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HOW IMPORTANT IS STRENGTH REALLY?

24" and Stange Road
Ames, lowa
Constructed 1982
Replaced in 2023 41 years old

us. Department o:ilronspoﬂohon
‘ Federal Highway

Administration




WHAT SHOULD WE REALLY BE FOCUSED ON?

STRENGTH

When we are only worried about opening strength....

...we miss what's important: [DURABILITY!
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* Focus
* Full depth patches
* 2 lane roadway

* Daylight hours closure

* Maybe using a pilot car
* Normally ~6 foot long

* Think outside the box

* Discuss old paradigms 1
* Look at what we do and what it does to us
* Rethink how we approach patching
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PRESENTATION OVERVIEW

* Goal of the recommendations

* Provide a durable, long life patch with equal or better

performance than those constructed with conventional

techniques

* How do we do that?

* Reduce the time to construct the patch

Utilize reduced opening strength

 Reduce the cost
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HOW LONG MUST A PATCH LAST?

* If we patch a 15 -20 year old pavement...

e At least 50%z of the design loadings likely have already occurred?

* |t only has to last as long as the remaining life of the
bavement!

* In theory, the patch could be thinner!
* But NO, make it thicker!

* And open it sooner!

‘ ;s‘. Dépoﬂmeiﬂ'(:i.lronl;pgt;dhon
ederal Highway
'./ Administration |
.“r TR “"$ 7

-

W



WHY BUILD BACK WHAT FAILED THE FIRST TIME?

* Why use the same desigh as New Pavement?
* Thickness based on the design loadings for the life of the pavement

* How many vehicles will drive over it in the first 2 to 3 hours!?
* By then it will be much stronger
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WHAT OPENING STRENGTH IS NEEDED?

* Many use the same strength requirement as new pavement

* Established years ago when we didn’t have the technology to

measure in situ pavement strength =

* Includes a large factor of safety

* Based on ultimate strength

Patches do not need to be the same
thickness as the pavement!

Thicker patches need less opening

strength!
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THE THICKER THE PATCH:
THE LOWER THE NEEDED OPENING STRENGTH

* Extra thickness allows lower opening strength

Slab Thickness Minimum Slab Flexural Strength
(inches) (psi)
14 370
8 2815
9 275
10 200
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EXTRA THICKNESS FOR LONGER LIFE PATCH
AT NO EXTRA COST?

* Go thicker than the existing pavement

* Lower stresses in the pavement
 Utilize a lower opening strength

* Open sooner 4

* Number of patches placed per day may increase

* Extra concrete may not cost more
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WHAT WE DO TODAY

Handwork clean up Hand compact the soill
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ONLY PUT CONCRETE BACK IN THE HOLE

Handwork clean up Hand compact the soill
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COULD EXTRA CONCRETE
ACTUALLY SAVE MONEY?

* Thicker patch

* Assume an extra 4" thickness
*4” X 6 X |2’ < | cubic yard of concrete
* The only cost is for the extra concrete!

* Savings compared to the current practice
* No hand compacting the subgrade
* No granular backfill material
* No hand compacting the granular backfill

- TIME SAVED

* For extra patches placed each day

* Reduces curing time by extra thickness

.
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HIGH EARLY STRENGTH:
ARE WE SHOOTING OURSELVES IN THE FOOT?

* One_way: Calcium Chloride effects:

* Reduces long term strength

* High heat leading to an enormous amount

of temperature shrinkage

* High risk of corrosion of the dowel bars
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HIGH EARLY STRENGTH:

ARE WE SHOOTING OURSELVES IN THE FOOT?

* Another way: High cement content mixture

May not

Ncreasedad

provide extra long term strength

drying shrinkage

Ncreased

heat generated and thereby thermal shrinkage

Ncreasedad

cracking potential
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WHAT OPENING STRENGTH IS NEEDED!?

* Construction sequence

The critical patch is the last one
* Lag time
* Time to remove the covering and insulation
* Time to remove the barricades and cones

* Determine time to reach opening strength

* Time of the year / weather
* Concrete mixtures A _
* Curing methods i, =l
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RESEARCH BY OKAMOTO

* 10” pavement and 1000 psi compressive

- Less than 200 psi flexural

* No fatigue damage after 10,000 cycles

* Bearing stresses produced by the dowels often the
controlling factor
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OTHER RESEARCH
* Cable, ). K, et al

* Portland Cement Concrete Patching Techniques vs. Performance and
Traffic Delays, 2004 (on Hickman Road, west of Living History Farm)

* Increased patch depth enhanced strength gain
* No performance difference
* Concrete mixtures- with and without CaCl
* Opening times

* Construction time equal to or less
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ACPA RECOMMENDATIONS

* Guidelines for Full Depth Repair-TBO02.02P

* Either minimum strength or minimum time

* Minimum strength of 25

Guidelines For Full-Depth Repair

PURPOSE

This publication provides guidance for repairing con-
crete pavement slabs with structural and joint deterio-
ration. These recommendations apply to pavements
for roads, highways and airports, and distinguish
requirements for jointed concrete pavements and
continuously reinforced concrete pavements.

INTRODUCTION

Full-depth repair or full-depth patching entails remov-
ing and replacing at least a portion of a slab to the
bottom of the concrete, in order to restore areas of
deterioration. Full-depth repairs can improve pave-
ment rideability and structural integrity and can exiend
pavement service lfe. At airports, full-depth repairs
restore problem areas that produce small concrete
fragments, which can cause foreign-object damage
(o) to jet engines. Table 1 (next page) lsts the con-
crete pavement distresses that require full-depth
repair (1.2),

Joint ioration — Joint deteri includes

any cracking, breaking or spalling of slab edges on
either side of a transverse or longitudinal joint; it is the
most common distress that requires full-depth repai
(). Excessive stresses that result from

0 psi for 10” or thicker

Concrete Pavement
Field Reference
Preservation and Repair

aling
retrolit
itching

cical guide to understanding and troubleshooting: -1
tical guide to understanding and woubleshooring: P

PRESERVATION WORKSHOP

February 2008
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the presence of incompressibles in transverse joints. Partia-depth repair k2

often cause this deterioration. Incompressibles can e o Preparedby

prevent joint closure when slabs expand in warm . Techrotogy » Techoclogy Conte

weather. In exireme cases, very high compressive Hera 201 St D ke 470
Vashington, C 20560 e 30010 8664

siresses can cause blowups at the joint. Joint deteri-

American Concrete Pavement Association

that requires full-depth replacement. Partial-depth

ACPA

R oration also accurs from concrete durability problems.
é«" KN tike low air content, D-cracking or alkalrsilca reaciiviy.
@
- i —‘ .
3 (1] (13 Visible spalls that extend 75-150 mm (3-6 in) from
A
5, & - the joint are moderately severe and may indicate that
Wy pss0” . more delerioration is taking place below the slab sur-
face (3). It is the below-surface spalling and cracking -
]
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WHEN ARE WE REALLY GOING TO
OPEN THE HIGHWAY?

Sunset

Inspector < Beams broke weak or maturity

reading is below opening

* No lighting

* No reflective clothing

* Road has to be open at dark Patch

Administration
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RECOMMENDATIONS

* Use a conventional concrete mixture with no calcium chloride

* Make the patches thicker and eliminate granular backfill
* At least a 12" thick patch

* Use larger dowel bars or elliptical bars

* Use age as the only criteria for opening, along with certain curing
and temperature requirements

* Base time requirements on 200 psi minimum strength
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CHANGE CAN BE GOOD!

Jim Grove PE.

Concrete Technology Transfer L.L.C

1813 24th Street
Ames, lowa 50010

Mobile: 515-450-1938
Alt: Mobile: 515-231-2171

jim@concretett.com
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