Project 0-bG07

Search for a Test for
Fracture Potential of Asphalt Mixes

OT Sensitivity Evaluation

by

LUBINDA & TOM

g Austin Riverside Campus, Bldg 118, RTl Conference Room (1t Floor)
IT.:": November, 2011



http://images.google.com/imgres?imgurl=www.chem.tamu.edu/services/NMR/images/atm.gif&imgrefurl=http://www.chem.tamu.edu/services/NMR/instruments.shtml&h=288&w=303&prev=/images?q=atm+tamu&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=G

. ‘/““ifeﬁ;;z)&nation
Task Update: HMA MIxes

# Mix Type Materials Sample Cracking
Type Resistance

(OT Cycles)

1 CAM (Bryan) 6.7% PG 76-22 + Limestone + Raw materials & VERY GOOD
1% Lime plant-mixes (>700)

4  Type B (TxDOT) Limestone Core MARGINAL
- (< 200)
5 Type C(Laredo) 5.0% PG 64-22 + Crushed Plant-mix & raw
Gravel +1% Lime + 20% RAP  materials
6 TypeD 4.9% PG 58-28 + Granite + 1% Plant-mix & raw
(Childress) Lime + 20% RAP materials
7  Type C (FW) 4.6% PG 70-22 + Granite + Raw materials
1% Anti-strip + 15% RAP
8 Type C (Odessa) 5.8% PG 70-22 + Limestone Raw materials &

plant-mixes
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A
Task Update: Varlablllty

1) Crack tests — very variable by their nature

Flexurn! Beam Flexuwral Trapezoidal . .

Fatiguc Fatigue Diameteal Fatigus
Stiffness
Coefficient of Vaniation

. T
(%) 123 1.4 b SHRP, 1994
Sample Variance 0.010 0.014 0.015 (Monismith)
{ln psi)
Cyeles to Failure —— T
Coefficicat of Variation -
( . 65.5 .

%) .ths-? 171.8 D
Sampls Vasiue ozs2  TE% 0213

(o eycles to failure)

2) For this study; used COV < 30% as reference for
acceptable variability
AT ,
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update: OT Sensitivity Evaluation

AlM

#

10

11

12

Factor

Sample replicates

Drying method

Sample mold size

Sample sitting time

Glue type (3 types
evaluated)

Glue quantity
(2 ton 2-part epoxy)

Plates/sample gap width
(teflon/metal strips)

Test loading parameters

Test temperature
differential

AV uniformity effect

Rest time prior to testing

Sample batching & molding

Variables

3,4,&5

Air (room), Oven (104 F), & Core
dryer (room)

5" (2),4.5" (1),4.5" (2), &2.5" (1)

3,5,7,9, 11, 15, & 20 days

(1) Devcon plastic steel putty, (2)
Devcon high strength epoxy, & (3)
Devcon 2-ton epoxy; all two-part
14, 16, & 18 grams

6.25 mm (tape vs. metal bar)

0.015in, 0.02 in & 0.025 in

73°F, 75°F, 77°F, 79°F, 81° F

5%, 6%, 7%, 8%, & 9%

10 min, 20 min & 30 min

1 batch 5 or 4 samples vs. 5
batches 5 samples

Mixes

5

Key Finding
Test 5 or 4 specimens
& pick best 3

Oven @ 104 °F best
followed by Core Dryer

Use 5" (2) or 2.5" (1)

Test within 5 days of
sample molding

Use Devcon 2-ton 2-
part expoxy

Use 16+0.5g
(16 ml or 2/3)

New plates are better;
easy to align

Use 0.025 inch @
10 sec/cycle

Use 2 °F tolerance
limit

7+0.5% gives more
consistent results

Use = 10 min

Individual batching
more consistent results

Comment

Oven = many samples
Core dryer<10 samples

Record if tested after 5
days

Challenge is use of
metal bar

Modifying parameters
did not improve
repeatability

High variability for > 2
temp differential

Use 7+1% for practicality

More work & time , i.e.,
> 2 times
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Task 2-2-2: Drying Method.

/“‘}'exas iy
ransportation
/ T

Air vs. Oven (104 F) vs. Core-drying

1) Air =In front of fan @ room temp, min 12 hrs to constant weight
2) Oven =@ 104 °F (40 °C), min 12 hrs to constant weight

COV (OT Cycles)

35.0%

30.0%

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

M Air Dried COV Oven Dried COV

M Core Dried COV

33%
oy Tests
................................................. (o] Stopped@ C— e — e — J—
26% 1 000 o 25%
22% cycles
21%
20%
16% O
9% O 9%
6% 6%
(o]
0%
Atlanta Atlanta Laredo Bryan Chico
(5.2% AC) (5.5% AC) (5.0% AC) (6.7% AC) (5.0% AC)
Air = 92 cycles Air = 527 cycles Air = 25 cycles Air = 1000 cycles Air = 167 cycles
Oven= 118 cycles Oven= 520cycles Oven= 24cycles Oven= 967 cycles Oven= 210 cycles
Coredry = 91 cycles Coredry= ?? Coredry= 29 cycles Coredry = 510cycles Coredry = 221 cycles

Best 3
out of 5!

5
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Task 2-2-2: Drying Method..

Tex-248-F Item 5.2.3

- Consider revising from:

“Dry the trimmed specimen at a maximum
temperature of 60 £3°C (140 £5°F) to
constant weight. Maximum drying

time should be 24 hours. Discard all

Challenge is consistently
keeping a 104 °F oven when
OT sample drying is needed!!

| Therefore, consider Core
Dryer, particularly if less than
10 samples
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Task 2-2-6: Replicate Specimens.

Alr drylng - Infront of fan @ room temp, min 12 hrs to constant weight
Tested 5 replicates for each mix.
80.0% - Number of replicates Vs COV % (Cycles)
Air Dried Samples
70.0% - 6_8'9% © AllS
61.2% M Best 4
60.0% - -
MW Best 3
S 9
= 50.0% - m Best 2
S 40.6% 41.7%
S 40.0% - -
-
(=] 32.1%
S 30.0% -
(&)
20.0% - 17.2%
12.7% =
10.0% -
928 0.0% 20
0.0% - T T
Type D (5.2% AC) Type D (5.5% AC) CAM (6.7% AC) Type C (5.0% AC)
Atlanta Atlanta Bryan Laredo
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Task 2-2-6: Replicate Specimens..

Oven drylng - @ 104 °F (40 °C), min 12 hrs to constant weight

60.0%

50.0%

40.0%

30.0%

COV (OT cycles) (%)

20.0%

10.0%

0.0%

Tested 5 replicates for each mix.

Number of replicates Vs COV % (Cycles)
Oven Dried Samples 50.4%

46.7%

36.5%

= All5

M Best 4

M Best 3

31.2% W Best 2

Type D (5.2% AC) Type D (5.5% AC) CAM (6.7% AC) Type C (5.0% AC)

Atlanta Atlanta Bryan

Laredo
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Task 2-2-6: Replicate Specimens..

COV (OT cycles) (%)

Core drying: vacuum/sucking process, < 30 min per sample

90%
80%
70%
60%
50%
40%

30%- -

20%
10%
0%

78%

187

71%

Type D (Atlanta)

Number of Replicates Vs COV % (Cycles)
Core Dried Samples 5o

0%

706 1000

All'5
M Best4
B Best 3
M Best2

45%

33%

CAM (Bryan)

Type D (Chico)
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Replicate Specimens...

Tex-248-F ltem 5.1.1

k Consider revising to read as:

“Use three five or four cylindrically molded
specimens according to Section 4.”

Tex-248-F Iltem 6.2

based on lowest COV; use
Macro; Fishers

: Sample size - mold 5" tall &
cut 2 OT specimens or
mold 2.5" & cut 1 OT
specimen — OK as long as AV
IS uniform — see next slides!!

= 4.5” tall & cut 1 —too wasteful
& didn’t improve repeatability
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Task 2-2-10: Sample Mold Size A=

Shifted from 2.5” to 4.5” to help address variability

ISSUes:

—Cutting 1 from 4.5” has NOT helped address variability
—But instead just increased work load & material wastage

Mold sample size P 4
configuration @ - - -
average 7% AV

a5 a5 °.0

Molded Sample

Volume (in%) 118 118 132 66
OT Specimen o5 50 50 o5
Volume (in.%)

Material Wastage

. 80% 57% 60% 60%
in volume

Material Wastage

. . 79% 56% 63% 59%
in Weight

Hence, the need to revisit this aspect so as to optimize
material & work load!!

11
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Task 2-2-10: Sample Mold Size

Atlanta Type D (US 59S)
PG 64-22 + Quartzite +

20% RAP

Plant-mix — Best 3 of 5 replicates

Molded Sample
Height 4.5
(1 OT Specimen)

Molded Sample
Height 4.5
(2 OT Specimen)

Molded Sample
Height 5.0
(2 OT Specimen)

/‘-‘}'exas iy
ransportation
Al Insite

2.5”

Molded Sample
Height 2.5
(1 OT Specimen)

Peak
Load (Ib)

oT
Cycles

Air VVoid
(%)

Average
COV (%)
Average
COV (%)
Average
COV (%)

706
2%

180

26%
6.4

6%

676
2%

176

24%
7.4

3%

581
22%
150
13%
7.5
2%

890
3%

170

27%
6.5

7%

*Shifting from 2.5” to 4.5” has NOT addressed the variability issue; hence, the need
to revisit this aspect so as to optimize both material & work!!

12
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Task 2-2-10: Sample Mold Size

A

=
vl

Texas
Transportation
nstittte

Laredo Raw Materials 4.5” Sample 4.5” Sample 5.0” Sample 2.5” Sample
Type C (1 Specimen) (2 Specimen) (2 Specimen) (1 Specimen)
Peak Load (Ib) Average 618 542 578 637
COV (%) 2% 6% 3% 1%
OT Cycles Average 92 61 83 54 277
COV (<30%) 8% 11% 7% 20%
Air Void (%) Average 6.8% 6.5% 8.5% 6.0%
COV (%) 3% 9% 10% %
Laredo Type C *Shifting from 2.5” to 4.5” has NOT addressed the variability issue;
5.0% PG 64-22 + Crushed hence, the need to revisit this aspect so as to optimize both material 13

Gravel +1% Lime + 20% RAP & work!l
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Task 2-2-10: Sample Mold Size

Chico 45" Sample 45" Sample  5.0" Sample  2.5" Sample
Type D (1 Specimen) (2 Specimens) (2 Specimens) (1 Specimen)
Peak Load Average 516 388 609 632
(Ib) COV (%) 1% 1% 4% 4%
277
OT Cycles Average 210 230 203 89 V7"
COV (%) 25% 27% 28% 11%
0 0, 0,
Air Void (%) Average 1.3% 1.7% 7.8 6.4%
CQOV (%) 2% 11% 3% 1%
m Chico Type D *Shifting from 2.5” to 4.5” has NOT addressed the variability issue;
"4 5.09% PG70-22 + Limestone hence, the need to revisit this aspect so as to optimize both material 14

& work!!
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Task 2-2-3: AV & X-Ray CT.

Transportation

0.0

0.2

0.4

0.6

0.8

1.0

1.2

Height, inch

1.4
1.6
1.8
2.0
2.2

24

AJM

|

% Air Voids Sample Top
4.00 5.00 6.00 7.00 8.00 9.00
1 |
4 Discarded :
Portion :
-] |
! I
i —Sample 1
i ——Sample 2
Sample Sample 3
i - Average
1 |
[}
7 Dlscz.arded e Acceptable >
Portion \ AV Range \
[} [}
[}

Air Void Distribution for a Molded sample of 2.5” height
1 OT Specimen Cut from Each Sample

1.511

Atlanta Type D (US 59S)
5.1% PG 64-22 + Quartzite +

2.5”
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Task 2-2-3: AV & X-Ray CT.. -

Air Void Distribution for a Molded sample of 4.5” height

i Atlanta Type D (US 59S)
1 OT Specimen Cut from Each Sample e
20% RAP
% Air Voids Sample TOP

4.00 5.00 6.00 7.00 8.00 9.00 10.00

0.0 - 1 | i ]
[} [}
[} [}
[} [}
0.5 - ! !
Discarded \ -
Portion :
1.0 ' ; 2 blade cuts @ 0.125"/cut
| 1 = 0.25" wastage height
i I
15 :
[}
[}
'§ 2.0 - i ) —Sample 1
" Sample : —Sample 2 1.5 L5
= ]
< AT T ) Sample 3
.ED 2.5 1 = = |
[} ==ty
£ j Average
[}
3.0 I
[}
[}
[}
3.5 1 _ !
Discarded
4.0 4| Portion : !
:e Acceptable %:
AV Range

4.5 : : w
16
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Task 2-2-3: AV & X-Ray CT..

/“‘TTexas iy
ransportation
A isitic

Height, inch

Air Void Distribution for a Molded sample of 4.5” height

I Atlanta Type D (US 59S)
2 OT Specimen Cut from Each Sample At
20% RAP
% Air Voids Sample TOP
400 500 600 7.00 800 9.00 10.00
0.0 —Sarrlmplel i I i I
——Sample 2 1 1
I [} }
0.5 A1 —ia\‘/r:rglge: | |
0.71 .
1.0 - : — I
e aC
15 - K : [Sample 1] 1.5
a :
R S s WGy X 1
2.0 1 e 45
5 =
¥ e ]
g 1
3.0 A L E [Sample 2] 1.5”
i
3.5 - BT e ;
3.78 AR o
4.0 - | A
} }
} }
4.5 ' '
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Task 2-2-3/10: Sample Mold Size...

Texas
Transportation
nstitute

or

- Mold five or four 2.5” high
(6”¢) samples & then, cut 1
OT specimens from each

Tex-248-F ltem 4.1

k Consider revising to read as:

“and specimen height must be 127+5 mm
_(5).0 +0.2in.) or 63.5+5 mm (2.5+0.2
In ”

Tex-248-F ltem 5.1.1
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OT COV (%)

Task 2-2-3: AV & X-Ray CT..

/‘-‘}'exas iy
ransportation
Al Insite

80%

70%

60%

50%

40%

30%

20%

10%

0%

OT COV at Different Specimen Air Void Range

66%

72%
B Chico Type D
Atlanta Type D 60%

m Laredo Type C

44%

COV < 30%

5.0% - 5.5%

T 1

5.5%-6.0% 6.0%-6.5% 6.5%-7.0% 7.0%-7.5% 7.5%-8.0% 8.0%-8.5%

T

Air Void Range (%)

AV range

Average OT Cycles

Chico Atlanta Laredo

5.0% -5.5%

5.5% - 6.0%

6.0% - 6.5%

6.5% - 7.0%

7.0%-7.5%

7.5% - 8.0%

8.0% - 8.5%

- 83 -

- 176 55

89 187 49

254 116 92

80 144 53
162 188 =

165 - -

19
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Task 2-2-3: AV Tolerance &

Tex-248-F ltem 4.1.1

- Consider adding the following
sentence:

“If practically possible however, the 93+0.5%

irﬁpfactical to achieve;
therefore stay @ 7+1%



http://images.google.com/imgres?imgurl=www.chem.tamu.edu/services/NMR/images/atm.gif&imgrefurl=http://www.chem.tamu.edu/services/NMR/instruments.shtml&h=288&w=303&prev=/images?q=atm+tamu&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=G

Task 2-2-8: Glue Types

/‘-‘}'exas iy
ransportation
Al Insite

AlM

[1] Devcon Plastic Steel 5 Minute

Epoxy Putty

BN Plastic Steel” Putty (A)

ltem
Strength

Curing time
(full strength)

Pricel
Price2

Qty per sample

Comment

[2] Devcon High Strength

Epoxy

[1]
No strength listed
16 hrs

$43.00/1 Ib container
$5.37/sample
64+0.5 grams

Workability issues, weigh separately,

can't spread easily, time-consuming,
difficulty to clean, costly

[2]
1500 psi
1 hr

$6.25/tube (2 sets)
$4.68/sample

16+0.5 grams
(16+0.5 mls)

OK, but relatively costly

[3] Devcon 2 ton Epoxy
S-31

[3]
2500 psi
8 hrs

$3.50/tube (2 sets)
$2.62/sample

16+0.5 grams (16+£0.5 ;g
mls) [or 2/3 tube]

OK (TTl uses thisone) 21
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Task 2-2-8: Glue Type

Comparison of OT Peak Loads & COV

1000 ~
B Laredo Type C Chico Type D Atlanta Type D M Bryan CAM
| 872
900
805
800
_. 700
0
2 600
'O g
C 500 Workablllty??
_ problems with
400
§ the Epoxy Putty
5 300
200
100
O I 1
Regular 2-Part, 2-Ton Epoxy High Strength Epoxy Epoxy Putty
Laredo COV = 1% Laredo COV = 2% Laredo COV =%
ChicoCOV=3% Chico COV = 1% ChicoCOvV=%
Atlanta COV =2% Atlanta COV = 5% AtlantaCOV =%
Py Bryan COV =5% Bryan COV = 2% Bryan COV =%

AM 22
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Task 2-2-8: Glue Type

Comparison of Number of OT Cycles & COV

1200

B Laredo Type C Chico Type D [ Atlanta Type D M Bryan CAM
1000
1000 - 950
800 -
wv
2
S 600 -
= Workability??
o .
problems with
400 - the Epoxy Putt
279 279 poxXy y
200 -
0 = 1 1
Regular 2-Part, 2-Ton Epoxy High Strength Epoxy Epoxy Putty
Laredo COV=16% Laredo COV = 18% Laredo COV=%
Chico COV =25% Chico COV = 10% ChicoCOV=%
Atlanta COV =26% Atlanta COV = 24% AtlantaCOV =%
Bryan COV =0% Bryan COV=15% Bryan COV =% 73
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Task 2-2-8: Glue Quantity. A

Two-Part 2 Ton
Epoxy Resin

T

Glue Quantity
BT
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Task 2-2-8: Glue Quantity..

Texas
Transportation
nstittte

A

Max Load (lb)

720

700

680

660

640

620

600

580

11

—0—Max Load

—&-COV

602

713

10

620

12

T T T T

13 14 15 16

Glue Quantity (grams)

T T 0
17 18 19

Bryan CAM (FM 158)
(6.7% PG 76-22 + Limestone+ 1% Lime)

Plant-mix — 5 Replicates
Two-part 2 ton epoxy resin

COV (%)

25
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Task 2-2-8: Glue Quantity...

Bryan CAM (FM 158)
(6.7% PG 76-22 + Limestone+ 1% Lime)

5 Replicates
Two-part 2 ton epoxy resin

1000 - - 60%
54%
950 - —®—0T Cycles - 50%
900 -
—B-COV L 40%
w 850 -
@ —
Z 800 L 30% S
- 3
O 750 - | 0% O
700 -
n 0,
650 - 654 10%
600 1 1 1 1 1 1 0%
12 13 14 15 16 17 18 19

Glue Quantity (grams) 26
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Task 2-2-8: Glue Quantity...

AlM

Bryan CAM (FM 158)
(6.7% PG 76-22 + Limestone+ 1% Lime)

Best 3 Replicates out of 5
Two-part 2 ton epoxy resin

- 12%
1000 -
10% - 10%
980 -
- 8%
£ 960 - 9
3 ) ™
6) —o—0T Cycles 6% <=
= 3
o 9401 _@ cov - 4% O
920 - - 2%
905
900 . . . . . 0%
12 13 14 15 16 17 18 19
Glue Quantity (grams)

27
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Task 2-2-8: Glue Quantity....

Tex-248-F Iltem 5.3.3

k Consider modifying as
follows:

“Glue the specimens individually and
use 16 +0.5 grams (16+0.5 mls or 2/3)
of the 2-Part 2-ton epoxy resin per

specimen. Cover the majority of both

. 14 g — too little

. 2-part 2-ton epoxy & high
strength OKAY; putty —
workability problems

3 Proposal — Use 16 g of the
2-Part 2-ton epoxy per OT
sample for old plates

= Other glue types!!

28
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/“‘rTexas iy
ransportation
A isitic

Task 2-2-1: Sample Sitting Time.

OT Cycles to Failure

30 1

25 1

OT Cycles of Failure

400

300

200

100

20 +

15 1

10 A

3(COV = 22.3%)

300

25

Type C Laredo
(5.0% PG 64-22 + Gravel + 1% Lime + 20%
RAP)

22 Type C Laredo_01

Samples left at room temperature while
glued to the OT plates

OT cycles
decreasing with
sitting time???

5(COV=15.7%) 7 (COV=37.8%) 11(COV=18.2%)

Number of Days from Day of Sample Molding

334
301
280

231
—

232

Type D Chico

Type D Chico ;
(5.0% PG 70-22 + Limestone)

215

Samples left at room temperature without
being glued to the OT plates

93

5 10 15 20 25 30 35 40 45 50 55 60 65

29

Number of Days from Day of Sample Molding
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Task 2-2-1: Sample Sitting Time..

1200 -
OT cycles Bryan CAM (FM 158)
decreasing with (6.7% PG 76-22 + Limestone+ 1% Lime)
1000 - 1000 sitting time???
Samples left at room
837 temperature without being
800 - glued to the OT plates;
Best 3 out of 5!
ﬁ 600 -
[
|_
° 472
400 A
323
200 A
D B ! T

3 5 7 9 30
Number of Days from Day of Sample Molding
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Task 2-2-1: Sample Sitting Time...

Avg.Peak Load (lbs)

1000

950

900

850

800

750

700

650

600

Trend not very
definitive???

—&@—Laredo_Type C

——Bryan_CAM

2 4 6 8 10 12

Sample Sitting Time Prior to Testing (Days) 31
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. . . /““i%ﬁz&naﬁon
Task 2-2-1: SIttiINg TIme....

Asphalt-binder: True high temperature PG grade

85.0 -
® 0 Days 821
® 3 days 8L.2 ., 809
80.0 - = 7 Days
= 11 Days
o
— 750 -
Q
°
S
O
g 700 -
|_
65.0 -
60.0

PG 64-22 (Valero) PG 70-22 (Valero) PG 76-22 (Jebro)

Asphalt-Binders: Subjected to same heating & sitting conditions as for OT samples 32
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Task 2-2-1: SIttiIng TiIme....

Asphalt-binder: Complex modulus & phase angle

3.0

2.5

2.0

1.5

1.0

G/Sin(Delta) (kPa)

0.5

0.0

= 0 Days = 3 Days =7 Days ® 11 Days

2.5

PG 64-22 (Valero) PG 70-22 (Valero) PG 76-22 (Jebro)

Asphalt-Binders: Subjected to same heating & sitting conditions as for OT samples 33



http://images.google.com/imgres?imgurl=www.chem.tamu.edu/services/NMR/images/atm.gif&imgrefurl=http://www.chem.tamu.edu/services/NMR/instruments.shtml&h=288&w=303&prev=/images?q=atm+tamu&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=G

Task 2-2-1: Mixed Sitting Time....

70.0 -
Bryan CAM (FM 158)
(1(2/07:’_/7;’5 76-22 + Limestone+ 600 - CAM mix

(Bryan FM 158)

50.0 -
Samples left at room <
temperature without < 40.0
being glued to the OT 8
plates e 1 . S ;

O
Legend: 20.0 -
3 days — means all samples were
tested within 3 days of molding
3 & 5 days — means some samples 10.0 -
were tested on day 3 while other
samples were tested on day 5, and the 0
results averaged 0.0 T T
Sitting time 3 days 3&5days 3,5&9days 5,7&9days 3,7&9days

Prior Testing (1000 Cycles) (919 Cycles) (720 Cycles) (494 Cycles) (548 Cycles)

Alm  Tests are done on samples with different sitting times and combined

34
results are presented
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Task 2-2-1: Mixed Sitting Time.....

45 i
Laredo Type C 40 - Type C
(5.0% PG 64-22 + Gravel + 1% (L d )
Lime + 20% RAP) 35 - aredo
30 -
Samples left at room S
temperature without ; 25 -
being glued to the OT @)
plates g 20 1
O
: 15 -
Legend:
3 days — means all samples were
tested within 3 days of molding 10 .
3 & 5 days — means some samples
were tested on day 3 while other 5 4
samples were tested on day 5, and the
results averaged 0 |

Sitting time 3 days 3&5days 3,5&7days 3,5&11days 3,7 &11days
priortotesting (25cycles) (24 cycles)  (20cycles)  (20cycles) (17 cycles)

Alm  Tests are done on samples with different sitting times and combined

30
results are presented
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Task 2-2-1: Sample Sitting Time.......

Tex-248-F ltem 4.1

k Consider adding “Note 2" as
follows:

“Note 2 — It is recommended that the
specimens be tested within 5 days

. OT cycles & variability —
reasonable for mixed sitting
times of 3 & 5 days.

. Proposal —test within 5 days
from day of molding, & once
testing has started, similar
replicates should preferably be
completed within 48 hrs!
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Task 2-2-9: | est Parameters.

/-‘ Texas
Al |

A Transportation

nstitute

600

500

400

300

OT Cycles

200

100

0

]
—&—0TCycles
——COoV
] ] ]

COV (%)

0.01 0.015 0.02 0.025

Opening Displacement (inches)

Laredo Type C — Plant mix
(5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP)

Best 3 out of 5

Opening
Displacement
(inch)

0.015

0.02

0.025

Max load
(Ib)

851

772

885

COV (%)

28%

7%

3%

37
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Task 2-2-9: | est Parameters..

600 - 551 561 Compared to OT cycles, OT

peak load appears to be less
sensitive to changes in
loading rate!!!

500 -

H Best 3

e

o

o
1

All5

OT cycles
w
o
o

200 - 1000 o EBest3 [All5
900 4 872 887
100 - 804 265 797
800 - 722
0 - 700 -
Opening ) ) ) —~ 600 -
Displacement  0-025inch 0.02inch 0.015inch o)
cov cov cov 'g 500 -
Best3=16% Best3=19% Best 3=10% S 400 -
All5=50% All5=63% All5=54% x
2 300 -
200 A
100 -
0 B T 1
Opening ) ] .
Laredo Type Gl Plant miX Displacement 0.025inch 0.02inch 0.015inch
i cov cov cov
(5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP) Best 3 =1% Best3=5% Best3=2%
All5=7% All5=8% All5=23%

Best 3 out of 5

38
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/“‘TTexas ”
ransportation
A isitic

Task 2-2-9: | est Parameters...

. No definitive relationship for P,
but COV is lowest for 0.025
inches

. Reducing loading rate may

erroneously pass mixes; consider
different loading rates for
different mixes & location in
PVMNT structure

- Proposal — No change.
S

Tex-248-F ltems 2.1 & 5.7

k Stay with current test
parameters!
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Task 2-2-7: Gap Width (¥4 Inch).

Old plates -
tape (V4" =
6.25mm) A4

New plates
(TxDOT) -
metal bar
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Task 2-2-7: Gap Width..

Comparison of Peak Loads & COV

No major

280 - 872 difference

860 -
Bl Best 3

840 1 All5

820 -

800 - 790 788

Peak Load (lb)

780 -

760 -

Ccov

1 cov cov
740 5.4%

1.0% 7.4%

720 -
Tape (Old plates) Metal bar (New plates)

Type C: (5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP) 41
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Task 2-2-7: Gap Width...

Texas
Transportation
nstitute

Comparison of Number of OT Cycles & COV

40 A
36

35 -

30 - M Best 3

25 - All5

21

18

20 -

OT cycles

15 A
10 -

Ccov

S5 cov cov
28%

16% 50%

Tape (Old plates) Metal bar (New plates)

Type C: (5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP)

42


http://images.google.com/imgres?imgurl=www.chem.tamu.edu/services/NMR/images/atm.gif&imgrefurl=http://www.chem.tamu.edu/services/NMR/instruments.shtml&h=288&w=303&prev=/images?q=atm+tamu&svnum=10&hl=en&lr=&ie=UTF-8&oe=UTF-8&sa=G
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Task 2-2-7: Gap Width...

Comparison of OT Peak Load & COV

1000

800

600

400

OT Peak Loads (Ib)

200

872

B Laredo Type C Chico Type D Atlanta Type D

790
706 690
522
482
Tape (Old plates) Metal bar (New plates)
Laredo COV=1% Laredo COV=1%
ChicoCOV=3% Chico COV=6%
AtlantaCOV=2% AtlantaCOV=1%

43
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_ Ve
Task 2-2-7: Gap Width...

Comparison of Number of OT Cycles & COV

B Laredo Type C
600 -
Chico Type D
[0 Atlanta Type D
(7]
2
3. 400 -
5 331
250
210
200 - 180
24 18
0 .

Metal bar (New plates)

Tape (Old plates)
l|!|c0 !!!=!!!o !'!ICO l!!=!!!o
Atlanta COV =28 % 44

Atlanta COV =26%
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Task 2-2-7: Old vs. New Plates

All Oven dried — all tape
Laredo Type C—raw aggregates

Chico Type D Atlanta Type D Laredo Type C
Plate Type Peak Load Peak Load Peak Load
(Ib) OT cycles (Ib) OT cycles (Ib) OT cycles
Old Plates 516 210 706 180 618 24
(1%) (25%) (2%) (26%) (2%) (16%)
New Plates with 623 55 721 102 622 40
New Baseplates (5%) (14%) (4%) (7%) (4%) (36%)

*COV Values in parenthesis

New plates

Low variability

except for

Laredo 45
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_ Ve
Task 2-2-7: Gap Width.....

Tex-248-F ltem 3.3

k Consider using New Plates,
but be careful with use of
metal bars

plates; with caution on use of
metal bar!
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/‘-‘}'exas iy
ransportation
Al irstitite

Task 2-2-5: 1 €St Temp. Differential

Comparison of Effects of Test Temperature: 73-81 °F

1000

800 -

Peak Load (Ib)

0

600 -

400 -

200 -

OT Peak Load Vs Temperature

- - 4
880

N
COV (%)

72 74 76 78 80 82
Temperature (°F)

Laredo Type C: (5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP) 47
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Task 2-2-5: 1 €St Temp. Differential

Comparison of Effects of Test Temperature: 73-81 °F
OT Cycles Vs Temperature

140 -
120 - ==0T Cycles
100 - =—=COV

| |
I
(@)

127

T
w
o

(0]
o
1

OT cycles
(@)
o
N
o
COV (%)

N
o
1
T
[
o

0 . . . ; 0
72 74 76 78 80 82
Temperature (°F)

Laredo Type C: (5.0% PG 64-22 + Gravel + 1% Lime + 20% RAP) 48
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Task 2-2-5: 1 €St Temp. Differential

Comparison of Effects of Test Temperature: 73-81 °F

1000 -

800 -

oy}
o
o

Peak Load (Ib)

400 -

200 -

OT Peak Load Vs Temperature

==Peak Load
--=COV

72 74 76 /8 80 82

Temperature (°F)

Atlanta Type D: (5.1% PG 64-22 + Gravel + 1% Lime + 20% RAP)

3.0

= N
o (@)
COV (%)

0.0

49
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Task 2-2-5: 1 €St Temp. Differential

Comparison of Effects of Test Temperature: 73-81 °F
OT Cycles Vs Temperature

400 - - 30
335
300 - 22
20 —~
m S
= 200 -
& 3
o —#-0T Cycles 10 ©
© 100 1 % ——COV
5
O T T T T O
72 74 76 78 80 82
Temperature (°F)

Atlanta Type D: (5.1% PG 64-22 + Gravel + 1% Lime + 20% RAP)
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Task 2-2-5: 1 €St Temp. Differential

Tex-248-F ltem 5.7.1

k No change; maintain current
temperature & tolerance
since it is more conservative

= COV — No definitive trend

. Proposal — For any target test
temperature, use +2 °F as
maximum tolerance limit
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End..

i

Contributions, Questions,
Comments, & Discussions!!!

52
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