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Best Practices for Jointed Concrete Pavements

INTRODUCTION

Dowels are the most common form of load transfer in concrete pavements.
They come in various sizes, shapes, and materials, but to perform optimally
over the course of the pavement life, they need to be oriented appropriately and
within tolerable location limits in the slab. Proper placement ensures optimal
lead transfer with minimal added stress to the pavement. For this reason,
attention to dowel placement during paving is important, and ensuring that
dowel placement accuracy is maintained through paving is a necessary quality
control activity.

Dowel basket fasteners, such as basket clips and stakes, are commonly used
10 secure dowel baskets for the paving process. This tech brief summarizes the
purpose and recommendations for ensuring that dowels placed using baskets
maintain their position and elevation through the paving process. Additional
details can be found in the Guide to Dowef Load Transfer Systems for Jointed
Concrete Roadway Pavements (Snyder 2011).

DOWEL ALIGNMENT AND PLACEMENT

The lecation and alignment of dowel bars is important to achieve intended
perfermance. This is true regardiess of whether dowels are placed using a
mechanical dowel bar inserter (DBI) or placed before paving with baskets,
which is the subject of this tech brief.

Pavement specifications typically include placement tolerances. These
tolerances call for dowels to be placed reasonably close to parallel with

the pavement centerline and the pavement surface. This also results in the
dowels being parallel to each other. Specifications also require that dowels be
lecated within mid-depth of the slab. Dowels that are significantly misaligned or
mislocated (as illustrated in Figure 1) may not function as intended and, if well
olt of tolerance, can cause detrimental pavement damage.
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Figure 1. Five types of dowel bar misalignment and mislocation

www.fhwa.dot.gov/pavement/concrete/pubs/hif16021.pdf



https://www.fhwa.dot.gov/pavement/concrete/pubs/hif16021.pdf

DOWELS 101 o THE BASICS




Introduction

A Dowels are the most commonly used means for
mechanical load transfer in concrete pavement
joints.

A To perform optimally over many years of
pavement life dowels need to be:

U Oriented appropriately
U Within tolerable location limits

A Proper placement ensures optimal performance.

A Attention to dowel placement and securing dowels
IS an important quality control activity.




There Are Many Different Types of Dowels




Typical Dowel Specifications

AAASHTO M254 - Standard Specification for
Corrosion-Resistant Coated Dowel Bars

AASTM A1078 - Standard Specification for Epoxy-
Coated Steel Dowels for Concrete Pavement



Goal of Dowel Placement

A Adequate Alignment such that they impose no
Intolerable restraint on joint opening/closing.

A Location within Tolerance such that they
provide adequate long-term load transfer.

Smooth dowel




The Purpose of Dowel Bars

0% Load Transfer Efficiency
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Problems From Poor Load Transfer

Pumping of fine-grained materials from beneath the joints.

Water expulsion under wheel load Shoulders stained from fine base materials

Images: ACPA



Problems From Poor Load Transfer

Faulting and corner breaks are common manifestations
from pumping

Faulted Joint Corner Breaks



IMPORTANCE OF LOCATION AND
ALIGNMENT



Dowel Alignment and Location

A Dowel location and alignment are important to
maximizing long-term performance

A Good alignment allows joints to open and close as
slabs expand/contract with temperature cycling

A Good location ensures there is enough
connection to provide load transfer between slabs

A Dowels baskets need to be positioned and
fastened well



Dowel Alignment
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Dowel Alignment - Translation
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Dowel Alignment - Translation
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Dowels & Dowel Alignment 101

A Typical dowel bar
Installation results
In @ combination
of skew, tilt and
translation of
some bars.

A The key is
keeping the bars
within reasonable
tolerances.







Dowels & Dowel Alignment 101

A Dowel bar imaging has
provided a method to detect
bar location and alignment
without damaging the slab




Dowels & Dowel Alignment 101

AMIT Scan2 B.

A Consists of a
compact rail-guided
measuring device.

A GRP (glass fiber
reinforced plastic)
rail system.

A Unit is pulled along
rails while
measuring.

Images: Mark B. Snyder, ACPA and ERES Consultants



Dowels & Dowel Alignment 101

AMIT Scan2 BT
requires calibration
for accurate results




Dowels & Dowel Alignment 101

File name: D2810120.HDF
X X -
bar 11 " Federal Highway
. 376 153 35 15 2 @ Administration
bar 10
- 2865 136 59 5 6 page1of1
e —— -3
MIT-SCAN?2 typical
bar9
2573 140 81 14 T
. e
L] INFORMATION
bar8 Highway: US 295
Ou pu prOVI eS- S— 2263 152 45 2 10 Direction:
U — " Lane: Lane 1
Station No.:0 + 55
" . - bar 7 Joint: 12
U Graphical presentations o F e S
L ——— & Time: 12/28/2005 10:12:00 AM
Slab thickness: 225 mm
. - bar6 Basket: No basket
U Numerical data e
c i
bar s
13 147 59 5 7
o
bard LEGEND
1018 154 82 10 14 15992
. —t——— © 12708
11423
acC al Inciudae
] 724 168 100 18 15 6854
b 4569
2285
bar2 0
424 131 87 2 s
——— =3
bar 1 XS sh sv
. e — f oz e ode s xs-X-Position
25 - Depth
asSy 10 Interpret. ' =&y
y ns z sh - Horiz. Misalignment
sv-Vert. Misalignment
* -Norm depth
+- Left end of bar
©-Right end of bar
Unit: Millimeter
MIT GmbH
Magnetic Imaging Tools
Gostrtzer Str. 61-63
D-01217 Dresden
GERMANY
tel :+493518718125
email : mit@mit tz-dd de.
web  www.mit-dresden de
MagnoProof
MIT GmbH




Dowels & Dowel Alignment 101

Scan from typical joint
showing bars in good position

Scan from joint indicating an
anchoring Issue




Dowels & Dowel Alignment 101

Scan from joint with missing
dowel bars
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Dowels & Dowel Alignment 101




Dowels & Dowel Alignment 101

Dowel too close to surface

Dowels tipped and too close to surface P>




Dowels & Dowel Alignment 101
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Dowels & Dowel Alignment 101

A No perfect measure exists to correlate the degree
of misalignment and joint distress or loss of load
transfer.

A Engineers are still trying to create a reasonable
tolerance and specification measure to take
advantage of new measuring devices.

A Joint Score is one approach.



Joint Score

Joint Score for the GA Section
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DOWEL PLACEMENT




Dowel Placement

A Two methods:
U Dowel Bar Insertion

U Dowel Basket Assemblies

Images: ACPA



Dowel Bar Insertion

Images: ACPA



Dowel Basket Assemblies

A Consist of multiple components.
A Typically made of steel.
A Typically use the dowels as part of the basket.

A Often alternate affixing the dowel to the basket
frame on each side.

ASometi mes called ficages?o

A There is no one standard for the frame design.



Dowel Basket Standardization Goal

A National Concrete Consortium
goal for more than a decade.

A Among other recommendations:

u

u

Basket rail wire should be:

0 0.306 in. min. diameter (1/0 gauge).
Loop wires should be:

uUorV style.

U 0.243 in. min. diameter (3 gauge).
Spacer or tie wires should be:

U 0.177 in. dia. (7 gauge).

U 4 used per standard-width basket.

Recommendations for Standardized Dowel
Load Transfer Systems for Jointed Concrete
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Roadway Pavements

Introduction

Round stee] dowels are the devices most

commonly used for transferring loads

across Lransverse joints in conerete

highway pavements, In new pavement
construction, dowelsare aften installed
in pre-assembled wire Fasket assem
blies that are intended to support and
hold dowels in the desired positions

during paving operations (Figure 1)

State highway agency requirements for
dawel baskets vary widely The adop
tion of a standand set of dowel basket

designs will reduce manufacturer set-up

and production costs and will allow

manufacturers to more ly maintain

a larger inventory of fewer varicties of

assembled dowel baskets, resulting
in lower casts and fewer production

delays

This tech brief summuarizes recommen:
dations [or standardization of dowel

load transler system design and busket
assemblies. Details concerning the fac

Figure 1 | dowel basket ascembly

tors considered and the supporting de
sign theories can be found in the Guide

to Dowel Load Transfer Systems for Jointed

Conret ents.

Dowel load transfer system
design: current practice

Round steel dowels have, in recent

years, become a standard component of
the design of jointed conerete pave-
ments in the United States. Dowel

re generally 18 in
ively, though a few

length and spac
and 12n,, respe

agencics have adapted shorter dawels
and some pavements have been con
structed w

th dowels concentrated only

in the wheel paths.

The diameters of round steel dowels
have historically (since about the 1950s)
been 178 the slah thickness, but recent
trends have been toward larger dowels
to decrease dowel concrete bearing
stresses and joint faulting, There has
also been increased interest in the use of
elliptical and flat plate dowels to reduce
bearing stresses and provide a more of
ficient dowel cross-scction

Recommenda

ns

Dowel bar material

Structural and behavioral consider.
ations favar the continued use of metal
lic dowels that have engincering proper.
ties similar to those that have been in

use for nearly 100 years—carbon steel
conforming to AASHTO M237 Grade
70-80 (ASTM A 615 Gracke 40 or 60)
This includes the use of solid stainless
steel dowels, appropriately designed




Dowel Basket Assemblies
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The Variety of Dowels

AVariables:

U Shape
U Size
U Length

U Material
U Ends (cut & treatment)
U Coating (type & thickness)




