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Chapter 1 Introduction

Asphalt pavements with severe distresses provide excellent candidates for Portland cement
concrete (PCC) overlay (called whitetopping), especially in intersection areas. Two intersections
in the Paris District with asphalt pavement experienced rutting distress and were ideal candidates
for whitetopping, since repeated asphalt overlays did not mitigate the long-term rutting distress.

The design of whitetopping has been based on experience. The current TXDOT whitetopping
designisbased on the American Concrete Pavement Association (ACPA), which does not consider
the condition of existing asphalt pavement (TxDOT 2011). Recognizing the limitations of this
procedure, TXDOT sponsored aresearch study to develop mechanistic-empirical pavement design
for whitetopping.

In TXDOT research project 0-5482, mechanistic-empirical whitetopping design procedure was
developed, which considered the support condition in the existing asphalt pavement (Kim et al.
2008; Suh et a. 2008). In this implementation project, the newly developed whitetopping design
procedure was applied to develop optimum designs. It is expected that the whitetopping pavement
system at the two locations that will be designed by the new design procedure will provide long-
lasting pavement system with satisfactory performance.

The primary objective of thisimplementation project was to develop whitetopping designs for the
two locations in the Paris District and to provide technical support during the PS& E preparation
and construction stages. The research team worked closely with the implementation director and
district staff to facilitate the implementation of whitetopping for the two locations in the Paris
District. For these two locations, the slab thickness, joint details and transition section designs
were developed and provided for the preparation of PS& E and implementation.



Chapter 2 Construction of Whitetopping Sections

Whitetopping sections were constructed in two locations in the Paris District with the designs
developed from the new mechanistic-empirical design procedure developed under the TxDOT
Research Project 0-5482, and their early-age behavior and performance were evaluated. Because
the new design procedure requires the conditions of supporting layers as input variables, the
properties of supporting layerswere evaluated by falling weight deflectometer (FWD), coring, and
dynamic cone penetrometer (DCP) testing. Once the properties of supporting layers, such as
modulus of subgrade reaction (k) and modulus values of each layer, were estimated, those values

were used as inputs for whitetopping thickness design.

2.1 Loy Lake Project

The Loy Lake section is located at the intersection of Loy Lake Road and US 75 North Frontage
Road as indicated in Figure 2.1. The asphalt concrete pavement (ACP) in this section was a good
candidate for whitetopping construction as the ACP underwent a number of rutting and shoving
distresses with a potential hydroplaning problem. With the input values thus obtained, along with
design traffic, whitetopping design thickness was determined from the afore-mentioned

mechanistic-empirical design procedure
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Figure 2.1 Location of Loy L ake section



2.1.1 Thickness Design

The thickness design equation in the mechanistic-empirical design procedure developed under O-
5482 for whitetopping pavement is as follows (Suh et al. 2008):

Log (tecc) = 3.5615 + 0.1017:10g(ESALS) + 0.4982-0g(Epcc) - 0.7232-10g(tac)
- 0.3624-10g(Exc) - 0.2695-10g(tss) - 0.0891-l0g(Es) - 0.0287-log(K)

- 1.2250-l0g(MR)

where,
trcc =
ESALs=
Epcc
tac
Eac
ts
Ess
k
MR

<Eq.1>

required thickness of the whitetopping concrete, in,
expected number of 18-kips ESALS,

concrete modulus of elasticity, pd,

thickness of the asphalt layer, in,

asphalt modulus of elasticity, psi,

thickness of the base layer, in,

base modulus of elasticity, ps,

modulus of subgrade reaction, pci, and

modulus of rupture of whitetopping concrete, psi.

The above equation was used to determine the design thickness for the whitetopping section.

2.1.1.1 Coring and GPR

FWD and DCP tests as well as coring were conducted at the designated locations by TxDOT
personnel indicated in Figure 2.1. Given the data obtained from four core samples, the section was
divided into three areas as shown in Figure 2.2. The thickness of existing asphalt concrete
pavement (ACP) was evaluated using a ground-penetrating radar (GPR). The GPR was operated
by the TXDOT. Figure 2.3 presents the ACP thicknesses estimated by GPR on the basis of total
fiveruns. The result showed that the existing ACP thickness had alarge variation from 2 to 13 in.
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Figure 2.3 Existing Asphalt Thickness (L oy L ake Road)



2.1.1.2 FWD and Traffic Analysis

Table 2.1 presents the FWD data obtained from the TxDOT. Also, Figure 2.4 shows the daily
traffic datarecorded for various directions. Based on the given traffic data, ESAL s were estimated
using Eg. 2 with 10 and 20 years design lives for four different directions. The traffic data and
design ESAL for each of the directions are summarized in Table 2.2.

ESALs = (trucks per day) x 2 x 365 x (design lifein years) <EqQ. 2>
Table2.1 FWD Data of Section 1to 3
Deflection (mils)
. Load Level Geophone distance from the loading plate (inch)
Location
(Ibs) 0 12 24 | 36 | 48 60 72
Section 1 9173 22.3 1303 | 569 | 282 | 165 | 131 1.2
Section 2 9355 16.26 8.58 385 | 25 | 181 | 169 | 1.22
Section 3 9451 11.54 6.59 319 | 189 | 1.26 | 1.16 | 0.91
Section 1 Eaualized t 21.9 12.8 5.6 2.8 16 1.3 12
. qualized to
Sect! on2 90001 bs. 15.6 8.3 3.7 24 1.7 1.6 12
Section 3 11.0 6.3 3.0 1.8 1.2 1.1 0.9
3200 ' | a0
2200 I'| G
“ ||
2500 | |\
US 75 NBFR e | N
88
2600 | ./}_?'n-
3600 350
|
LOY LAKE ROAD

Figure 2.4 Traffic Data and Direction



Table 2.2 Traffic Data and Design ESAL for Each Direction
Design | Direction | Direction | Direction| Total # Truck

Year 1 2 3 ADT | (18406) | EALS
2010 | 2200 | 2600 | 2600 | 7400 | 1362 | 993,968
South | 2020 9400 | 1,730 |12,626,080

2030 3200 4600 3600 11400 2,098 | 30,624,960
2010 2300 2600 2700 7600 1,398 1,020,832

North 2020 10650 1,960 | 14,305,080
2030 3400 3800 6500 13700 2,521 | 36,803,680
2010 2700 4000 2600 9300 1,711 1,249,176

East 2020 11600 2,134 | 15,581,120
2030 3800 6500 3600 13900 2,558 | 37,340,960
2010 2300 4000 2200 8500 1,564 1,141,720

West 2020 10800 1,987 | 14,506,560
2030 3400 6500 3200 13100 2,410 | 35,191,840

2.1.1.3DCP

The correlation between the number of blows and corresponding penetration depths was assessed
for the DCP data. DCP data was converted to CBR values using Eq. 3. The slope input in Eq. 3
could be obtained from the result of DCP tests. Once CBR values were obtained, the moduli of
subbase or subgrade were evaluated using Eq. 4 (TxDOT 2011). The results of DCP tests and
corresponding CBR and moduli evaluated for all three subsections are presented in Table 2.3.

CBR = 292/Slope of DCP plot (mm/blow)? <Eq. 3>

Modulus (ksi) = 2.55 * CBR%®* <Eq. 4>

Table 2.3 Modulus and CBR value for each section

Section 1 Section 2 Section 3
Layer 1 mm/blow 0.701 0.497 0.555
CBR 434.55 639.67 564.19
Modulus 124.42 159.35 147.05
Layer 2 mm/blow 1.071
CBR 270.29
Modulus 91.82




2.1.1.4 Thickness Design

Ascan be seenin Equation 1, ACP thicknessis an input for the whitetopping design. The thickness
of ACP was measured from both core sample and GPR. Three different asphalt concrete
thicknesses obtained from three areas were chosen to calculate whitetopping design thicknesses.
The MR and Eprcc were assumed to be 620 psi 4,000,000 psi, respectively. A summary of inputs
used for the design of whitetopping is presented in Table 2.4.

Table 2.4 Input for Whitetopping Thickness

Section 1 Section 2 Section 3
10years | 20years | 10years 20years | 10years | 20years

ESALS (x10) 14.5 35.2 15.6 37.3 15.6 37.3

Epcc(ps)) | 4,000,000 | 4,000,000 | 4,000,000 | 4,000,000 | 4,000,000 | 4,000,000
tac (inch) 2.75 2.75 6.00 6.00 5.75 5.75
tes(inch) 12.25 12.25 8.00 8.00 8.25 8.25

Ess(psi) 108.25 108.25 159.35 159.35 147.05 147.05

K (psi/inch) 305 305 456 456 589 589
MR (psi) 620 620 620 620 620 620

Table 2.5 shows the final whitetopping design thickenesses for various design lives and Eac,
evaluated based on the inputs provided in Table 2.4. Because exact values of Eac could not be
obtained, design thicknesses were calculated for a wide range of Eac, from 500,000 to 2,000,000
psi. It shows that Section 1 has the lowest slab support condition and requires the largest slab
thickness. Based on this analysis, a design thickness of 6 in was selected for the project.

Table 2.5 Whitetopping Thickness

Whitetopping Thickness
Sec.1 Sec.2 Sec.3
10 yr 20yr | 10yr | 20yr | 10yr | 20yr

500,000 9.4 10.3 5.6 6.1 5.8 6.3

750,000 8.1 8.9 4.9 5.3 5.0 54

1,000,000 7.3 8.0 4.4 4.8 4.5 4.9

(IE’;.C) 1,250,000 6.7 74 4.0 44 4.1 4.5
1,500,000 6.3 6.9 3.8 4.1 3.9 4.2

1,750,000 6.0 6.5 3.6 3.9 3.7 4.0

2,000,000 5.7 6.2 3.4 3.7 3.5 3.8




2.1.2 Saw Cut Design

Based on the final whitetopping design thickness of 6 in., the section design for Loy Lake Road
and US 75 Frontage Road section was devised. The dimensions of a saw cut panel were 6 ft. by 6
ft. Figure 2.5 depicts the section information including the saw cut design. As the figure shows,
the length of Loy Lake Road (STA. 4+20.00 to STA. 8+20.00) was 400 ft, and the length of
Frontage Road (STA. 1067+79.89 to STA. 1068+79.89) was 100 ft.

Saw-Cut Design

7 Transition Section(t=9") 5 =

Tapered Section(t=9" to 6")

PI STATION = 7+05.14
DELTA = 15°41'53.53" (L
DEGREE OF CURVE= 1
Tapered SectiTAaNGENT bo'

LENGTH = 156.88'
6\ RADIUS = 572.96

1088+154814
6+15.41 LOY

Figure 2.5 Plan View of the Design Section

2.1.3 Design of Transection Section

Figure 2.6 shows the plan view and corresponding elevation profile of Loy Lake Road. West end
of the whitetopping section on Loy Lake abuts bridge approach slab. The elevation of bridge
approach slab was dlightly higher than that of whitetopping section as can be seen in Figure 2.6.
Since it was expected that the behavior between the bridge approach slab and whitetopping is
significantly different, a special design for transition section was developed to minimize the
potential for distresses at the joint area between whitetopping and bridge approach slab. Figures
2.7 and 2.8 illustrate the plan view and cross-sectional design of transition area, respectively. Steel
reinforcement such as CRCP was designed to provide the continuity within the whitetopping slabs



near the bridge approach slab. Saw cuts were also designed to relieve concrete stresses from
environmental loading (temperaure and moisture variations) as shown in Figure 2.7. As can be
seenin Figure 2.8, dowel barswereinstalled to provide asufficient level of load transfer efficiency
(LTE) between the bridge approach slab and whitetopping section.

A O
=t
Bt R
e e/ i
AN P y,
NT i 0
— e 5: A1 psantdon
- i '-1. — e Sy 0 L F
: i P P
v [ R o
- e |
- o |
| ™
{™
= ™| LOYLAKE RD
C |-
L DO oo st e e T PR S e i . e s e e e P, e o . e e S -
e ] ] 1
H i ] i i H
et s =3 o =3 e

Figure 2.6 Plan View and Elevation of Loy L ake Rd



Plan View
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Figure 2.7 Transition Section Design (plan view)
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2.2 Emory Project

The Emory section is located at the intersection between US 69 and SH 19 asindicated in Figure
2.9. Primary distresses in this section were rutting and shoving

Lh

Figure 2.9 Location of the Section

2.2.1. Thickness Design

As discussed earlier, input variables required for the slab thickness design in the mechanistic-
empirical whitetopping design include k-value, thicknesses of ACP and base, moduli of base and
concrete, and ESALs. Asillustrated in Figure 2.10, the k-value can be back-calculated from the
FWD data, and the thicknesses of ACP and base layer can be directly measured by coring samples.
The modulus of base can be evaluated by DCP tests. The information on ESALs were obtained
from TPP (Transportation Planning and Programming Division) of TXDOT. The MR and Epcc
were assumed to be 620 psi 4,000,000 psi, respectively. Figure 2.11 indicates the locations where
FWD, DCP, and coring were performed by TxDOT personnel. Based on the inputs obtained,

design thicknesses were calculated for design lives of 10 and 20 years with various moduli of
asphalt concrete.

11
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Figure 2.10 Data Collected from Field Testing
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2.2.1.1 FWD data

To evaluate the k-value, the FWD data obtained from the TxDOT was used. Tables 2.6, 2.7, and
2.8 show the FWD data from different locations. The FWD deflections were normalized to 9000
Ibs. Figure 2.12 shows the k-values for the cumul ative percentage of sections.

Table 2.6 FWD Data of Section (East Bound)

. Location of sensors (in.) / Deflection (mil) k-value
fofPoint ™51 1 24 [ 36 [ 48 | 60 [ 72 | (psilin)
1 203 | 124 6.2 3.8 2.6 1.8 15 290
2 224 | 134 6.7 4.1 2.8 2.0 1.7 270
3 232 | 141 7.0 4.1 2.7 1.9 1.6 257
4 11.2 7.0 4.5 3.2 2.3 1.6 1.3 430
5 8.1 5.7 3.6 2.6 1.7 1.2 1.0 490
6 6.5 4.7 3.2 2.4 1.8 13 1.1 532
7 8.6 5.5 3.5 2.6 1.9 1.4 11 539
8 7.2 4.7 3.3 2.6 1.9 14 1.2 565
9 8.4 6.2 4.3 3.1 2.2 1.6 1.3 390
10 8.8 5.7 3.9 2.9 2.1 15 1.2 486
11 147 | 111 6.5 4.1 25 1.6 1.3 259
12 274 | 148 5.6 2.6 1.5 1.0 0.9 275
13 212 | 134 6.2 3.1 1.7 1.1 0.9 282
14 5.6 4.2 2.8 2.1 1.5 1.0 0.8 582
15 4.3 3.3 25 2.0 1.6 1.2 1.0 593
16 4.7 3.8 2.9 2.3 1.8 1.3 1.1 458
17 5.5 4.3 3.2 2.5 1.8 13 11 456
18 5.9 4.3 3.1 2.4 1.8 13 1.1 535
19 7.1 5.5 3.8 2.8 1.8 1.2 0.9 409
20 10.9 6.3 3.1 2.1 14 1.0 0.8 574
21 7.2 4.9 3.0 2.0 1.5 11 0.9 611
22 10.0 5.8 3.4 2.3 1.6 11 0.9 571
23 11.1 6.6 3.9 2.6 1.8 1.2 1.0 497
24 16.8 9.0 3.4 2.2 1.5 11 0.9 443
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Table2.7 FWD Data of Section (Route I nter section)

. L ocation of sensors (in.) / Deflection (mil) k-value

fofPoint  ™5—T15 | 24 | 36 [ 48 | 60 | 72 | (psifin)
1 11.3 7.2 3.4 2.3 16 1.2 11 500
2 17.6 9.5 3.8 2.2 16 1.2 11 414
3 6.0 4.3 3.0 2.2 16 1.2 0.9 578
4 10.6 7.0 3.4 2.2 16 1.2 1.0 507
5 13.8 8.1 4.1 2.6 18 13 1.1 443
6 13.8 7.7 4.2 2.7 1.9 14 11 454
7 7.9 5.2 3.5 2.6 1.9 13 1.1 537
8 7.9 5.6 3.9 2.9 2.2 16 13 451
9 9.2 7.4 4.6 2.9 18 13 11 342
10 294 14.1 6.4 3.3 2.0 14 1.2 267
11 154 8.8 4.6 2.6 15 0.9 0.8 408
12 39.5 15.6 5.0 24 15 10 0.9 243
13 205 10.8 4.7 2.8 18 1.2 11 354
14 24.2 12.5 54 3.0 1.9 1.1 13 308
15 22.0 11.3 49 2.7 18 13 1.1 340
16 18.8 9.0 4.1 2.4 17 13 11 414
17 16.1 8.2 3.9 2.4 1.6 1.2 1.0 453
18 12.9 7.6 3.7 2.2 15 11 10 483
19 18.2 8.7 35 2.0 14 1.0 1.0 442
20 19.6 9.2 3.4 18 13 1.0 0.8 428
21 19.5 9.6 3.8 2.1 14 11 0.9 407
22 18.1 8.8 3.6 2.1 14 11 1.0 438
23 174 7.5 3.0 1.8 13 1.0 0.9 499
24 17.6 7.6 3.1 1.9 1.3 1.1 0.9 490
25 10.2 9.1 3.5 2.0 13 1.0 0.9 428
26 22.3 11.0 4.0 2.0 13 10 0.9 365

Table 2.8 FWD Data of Section (North Bound)

. Location of sensors (in.) / Deflection (mil) k-value

# of Point 0 12 | 24 | 36 | 48 | 60 | 72 | (psiin)
1 25.6 9.2 4.0 2.6 1.8 13 1.2 369
2 18.0 8.4 3.9 2.3 14 0.9 0.7 439
3 27.7 14.0 6.6 4.1 2.6 16 14 264
4 313 13.7 57 3.6 2.3 1.6 14 271
5 21.2 11.3 6.0 3.8 2.5 1.7 14 314
6 175 9.2 5.1 3.4 2.1 14 1.2 377
7 10.1 9.3 4.0 2.4 15 1.0 0.8 408
8 184 8.5 3.9 2.5 1.6 10 0.9 431
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Figure 2.12 k-values from FWD
2.2.1.2 Sample Coring

Eight core samples were taken from the section. Figure 2.13 presents the contour of ACP thickness
evaluated from the coring samples. The section was divided into eight areas in terms of the ACP

thickness. The four main sections shown in Figure 2.13 were considered for whitetopping
thickness design.

US69/SH19
Intersection

\

Figure 2.13 ACP Thickness
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2.2.1.3 Traffic

The traffic information includes the number of trucks per day for all four directions as shown in
Figure 2.14. Based on the traffic data, ESALs were calculated using Eq. 2. Table 2.9 tabul ates the
traffic information recorded and resulting ESAL s computed.

North Section
North

i
5

e
e

West Section ‘ : East Section

South Section

Figure 2.14 Traffic Data and Direction

Table 2.9 Traffic Data and Design ESAL for Each Direction

Design Direction | Direction | Direction | Total # Truck ESALs
Year 1 2 3 ADT (10.7 %)
2010 2700 2000 3000 7700 824 601,447
South 2020 9700 1,038 4,077,342
2030 3900 3300 4500 11700 1,252 9,092,004
2010 2800 2000 2700 7500 803 585,825
North 2020 9550 1,022 3,995,327
2030 4300 3300 4000 11600 1,241 8,951,406
2010 2700 5400 3000 11100 1,188 867,021
East 2020 13950 1,493 5,869,967
2030 4000 8300 4500 16800 1,798 13,075,614
2010 2800 5400 2700 10900 1,166 851,399
West 2020 13700 1,466 5,764,518
2030 4300 8300 3900 16500 1,766 12,841,284
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2.2.1.4DCP

The relationship between the number of blows and corresponding penetration depths was assessed
using DCP test results. Subsequently, CBR values were calculated from Eq. 3 using the slope of
DCP plot. The modulus of subbase or subgrade was also estimated by Eq. 4.

Table2.10 Modulusand CBR Value for Each Section

Location Um';r%fpg?;e”al Layer 1 Layer 2 Layer 3
mm/blow
Location 1 CBR
Modulus (ksi)
mm/blow 1.880 17.286
Location 2 CBR 144.02 12.00
Modulus (ksi) 61.37 12.51
mm/blow 7.214 20.200
Location 3 CBR 31.93 10.08
Modulus (ksi) 23.40 11.19
mm/blow 2.649 8.107
Location 4 CBR 98.06 28.02
Modulus (ksi) 47.98 21.52
mm/blow 2.678 12.820 3.651
Location 5 CBR 96.90 16.77 68.46
Modulus (ksi) 47.62 15.50 38.13
mm/blow 0.420
Location 6 CBR 771.51
Modulus (ksi) 179.66
mm/blow 0.455
Location 7 CBR 705.36
Modulus (ksi) 169.64
mm/blow 1.118 4,591 13.980
Location 8 CBR 257.68 52.98 15.22
Modulus (ksi) 89.05 32.36 14.56

2.2.1.5 Thickness Design

Existing ACP thicknesses were measured or estimated from the coring sample and GPR. The base
thickness was assumed to be 8 in. Also, it was assumped that MR and Ercc were 650 and 4,000,000
psi, respectively. The k-value was assumed to be 30% of the tested value. Table 2.11 summarizes
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the input variables used for whitetopping thickness design. Also, Tables 2.12, 2.13, 2.14 and 2.15
show the thickness design evaluated for each of the directions for the design life of 20 years.
Because exact values of Eacwere not available, the thicknesses were calculated for multiple levels
of Eac from 500,000 to 2,000,000 psi. Based on this analysis, a design thickness of 7 in was
selected for the project. The saw cut design for Emory whitetopping section is displayed in Figure
2.15. Also, Figure 2.16 illustrates the detailed design for each corner section.

Table2.11 Input Variablesfor Whitetopping Thickness

East West South North
10 20 10 20 10 20 10 20
years | years | years | years | years | years | years | years
'(Exsl”(‘)'gf 41 | 91 | 40 | 90 | 59 | 131 | 58 | 128
Epcc (psi) 4,000,000 (assumed)
tes(inch) 8.0 (assumed)
Ess(psi) 50,000 (assumed)
K (psi/in) 369 (assumed=30% of test result)
MR (psi) 650 (assumed)
Table 2.12 Whitetopping Thickness (East Bound — 20 years)
tac
1 (2" milled) 2 (1" milled) 3
500,000 21.3 12.9 9.6
750,000 184 111 8.3
1,000,000 16.5 10.0 75
Eac 1,250,000 15.3 9.2 6.9
1,500,000 14.3 8.6 6.5
1,750,000 135 8.2 6.1
2,000,000 12.9 7.8 5.8
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Table 2.13 Whitetopping Thickness (West Bound — 20 years)

fac

2 (2" milled) 3 (1" milled) 4

500,000 12.9 9.6 7.8

750,000 11.1 83 6.7

1,000,000 10.0 7.5 6.1

Eac 1,250,000 9.2 6.9 5.6
1,500,000 8.6 6.4 5.2

1,750,000 8.2 6.1 4.9

2,000,000 7.8 58 4.7

Table 2.14 Whitetopping Thickness (South Bound — 20 years)

tac
0 (2" milled) 1 (1" milled) 2

500,000 108.3 20.5 124

750,000 93.5 17.7 10.7

1,000,000 84.3 15.9 9.7

Eac 1,250,000 7.7 14.7 8.9
1,500,000 2.7 13.8 8.3

1,750,000 68.8 13.0 7.9

2,000,000 65.5 12.4 7.5

Table 2.15 Whitetopping Thickness (North Bound — 20 years)

ta