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Performance Engineered
Mix - Michigan

“®*MDOT

Michigan Department of Transportation

What does PEM mean for MDOT?

Creating long-life durable mixes

>
» Methods for accepting mix design
» Construction practices

4

Test methods for validation
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» Michigan Clear Roads Policy:
» Safety!!!!

» Exposing roads and structures to
harsh deicing agents

» Need concrete resistant to deicing
agents!!

Michigan Department of Transportation
Specifications:

» MDOT's 2020 Standard
Specifications for Construction:

» Division 10

» MDOT's Materials Quality Assurance
Procedures (MQAP):

» Section 3.09 for Optimized
Aggregate Gradation

» Section 5.15 for Admixture for
Concrete (QPL)
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MICHIGAN DEPARTMENT
OF TRANSPORTATION

2020
STANDARD
SPECIFICATIONS
FOR CONSTRUCTION

B®MDOT

e S e,

Division 10 - Concrete
Mixtures

QA and QC:

» Quality Control (QC) » Quality Assurance (QA)
» Administered by the Contractor » Administered by the Department
» Monitor, assess, and adjust » Deals with acceptance of the
production and placement product:
processes

» Materials selection
» Ensure final product meets

er s » Sampling and testing
specifications

» Construction inspection

— » Review of Contractor QC
\{ documentation

3| &

QA VS 6C Vs TESTING
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Job Mix Formula (JMF):

Metigmn Degarmens JOB MIX FORMULA (JMF) P
570 oo17) CONCRETE FIELD COMMUNICATION
This form applies onfy 1o the project ksted betow and is not wansferabée 1o viher projects
DISTRIBUTION: ORIGNAL  ConeaconLaning CF. Ragon nspector
CONTROL SECTION ‘.me NUMBER [PROJECT LOCATION |PROJEC!’ ENGINEER,
CONCRETE SUPRLIER ‘wr LoCATION ‘me NUMBER.
[PSI REQUIREMENT | |

GRADE OF CONCRETE ‘

o v
‘SUBMITTED? pioor weenty N 1|

PRIVE | SUBCONTRACTORTS)

» Contractor Provided Mixes:

STANDARD SPEC DATE

» 4 methods of verification:

. WATERIALDESIGN SOURGES AND PROPERTIES

3 [RGG. CORRECTION

e AGGREGATE
= e —
» Trial Batches e T st p—
» Same Mix provasi i uopcn
> Similar Mix N e o 1) e e
» Annual Verification oot e | S oo e e
o iy o oy E P RSO s i Bl el vy 5 T T
. cemenTITOUS ADMIXTURES
» Benefits: e sttt
» Allows for more ingenuity e o
» Difficulties: s s
» Learning curve for both =
o e Wt o) St S
Department and Contractor et~ %m:‘;,, B
personnel e e =
 catty Bl aplanin ool ot b b flowid
TG e o
Tk v gt
e —
WC (am desgoed)
—
e e
Oer {dosage) Date:
. o .
Mix Design Requirements:
L]
Table 1004-1:
Concrete Mixtures
Concrete Grade
3000 3500  3500HPEM® 4000 | 4000HPEHY | 4500  4500HPI®) M X
Compressive 7 day 2200 2600 2600 3000 3000 3200 3200 ‘Commercial- Unless otherwise
strength (psi) grade concrete | specified, Grade X
28 day 3000 3500 3500 4000 4000 4500 4500 | Conaining it
70% 2100 2450 2450 2800 2800 3150 3150 | 517 Iblcyd. 282 Ibloyd of
Flexural 7 day 500 550 550 500 600 625 gz5 |otfiandcemsnt |cemant.
S may be replaced
strength (psi) 5 gay 600 650 650 700 700 750 750 | with an SCM.
70% 420 455 455 490 490 525 5265
Slump {inch) (el ey te-) Hn) -} (a0 N
Cementitious material 489-517 | 517-611) | 470-564" 517-611| 517611 | 517658 | 517-658
content (lbfcyd)
Class of coarse aggregate (pHn
Maximum w/cm ratio 045
Air content range 55-85%
Section reference 402,403, | 401,602, | 401,602, 705,822 | 705,922 | 706,711, 706,711, NA NA
602,803, | 603,705, | 603,706, 712 T2
804,806, | 706,712, | T12713,
808,810, | 713,718, | 718,801,
813,814, | 801,802, 802 803,
819 803,810, = 810,819
819
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Maximum Cement Content:

Table 1004-1:
Concrete Mixtures
Concrete Grade
Pavements: 564 lbs. (6 sack) ww | 4000 500 " x
. Compn?ssivg 7 day 2200 2600 3000 3000 3200 Commercial- Lln\e:'ﬁ otherwise
Bridge Decks: 611 lbs. (6.5 strength () 5 qay 3000 | 3500 | 3500 | 4000 4000 | 4500 ol el ol ki
Sack) 70% 2100 2450 2450 2800 2800 3150 517 Ibicyd. 282 Ibicyd of
Flexural 7 day 500 550 550 500 600 625 P“‘"igd cement | cement.
. rogth B8] may be replaced
> BenefltS' s 28 day 600 650 650 700 700 750 with an SCM.
. 70% 420 455 455 490 490 525
Slump (inch) {er-m feHm Uat) [USC @-n
> Reduced paste content Cementitious material 489517 | 517-611( 4705641 )517-611 | 517611 | 517-658
X content (ib/oyd) N~
» Reduced costs associated R T e
with cement Maximum wicm ratio 045
Air content range 55-85%
» Difficulties: Section reference 402403, | 401,602 | 401602, | 705922 705922 | 706,711,
: 602,803, | 603 705, | 603708, 72
[ 804,808, 706,712, | 712713,
810, | 713718, | 718,801,
» Initial concerns about i o0, | LaTe, | T,
strength development B0 | andto, |- Ei0E0
» No problems
o o
Maximum W/C Ratio:
L]
Table 1004-1:
Concrete Mixtures
. s . Concrete Grade
» Maximum W/C Ratio: T 3o w000 2500 " N
» 0 45 Compn?ssivg 7 day 2200 2600 2600 3000 3000 3200 Commercial- Lln\e:'ﬁ otherwise
. strength (psl) o yay 3000 | 3500 3500 | 4000 4000 | 4500 ﬁ“&ﬁ“ﬂg‘”‘e Srecified. Grade X
3 . 70% 2100 2450 2450 2800 2800 3150 517 Ibicyd. 282 Ibicyd of
> Benefits: Flexural 7 day 500 550 550 500 600 625 i‘;‘;’igd"fj;‘::; cement.
» Densifying the paste strength (psi)  pg gy 600 650 650 700 700 750 with an SCM.
70% 420 455 455 490 490 525
» Lowers permeability Stump (inch) L I s st e
Cementitious material 489517 | 517-6119) | 470-664%1 517-611 517-611 | 517-658
» Helps protect from chemical cntent (bleyd)
attack Class of coarse aggregate (/M\)
Maximum wicm ratio 045
> Reduces scaling potential Air contet range o
Section reference 402403, | 401,602, | 401602 | 705,922 TOS.@22 | 706,711,
cpps I 602,803, | 603705 | 603,706, 712
» Difficulties: 804,806, | 706,712, | 712713,
808,810, | 713718 | 718801,
> Dependent on Water T Bsat, | el
Reducing Admixtures L
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. Summary LOCAL CEMENT ADMIXTURE TESTING Air
Admixtures:
u L] CONTROL TEST ASTM : C260
Air Entrainer
Batch: Contro Test
Diate: LAvg Avg
Admisture hame
Water, poy
WHC Il
Relative water content,
Slump, in Gontiol avg. +I- 1]
Air Content, % ontrol avg_ +/- 0.}
> Air entraining: i T
N Ambient Temp, F
g COMPRESSIVE STRENGTH
reference 505 min
7day, ereference 90 min
3 28 day, %retersnce 907 min
» Local cement testing

BT CENRY S e SBOUE IRFCITISICT SUNTINES 5 SOIUS NSRS ISOCISION (et Bt CIMSIEED SOCTHANE 10 B8
E - Testing. the prcet

» Chemical (water-reducers,

retarders and accelerators) s
> ASTM C494 e
» Local cement testing

Laboratory Mame and Address:

» Type MR

Diate Tests Were Condusted:

Telephans Number

Supplementary Cementitious Materials:

» Replacement rates: » Improvements:
» 25%-40% replacement of Portland » Permeability
cement .
» Resistance to Freeze-thaw damage
» Replacement amount is determined .
by the Contractor » Consistency
» 40% total replacement » Difficulties:

» Can cause air issues

» Slower initial strength gains
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Optimized Aggreg;te
Gradation

3.09 of the Materials Quality Assurance Procedure Manual

Why Optimized Aggregates?

» Weather:

» Freeze and thawing
4

Saturated state

» Concrete performance increased!

10/11/2022
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Coarse/Intermediate Aggregates:

» Freeze-thaw program:

» All coarse and intermediate
aggregates tested

» Vacuum saturation method

» Maximum dilation of 0.040
» Maximum absorption:

» 24-hour soak

> 2.5%

Coarse/Intermediate Aggregates:

» Loss by Wash:

» Crushed 2% all other 1%
» LAAbrasion:

» 40% max

» Flat and elongation, quarried
carbonate, deleterious, etc.




10/11/2022

Fine Aggregates:

» Organic Impurities

» Mechanical Analysis
» Loss by Washing
» Gradation

» Fineness Modulus

Optimized Aggregates:

» Based off the Shilstone Method

o Coarse Intermediate Fine
o ) ‘Aggregate Classification — o | A e
» Combining aggregate gradations Reflive Percent = [ 4877 1748 3975 | Theorelical
Actual Bah:hWeiﬁ' (Ibs) (8SD) — 1550.0 3650 1240.0 Combined
73 ” |Specific Gravity —s 269 269 264 Gradati
> “Well” Graded ey
Sieve Size Percent Passing
2inch 100 100 100 100.0
1% inch 100 100 100 100.0
1inch 100 100 100 100.0
H H %ainch 836 100 100 920
Combined Gradation st o = = 2
il 206 89.7 100 60.1
42 261 998 447
'g 24 77 864 364
£ 22 3%l 649 272
2 3 21 437 186
g 19 18 212 96
H 18 17 15 29
g
4

Sieve




Optimized Aggregates:

» Determination of optimized
aggregate proportions:

» Coarseness Factor

» Workability Factor

» CF vs. WF Chart * aafs

» Additional aggregate proportion

checks:

» JMFsand QC

80 75 70 65 60 55 50
e Coarseness Factor

15
Calculate

Optimized Aggregates:

» Improvements:

» Slump/Consistency

» Reduced permeability

» Additional aggregates gradation used
» Difficulties:

» Department and Contractor

understanding

» MDOT Optimized Aggregate
Spreadsheet

» Ready Mix with limited bins

» Preblended aggregates

» 2 aggregate gradation blends

45
Proect it
[Secton [icb Humber
[Dote
[JUF Humber_
producer] plant Locaten]
v -
e
Combined Gradation
10
ag (L L
e e b
oatittilil]
ealittilii]
B 4 e di 40 4 4 - 4~
S
P
“
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Coarseness Factor
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Alkali Silica Reactivity SP:

» Testing Requirements:

» Valid for 2 years
» Current test methods:
» ASTM C 1293 (Concrete Prism Test)
» ASTM C 1567 (Mortar Bar Test)
» 25% to 40% SCM replacement
» ASTM C 1260 (Mortar Bar Test)

Concrete Pavements Curing SP:

4

Places a priority on curing
» Timing
» Adequate curing compound

» White like a sheet of paper

» Creates a pay item for curing

20SP-602E-01
MICHIGAN
DEPARTMENT OF TRANSPORTATION
SPECIAL PROVISION
FOR
CURING CONCRETE PAVEMENT SURFACES

CFS:JFS 10of3 APPR:ARB:TES:04-02-20
FHWA:APPR:04-03-20

a. Description. This work sets forth requirements for curing horizontal and vertical surfaces
of the concrete pavement. All work will be in accordance with the standard specifications, except
as modified herein.

Curing requirements for temporary concrete pavements are not covered by this special provision
and will be in accordance with the standard specifications.

11
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Concrete Bridge Deck Curing SP:

» Currently piloting:
» Increases safety
» Less night work
» Maintaining adequate curing

» Hybrid between wet curing and
curing compound

Saw Cutting Comments:

» Sawing at the right time
» Sawing to an adequate depth
» At least 1/3 thickness of pavement

» Clean joint of slurry whenever
possible

12
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PEM Testing:

V-Kelly Ball (V-Kelly)
Box Test

Formation Factor
Surface Resistivity
Bulk Resistivity

vV v.v.v. v Yy

Sequential Air Metric Apparatus/Super Air Meter (SAM)

PEM Testing:

> V-Kelly Ball (V-Kelly):

»QC Test

13
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PEM Testing:

» Box Test:

»QC Test

PEM Testing:

» Formation Factor:

» MDOT has not used the formation
factor

14
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Variance (6"2)
[ S A I

PEM Testing:

» Surface Resistivity:
» Not in use

» Currently MDOT has transitioned to
Bulk Resistivity

Surface Resistivity Variance US-131 (50 Year)

12.0 14.0 16.0 180 200 22.0 24.0 26.0
Surface Resistivity (kQ-cm)

PEM Testing:

» Bulk Resistivity:
» MDOT’s experience:
» Simpler test than surface resistivity

» Consistent results

» Ensure the sponges remain wet
» Keep away from metal
» Correlates with surface resistivity

» Correlated well with RCP in recent
research project

> Currently MDOT is collecting data ‘Q\\\\‘Q\“\\\Q‘“\“

» Perhaps require its use for trial
batches in the future

15



PEM Testing:

» Super Air Meter (SAM):
» Pilot field Testing/Shadow SP:
» 12CF601

» Requires testing for information
only:

» Mainline Pavement
» Structures
» Barrier

» One test per sublot

» Typically 5 tests per day for
mainline paving

» Michigan Concrete Association’s has
a SAM certification Class

PEM Testing:

» Super Air Meter (SAM):
» MDOT’s Experience:
» Introduce the SAM gauge
» Inspectors experience T
Time to run the test u
» Do not store wet gauges in cases

» Do not leave the gauges in the air-
conditioned cab prior to testing

» Always have spare batteries
» Have a backup gauge
» Use the Shotgun

» Follow the gauge’s directions

SAM # vs. Spacing Factor |-69 (30 year Design)
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PEM Testing:

Structural SAM # (All Tests)

L ]
> Super Air Meter (SAM): .
203 |
» OSU’s “Likely ran correctly tool” a - g < -
- L] * L]
» Likely ran correctly >90% 01 :fm‘ . hd !
L ]
» Removed outliers 0 LR ri 2
25 35 45 55 65 15 85 .
» SAM # > 0‘3 Total Plastic Air Content (%)
> 98% Structural SAM # (Likely Correct Tests)
» SAM #>0.2 oe
05
» ~90%
04
B3
§ 2 - °
6z L] L3 -
... .#. LY L]
ﬂ: r:"':‘ 1““ :.&’.. '.. L]
40 50 60 70 80

Total Plastic Air Content (%)

Ethan Bahmer
Bahmert1@Michigan.gov
(517) 230-0190

“®*MDOT

Michigan Department of Transportation
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