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Design and Construction of Joints
for Concrete Streets
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Concrete Volume Change Effects and Jointing

Concrete volume change (and cracking)
behavior is the basis of many jointing and
construction procedure recommendations.
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Drying Shrinkage and Cracking

Slab Rollers
R’ [

> <]

—
Shrinkage + freedom to move = no cracks

Slab Granular fill
R’ -

q; ﬁXb 3AV]

Shrinkage + subbase restraint = cracks

Shrinkage + Restraint = Cracking

Cracking results from combined effects of restraint and shrinkage (drying and/or thermal)...
...Wwhenever resulting tensile stresses exceed tensile strength.
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How to determine...

JOINT SPACING
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Joint Design & Layout Affect Performance

Spacing Issue
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Rules of Thumb for Jomtlng & Slab Dlmensmns

* Spacing:
—Recommendation of 2.0 to 2.5 times the depth in feet

—For example: 4” thick = 10” maximum (4 x 2.5)

* Panel shall be kept as square as possible

—L:W of 1'2:1 (Maximum length to width ratio)
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Slab Length & Related Design Factors

I
(= J 5 in.-1b units
12(1 -Vv )k

SI units

4 3
- JlOOO-Eh‘
12(1 =v3)k

= radius of relative stiffness, in (mm);

= concrete modulus of elasticity, psi (MPa);
pavement thickness, in. (mm);

= Poisson’s ratio of the pavement (= 0.15); and

= modulus of subgrade reaction, psi/in. (MPa/m).

~ e >
I

Experience indicates that there is an increase in transverse
cracking when the ratio L/€ exceeds 5.25 (L=slab length).
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Slab Length vs. Pavement Thickness Relatlonshlps

25 | | | | |

15-feet recommended maximum for undoweled pavements |
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50 100 150 200 250 300 350 400 450 500

k-value (psifin.)

Using the criterion of a maximum L/2 ratio of 5.25, the allowable joint spacing would increase with increased slab
thickness but decrease with increased (stiffer) foundation support conditions.
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TYPES OF JOINTS




Isolation

Isolation joint

Joints
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CONTRACTION (CONTROL) JOINTS
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Rules of Thumb for Sawcut Joints

* Depth:
— Conventional Sawing:
* Minimum of %4 of the depth: e.g. 8” thick = 2" deep

t

* Recommended: 3

— Early Entry Sawing:
» Typical 17 to 1.5” depth
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Crack Control Window

Too Early: Sawing Too Late:
Raveling Window Cracking

| »
»

»

A

A <

Internal Stress Equals
Concrete Strength

Minimum Strength to Avert
Excessive Saw Cut Raveling

Concrete Strength
Internal Stress
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Timing of Joint Sawing-A Critical Factor

l %
- \QP o
-8

=¥ ; ' Sawcut joints with conventional
: A  saws must be made within 4-12
. Saaabe e hours after final finishing.

M«P” Sy S
:" ._t—,_/ _“:"J;_‘_: 05 -:" ~
- 28 >

Th|5]0|nt was sawed at correct time s A Ry b I AR L
This one was sawed too late
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Factors that Shorten Sawing Window
* Weather

— Drastic Changes in weather within a short period

— High winds and low humidity
— Cool temperatures and clouds

— Hot temperatures and sunny

* Subgrade/Subbase

— High friction/bond between slab and subgrade/subbase
— Dry subgrade/subbase surface during construction
— Stabilized free-draining (permeable) subbases
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Factors that Shorten Sawing Window _—
+ Conerete Mixture S Sovare
— High water demand
— Rapid early strength
— Retarded set

— Fine aggregate (fineness & grading)

— Coarse aggregate (maximum size and/or percentage)

 Miscellaneous

© Amencan Concrete Pavement Association 2002

— Paving against or between existing lanes See ACPA's TBOL6P and

_ . IMCP: Integrated Materials and Construction Practices for Concrete Pavement:
Saw blade selection A State-of-the-Practice Manual

— Delay in curing protection or improper curing
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ISOLATION JOINTS
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|solation Joints

...are sometimes called expansion joints but should generally not be used
to provide for expansion. They provide no load transfer and should not be
used as regularly spaced joints in a joint layout. Their proper use is to
isolate fixed objects, providing for slight differential settlement without

damaging the pavement.

1 o STRUCTU RE

: ] : ‘ // /
I T TTT T
1/4" - 1/2" ISOLATION | /
JOINT FILLER —
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Longitudinal Joints

* Spacing Criteria: g, SR,
s f_ Deformed tiebar
— Spacing of 12 to 15 feet e
serves as both crack
control and lane
delineation. ol
— Lanes (driveways) that RO

are greater than 15° dy ] A
'E" lll?:;::::;n;::: tlebar

require a longitudinal =
b b -.:Q'-:;G,.vpl-'.c'.- P
joint.

o i
el RO

R Ry

FULL WIDTH

Fig. 4.5—Longitudinal joints. > (Note: use butt joint with tie
bar for pavements 150 mm [6 in ] thick or less )
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Tie Bar Dimeﬁnsions and Spacing (US)

Table 4.1—Tie bar dimensions and spacings (commonly Grade 60)’

Tie bar spacing, in. (mm)

Distance to nearest free edge or to nearest joint where movement can

thicsliizss, Tie bar size x length, e
in. (mm) in. (mm) 10 ft (3.0 m) 12 ft (3.7 m) 14 ft (4.3 m) 24 ft (7.3 m)
5(130) [#4x24 (13M % 600) 30 (760) 30 (760) 30 (760) 28 (700)
6 (150) [#4 x 24 (13M % 600) 30 (760) 30 (760) 30 (760) 23 (580)
7 (180) [#4 x 24 (13M % 600) 30 (760) 30 (760) 30 (760) 20 (500)
8 (200) |#4x24 (13M x 600) 30 (760) 30 (760) 30 (760) 17 (430)
9(230) [#5x 30 (16M x 760) 36 (900) 36 (900) 36 (900) 24 (600)
10 (250) |#5x 30 (16M x 760) 36 (900) 36 (900) 36 (900) 22 (560)
11 (280) |#5x 30 (16M x 760) 36 (900) 36 (900) 34 (860) 20 (500)
12 (310) |#5x 30 (16M x 760) 36 (900) 36 (900) 31 (780) 18 (460)

* . . . . . .
Corrosion protection should be used in an area where deicing salts are used on the pavement on a regular basis.
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Doweled Joints

* Not needed on low volume streets and roads.

— Especially when transverse joint spacing is less than 15 feet.
* May be justified when k values are less than 100 psi/in.

* Generally, pavement must be at least 8 thick to accommodate conventional dowels.
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Do |l or Don’tl...

JOINT SEALING
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Joint Sealing

Topic of some debate.

Sealants must be maintained and drainage design must be effective.
* Some poured sealants shown not to be durable.

* Some joint types difficult to seal.

Factors to consider in whether or not to seal joints:

— Traffic level
— Soil types & local performance
— Subbase use

— Presence of wind blown debris
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Sealing? Make Certain the Joint is
Clean!

* All sealed joints must be cleaned immediately behind saw
cutting or joint widening and immediately prior to sealing
operations:

— Removes saw-cut slurry, soil, sand, etc.

* Cleanliness of both joint faces 1s extremely important to
concrete/sealant bond.

The Concrete Convention
and Exposition



Saw Blades

* Most common are industrial
diamond (require water cooling) or
abrasive (carborundum).

* Must match the saw blade to the
concrete which is based primarily
on aggregate hardness but also
depends on power output of saw.

* Very thin blades (~2 to 3 mm) may
be used when joint sealing is not
specified.
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CONCRETE CURING
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Concrete Curing

* Maintain adequate moisture & temperature regimes in freshly placed concrete

* Inadequate curing
— Excessive moisture loss at surface => plastic shrinkage cracking
— Weak surface => durability problems

— Excessive slab warping

* Timely curing behind paver

See DOT Website for Pre-Qualified Matls
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Curing
* Spray membrane curing

compound - ASTM C 309,

P Texture/cure machine (GOMACO T/C-600 ). B =
Follows the paver applying a white curing compound

white pigmented preferred.
* Timing 1s critical - spray
immediately after finishing.

* Suggested application rate:

— Maximum coverage: 200 ft?/ gal.
— Higher rate (less coverage) for windy or

dry conditions (100 -150 ft?/ gal.)
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