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Research Objectives

___________________________________________________________________

* Use performance-based testing on current WisDOT concrete

- mixtures
-+ Create a database of results on WisDOT mix designs and

specifications

» Evaluate 1.5-Inch aggregate in the Tarantula Curve

S 4

\/ _*_Testresistivity using multiple curing conditions

i@j M B 0 A oy E v

compare to proposed Performance-Engineered Mixtures (PEM)

* Evaluate MinT consolidation vs. rodding during Super Air Meter
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Summary of Phase | and Phase II

o Phase | o Phase |I
= 8 project field visits = Lab Aggregate Study
= Strength Testing [ e e aggregele
v Compressive v Shrinkage
v’ Flexural : : .
" = 5 project field visits
= Workability .
o = Strength Testing (same)
v Vibrating Kelly = Workability
= Durability ¥ Box only
v’ Air & Super Air Meter = Durability
v’ Hardness v’ Air and Super Air Meter
v" Formation Factor v’ Resistivity
v Coefficient of Thermal Expansion v Pore Solution




Project Locations

t - | Bayfield .
uelas »

0 Phase |: O Phase Il |
= Appleton — USH 10 to = Shawano County - STH | ] [
STH 441 29 e I e
L N'bnth, = Northern [t
= Waukesha — STH 190 = Kenosha County — STH ~ /western™ C‘éT"'tﬂaJ w9
= City of Columbus — STH 50 L L) /)
[ Pierce l‘ Eau Claire *Khawaho /Door|
16 = Fond Du Lac County - I h s roe | maNOTEHEASTED
= City of Superior — USH 2 STH 23 R 7
= \West Waukesha Bypass ~ *® Dane County —IH 39 e
= Rock County —1H 39 = Milwaukee County —
= Dane County — IH 39 USH 45
= Menomonie — IH 94  Phase |
% Phase I




STRENGTH RESULTS
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Strength Correlation — Phase | and Phase |I

O Mixtures exhibiting higher
compressive strength didn't always _ | W 1 s
correspond to higher flexural strengths| £ sppleon | o rondouia
= No direct correlation between g0 R e e iy
compressive and flexural for this | = N oo | |
dataset % <o Kenosha - |39 Rock County €~ Menomonie
= 600
o Flexural strength could indicate other o
qualities of interest Compressive Strength (PS|)
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PEM Recommendations

Compressive Strength 28-day No Change AASHTO T 22
Flexural Strength 28-day Sl\lé)eizszz AASHTO T 97
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Workability: V-Kelly
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What Is a Box Test’?

o0 Amixture for a slip-formed paver requires the

concrete to be flowable enough for consolidation, but g

still hold an edge
= The Box Test was developed to visually quantify

the workability based on comments from the slip-

formed paving industry

= This test has successfully been used as a tool
during the trial batching process to understand
the performance response to vibration and the
ability of the mixture to hold an edge

o Visual Grading System
= 1,2-Passing
= 3,4-Failing

B de6B B con @

4 3
Over 50% overall surface voids. 30-50% overall surface voids.

2 1
10-30% overall surface voids. Less than 10% overall surface voids.

W
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Workability: Box Test (Phase |)

o 3locations > 2.0
= Many and/or larger surface

voids g
= Mixtures may have poor 2
“finishability” s 18 18 l _____ e
O 5 locations < 2.0 : [ \
= Mixtures that have small ~ ~ l \
and/or a small number of I \ | : I
surface voids | | ’
= Good “finishability” \ | \
o0 \Appletonl CDar;I)\llteoI Columbus I?:% Enat;e \I g?) uF::;/ Menomonie Superior Wal}/:ésha
Bypass
(B DWW oo G L
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Workability: Box Test Comparison

Appleton
Average Box Number: 1.3

Rock County
Average Box Number: 2.1
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Optimized Gradation/Tarantula Curve

0 Developed to produce concrete mixtures with
adequate workability without detrimental 40
effects to performance _ 35 .
5 5 5 o o - S Fine Sand Limit: 24-34% |
o Optimized gradation sieve limits per WisDOT =~ = 39 SN
CMM 8'70.2.2.3 _% 25 Upper Limit Coarse Sand Limit: 215% J'_
o Coarse and Fine Sand limits based on OSU g 20 \ \
research N I SRR
= Coarse Sand (#8 to #30): Cohesion = e R FSY ,’, N
propertles 10 ,:, arning Ban --‘ \\
= Fine Sand (#30 to #200): Finishability, - ji towertmit |
Consolidation, and richness properties o TTTT TN LTI N
o Warning band at 3% below the upper limit S : & & I % 2 8 B 8 =
= To account for variability during production ) Sieve
B BHSET A o %
o8 WHRP



Optimized Gradation/Tarantula Curve Comparison

40 | | | |
Fine Sand Limit: 24-34%
35
_ T
S 30 28.3\!
o\'i Coarse Sand Limit: 215% \’
E 25 1
< 13.6
T 20
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Phase Il Work Plan Regarding OAG

 Evaluate the use of 1.5-inch (38.1 mm) coarse aggregate
» Compare mixtures with and without 1.5-inch CA

* Adjust the Tarantula Curve accordingly

., _ . %
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g Quarry: Haas

4 Contractor:
.« Concrete Chippewa
X4 | Services

__ County: Eau Claire

2 Quarry: Badgerland
S Aggregates

e Contractor: Vinton

d County: Manitowoc

WHRP



40%

35%

30% I

25%

20%

9% Retained

15%

10%

5%

Fine sand content
between (25% - 34%)

Workability — Haas Quarry

Mix # - (% #4, % 1)

— — Failed Box Test
—— Passed Box Test

— —Haas 1-(21.8.0)
———Haas 2 - (19.2, 4.9)
——Haas 3 -(16.6, 9.7)
——Haas 4 - (14, 14.6)
——Haas 5 - (11.5, 19.5)
— —Haas 6 - (8.9,24.4)

0%

*

#200 #100 #50 #30

#16

#4  3/8" 1/2" 3/4" 1% 1.5"

Sieve No.

%@ M0 A I (E e

4.5

3.5

Box Test Rating
tJ

1.5

—

0.5

Slump (inches)
- : (&)

o
[

0.25

1B

Box Test

FAIL

Mix # - (% #4, % 17)
B Haas [ -(21.8,0)
EHaas IB - (19.2,0)
mHaas 2 - (19.2,4.9)
® Haas 3 - (16.6,9.7)
mHaas 4 - (14, 14.6)
WHaas 5-(11.5,19.5)
m Haas 6 - (8.9, 24.4)

Mix # - (% #4, % 17)
= Haas 1 - (21.8,0)

m Haas 1B - (19.2. 0)
= Haas 2 - (19.2, 4.9)
®m Haas 3 - (16.6, 9.7)
= Haas 4 - (14. 14.6)

® Haas 5 - (11.5, 19.5)
® Haas 6 - (8.9, 24.4)



40%

35%

30%

25%

20%

% Retained

15%

10%

5%

0%

¢\5°°" %

& domma_

Fine sand content
between (25% - 34%)

L]
L

Workability — All Q

Minimum coarse sand
content 1s 15%

Mix # - (% #4, % 1™)

— — Failed Box Test
— Passed Box Test

—Franklin1 - (12.1, 8)

—Franklin 2 - (6.7, 16.7)
—Badgerland 1-(11.4, 10.9)
—Badgerland 2 - (9, 16.1)
—Lathers Pit 1 - (2.1, 19.5)

——Haas 2 - (19.2, 4.9)
—Haas 4 - (14, 14.6)

#2100 #100 #50 #30 #16

#8 # 3/8" 12" 34

Sieve No.

lll'

1_5!!

— R

Box Test Rating

Slump (inches)

uarries

3.

W

30

50

4.0

3.0

20

1

=)

0.0

Box Test

Slump

Iiill

Mix # - (% #4, % 1™)
®Franklin 1 - (12.1, 8)

# Frankln 2 - (6.7, 16.7)

® Badgerland 1 - (11.4, 10.9)
mBadgerland 2 - (9, 16.1)
mLathers Pit 1-(2.1, 19.5)
®Haas2-(19.2,4.9)
mHaas 4 - (14, 14.6)

Mix #-(% #4,% 1™)
mFranklin 1 - (12.1, 8)
W Franklm 2 - (6.7, 16.7)
= Badgerland 1 - (11.4, 10.9)
® Badgerland 2 - (9, 16.1)
mLathers Pit 1 - (2.1, 19.5)
wHaas 2 - (19.2, 4.9)
mHaas 4 - (14, 14.6)



PEM Recommendations

Optimized Aggregate Implement a warning band.

Optional Spec.

Gradation Fine/Coarse Limits CMM8-70.2.2:3
Slump WlsDOT Sectlo.n 415.2.1(3) Con5|.der removing sllump from the AASHTO T119
Slip-Formed 2.5 inches or less requirements for paving concrete.
L Do not recommend incorporation into
Vibrating Kelly Ball N/A WisDOT specifications. AASHTO TP 129

Recommend during Trial Batches, to

replace the Slump Test with the Box

Box Test HTCP PCC I Test and require <2.0. Consider AASHTO TP 137

using the Box Test during production to
help identify inconsistency.
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Durablility: Air Content

* Air content typically dropped from the

plant until after the paver by as much as
3.5%

 Hardened air content has a similar trend S 60%

to fresh

i@j} M B 0 A oy E v

8.5%
: 8.0%

7.5%
: 70%
o 6.5%

°"' 5.5%

cu
> 9.0%
<

4.5%
4.0%

fx\ Fresh
—_— \\\
\\ ‘\.
\\
Plant Before Paver After Paver
——Appleton Capitol Drive
Columbus ——Superior

——1-39 Dane County ——Menomonie

——\W. Waukesha Bypass ——1-39 Rock County

W

WHRP



Durablility: Super Air Meter

Zoo Interchange I 0.3
Dane County NN 0.13 l
Fond Du Lac _: 0.20
Kenosha I 0.1i Phase Il
Shawano I 0.15 | T

Menomonie [INNIINIININIGEGEGEN O.l"

I-39 Dane County — 0.23 Phase |
I

I-39 Rock County — 0.21
W. Waukesha Bypass — 0.23

Superior
Columbus I 0.2
Capitol Drive -

0.41

Appleton 0.30

000 005 010 015 020 025 030 035 040 045
Average SAM Value

“*\%0'
g\ﬁq == == Design Limit

Field Limit

e 3 out of 8 Phase | mixtures
were within the Optimized
Gradation limits

* Phase Il all used Optimized
Gradations and were within
the gradation band

Petcock




Durability: MinT vs. Rodding

SAM Meter Field Testing

0.45
0.40
0.35
@
3030 Just one
L+
; . rod test
z0
o
& 0.20
s
S 015
L=
0.10
0.05
0.00
= = = = =
= = = = =
Shawano Kenosha Fond Du Lac Dane County Zoo Interchange
¢\‘5°°"%
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Durability: Coefficient of Thermal Expansion

Gravel Dolomite Limestone Quartzite
A A A A
515 | I
50.49
50.5
49.4

™ 495 9.48 49.26
3‘?
S  4g5 4829 565 565 565 48.47 565 565
w
5 47.53 A £
o 47.5 4717 520 520
g
o
I 465

45.5

44.5

Capitol Drive ~ W. Waukesha 1-39 Rock I-39 Dane Columbus Menomonie Appleton Superior
Bypass County County
Location

SECONsy,

mmm =CTE

(B DWW oo G

Paste Content

700
675
650
625
600
575
550
525
500
475
450
425
400

Cementitious Content (lbs)
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Durablility: Surface ReS|st|V|ty

- 30.0
5 Phase |
g 250
2
= 20 -~~~ 77 - """~~~ ==-
QD
o I [
>
s 150 . I LOW
: T
o}
X 10,0  mmm — | - — — — — — [0 TS =SS —
8 MODERATE
(9]
%) HIGH
0o -
1, 30.0
o 'Po Oq G”’o — VERY LOW Phase Il
%, 7 Off— /I((\ /176\/1/ £ 25.0
S e
€ 200
= 20
m 7-DAY m=m14-DAY 28-DAY 56-DAY 90-DAY (o)
- LOW
— 15.0
-
=
% 10.0 1 -
‘n
2 5.0 - -
0.0
Shawano Kenosha Fond Du Lac Dane County
ASCNSy, Interchange
i’% ﬂﬁ (% é E "Itl_‘r m @ w W 28-Day Accelerated MW 90-Day Lime Tank 90-Day Bucket 90-Day Sealed
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Durabllity: Formation Factor

* Formation Factor Is the ratio of pore
solution conductivity and bulk conductivity
of concrete, which gives a quantitative

description of pore connectivity

= |ess pore connectivity corresponds to higher
durability

= High formation factor values are desirable
and correspond to lower pore connectivity

 Formation Factor results are consistent
with surface resistivity results

i@j} M B 0 A oy E v

20
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Porosity (%)

[ ]Porosity @ Formation factor
400
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v T
w
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N
g
Formation Factor

Rock County Dane County Menomonie
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PEM Recommendations

PEM Test Current WisDOT Practice Proposed PEM Recommendation Specification
Coefficient of Thermal Expansion N/A CETERETESE de§|gn paramgter g CO"?Ct R AASHTO T 336
for future consideration of implementation.
Air Content Std. Spec 501.3.2.4.2: 7% + 1.5% i1 S Uiy [ EREpEIeE, e ElloH /Ay AASHTO T 152
Content to @ minimum of 4%
CMM 8-70 Attachment 4: No contractual -
specification limits, an acceptable SAM number is Design Limit: 0.20
Super Air Meter <0.25. Acceptable SAM numbers typically require Field Limit: 0.30 AASHTO TP 118
a minimum of 4.0% air. Failing SAM numbers
typically do not occur above 8.0% air.
CMM 8-70.5.2.4: The total air content equals or
Hardened Air Voids exceed§ the lower control limit fpr the |n-pllace To be used for dispute resolution or future ASTM C457
concrete item. AND/OR The spacing factor is less research.
than or equal to 0.0080 in. (0.200 mm).
Consider as a deglgn p_aram(_eter and coII_ect data AASHTO T 358 /
L for future consideration of implementation.
Surface Resistivity N/A ) : .,, o PP 84/
Recommend “accelerated moist-curing” conditions P 119-17
in T 358-21 Section 8.1.1.
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Recommendations for Implementation
 Continued option to use 1.5-inch aggregate size in WisDOT mixtures

 Use of the Tarantula Curve with a warning band for all WisDOT mixtures
where longevity Is important

 Design and production targets for the SAM meter

 Using MinT for SAM consolidation and the accelerated curing method
for resistivity
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Thank you!

Questlons/Contact

T|rupan Mandal, PhD PE
.tlrupan.mandal@dot.Wquv
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