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WHIECOVESTaNnd Study Approach

eliable, quick test method for
1IN resistance of INDOT carbonate
juarried aggregates

se existing HFT equipment developed by INDOT
) equipment refined by MN/DOT

t Aggregates with:

ood F/T Durability in Concrete
Poor F/T Durability in Concrete

= Variable or unknown performance

m Compare to ITM 210 F/T Test results
= Adapt HFT equipment & procedures as necessary
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JHlglesting of Aggregate F/T Durability

milar to pressures caused by freezing

rough aggregate

[

dry mat’l of know adation
amber w/aggregate
nber w /water

e with Nitrogen (~1200 psi)
e]ease (critical)

= Re 1rize and repeat,10 cycles
= Dry & sieve

- Repeat for a total of 50 cycles

- Results measured as mass loss

= 7-working days to complete
ACRI
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Jlace aggregate into chamber
Flood with water
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essurize with nitrogen (1200psi)
Release quickly, repeat
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susceptible aggregates will crack,
break, reduce in size
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B \Work Plan

Review

n ify and Colle Aggregate Sources
‘and FT Testing (total of 19 sources)

| yze Test Results

> Recommend Standards and Specifications

> Report
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Equipment

MN/DOT Large Chamber
Holds ~30 Ibs of aggregate
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MN/DOT Small Chamber
Holds ~ 6lbs of aggregate

INDOT Chamber
PUR_DUE y Holds ~30 Ibs of aggregate
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FI Work Plan

8 carbonate quarries:
performance in PCCP (AP)
ormance in PCCP (non-AP)
lown performance (?)

! OOI‘ cld 1
| 1th Varlable or unk

e HFT results to IT 210 (F/T) (Mod. ASTM C666)

s Loss
ation
've Dynamic Modulus of Elasticity (DF)

Fit HFT mass loss into existing model or develop new
‘model that compares well to [TM 210 test results
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| _roved by INDOT

> pavements

> or unknown
ance

SOURCE

Al
A2

A3
A4

B2
B3
B4
B5
B6
C1
C2
C3
C4
C5

Sp Gr
2.625

2.621
2.751
2.679
2.485
tbd
2.560
2.656
2.637
2.671
2.650
tbd
2.718
2.478
2.668
2.684
2477

%Abs

2.39
1.69

0.89
0.88
5.20
tbd
4.80
2.50
1.48
1.56
1.88
tbd
2.16
4.17
1.47
1.08
5.13
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estProcedure Changes

roregate Size Fraction Tested
est impact to F/ T durability

ize fraction w/ greatest impact

cerns |
OT #8s: only 5% - 25% are %4"plus
to 4601bs of aggregate for each test (+3/4)

 not accurately represent #8’s performance

@ Propose using 2" plus fraction

= [arge enough to influence F/T durability
= 30% to 60% of AP #8s are in this size range

= More accurately represent INDOT AP aggregate performance
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HFT Data Collection Sheet

Replicate number 1 2 3 Replicate number 1 2 3
Silane Treatment Date 6.13.11 6.13.11 6.13.11 |5ilane Treatment Date 6.13.11 6.13.11 5.13.11
Initial Mass, g 3.6271 3.2152 36174 Initial Mass, g 36271 3.2152 3.6174
First sieving Date: 6.15.11 6.15.11 £.15.11 Test Date: 6.21.11 6.71.11 5.21.11
MI3/4 jret), kg 0.4352 0.4552 0.3856 M3/ fret), kg 0.4397 0.4348 0.3123
MS/8 fret), kg 17671 1.2529 15567 MS/8 ret), kg 1.6648 1.1569 1.3758
M1/2 fret), kg 1.3824 1.4780 16158 M1/2 jret), kg 1.4237 152599 1.7718
nitiad M3/8 iret), kg 0.0324 0.0311 0.0563 30 Cycles M3/8 fret), kg 00602 0.0874 0.1213
M5/ 16 [ret), kg 0.00 0.0 0.0 M5/ 16 [ret), kg 0.0113 0.00 0.0070
ML/ fret), kg 0.00 0.00 0.00 M1/4 jret), kg 0.0025 0.00 0.0043
WIS jret), kg 0.00 0.00 (.00 MR [ret), kg 0L.0000 0,0003 0.0018
Mpan, kg 0,00 0.00 0.00 Mpan, kg 0.0012 0.0007 0.0029
Mass Check: 1.6271 3.2152 36174 Mass Check: 3.6022+pan 3. 20934+pan 3.5543+4pan
Test Date: 6.16.11 6.16.11 6.16.11 Test Date: 6.23.11 6.23.11 £.23.11
M3/ ret), kg 04111 0.4139 0.3745 M3/ fret), kg 0.3994 0.4160 0.3841
M58 jret), kg 1.6655 1.1758 1.3807 M5/ fret), kg 1.6008 1.1179 1.3532
M1/ 2 fret), kg 1.4551 15457 17481 M1/2 jreti, kg 1.4174 1.5879 1.7062
10 Cycles M3/8 fret), kg 00722 00773 0.0941 40 Cycles M3/8 fret), ket 0.1303 0,0900 0.1243
M5/ 16 jret), kg 0.0053 000 0.0012 M5/ 16 [ret], kg 0.0180 0.00 0.0100
M1/4 iret), kg 0.0042 0.00 0.0011 M 1/4 fret), kg 00152 0.00 0.00&9
IR jret), kg 0.0032 0.0004 0.0010 WIEA [ret), kg 00087 0.0005 0.0029
Mpan, kg 0.0064 0.0007 0.0031 Mpan, kg 0.0062 0.0011 0.0036
Mass Check: 3.6166+pan 3.21314pan 3.6088+pan Mass Check: 3.5898+pan 3.2123span 3. 58764pan
Test Date: 6.17.11 6.17.11 6.17.11 Test Date: 6.24.11 6.24.11 6.24.11
M3/4 [ret), kg 04138 0.3714 0.4050 M3/4 fret), kg 04677 0.4362 0.3518
M5/8B jres), kg 158973 1.2135 13647 M58 fret), kg 15388 1.1491 1.3991
M1/2 iret], kg 1.4455 1.5442 1.6950 M1/ 2 fret), kg 1.3889 1.5339 1.6373
20 Cycles M3/8 jret), kg 0.1211 0.0813 0.1223 50 Cycles M3/8 fret), kg 0.1351 0.0842 0.1635
M5/16 fret), kg 00111 0,00 0.0061 MS/16 [ret], kg 0.0212 0.00 0.0125
11/ 4 iret), kg 0,0114 .00 0.0032 M1/4 fres), kg 0.0200 0.00 0.0113
IR fret), kg 0.0053 0.0004 0.0018 M2 [ret), kg 0.0092 0.0004 0.0064
Mpan. kg 0,0070 0.0005 0.0052 Mpan, kg 0.0056 0.0007 0.0043
Mass Check: 3.6055+pan 3.2108+pan 3.5981+pan Mass Check: 35685 3.2045 35862

Source:
Date recorded:
Test Technician:

U2524

Btk o o
ted

Ina Smith

Carb. (%)
Equip Me

Chamber Pressure:

Comments:

1300 psi

Sol. Pressure:

HFT Data
Collection
Sheet

150 psi




?éz-Thav\/ (F/1) Testing

(Procedure A)
adation
and INDOT Research

ment &
Freeze and thaw |

OT ITM 210 is sllghtly different

Jses specific gradation
ocedure B (freeze in air, thaw in water)
1g history of relating results to field performance

- @ How do Procedures A and B compare?

LI B

= What DF corresponds to acceptance criteria of
0.06% length change
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JFE vs %lLength Change
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D vs %length Change
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Procedure B

R2=0.9204

Without questionable data point C1




BOmparing Procedure A vs B
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Existing HET Regression Models

(o P edlct Dilation (%sLength change)

per 100 cycles

S + 3/,” Gradation Total Gradation
otree Regression Model Regression Model
ITM 210

Al
A2
A3
A4

‘ B1

B2
B3
B4

B6
C1

-13.953%
-13.179%
-14.737%

-12.65%
- 8.851%
-14.533%
-14.438%
-13.385%
-14.170%
-11.565%

0.145%
0.134%
0.163%

0.14%
0.285%
0.170%
0.174%

0.174
0.170%
0.160%

Acceptance
Criteria: 0.060%
in 350 cycles

~0.0171%
per 100 cycles



HFT Results - AP Sources
Change in Mass (g) after 50 cycles

B
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g HFT Results - Non-AP Sources
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{IFT Results - %Mass Change

AP aggregate ‘gregate

1"
T Ii:
DF: 95 97 98 78

DF: 95 97 98 94 92 90 49 60 62 35 60 40 ? 54 78 86
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After 50 cycles

B1 Several
particles
w/cracks

Mass LossS

34" = 26.46%
5/8” = 27.80%

15" = 1.00%



' . | A2 Mass Loss
-— .' 3, = 6.00%
' ’ 5/8” =11.03%
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Jata Analysis Continues

Y © s

opriate Model
Quantify Effects of:

“ked Particles
e FT Beams

gate type(s) failing
re mechanism

B5
AL
AL
DF = 35 (A)

0.209% (Procedure A)
0.246% (Procedure B)



mgo JeHET Equipment

Original INDO" Equipment

Initial Refinements
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sontinue:

ad Refinement of INDOT
F'jﬂEquuﬂnent

Chamber reduced in size to
minimize excess space and
overall pressure needed

No rotation necessary

Exhaust-port enlarged & at top

_Inside of top has slight conical
shape with highest point at the

‘exhaust’ opening - trapped air
(if any) will immediately escape
upon release of pressure.

exaggerated




Any Questions ?
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