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Early Loading to Deploy Overlay Joints: Does It Work?

Principal Investigator: Mike Wallace, MnDOT
Co- Principal Investigator: Tom Burnham, MnDOT
CPAM Annual Workshop
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»Background
> Case Histories

> MnROAD Test Sections

> Discussion
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Concrete Overlays

» Concrete Overlay on Asphalt (COA)
» Concrete Overlay on Concrete (COC)

Concrete Overlay Concrete Overlay
I < [nterlayer (HMA or Fabric)
Asphalt Concrete

B Subgrad
ase/Subgrade Base/Subgrade
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Benefit of Deployed Joints

» COAs designed for small panels to reduce warp and curl

» More joints = smaller openings after shrinkage =
increased aggregate interlock

» Minimize transverse cracks in panels
> Better long-term performance
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Non-Uniform Joint Deployment in COAs

» Higher and inconsistent levels of faulting
» Increased potential for buckled panels
» Bumps from sealant in dominant joints
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Thin Concrete Overlays on Asphalt

» Cause for joints not to deploy:

= Surface of underlying asphalt layer is typically removed using
diamond grinding

=" Diamond grinding leaves a rough surface that the concrete bonds
extremely well to

=" Due to restrained shrinkage of the concrete by the underlying
asphalt, many joints are prevented from deploying
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Joint Deployment through Early Loading

» Recent research has shown that concrete pavements can be
loaded without damage much earlier than in the past

» Apply heavier loads earlier to encourage joint deployment
= Must be careful not to damage pavement
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Early Loading Criteria

» Timing of load application
= Mitigate pavement damage
=" Minimum time after saw cutting?

» Loading configuration
= Vehicle weight
= Vehicle speed
= Number of passes
= Axle spacing and configuration

» Site conditions affect rate of slab shrinkage

* Windy weather
* Extreme changes in temperature
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Research Study

Document deployment of loaded and unloaded joints
= Shortly after early loading
= Periodically to determine rate of deployment

» CSAH 1 (Fillmore County, MN)
» CSAH 21 (Fillmore County, MN)
» TH 63 (Zumbro Falls, MN)

» CSAH 15 (McLeod County, MN)




Visual surveys
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Ultrasonic Tomography

Profile views
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Case Study Results

CSAH 1 - Fillmore County: 5” concrete on 6.5-7” remaining asphalt,
loaded 19-25 hours after paving (Paving date: 5/26/2020)

CSAH 1 - Joint Deployment

(3/19/2021)
42%
I 27%
Location A Location B
(Early loading) (Not Early
Loading)

34%

Location C
(Not Early
Loading)

CSAH 1 - Joint Deployment
Location A (Early Loading)

100% 100%
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80% 80%

. 5 70%
- 70% %—L 60%
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T% 50% 42% ?‘E{ 40%
3 40% 30%
S ; 20%
30% 20% 20% 10%
20% 0%
10%
0%
5/27/2020 6/11/2020 3/19/2021
Day 2 Day 16 9 months

After 9 months
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Case Study Results

CSAH 21 - Fillmore County: 5” concrete on variable thickness asphalt layer,
three segments loaded @ 13, 22, and 26 hours after paving

CSAH 21 Joint Deployement
100%
90%
80%
70%
9 53.8%
S 60% Y%=
E. 50%
O 20% 34.6%
N
30% 23.1% 23.1%
20% 15.4%
0%
Both Sides One Side Deployed: Not Deployed:
Deployed:
B Segment A (Loaded approx. 26 hrs. after paving)
Segment B (Loaded approx. 22 hrs. after paving)

Day 6
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Case Study Results

MnDOT District 6, TH 63: 5” concrete on 8-11"” remaining asphalt,
two segments loaded 24 and 17 hours after paving

_ » First round of early loading 24 hours

Standard mix, 6'’x6’ panels after paving resulted in 4% deployed
joints (checked shortly after loading)

» Second round of early loading 17 hours
after paving resulted in 10% deployed
joints (checked shortly after loading)

Standard mix, 12’Lx6’W panels
Standard mix, 12’Lx6’W panels
FRC mix 1, 6’x6’ panels

(92 B w N

FRC mix 2, 6’x6’ panels

Crack near undeployed joint
(aligning with major reflective crack)
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Case Study Results

MnDOT District 6, TH 63: 5” concrete on 8-11" remaining asphalt

TH 63 - Joint Deployment
7/23/2020
100.00% 100.00% 100.00%
o0y,  84.31%

82.61%

80%
70%
60%
50%
40%
30%
20%
10%

0%

Segment 1l Segment 2 Segment 3 Segment4 Segment5
(Early (No Early (No Early (No Early (No Early
Loading) Loading) Loading) Loading) Loading)

100%

Two years after paving

I

1 Standard mix, 6'x6’ panels

2 Standard mix, 12°Lx6’W panels
3 Standard mix, 12’Lx6’W panels
4 FRC mix 1, 6’x6’ panels

5 FRC mix 2, 6’x6’ panels
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Case Study Results

CSAH 15 — McLeod County: 6” concrete on variable thickness asphalt layer, loaded 24 hours after paving

CSAH 15 - Joint Deployment

100%
90%
80% EL NEL

70%
58.82%
60% 52.94% EL=Early loaded

50% NEL= Not early loaded
40%
30% EL

20% -
10% 9.80% 5.88% 5.88%

0%

% Deployed

NEL NEL

Segment #1 Segment #2 Segment #2 Segment #1 Segment #2
Southbound  Southbound Nothbound Southbound  Southbound

6/30/2021 8/9/2021

Day 7 6 weeks (no live traffic yet)
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Case Study Summary

» Early deployment not consistent or significantly increased by
early loading

III

> Considered “unsuccessful” overall

» No damage to the pavement from early loading was observed
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MnROAD Test Sections

2227 2226

5" PCC 5" PCC
Optimized Mix | | Optimized Mix
Same as 2219 Same as 2219

Clay

Clay

» Constructed in August 2022

» 5-inch thick concrete on 6” to 7” of asphalt

» 135 feet long

» Driving and passing lanes divided into 6-
foot-long by 7-foot-wide panels.

» Existing asphalt layer, paved in 1993, was
milled 1 inch before the overlay was placed

» CPTech optimized MnDOT concrete mix
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MnROAD Test Sections Saw Cut Details

Cell 2227 Cell 2226
Joint 3464 Joint 3453 Joint 3441 Joint 3429 Joint 3420
i i
3 ft Full depth saw cut : :
1 1
\ 1 1
] ]
1 1
1 1
1 1
. 1 1
7 ft Passing lane : :
i |
T/3 =1.667 inches | T/3 =1.667 inches T/3 =1.667 inches 1 T/3 =1.667 inches
i I
| |
6 ft Passing lane : :
i |
Centerline_ _ _ _ T/3=1.667inches  _ _ _. I T/3=1.667inches _ _ _ _ | _ . _ _._._._. T/3=1.667inches _ _ _ _ | b e T/3=1.667inches _ _ _ _ _
1 1
1 1
1 1
6 ft Driving lane : :
| |
T/3 =1.667 inches ! T/3 =1.667 inches T/3 =1.667 inches ! T/3 =1.667 inches
i |
1 1
1 1
7 ft Driving lane : :
1 1
1 1
! !
| ]\ J | J | J
Y I I I
Transverse saw Transverse saw Transverse saw Transverse saw
cuts @ 6 ft: cuts @ 6 ft: cuts @ 6 ft: cuts @ 6 ft:

T/3 =1.667 inches

» Testing theory that saw-cut depth might have effect on increasing early joint deployment

T/4 =1.25 inches

T/4 =1.25 inches

T/3 =1.667 inches
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Early Loading of MNnROAD Test Sections

» 52,000-pound tandem axle dump truck
» 22 hours after paving
= 5slow (5 mph) passes on driving/passing lane of test section 2227 only , ==
> 28 hours after paving ;
= 5slow (5 mph) passes were made on driving lane of both test sections
= 5 fast (30 mph) passes were made on passing lane of both test sections

Cell 2227 Cell 2226
<
28 hour loading > 30 mph
Passing Lane <
22 hourloading > 5 mph
<
28 hour loading > 5 mph
Driving lane
h 22 hour loading > 5 mph
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MnROAD Test Sections - Joint Deployment

% Joints Deployed

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Cell 2226 (Driving Lane)
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L

83%
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Construction Traffic
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25% 25% [ 25%
17%
13% I
1 2 3 6 7 21
Days After Saw Cut

88%

I s 10

112

100% 100%

H Sawcut: T/3

BSawcut: T/4

% loints Deployed

100%
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70%
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Cell 2226 (Passing Lane)
100% 100%

83%

Live Interstate Traffic

58% —

Construction Traffic E
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17% =

2 3 6 7 21 112
Days After Saw Cut

100%

100%

W Sawcut: T/3
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Loading @ 28 hours, 5 mph

Loading @ 28 hours, 30 mph
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MnROAD Test Sections - Joint Deployment

Cell 2227 (Driving Lane) Cell 2227 (Passing Lane) .
100%  100% 100% 100% 100% 100% 100%

100% — 100% —

92% = 92% 92% ME

90% [ u 90% B = =

80% Live Interstate Traffic E 80% Live Interstate Traffic E E

70% 67% = 70% = = =

=] — =] . . —] — —

g_ 58% = u;_ Construction Traffic = = =

5 60% = 5 60% — — —

a - . = a 50% 50% 50 — = =
0 50% Construction Traffic — W Sawcut: T/3 O 50% = = = m Sawcut: T/3

2 \ = 8 42% 22% H 2% = = =
S 40% = B Sawcut: T/4 S 40% 319 E — — BSawcut: T/4

2 = 2 ° = = =

= 30% 25%  25% = S 30% = = =

20% 17%  17% 179% | 17% = 20% = = =

8% % 8% 9 E 2% E E E

10% ° 8% 8% 8% I I = 10% i = = =

. 1E 1B 1 = o B 5 0B | HE

1 2 3 6 7 21 112 1 2 3 6 7 21 112
Days After Saw Cut Days After Saw Cut
Loading @ 22 and 28 hours, 5 mph Loading @ 22 and 28 hours, 5 and 30 mph
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MnROAD Test Sections - Faulting

Cell 2226, Driving Lane, Right Wheel Path

8.0

7.0

6.0
€ >0 10/10/2022
?EI 4/26/2023
T; 4.0 8/9/2023
g 20 m11/7/2023
fg’ ' m5/2/2024
E 50 M 3/21/2025

W 11/20/2025

(=}

3422 3423 3425 3427 3428 3429 3430 3432 3434 3436
1.0 /T/3 T/3 T/3 T/3 T/3 T/4 T/4 T/4 T/4 T/4

Joint Number

/
Distressed Panel
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MnROAD Test Sections - Faulting

Faultmeter Value (mm)
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o
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Cell 2227, Driving Lane, Right Wheel Path

TERFREL K .‘.
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3448
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3450 3452 3453 3454 3455 3457 3459 3460
T/4 T/4 T/3 T/3 T/3 T/3 T/3 T/3
Joint Number

10/10/2022
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W 3/21/2025
W 11/20/2025
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MnROAD Test Sections — Ride Quality (LISA)

Cell 2226 Ride Quality Cell 2227 Ride Quality
160 160
140 0 Oct-22 140 - _ O00ct-22
E 120 o Mar-23 g 120 O Mar-23
= 100 mMay-23 [ = 100 o May-23
T 80 I T 1 @23 | Z 8o mJul-23
[45] [a5)
?En 60 @ Nov-23 \ég 60 m Nov-23
4B} - -
2 4 W Jan-24 :% 40 W Jan-24
H May-24 W May-24
20 20
m Oct-24 m Oct-24
0 0
W Mar-25 . . . . W Mar-25
Driving Driving ~ Passing  Passing Driving Driving  Passing  Passing
RWP LWP RWP LWP RWP LWP RWP LWP

1 pass of early loadings 2 passes of early loadings
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MnROAD Test Sections — Distress Survey

Cell 2226
: 0 to a0 fit
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Cracked panels requiring repairs near west end of cell 2226 (November 2025)
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Discussion

Early loading of COA to increase deployment of joints:

» Results have not been consistent
» Small differences between loaded and unloaded at early age

» No noticeable damage caused by current loading methods
» No clearly defined definition of success
> Is it worth it?

¢ Final report will be coming out this summer
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Thank you!

Mike Wallace

michael.wallace@state.mn.us

Tom Burnham

tom.burnham@state.mn.us
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