnit Current Price
0112 .5mm @ 2-inches (M) 3098|ton b 60.bb 5212709 5212709
0119mm @ 2 5-inches (M) J872(ton | % 65.66 5265 852 5265 852
0137 .5mm @ 5-inches (M) 7744 |ton b 53.14 5411516 3411516
0]37.5mm @ 4-inches (M) 6195]ton b 53.14 5329 202 5329 202
0112 .5mm @ 2-inches (S5) 1807 |ton b 60.bb 5124069 5124 069
0[19mm @ 2 5-inches (S5) 2259 (ton b 60.bb $155,103 5155103
0137 5mm @ 9-inches (S) 8131)ton | 5 53.14 5432 081 5432 081 51,930 532
10{Mill 2-inches (M) 28160|sy B 2.00 556,320 541,907
10{12.5mm @ 2-inches (M) 3098|ton b 60.bb 5212709 5158, 275
10{Mill 2-inches (S) 16427 sy B 2.00 532 854 524 446
1012 5mm @ 2-inches (3) 1,807|ton | 5 68.66 5124 069 $92.319] 5 316,948
20{Mill 2-inches (M) 28160|sy B 2.00 556,320 531,183
20112 5mm @ 2-inches (M) 3098|ton b 60.bb 5212709 117,772
20{Mill 2-inches (S) 16,427 sy B 2.00 532 854 518,190
20112 .5mm @ 2-inches (S) 1,807|ton | 5 68.66 5124 069 $68.694| 5 235,839
J0]Mill 2-inches (M} 28160|sy 5200 556,320 523,203
0[12.5mm @ 2-inches (M) 3098|ton b 60.bb 5212709 $67,633
J0|Mill 2-inches (S) 16427 sy B 2.00 532 854 513,535
30112 .5mm @ 2-inches (S) 1807[ton | 3 68.66 5124 069 551,115 5 175,486
Total |Present Worth 52,658,805
[ $2,658,805

PV - Initial

$728,273
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Present Worth Analysis

15 /12 year performance period

48" Mainline + 28" Shoulders @ 13.5-inches

Interest
3
Year Construction ltem CQuantities | Unit Costilini current Price

0[12.5mm @ 2-inches (M) 3098 |ton b E g1.00 ) $250,938 5250,938
0]19mm @ 2 5-inches (M) 3872|ton | 5 b 5265,852 $265 852
0137.5mm @ 5-inches (M) 7T44|ton | § Py 5411.516 $411,516

0137 .5mm @ 4-inches +1/2% 6195)ton | § C 55.64 $344,690 $344,690|at 5500 ton AC
0112 5mm @ 2-inches (S) 1807|ton | 5 . 5124069 5124 069
0]119mm @ 2 5-inches (S) 22689ton | § 68.66 5155103 $155.103

0137.5mm @ 9-inches (3) g131)ton | § 53.14 5432 081 3432081 51,984 248
15[{Mill 2-inches (M) 28160|sy B el 556,320 536,150
15[12.5mm @ 2-inches (M) J098)ton | & ( g1.00 ) $250,938 3161,068
15(Mill 2-inches (S) 164275y B . 532,854 521,088

15[12.5mm @ 2-inches (S) 1.807)ton | & 65.6b 5124069 $79,635| 3 297,940
27|Mill 2-inches (M) 28160|sy b P 556,320 525 355
27[12.5mm @ 2-inches (M) J098)ton | & g1.00 $250,938 3112970
27IMill 2-inches (5) 16,427 sy B 2.00 532,654 514,791

27112 .5mm @ 2-inches (S) 1.807)ton | & 65.6b 5124069 $55,854| 3 208,969
J9|Mill 2-inches (M) 28160|sy P i 556,320 517,783
39(12.5mm @ 2-inches (M) J098)ton | & g1.00 $250,938 579,235
39|Mill 2-inches (5) 164275y B 2.00 532,854 $10,374

39(12.5mm @ 2-inches (5) 1807]ton | & b5.6b 5124069 $39.175| 3 146,567
B0

40]Salvage value 90% yr 39 1[LS -5464 181 -5464 181 -5142 298 -5142 298

Total |Present Worth 52,495 426 $2 495 426
] ]

PW - Initial $511,178




Agency Costs Economic Analysis

$3,000,000 -

$2,500,000 -

$2,000,000 -

@ 10/10 yr
W 15/12 yr

$1,500,000 H

$1,000,000 -

$500,000 -
$-

Initial "Cc" Pres. Worth

15/12 Initial Cost + 3%
15/12 “C” factor - 30%
15/12 Pres. Worth - 6%




STAGE 1 - EVALUATION
New Pavement

Rehabilitation
Design & Analyses Design & Analyses

Climate/Environment Analysis:
Site Investigations: j Temperature and Moisture l Pavement Evaluation:

Borings & Field Testing; Soils Distress Surveys; Nondestructive
Testing In Laboratory; Testing; Ride Quality Testing;

Drainage; Volume Change; New Materials Analysis: Borings & Cores; Materials
Frost Heave Hot Mix Asphalt Testing
Portland Cement Concrete
l Cementitous Materials l
Unbound Granular Materials
Paving Materials Soils/Embankment Materials Rehabilitation/Repair Materials
l Traffic Analysis: l
Truck Classification & Volume
Design Criteria Axle Load Distribution

Design Criteria

I

Select Trial Pavement STAGE 2 - ANALYSIS
Design Strategies

Forecasting

g

Modify Design

Features or Reliability
Materials Pavement Response Model Analysis
Calculate Stressés, Strains, Deflections
= v
Calculate Incremental Damage
CH.‘B De;\gn Distress Transfer Functions &
kb ¢ Pavement Distress Models
Meet?
. Distortion; Load Non-Load
Roughness; o Rutting Related Related
YES IRl Faulting Cracking Cracking

STAGE 3 - STRATEGY SELECTION ”

Engineering & Constructability ati Life Cycle
Analysis Viable Design Alternative g — Cost Analysis
Select Policy Issues & Decisions

Strategy

Life Cycle
Cost Analysis

Figure 1: Conceptual Flow Chart of the Three-Stage Design/Analysis Process for the MEPDG
(after NCHRP Project 1-40B, 2007b)

Calibration Factors for
Polymer-Modified Asphalts

USING M-E BASED DESIGN METHODS

aermhralt inctitiite



Present Worth Analysis 15 ! 12 year performance period
72" Mainline + 46" Shoulders @ 17-inches

Interest

4
e

Year Constraction Item { Bwantities | Unit CostiUnit Current Price Py
0] 12.5mm @ 2-inches (M) 4647 on | & 24,55 $392 904 $292 204
0] 19mm @ 3-inches (M) B3E3(ton | & hl0LET $362.701 $362,701
0] 37.5mm @ 2-inches [M] 18586 ton | # 45,23 $240 645 $240 645
0] 37 5mim @ 4-inches 025 2% on | & h9.55 $063,298 $h03,398
Q{125mm @ 2-inches [5] 2963 on | # 24,55 $261,023 F251023
0] 19mm @ 3-inches [5] 4454 (ton | & hl0LET 225417 $2250.417
0] 37.5mm @ B-inches [5] NE7E[ton | & 45,23 $537 151 $537 191
0] 37 5mm @ 4-inches 028 BA3T(ton | & h9.55 4367543 $303, 548
I |

15| Mill 2-inches [M) 42240| =y ;3 200 384 480 346,303
16| 12.5mm i@ 2-inches [ 4E47|ton ¥ 24 bh F392,304 $218.166
15| Mill 2-inches [5] 2EA57| =y ¥ 2.00 03974 $23,970
15 12.5mm @ 2-inches (5] 2963 ton | % 24,55 F201023 $133,387
27 [ Mill 2-incches (M) 42240 =y ;3 2.00 F04. 430 $29,233
27| 12.5mm @ 2-inches [M] 4647 (an | & 24,55 F232,304 $136, 265
27 [ Mill 2-inches (5] 26,387 | =y $ 2.00 $63.074 $18,713
27| 12.5mm @ 2-inches 5] 2363[ton | # 24,55 F201023 $57 061
39| Mill 2-inches [M) 42240] =y $2.00 $24,480 $18,200
33 12.5mm @ 2-inches (M) 4647 ton | & 24,55 4392 904 $35.11
39| Mill 2-inczhes [5) 2B3E7 | =y ;3 2.00 $53,974 $11.692
29 12.5mm @ 2-inches 5] 2363 on | & 24,55 $261,023 304,278
0
40| Salvage value 303 yr 29 1|L5 -§782 387 i
Total |[Present Worth $4.213,088

P - Initial

£712,295

at $R00 tan AC
43, R0E, 794

% 434 432
;3 27145
3 163,481
-$1E2 983
4,219,088

17-inch pav’t section

$ 3,506,794

$ 4,219,088




Present Worth Analysis 15 | 12 year performance period
72" Mainline + 48" Shoulders @ 12-inches . .
A 12-inch pav’t section
—
Year Constraction [tem { Buantities | Unit CostiUnit Current Price Y

0] 12.5mm @ 2-inches [M) 4E47 ton | & 2455 $392.904 $392.904
0] 13mm i@ J-inches (M) EI63(ton | % 073 423,227 423 227
0] 37 5mm @ 4-inches (M) 3293 won | % 45.23 F420,322 420322

0 37.5mm @ J-inches $1025 E970({tan | % h9.5R $415,064 $415,064 | at $500 ton AC
0112 5mm i@ 2-inches [5) 2363 won | % 34.55 F201,023 F201,029
0] 13mm i@ 3-inches [5] 448d|ton | % B0.73 270,491 270,491
0] 37.5mm @ 4-inches [5) B93a(ton | % 45.23 263,576 4268 76

i * .l . E

0] 37 Bmm @ Hinches 128 4453 ton | § F9.55 3265176 4265176 £2. 706,78 $ 2’706,789

16] Mill 2-inches [M] 422401 =y $ 200 F34 450 F46,909
16| 12.5mm @ 2-inches M) 4E47 ton | & 2455 $392.904 218,168
16| Mill 2-inches [5) 2E3ET [ =y ¥ 200 $53.974 $29,970

16] 12.5mm @ 2-inches [5) 2369 ton | % a4.55 251,029 $139.387| % 434 432
27 [ Mill 2-inches (M) 42240 ( =y ¥ 200 $54 480 $29,299
27 [ 12.5mm @ 2-inches M) 4647 ton | % a4.55 $392 904 $136,266
27 [ MIill Z-inches [5) 26,987 =y ¥ 200 $53.974 $13.719

271 12.5mm i@ 2-inches [5] 2363 ton | % 34.55 F201,023 F47.061| % 271,345
23] Mill Z-inches [M] 422401 =y 200 F34 450 $13,300
29[ 12.5mm @ 2-inches (M) 4E47 ton | & 2455 $392.904 $25,111
J3[ Mill Z-inches [5) 2E3ET [ =y ¥ 200 $53.974 $11,692

[ 12.5mm i@ 2-inches [5] 2369)ton | % a4.55 251,029 $54.378| % 169,48
$0

F
40| Salvage value 305 yr 33 1]L5 -§782, 387 -§782, 387 -$162, 963 -$162,96
Total (Present Worth $3.419,084 3.418,084 $ 314191084

P - Initial 712,295




Pavement Section 11 Present Worth

-INCN (2-inch PG 76-22) D 3, , > 4, ,

12-inch (5-inch PG 76-22) $ 2,706,789 $ 3,419,084

Savings $ 800,005 800,005

23% 19%
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QUESTIONS / DISCUSSION

Asphalt Institute




Research Project
87 — 50C

Clearfield

To evaluate the effectiveness of various
polymer modifiers or other types of

bituminous modifiers to reduce rutting
and deformation

Dean Maurer, P.E.



Test Sections: 3% grade, ¥2-mile long, travel lane
AADT 8,284 36% trucks



PLACEMENT DATES

April - September 1989

Special Binder




- - -l . - - -

RPavVementEvalirations:” — -

STYRELF 0.02

ALL OTHER MODIFIED ASPHALTS 0.04 -0.06

ALL AC-20 MATERIALS 0.07-0.12



MAXIMUM RUT DEPTHAFTER 4-YEARS
-80 CLEARFIELD COUNTY




PaVEMENTWTEVA UGS

Some of the Modified Asphalts Appear to have
Contributed to Accelerated Cracking (Reflective)
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Research Project

91 - 58

Pittsburgh
Harrisburg

Route 30 — Q =
Route 11

Speed up the results




Route 11
Mechanicsburg, PA

—

Route 30
Pittsburgh, PA




Lab & field results suggest —

Modified asphalts can contribute to
Improved rut resistance

Remove all shear susceptible
material to a depth of 4-inches




