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Why | do what | do

| believe concrete Is the best material in the world.

| want to making it easier to construct, more durable, lower cost, and
more sustainable.

| help build to make the concrete industry better.
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Overview

AWhere have we been?

AWhere are we going?
Improving w/cm testing
Reducing paste content



Premature Pavement Deterioration

AaAiryySazal tIFI@dSYSyia FNRY (K
premature deterioration (mostly materials related)
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How did MnDOT address pavement
deterioration?

A In 1995, MnDOT moved away from strength to a w/cm ratio
specification for acceptance

A 3 Principal factors that guide the current spec:
A Mix durability
AOptimized Gradations
AControIIing the w/c ratio

A Incentives/disincentives N
i ' : e Equalto a
AASR mitigation requirements R it sheet of
A Pavement Smoothness ik typing paper |

e

Almproved Curing Materials and Practice
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What Is the water to cement ratio?



What Is the water to cement ratio?

w/cm = mass water
mass cementitious




What Is the water to cement ratio?




cement grain  w/cm = 0.40 w/cm = 0.50




w/cm = 0.40 w/cm = 0.50

More bonds Less bonds



Strength
Load Load

v w/cm =0.40 v w/cm = 0.50
o o
@

G

More ways to transfer load  Less ways to transfer load "



Permeability
Water Water

w/cm = 0.50

Y
@@

v
Less ways to transfer water More ways to transfer water*
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W/C Spec Impact on RCPT (Permeabillity) (C1z
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W/C Spec Impact on Resistivity (T358)
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W/C Spec Impact on Chloride Penetration
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Discussion

By adding a specification on w/cm MnDOT improved strength and
lowered permeability

Concrete with lower permeability holds less water and reduces deicer
Ingress.

This improves freeze thaw resistance, joint deterioration, and reduces
curling and warping

Optional Tagline Goes Helle mndot.gov/



Dowel Bar Anchoring and Verification Requiremen

AQC Plan required for anchoring baskets

AUse MITScan T2/T3 for locating dowel bars and reinforcement b
since 2012/2013

Slide afteMasten



What hadeen the impact?

A After 26+ years little signs of deterioration
A Smoothness has improved

A Durability has improved

A Workmanship Issues have improved

A Internal Analysis of Pavement Management Data shows the
first minor CPR of new w/c pavements is Year 21/22 vs. Yeal

Slide afteMasten



What else are you doing?

ALowering Opening Strengths
AUnbonded Overlays
AConcrete Roundabouts
AAggregate Cleanliness

ALife Cycle Cost Analysis
AReducing CarboqEPDs
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Every day you either get better or
you get worse. You never stay the
same.

— Bo Schembechler, —

AZ QUOTES




What are some areas of improvement?

AWater to cement ratio testing

APaste volume

AMaximum nominal aggregate size

AHow long does a concrete pavement last?
ASimplify ASR testing



What are some areas of improvement?

AWater to cement ratio testing

APaste volume

AMaximum nominal aggregate size

AHow long does a concrete pavement last?
ASimplify ASR testing



Why Is the water content off?

Alncorrect aggregate moisture content
ABatch plant tolerance

AWrong amount is added

ARenegade Water!



What Is Renegade Water?



What Is Renegade Water?




What Is Renegade Water?

Water not recorded on the batch ticket
Alncorrect water meter

Aln the drum from previous mix
AAdded to concrete in some other way
Aetc




How much extra water matters?

For 8 cubic yards of a 6 sack mix

~ +0.01 w/cm
— -150 psl
-1 yr service life




What does this mean?

Measuring the moisture content of the aggregates and looking at the
water added to the mix has been a useful tool but it does not tell you
what is in the concrete.

A fast test that measures the water in the concrete would be more
accurate and it would be simpler for MNDOT to implement.

Contractors would not need to change any of their processes.



Microwave Ovelg AASHTO T 318

ACollect 1500 g of concrete

AWeigh sample

ARemove water with heat

AWeigh sample

ACompare to cement content in the mix and determine w/cm

ASounds simple, right?




Challenges with microwave oven test

AFnn YAY Ay fS8y3adk
ALabor intensive
AResults are variable (+#0.05 w/cm)




10

15

You have to keep opening the
bag and breaking up the
concrete every few minutes.

20 25 30 35 40

Time (min)

45



Challenges with microwave oven test

AResults are variable +0.05 w/cm

Amount required &
In the test

>~ 4x8 cylinder

1500 g
FMKO 2
cylinder



Discussion

AThe industry would benefit from a test that can measure the
water content in fresh concrete.

AThere are challenges with the microwave oven test.






Steps

ARecord batch ticket and aggregate properties

Aal 1S YR 6SA3IK céB né¢ Oef AYyRSNI
ADump cylinder into pan and weigh

AStart test

ACome back 15 min

AWeigh pan



Batch andagginfo Cylinder and a scale Pan



Awesome kiln!!!

1500JF (max temp)



Dry concrete

57



Change In weight over time

_ Fresh concrete is added here

100
80
The test removes the water
60 from the paste and
Remainin 0 aggregate!!!!
Weight
(%) 20 y, ALl Water is gone iri5 min
0
0 10 20 30

Time (minutes)

58



The Phoenix removes all the water!!!

Alf we know the absorption capacity of the aggregate then we can
remove this from the total water content and get the w/cm

ADuring mixing the moisture content of the aggregate will become SSD



How do you get w/cm?

AThe change in mass before and after cooking = amount of water in
the cylinder

ACalculate how much water will be in aggregate after reaching SSD anc
remove that from the total water



How do you get w/cm?

AUse the batch ticket information to find the amount of binder within
the cylinder

AMake a correction based on the measured cylinder unit weight versus
the theoretical unit weight to correct for air

AYou can also measure the air content if you want



There Is an app for that!!!

Batch Weights
Batch Size CY

4
Cement (Ib)

Coarse Agg 1 (Ib)

Fine Agg 1 (lb)

Water (gal) Water (Ib)

Aggregate and Cementitious Properties
Coarse Agg 1 Abs (%)

6
Coarse Agg 1 SpG
2.8

Fine Agg 1 Abs (%)




How can we test It?

AMake mixtures in the lab where we carefully control the moisture
contents and batch weights.

AWe should know the w/cm very accurately.

AMeasure the w/cm with the Phoenix and compare.



Mix Information

A9 Sources of Coarse Aggregate
A Granites and.imestones

A3 Sources of Fine Aggregate
ANatural sands and Manufactured sand

ASpecific Gravities: 2.4275
AAbsorptions (%): 0.46.69
AFive different w/cm
ADifferent paste contents



9 CoarséAgg
3 FineAgg

5 Different w/cm

228 Tests
COV = 3%

Measured
w/cm

0.56
0.54
0.52
0.50
0.48
0.46
0.44
0.42
0.40
0.38
0.36
0.34

0.32

Lab Data

Line of equality,
® 27 Tests
(+) 0.02 wicm ® 23 Tests
\ ® 23 Tests
’ o7 ® 130 Tests
o ® 31 Tests

'
e

0.32 0.34 0.36 0.38 040 042 044 046 0.48 0.50 0.52 0.54
Batched w/cm

0.56



How can we test In the field?

AUse the batch ticket information to determine design w/cm
AMeasure w/cm with the Phoenix
AAll testing was done at the batch plant

AFour different projects 27 different mixtures
APaving, bridge decks, substructure
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Field Data

27 mixtures investigated * equality
15% with w/cm > 0.02 than design —
0.54 ® .

0.52 .

0.50 )

0.46

.
O

\
. \

Measured 0.44

w/em (+) 0.02 w/cm
0.42

A"".‘ sz ,»“"A

0.38 5

\

FoHeH
oo

O e — e
——
\

H.&H. —H
\

0.36 T
034 - el \
- (-) 0.02 w/icm

-.32 0.34 0.36 038 040 0.42 044 0.46 0.48 0.50 0.52 0.54 0.56
Batched w/cm



Discussion

AThe Phoenix data looks promising

A15% of mixtures had a w/cm > 0.02 than what was reported on the
batch ticket.

AAll testing was done at the batch plant.

AThe producers knew we were coming.



Field Data

27 mixtures investigated *equality.
15% with w/cm > 0.02 than design —p .
0.54 « .

0.52

0.50

0.46

o

Measured

0.44

w/cm (+) 0.02 w/cm E g
0.42 P 1

0.36 T
034 .7 \
-7 () 0.02 w/cm

-.32 0.34 0.36 038 040 0.42 044 0.46 0.48 0.50 0.52 0.54 0.56
Batched w/cm



More field testing

AWe measured the moisture content of the coarse and fine aggregate
with the Phoenix in 5 min.

AWe also helped them check their trucks for water.



32 Tests
88% w/in 0.01 w/cm
COV = 3%

Field Data

0.51
0.46

Measured 0.41

0.26 0.31 0.36 0.41 0.46
Batched w/cm

4

ATruck1l
® Truck 2
@®Truck 3
OTruck 4
ATruck 5
O Truck 6
OTruck 7

v Truck 8

0.51



Discussion

AThe Phoenix can consistently measure the w/cm within 0.01 in
15 mins with fresh concrete in the field.

AThe Phoenix can measure the moisture content of an aggregate in
5 min.



Have you ever rejected concrete for high slumg

Aal E afdzyLd aLI SO I 17 F2NJ I LIASNJI

AConcrete was rejected but w/cm was measured on site to be within
specified range

Specified Average
Truck Slump  Slump Specified Measued
Number (in) (in) w/cm w/cm

Truck 6  7.00 9.00 0.250.48 0.47
Truck 7 7.00 8.00 0.250.48 0.42



Why does this happen?

AThe water reducer dosage was too high but the w/cm was correct.

AThe concrete was rejected because they were just measuring the
slump.



MnDOT W/C Ratio Testing

Does it
average standard .
Time test
w/cm dev
concrete?
Mixing water + agg moisture 0.39 0.021 30 min No
Phoenix 0.41 0.030 15 min Yes
Microwave 0.41 0.033 45 min Yes

This is from 144 tests from two different mixtures.

A The Phoenix and Microwave consistently measure a 0.02 higher w/cm than just measuring
the aggregate moisture and water gauge.

A The Phoenix is faster, is more automated, and has a lower variability than the microwave te



MnDOT W/C Ratio Testing (Summer 2022)

average standard
w/cm dev

Project 1

Mixing water + agg moisturg 0.36 0.013
Phoenix 0.39 0.030
Project 2

Mixing water + agg moisturq 0.38 0.013
Phoenix 0.40 0.001

Phoenix is typically 0.02 to 0.03 higher on average then the typical methods of
calculating the water content based on the mixing wateggmoisture.



Discussion

The Phoenix iIs more consistent, automated, and faster than the
microwave oven test.

For the four projects, the values from the Phoenix typically measures
0.02 to 0.03 w/cm higher than using the mixing water + aggregate

moisture.

If MNDOT Implements the Phoenix they should revise the w/cm ranges
that they use for incentives.



Who Is using the Phoenix?

FHWA

Utah DOT

New York DOT
Kansas DOT
Minnesota DOT x 2
Oklahoma DOT x 3
4 Contractors

1 Ready Mix



Where can | find out more?

www.concretephoenix.com
www.globalgilson.com



http://www.concretephoenix.com/

Conclusion

AThe Phoenix is a field test that can be used to determine the w/cm of
fresh concrete in 15 min to +0.01 w/cm accuracy.

AThe Phoenix can also measure the moisture content of the aggregates
In 5 min.

Alf we know our w/cm then this is an important step to provide the
strength and durability that we need.



Questions???
Tyler.ley@okstate.edu
WwWw.concretephoenix.com




When water and cement meet they react and formaste
that glues the aggregate together.

83
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The paste gives concrete its strength and durability.

Paste Is the most costly and least sustainable component Iin
the mixture.

The volume and viscosity of our paste gives us our workability.



How much paste do we hanew?

Typical cementitious (cement + SCiVH70 to 619b/cy
Minimum cementc 385I1b/cy
SCM replacemerg 33% fly ash

35% slag

40% ternary



What do | think you should try?

Typical cementitious (cement + SCiVH201b/cy (non high early)
Minimum cementc 3651b/cy

SCM replacemerg 33% fly ash
35% slag
40% ternary

| would recommend targeting a w/cm of 0.39 to 0.42.
This i1s 50bsless of total cementitious



Can this be done?

5380-121
In 2015 PCI Roads used
this on a shoulder

Water
Cement
Fly Ash
GGBFS
Other CM
Total Cementitious
W/CM Ratio
FA#1 Sand
FA #2
CA #1 1.5"-
CA#2  3/4"-
CA#3  3/8"-
CA #4
Air Content
Slump Range

Admix #1 Dos Range
Admix #2 Dos Range

Admix #3 Dos Range

Admix #4 Dos Range

Volume

(27.00 cf +/- 0.10 cf)
Theoretical Unit Wt (Ib/cf)

223
375 71%
155 29%
530 Agg. Proportion
0.42 100%
1070 35
0
703 23
825 27
458 16
0
7.0%
1" - 3"
2-12 oz/cy
3-8 0z/100# CM
27.00
141.1




What other states are doing this?

New York, Oklahoma, and Texas use 3@y
Wisconsin is at 50bs/cy and working lower

| think you should try 52bs/cy and then move down towards
470Ibgcy.



What will happen when we do this?

Cement usage will decrease

SCM supply will go further

Pavements will shrink/curl less

Strengths will stay the same

Freeze thaw performance will be the same

Vibrator frequency may slightly go up
Water reducer dosage will go up
Gradations will be important



What are some tools to help you with this?

Use the Box Test or Float Test In some trial batches

Pay aftention to your sand gradation






Box Tes¢ AASHTO T 396
| RR hPpé 2F dzyO2yazft ARFGISR 0O2y

I ME& RAIFYSGOGSNI A0AYISNI GAONF G2 N
the box over a three count and then removed over a three
count

The edges of the box are then removed and inspected for
honey combing or edge slumping












Box Test Ranking Scale

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

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

voids.




Box Test Ranking Scale

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

)

2

10-30% overall W

1
Less than 10% overall surface

voids.




Edge Slumping

f  MKDMNE f. MKDMNE

Bottom Edge Slumping Top Edge Slumping

98



No Edge Slump  Edge Slump




Summary

The Box Test examines the window of workability for
concrete pavement mixtures

This is helpful when:
Amixtures are designed in the lab
Atrial batching in the field
Atroubleshooting field problems
Ameasuring variation in production

It is like having a miniature paver!!!



The Float Test

Evaluates the surface finish of a mixture.

Steps:
1. tf I OS O2yONBGS Ay
concrete

2. I NBIFGS o 1Y26y wmé

3. Move bulHloat at a fixed angle over surface at
a constant speed

4. Measure number of passes to:
-close the 3 holes
-create a smooth finish

2ft

3 ft






2. Create Three Holes

Place Template Create Holes




3. Float Surface

A The sides of the form are marked and a
metronome Is used to help the operator move
at a constant rate.

o The yolk keeps Evaluate only
The float is trimmed to the angle this area

only ride on the concrete / constant

First Passvith Bull Float Last Passvith Bull Float



Example of Holes Closing

0 Passes 2 Passes 4 Passes




4 3

Over 50% of area was textured 30 to 50% of area was textured

2 1

10 to 30% of area was textured Less than 10% of area was textured



4 3

Over 50% of area was textured 30 to 50% of area was textured

/

N 2 e ‘

1 0% of area was te d Less than 10% of area was textured



How much sand should you use In a mix?

Is there a high water demand sand and how
do we deal with It?



% RETAINED

24

22

Well-Graded Aggregate Optional Incentive - % Retained Gradation Band

Coarse Sand
% Retained

(#8 through #30)

23

Greater than 15%,
generally enhances
cohesion of the mix.

Fine Sand
% Retained

(#30 through #200)

30

#200

#100

#50

#30

8
SIEVE SIZE

38"

12"

i

1!!

112"

3-

Between 24-34%,
generally enhances
workability of the mix.




% RETAINED

24

22

Well-Graded Aggregate Optional Incentive - % Retained Gradation Band

Coarse Sand
% Retained

(#8 through #30)

23

Greater than 15%,

Fine Sand
% Retained

(#30 through #200)

30

Between 24-34%,
generally enhances
workability of the mix.

#100 #50 #30 #16 #8 = 38" 172" 34" 1" 11/2"
SIEVE SIZE




% RETAINED

Well-Graded Aggregate Optional Incentive - % Retained Gradation Band

24

22

#200 #100 #50 #30 #16 #8 = 8" 172" 34 1" 11/2" 2"
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What impacts workability

Water
Paste volume
Water reducer

Fine sand
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Fine Aggregate Proportioning
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Fine Aggregate Proportioning
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Fine Aggregate Proportioning
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Fine Aggregate Proportioning
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Fine Aggregate Proportioning
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Visual Observations

Excessive Sand Sufficient Sand
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We need the fine sand to be within a range
but there Is a sweet spot!

This sweet spot depends on the paste volume
and WR dosage.
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WR: 0 oz/cwt WR: 3 oz/cwt
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What does this mean?

LT &2dz KIS | aft2¢6 62NJFoAfA
the sweet spot.

Try varying the sand content and checking the performance.

| think many of your mixes would benefit from a higher sand
content.



Conclusion

Lowering your paste will improve performance, decrease cost, and
Increase your sustainability

One contractor has successfully paved at B&Xy in Minnesota.
Other states are paving at 41@s/cy.

The Box Test, Float Test, and controlling your fine sand content are
tools to help you lower your paste content and get the consolidation

and finish.



Paste questions?

www.tarantulacurve.com
www.tvlerley.com/tarantulavideos



http://www.tarantulacurve.com/
http://www.tylerley.com/tarantulavideos

