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Purpose 
Cancellation 
Background 
Transverse Contraction Joints 
Longitudinal Joints 
Construction Joints 
Expansion Joints 
Joint Construction 

1. To provide guidance and recommendations relating to the design PURPOSE. 
and construction of joints in jointed portland cement concrete 
pavements. 

2. CANCELLATION. Technical Advisory T 5140.18, Rigid Pavement Joints, 
dated December 15, 1980, is canceled. 

3. BACKGROUND 

a. The performance of concrete pavements depends to a large extent 
upon the satisfactory performance of the joints.- Most jointed 
concrete pavement failures can be attributed to failures at the 
joint, as opposed to inadequate structural capacity. .Distresses 
that may result from joint failure include faulting, pumping, 
spalling, corner breaks, blow-ups, and mid-panel cracking. 
Characteristics that.contribute to satisfactory joint performance, 
such as adequate load transfer and proper concrete consolidation, 
have been identified through research an& field experience. The 
incorporation of these characteristics into the design, 
construction, and maintenance of concrete pavements should result 
in joints capable of performing satisfactorily over the life of 
the pavement. Regardless of the joint sealant material used, 
periodic resealing will be required to ensure satisfactory joint 
performance throughout the life of the pavement. Satisfactory 
joint performance also depends on appropriate pavement design 
standards, quality construction materials, and good construction 
and maintenance procedures. 
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h. The most common types of pavement joints, which are 
defined by their function, are as follows: 

(1) 

(2) 

(3) 

(4) 

. . 
Transverse Contraction Joint - a sawed, formed, or 
tooled groove in a Concrete slab that creates a 
weakened vertical plane. It regulates the 
location of the cracking caused by dimensional 
changes in the slab, and is by far the most common 
type of joint in concrete pavements. 

Longitudinal Joint - a joint between two slabs 
which allows slab warping without appreciable 
separation or cracking of the slabs. 

Construction Joint - a joint between slabs that 
results when concrete is placed at different 
times. This type of joint can be further broken 
down into transverse and longitudinal joints. 

Expansion Joint - a joint placed at a specific 
location to allow the pavement to expand without 
damaging adjacent structures or the pavement 
itself. 

4. W. The primary purpose of 
transverse Contraction joints is to control the cracking 
that results from the tensile and bending stresses in 
concrete slabs caused by the cement hydration process, 
traffic loadings, and the environment. Because these joints 
are so numerous, their performance significantly impacts 
pavement performance. A distressed joint typically exhibits 
faulting and/or spalling. Poor joint performance frequently 
leads to further distresses such as corner breaks, blow-ups, 
and mid-panel cracks. Such cracks may themselves begin to 
function as joints and develop similar distresses. The 
performance of transverse contraction joints is related to 
three major factors: 

a. Joint S=ciw Joint spacing varies throughout the 
country becauie of considerations of initial costs, 
type of slab (reinforced or plain), type of load 
transfer, and local conditions. Design considerations 
should include: the effect of longitudinal slab 
movement on sealant and load transfer performance; the 
maximum slab length which will not develop transverse 
cracks in a plain concrete pavement; the amount of. 
cracking which can be tolerated in a jointed reinforced 
concrete pavement; and the use of random joint 
spacings. 
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(1) The amount of longitudinal slab movement that a joint 
experiences is primarily a function of joint spacing and 
temperature changes. Expansion characteristics of the 
aggregates used in the concrete and the friction between the 

- bottom of the slab and the base also have an effect on slab 
movement. 

(a) Joint movement can be estimated by the following 
equation: 

where: 

AL - 

C- 

L- 
a- 

AT - 

c- 

AL - CL(~AT+E) 

the expected change in slab length, in 
inches. 
the base/slab frictional restraint factor 
(0.65 for stabilized bases, 0.8 for 
granular bases). 
the slab length, in inches. 
the PCC coefficient of thermal expansion 
(see Table 1 for typical values). 
the maximum temperature range (generally 
the temperature of the concrete at the 
time of placement minus the average daily 
minimum temperature in January, in 'F). 
the shrinkage coefficient of concrete (see 
Table 2 for typical values). This factor 
should be omitted on rehabilitation 
projects, as shrinkage is no longer a 
factor. 

TABLE 1. TYPICAL VALUES FOR PCC COEFFICIENT OF THERHAL 
EXPAMSIOW (a) El],. . 

Type of Coarse PCC Coeff. of Thermal 
Aggregate Expansion (lOb/'F) 

Quartz 
W&one 

Granite 
Basalt 
Limestone 
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While the above equation can be 
anticipated joint movements, it _- 

used to estimate 
may be worthwhile to 

physically measure joint movements in existing 
pavements. These measurements could provide the 
designer with more realistic design inputs. 

TABLE 2. TYPICAL VALUES FOR PCC COEFFICIENf OF 
SHRINKAGE (a) (11 

Indirect Tensile PCC Coeff. of 
Strength (psi) Shrinkage (in./in.) 

ix; (or less) 

500 
600 
700 (or greater) 

0.0008 
'0.0006 
0.00045 
0.0003 
0.0002 

-- .-. - 

(2) Par plain concrete slabs, a maximum joint spacing of 15 feet 
is reconunended. Longer slabs frequently develop transverse 
cracks. It is recognized that in certain areas, joint 
spacings greater than 15 feet have performed satisfactorily. 
The importance of taking local experience into account when 
selecting joint spacing (and designing pavements in general) 
cannot be overstated. Studies have shown that pavement 
thickness, base stiffness, and climate also affect the 
maximum anticipated joint spacing beyond which transverse 
cracking can be expected. 'Research indicates that there is 
a general relationship between the ratio of slab length (L) 
to the radius of relative stiffness (C) and the amount of 
transverse cracking [2]. This research shows that there is 
an increase in transverse cracking when the ratio L/C 
exceeds 5.0. Further discussion is provided in Attachment 
1. 

(3) For reinforced concrete slabs, a maximum joint spacing of 30 
feet is recommended. Longer slab lengths have a greater 
tendency to develop working mid-panel cracks caused by the 
rupture of the steel reinforcement. Studies have also shown 
that, as the joint spacing increases above 30 feet, the rate 
of faulting increases and joint sealant performance 
decreases [4]. 
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(4) Random joint spacings have been successfully used in plain 
undoweled pavements to minimize resonant vehicle responses. 
When using random joint spacings, the longest slab should be 
no greater than 15 feet, to reduce the potential for 
transverse cracking. Some States are successfully using a 
spacing of 12'-15'-13'-14'. Large differences in slab 
lengths should be avoided. 

(5) While they do not affect joint spacing, skewed joints have 
been used in plain pavements to provide a smoother ride. A 
skew of 2 feet in 12 feet is recommended, with the skew 
placed so that the inside wheel crosses the joint ahead of 
the outside wheel. Only one wheel crosses the joint at a 
time', which minimizes vehicle response and decreases 
stresses within the slab. Skewed joints are most commonly 
used when load transfer devices are not present. While 
skewed joints may be used in conjunction with load transfer 
devices, studies have not substantiated that skewing doweled 
joints improves pavement performance and are not 
recommended. Dowels in skewed joints must be placed 
parallel to the roadway and not perpendicular to the joints. 

b. Load Transfer across the .ioint. Loads applied by traffic must be 
effectively transferred from one slab to the next in order to 
minimize vertical deflections at the joint. Reduced deflections 
decrease the..potential for pumping of the base/subbase material 
and faulting. The two principal methods used to develop laad 
transfer across a joint are: aggregate interlock; and load 
transfer devices, such as dowel bars. It is recommended that 
dowel bars be used. 

(1) Aaareaate Interlock Aggregate interlock is achieved 
through shearing friction at the irregular faces of the 
crack that forms beneath the saw cut. Climate, and 
aggregate hardness have an impact on load transfer 
efficiency. It can be improved by using aggregate that is 
large, angular, and durable. Stabilized bases have also 
been shown to improve load transfer efficiency [14]. 
However, the efficiency of aggregate interlock decreases 
rapidly with increased crack width and the frequent 
application of heavy loads to the point that pavement 
performance may be effected. Therefore, it is recommended 
that aggregate interlock for load transfer be considered 
only on local roads and streets which carry a low volume of 
heavy trucks. 

(2) Oowel Bars. Dowel bars should be used on al 1 routes 
carrying more than a low volume of heavy trucks. The 
purpose of dowels is to transfer loads across a joint 
without restricting joint movement due to thermal 
contraction and expansion of the concrete. Studies have 
shown that larger dowels are more‘effective in transferring 
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loads and in reducing faulting. It is recommended that the 
minimum dowel diameter be O/8, where 0 is the thickness of 
the pavement. However, the dowel diameter should not be 
less than 1) inches.‘ It is also recommended that la-inch 
long'dowels be used at 12-inch spacings. Oowels should be 
placed mid-depth in the slab. Oowels should be corrosion- 
resistant to prevent dowel seizure, which causes the joint 
to lock up. Epoxy-coated and stainless steel dowels have 
been shown to adequately prevent corrosion. 

C. Joint Shaoe and Sealant Prooerties 

(I) The purpose of a joint sealant is to deter the entry of 
water and incompressible material into the joint and the 
pavement structure. It is recognized that it is not 
possible to construct and maintain a watertight joint. 
However, the sealant should be capable of minimizing the 
amount of water that enters the pavement structure, thus 
reducing moisture-related distresses such as pumping and 
faulting. Incompressibles should be kept out of the joint. 
These incompressibles prevent the joint from closing 
normally during slab expansion and lead to spalling and 
blow-ups. 

(2) Sealant behavior has a significant influence on joint 
performance. High-type sealant materials, such as silicone 
and preformed compression seals, are recommended for sealing 
all contraction, longitudinal, and construction joints. 
While these materials are more expensive, they provide a 
better seal and a longer service life. Careful attention 
should be given to the manufacturer's recommended 
installation procedures. Joint preparation -and sealant 
installation are very important to the successful 
performance of the joint. It is therefore strongly 
recommended that particular attention be given to both the 
construction of the joint and installation of the sealant 
material. 

(3) When using silicone sealants, a minimum shape factor (ratio 
of sealant depth to width) of 1:2 is recommended. The 
maximum shape factor should not exceed 1:l. For best 
results, the minimum width of the sealant should be 3/8- 
inch. The surface of the sealant should be recessed l/4- to 
3/8-inch below the pavement surface to prevent abrasion 
caused by traffic. The use of a backer rod is necessary to 
provide the proper shape factor and to prevent the sealant 
from bonding to the bottom of the joint reServOir. This 
backer rod should be a closed-cell polyurethane foam rod 
having a diameter approximately 25 percent greater than the 
width of the joint to ensure a tight fit. 
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(4) When using preformed compression seals, the joint should be 
designed so that the seal will be in 20 to 50 percent 
compression at all times. The surface of the seal should be 
recessed l/8- to 3/G-inch to protect it from traffic. 
Additional information can be obtained from FHWA Technical 
Paper 89-04, "Preformed Compression Seals" [S] for PCC 
pavement joints." 

5. LONGITUDINAL JOINTS 

b. 

C. 

d. 

e. 

. Longitudinal joints are used to relieve warping stresses and are 
generally needed when slab widths exceed 15 feet. Widths up to 

and including 15 feet have performed satisfactorily without a 
longitudinal joint, although there is the possibility of some 
longitudinal cracking. Longitudinal joints should coincide with 
pavement lane lines whenever possible, to improve traffic 
operations. The paint stripe on widened lanes should be at 12 
feet and the use of a rumble strip on the widened section is 
recommended. 

Load transfer at longitudinal joints is achieved through aggregate 
interlock. Longitudinal joints should be tied with tiebars to 
prevent lane separation and/or faulting. The tiebars should be 
mechanically inserted and placed at mid-depth. When using Grade 
40 steel, S/8-inch by SO-inch or l/2-inch by 24-inch tiebars 
should be used. When using Grade 60 steel, S/8-inch by 40-inch or 
l/2-inch by 32-inch tiebars should be used. These lengths are 
necessary to develop the allowable working strength of the tiebar. 
Tiebar spacing will vary with the thickness of the pavement and 
the distance from the joint to the nearest free edge. Recommended 
tiebar spacings are provided in..Table 3. 

Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with skewed 
joints, tiebars should not be placed within 18 inches of the 
transverse joints. 

The use of corrosion-resistant tiebars is recommended, as 
corrosion can reduce the structural adequacy of tiebars. 

It is recommended that longitudinal joints be sawed and sealed'to 
deter the infiltration of surface water into the pavement 
structure. A 3/&inch wide by l-inch deep sealant reservoir 
should be sufficient. 
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TABLE 3. MAXIMUM RECOMMENDED TIEBAR SPAClN& (In.) 

lo" 

1 1" 

1 2" 

ww! . -- 

WNP .--. _. 
t3utl 

Warp -. . 
Bun 

Warp -_. 
Bun 

. 

i 

Note : 48” maximum spacing recommended. 

#4 
GRADE 40 

1012162224 
37 31 23 17 16 

26 22 16 12 1 I 

.S4 28 22 16 14 .-_ .._--_____ 
,‘4 20 16 I I IO 

f I 25 i’0 It-l 13 
.._ -.. __- -._- .__. 

;‘:I IH I4 I I 9 

.‘H 2.1 in I.5 I,’ 
. _. - -...._ .--.--. 

?O lb I.3 9 9 

IAA #5 BAR 
GRADE 60 GRADE 40 1 GRADE60 
1012162224 
48 47 35 25 23 -- 

40 34 25 ta 16 

1012162224 1012162224 
48 48 36 26 24 48 48 48 40 36 

--- I 

~- 
42 ‘35 26 19 17 48 48 39 29 26. 

48 42 32 23 20 -----_ 
.J6 30 2.3 16 14 

48 44 33 24 22 36 32 
--- 

38 31 24 17 16 26 23 

4 7 3n 29 2 1 19 -.---- --- 
34 27 21 IS 14 

42 35 2 I I’ll 18 --_.-.__-_-__-. 
30 25 19 14 13 

z 

---I 

Ul 
0 
c 
0 

01 
0 

Warp joint: a sawed or construction joint with a keyway 

Butt joint: a construction joint with no keyway 



6. CONSTRUCTION JOINTS 

a. Transverse Construction Joints 

(1) Transverse construction joints should normally replace a 
planned contraction joint. However, they should not be 
skewed, as satisfactory concrete placement and consolidation 
are difficult to obtain. Transverse construction joints 
should be doweled as described in paragraph 4b(2) and 
butted, as opposed to keyed. Keyed transverse joints tend 
to spa11 and are not recommended. 

(2) It is recommended that transverse construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the transverse contraction joints. 

b. Lonaitudinal Construction Joints 

(1) The decision to use keyed longitudinal construction joints 
should be given careful consideration. The top of the slab 
above the keyway frequently fails in shear. For this 
reason, it is recommended that keyways not be used when the 
pavement thickness is less than 10 inches. In these cases, 
the tiebars should be designed to carry the load transfer. 

(2) When the pavement thickness is 10 inches or more, a k;y;y 
. may be used to provide the necessary load transfer. 

keyway is to be used, the recommended dimensions are shown 
in Figure 1. Keyways larger than the one shown may reduce 
the concrete shear strength at the joint and result in joint 
failures. The keyway should be located at mid-depth of the 
slab to ensure maximum strength. Tiebars are necessary when 
using keyways. Consideration should be given to deleting 
the keyway and increasing the size and/or number of tiebars. * 
The additional steel cost may be more than offset by the 
patential savings in initial labor and future maintenance 
costs. 

(3) Tiebars should not be placed within 15 inches of transverse 
joints. When using tiebars longer than 32 inches with 
skewed joints, tiebars should not be placed within 18 inches 
of the transverse joints. 

(4) It is essential that the tiebars be firmly anchored in the 
concrete. Tiebars should be either mechanically inserted 
into the plastic concrete or installed as a two-part 
threaded tiebar and splice coupler system. It is 
recommended that periodic pull-out tests be conducted to 
ensure the tiebars are securely anchored in the concrete. 
Attachment 2 describes a recommended testing procedure for 
tiebars. 
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(5) 

-4 L 
O.ld 

Figure 1. Recoarnended Keyway Dimensions 

Bending of tiebars is not encouraged. Where bending of the 
tiebars would be necessary, it is reconmnended that a two- 
part threaded tiebar and splice coupler system be used in 
lieu of tiebars. If tiebars must be bent and later 
straightened during construction, Grade 40 steel should be 
used, as it better tolerates the bending. It may be 
necessary to reapply a corrosion-resistant coating to the 
tiebars after they have been straightened. When pull-out 
tests are performed, they should be conducted after the 
tiebars have been straightened. 

(6) It is recommended that longitudinal construction joints be 
sawed and sealed. The reservoir dimensions should be the 
same as those used for the longitudinal joints. 

7. DPANSION JOINTS 

a. Good design and maintenance of contraction joints have virtually 
eliminated the need for expansion joints, except at. fixed objects 
such as structures. When expansion joints are used, the pavement 
moves to close the unrestrained expansion joint over a period of a 
few years. As this happens, several of the adjoining contraction 
joints may open, effectively destroying their seals and aggregate 
interlock. 

b. The width of an expansion joint is typically 3/4-inch or more. 
filler material is commonly placed 3/4- to l-inch below the slab 
surface to allow space for sealing material. Smooth dowels are 
the most widely used method of transferring load across expansion 
joints. Expansion joint dowels are specially fabricated with a 
cap on one end of each dowel that creates a void in the slab to 
accommodate the dowel as the adjacent slab closes the expansion 
joint, as shown in Figure 2. 
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Joint sealant material ,- Joint filler material 

Dowel bar 

I 

figure 2. Expansion Joint Detail 

C. Pressure relief joints are intended to serve the same purpose as 
expansion joints, except that they are installed after initial 
construction to relieve pressure against structures and to 
al leviate potential pavement blowups. Pressure relief joints are 
not recommended for routine installations. However, they may be 
appropriate to relieve inwninent structure damage or under 
conditions where excessive compressive stresses exist. Additional 
information can be obtained from the FHWA Pavement Rehabilitation 
Manual, Chapter 9. 

8. JOINT CONSTRUCTIOy 

a. .. Concrete Placement 

(1) A prepaving conference should be considered on all major 
paving projects. This conference should include the project 
engineer and the paving contractor and should discuss 
methods for accomplishing all phases of the paving 
operation. The need for attention to detail cannot be 
overstated. . . 

(2) llhen using dowel baskets, the baskets should be checked 
prior to placing the concrete to ensure that the dowels are 
properly aligned and that the dowel basket is securely 
anchored in the base. It is recommended that dowel baskets 
be secured to the base with steel stakes having a minimum 
diameter of 0.3-inch. These stakes should be embedded into 
the base a minimum depth of 4 inches for stabilized dense 
bases, 6 inches for treated permeable bases, and 10 inches 
for untreated permeable bases, aggregate bases, or natural 
subgrade. A minimum of 8 stakes per basket is recommended. 
All temporary spacer wires extending across the joint should 
be removed from the basket. Securing the steel stakes to 
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the top of the dowel basket, as opposed to the bottom, 
should stabilize the dowel basket once these spacer wires 
are removed. 

(3) Dowels should be lightly coated with grease or other 
substance over their entire length to prevent bonding of the 
dowel to the concrete. This coating may be eliminated in 
the vicinity of the welded end if the dowel is to be coated 
prior to being welded to the basket. The traditional 
practice of coating only one-half of the dowel has 
frequently resulted in problems, primarily caused by 
insufficient greasing and/or dowel misalignment. The dowel 
must be free to slide in the concrete so that the two 
pavement slabs move independently, thus preventing excessive 
pavement stresses. Only a thin coating should be used, as a 
thick coating may result in large voids in the concrete 
around the dowels. 

, 

(4) The placement of concrete at construction joints is 
.particularly critical. Therefore, care must be taken to 
ensure that only quality concrete is used in their 
construction; i.e., do not use the first concrete down the 
chute, nor the "roll" from the screed to construct this type 
if joint. The concrete used to construct these joints 
should be the'same as for the remainder 

i practice of modifying the mix at the jo 
recommended. 

of the slab. The 
nts is not 

(5) Careful and sufficient consolidation of the concrete $&the 
area of the joints is essential to good joint performance. 
Load transfer across a doweled joint is greatly affected'by 
the quality of concrete consolidation around the dowels. 
Consolidation also has a direct relationship to concrete 
strength and durability. Concrete strength, in turn, has a 
significant effect on the amount of spalling that occurs at 
the joint. 

(6) The placement of.dowels should be-carefully verified soon 
after paving begins. If specified tolerances are not being 

t . achieved, then an evaluation of the dowel'installation, 
concrete mix design, and placement techniques must be made. 
Appropriate corrections should be made to the paving process 
to ensure proper alignment of the load transfer devices. 

. '(7) When paving fulldepth full-width, a mechanical prespreader 
and finishing machine in the paving train can be used to 
reduce drag and shear forces on the dowels. 

(81 In cases where separate concrete placement is made adjacent 
to previously placed concrete, i.e., truck climbing lanes or 
concrete shoulders being placed after mainline pavement, it 
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. is important that incompressibles ho not enter the 
previously sawed transverse joint reservoir or crack that 
typically forms below the transverse joint reservoir. It is 
recommended that backer rod, tape, or other material be 
pl.aced on the vertical face of the transverse joint at the 
edge of the pavement to prevent mortar from intruding into 
the existing joint. Failure to keep incompressibles out 
could prevent the joint from closing normally during slab 
expansion and may lead to delaminations near the edge of the 
previously placed concrete. 

b : nq Sawi 

(1) It is recommended that all joints be sawed. The sawing of 
transverse contraction and longitudinal joints should be a 
two-phase operation. The initial sawing is intended to 
cause the pavement to crack at the intended joint. It 
should be made to the required depth, as described later, 
with a I/8-inch wide blade. The second sawing provides the 
necessary shape factor for the sealant material. This 
second sawcut can be made any time prior to the sealant 
installation. However, the later the sealant reservoir is 
made, the better the condition of the joint face. Both 
sawcuts should be periodically checked to ensure proper 
depth, as saw blades tend to wear, as well as ride up when 
hard aggregate is encountered. Periodic measurement of 

.blade diameter is an excellent method to monitor random 
blade wear, particularly when using gang saws. 

(2) 

(3) 

Time of initial sawing, both in the transverse and 
longitudinal directions, is critical in preventing 
uncontrolled shrinkage cracking. It is very important that 
sawing begin as soon as the concrete is strong enough to 
both support the sawing equipment and to prevent raveling 
during the sawing operation. All joints should be sawed 
within 12 hours of concrete placement. The sawing of 
concrete constructed on stabilized base must be sawed 
earlier. This is particularly critical during hot weather. 
Once sawing begins, it.should be a continuous operation and 
should only be stopped if raveling begins to occur. 

For transverse contraction joints, an initial sawcut of D/3 
is recommended, particularly for pavements with a thickness 
greater than 10 inches. In no case should the sawcut depth 
be less than D/4. Transverse contraction joints should be 
initially sawed in succession. Skip sawing is not 
recommended, as this practice results in a wide range of 
crack widths that form beneath the sawed joints. These 
varied crack widths affect the shape factors and may cause 
excessive sealant stresses in those joints initially sawed. 
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(4) 

(5) 

(6) 

The dimensions of the final sawing should be dependent upon 
the sealant type and the anticipated longitudinal slab 
movement. 

For longitudinal joints, a minimum initial sawcut depth of 
O/3 is reconmtended to ensure cracking at the joint. The 
maximum sawcut depth should be such that the tiebars are not 
damaged. A final sawing that provides a 3/8-inch wide by 
l-inch deep sealant reservoir should be sufficient. 

When a lengthy period is anticipated between the initial 
sawing of the joint and the final sawing and sealing, 
consideration should be given to filling the joint with a 
temporary filler. This filler material should keep 
incompressibles out of the joint and reduce the potential 
for spalling. 

The use of plastic inserts is not reconmtended. Although a 
few States have had success with these inserts, most States 
no longer allow their use. Improper placement of plastic 
inserts has been Identified as a cause of random 
longitudinal cracking [2]. It is also very difficult to 
seal the joint formed by these inserts. 

/, - + .-.;. 
7'. : 44.a.a c/j:.- 

,,/~An~h~n~ 6. Kane 
. . Associate Administrator for Program 

, /.* Development 

Attachments 

3.1.14 



DESIGN OF LENGTH 

Studies have shown that pavement thickness, base stiffness, and climate affect 
the maximum anticipated joint spacing beyond which transverse cracking can be 
expected [2]. Research indicates that there is a general relationship between 
the ratio of slab length (L) to the radius of relative stiffness (e) and 
transverse cracking. The radius of relative stiffness is a term defined by 
Westergaard to quantify the relationship between the stiffness of the 
foundation and the flexural stiffness of the slab. The radius of relative 
stiffness has a lineal dimension and is determined by the following equation: 

e - [Eh3/12k(I-r2)]0~'s 

where 
e - radius of relative stiffness (in.) 
E = concrete modulus of elasticity 

(psi.) 
h - pavement thickness (in.) 
l - Poisson's ratio of the pavement 
k - modulus of subgrade reaction (pci.) 

Research data indicates that there is an increase in transverse cracking when 
the ratio L/e exceeds 5.0. Using the criteria of a maximum L/C ratio of 5.0, 
the allowable.joint spacing would increase with increased slab thickness, but 
decrease with increased (stiffer) foundation support conditions. The 
relationship between slab length, slab thickness, and foundation support for a 
L/C ratio of 5.0 is shown below. 
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TIEBAR PULL-OUT TESTS 

Proper consolidation of the concrete around the tiebars is essential to the 
performance of longitudinal construction joints. Adjacent lanes should not be 
constructed until the project engineer has had.opportunity to test the pull- 
out resistance of the tiebars. Acceptance of the tiebats should be based on 
the results of the tests for resistance to pull-out. The project engineer 
will select 15 tiebars from the first day's placement, after the concrete has 
attained a flexural strength of 550 psi. The tiebars will be tested to 12,000 
lbs. or to a slippage of l/32-inch, whichever occurs first. The average of the 
results of these pull-out tests, divided by the spacing of the tiebars, will 
be used to determine the pull-out resistance in lbs. per linear foot. 

If the test results on the first day's placement are well within the test 
requirements shown below, additional testing will be at the discretion of the 
project engineer and will be based on comparison of the installation methods 
and spacings of the first day's placement with subsequent placements. 

If the results of the pull-out tests are less than the minimum requirements 
specified for the width of concrete being tied, the contractor shall instalk 
additional tiebars to provide the minimum average pull-out resistance 
required, as directed by the project engineer. Testing of the supplemental 
tiebars will be at the discretion of the Engineer. 

Tiebars shall be installed by methods and procedures such that the tiebars 
will develop the minimum average pull-out resistance specified without any 
slippage exceeding l/32-inch in accordance with the following table: 

Tied Width of Pavement 
(Distance from Joint 
Being Constructed to 
Nearest Free Edge). 

Average Pull-out 
Resistance of 
Tiebars, lbs./L.F. . 
of joint, minimum. 

12 feet or less 2200 
Over 12 feet to 17 feet 3200 
Over 17 feet to 24 feet 4500 
Over 24 feet to 20 feet 5200 
Over 28 feet to 36 feet 6800 
Over 36 feet 9000 
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, -._ c 3 Memorandum 

Subject Technical Paper - The Benefits of 
Using Dowel Bars Da’e #PLY 1 7 Igeo 

From, Director, Office of Highway Operations 
Washington, D.C. .20590 

Reply to 
Attn of. HHO-12 

TO: Regional Federal Highway Administrators 
Direct Federal Program Administrator 

Attached for your use are two copies of a technical paper on the benefits of 
using dowel bars in PCC pavements. 
be used on all pavements, 

This paper suggests that dowel bars she;:: 
except possibly those with low truck volumes. 

paper also points out the need for proper installation if the benefits of the 
dowels are to be realized. Many States are experiencing premature deterioration 
of their undoweled PCC pavements. In these cases, we encourage the field offices 
to work with the States in evaluating the merits of dowel bars. 

We suggest that a copy of this paper be forwarded to each division office. 
We appreciate the efforts of the regional offices in reviewing the draft of 
this paper. If you have any questions concerning this paper, or wish to offer 
information relating to recent field experience with the installation of dowel 
bars, please contact Mr. David Law at FTS 366-1341. 
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TECHNICAL PAPER 89-03 -- Benefits of Using Dowel Bars 

Over the past few years, Pavement Division personnel have 
reviewed several sections of undoweled PCC pavements. In 
general, these pavements have experienced a level of 
deterioration due to faulting that is significantly greater than 
that found in comparable sections of doweled PCC pavements. This 
finding has led to a concern over the design and construction of 
undoweled pavement sections. The purpose of this brief paper is 
to illustrate the benefits of using dowels on jointed PCC 
pavements, 
of trucks. 

particularly on those routes carrying a large number 

For jointed PCC pavements to perform satisfactorily, traffic 
loads must be effectively transferred from one slab to the next. 
Without adequate load transfer, the pavement is subjected to a 
variety of distresses, such as pumping, faulting, and corner 
breaks. There is considerable disagreement on how load transfer 
should be obtained. One school of thought is to rely on 
aggregate interlock in combination with short joint spacings, 
skewed joints, and stabilized subbases. The other school of 
thought is to rely on load transfer devices, such as dowel bars. 

Aggregate interlock is ineffective at crack widths greater than 
0.035 inch. A smaller crack width, generally 0.025 inch, is 
considered necessary for satisfactory long-term performance of 
undoweled pavements. An Iowa DOT study"' of undoweled pavements 
concluded that "from measurements of joint openings it appears 
doubtful that aggregate interlock is maintained even by joints 
spaced at 20 ft." 
joint, 

When measured beneath the sawed portion of the 

inch. 
over 90% of the joints had crack widths in excess of 0.06 
In order to limit crack widths to 0.035 inch over a 

temperature range of 60-80 Fahrenheit degrees, joint spacings in 
the range of 6 to 11 feet are'needed. 
considered practical. 

Such a spacing is not 
Properly sized dowels, on the other hand, 

provide effective load transfer at reasonable joint spacings. 
Maximum joint spacings of 15-20 ft. and 30-40 ft. are recommended 
for plain and reinforced pavements respectively. 

The use of dowels has been shown to reduce faulting. 
DOT study'2' 

A Florida 
concluded that "doweled contraction joints fault less 

than non-doweled contraction joints." 
project on I-85 found that 

A Georgia DOT studyc3' of a 
"dowel bars were effective in reducing 

the faulting at the contraction joints." The Wisconsin DOT 
conducted a condition surve T the findings of this studyc4 

of their Interstate system. One of 
was that "building nonreinforced 

concrete pavements with additional thickness (2-3 inches) in lieu 
of using positive load transfer devices (dowel bars) at 
transverse contraction joints is not successful in preventing or 
reducing joint faulting to an acceptable level during a 
pavement's life." Faulting at the joints was notably absent 
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during the AASHO Road Test. One transverse joint faulted 
seriously, but investigation showed that the joint had been 
accidently sawed at some distance beyond the end of the dowel. 
Over the two-year test period, there were no other cases of 
measurable faulting at the joints, all of which were doweled. 
Based on road tests performed at the NARDO track in Italy, the 
XVIII World Road Congress reported that dowels significantly 
increased the pavement service life"' 

Dowels reduce deflections at the joint, which in turn reduce the 
magnitude of concrete flexural stresses. These deflections and 
stresses are reduced due to the load being more effectively 
shared with the adjoining slab through shear and bending stresses 
in the-dowel itself. Reduced concrete flexural stresses increase 
the fatigue life of the pavement and thus extend its service 
life. A theoretical analysis indicates that a 10" doweled slab 
with 80% load transfer will have the same deflection as a 12" 
undoweled slab with only 40% load transfer. Dowels can also 
reduce the potential for premature failure due to comer breaking 
caused by loss of,subgrade support through pumping. 

When dowels are properly designed and installed, they can reduce 
faulting and increase the pavement's se-ice life. When they are 
not, dowels can cause premature failure of the pavement in the 
vicinity of the joint. Dowels too small in diameter to handle 
the necessary stresses have resulted in premature joint failures. 
Excessive concrete bearing stresses have crushed the concrete 
around the dowels and allowed faulting to occur. Considerable 
research has been performed recently which supports the use of 
larger bars (l-1/4 to l-1/2 inch). The AASHTO Guide for Design 
of Pavement Structures recommends a dowel diameter of l/Sth the 
pavement thickness, with the dowels placed near the center of the 
slab to minimize bending stresses. Most States are currently 
using, as a minimum, l-1/4 inch diameter bars, with good results. 
Most States are using dowels 18 inches long spaced at 12 inches 
and are reporting no problems. 

Dowels should also be corrosion-resistant. The use of epoxy- 
coated or stainless-steel dowels has been shown to provide the 
necessary resistance to corrosion. It is important that a bond- 
breaker be applied to the dowels to allow the slabs to freely and 
independently expand and contract without developing restraint 
forces. This bond-breaker should be applied to provide a thin 
but uniform coating. 

Many of the past performance problems associated with doweled 
joints were the result of excessive joint spacings, ranging from 
60 to 100 ft. The trend to plain doweled slabs with joint 
spacings of 15 to 20 ft. eliminates many of these problems. 
Shorter joint spacings result in smaller crack widths, which 
reduce the stresses acting on the dowels. The shorter spacing 
also reduces slab movement, which makes dowel alignment less 
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critical, as the restraint forces due to misalignment are 
directly proportional to the'amount of slab movement. In 
addition, the effect of two slabs acting as one as the result of 
a locked or "frozen" joint is not as severe for the shorter slab 
lengths. 

In order to perform satisfactorily, dowels must also be 
reasonably aligned. The prevailing practice is to specify dowel 
alignment tolerances on the order of 1 percent, or roughly 1/8- 
inch,per foot. 
the dowels being 

This frequently results in a high percentage of 
"out of specs@' and gives the impression that 

obtaining proper dowel alignment is very difficult. Studies(6'(7' 
suggest that the alignment tolerances can be relaxed. FHWA now 
recommends an alignment tolerance of l/4 inch per foot and will 
be evaluating the possibility that these tolerances can be 
further relaxed. It is recognized that the problems with 
misaligned dowels are generally the result of gross misalignment 
occurring during concrete placement. Equipment to precisely 
measure compliance with alignment tolerances after concrete 
placement are not readily available. However, it is recommended. 
that the completed pavement joints be inspected using a metal 
detector to verify that no significant dowel misalignment has 
occurred. 

The use of mechanical dowel bar inserters holds promise for the 
improved installation of dowel bars. 
Zimmerman and Gomaco, 

Two manufacturers, Guntert- 

automatic inserters. 
have developed and are marketing new 
It is their claim that these inserters are 

capable of placing dowels more efficiently and at less cost than 
basket assemblies without sacrificing placement accuracy. 

Construction Technology Laboratories was recently retained to 
monitor the results of the placement of dowels using these new 
machines. The Guntert-Zimmerman inserter was evaluated on 
projects in Texas and Wisconsin and the Gomaco inserter was 
evaluated on an Idaho project. The placement of dowels using 
basket assemblies was also monitored in Texas and Wisconsin, 
Preliminary findings indicate that the inserters placed the 
dowels with approximately the same accuracy as dowels placed 
using basket assemblies. Cost figures from the Wisconsin study 
indicate that a savings of approximately $ 0.35 per sq. yd. of 
concrete pavement was obtained by using the dowel implanter in 
lieu of dowel baskets. 

The use of dowels is strongly encouraged on all pavements except 
possibly those with very low truck volumes. Dowels can provide a 
higher serviceability level over a longer period of time than 
pavements relying only on aggregate interlock for load transfer. 
Dowels can minimize pavement distress caused by overloads or 
heavier loads travelling by permit. 
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TECRWICAL PAPER 89-04 -- PREFORMED COMPRBBSIO# SEALS FOR PCC 
PAVEMENT JOIRTS 

Joint sealants for jointed concrete pavements are intended to 
prevent, or at least deter, the intrusion of water and 
incompressibles into the joint and pavement structure. Water 
entering a joint can lead to pumping and faulting, while 
incompressibles in a joint can cause spalling and blow-ups. A 
joint sealant must be capable of remaining in firm contact with 
the concrete at the faces of the joint while withstanding 
repeated expansion and contraction of the pavement slabs due to 
thermal variations. There are two types of joint sealants which 
are currently recognized as having the potential for satisfactory 
long-term performance. These are the preformed compression seals 
and the low-modulus silicones. The purpose of this technical 
paper is to discuss key factors in the design and installation of 
the preformed compression seals. 

DESIGN: Preformed compression seals should be designed so that 
the sealant will be in compression at all times. These seals are 
typically manufactured from a neoprene compound and factory 
molded into a web design. The seal is compressed and inserted 
into the pavement joint. These compressed webs exert an outward 
force which keeps the seal tightly pressed against the joint 
faces, thus effectively sealing the joint. 
seals are in compression, 

As long as these 
they will generally be effective. If 

compression is lost, they will fail. It is essential to maintain 
a good uniform seal between the joint faces and the compression 
seal. 

Generally, compression seals function best when compressed 
between 20 percent and 50 percent of their nominal width. This 
range will vary slightly with manufacturer and the seal 
dimensions. Compressive forces less than 20 percent may not be 
sufficient to hold the sealant in place. If the seal is exposed 
to compressive forces greater than 50 percent for an extended 
period of time, it may undergo a compression set. Compression 
set occurs when the seal doesn't recover to its initial position. 
Once it undergoes compression set, the seal will not expand as 
the joint opens, resulting in a total loss of compression and 
joint sealant failure. 

When designing joints using compression seals, the anticipated 
joint movement, the uncompressed width of the compression seal, 
and the joint width must all be determined. The first step is to 
determine the anticipated joint movement, using the following 
equation: 

where: 
. A= = CL * (aAT+r) 

AL is the anticipated amount of joint movement. 
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C is the slab/subbase frictional restraint factor 
(0.65 for stabilized subbases, 0.8 for granular 
subbases). 
L is the joint spacing, in inches. 
a is the PCC coefficient of thermal expansion 
( 4.5-6.5 x10*). This coefficient is primarily 
affected by aggregate type. It generally ranges 
from 5x10d/'F for the carbonaceous aggregate mixes 
to 6x10d/*F for the siliceous aggregate mixes. 
For further information, see Reference #l, pages 
151-152. 
AT is the maximum anticipated temperature range, 
generally the mean maximum daily temperature for 
the hottest month minus the mean minimum daily 
temperature for the coldest month. 
E is the shrinkage coefficient of concrete 
(0.5-2.5 ~10~). This factor is ignored on 
rehabilitation projects, as drying shrinkage has 
already taken place. 

-., 

The second step is to select the uncompressed width of the 
compression seal. The sealant manufacturers have information 
available which should be used in this selection process. If AL 
is the amount of joint movement and W is the width of the 
uncompressed seal, then AL-i-W should be less than or equal to the 
allowable movement of the compression seal. This range of 
allowable movement should be obtained from the sealant 
manufacturer and typically varies from 50 percent maximum 
compression to 20 percent minimum compression. If AL+W is too 
large, then either the amount of joint movement should be reduced 
by decreasing the joint spacing or the width of the compression 
seal should be increased. The width of the uncompressed seal can 
be determined from the following equation: 

W 2AL + (C, - C,,J 

where: 

W is the width of the uncompressed seal. 
AL is the anticipated amount of joint movement. 
p is the maximum recommended compression of the 
seal, as a decimal (typically 0.5). 
& is the minimum recommended compression of the 
seal, as a decimal (typically 0.2). 

The final step is to select the joint width, based on the width 
of the compression seal and the anticipated temperature of the 
pavement at the time of sealant installation. (This need only be 
a rough estimate.) An approximate installation temperature is 
necessary so that the compression seal can be installed at the 
proper compression. Warmer installation temperatures necessitate 
greater initial compression, as the pavement is closer to its 

3.3.3 



maximum expansion. This will allow the seal to remain 
sufficiently compressed during cold weather. Conversely, cooler 
temperatures require a lower initial compression, as the pavement 
is nearer its maximum contraction. This will prevent the seal 
from undergoing excessive compressive forces during hot weather. 
The width of the joint sawcut can be determined from the 
following equation: 

SC = (1 - PC) * w 

where: 

SC is the width of the joint sawcut. 
PC is the percent compression of seal at 
installation, expressed as a decimal. 
W is the width of the uncompressed seal. 

PC = CM + 
Pa 

11 
Maximum temp - Min temp 

temr, - Min temp] * (Gn - Cmh) 

It should be pointed out that this procedure is approximate: saw blades and compression seals are only available in a limited 
number of widths. 
precise 

This design procedure is not dependent upon, 

widths. 
temperature predictions and minute variations in joint 

Since the pavement temperature at the time of seal installation 
is not known at the design phase, it is recommended that the 
design be flexible enough to allow for installation of 
compression seals over a wide range of temperatures. This can 
best be achieved by reducing the joint spacing, preferably to 30 
feet or less, as shorter joint spacings significantly reduce the 
amount of joint movement. Selecting a compression seal one or 
two sizes larger than the minimum required by AL+W will reduce 
the sensitivity of the design to the installation temperature. 
Regardless, it may still be necessary to either vary the joint 
width to account for the pavement temperature at the time of seal 
installation or to prohibit the installation of compression seals 
during certain temperatures (i.e., less than 45’F). 

Differential vertical movements at the joint also affect seal 
performance. The greater the vertical movement, the greater the 
potential that the seal will 81walk'1 up and out of the joint. 
Doweled joints will reduce vertical movements and are recommended 
when using compression seals. 

Compression seals should not be used within 100 feet of expansion 
joints. Joints near expansion joints can be expected to expand 
sufficiently to allow these seals to loosen and pop out. 

3.3.4 



. ST-ON. Proper construction techniques must be followed to 
ensure that the compression seals will perform as intended. 
Improper installation procedures are a primary cause of premature 
failures of these seals. Close attention must also be paid to 
the manufacturer's recommendations. 

The joint faces must be vertical, 
itself up and out of the joint. 

so that the seal does not work 
Any spalls at the joint should 

be patched prior to installation of the compression seal. 
(Spalls less than l/4-inch may remain; however, the seal should 
be recessed sufficiently to avoid the spalled area.) 
Irregularities in the joint width could reduce the pressure on 
the seal to the point that it would no longer remain in 
compression. 

It is recommended that the concrete surfaces at the joint be dry 
prior to installation of the compression seal. 
be air-blasted to remove any debris. 

The joint should 
Both the air temperature 

and the temperature of the pavement should be above freezing. 
Prior to installing the compression seal, a lubricant-adhesive 
should be applied to either the joint faces or the seal. 
material primarily serves as a lubricant to facilitate the 

This 

installation process. 
adhesive, 

This material also cures to form a weak 

However, 
which helps keep the seal at the proper height. 

it does not provide any tensile strength. 

The compression seal should be adequately recessed, so that it 
won't be damaged by traffic. 
reduce spalling. 

The joint edge may be beveled to 
A l/4-inch radius bevel or a l/b-inch straight 

bevel is sufficient. The compression seal should be recessed 
approximately l/a-inch below the bottom of the bevel. 
joint edge is not beveled, 

When the 
the seal should be recessed from 

l/a-inch to 3/8-inch beneath the top of the slab. The seal may 
be recessed up to l/a-inch if grinding of the concrete pavement 
is anticipated in the future. While this additional depth should 
prevent the seal from being damaged by the grinding operation, it 
may allow incompressibles to accumulate and cause spalling. 
joint resenroir should be deep enough to allow the seal to be 

The 

compressed without extruding to an elevation where it will be 
exposed to traffic. 

Care should be taken to not stretch the seal during the 
installation process. A stretched seal will not perform as well 
or as long as a properly installed seal. The seal should also 
not be twisted, as intimate contact must be maintained between 
the seal and joint faces over the full length of the seal. Most 
compression seal manufacturers have developed installation 
equipment which do not stretch, twist or damage the seals. This 
type of equipment should be used. 

3.3.5 



When sealing a width of two lanes or less, splices should not be 
permitted. When sealing more than two lanes, one splice may be 
permitted; however, the contractor should closely follow the 
manufacturer's recommendations for splicing. 

Close inspection of the installation procedure is necessary to 
ensure that the seals will perform as intended. The inspector 
should verify that the pavement joint is sawed to the proper 
width and depth, and that the compression seal is the correct 
width prior to commencing sealing. The tolerance for the joint 
width should be + l/16-inch. During the installation process, 
the inspector should verify that the seal is not being stretched. 
This can be done by comparing the distance between two marks on 
the surface of the seal measured before and after installation. 
The inspector should also visually inspect the compression seal 
to ensure that it has 
adequately recessed. 

not been twisted-or damaged,-and is 

. s-y. If properly designed and installed, preformed 
compression seals have the potential to provide excellent 
performance over an extended period. It is not uncommon to find 
compression seals more than 10 years old still performing as well 
as newly installed seals. To ensure this type of performance, 
both the width of the pavement joint and the pavement temperature 
at the time of installation need to be coordinated with the width 
of the compression seal. The joint should be designed and 
constructed so that the compression seal will function entirely 
within the manufacturerls recommended operating range, generally 
20 percent to 50 percent compression of the uncompressed seal 
width. This may necessitate that seal installation be prohibited 
during certain extremes in pavement temperature. Satisfactory 
joint sealant performance is dependent upon good construction 
procedures and proper inspection. 
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SAMPLE DESIGN CALCULATIONS: The design of compression seals is a 
simple procedure. The following examples show how a design 
process could be used. 

EXAMPLE A: 

A State wants to use preformed compression seals on all new PCC 
pavement projects. Their standard design calls for a 60-foot 
joint spacing on a granular base. The expected temperature range 
is from 14'F to 90'F. 

Step 1 - Determine the anticipated joint movement. 
AL = CL (aAT + E:) 

= ( 0.8 )( 60 * 12 )[ ( 5.5*10* ) ( 76 ) + ( l.O*lO* ) ] 
= 576 ( 4.18*10d + l.O*lO‘* ) 
= 0.3 inch 

Step 2 - Select width of uncompressed seal. 

(This particular sealant manufacturer recommends an 
operating range of 55 percent to 20 percent) 

W 2AL + (C, - C,) 
2 0.3 + ( 0.55 - 0.20 ) 
1: 0.3 + 0.35 
2 0.86 inch 

use W = 1 inch 

Step 3 - Select width of sawcut. 

PC = c* + rusta11 . temr;, - *ln tem 1;1 Maximum temp - Min temp * (Cma - Glh) 

Sc=(l -Pc)*W 

Case 1: Installation temperature = 80'F 

PC = 0.2 + [ ( 66 i 76 ) * ( 0.55 - 0.2 ) ] 
- 0.2 + ( 0.87 ) * ( 0.35 ) 
- 0.50 

SC =(l- 0.5 ) * 1 
= 0.5 inch 

Case 2: Installation temperature = 40'F 

PC = 0.2 + [ ( 26 + 76 ) * ( 0.55 - 0.2 ) J 
= 0.2 + ( 0.34 ) * ( 0.35 ) 
= 0.32 

SC =(l- 0.32 ) * 1 
= 0.68 inch 
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BXAHPLB B: 

The State elects to change their design by reducing.the joint 
spacing to 30 feet. 

Step 1 - Determine the anticipated joint movement. 

AL is directly proportional to L; 
decreases AL by 50 percent. 

decreasing L by 50 percent 

AL= 0.15 inch 

Step 2 - Select width of uncompressed seal. 

w 2 AL + (C, - C,) 
> 0.15 f ( 0.55 - 0.20 ) 
2 0.15 i 0.35 
2 0.43 inch 

use W = 0.688 inch ( a larger size than necessary ) 

Step 3 - Select width of sawcut. 

PC = c* + Install 
C 

temr, - Min temx, 1 Maximum temp - Min temp * (%a - Gin) 
Sc=(1-Pc)*W 

Case 1: Installation temperature = 80'F 

PC = 0.2 + [ ( 66 i- 76 ) * ( 0.55 - 0.2 ) ] 
= 0.2 + ( 0.87 ) * ( 0.35 ) 
= 0.50 

SC =(l- 0.5 ) * 0.688 
= 0.344 inch 

Case 2: Installation temperature = 40-F 

PC = 0.2 + [ ( 26 + 76 ) * ( 0.55 - 0.2 ) ] 
- 0.'2 + ( 0.34 ) * ( 0.35 ) 
= 0.32 

SC =(l- 0.32 ) * 0.688 
= 0.47 inch 
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Because a larger Seal was used, would a sawcut width of 
0.375 inch work regardless of the temperature at 
installation? 

Case 1: Insufficient compression 

(Seal width - Max. joint opening (JO,) ) + Seal width = C,,, 
( 0.688 - JO, ) + 0.688 = 0.2 

JO, = 0.688 - ( 0.2 ) ( 0.688 ) 
J%R = 0,55 inch 

JQUI - SC = allowable movement 
0.55 - 0.375 = allowable movement 
0.175 inch = allowable movement 

0.175 inch 1 0.15 inch (anticipated joint movement) 
The seal will not be undercompressed. 

Case 2: Compression set 

(Seal width - Min. joint opening (JO,)) i Seal width = C, 
( 0.688 - JO- ) + 0.688 = 0.55 
JOrr,n = 0.688 - ( 0.55 ) ( 0.688 ) 
JOti - 0.31 inch 

SC - JO* - allowable movement 
0.375 - 0.31 = allowable movement 
0.065 inch = allowable movement 

0.065 inch ( 0.15 inch (anticipated joint movement) 
The seal may undergo compression set. 

The acceptable installation temperature range 
= [ allowable movement + total movement ] * temp range 
= ( 0.065 + 0.15 ) l 76’ 
- 33’ 
90’ - 33’ = 57’ 

The seal will not undergo compression set so long as 
the joint is sawed and sealed when the pavement 
temperature is greater than 57.F. It iS recommended 
that the specifications be revised to limit the 
installation operation to temperatures above 57.F or 
the design revised to provide a shorter joint spacing. 
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sublect Examination of Cores from Kansas I-70 Da’e AL 2 5 1969 

Ffm Chief, Pavement Division 
Uashington, D.C. 20590 

lo Mr. Thomas 3. Ptak, 
Deputy Regional Federal Highway Administrator HEO-07 
Kansas City, Missouri 

Attached is Dr. Stephen Forster's report on the examination of the concrete 
cores from Kansas I-70 east of Abilene (Kansas Project No. 70-21 K-2588-01). 
Dr. Forster did not find any evidence of "D" cracking of the aggregate or 
alkali-aggregate reactivity. The crack faces appear rough enough to provide 
load transfer if the cracks remain tight. However, the cracks in these cores 
have opened to the point where load transfer has been 1 ost and the cracks are 
working. 

We are observing a significant number of jointed reinforced concrete pavements 
(JRCP) with working cracks. The two factors believed to be the primary cause 
of working cracks in JRCP are corroded and locked up dowel bars and inadequate 
reinforcement. The introduction of epoxy coated dowels has reduced the risk 
of dowel bar corrosion. However, the procedures used to determine the amount 
of reinforcement in JRCP are not adequate. 

Reinforcement for JRCP is designed using the subgrade drag theory. The 
procedure does not consider the crack aggregate interlock capability or the 
repeated shear loads from traffic. Also, the subgrade drag theory does not 
directly consider climatic effects. In the absence of a good design procedure 
for the reinforcement in JRCP, we believe the following conclusion from an 
ongoing research study "Performance/Rehabilitation of Rigid Pavements" 
provides good guidance: 

nT;:, amount of reinforcement appeared to have an effect in controlling 
the amount of deteriorated transverse cracking. Although often 
confounded by the presence of corrosion-resistance dowel bars, pavement 
sections that contained more than 0.1 percent reinforcing steel 
exhibited less deteriorated transverse cracking; sections with less than 
that amount often displayed a significant amount of transverse cracking, 
particularly in cold climates. A minimum of 0.1 percent reinforcing 
steel is therefore reconmtended, wither amounts required for harsher 
climates and longer slabs." 
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Based on Kansas Standard Plan 707.2, it appears there was approximately 
0.07 percent reinforcing steel in the Kansas I-70 pavement. Ye recotmnend 
that the State consider increasing the amount of reinforcing steel cm future 
projects. 

Correction of working cracks is a very costly process. The available 
alternatives include installation of retrofit dowels and full-depth patching. 
If the retrofit dowel technique is used, the work should be performed before 
the cracks start to deteriorate. 
each wheelpath. 

A minimum of three dowels is required in 
The cost per dowel should be in the range of $30 to $70, 

depending on the quantities, labor costs, and hardness of the aggregate. When 
the full-depth repair option is selected, work should be performed after the 
distress begins to have a serious impact on pavement serviceability. The use 
of full-depth patching after the distress has occurred is generally the 
preferred alternative for several reasons: (1) It is difficult to predict 
whether the working cracks will result in a significant reduction in pavement 
serviceability. (2) If the rate of serviceability loss is low, the full-depth 
patching can be performed at the same time future rehabilitation needs are 
addressed. 

Attached is a copy of the latest draft of the report for the research project 
"Performance/Rehabilitation of Rigid Pavements.n Also attached is information 
on retrofit dowel bar installation. 

Please contact Mr. John Hallin at 366-1323, if you have any questions 
concerning these comments. 
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t 3 
U.S. Depume- 
d Tfunswrranon 
Faderd wghway - 
Admlnlstfutlon 

Memorandum 

EJC t?lcI Dowel Bar Inserters >ore February 23, 1996 

+,, Chref. Pavement Division ?evv :o Ann. zl- HNG-40 

Tj: Regional Administrators 
Federal Lands Highway Program Administrator 
Attention: Regional Pavement Engineers 

By a March 6, 1990, memorandum, Mr. Louis Papet provided a copy of a Wisconsin 
Department of Transportation report on “Dowel Bar Placement: Mechanical Insertion 
Versus Basket Assemblies.” Since that time, there appears to have been poor acceptance 
of the use of dowel bar inserters. A recent draft NCHRP report noted that 8 States allow 
the use of inserters, 13 States allow it as an acceptable option, and 20 States do not allow 
their use. 

This technique has been used exclusively In some European countries for ove,r 20 years - 
with sattsfactory dowel placement results. We believe all States should be encouraged to 
make thrs an allowable option in their specifications. We continue to encourage checking 
of dowel tolerances by probing through the fresh concrete early during the project and 
periodically as the work progresses. We also continue to recommend that when either 
baskets or inserters are used, the location of the dowels in the completed pavement be 
verified using metal detectors, pachometers, and cores. 

If you have any comments or quest ens please contact Mr. John Hallin at (202) 366-1323 
or Mr. Roger Larson at (202) 366-l 326 

T. Paul Teng, P.E. / ’ 
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Memorandum 

SlJbJect- Dowel Bar Inserters Date 

MAR 619?30 

Chief, Pavement Division 
Reply to 

From Attn 01. HHO-12 
Uashington, D.C. 20590-0001 

To: Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attention: Pavement Engineers 

Attached for your information is a copy 
Department of Transportation (WDOT) ent 

of a report prepared by the Wisconsin 
itled *'Dowel Bar Placement: Mechanica 1 

Insertion Versus Basket Assemblies." This study found that dowel placement 
accuracy achieved with the mechanical inserters equaled or surpassed the 
accuracy achieved with basket assemblies. As a result, the WDOT now permits 
the use of mechanical dowel bar inserters on construction projects. 

Wisconsin's evaluation of dowel placement accuracy was based on their 
specification, which permits an alignment tolerance of l/2-inch per dowel. 
This is slightly greater than the l/4-inch per foot (3/8-inch per dowel) 
recommended in our May 17, 1989, Technical Paper 89-03, Benefits of Using 
Dowel Bars. Wisconsin is using a joint spacing of 12-13-19-18 feet and has 
not reported any distress which would indicate dowel alignment problems. As 
pointed out in Technical Paper 89-03, we are continuing to evaluate the 
specification tolerances for dowel al igrunent. 

We concur with the WDOT's conclusion that: "The initial set-up of the dowel 
bar inserter with respect to depth of dowel placement is critical at the start 
of each project, and dowel depths should be verified by probing through the 
fresh concrete." We also recommend that when either baskets or inserters are 
used, the location of the dowels in the completed pavement be verified using 
metal detectors, pachometers, and cores. 

If you have any questions or comments, please contact Mr. John Hallin at 
366-1323. 
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BOWEL BAR PLACEMENT: 
MECHANICAL INSERTION 

VERSUS BASKET ASSEMBLIES 

FINAL REPORT 

MARCH 1989 
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Dowel Bar Placement: 
pechanical Insertion Versus Basket Assemblies 

Final ReDOrt 

Project I.D. 0624-32-08 
Study No. 88-10 

WorkDlan and Project Coordination bv: 
Ashwani I<. Sharma 

Research Project Engineer 

A *Is S’ 

James M. Parry, P.E. 
Pavement Monitoring Engineer 

February 1989 

Wisconsin Department of Transportation 
Division of Highways and Transportation Services 

Central Office Materials 
Applied Research and Pavement Management Sections 
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ABSTIUCT 

A mechanical dowel bar inserter was used on three highway 
construction projects in Wisconsin in 1987 and 1988. Coring was 
performed on these projects, and on three projects where dowel 
basket assemblies were used, to determine the dowel placement 
accuracy of both techniques. Study results indicate that the 
dowel placement accuracy achieved with the mechanical inserter 
equaled or suroassed the accuracy achieved with basket -- 
assemblies. Based on the results of this study, the mechanical 
dowel bar inserter will be allowed as an equal alternate to 
basket assemblies on 1989 construction projects in Wisconsin. 

There were some problems on the initial projects where'the 
mechanical inserter was used, including 
dowels, 
location 

isqper ocation of sawed 
of the dw 

'oints with res-t to the ---- 
onhe dowel bars. 

and voids ln the concrete above the ends 
However, with continued refinement of 

construction techniques by the contractors and careful inspection 
by WisDOT construction personnel, it is believed that these 
problems associated with the new technology can be reduced or 
eliminated on future projects. 
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INTRODUCTION 

Traditionally, the dowel bars at Portland Cement Concrete (PCC, 
transverse pavement joints have been placed using wire basket 
assemblies, which are staked to the base prior to paving. Dowel 
basket assemblies are expensive, and their placement is labor 
intensive. For at least three decades, contractors and equipment 
manufacturers have been trying to develop a piece of paving 
equipment which can accurately place dowels in the plastic 
concrete at transverse joints, to eliminate the need for dowel 
baskets. 

In the days of side form paving, a machine was developed and used 
in several states that was doing an acceptable job of vibrating 
dowels in ahead of the final finishing machine, but with the 
advent of slipform paving this machine proved unsatisfactory. If 
the dowels were placed between the spreader and the slipform, the 
dowels tended to settle or move horizontally when the slipform 
passed over them. If the dowels were vibrated in behind the 
slipform paver, there was a depression at the joint location 
which could not be removed by hand finishing with a 
straightedge.(l) 

In recent years many states, including Wisconsin, are specifying 
dowels in all transverse joints on heavily trafficked PCC 
pavements, due to excessive faulting which has occurred on 
existing pavements without dowels. 
now also commonly used, 

Shorter joint spacings are 

mile of pavement. 
which require many more dowel baskets & 

These changes in design policy have stimulated 
even greater interest in developing a mechanical dowel bar 
inserter that will work with a slipform paver. 

For several years a mechanical dowel bar inserter made by Guntert 
C Zimmerman has been used in Europe with reported success. A 
Wisconsin paving contractor purchased one of these machines, and 
was granted an opportunity to use it on an experimental basis on 
a project on I-90 at Janesville in 1987. 
Laboratories, Inc., of Skokie, 

Construction Technology 
IL (CTL) was retained to conduct a 

study of the dowel placement accuracy of the inserter versus 
baskets on the Janesville project, using a ground penetrating 
radar system. 

The report from this study was reviewed by WisDOT staff, and the 
study results were found to be inconclusive. This was 
principally due to sh&tcomings of the ground penetrating radar 
technology used in the study. The problems included lack of 
precision of the measurements for some of the dowel placement 
parameters, and marginal correlation between the radar data and 
coring results. Consensus opinion of the WisDOT staff was that 
additional investigation was needed before the dowel inserter 
could be approved for general use. 

Numbers in parentheses denote references given at end of repor 
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In July of 1988 this need for additional information was 
addressed when the workplan for the current study was developed. 
Cdring was chosen as the method to be used for evaluation of 
dowel location despite the destructive nature of the testing, 
because of the precise and accurate results which could be 
obtained. Two additional pavements were constructed using the 
dowel inserter in 1988, so a more broad-scaled investigation was 
now possible. The purpose of the current study is to determine 
whether the dowel bar inserter is acceptable as an equal 
alternate to dowel baskets for future WisDOT paving projects. 

The report by Construction Technology Laboratories, entitled 
"Field Evaluation of Dowel Placement along a Section of I-90 Near 
Janesville, Wisconsin", which was the final report for the radar 
study, will be hereafter refered to as the CTL report.(a) 
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SAMPLING AND CORING PROCEDURES 

Number of Projects: Since three dowel inserter projects were 
available for evaluation, three additional independent projects 
using dowel baskets were also selected for this study. The 
comparison section with dowel baskets on the I-90 Janesville 
dowel inserter project was not included in this study due to 
reports from field personnel that unusual care k'as taken in 
placing the baskets on that project. The six projects that were 
selected for this study are described in Table 1. 

Wmber of Dowels ner Proiect: To achieve good statistical 
reliability while keeping costs and coring damage down to a 
reasonable level, 
was selected. 

a nominal sample size of 90 dowels per project 

Jocation of Test Joints: The test joint locations on each 
project were selected in such a manner so that a representative 
sample would be collected. The optimum procedure would have been 
to select joints at random intervals throughout the project, but. 
traffic control cost constraints dictated the need to concentrate 
the testing in limited test sections. Three test sections were 
designated for each project. The test sections were located a 
mile apart, 
project. 

and were located in the central portion of the 
Spreading the test sections out in this manner assured 

that all test joints would not fall in a single isolated problem 
area of the project. Central location of the test sections on 
the project assured that samples would not be taken near the ends 
of the project, where "start-up" paving problems typically occur. 
The location of the starting points for each of the test sections 
on each of the projects are given in Table 2. 

A total of 15 test joints were designated in each test section. 
To assure equal rotation through the C-joint repeating random 
skewed joint spacing pattern, every third joint in the test 
section was designated as a test joint. 

Location of Test Dowels in Test Joints: At each test joint, one 
dowel was tested in the passing lane, and one dowel was tested in 
the driving lane. This was done to assess the relative placement 
error as it varied across the test joint. On the South Madison 
Beltline project, which had three lanes per direction, testing 
was confined to the two adjacent lanes (closest to the median) 
which were paved simultaneously with the dowel bar inserter. 

The lateral position of each of the dowels across the pavement 
was identified by numbering the dowels for each lane in ascending 
order from the shoulder to the longitudinal joint between the two 
lanes, as shown in Figure 1. The lateral position of the test 
dowels for all successive test joints on a project was determined 
by rotating through the random number sequence shown in Table 3. 
This assured even representation in the sample for all dowel 
positions across the lanes. 
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Corinu Procedure: A metal detector was used to locate the 
designated test dowel at the test joint. 
holes, 

Partial depth core 
centered over the ends of the dowel, were then drilled 

down to the depth of the dowel. The concrete core was then 
snapped off at the depth of the dowel, exposing the upper portion 
of the ends of the dowel bar for location measurements. 

Measurements Collected for Test Dowels: The following 
measurements were collected for each end of each test dowel. 

Vertical oosition: The distance from the top of the dowel 
end to the pavement surface was measured directly with a 
tape measure, either from the core or the core hole. These 
measurements were used to determine the average depth and 
vert?cal rotation of the dowels. 

Lateral mosition: The distance from the center of the dowel 
end to the shoulder edge of the lane was measured using the 
following procedure. A two-foot carpenter's level was 
fitted with a custom-built tripod with leveling screws. A 
small black mark was made at the center of the dowel end. 
To project a vertical line above the dowel center, the level 
was plumbed vertically and the edge of the level was sited 
in to line up with the mark on the dowel. An eight-foot 
straightedge was laid longiza5inally at the shoulder edge of 
the pavement. A tape measure 7;as stretched transversely 
along the pavement surface from the siting edge of the level 
to the straightedge at the shoulder, and the resulting 
measurement was defined as the lateral position. These 
measurements were used to determine the horizontal rotation 
of the dowels. 

Lonaitudinal oosition: The distance from the end of the 
dowel to the sawn joint was measured using the following 
procedure. To project a vertical line above the end of the 
dowel, the same mounted carpenter's level was plumbed and 
sited in to line up with the end of the dowel. A tape 
measure was laid on the pavement surface directly over and 
parallel to the dowel from the siting edge of the level to 
the center of the sawn joint. The resulting measurement was 
defined as the longitudinal position. These measurements 
were used to determine the longitudinal offset from the 
center of the dowel to the sawn joint. 

Dowel Placement Parameters Evaluated: The four dowel placement 
parameters evaluated in this study are defined below. 

Note that lateral spacing of the dowels was not evaluated in this 
study, because consecutive dowels across a single joint were not 
cored. Lateral spacing is not an especially sensitive parameter, 
and previous WisDOT coring on basket projects and the CTL report 
on the Janesville inserter project both showed no problem with 
meeting the contract specification -(12" plus or minus 1") for 
lateral spacing. 
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The dowel placement parameters are illustrated in Figure 2. 

Vertical translation: This is defined as the average depth 
of the dowel, measured from the top of the dowel to the 
pavement surface. 

Vertical rotation: This is defined as the difference i,n 
depth (vertical position) between the opposite ends of the 
dowel. 

Horizontal rotation: This is defined as the difference in 
lateral position between opposite ends of the dowel. 

Lonoitudinal translat'on: This is defined as the 
longitudinaleen the midpoint of the dowel and 
the sawn joint. 
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PLACEMENT TOLERANCE SPECIFICATIONS 

The exact placement tolerance specifications used for this 
analysis are not critical, because the principal objective of 
this study is to compare the relative performance of the two 
dowel placement techniques. However, tolerance specifications do 
provide a useful frame of reference for this performance 
comparison, so the following specifications were used. 

Vertical Translation: Specifications for this parameter were 
included in the construction contracts for all six projects in 
this study. 
the dowels, 

The specifications consisted of a target depth for 
and an allowable range of deviation. 

1987 construction projects, 
For the two 

the I-90 Janesville project and the 
West Madison Beltline project, the target depth specified called 
for the dowels to be centered l/2 inch above the mid-depth of the 
slab. For the four 1988 construction projects, the target depth 
specified called for the dowels to be centered at the mid-depth 
of the slab. For the I-90 project, the allowable range of 
tolerance for dowel depth was plus or minus 1 inch from the 
target depth. The same tolerance ranges were used in this 
analysis for the other five projects in the study. 

Vertical Rotation: The tolerance specified in the CTL report for 
the I-90 project allowed l/2 inch of vertical deviation from the 
true longitudinal axis of the pavement. 
used for analysis of all of the projects. 

This same tolerance was 

Horizontal Rotation: The tolerance specified in the CTL report 
for the I-90 project allowed l/2 inch of horizontal deviation 
from the true longitudinal axis of the pavement. This same 
tolerance was used for analysis for all of the projects. 

Lonqitudinal translation: No specification was established for 
this placement parameter in the CTL report for the I-90 project. 
However,, it was cited in a recent FHWA publication that it was 
necessary to have 6 inches of dowel on each side of the joint for 
effective load transfer and joint life.(l) Dowels longer than 
12 inches are used in practice to allow leeway for joint sawing 
errors. Thus, for 180inch dowels, a longitudinal offset of 
3 inches in either direction is tolerable, and adequate load 
transfer is still provided. This tolerance was used for all 
projects in this analysis. 
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ANALYSIS OF PERFORMANCE 

The coring results and statistics are summarized in Table 4 fc 
all six projects. A detailed listing of all dowel locations 1 a 
measurements is provided in Appendix A. 

The types of analysis that were performed for each of the dowel 
placement parameters included the following areas. A basic 
analysis of averages and distribution densities was conducted 
using means and standard deviations, and these statistics are 
included in Table 4. 

Additionally, analysis was performed on the direction of 
deviation from the optimum dowel position (e.g. rotated left or 
right, rotated up or down, longitudinally offset forward or 
backward: with respect to the direction of paving). For all 
dowel placement parameters on all.projects, the data had 
approximately balanced normal distributions which were centered 
at or near the optimum dowel position. The lack of skewed 
distributions and lack of distributions centered well away from 
the optimum position indicate that the variation is due to normal 
random fluctuation of the two dowel placement methods. It 
indicates that no pervasive systematic problems exist in either 
of the dowel placement processes which would caused skewed data. 

Analysis of directional deviation of the dowel placement 
parameters versus the lateral position of the dowels across the 
roadway was also conducted. Again, for all placement paramete 
on all projects, the lateral position of the dowels across the 
roadway had no significant effect on the placement parameters of 
the dowels, indicating no pervasive systematic problems in either 
of the dowel placement processes. 

Vertical Translation: First, the distribution of dowel depths 
was examined. The standard deviations for the inserter projects 
(0.20" to 0.46") were comparable or smaller than those for the 
basket projects (0.35" to 0.57"), indicating that the inserter is 
capable of consistent depth placement of the dowels. This does 
not necessarily mean that the inserter is better in this respect 
than baskets, because the frame of reference is different for the 
two placement methods. The depth of the dowels was measured from 
the pavement surface down to the top of the dowels. Dowel 
baskets are staked to the base course, thus referenced to the 
bottom of the slab. As the thickness of the pavement varies 
along the length of the project (typically 1" or more 
fluctuation), the depth of the dowels, as measured from the 
surface, would vary directly with the fluctuation of the slab 
thickness. The placement of dowels by the inserter is referenced 
to the paver frame, and is thus more closely correlated with the 
pavement surface. Thus, fluctuation in pavement thickness should 
have little or no effect on dowel depths for the inserter 
projects. In conclusion, the dowel bar inserter is capable of 
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placing dowels in a satisfactory close distribution around a 
target depth. 

Second, the average placement depth of the dowels vas examined. 
The mean depth of placement for all of the inserter and basket 
projects was below the target depth specification. However, all 
of the projects except two had had at least 90% of the dowels 
placed within the allowable range of the depth specification. On 
one inserter project an-d one basket project, a significant 
percentage of the dowels were placed too deep to meet the maximum 
depth specification. 

On the South Madison Beltline project, where the dowel bar 
inserter was used, 39% of the sampled dowels were placed too deep 
to meet the maximum depth specification. Since the dowel bar 
inserter is attached to the frame of the paver, dowel placement 
is therefore referenced to the top of the slab, as discussed 
previously. Thus, placement depth, as measured from the top of 
the slab, should not be influenced by fluctuation in overall 
pavement thickness. It is then very probable that the inserter 
was set up incorrectly at the start of the project, and that the 
dowels were consistently placed too deep throughout the project. ' 
The target depth for the dowels was 0.8 inches higher than the 
mean depth measured. In conclusion, great care must be taken to 
set up the inserter for proper depth placement at the start of 
each project,-- and the setup should be verified by checking dowel 
depths in the fresh concrete during the early stages of paving. 

On the West Madison Beltline project, where dowel baskets were 
used, 39% of the sampled dowels were placed too deep to meet the 
maximum depth specification. Since the dowel baskets are staked 
to the base course, dowel placement is therefore referenced to 
the bottom of the slab, as discussed previously. Thus, placement 
depth, as measured from the top of the slab, would directly 
reflect fluctuations in overall slab thickness. The nominal slab 
thickness for this project, 
10 inches. 

which was used for the analysis, was 
Based upon the results of the pavement thickness 

quality control coring which was performed on the project, the 
average actual slab thickness was 10.6 inches in the southbound 
lanes, where the dowel test sections were located. The target 
depth for the dowels was 0.9 inches higher than the mean depth 
measured. This difference is only slightly greater than the 
additional slab thickness measured. Also, if this project had 
been constructed under the 1988 specifications, the target dowel 
depth would have been l/2 inch deeper, and only 6% of the dowels 
would have been too deep, based on nominal slab thickness. If 
the analysis were based on actual slab thickness, the out of spec 
figure would have been reduced even further. In conclusion, 
while the depth of concrete cover over the dowels fluctuates with 
pavement thickness on basket projects, the depth of concrete 
cover below the dowels remains predominantly consistent and 
adequate. 
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Vertical Rotation: At least 90% of the dowels were placed within 
the specification for vertical rotation on all inserter and 
basket projects. The mean rotation varied from 0.14 to 0.25 
inches on the individual p,rojects. In conclusion, the dowel bar 
inserter performed satisfactorily with respect to the vertical 
rotation parameter. 

Horizontal Rotation: At least 90% of the dowels were placed 
within the specification for horizontal rotation on all of the 
inserter projects. Somewhat surprisingly, 17% to 22% of the 
dowels on the three basket projects did not meet the specified 
limit of I/2 inch of horizontal rotation. The mean horizontal 
rotation for the inserter projects ranged from 0.21 to 0.26 
inches, while the mean for the basket projects ranged ranged from 
0.32 to 0.40 inches. In conclusion, the dowel bar inserter 
performed satisfactorily with respect to the horizontal rotation 
parameter, and was superior to basket performance. 

Lonaitudinal Translation- This parameter is mpre closely 
associated with the marking and sawing of joints than with the 
actual performance of the dowel bar inserter itself. However, 
whether placement is by inserter or baskets, it is imperative 
that the sawed joint is aligned properly with the midpoint of the 
dowels. The number of joints which were improperly aligned with 
the dowels ranged from 1% to 15% on the inserter projects, and 
from 1% to 22% on the basket projects. Hence, there is 
definitely room for improvement of the joint locating techniques 
used both on inserter and basket projects. An economical means 
by which to improve performance in this area would be to have 
available a magnetic rebar locator on all doweled FCC 
construction projects. This could be used to verify the location 
of the dowels relative to the pre-established locating marks, 
especially in the early stage of paving on a project, until the 
joint marking and sawing procedure is refined to an acceptable 
level. It was the experience of t? re 
for this study, 

field crew doing the coring 
that the position L ? the dowel ends could be 

accurately established (plus,or minus 1 inch) using a magnetic 
rebar locator. In conclusion, performance with respect to 
longitudinal translation needs improvement on both inserter and 
basket projects. 

Ride Quality: Concern has been expressed over adverse effects on 
the ride quality of pavements where dowel bar inserters are used. 
Pavement serviceability index (PSI) is measured on all newly 
constructed pavements in Wisconsin to assess the ride quality of 
these projects. These ride quality measurements are collected 
after diamond grinding has been completed to meet the California 
Profilograph based WisDOT smoothness specifications which are 
part of the construction‘contract. The total amount of original 
roughness on a project can then be qualitatively assessed as a 
combination of the final PSI, and the amount of grinding which 
was done to achieve that level of ride quality. It is important 
to remember that some or most of the roughness on a project may 
originate from paving problems which are independent of the dowel 
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bar inserter. 

On the first inserter project, I-90 at Janesville, an extensive 
amount of grinding was performed, and the final project PSI was 
only 3.6. Field inspection of this project revealed that, 
especially in the southern portion of the project, some of the 
existing roughness and grinding was related to the dowel bar 
inserter. In some unground stretches, cyclical distortion of the 
longitudinal profile was visually evident in synchronization with 
the pavement joints. In some ground stretches, cyclical 
variation of the depth of grinding was visually evident in 
synchronization with the pavement joints. However, the overall 
majority of roughness and grinding on the project appeared to be 
related to longer wavelength profile distortion, which is 
typically associated with other independent paving problems. 

On the second inserter project, USH 18/151 from Dodgeville to 
Mt. Horeb, a moderate amount of grinding was performed, and the 
final project PSI was 4.2. Field inspection of this project 
revealed that no significant amount of roughness or grinding was 
synchronized with the pavement joints. The roughness and 
grinding on this project appeared to be all related to longer 
wavelength profile distortion, 
paving problems. 

associated with other independent 
Some roughness on this project may have been 

caused by construction problems with the experimental open-graded 
base course which was used on portions of the project. 

On the third inserter project, the South Madison Beltline, a 
relatively light amount of grinding was performed, and the final 
project PSI was 4.6. 
of grinding, 

With a PSI that high and the small amount 

project. 
there was not much initial roughness built into this 

distortion 
Field inspection revealed no significant profile 

associated with the joints. The limited grinding 
which was done appeared to be related to longer wavelength 
profile distortion, independent of the joints. 

All three of these projects were paved by the same contractor. 
It is evident that the contractor's ability to produce a smooth 
riding pavement with this paver/dowel inserter combination has 
improved dramatically. In conclusion, by the third project, 
satisfactory performance was achieved with the dowel inserter 
with respect to ride quality. 

Voids: Another concern about the dowel inserter has been the 
quality of consolidation of the concrete around the dowels when 
they are inserted. Significant voids (dime-size or larger - 
small bugholes were not counted) were found immediately above the 
ends of 22% to 34% of the dowels on the inserter projects. The 
voids were always very close to the ends of the dowel, within 
about the last inch of the bar. On two of the basket projects, 
no voids were found above the dowels, but on the STH 29 Vinton 
project voids were found above 40% of the dowels. 

With the inserter, the concrete flows upward past the dowel as 
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the dowel is vibrated downward, and the logical location for 
voids is above the dowel, so it is likely that all voids were 
detected on the inserter projects. However, on the basket 
projects the concrete flows downward past the dowel, and the 
logical location for voids is underneath the dowel. Since on,, 
the top of the dowel was inspected for this study, it is possible 
that the void problem may be understated for the basket projects 
due to undetected voids beneath the dowels. Further coring needs 
to be performed on basket projects to assess the extent of this 
problem. 

Voids of this magnitude could affect the load transfer capacity 
of the dowels, so improvement in this area is needed. The amount 
of vibration used on the inserter needs to be increased slightly, 
but caution must be exercised to avoid using excessive vibration 
which may damage the concrete. In conclusion, quality control 
coring should be performed on inserter and basket projects 
constructed in the near future to assess the progress in solving 
this problem. 

plissina Dowels: Another problem unique to the dowel bar inserter 
is that sometimes dowel bars are missing completely. This is 
difficult to inspect for, when the dowels are immediately buried 
in the concrete, instead of being laid out on the grade ahead of 
the paver. At one test joint on the USH 18/151 project, all of 
the dowels for the joint were missing. Using the xnagnetic rebar 
locator, it was determined that all of the dowels were present in 
the two adjacent joints, but the 24 missing dowels were not found 
anywhere between the adjacent joints. On the South Madison 
Beltline project, three dowels were missing from one test joi 
and one dowel was missing from another test joint. The three 
missing dowels were located at the edge of the pavement on the 
opposite side of the road from where the inserter distribution 
carriage is loaded. In that instance, it is likely that an 
insufficient number of dowel bars were loaded into the 
distribution carriage for that joint. The single missing dowel 
was located in the first position on the same side of the road 
where the distribution carriage is loaded. In that instance, it 
is possible that the missing dowel resulted from a misfeed or jam 
of the distribution system. 

If every joint on the three inserter projects in this study was 
to be checked with a rebar locator, it is doubtless that 
additional occurrences of missing dowels would be identified, but 
the extent of the problem is currently not known. However, if 
the frequency of missing dowels noted at the test joints is an 
accurate indicator, then the incidence of missing dowels is 
probably relatively rare and isolated. This issue presents 
another good justification for having a magnetic rebar locator 
available on future inserter projects. The paving inspector 
cannot possibly observe the performance of the inserter on every 
joint. It would be good practice to make random checks with the 
rebar locator to verify dowel presence, and to make more 
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extensive searches if a problem is suspected. If a significant 
number of bars was determined to be missing, payment penalties 
could be assessed by this type of survey. In conclusion, missing 
dowels do not appear to represent a widespread problem on the 
inserter projects in this study, but should still be monitored on 
future projects. 

Other Brands of Dowel Bar Inserters: All of the data and 
conclusions in this study are valid only for the Guntert & 
Zimmerman dowel bar inserter used on the projects in this study. 
If a different brand of dowel bar inserter is used which differs 
greatly in design and operation from the Guntert & Zimmerman 
model, a thorough performance evaluation of the new machine will 
be essential. Performance with respect to any or all of the 
placement parameters discussed in this analysis could be widely 
different for a different machine. 
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SUMMARY AND CONCLUSIONS 

With any new form of technology, there will always be some 
problems that need to be resolved during the initial learning 
period. The dowel bar inserter is no exception to this rule, and 
several problems have been identified with its performance on the 
projects in this study. However, none of these problems appear 
to be insurmountable. Through the continued cooperative efforts 
of WisDOT construction personnel and the contractors, it should 
be possible to improve construction procedures to obtain 
consistent satisfactory results with the dowel bar inserter. 

The primary general recommendation of this study is to accept the 
dowel bar inserter as an equal alternate to dowel baskets for 
future WisDOT doweled PCC construction projects. The following 
list of specific conclusions and recommendations are based on the 
results of this study. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The dowel bar inserter is capable of consistent satisfactory 
placement of dowel bars with respect to vertical translation 
-(average depth), vertical rotation (difference in depth 
between two ends of dowel), and horizontal rotation 
(difference in transverse position between two ends of 
dowel). 

The initial set-up of the dowel bar inserter with respect 
depth of dowel placement is critical at the start of each 
project, and dowel depths should be verified by probing 
through the fresh concrete. 

to 

The construction procedures currently used for marking and 
sawing joints need improvement both for inserter and basket 
projects, to consistently and accurately align the sawn 
joints with the midpoints of the dowel bars. 

Having a magnetic rebar locator available on all doweled PCC 
construction projects would be useful in aligning sawn 
joints with the dowel bars and in identifying missing 
dowels. 

Ride quality has improved on each successive inserter 
project, and on the latest project, the South Madison 
Beltline, a project PSI of 4.6 was achieved with minimal 
diamond grinding. 

Improved concrete consolidation around the dowels is needed 
both on inserter and basket projects, and quality control 
coring is needed to assess future progress in solving the 
problem of voids around the dowel bars. 

Problems with missing dowel bars on existing inserter 
projects appear to be infrequent and isolated, but this 
problem should be monitored on future projects. 
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SUMMARY AND CONCLUSIONS (continued) 

8. All of the data and conclusions in this study are valid only 
for the Guntert C Zimmerman dowel bar inserter used on the 
projects in this study. If a different brand of dowel bar 
inserter is used which differs widely in design and 
operation from the Guntert & Zimmerman model, a thorough 
performance evaluation will be essential. 
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TABLE 1. DESCRIPIIOR OF PROJECYS IWCLUDED IN OWE1 BAR PLACEMEMI SluOY 

PROJECT 

i-90 in Rock County 
(Ucstbovd LOneS mllyl 
nadison - ittlnois State line Road 
Wanogue Road - USH 14 at JmesvittcI 

--.._-.-_-__---____------..-.-*.-..-. 

USH lB/lSl in Dw Comty 
(hestboud Loner otdnly) 
Dod~cvittc - Mt. Horcb Rood 
(Itest county Line - CliI "PD") 

USH 12/M In Dane County 
south itedlson Beltline 

; (I-W - South lowe Drlvc) 

USH 12flC in Dene Camty 
west nodiaon Bdlllne 
told S& Interchawe) 

stn 2902 In 
Brown, Shaum, L Outsgale Cotmtler 
shaumo - Green Bay Road 
(stii 126 - ctii "U") 

___--__.-I--.----_-.-.--.-------.--- 

I SIW 2902 In Brown Coupty 

I 
Shswsno - Green Bay Rood 
(CTH "U" - USH 41) 

SYAYE 
PROJECl 

MMBER 
,=z11'51r== 

1001-01-75 

.I---.-.-.. 

1206-02-79 

II . ..I. s-s. 

530s~00-71 

..--....-. 

9202-02-76 

. . . ..I-... 

9202-02-77 

DBSIRUCliOW 
YEAR 

rr===q=s=== 

1987 

..a--..*.-. 

1987 

James Cape L Sons, 
inc. 

Jemes Cope 6 Sons, 
inc. 

Strcu Construction 
co. 

Vinton 
Constructlon Co. 

DOW1 
PlACEBEltT 
IECHHIWE 
sf37z=r.L*xL 

inserter 

-....e-.-. 

inserter 

Baskets 

~VEWEMI 
IICKNES 
:1=f3%= 

10" 

_-----. 

9" 

.-----. 

10” 

---.-a. 

10” 

----.- 

10” 

-----. 

10” 

BASE 
COURSE 
======== 

tP lhick 
Dense 
Cradcd 

Varied 

6” lhick 
Dense 
Graded 

6" Thick 
Dense 
Graded 

.--.-.... 

4” Ihlcl 

Wn 
Grnded 
over C” 
Dense 

-mm--v.. 

G” lhicl 
Open 
Graded 
Over 2” 
Dense 



TABLE 2. LOCATION OF TEST SECTIONS OR PROJECTS INCLUDED IN DWEL BAR PLACEMENT STUDY 

I PROJECT 

I 
LOfATION DESCRIPTION 

""""t"t"t"""tLt"""t"""""""~"*""""~ 

11.90 in Rock County 
~Westbound Lanes ontyj 
lblrdison - Illinois State Line Rood 

I 
(Hanogw Road - USW 11 at Janesville 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

IUSH ll/lSl in Dme County 
f~festbound Lanes Only) 
IDodgeviLLe - Mt. norrb Road 
jWcst Comty Line - Ctn *PDD1) 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

IUSH 12/M in Dane County 
ISouth Hedison Rtltline 
lfI-90 - South Tom Drive) 

I 

I 

I.................................... 

@SW 12/X in Dane County 
luest Madison Beltline 
ICOld Sauk Interchange) 

I 

I 

. . . . . . . . . . . ..-....................... 

ltlll 29/32 in 
)Brom, Shwmo, L Outrgmit Counties 
~Shawano - Green Boy Road 

I 
(StH 156 - CTH "u") 

I 

. . . . . ..-............................. 

ISTH 29/32 in Broun County 
IShrumo - Green Bay R& 

I"'" """ 
- USH 11) 

I 
"""""**~""I1*~""~"""""..."."""""~ 

I STATE 
PROJECT I DIRECTION 

)ISTRICT 
I 

NWEER 1 OF TESTING 
m""- ""L"*"""t"*" ""***"""tt" 

I I 1 1001-01-75 1 Yestbumd 

I I 
I I .-w..... I . . . . . . . . . . . . I . . . . . . . . . ..I 

1 
I 

12OL-u-72 fastbomd 
I 

I I 

. . . . . . . I . . . . . . . . . . . . I . . . . . . . . . . . . 

1 ) 1206-02-79 Uestbomd I 
I 
I 

I 
I 

. . . . . . . i . . . . . . . . . . . . I............ 

1 j 5303-00-71 
I 

East- 

3 f 9202-02-76 1 Westbad 

I I 

I 
I . . . . ..I . . . . . . . . . . . . . . ..w....... 

3, 9202~02-n Eartbovd 

i I l*-“” -*“*“““” -““““““” 

TEST 
SECTION I I 
NWSER 1 STATIONS 

~*""t"**" "t*""L"""tttPttL"**" 

I 
I 

1 1 ss9+88 to 553*38 I 

52 
SOP*27 to 503+36 
~6&87 to C58+28 I 

I B........ .a..-............... I I 
: I %1+37 to 968+01 

lOlbl3 to 1020+70 I 
3 ~1066+lf to1072+n 1 
4 1 1232+17 to 1238+73 1 

,........ I . . . ..I.............. I 

1 I 19147 to 185*20 I 

3 
1 1%*79 to lM+2? 1 
1 64+93 to 58+21 1 
1 

I I . . . . . . . . . . . . . . . . ..I......... 
: 

I lOO+lf to lD6+8q 

-1 
1 125+07 to 131*X 

3 .I 138+00 to l&4*72 I . . ..w... I . . . ..wo........-.ew. I 
1 f b&*91 to 17845 I 

f 
1 L19+80 to L13+17 1 
l3694ato363+3D I 

.  .  .  .  .  .  .  .  i .  . . w . - . . . . . . . . . . . . . .  i 
1 

I 
6115+19 to 68244 
725+20 to 131+76 I 

I 

7*20to766+R 

I 

3.522 



TABLE 3. RANDOM SAMPLING SEQUENCE FOR LATERAL POSITION 
OF DOWELS FOR DOWEL BAR PLACEMENT STUDY 

SEQUENCE FOR 120FOOT IANE 
--------------------------- 

DOWEL BAR NUMBER 
-sEaiYE===~~-nr 

2 
1 
a 
7 
9 

12 
6 

10 
3 
5 
4 

11 

SEQUENCE FOR 14-FOOT LANE 
--------------------------- 

DOWEL BAR NUMBER 
IPPI=Mr------- 

2 
1 
a 
7 
9 

12 
6 

10 
3. 
5 
4 

13 
14 
11 
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TABLE 4. SUMMARY OF CORING DATA FOR DOUEL BAR PLACEMENT STUDY 

**~**li***********************************~*~*************************=*****************:** *****************+= 

TEST PARAMETERS PROJECT DESCRIPTIOh’S AND DATA 
I.......... DOVS;.B;R.;;;;R;;R . . . . . . *..* . . . . . . . . . . . . . . . . . ..I...... * . . . . . . . . *. 

I - DOWEL BASKETS 
~--...~--...........------------------- . . . . ..-...........I--.~............. I 
i 1001-01-7s 

I 
i(Nott: 

1 I-90 
Dimensions for ail 1 ROCK CD. 

measurements arc in inches.) 1 PAVED 1987 
t************************************* ***********t 

NUMBER OF OWELS TESTED I w 
*..***********************************~****.....*** 
VERTICAL IMEAN 4.31 
TRANSLATION 

I 
STANDARD DEVlATIW I 0.46 

(Average .-....._.-...-.I....... . . . ..-e..... 
depth of IMfKIM VALUE OBSERVED [ 3.34 

I osn 1206-02-79 12/18 
1 DANE CO. 
1 PAVED 1988 i 

I 

*********** 
90 ‘I 

~******* i;g 4 1 
I 

. 
.-.......-. -I 

I 3.97 

12OL-w-72 i 5303-00-71 
I 

9202-02-76 1 9202-02-7 
USH 18/151 1 usw 12/lL STH 29/32 1 STH 29/32 

DANE CD. 1 DANE CO. 1 BROWN CO. BROw CO. 
PAVED 1988 1 PAVED 1987 1 

1 
PAVED 1988 1 PAVED 198 

************~************~************~*********~ 
120 \ 90 I 90 I 9 

************~************~************~*********~ 
1.L9 1 4.79 1 4.59 1 4.1 
0.20 1 OA2 0.57 0.3 

. . . . . . . . . . . . 

3.97 

I . . . . . . . . . . . . I 
1 

. . . ..1...... ..w.s..... 
3.50 f 2.81 

1 5.81 

1 

4.M 1 s-84 1 ::: 
0.91 [ 2.31 1 3.03 1 2.1. 

.--...-..I.. I . . . . ..-....- I . . . . . . . . ..I. I --........ 
3.930*-lin. 3.87%lin. C.375+-1in.I 1.37%li: 

I I --..w-...... ..e...-..-.. --....-I-..- II........ 

I I 

1 douel) ~HAXIHUH VALUE OBSERVED 1 
i 

I 

5.56 1 6.06 1 

I 
RANGE 
--*..-~....1......-.~-. I 

2.22 2.09 1 
. . ..e....-.. I . . . . ..--.... 

I 

I 
I 

DEPTH SPECIFICATIONS 
I 

3.8?5*-lin.l 4.373+-lin. 
..-............-..I.... . ..-..m...-. ...-B..se..s 

I 
IPERCENT OF OBSERVATIONSI I 

I 

IEXCEEDING SPEClFlCATION~ 

I I 
TOO SHALLW 02 

I 22 
TW DEEP I ID% I 34 0% I 3z 

p....*********************************~***..***..** ************1. 
~JERTICAL IMEAN I I 

m***********\**..******** 
0.19 I 0.15 1 0.16 

I 
ROTAT I ON ISTANDARD DEVIATION 
(Difference I----------------------- I 

x:: 1 0.14 1 0.13 1 0.33 
.--.-S.-..1. .m...-.-.... I I-w.-..-.--- -.-..---.... 

I 
in depth ~HINl?IUM VALUE OBSERVED 
between IMAXIMUM VALUE OBSERVED I 

0.00 1 0.00 0.00 ( 0.00 

I 

1.13 1 I 0.63 1 3.00 
opposite .----.__.-.._.---._.-.- s---*..s-e-. 
ehds of IPERCENT OF OBSERVATIONS I I 

. . . ..-. ":?.I. . ..I.. . ..-.. /*-..1--..... 

I d0ue” 
IEXCEEDING SPECIFICATIW 

I 
10x 

I 
3x' 

I 
5% 

I 

6% 
I(diff. depth > 0.5 in.) 

I 

II~**********************************~******III***(***~*******~I ~***..**-~*.B.*..***** 
RORIZOUTAL IMEAN I 0.26 0.25 1 

I ROTATI W I STANDARD DEVIATION I 0.23 0.31 
(DfffereMc in .~l--~~..--.._-.l---__I -.--s-.--.-s ..--a-...--- . 

I 
transverse MINIM VALUE OBSERVED 0.W 0.00 
position UAXIMM VALUE OBSERVED 1.31 2.na 

I 

betwen _-----_...-..-_1---.-.- --.ww..-w... ..--w-.w.--- . 
-it* PERCENT OF OBSERVATIWS I 
ends of 

I 

EXCEEDING SPECIFICATIW 
I 

ID% 
I 

a% 
I 

84 22a 
dwell (diff. trans.> 0.5 in.) I 

I *****************************u*******)***** -* *******..*** I r***i******* *...*******. 
LONGITUDINAL IMEAN I 1.62 I 0.07 I ::: I 2.12 

I 

TRANSLATIW I STANDARD DEVlATIW 1.31 
(Longitudinal --_-__..._--___--.----- I I 

0.6s I ~-~~~~~~-~-- --.~-~~-~-~- . 
I 1.91 

.~~-~-~~.~~- .-o-B-..--*. 

offset lMINIHU4 VALUE OBSERVED 1 
betueen ~MAXIIQM VALUE OBSERVED 1 

;.t 0.00 0.00 
. 3.31 

17.31 I s*ud joint -._---___-__-___-_----- -~-~--~-~-~~ ~~-~~~~~--~~ m 
I and midpoint PERCENT OF OBSERVATIWS I I 

0.00 
9.00 

..s.-SW..-.- w..wI-m..-Bw 

15%’ I 22%. I 20x‘ 
I 

1 

=i I ************ **********: 
0.17 1 O.ld 
0.18 I 0.1: 

. . . ..m...... I . ..I....... 
0.00 1 0.01 
1.00 I 0.6’ 

*e.....--... . . . I 
i 

&XI 
I ************l**********x 

I of douel) 
I 

EXCEEDING SPECIFlCATIW 
(offset * 3.0 in.) I 

8% 
I 

tx 

I 

************************************** **t**.....* ************ a 
PERCENT OF DMLS WHICH WAD A I I 

I SIGNIFICANT VOID OVER AT LEAST 
I 

26% 
I 

34% 
ONE END OF THE DWEL 

1*********** ************ ************ *********** I 1 I 
22% 

I 
ox’ I 4 LO 

I 
********************************************* ~**********************************************************=****** 
Note: Depth was measured from pavement surface to top of douel end. 

Transverse position YIS measured from edge of lane to center of doveI end. 
Longitudinal position was measured fraa center of saued joint to dowel end. 
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.FICURE 1. COWEURAT?ON AND NuMBml; Of 

DOW&S fOR A fyplCAL ROADWAY SECTION 
I/ \ . . 

m, \I 

3.5.25 



FIG-JR2 2: Lllcs tration of Dowel Placement Pcremeters 

Lcagit~dinal 
v-a-s- arion a- . . e 

Ceztictl 
Translazion 

Eorizontal 
Rxction 

Vertical 
Rotadon 
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APPENDIX A. DETAILED DATA FOR DOWEL PLACEMENT STUDY 

Kev for Amendix A 

Variable Name Description 

BAFUUMBR 
DIRECTON 

LANE 
STATION 

VOID 

DEPTH1 

DEPTH2 
TRAM1 
TRANSZ 

LONG1 
LONG2 

AVGDEPTH 
DIFDEPTH 
DIFTRANS 

LOFFSET 

= 

= 

= 

= 

= 

= 

a= 

= 

5 

X 

= 

5= 

P 

= 

= 

Lateral position of dowel in lane 
Direction of traffic 
Driving 'lane (1) or passing lane(2) 
Station of test joint 
Severity rating for voids at ends of dowel 

N= none 
S= small (less than l/4") 
M= medium (l/4" to l/2") 
L= large (greater than l/2") 

Vertical position of upstream end of dowel 
(upstream with respect to traffic direction) 

Vertical position of downstream end of dowel 
Transverse position of upstream end of dowel 
Transverse position of downstream end of dowel 
Longitudinal position of upstream end of dowel 
Longitudinal position of downstream end of dowel 
Average depth of dowel 
Difference in depth between two ends of dowel 
Difference in transverse position between two 
ends of dowel 
Longitudinal offset from midpoint of dowel to 
sawn joint 

(Counter variables: yes = 1 and no = 0) 
AVGDEPSM = Average depth of dowel too shallow for spec 
AVGDEPLG = Average depth of dowel too.deep for spec 
DIFDEPLG = Difference in depth too large for spec 
DIFTRNLG = Difference in transverse position too large 

for spec 
OFFSETLG = Longitudinal offset too large for spec 
VOIDNONE = Void severity rating is W9noneo@ 
VOIDSMAL = Void severity rating is @@smallW 
VOIDMEDM = Void severity rating is @lmedium11 
VOIDLAPG = Void severity rating is Btlarge@l 
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U.S. DEPARTMENT OF TRANSPORTATION 

-.. FEDERAL HIGHWAY ADMINISTRATION 

/‘“““‘Ill 
CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

Par. 1. Purpose 

:: 
Cancellation 

'4. 
Background 
Design Recommendations 

5. Construction Considerations 

1. PURPOSE. To outline recommended practices for the design, 
construction, and repair of continuously reinforced concrete 
pavement (CRCP). 

2. CANCELLATION. Technical Advisory T 5080.5, Continuously Reinforced 
Pavement, dated October 14, 1981, is cancelled. 

3. BACKGROUND 

a. Continuously Reinforced Concrete Pavement is a portland cement 
concrete (PCC) pavement that has continuous longitudinal steel 
reinforcement and no intermediate transverse expansion .or 
contraction joints. The pavement is allowed to crack in a 
random transverse cracking pattern and the cracks are held 
tightly together by the continuous steel reinforcement. 

b. During the 1970’s and early 1980's, CRCP design thickness was 
approximately 80 percent of the thickness of conventional 
jointed concrete pavement. A substantial number of the thinner 
pavements developed distress sooner than anticipated. 

C. Attention to design and construction quality control of CRCP is 
critical. A lack of attention to design and construction 
details has caused premature failures in some CRCPs. The 
causes of early distress have usually been traced to; (1) 
construction practices which resulted in pavements which did 
not meet design requirements; (2) designs which resulted in 
excessive deflections under heavy loads; (3) bases of inferior 
quality, or; (4) combinations of these or other undesirable 
factors. 
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4. DESIGN RECOMMENDATIONS 

a. Concrete Thickness. Generally the slab thickness is the same 
as the thickness of a jointed concrete pavement unless local 
performance has shown thinner pavements designed with an 
accepted design process to be satisfactory. 

b. Reinforcina Steel 

(1) Lonaitudinal Steel 

(a) 

@I 

w 

A minimum of 0.6 percent (based on the pavement cross 
sectional area) is reconnnended to aid transverse crack 
development in the range of 8 feet, maximum, and 3.5 
feet, minimum, between cracks. Exceptions should be 
made only where experience has shown that a lower 
percentage of steel has performed satisfactorily. In 
areas where periods of extreme low temperature 
(average minimum mpnthly temperatures of 10’ F or 
less) occur, the use of a minimum of 0.7 percent steel 
is recommended. 

Deformed steel bars that meet the requirements set out 
in AASHTO Specifications, Part I, AASHTO M31, M42, or 
M53 are recommended. The tensile requirements should 
conform to the American Society for-Testing and 
Materials (ASTM) Grade 60. Recommended spacing of the 
longitudinal steel is not less than 4 inches or 2 l/2 
times the maximum sized aggregate, whichever is 
greater, and not greater than 9 inches. A minimum 
ratio of 0.03 square inches of steel bond area per 
cubic inch of concrete is recommended. See Attachment 
1 for an example problem for determining the minimum 
longitudinal steel spacing and the minimum bond ratio. 
Table 1 shows the minimum and maximum bar sizes for 
given pavement thicknesses and reinforcement 
percentages. These bar sizes meet the minimum bond 
ratio and the minimum bar spacing criteria stated 
above. . 

The recommended position of the longitudinal steel is 
between l/3 and l/2 of the depth of the pavement as 
measured from the surface. The minimum concrete cover 
should be 2-l/2 inches with 3 inches preferable. For 
pavements thicker than 11 inches, several States have 
begun to experiment with the use of two layers of 
longitudinal steel. Pavements constructed with two 
layers of steel have not been in service long enough 
to evaluate performance; therefore, this technique 
should be considered experimental. 
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Table 1 - Recommended Longitudinal 
Sizes 

Reinforcement 

Minimum and Maximum Bar Size 1 
Pavement Thickness 

1 % Steel / 8" ( 9" 1 10" 1 11" I 12" I 13" I 

0.60 4,5 5,6 5,6 5,6 5,6 6 

0.62 5,6 5,6 5,6 5,6 0.64 
0.66 55': 

5 6 

516 
5'7 

5 7 

5:7 
5'7 

5,7 ;:; 667 

5:7 
ii:: 6'7 

0.68 6;7 

Note: Bars are uncoated deformed bars. 

(d) The use of epoxy coated reinforcing steel is generally not 
necessary for CRCP. However, in areas where corrosion is a 
problem because of heavy applications of deicing salts or 
severe salt exposure, epoxy coating of the steel may be 
warranted. The bond area should be increased 15 percent to 
increase the bond strength between the concrete and 
reinforcement if epoxy-coated steel reinforcement is used. 

(e) When splicing longitudinal steel, the recommended minimum 
lap is 25 bar diameters with the splice pattern being either 
staggered or skewed. If a staggered splice pattern is used, 
not more than one-third of the bars should terminate in the 
same transverse plane and the minimum distance between 
staggers should be 4 feet. If a skewed splice pattern is 
used, the skew should be at least 30 degrees from 
perpendicular to the centerline. When using epoxy-coated 
steel, the lap should be increased a minimum of 15 percent 
to ensure sufficient bond strength. 

VI Plan details or specifications are needed to insure 
sufficient reinforcing at points of discontinuity as 
described in paragraphs 4e(3) and 4f(l). 
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(2) Transverse Reinforcina and Tiebars 

(a) If transverse reinforcement is included, it should be 
#4, #5, or #6 grade 60 deformed bars meeting the same 
specifications as mentioned for the longitudinal 
reinforcement. 

(b) Although it can be omitted, transverse reinforcing 
reduces the risk of random longitudinal cracks opening 
up and thus reduces the potential of punch-outs. If 
transverse reinforcement is -included, the following 
equation can be used to determine the amount of 
reinforcement required (see number 5 of Attachment 2): 

4 F 
Pl - - x 100 

2fs 

Where: transverse steel, X 
= total pavement width, (ft) 

subbase friction factor 
allowable working stress in steel, 
psi, (0.75 yield strength) 

(c) The spacing between transverse reinforcing bars can be 
calculated using the following equation (see numbers 1 
and 5 of Attachment 2): 

9 
Y= x 100 

4 D 

Where: = transverse steel spacing (in) 
= cross-sectional area of steel, (in') 

per bar (#4, #5, or #6 bar) 
Pl = percent transverse steel 
D = slab thickness (in) 

Note: The transverse bar spacing should be 
no closer than 36 inches and no further 
than 60 inches. 

(d) In cases where transverse steel is omitted, tiebars 
should be placed in longitudinal joints in accordance 
with the FHWA Technical Advisory, Concrete Pavement 
Joints. 

C. Bases 

(1) The base design should provide a stable foundation, which 
is critical for CRCP construction operations and should not 
trap free moisture beneath the pavement. Positive drainage 
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is recommended. Free moisture in a base or subgrade can 
1,ead to slab edge-pumping, which has been identified as 
one of the major contributors to causing or accelerating 
pavement distress. Bases that will resist erosion from 
high water pressures induced from pavement deflections 
under traffic loads, or that are free draining to 
prevent free moisture beneath the pavement will act to 
prevent pumping. Stabilized permeable bases should be 
considered for heavily traveled routes. Pavements 
constructed over stabilized or crushed stone bases have 
generally resulted in better performing pavements than 
those constructed on unstabilized gravel. 

The friction between the pavement and base plays a role 
in the development of crack spacing in CRCP. Most 
design methods for CRCP assume a moderate level of 
pavement/base friction. Polyethylene sheeting should not 
be used as a bond breaker unless the low pavement/base 
friction is considered in design. Also, States have 
reported rideability and construction problems when PCC 
was constructed on polyethylene sheeting. 

d. Subqrades. Continuously Reinforced Concrete Pavement is not 
recommended in areas where subgrade distortion is expected 
because of known expansive soils, frost heave, or settlement 
areas. Emphasis should be placed on obtaining uniform and 
adequately compacted subgrades. Subgrade treatment may be 
warranted for poor soil conditions. 

e. Joints 

(1) Lonqitudinal Joints. Longitudinal joints are necessary 
to relieve stresses caused by concrete shrinkage and 
temperature differentials in a controlled manner and 
should be included when pavement widths are greater than 
14 feet. Pavements greater than 14 feet wide are 
susceptible to longitudinal cracking. The joint should 
be constructed by sawing to a depth of one-third the 
pavement thickness. Adjacent slabs should be tied 
together by tiebars or transverse steel to prevent lane 
separation. Tiebar design is discussed in the FHWA 
Technical Advisory entitled "Concrete Pavement Joints". 

(2) Terminal Joints. The most commonly used terminal 
treatments are the wide-flange (WF) steel beam which 
accommodates movement, and the lug anchor which restricts 
movement. 

(a) The WF beam joint consists of a WF beam partially 
set into a reinforced concrete sleeper slab 
approximately 10 feet long and 10 inches thick. The 
top flange of the beam is flush with the pavement 

3.6.6 



FHWA TECiNICAL ADVISORY T 5080.14 
June 5, 1990 

surface.. Expansion material, sized to accotmnodate 
end movements, is placed on one side of the beam 
along with a bond-breaker between the pavement and 
the sleeper slab. In highly corrosive areas the beam 
should be treated with a corrosion inhibitor. 
Several States have reported premature failures of WF 
beams where the top flange separated from the beam 
web. Stud connectors should be welded to the top 
flange, as shown in Figure 1, to prevent this type of 
failure. Table 2 and Figure 1 contain recommended 
design features. 

TABLE 2 - Recommended WF Beam Dimensions 

WF Beam (weight and dimensions) 

CRCP Embedment WF Beam Flange Web 
Thickness in "Sleeper" Size Thickness 

(in.) slab - in. Width (in.) Thickness (in.) 

i 6 5 14 x 61 10 5/8 318 

10 6 16 x 58 8-l/2 518 7/16 
11 5 

(b) The lug anchor terminal treatment generally 
consists of three to five heavily reinforced 
rectangularly shaped transverse concrete lugs placed 
in the subgrade to a depth below frost penetration 
prior to the placement of the pavement. They are 
tied to the pavement with reinforcing steel. Since 
lug anchors restrict approximately 50 percent of the 
end movement of the pavement an expansion joint is 
usually needed at a bridge approach. A slight 
undulation of the pavement surface is sometimes 
induced by the torsional forces at the lug. Since 
this treatment relies on the passive resistance of 
the soil, it is not effective where cohesionless 
soils are encountered. Figure 2 shows a typical lug 
anchor terminal treatment. 
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(3) Transverse Construction Joints 

(a) A construction joint is formed by placing a slotted 
headerboard across the pavement to allow the 
longitudinal steel to pass through the joint. The 
longitudinal steel through the construction joint is 
increased a minimum of one-third by placing 3-foot 
long shear bars of the same nominal size between every 
other pair of longitudinal bars. No longitudinal 
steel splice should fall within 3 feet of the stopping 
side nor closer than 8 feet from the starting side of 
a construction joint. Refer to paragraph 4b(l)(e) for 
recommended splicing patterns. If it becomes 
necessary to splice within the above limits, each 
splice should be reinforced with a 6-foot bar of equal 
size. Extra care is needed to ensure both concrete 
quality and consolidation at these joints. If more 
than 5 days elapse between concrete pours, the 
adjacent pavement temperature should be stabilized by 
placing insulation material on it for a distance of 
200 feet from the free end at least 72 hours prior to 
placing new concrete. This procedure should reduce 
potentially high tensile stresses in the longitudinal 
steel. 

(b) Special provisions for the protection of the 
headerboard and adjacent rebar during construction may 
be necessary. 

f. Leave-Outs Temporary gaps in CRCPs should be avoided. The 
necessity for leave-outs is minimized by giving proper 
consideration to the paving schedule during project design. The 
following precautions can be specified to reduce distress in 
the leave-out portion of the slab in the event a leave-out does 
become necessary. '. 

(1) Leave-outs require 50 percent more longitudinal deformed 
bars of the same nominal size as the regular reinforcement. 
The additional reinforcement should be spaced evenly 
between every other normal pavement reinforcing bar and 
should be bonded at least 3 feet into the pavement ends 
adjacent to the leave-outs. All regular longitudinal 
reinforcement should extend into the leave-out a minimum of 
8 feet. Required slices should be made the same as those 
in normal construction. 

(2) Leave-outs should be paved during stable weather conditions 
when the daily temperature cycle is small. Because of the 
closeness of the steel extreme care should be exercised in 
placing and consolidating the concrete to prevent 
honeycombing or voids under the reinforcement 
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(3) If it becomes necessary to pave a leave-out in hot weather, 
the temperature of the concrete in the free ends should be 
stabilized by placing an adequate layer of insulating 
material on the surface of the pavement as described in 
paragraph 4e(3)(a). The curing compound should be applied 
to the new concrete in a timely manner. The insulation 
material should remain on the adjacent pavement until the 
design modulus of rupture of the leave out concrete is 
attained. 

9. Ramps. Auxiliary Lanes and Shoulders. PCC pavement for ramps, 
auxiliary lanes, and shoulders adjacent to CRCP is recommended 
because of the possible reduction in pavement edge deflections 
and the tighter longitudinal joints adjacent to the mainline 
pavement. Ramps should be constructed using jointed concrete 
pavement. The use of jointed pavement in the ramps will 
accommodate movement and reduce the potential for distress in 
the CRCP at the ramp terminal. When PCC pavement is used for 
ramps, auxiliary lanes, or shoulders, the joint should be 
designed as any other longitudinal joint. Refer to the FHWA 
Technical Advisory T 5040.29, Paved Shoulders, for further 
information on proper joint design. 

h. Widened Lanes. Widened right lane slabs should be considered 
to reduce or eliminate pavement edge loadings. This is 
discussed in the FHWA Technical Advisory T5040.29, "Paved 
Shoulders". 

5. CONSTRUCTION CONSIDERATIONS 

a. Many CRCP performance problems have been traced to construction 
practices which resulted in a pavement that did not meet the 
previously described design recommendations. Because CRCP is 
less forgiving and more difficult to rehabilitate than jointed 
pavements, greater care during construction is extremely 
important. Both the contractor and the inspectors should be 
made aware of this need and the supervision of CRCP 
construction should be more stringent. 

b. Steel placement has a direct effect on the performance of CRCP. 
A number of States have found longitudinal steel placement 
deviations of 23 inches in the vertical plane when tube feeders 
were used to position the steel. The use of chairs is 
recommended to hold the steel in its proper location. The 
chairs should be spaced such that the steel will not 
permanently deflect or displace to a depth of more than l/2 the 
slab thickness. An example chair device is shown in Figure 3. 
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SIDE VIEW 

Tranavoraa Stool - 

TOP VIEW 

Longltudlnal Stool Spacing 
l-c 21 r bngltudinal Stool 

Tranamrm Steel 

FRONT VIEW 

Note: Chalrs should be securely fastened the base. 

FIGURE 3 - Combination Chair and Transverse Steel Detail 

C. Procedures should be implemented to ensure a uniform base and 
subgrade. Soft spots or gradeline variations should be 
repaired and corrected prior to concrete placement. Emphasis 
should be placed on batching, mixing, and placing concrete to 
obtain uniformity and quality. Strict inspection of batching 
and mixing procedures is extremely important and may require 
rejection of batches because of deviations that may have been 
considered minor under previously existing practices. When 
placing concrete, adequate vibration and consolidation must be 
achieved. This is especially critical in areas of pavement 
discontinuity such as construction or terminal joints. 
Automatic vibrators should be checked regularly to ensure 
operation at the specified frequency and amplitude and at the 
proper location in the plastic concrete. Hand-held vibrators 
should be used adjacent to transverse joints. Any concrete 
which exhibits signs of aggregate segregation should be 
replaced immediately. 

d. Inspection procedures are needed to ensure that final 
reinforcing splice lengths and patterns, as well as bar 
placement, are consistent with the design requirements. 
Special precautions should be taken to prevent rebar bending 
and displacement at construction joints. When leave-outs are 
necessary, they should be constructed in absolute conformity to 
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the design requirements. Longitudinal joints should be sawed 
as early as possible to prevent random cracking. This is 
especially .true in multi-lane construction. Sawing should not 
begin until the concrete is strong enough to prevent raveling. 

e. Asphalt concrete patches are not recommended as a temporary or 
a permanent repair technique because they break the continuity 
of the CRCP and provide no load transfer across the joint. 

Anthony R. Kane 
Associate Administrator for Engineering 

and Program Development 

Attachments 
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EXAMPLE PROBLEM 

The design engineer should perform the following calculations to ensure that 
the bond between the reinforcing steel and the concrete and the longitudinal 
steel spacing meet the criteria in paragraph 4c. The equation to determine 
the ratio of bond area to cubic inches of concrete is as follows and the 
equation to determine the minimum longitudinal steel spacing follows it: 

(n> x R x U) 
%= Where: P, = 

w)xww) 
Perimeter of Bar (in.) 

L = Length of slab = 1" 
W = Width of slab (in.) 
t = Slab thickness (in.) 
n = Number of Longitudinal Bars 

Given : #6 reinforcing bars, therefore P, J 2.356" and Bar Area = 0.44 in.' 
w = 12' 
t = 10” 

Assume: 0.6% steel 

Determine: The required minimum area of steel and the required minimum 
number of bars 

Area of Cont. = 10 x 144 = 1440 in.' 

Required steel = 0.006 x 1440 = 8.64 in.? 

E;;irnurn number if bars required (n) = 8.64 / 0.44 = 19.6 bars, say 20 

Determine: The minimum ratio of bond area to cubic inches of concrete. 

(20) x (2.356) x (1”) 
Rb= = 0.0327, the minimum ratio of bond area to 

(1440) x (1”) cubic inches of concrete is met 
so the minimum spacing should be 
checked. 

Determine: Longitudinal steel spacing should be checked as follows: 

(WI 144 
SbDP L = 7.2 in., say 7 in., therefore the minimum 

m 20 bar spacing is also 
met. 

3.6.13 





1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

FHWA TECHNICAL ADVISORY T 5080.14 
June 5, 1990 
ATTACHMENT 2 

REFERENCES (CRCPI 

"AASHTO GUIDE FOR DESIGN OF PAVEMENT STRUCTURES", 1986. 

"FHWA Pavement Rehabilitation Manual", FHWA-ED-88-025, September 1985 
as supplemented. 

Mooncheol Won, B. Frank McCullough, W. R. Hudson, Evaluation of 
Proposed Design Standards for CRCP, Research Report 472-1, April 1988. 

"Techniques For Pavement Rehabilitation - A Training Course", FHWA, 
October 1987. 

"Design of Continuously Reinforced Concrete for Highways", Associated 
Reinforcing Bar Producers - CRSI, 1981. 

"CRCP - Design and Construction Practices of Various States", 1981, 
Associated Reinforcing Bar Producers - CRSI. 

"Design, Performance, and Rehabilitation of Wide Flange Beam Terminal 
Joints,” FHWA, Pavement Branch, February 1986. 

Darter, Michael I., Barnett, Terry L., Merrill, David J., "Repair and 
Preventative Maintenance Procedures for Continuously Reinforced 
Concrete Pavement", FHWA/IL/UI-191, June 1981. 

"Failure and Repai.r of CRCP", NCHRP, Synthesis 60, 1979. 

Snyder, M.B., Reiter, M.J., Hall, K.T., Darter, M.I., "Rehabilitation 
of Concrete Pavements, Volume 1 
Volume III 

- Repair Rehabilitation Techniques, 
- Concrete Pavement Evaluation and Rehabilitation System," 

FHWA-RD-88-071, July 1989. 

3.6.16 





Memorandum 

Washinaton. D.C. 20590 

Sublect Headquarter's Pavement Rehabilitation 
and Design Team - Case Study - Continuously 
Reinforced Concrete Pavement 

From Chief, Pavement Division 

Dale JUN 2 2 1961 

RetMy to 
Am of HHO-13 

r. Regional Federal Highway Administrators 
Regions l-10 

We have had several requests from the field for information regarding the 
performance of various pavements. We have elected to use a case study approach 
as one method of meeting this desire. The case studies will be based on the 
Headquarter's Pavement Rehabilitation and Design Team field trip reports. 
Attached is a copy of our initial effort. It describes a distress problem on a 
continuously reinforced concrete pavement located in the eastern part of the 
country. The report provides an insight to the types of details that are 
commonly examined. The process that was followed can be applied to any 
pavement rehabilitation project. 

As you know, the Team at the request of State highway agencies and our field 
offices has conducted numerous reviews of pavement distress problems. 
Typically, the Team has been asked to provide assistance when a pavement has 
experienced premature distress. The Team's role is to determine the cause of 
the early distress , recommend alternative strategies for 
rehabilitation/reconstruction and provide suggestions on how to prevent the 
distress cn this or s,imilar pavement. 

The Team has been headed by the Pavement Division and has included members from 
other Headquarter's offices.depending on the technical expertise needed to 
examine a particular problem. From our viewpoint, there have been tremendous 
benefits gained by the States and FHWA using this review team concept. The 
Team has always been willing to provide technical assistance when requested and 
we reaffirm our commitment to continuing these efforts. 

We expect to furnish additional case studies that will he based on upcoming 
Team field trip reports. If you have any comments on this case study approach 
or the specifics of the attached report, please do not hesitate to contact us. 

Sufficient copies of the report are being provided to your office to permit 
direct distribution to yaqr division offices. 
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CASE STUDY - CONTINUOUSLY REINFORCED CONCRETE PAVEMENT 

BASEDONA 

FIELD TRIP REPORT 

OF THE 

PAVEHENT REHABILITATION MID DEfI6N TEA?4 

BY 

PAUL TENG 

JOHN HALLIN 

DON VOELKER 
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I. Purpose of Trip 

To meet with Region, Division, and State engineers to review a 
Continuously Reinforced Concrete Pavement (CRCP) d istress prob lem on 
Route XX and discuss its rehabilitation alternatives. 

II. Scope of Review 

A field review was conducted on (date). During the review, the State 
provided the Team with available data of the original design. A closeout 
meeting with the State engineers was held in the afternoon of (date). 
Subsequently, the State provided additional information concerning traffic 
data, paving schedules, corrosion surveys, core logs, chlorides studies, 
delamination surveys, a Pachometer survey and detailed crack surveys. On 
(date), the Team met with the State engineers to inspect the cores and 
discuss our recommendations and cunclusions. This report summarizes the 
Team's comments and recornnendations. 

III. Contacts 

State 

xxx 

FHWA Division Office 

xxx 

FHWA Region Office 

xxx 
FHWA Washinqton Offi= 

xxx 

IV. Backqrourd Information 

Route XX is a six-lane, divided 'Interstate facility. The project is 
13 miles long and involves the overlay of two Jointed Reinforced Concrete 
Pavement (JRCP) 24-foot roadways with an uhjonded &inch Continuously 
Reinforced Concrete Pavement (CRCP) and the construction of an additional 
12-foot right lane of a g-inch CRCP in each direction. The original dual 
lane was cons:ructed in 1952 as U.S. Route XX. The cierlay and outer lane 
construction projects were completed in 1974-76. 

The original pavement consisted of a g-inch jointed reinforcec concrete 
pavement on a 6-inch Type II (crushed aggregate) subbase constructed on 
an A-5 silt soil. Transverse joints were sawed at 40.foot spacings. A 
l-inch bituminous concrete layer was placed on the orfginal pavement to 
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serve as a leveling course, to correct superelevation, and to serve as a 
bondbreaker to the 6-inch CRCP overlay. The 6-inch CRCP overlay uses 
15 deformed bars spaced at 8.5 inches (0.6 percent steel of the cross 
sectional area). Transverse steel (#4 bars) was spaced at 34 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported on metal chairs and the plans specified a cover tolerance of 
2 l/2 - 2 11/16 inches. 

The added 12-foot wide CRCP lane was placed on the outside of the overlay 
portion. 
It uses #5 

The new lane is a g-inch CRCP on a &inch crushed granular base. 
deformed bars spaced at 5.5 inches (0.6 percent of the cross 

sectional area). Transverse steel (#4 bars) was spaced at 30 inches and 
tied underneath the longitudinal steel. The steel reinforcement was 
supported by metal chairs and the plans specified a cover tolerance of 
3 3/8 - 3 7/8 inches. 

The plans provided the option of constructing the added right lane with the 
overlay or separately with a keyway. State highway personnel, however, 
report the keyway construction joint was likely used. The plans indicate 
there are tie bars in the keyway but we are unable to determine their 
length or spacing. 

Traffic survey data gathered during the overlay design stage (1970) 
indicate ADT of 10,600-14,050; 12-13 percent trucks; projected 1991 ADT 
of 40,650-42,450; 12-13 percent trucks. 

An extensive soils investigation was conducted during the overlay design 
stage. A brief review of the soil boring tabulation indicated the presence 
of silt, and rock fragments occurring within the top 5 feet of roadbed in 
the location of the widened outer lane. Little information is available 
for the roadbed beneath the original pavement. Also, there is little 
information available concerning the condition of the original pavement 
during design Cf the overlay. 

Three cores of the existing CRCP pavement were recently taken and a 
petrographic examination was conducted. An analysis of the cores is found 
in Section VI. 

A French drain was installed where the original roadway was in sag 
alignment and then daylighted to the reconstructed 6:l side slopes. State 
personnel have stated these are not presently functioning. 

The inside shoulder width is 4.0 feet. The outside shoulder is 10.0 feet. 
Each is a 3-inch thick bituminous ccncrete shd'ulder on a 7-inch dense- 
graded stabilized aggregate subbase. The shoulder joint was designed to be 
sealed with hot-poured, rubber-asphalt joint sealing compound. 

Personnel kho were present during the overlay construction projects 
reported that the -reject was shut dowh several times because of fines and 
clay balls in the 'ggregate. Also, th:-:-e were difficu;;ies in finishing 
the slab. The w .bound overlay (middie and high speed) lanes were placed 
in May-July perioa. The eastbound overlay lanes were placed in October and 
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November when there were reported temperature variations as high as 
40 degrees. 

The pavement opened to traffic in late 1975. Pavement failures in the 
widened (right) lane of the eastbound roadway were noted in February 1976. 
The number of failures increased substantially during March and April. The 
State acted quickly in formulating a plan for investigating the causes of 
the failures. 

In June 1976, a report was issued that included data from an extensive 
field study. However, the study only examined project data related to the 
widened lane and does not discuss cracks, subbase, soils, concrete quality, 
etc. of the overlay section of the project since, at that time, there was 
little distress in the overlay section.' Briefly, the report concluded the 
failures were design associated and included the following: a) inadequate 
pavement support and the inability of the granular base to drain water away 
from under the pavement could have resulted in lower stability, b) adverse 
climatic conditions had reduced the concrete maturity at an early age and 
resulted in formation of closely spaced transverse cracks, c) the nature of 
the chairs and poor workability of the concrete could have contributed to 
the voids and weaknesses in the concrete cross section. . 

A second report was prepared in June 1982 and attempted to expand on what 
was learned from the 1976 study. At the time, the westbound lanes of 
Route XX had performed satisfactorily whereas the eastbound lanes had 
exhibited distress. The study concluded: a) pavement failures were 
primarily in these outside (widened) lanes, b) percent of steel 
reinforcement met the specifications, c) the pavement thicknesses were 
within the specification tolerance, d) numerous voids were reported in the 
lower half of the slabs but have not contributed significantly to the 
failures, e) the CRC overlays were performing satisfactorily and no visibie 
signs of distress were noted, f) a significant portion of the CR-6 subbase 
material had a high content of fines that led to poor drainage 
characteristics, g) percent of air entrainment for eastbound and westbound 
lanes was within specification limits, h) unfavorable curing temperatures 
were present for the eastbound lanes, i) the crack spacing for the 
eastbound lanes was in the range of 2 feet apart while the range in the 
westbound lanes was generally 4-16 feet, and j) the eastbound shoulder lane 
exhibited high deflection characteristics. 

By 1986, it was noted that a large number of areas of pavement distresses 
were beginning to occur in the middle lane and a lesser number were showing 
up in the high speed lane. The FHWA Division Office on (date), sent to.the 
State a special report on the Route XX pavement distress and requested a 
detailed investigation of the pavement to determine the most cost-effective 
type of repair to !‘* undertaken and determine what lessons could be learned 
and applied toward IIther proposed CRCP projects. 
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v. Details of Field Review 

It was noted there were a significant number of punchouts in the middle. 
lanes in both the eastbound and westbound roadways. Of particular interest 
was the radial cracking around the punchouts. Also, these areas were 
primarily concentrated in the wheel paths and appeared to be clustered. 
There were often long sections of pavement that appeared sound followed by 
sections of distressed pavement. The transverse distress consisted of 
fatigue cracks resulting in delaminated sections of pavement. These 
appeared to be located in the vicinity of the transverse bars. 

The Team noted several areas of fine longitudinal cracks that appeared to 
be spaced at approximately the spacing of the longitudinal reinforcing 
steel; however, there was no evidence of staining of the pavement from 
possible corrosion of the reinforcing steel. 

The full depth patching previously performed by State contractors appeared 
to be satisfactory. Discussions with State personnel indicate the patching 
details are in accordance with the state-of-the-practice procedures. 
Another patching project was initiated in late 1986 but shut down before 
repairs were completed. Operations are not expected to resume because of 
limited available funds to complete the necessary work; therefore, the 
Team was.unable to observe the patching operations or the conditi,on of the 
reinforcing steel. 

There are several locations in all lanes where asphalt has been placed over 
distressed areas as a temporary measure. It is apparent that water is 
infiltrating the repaired areas. 

The outside shoulders in both eastbound and westbound roadways were 
extremely distressed. In the westbound lanes, alligator cracking was noted 
to be particularly severe on the section between ,US XX to.west of Route XX. 
There is a truck weighing station located on WB Route 99 near Route XX. 
Several trucks were parked on the shoulder, and the weigh station was open. 
State personnel informed us this was common practice. Also, the top of the 
shoulder had settled below the top of the mainline pavement. 

It appeared the joint had been properly sealed; however, since the shoulder 
pavement was severely distressed, water is likely infiltrating the pavement 
structure from below the shoulder surface. 

In the eastbound lane, there were large areas of full-depth patching that 
had been performed under previous mainten;-:e contracts. The quality of 
the patches appeared to be good. The twc .. side lanes, but particularly 
the middle lane, appeared to be showing s ,,ns of severe distress at some 
locations. The previously mentioned punchouts, with their radical cracking 
patterns, wer: numerous. The punchouts were centereL, In the wheel paths. 
Where the high speed lane exhibited punchouts, it was noted that di-tressed 
areas of the center lane were nearly adjacent but staggered from these 
punchouts. 
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In the westbound roadway, the most distressed areas were found in the outer 
and middle lanes. The crack spacing pattern appeared to be acceptable.. 
There were a few hundred feet of a longitudinal crack in the middle lane 
that was observed to be located about 2 feet inside the joint with the 
outer lane. There was some concern by project personnel that these cracks 
were related to the overall pavement distress; however, the team believes 
while these are undesirable, they are not affecting overall pavement 
performance. 

VI. Discussion Items 

We reviewed information on traffic data, and a paving schedule for the 
roadway overlay and outer lane widening work. 

Comparing the traffic data for 1970 and 1991 on the cover plan sheet for 
Project No. XX traffic counts, it appears the forecasted ADT's are within 
generally accepted margins of error. However, it appears the percent of 
truck traffic and number of equivalent 18-kip single axle loads being 
placed on the pavement has increased significantly over the projected. 
loadings. Based on the 1970 traffic survey data, the percent of trucks was 
12 percent and projected to remain at 12 percent in 1991. Recent 
loadometer data from a weigh-in-motion station on the eastern end of the 
project?ndicate the percent of trucks may be as high as 21 percent and 
have average 18-kip equivalent truck load factors as high as 3.76. The 
current lane truck distribution information indicates there is slightly 
higher than usual percentage of trucks in the middle lanes. This 
combination causes heavier than expected loadings on the 6-inch CRCP 
overlay. 

There had been a concern that the weather conditions during placement of 
the overlay prgjects affected pavement performance. Two of the.three 
overlay projects had substantial sections of concrete placed in the Fall 
when there were reported large temperature variations. The State supplied 
the Team with a paving schedule and reported daily temperatures from the 
projects' records. We compared this information with identified distress 
condition survey data. However, we were unable to correlate the two 
because of the inability to conclusively identify project station numbers 
with the mileposts shown in the condition survey data. Due to time 
constraints, we did not pursue thi.: analysis. 

The State performed an in-depth evaluation of three 200-foot sections of 
Route XX. The selected sections were believed-to have been low, medium, 
and high distress areas. The evaluation consisted of a corrosion survey, 
core logs, longitudinal delamination survey, transverse delamination 
survey, chloride test results, and steel and chemical tests. 

The distress information we received indicates there is extensive corrosion 
occurring in the ee 200-foot test stations. The average chloride 
content amounts a he depth of the re: *forcing steel were 3.1 lbs./cu. yd. 
for the low distr s area, 3.3 \bs./cu. yd. for the medium distress area 
and 4.5 lbs./cu. yd. for the high distress area. According to accepted 
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practice, chloride contents above 1.5-2.0 lbs./cu. yd. indicate a high 
potential for corrosion. 

The corrosion surveys conducted on these sections show there is a high 
probability that steel corrosion is widespread throughout the three 
sections, and a high potential exists for cracking of the pavement due to 
corrosion. The current ASTM CB76-80 specification indicates the following 
regarding the significance of the numerical value of the potentials 
measured: 

1) Less than 0.2 volts, there is a greater than 90 percent probability 
that no reinforcing steel corrosion is occurring. 

2) Between 0.2 and 0.35 volts, corrosion activity is uncertain. 
3) Over 0.35 volts, there is a greater than 90 percent probability that 

corrosion is occurring. 

Also, in laboratory tests where potentials were greater than 0.5 volts, 
approximately half of the specimens cracked due to corrosion activity. 

The delamination survey data for the three sections indicates substantial 
areas of delaminated concrete in the medium and high distress areas. 

The Pachometer survey data for these three sections indicates a range of 
concrete cover from 1.5 inches to 3.75 inches in the overlay areas. The 
plans specified a tolerance of 2 l/2 - i: 11/16 inches in the overlay area. 

Based on our field observations of the cracks and distresses in the 
pavement and the above distress survey information, we believe there is a 
significant amount of corrosion of the reinforcing steel in each of the 
three test sections. There may be a somewhat lower level of corrosion 
activity in the low distress area as compared to the medium and high areas, 
nevertheless, extensive corrosion is likely occurring. 

In reviewing the cores from the three test sections, it is apparent that 
the corrosion activity is predominately in the transverse bars. Nearly 
without exception, vertical and horizontal cracks were present where 
transverse bars were experiencing even minor corrosion. See Attachments 1 
and 2 for illustrations. The vertical crack above the bars likely 
contributed to creating an environment that allowed corrosion to begin. 

The Team also observed there had been a significant amount of full-depth 
patching within the project. We understand patching operations have been 
ongoing the last several years. As stated above, the outer lanes, 
particularly the EB outer lanes, experienced early distress, and extensive 
patching was already done in these lanes. Generally, the patches appeared 
to be performing s: . sfactorily. Data showing the rate of deterioration on 
this project was noi available. 
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State personnel informed us they believe there has been a significant 
increase in the number of distress areas in the overlay areas (middle and 
fast lanes) in the last couple of years. 

The results of the petrographic eximination are given in Attachment 3. 
Briefly, none of the cores contained reinforcing steel. They all appeared 
to contain sound concrete. One core, however, appeared to have a 
shale-type, limestone aggregate while the others had a marble-limestone 
aggregate. The Team did not have any data that showed whether one or more 
sources of aggregate were used on the project. State personnel who were 
present during construction indicated there was only one aggregate source. 
They did believe the project was shut down several times due to mudballr 
in the aggregate; however, there was no evidence of this problem in the 
cores we received. 

VII. Recommendations and Conclusion 

Information on this project was provided by the State. The information 
consisted of condition data only for the 6-inch CRCP overlay section 
(middle and high speed lanes). It must be recognized that we based our 
proposed alternatives on this limited information. 

There are strong indications this pavement is rapidly deteriorating. The 
relatively thin (6-inch) CRCP over‘njy specification called for 
2 l/2 - 2 It/lb-inch cover over the reinforcing steel. The pachometer 
survey showed there were some areas with as little cover as 1.5 inches and 
many areas where the cover was in the range of 2 to 2.5 inches. The 
chloride studies, delamination surveys, and corrosion surveys show there 
is widespread corrosion in the test sections. The cores confirmed that 
there was active corrosion in the transverse bars. 

If the corrosion occurring in the test sections is representative of the 
entire project, there is probably very little wr.ich can be done to prevent 
the disintegration of the pavement. Assuming this is the case, the 
ultimate solution to this problem is a reconstruction alternative. 

A detailed distress and corrosion survey of the entire project needs to be 
made to quantify the amount of pavement that needs repair. An economic 
analysis should then be made to determine if it is more cost effective to 
continue heavy maintenance by patching the currently distressed sections 
or immediately reconstructing this section. Alte:natives :-rat need to be 
considered: 

1. Continue heavy maintenance by patrhing identified distressed 
sections. 

2. Remove the existing PCC and construct a new pavement section. The 
existing pavement may be suitable for recyciing into a new PCC or 
AC pavement. If it is recycled, we believe the State will need to 
remove the existing pavement structure (including the or.lginal 
roadway), and construct an adequate drainage system. If a new PCC 
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pavement is constructed, we also recommend using full-depth, tied 
concrete shoulders. 

3. Construct a minimum 4-inch asphalt overlay. The AC overlay must 
be thick enough to bridge the distressed areas. Also, we 
recommend the State perform repairs of currently distressed areas 
before placing an overlay. Depending on the thickness of the 
overlay, this may be only a short range improvement given the 
amount of corrosion activity occurring in the test sections. 
Experience in another State with overlays of 2 Inches on 
corrosion-distressed CRCP has shown good performance for only 
3-4 years. They are presently placing 4-to 6-inch overlays on 
CRCP and expect to get 10 years of service life. 

There is also a need to improve the shoulders on the project, particularly. 
the WB outside shoulder east of the truck weigh station. It is evident 
the trucks are stopping on the shoulder, presumably to avoid passing 
through open scales. 

From our discussions with the State engineers, there was a recognition 
that the thin CRCP overlay, corrosion of the transverse bars and heavier. 
than expected traffic loadings are major contributors to the distress. 
The State may wish to consider using epoxy-coated reinforcing steel on an 
experimental basis in future CRCP pavements. Another State has placed 
some CRCP having epoxy-coated reinforcing steel. We are not aware they 
are experiencing any problems, however, the pavements have not been in 
place long enough to judge long-term performance. 

VII. Closing Remarks 

It is highly gesirable to determine the cause of the distress prior to 
developing feasible rehabilitation alternatives to ensure that the 
selected strategy corrects the cause of distress. For any pavement 
rehabilitation project, the States are encouraged to follow the approach 
for an engineering and economic analysis as outlined in Mr. Barnhart's 
November 15, 1983, memorandum. Briefly, this includes the following 
steps: 

Establish existing condition of pavement. 
Identify distress. 
Determine cause of distress. 
Develop feasible alternatives. 
Conduct economic (life cycle cost) and engineering 

analysis of each alternative. 
Select most appropriate alternative. 
Design alternative. 
Provide feedback on performance. 

We believe thir a logical, practic31 approach to addressing pavement 
rehabilitation 1 djects. Our observations recommendations and con lusion 
are based upon a limited review. We do not feel that we can briefly 
examine a pavement in a short time period and conclusively give the State 
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the ultimate so'lution for a problem their engineers have been 
investigating for many months. We appreciate the opportunity to provide 
an outside opinion and to provide items for consideration. We hope our 
visit was as beneficial to the State as it was to us. 

During the field trip, we observed a close working relationship among our 
Regional Office, Division Office and the State. We think this spirit of 
cooperation is excellent, and we look forward to continuing to work with 
the State and our field offices whenever we can provide assistance. 

3.7.11 



Attachment 1 
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(3 . Memorandum 

Suolec! Lateral Load Distribution and Use of PCC 
Extended Pavement Slabs for Reduced Fatigue 

Dare 

From Chief, Pavement Division 
Washington, D.C. 20590-0001 

%Yy !O 
Am of HHO-12 

TO 
Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Attached are two copies of a report entitled "Lateral Load Distribution and 
Use of PCC Extended Pavement Slabs for Reduced Fatigue." The report was 
written by Mr. Mark Sehr, Highway Engineer Trainee, and the final editing was 

. done by ERES Consultants. 

The paper sumnarites data and findings from several studies on Lateral Load 
Distribution and Load Stress at Pavement Edge. It includes discussion of the 
advantages of extended (or widened) lanes for PCC pavements and their effect 
on stress, strain, deflection, and PCC pavement deterioration. 

We believe Mr. Sehr has prepared an excellent report and that it should be 
distributed to the division offices and shared with the States. We don't, 
however, have a sufficient number of copies to accomplish the desired 
distribution. Feel free to,make copies or contact Mr. Donald Petersen at 
FE 366-2226 to arrange for the printing of additional copies, or if you have 
any questions concerning the report. 

Attachment 
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LATERAL LOAD DISTRIBCTION 

AND 

THE L’SE OF KC EXTENDED PAVEMENT SLABS 

FOR REDUCED F.4TIG’L’E 

bY 

Mark Sehr 
Assistant Regional Pavement Engineer 

June 16, 1989 

FEDERAL HIGHWAY ADMINISTRATION 
REGION 10 

A paper prepared as a project duting an .ksis:ant 
Regional Paverne5t Engkeer Training assig2rzer.t. 
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NOTICE 

This document is disseminated under the sponsorship of the 
Department of Transportation in the interest of information 
exchange. The United States Government assumes no liability for 
its contents or use thereof. 

The contents do not necessarily reflect the official views or policy 
of the Department of Transportation, but is a compilation of 
recent research and design concepts. 

This report does not constitute a standard, spedfication, or 
regulation. 

The United States Government does not endorse products or 
manufacturers. Trade or manufacturers’ names appear herein 
only because they are considered es&M to the object of this 
document. 
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PURPOSE 

This paper summarizes data concerning la:erai whee! Cis:;;j~,om azb 
Tresents condusions based on that data. It aiso examines the advantages of ex:er.d?~ 
!or w:dened) portland cement concrete (KC) pavernent slabs in :erms of +,e!r e+c: 
on stress, strain, detlection, and KC pavement deterioration. 

B.ACKGROZ;‘ND 

Early road widths were only 15 fi (3.6 mf, wide enough to handle +,e i.exlan& 
of horse-drawn vehicles. Following the discovery of the internai combustion eng:ne 
and the development of motorized vehicles, traffic steadilv increased. Tze wtd:,? or 
roadways increased to 16 ft (4.9 m), and then to 18 ft (5.3 ‘m). Bv the late 1925’s. 
primary paved roadways were needed and the construction of lb ti (3.0 m) lar,es :X 
it [6.1 m] roadway) were standard practice. Today, conventional designs use I2 t’: 
(3.7 m) lanes as standard practice. 

PAST STUDIES AND COMMENTS ON THE DATA 

The lateral location of traffic in the travel lane is the criteria to determine that 
a 12-h (3.7 III) channeiized lane is wide enough to withstand the re+tive loads of 
heavy truck traffic, and there have been several studies to determine the lateral truck 
wheel distribution in the pavement lane. These studies were generally initiated for 
design and safety concerns. There recently has been consideration of PCC Tavement 
stresses and deflections and their connection with lateral wheel loads and shouider 
encroachments. The studies’attempt to detexmine the lateral wheei distribution and 
evaluate the damage done by differing transverse loads to help designers in building 
an adequate pavement structure. To summarize the information on lateral whee! 
distribution and the probability of pavement edge and shoulder encroachment, the 
results from a number of studies on lateral wheel path trtific distribution are 
highlighted in the following text 

The first study on lateral wheel distribution was completed by Taragin oi the 
Federal Highway Administration in 1958.“’ This data, which is sti!l used in both 
current PCC and asphalt concrete (AC) pavement design, showed that the highest 
frequency of travel and mean travel path distance occurred at little more than 2 !t 
(0.61 m> from the right pavement edge. The findings stated that an average oi 2.3 
percent of the mainline truck traffic encroached up to 12 in (305 mm) on the outside 
shoulder of the test section. The findings aiso stated that about 4 percent of the 
overall traffic drove cioser to the edge than 12 in (305 mm). Taragin’s study was 
completed on 124 (3.7 m) pavement lanes with unpaved shoulders. 

The applicability of these results for current conditions can be questioned. 
There is some thought that the unpaved shoulders in the study may have been an 

3.8.5 



artificial ‘deterrent to the trucks encroaching on the shoulder and thus biased ::?es* 
results. Another consideration is that the size, speed, and number of trucks on th? 
road in the 1950’~ is much less than today (1989). The 2.5 percent truck traffic 
encroaching on the shoulder is considered 10~ based on current traffic Characteristics 
shown in studies discussed later in the text. 

The second studv was done by Emery of the Georgia Department of 
Transportation in 1974.i2’ This study found that 53 percent of the overall traffic 
traveled within 12 in (305 mm) of the pavement edge. it was also observed that at 
least 2.4 percent of the truck traffic encroached on the pavement edge. Nine percent 
of the traffic was driving in a &in (381 mm) wide wheel path that started 3 in (76 
mm) inward from the right pavement edge and extended outward to include 12 in 
(305 mm) of the shoulder. This data -~-as obtained from PCC pavements with an 
asphalt concrete shoulder: therefore it was concluded that a visible delineation existed 
between the pavement and the shoulder. 

. The data from this study showed that the motorist will drive near the edge of 
the pavement whenever possible in order to reduce or eliminate the uneasiness of 
dose parallel travel to other vehicles in adjacent lanes. 

Photo 1 - Ill UStI mation of where 
vehicles tent d to travel. Many 
vehides are tray Jelling H rithin 
18 inches of the edge of payem lent. 
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.A thxd study was ?e?ormed 5~ :he Satior.ai Cwaeyarlve s-:is:,wtv xsssLr,y, 
Prqram (NCHRP 14-31.“’ Tl:is ?ro!ec, conduc:eC. in G+o:g!a ;u::ng 1575, sed 2 :3- 
rni (16.1 km) test section to iolIow and observe razdomiy ;eiected trucks. Sboc;!der 
encroachment and the !on@rL;dinal :engrh oi :he ?ncroachmenr were recortied ior 
each selected try& tithin &he test .~ec50n. .A totai oi X5 ;rt;c.ks were ioiiowed in :he 
10 mi (16.1 km) section in Georgia. T?te :esuiS aCDear in rabies i, 2 and ;:j’ Tze . . 
Iezg:h and iocat; -on or’ the encroachments is shown in figure 1. ji 

Table 1. Summary of outside shoulder encroachments 
by type of shoulder pavement (reference 3). 

Item 
Asphalt 
Conce te 

Bituminous 
Suriace 
Treazen t iOt3i 

Xumber of Samples 
Number of Trucks Encroaching 
Percent of Trucks Encroaching 
Number of Encroachments 
Avg. Encroachments Per Truck 

Encroaching. 
Avg. Encroachments Per Truck 
Avg. Vehicle Speed, km/h 

129.0 76.0 
83.0 50.0 
65.3 65.5 

398.0 279.0 
4.8 5.6 

3.1 3.7 
-- 

Note: I km/h = 0.621 mph 

205.0 
133.0 
64.9 

67.0 
5.1 

Table 1 is a summary of outside shoulder encroachments by type of shouider 
material. Of the 205 h-u& observed, 63 percent encroached on the shoulder at ieast 
once within the test section. Approximately the same percentage encroached on the 
different types of shoulders stud&d MC and Bituminous Suriace Treatment). This 
seems to indicate that the delineation between a KC mainline pavement and an 
asphalt concrete shoulder or the rough surface of a bituminous surface treated 
shoulder does not necessarily deter trucks from encroachment. A total of 67 
shoulder encroachments were recorded, which is an average of 3.3 enaoachments per 
truck, per 10 miles of travel on rural interstate. 

Table 2 provides a summary of the number of encroachments on the outside 
shoulder,, by type of terrain. The percentage of trucks encroaching on the shoulder is 
approximately the same for both a rlat and a rolling terrain. There is not enough 
data on a hilly terrain to make a conclusion, but it wouid be reasonable to assume 
that it would be approximately the same as the others. 
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Table 2. Encroachments on outside 
shoulder, by type of terrain (reference 3). 

__. 

Xl1 
Terrain 205 133 64.9 677 5.09 3.30 

Table 3 shows that the outside shouider encroachments occurred ior an 
average of 4.5 seconds. The average encroachment was for a longitudinal distance cr’ 
approximately 400 ft (I 22 m) and 0.60 ft (0.18 m) laterally onto the shoulder strvx:‘z:e. 

Table 3. Average time and distances of outside 
shoulder enaoachments (reference 3). 

Item 
Outer .Median 
Shoulder Shoulder 

Average encroachments per truck in 10 Miles 3.30 0.25 
Average time on shoulder per encroachment, sets. 4.30 3.40 
Average longitudinal distance on shoulder per 383.86 344.16 

encoachmen t, ft. 

Average transverse distance on shoulder per 
enaoachmen t, ft. . . 

0.59 0.05 

Figure 1 is a summary of the transverse encroachments onto the shoulder. As 
can be seen, the highest frequency of encroaching trucks was approximately 6 in (!32 
mm) onto the shoulder. A high percentage of times when trucks encroach, their dual 
tires are iiterally split between the pavement edge and shoulder. 

The fact that shoulder encroachments occur regular& is well illustrated by the 
Georgia study. In the IO-mi (16.1 km) test section, the average number of 
encroachments per truck was 3.3. Of the 65 percent trucks encroaching, the average 
number of encroachments per 10 miles was 5.1 (see table I?. Why do certain trucks 
go onto the shoulder more than others. 7 The study was done with no cross-winds 
present, which eiiminates an obvious external factor irom biasing the resuits. Truck 
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Photo 2 - Dual wheel split between shoulder and edge of PCC pavement. Xote the 
pavement edge stripe location W-foot PCC pavement slabs). 

weight and the mental/physical condition of the driver may be factors, but their 
effect.could not be determined from this study. The terrain seemed to have no effect 
on the percentage of trucks on the shoulder. 

The main point to be made from this research is that, for whatever reason, 
trucks do encroach on the shoulder or beyond a 124 (3.7 m) channeiized lane. The 
3.3 encroachments per truck per IO miles is not an alarming figure; however, when 
multiplied by the total truck miles accumulated, the total number of encroachments 
quickly ad& up. As is discussed in the next section, the greatest damage to PCC 
pavements is done when loads are placed on the outside edge at the comer or at the 
midpoint of the slab. Obviously, encroaching truck traffic places loads at the 
pavement edge. Also, when an edge drop-off is present, the dual wheel splits the 
lane-shoulder joint and all of the load is transferred to only one wheel. This causes 
even higher load concentrations at critical points in the pavement structure. Because 
this edge loading can contribute to failure of the pavement, this is a subject that 
deserves more attention from the highway community. With the use of 
microcomputers and mechanistic design procedures, the pavement design engineer 
can now readily analyze critical load concentrations and calculate the necessary 
lateral support required to minimize damage and economize dn thickness design. 
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The results presented by Ezery :\*ere -‘VT” au,, C-3” 
the lateral piacement of trucks on a highwav du-- 

. .,, 5~ 3 s;~:T,~ koy,e 5, ‘;exz2 LT, 

that approximately 3.3 percer?t of the neck’- 
* i...g 1963. ” T;-,is’resea&: cart:*. isA . r-b u 

3 >am?ied com?ietelv encroached an:o :.“.e 
shoulder. Complete encoac:?ment is deiined as occ-drring wb,en the duai [ire is oii 
the pavement an&entirely on the shouider. Up ta 12 Fercent of the :rucks were 
partiaily on the shouider, defined as occurring when the dual wheei is on the 
pavement and shouider simultaneously. X main point oi this stzdv is :hat a higher 
percentage of trucks (12.0 compared to the 7 - - -.z round b-v Tagarin and Emery;) are 
running on the shoulder and are not being accounted ior in current highwav design 
practices. 

Werence 34 

qeference l 4 

TRUCK 

3OOY 
I 

in (508 mm), as shown 
Due to site limitations, 

X fifth study was recentiv 
completed by the 
Transportation Researc:? 
Laboratory at the Lrtiversitc 
of Illinois in March 1988.‘4’ 
This study compared the 
lateral distribution or truck 
wheel travel paths on a 12-t-t 
(3.7 m> KC fr eeway lane with 
XC shoulders with two 
extended KC pavement slab 
widths (13.5 ft I4.1 m] and 
13.7 ft (4.2 ml> that were also 
delineated into 12 ft (3.7 n) 
driving lanes. This is shown 
in figures 2 and 3.“) 

The extended KC Davement 
sIab test section was ‘iocated 
on 3.1 mi (6.6 km) of rural 
freeway on 1-57 in lllinois. 
The southbound outside lane 
was striped as a 12-ft (3.7 m> 
lane and the extended KC 
pavement slab widened 28 in 
(457 mm) into the shoulder. 
The KC pavement extended 
18 in (457 mm) beyond the 
right lane stripe into the outer 
shouider. The northbound 
outside slab extension was 20 

in figure 3.“) Both directions have asphalt concrete shoulders. 
the data collection for the section was limited to one location.. 

. 
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The type of trdck monitored in this study was semi-nac;or :rai;ers. p~s~e~.~o: 
vehicles and smaller single unit treks have considerably less impacr on edge S;ressej 
and were not induded in the sample. AS with the Georgia study, no data was taken 
on days with a strong cross-wind. Also, the study section was on rural interstate anti 
the terrain was fiat;with no hotiontal curvature within 2000 ft (610 m) of the test 
sections, in order to further reduce the effect of external factors. Film from 8mm 
movie cameras was reviewed by the University of Iilinois staff to obtain the data. 

A summary of the lateral encroachments on the edge of the pavement is given 
in table 4.“’ A comparison of the average lateral placement of the truck tires in the 
control section with the extended PCC pavement slab section leads to the concicsion 
that trucks will not significantly move outward in the designated traffic lane. Ct’heel 
path locations show that trucks tend to drive approximately 2 in (51 mm) closer to 
the edge line stripe on an extended PCC pavement slab. This would tend to ir.dica:e 
that with adeauate slab widt.,. b the oavement striue location controls the lareral wkeei 
path in which the trucks travel rather than the overall width of the gavemerrt itself. 

The trucks stayed an average of 20 to 22 in (508 to 359 mm) away from the 
edge Iane stripe, whether on a 12-ft (3.7 m) PCC slab or an extended PCC slab 
marked with a 12-ft (3.7 m) driving lane. At first, the 20 to 22 in (508 to 339 mm) 
distance may seem adequate, but after evaluating the data it can be seen that 
approximately 30 percent of the semi-tractor trailers travel 18 in (457 mm) or less 

Table 4. Values of sample size, lateral distance D (fig&es 2 and 3”‘), 
standard deviation, and percent shoulder encroachments for 

the lateral distribution of truck wheel paths (reference 4). 

Distance Percent Shoulder 
Sunpk From Edge Erraoachmencs 
size ‘D, in lane Standard (Beyond Lane 

Wehide) (Fig. t&3)” smpe, ul Dev.. VI Smpe) 

Control Section 536 22.0 22.0 9.0 0.7 
18-in Extended Section 691 38.1 20.1 9.1 1.7 
to-in Extended Section 613 40.5 20.3 9.1 0.7 
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from the siab edge. The number of trucks within I:! in (305 rr.m) oi the siab edge :5 
approximately 10 percent (Figure 4).‘” This is a significant number 0i trucks 

traveiling at the edge of the KC pavements and, if these results can be considered 
representative of t,he rest of the country, indicates that a large number of edge 
loadings are not being considered in most ot’ the State highway agencies desip. 
processes. 

It shouid also be noted that none of the trucks sampied in the wldened lane 
pavement test sections traveled on to the KC pavement edge or AC shoulder. X 
small percentage did encroach on the edge lane stripe, but none went to the 
pavement edge itself. 

Figures 4, 5, and 6 show the data collected for each test section and the controi 
section.“’ These once again show that the average distance from the edge stripe is 
between 20 and 22 in (508 and 559 mm). A significant percent of the truck traffic 
does travel within 18 in ,(457 mm) of the KC slab edge on the control section. The 
extended PCC pavement slab sections had very little traffic within 18 in (437 mm) of 
the edge of the KC slab. This can be seen clearly in the graphs of the distribution of 
trucks, as indicated by the mean lateral distribution (x). 

Photo 3 - A truck travelling near the edge of pavement. Note the pavement edge 
stripe location (12-ft PCC pavement slabs). 
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Since the extended KC pavement siabs had little effect on the lateral wheel 
path of the trucks, it suggests that the pavement edge stripe has a major effect on the 
traffic distribution. However, opinions on this point differ among maintenance, 
traffic, design, and construction engineers. If the pavement edge stripe is located 
more than 12 ft (3.7 ml from the centerfine and on an AC shoulder, where will the 
SW&S wheel paths be located ? Will they be 20 in (SOS mm) away from ;he edge of 
the KC slab or 20 in (508 mm) away from the edge stripe itseif? It is a question :ha: 
deserves much more thought by highway agencies. 

ANALYSTS OF DATA ON PCC PAVEMEM- DETERIORATION 

Extended PCC pavement skbs refers to KC slabs which are built wider than 
the conventional 12-ft (3.7 m> striped traffic lane. The normal siab extension that has 
typically been constructed varies from 1 to 3 ft (0.3 to 0.9 m). The basic concept 
behind the construction of extended slabs is to kee? the heavy wheel loads away 
from the outside edge of the pavement so that traffic loads used in design can be 
considered interior loads. ‘?ruck wheel loads placed at the outside pavement edge 
create more severe conditions than any other load position. Xs the truck piacement 
moves inward a few inches from the edge, the effects decrease substantially.““’ 
Extended KC pavement siabs are not, however, a replacement for an adequate 
shoulder pavement stmcture. in extended KC pavement slab should be used with 
an adequate shoulder structure to meet an agency’s own design standards. 
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tn considering the poterttial benefits from the us< oi zx:er.ced ?aveme2: jiakj, 
their effec: on pavement deterioration should be recognized. In rhis secnon, jiab 
stress, strain, deflection, and moist=lre infiltration are considered as they are :e!ated :o 
extended KC slabs. 

Stress and accumulated pavement fatigue are two parameters used to calc;ia:e 
the damage done to a KC pavement by appiied loads. It is widely accepted that 
“the most critical pavement stresses occur when the truck wheels are placed at or 
near the pavement edge and midway between the joints.“‘” Since the critical stress 
OCCWI at the mid-point of the panel, load transfer devices at transverse joints do not 
have a great influence on the load stresses at the mid-panel. The effect of trucks 
running at the pavement edge can be shown by the stress-fatigue analysis in figure 
7.‘” The fatigue was calculated at various locations on the KC slab, inward from the 
slab edge, for different truck wheel load placements. “This factor, when multiplied 
by edge load stress, gives the same degree of fatigue consumption that would result 
from a given truck piacement distribution.“n As the lateral truck wheel distribution 
moves away from the PCC slab edge and inward on the slab, the total number of 

’ load repetitions increases, but the damage due to stress decreases. As illustrated by 
figure 7, the fatigue stress decreases as the percent trucks at the edge decreases:” 

Equivalent Edge Stress Fac!or Versus 
Percent of Trucks at Edge 
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midpoint on +he outer edge. The induced stress was then caicxiared at that zolr,: ;a 
&in [lo1 mm] ocset, and at fur:her offsets from the edge oi 9 in, 26 in, and i: ir: 
(203, 406, and 6iO l .~) by moving the load inward on the slab. AS is jhobT in 
figure S, there is a !arge reductron in stress that results from movir,g loads ait’av ;ro;r: 
the siab edge. ’32s reduction is greater ior thinner siabs. 5~2 stress is ;eiarei :o 
fatigue ar.d, i;ltkmately, deterioration of the siab, this redution in jtiess 15 a desli2’2ie 
goal. 
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Figure 8 

The effect of wheel load placement on pavement slab strains has also been 
documented. As measured in test sections by the Minnesota Department of 
Transportation (MnDOTI, pavement strains are shown to be greatest at the free edge 
of the KC slab (see figure 9).‘6) The edge strain reduces quickly as the wheel load 
moves inward from the edge of pavement, as shown in figure 10 (from a MMNDOT 
laboratory test slab) and tends to level off when the applied load is 18 to 21 in (4Si :o 
610 mm) from the edge of pavement.i6’ “In general, free-edge srrains were 36 percent 
to 50 percent greater than interior strains.“‘6’ 
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Maximum Strains at MNDOT Test Stations 
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.M~&$iU~eTle~t!S and eStZbliSkfXl tc3ta Ol‘i ?ilCr- h:L’T~‘iY!& ;iiid CJrling Of PCC 
pavementr and the effect of extended PC:C ~t~wrct~:ni sia wth IZ ft (3.7 m) 
channeIized traffic lanes is limited. “Warping iea- 6’~~ slabs unsupported for dis:ar.ces 
of as mu& as 4 to 5 ft (1.2 to 1.5 37) iit Slab CQxi@:‘F; tld 2 to 3 ft (0.6 to 0.9 m) at siaj 
edges.““” The loss of support along the slab edges and the compressive forces of the 
concrete itself are two adverse effects of warping. Curling refers to the concrete slab 
behavior due to the differing temperatures in the slab depth. Slabs curl upward 
(corner support lost) during the night because the temperatures are cooler on the top 
surface than on the bottom of the slab. Conversely, slabs cur1 downward (corners 
downward) during the day due to the warmer temperatures on the top surface or’ the 
slab compared to the bottom. There is not enough information available to see any 
differences in warping and curling with the use of extended KC pavement slabs. 

Water infiltration underneath existing pavements is being emphasized as a 
major factor in the deterioration of some pavement structures. The use of extended 
pavement slabs would mean less traffic directly on the longitudinal shoulder joint 
(either ITC or AC shoulder). The required maintenanee of the joint seal should be 
lower and the seal achieved during construction would function as an effective joint 
for a longer period of time because of the fewer applied loads. With a better 
performing joint, there should be less water infiltrating through the longitudinal edge 
joint to the underlying base material and less potential deflections due to the lateral 
wheel load location. 

Photo 4 - Ulustration of PCC pavement/shoulder joint deterioration. Note the 
pavement edge line location (12-foot lanes). 



T?&e se Oi ?XieF.LeC TaL’e- . ..ent Gabs wiil !ead to imarot.ei ~a...e~,2~.I 
oer&mance. The extended Iiie wiil ‘be due to lower edge jtra:rs, :e~~;c~~ ‘. c’.‘iy’.; 
itress, lower edge and corner derlecsons, and less water inii!caton :h.:o:~k -A< 
longitudinal pavement shouider joint. It should be possible to design a :;&r~& 
pavement section with extended pavement slabs and obtain the 5am.e oerform.-arGce ~5 
that of a thicker pavement without extended slabs. “Results or’ a stud; conduczed 5.. 
the Construction Technology Laboratories for the Federal Highway &hinist;acon ’ 
indicate that lane widening is an effident method of improving Ravement ;es?or,s(r 
under traffic load.“‘“’ Improved performance can realistically be expected irorn the 
use, of extended pavement slabs without drastic changes of design. K’ith :he correct 
information available, highway designers will support the construction oi 2x:enCed 
pavement slabs to extend the life of the pavement, with no decrease in jar’s:); cr 
inaease in initial (unit price) costs. 

It should be noted that the benefits of extended slabs can oniv be realized ii 
the siabs are properly.striped. Since the stripe appears to control tie lateral wheel 
distribution, placement of the lane-shouider stripe must be done at the 12 ft (3.7 T-J 
mark and not at the edge of the extended slab or even on the adjacent shoulder. 

SAFETY CONCERNS 

The .issua of safety is also a subject that should be addressed when discussing 
the use of extended slabs with the traffic lane striped at 12 ft (3.7 m). Discussion 
with the Office of Highway Safety and Regional Safety Engineers indicates that there 
are no increased safety problems with the use of extended lanes when compared to 
standard 12 ft (3.7 m) lanes: In fact, widened lanes are equal or superior to rhe 
conventional ianes, from the standpoint of user safety. However, it should be noted 
that extended KC slabs should not be considered a replacement for a shoulder 
structure. 

In the area of user safety, lane edge stripe maintenance and location on 
extended pavement slabs has been a debated subject. Practices on standard I2 it 
(3.7 m) pavements differ from Stqe to State and even between different areas of a 
State. There are two basic theories about where to put the pavement lane edge snipe 
when shoulder structures differ from mainline pavement’ type. One practice places 
the edge line stripe on the PCC pavement (mainline) to keep the load off of the 
pavement/shoulder joint. The advantages of keeping the wheel loads 18 to 36 in (457 
to 914 mm) away from the pavement have already been discussed and documented: 

The second practice is to place the pavement edge line stripe beyond the 
pavement/shoulder joint and onto the shoulder (usually AC). One of the reasons tor 
this practice is that the edge line will last a longer period of time, therefore reducing 
the associated maintenance costs (paint, trucks, crew). The other support for this 
practice lies in the color contrast between the white paint of the edge line and the 
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Photos 5 k 6 - Two examples of widened lane pavements performing as designed 
(inside lane 12 feet, outside lane 14 feet and striped at 12.5 feet). 
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black coior of the asuhait shoulder. However, economic ram:i:c~::on,j oi zc;2,2r-- - s.?- 
pavement deteriorahon far exceed potential maintenarce bene5;its or :r,creas;r.g :+.e 
effective stripe life. 

-Most design engineers acknowledge the advantages or’ extended zav?xez: 
slabs in keeping the traffic off of the shoulders. However, :h.e controi o; :he a!crAal 
paincng oi the edge line stripes is in the hands of traffic and - ..,aiz-iter,ar.ce engineers. 
Until design concepts and concerns are thoroughiy understood bv this grou?, many 
extended slab designs will be wasted because of improper edge lme piacemen:. 
When comparing the costs of annual or bi-annual painting of edge lines and a 20-X 
percent extended pavement life, the benefit-cost ratio supports correctly piaced and 
maintained edge stripes. There is also little conclusive data that supports the cor.ceFt 
of better edge Iine delineation on AC pavements than on KC pavements. 

CLOSING STATEMEVI-S 

When gathering data for this paper, many research reports on differing 
subjects were reviewed that briefly mention extended pavement slabs and their 
benefits. information regarding extended slabs and stresses, strains, deflections, and 
overall pavement deterioration is limited to portions of studies done on other 
subjects; there have been only a few studies performed recently that concentrate 
solely on lateral wheel load distribution and KC pavement fatigue. 

‘_ 
The greatest use of extended slabs is concentrated in the midwest (Iowa, 

-Minnesota, South Dakota, and Wisconsin), with each State’s design a little different. 
They are all building extended slabs for the same reason; to move the heavy truck 
wheel loads away from the edge of pavement. Extended pavement slabs have also 
been used in Georgia, Idaho, Louisiana, and Oregon. Deiaware wiil be constructing 
its first extended pavement slab project during their 1989 construction season. & 
more pavements are built with extended slabs, much more information will be 
avaiiable on their performance. . 

There are points in the previous text that deserve repeating. . 
l Resent wheel load distribution will be an average of 20 to 22 in (508 to 

559 mm) away from the lane edge stripe on 12 ft (3.7 m) PCC slabs. 

l The edge stripe, and not the overall width of the lane, controls lateral 
truck wheel distribution. 

l Studies have shown that detrimental edge loads are reduced 
significantly at 26 to 20 in (406 to 508 mm> away from the KC 
pavement edge. 
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0 ,A KC pavement that is widened 18 to 24 in (457 to 610 r,,Tj and 
shiped with a 12-h (3.7 ml lane can expect a 20 to 30 percent incease in 
pavement fatigue !ife and reduced maintenance costs. 
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0 . Memorandum 

Washinqton, D.C. 20590 

Suolect: Longitudinal Cracki'ng at Transverse Da'e 
Joints of New Jointed Portland Cement 

NOV 3 0 1988 

Concrete (PCC) Pavement with PCC Shoulders 

Chief, Pavement Design and 
holy 10' 

from Alln of HHD-12 
Rehabilitation Branch 

To: Regional Federal Highway Administrators 
Attn: Pavement Specialists 

Attached is a report outlining a longitudinal cracking problem that occurred at 
the transverse joints near the edges of a mainline PCC pavement. This cracking 
is believed to be the result of the intrusion of,mortar into the mainline 
transverse joints during. shoulder construction. 

The report indicates that the mainline PCC pavement was placed in warmer 
summer weather while the PCC shoulders were subsequently placed during cooler 
weather after the contraction joints had opened. When the shoulders were 
placed; mortar intruded into the mainline contraction joints and hardened. 
During the placement of the shoulders the contractor provided additional 
vibration along the lane/shoulder joint. This may have increased the flow.of 
mortar into the open joints. With warmer weather, the slabs, unable to expand, 
developed longitudinal cracks near both edges of the mainline pavement. 

It is recommended that, in similar situations, States consider sealing the 
sides of the contraction joints prior to placing adjacent pavement. This would 
prevent the intrusion of mortar into the joint. 

. . 

Attachment 

. 
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I-60 Lmqitudinal CrackFnq - l988 

in Jme 3, 1988 project PZrSmnd m 35-tnileS Of a yet-to-be owed to traffic 
sectian of I-61 noted Some lmgitudinal Cracking m both sides of tfie 
transverse mtractim joints in the portland cement ancrete (pee) pavement. 
At first, the lmgitudinal aaching appeared to be limited to a carple of 
interchange ranps, however, it was swn fovld to be scattered throu#xut the 
approximately eleven miles of pet pavement having w shoulders. The omer 24 
miles of yet-to-k opened section of I-61 consisting of pee pavenent having 
asphalt stroulders was not experiencing any cradling. The cracks were 
typically 12-18 inches in length and were located approximately 9-12 in&es 
from the mainline/shoulder joint. wlen cracking octlPled, me cracks wcTe 
ahays present m both sides of the transverse cmtractim joint and near the 
inside and cutside of the nU.rUne/shoulder 1mgitudina.l joints. 

BACKGROUND 

The eleven miles of WC pavenent were placed in 1987 ulder 3 paving projects 
involving two cmtractors. me mainline pee consists of l2-indr jointed, 
mesh-reinforced concrete pavement having 40.foot joint spacing. The typical 
sectim consists of two travel lanes with an additlmal truck cllnbing lane 
for several sectims. The tied sharlders ansist of 10.in* ncn-reinforced 
ccncrete pavement having 200taot joint spacing. The shoulders art tied to the 
mainline pavement with had< bolts. Free draining base material consisting of 
qgregate (No. 57 stme) treated with two percent of paving asphalt by wei@ 
’ the aaregate is in place breath the mainline and shoulder pee pavement. 

bgitudinal and transverse joints were sawed and sealed using a low module 
Aliccnc seaLant. This section of I-64 was scheduled to be opened to traffic 
on July 15 so it was tiperatfve.mat me cause of me prcblem be cktermined 
and an acceptable solution fomd before the road was opened. 

On Jcne 6, Messrs. W.T. KeUey, D.M. Hart and D.J. VoeU<cF &served WVCOH 
perSmn& wmiding a coring operaticn m the eastbamd off-ramp at the 
Beaver Interchange. The core bit had caused a spall at tne pavement/shoulder 
interface adjacent to the trmSvax fmtractim joint. It apOcared mat 
hardened mortar was in the transverse contraction joint below the backer rod. 
See attached drawing. 

Althou@ there were two differ-t paving antractors, we believe they used 
similar methods ad sequarce of paving operations as artlined below. From 
discussims with project petscmncl, we believe the cmtractor slip-formed 
21.foot wide mainline pee pavemslt ad 16.foot wick paz interchange ramps. As 
smn as possible thereafter but no later than 24 hcurs after plating the ncy 
pee, an initial saw a&5/16-inch wide and 3-l/4 indr deep was made at me 
cm traction joints. The contractor then placed a 3/84nd7 backer rod in me 
saw cut to keep out incompressible% mis was later remwed &en me final 
saw cut was macb . Final sawing of the transverse cmtractim joints in the 
mainline pavement was danebefore the pee shoulders were placed. Find 
reservoir shape was S/B-inch width by 1 L/2z-inCn depth. The contractor placed 
bad<er rod and ~ilfccne in the joint, however, the SPedfiCatim did not 
quire him to seal the edges of the tranSv=Se pee joints at tie 
.ainline/shouldcr joint. As shown in Section B-8 of me attached drawing, me 
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sin= ttre State ear&r had sme amams Oyer props amsolfclat.icn of the pet 
at me mainline/shoulder lmgitudinal joint, the antmCtOrs placed vibratars 
near this edge and may have increased the number Of rpns m the vibrators. 
This could have permitted intrusim of mortar into tne opening below the 
badcer rod and in the vertical ctad< as the shddcr paving o-&m 
progressed past t3e nrainlinc transverse cartractlm jolnt. If~pections of 
sane j~ifks indkatc thl~ martrr had typically entered the opening bda the 
bad<er rod z&art 4-5 inches but in sonr, cases (hi@ sick of super-clcveted 
sections) this intrusfm was as mrdr as 7-8 inches. The mainline pavansnt was 
placed during Jurc-July 1987. Most of the inter&ye rmps uere slip-formed 
in Augwt-September 1987. The pee sha&krr were placed m the mainline 
pavement during ScptMber-Octaer ad m the ramp sectims during 
OEtober-November , 1987. The 1mgitudina.l jointt between the matiline and 
shoulders were saw cut to a ckpth of 1 1/Z incha md 5/84ncf1 width. 

Project persmnel stated that in sane places, tne mtracds saw blades 
during the final saw aA u-8 hardly twching the W~US of the tcansvcrse 
contraction joints. In other wordr, it is possible the sl&s had 
s&stantlally cmtracted during cooler warns causing me joints to opar. 

ll joint sealing operatims uere completed before the Winter of lP8743. 
where was no indicatim of ay crabing in the pee pavamt during the Spring 
of 1988. 

When the weather in May and JLne became very warm (highs in wr 80% and lar 
90’s), cracks began to appear. It is belicved the slaQ were urable to 
properly expand tie to the hardened mortar in the trmsverse contractian 
joints, causfng the lmgitudinal craddng as shorn in the attiMed drawing. 

Solutim: 

It was agreed that all the transverse joints would be re-sawed at the 
fmi.nlinc/trxk lane nd mainlfnc/sharlder joints. It WY felt *ether a 
lmgitudinal crack was already pracnt, it was imperative that each joint be 
sawed. A 5/b-inch ride by 68 inch ckep saw cut was mdc. Cue was taken to 
ensure the saw cut mly extmdcd aart 6-7 in&es into the &line slab to 
prevmt possible cuttfng of the Qwel bars in the cmtractim joint. The new 
saw cuts were then cleaned using a wire brush manted m a potable saw 
&assis and air blasted cl-. If ny incompressible appeared to refdn in 
the joint, a sacred saw art was made in an attcmgt to f\pm= hrtd<down me 
incMlpressible. me joints were men resealed with backer rod ud low-Mdulus 
silicone. 

Areas that already cra&ed were visually examined and scunded to determine if 
delaminatims had occured. Partial ckpm patties were IWE in delaminated 
areas.. Cracks that had not caused delaminatims were sealed with hi@ 
.lolecular wei*t mmacrylate. 
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ill operatfms were cm@etM by July 1, a~0d-q ribbm cutting caemnia to 
mxeed without Way m Julyl5. To prevent future prdrlas, the State 
fntme to mdify their plans ad spccificatians to require the cmtractor to 
prevent the intrqicn of any inaomppssfble materials into the transverse 
contractian joints *en placing adjacent PavereM. Also, cmsideratim fs 
being given to requiring.final3aw cutting within a reasonable time after 
initial saw cutting to prevmt *c fmteWial Of Slabs si@ficantly 
cmtracting or expanding due to w2athe.r. 
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Par. 1. Purpose 
2. Background 
3. Materials 
4. Proportioning 
5. Properties of Concrete 
6. Mixing, Agitation, 
7. 

and Transportation 
Placement and Consolidation 

8. curing and Protection 
9. Concrete Distress Conditions 
10. Manufactured Concrete Products 
11. Quality Control and Testing 

1. PURPOSE. To set forth guidance and recommendations 
relating to portland cement concrete materials, 
covering the areas of material selection, 
design, mixing, placement, 

mixture 
and quality control. 

2. BACKGROUND 

a. Each -year approximately 46 million cubic meters of 
concrete are used in all highway construction. 
The vast majority of States use a prescription 
type specification for portland cement concrete, 
often specifying minimum cement content, maximum water cement ratio, slump range, air content, and 
many times aggreqate proportions. Admixtures such 
as fly ash are incorporated into mixes as a part 
of the prescription. 

b. This system has worked fairly well in the past but 
may change as emphasis is placed on performance . 
based specifications. States have begun to reduce 
or eliminate the amount of inspection at concrete 
plants as automation has increased productivity. 

a. Portland Cement. The proper type of portland 
cement should be specified for the conditions 
which exist. . 

m. . . . . 
OPI: HNG-23 
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(1) 

. > ‘I 

(3) 

Types 1, II, III, IP, and IS are typically 
used in highway construction. Type I is used 
when no special circumstances exist. Type II 
is used when sulfate exposure conditions are 
present. Type III is used when high early 
strengths are required. The use of Types IP 
and IS result in lower early strength gains 
and can be substituted for Type I cement when 
early strength is not a concern. In addition 
to the above mentioned types, Types IV and V 
are sometimes used in highway applications to 
meet special conditions. Further information 
about these cements can be found in the book 
Desian and Control of Concrete Mixtures 
published by the Portland Cement Association 
(PCA). 

It is recommended that the acceptance of 
portland cement be based on certification by 
the supplier. The certification should 
contain the lot number of the cement. The 
supplier's test results should accompany the 
certification or.be available to the State. 
Verification samples should be taken and used 
as part of the acceptance system, 

If alkali aggregate reactivity (AAR) is a 
concern, a maximum alkali content of 0.6 
percent should be specified. Some State 
highway agencies consider this amount too 
high and recommend smaller amounts. If 
AAR is a problem in the State, a review 
of a States' Materials Manual is suggested. 
See Concrete Distress Conditions Section 
for other remedies. 

b. Aggregates. Aggregates make up 60 to 70 percent 
of the volume of concrete mixes. A significant 
portion of poorly performing highway concrete can 
be traced to aggregate quality problems. 

(1) The fine aggregate should meet the 
requirements of the American Association 
of State Highway and Transportation Officials 
(AASHTO) M 6. 
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(2) The range for the gradation of fine 
aggregate is quite broad. The fineness 
modulus (FM), calculated using AASHTO T 27, 
can be used as a tool for assessing the 
variability of the fine aggregate gradation. 
The specifications should limit the range of 
the FM between 2.3 and 3.1 according to 
AASHTO M6 and the variation of the FM should 
not be more than 0.20 from the value of the 
aggregate source. 

(3) The FM is a means to control the influence 
that fine aggregate has on workability and 
the air content of the mix and is sometimes 
specified in the mix design. Further 
information regarding FM can be found in the 
Federal Highway Administration's manual FHWA- 
ED-89-006 (Portland Cement Concrete Materials 
Manual). 

(4) It should also be noted that to provide good 
skid resistance, the PCA recommends that the 
siliceous particle content of the fine 
aggregate should be at least 25 percent. 
Consideration should be given, however, to 
the possibility of alkali-silica reactions 
when this is done. 

(5) The coarse aggregate should meet the 
requirements stated in AASHTO M 80. For most 
parts of the country the severe exposure 
requirements should be used which means the 
use of class A aggregate for structural 
concrete and class B aggregate for pavements. 
The following table contains some of the more 
common information provided by Table 1 in 
AASHTO M 80. 
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chert 

C. Water 

(1) The water serves as a key material in the 
hydration of the cement. In general, potable 
water is recommended although some non- 
potable water may also be acceptable for 
making concrete. Water of questionable 
quality should be examined since this can 
effect the strength and setting time. The 
following criteria is contained in Table 1 in 
AASHTO M 157 and is based on control tests 
made with distilled water: 

Test 
Compressive strength 

Limits 

percent of control tests at 7 days 90 

Time of set 
deviation from control 1 hour earlier 

to 
1.5 hour later 
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(2) Wash water can be used to make concrete 
providing the resulting concrete mix water 
meets the followincr criteria in Table 2 in 

- AASHTO M 157: 

Chemical Limits 
Chloride as percent of weight of 
cement for the following uses: 

prestressed concrete 
reinforced concrete in 

moist environment 
exposed to chlorides 

reinforced concrete in 
moist environment 
not exposed to chlorides 

0.06 

0.10 

0.15 

sulfates 
alkalis 
total solids 

3000 ppm 
600 ppm 
50,000 ppm 

(3) If there is any question about the water, it 
should be tested using AASHTO T 26. 

(4) It should be noted that the American Concrete 
Institute (ACI) provides more stringent 
tolerances for total chlorides in the mix. 
The chloride content for wash water in 
AASHTO M 157 is recommended for total 
chloride content in AC1 201.2R 22. 

d. Admixtures. Admixtures are typically placed in 
mixes to improve the quality or performance. 
can affect several properties and can have a 

They 

adverse impact on the mix if not used properly. 
To avoid possible problems, it is suggested that 
trial batches be made to evaluate the mix. 

L (1) Air entraining admixtures should be specified 
when concrete will be exposed to freeze/thaw 
conditions, deicing salt applications, or 
sulfate attack. Recommendations for air 
content are contained in paragraph 4d. 
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(a) A vinsol resin type admixture should be 
added when fly ash having a variable 
loss on ignition (LOI) content (between 
3 percent and 6 percent) is present. 
This is because of the effect that fly 
ash's fineness and carbon content has on 
the air entrainment system. Fly ashes 
not having a variable LO1 do not have an 
adverse impact on entraining agents and 
therefore vinsol resin type admixtures 
may not be necessary. 

(b) The specifications for air entraining 
admixtures are contained in 
AASHTO M 154. 

(2) Chemical admixtures include water reducers, 
retarders, accelerators, high range water 
reducers (superplasticizers), corrosion 
inhibitors and combinations of the above. 
The specifications for chemical admixtures 
are contained in AASHTO M 194. 

(a) 

(b) 

(c) 

Mixes containing admixtures are 
permitted an'increase in shrinkage and a 
decrease in freeze thaw durability (as 
indicated in Table 1 AASHTO M 194) in 
comparison with mixes having no 
admixtures. 

Admixtures are usually accepted based on 
preapproval of the material and supplier 
certification. Verification tests 
should be performed on liquid admixtures 
to confirm that the material is the same 
as that which was approved. The 
identifying tests include chloride and 
solids content, pH, and infrared 
spectrometry. 

Water reducers and retarders may be used 
in bridge deck concrete to extend.the 
time of set. This is especially 
important when the length of placement 
may result in flexural cracks created by 
dead load deflections during placement. 
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Often water 
increase 

reducers and retarders may 
the potential for shrinkage 

cracks and bleeding. Because of these 
concerns, increased attention needs to 
be placed on curir,g and protection. 

(d) High range water reducers can be used 
to make high slump concretes at normal 
water cement (w/c) ratios or normal 
range slumps at low w/c ratios. The 
primary concern with the use of these 
admixtures is the loss of slump which 
occurs in 30 to 60 minutes. Redosing 
twice with additional admixture is 
allowed by AC1 212.4R; however, redosing 
typically reduces air entrainment. Type 
F and G high range water reducers may 
also be used. Type G has the added 
advantage of containing a retarding 
agent. 

A If transit mix trucks are used to 
mix.high slump concrete, it is 
recommended that a 75mm slump 
concrete be used at a full mixing 
capacity to ensure uniform concrete 
properties. If transit mix trucks 
are used to mix low w/c ratio 
concrete, it is recommended that I 
the load size be reduced to 
l/2 to 2/3 the mixing capacity to 

. ensure uniform concrete properties. 
Admixture companies are 
recommending additional mixing time 
with low w/c mixtures instead of 
decreasing the size of the load. 
This may have detrimental effects 
on some properties of the concrete 
such as the degradation of the 
aggregate resulting from over 
mixing. 

2 High range water reducers may also 
affect the size and spacing of 
entrained air. If Freeze-Thaw 
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W 

(f) 

(9) 

(3) 

testing as described by ASTM C 666 
indicates this to be a problem, it 
is recommended that the air content 
be increased by 1% percent. 

Calcium chloride, the most commonly used 
accelerator, has been associated with 
corrosion of reinforcing steel and 
should not be used where reinforcing 
steel is present. In addition to the 
corrosion problem calcium chloride also 
reduces sulfate resistance, increases 
alkali-aggregate reaction, and increases 
shrinkage. Calcium chloride should not 
be used in hot weather conditions, 
prestressed concrete, or steam cured 
concrete. 
chloride, 

In applications using calcium 
the dosage rate should be 

limited to 2 percent by weight of 
cement. 

Non-Calcium Chloride accelerators are 
available and can be used where 
reinforcing steel is present. However, 
care must be taken in selecting these 
since some may be soluble salts which 
can also aggravate corrosion. 

Calcium Nitrate, which can be used as a 
corrosion inhibitor, also can function 
as an accelerator. There are no 
consensus standards available for the 
use of this material. Manufacturer 
specification sheets should be consulted 
for proper use. 

Mineral admixtures include fly ash, ground 
granulated blast furnace slag, natural 
pozzolans, lime, and microsilica (microsilica 
is also known as silica fume). Currently 
all of these materials are being used as 
additives or to reduce cement contents. 
Mineral admixtures are accepted based on 
approved sources with certifications and 
verification samples. 
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(a) According to the American Society of 
Testing and Materials (ASTM) C 618 and 
AASHTO M 295 there are two classes of 
fly ash, class C and class F. Since 
variability in fineness and carbon 
content can affect air content, the 
optional uniformity specifications in 
AASHTO M 295 should be specified when 
air entrained concrete is used. 
ashes with LOI values less than 3 

Fly 

percent will typically not affect air 
content. Vinsol resin air entrainment 
admixtures should be specified when fly 
ash with LO1 higher than 3 percent is 
used. 

. 
.A Fly ash may be used as a supplement 

or a replacement and is typically 
limited to 15 to 25 percent. 
is used as a replacement, it 

If it 

replaces cement on a 1.0 to 1.2:l 
\ basis by weight. 

2 Fly ash can be used to increase 
workability, reduce permeability, 
and mitigate alkali silica reaction 
(ASR); some Class C can make it 
worse. Class F fly ash with a 
calcium oxide content less than 
10 percent can be used to mitigate 
ASR and sulfate attack. Fly ash 

..with a calcium oxide content 
greater than 10 percent should be 
used in concrete which will be 
subjected to sulfate attack only 
with verification testing. This 
percentage and fly ash 

. classification should only be used 
as a guide; further qualification 
should be based on ASTM C 452. 

;I The cementing action with fly ash 
is pozzolanic in nature. The 
pozzolanic reaction with fly ash 
stops at approximately 4O Celsius. 
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Precautions need to be taken when 
using fly ash in concrete at lower 
temperatures. It should also be 
noted that fly ash can reduce early 
strength development and, 
therefore, should be monitored 
closely. 

(b) 

(cl 

Ground granulated blast furnace slag 
specifications are contained in 
AASHTO M 302. 

A Ground granulated blast furnace 
slag (GGBFS) is a cementitious 
material and can be substituted for 
cement on a 1:l basis by weight for 
up to 50 percent of the cement in 
the mix. 

a For fresh concrete using GGBFS, the 
air entrainment agent dosage may 
need to be increased. The 
workability and finishability 
typically are improved but in mixes 
having high cementitious material 
content, mixes can be sticky and 
difficult to finish. Bleeding may 
be reduced and setting time may be 
longer. 

1 Ground granulated blast furnace 
slag can reduce sulfate attack, 
alkali-aggregate reactions, and 
permeability. The rate of strength 
gain is usually decreased and 
sensitive to low temperature. 

Microsilica specifications are contained 
in AASHTO M 307. Microsilica can be 
used as an admixture or as a replacement 
for an equivalent amount of cement to 
produce high strength concrete. 
Microsilica will reduce permeability and 
help reduce alkali-aggregate reactions. 
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Microsilica has been used as an 
addition to concrete up to 
15 percent by weight of cement, 
although the normal proportion is 
10 percent. With an addition of 
15 percent, the potential exists 
for very strong, brittle concrete. 
It increases the water demand in a 
concrete mix; however, dosage rates 
of less than 5 percent will not 
typically require a water reducer. 
High rep.lacement rates will require 
the use of a high range water 
reducer. 

Microsilica greatly increases the 
cohesion of a mix, virtually 
eliminating the potential for 
segregation. However, the cohesion 
may cause mixes to be sticky and 
difficult to finish. It may be 
necessary to specify a higher slump 
than normal to offset the increased 
cohesion and maintain workability. 
In addition, microsilica in the mix 
greatly reduces bleeding; 
therefore, mixes which contain 
microsilica tend to have a greater 
potential for plastic shrinkage 
cracking. It is imperative to use 
the proper curing methods to 
prevent the surface water from 
evaporating too quickly. 

4. PROPORTIONING. Most of the concrete placed in highway 
facilities in the United States are under severe 
exposure conditions. State highway agencies specify a 
recipe for concrete mixes which includes minimum cement 
content, maximum water-cement ratio, air content range, 
and minimum strength. These requirements are necessary 
to achieve durability, as well as strength. -- - 

a. The maximum aggregate size should be as large as 
possible. This reduces total aggregate surface 
area and results in lower cement demand. The 
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maximum aggregate size should be limited to 
'20 percent of the narrowest dimension of a 
concrete member, 75 percent of the clear spacing 
between reinforcing steel, or 33 percent of the 
depth of a slab for unreinforced concrete. 

b. The minimum cement content refers to all 
cementitious and pozzolanic material in the 
concrete, 
admixtures 

including cement and any mineral 

for cement. 
that are being added to or substituted 

Replacement rates should be based on 
those contained in paragraph 3d(3). 

(I) The PCA,recommends a minimum cement content 
of 335 kg/m' for concrete placed in severe 
exposure conditions and AC1 316R recommends a 
minimum cement content of 335 kg/m3 for 
concrete pavements in all locations unless 
local experience indicates satisfactory 
performance with lower cement contents. Even 
if strength requirements can be met with a 
lower cement content, a minimum cement 
content of 335 kg/m3 should be used unless it 
can be demonstrated,that the concrete will be 
durable, 

(2) In cases where local experience allows a 
reduction in cement content below 335 kg/m3 
the cement content should not be reduced 
below the following minimum cement contents 
recommended by AC1 302.1R Table 5.2.4 for 
concrete slab and floor construction. The 
minimum cement contents listed below are 
based on the nominal maximum size of the 
aggregate.' The cement content decreases as 
the nominal maximum aggregate size increases 
due to the decrease in aggregate surface 
area. 

Nominal maximum size Cement content 
aggregate, mm kg/m' 

37.5mm 280kg/m' 
25mm 310kg/m3 
19mm 320kg/m3 / 
12.5mm 350kg/m3 
9.5mm 365kg/m' 
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('3) Low strength concrete in the field should not 
be addressed by arbitrarily increasing the 
cement content since an increase in cement 
content will increase the water demand 
leading to higher shrinkage and permeability. 
All changes in mix proportions should be 
evaluated with a trial batch. 

C. The water-cement ratio in all cases should be as 
low as possible while maintaining workability. 
For freeze thaw resistance the following maximum 
water cement ratios are recommended in AC1 201.2R. 

Thin sections (bridge decks, pavements and 
curbs) and sections with less than 25 mm 
cover and concrete exposed to deicing 
salts 0.45 

all other structures 0.50 

The water-cement ratio should include the 
weight of all cement, pozzolan, and other 
cementitious material. 

d. The air content in the mortar fraction of-the mix 
should contain approximately 9 percent air for 
concrete mixes.exposed to-severe conditions. 

(1) The following recommendations are from 
AC1 201.2R Table 1.4.3. 

Nominal maximum size Air content 
aggregate, mm Percent 

. 
37.5mm 5-l/2 
25mm 6 
19m.m 6 
12.5mm 7 
9.5mm 7-l/2 

(2) The specified tolerance for air content 
I- should be 2 lf percent. 

5. PROPERTIES OF CONCRETE Trial batches should be 
performed on all mixes'at the expected placement 
temperatures. This is especially true for mixes 
containing multiple admixtures. 
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a. Workability. A concrete mix must be workable to 
ensure proper consolidation and finishing. The 
workability of a mix is a function of the 
gradation of the aggregate, amount and type of 
admixtures, water content, 
and time. 

concrete temperature, 
Once a workable mix is established 

during the trial batch process, slump can be used 
to monitor the consistency and uniformity of the 
mix. Slump, by itself, is not a measure of 
workability. 

b. Durability 

(1) Freeze-thaw durability depends on durable 
aggregates, proper air entrainment, low 
permeability, and a low water-cement ratio. 

(2) D-cracking is strictly a pavement durability 
problem and is associated with aggregates. 
It should be addressed with the source 
approval of the aggregates. 

(3) Alkali aggregate reactions are mostly the 
result of the alkali content of the cement in 
the concrete. The most common adkali 
aggregate reaction is associated with 
silicious aggregates although reactions have 
occurred with carbonate materials. If a 
reactive aggregate is encountered, several 
options are available: not using the source 
of aggregate, using a low alkali cement, 
using fly ash, or using microsilica. If 
alkali reactive aggregates are used, testing 
should be performed with the mix prior to its 
use to ensure a durable concrete. 

(4) Resistance to or susceptibility to sulfate 
attack depends on the chemical composition of 
the cementitious portion of the concrete. 
Sulfate attack can occur from ground water, 
deicing salts, or sea water. Type II or 
Type V cement or some fly ashes, may be used 
to mitigate the problem. . 

C. Strength. The strength requirement is the ' 
compressive strength, f',, at 28 days. This must 
be equal to or exceed the average of any set of 
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three consecutive strengtin tests. NO individual 
test !average of two cylinders) can be more than 
3.5 F!Pa below the strength requirements in the 
specification. 

6. iYIXING, At;:ITA"'" -AWN, AND TRAYSPORTATICN 

a. In crder to ensure proper operation, a concrete 
piant must be calibrated and inspected. Plant 
approval should include all the items covered in 
the Checklist for Portland Cement Concrete Plant 
Inspection (Attachment 1). This same checklist 
also discusses the inspection of truck mixers. 
The plant certification program operated by the 
National Ready Mix Concrete Association covers the 
same information contained in the attachment. 

b. The mixing time for central mixers and approval of 
truck mixers should be determined by the 
uniformity test discussed in AASHTO M 157, Ready 
Mixed Concrete. The test is based on the 
comparison of tests on samples taken at the first 
and last 15 percent of the load. The following 

.. are maximum permissible differences to consider 
the mix properly mixed. 

Test 
Maximum 
Difference 

Unit weight (air free basis) 
Air content 
Slump 

less than 1OOmm 
100 to 15omm 

Coarse aggregate cdntent 
Unit weight of air free mortar 
Compressive strength (7 day) 

15 kg/m3, 
1 percent 

25mm 
37.5mm 
6.0 percent 
1.6 percent 
7.5 percent 

C. Water added at the job site must be measured 
accurately. A water meter is the most accurate. 
method for determining the amount of water added 

- to the mix. -- 
d. The recommendations for testing appear in 

paragraph 11, Quality Control and Testing, of this 
document. 
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e. The haul time should be limited to 90 minutes for 
truck mixers that agitate the mix and 30 minutes 
for trucks that do not agitate the mix. The 
maximum number of revolutions for truck mixers 
should be limited to 300. 

f. No admixtures or water should be permitted to be 
added to the mix after the mixer has started 
unloading. 

7. PLACEMENT AND CONSOLIDATION 

a. Prior to placement of the concrete an inspection 
should occur covering the items in either the 
checklist for the placement of structural concrete 
(Attachment 2) or the checklist for the placement 
of concrete paving (Attachment 3). 

.: 
b. Acceptance testing for pumped concrete should 

occur at the discharge end of the pump. 

C. Aluminum pipe and chutes should not be used in 
concrete pumping operations. 

d. Concrete can be conveyed to the location of 
placement by several commonly used methods 
including pumps, belt conveyors, buckets, chutes, 
and dropchutes. Care should be taken to ensure 
that there is no debris or blockages that will 
hinder or influence the properties or flow of the 
material. Concrete should not be allowed to free 
fall from distances greater than 1.2 meters to 
avoid segregation. 

e. All concrete should be accompanied to the project 
with a delivery ticket. A sample delivery ticket 
appears as Attachment 4. 

,--The proper consolidation of concrete is a f 
significant factor in the ultimate performance of 
the concrete and it is achieved through vibration. 

. 
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(1) The following are recommended frequencies for 
vibrators from AC1 309. 

Diameter of Frequency 
head, mm vibrations per minute 

20 to 40 mm 10,000 - 15,000 
30 to 65 mm 9,000 - 13,500 
50 to 90 mm 8,000 - 12,000 

8. CURING AND PROTECTION 

a. Curing 

(1) Curing is performed to maintain the presence 
of water in concrete and to provide a 
favorable temperature for cement hydration. 
Methods of curing include ponding, spraying, 
and fogging with water, wet covers such as 
burlap, plastic sheets, membranes, and the 
use of steam, electric forms, or insulation. 

(2) The application rate of a particular curing 
compound should be based on the rate 
established during the approval process of 
the curing compound. The AASHTO M 148 
ineicates that a rate of application of 
5m /liter should be used for testing the 
material if no other rate is specified. 

b. Protection 

(1) Cold weather protection should be required 
when it is expected that the daily mean 
temperature for three consecutive days will 
fall below 4O Celsius. The following 
recommendations are for the minimum 
temperatures for delivered concrete as they 
appear in AASHTO M 157. 

I--Air Minimum Concrete Temperature 

Temperature Thin Thick 

-1 to 7oc 
-18O to -1OC 
Below -18OC 

16OC 10°C 
18OC 13oc 

. 21oc 16OC 
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Thin sections are defined as those less than 
300 mm. 

(2) Concrete should never be placed on a frozen 
subgrade. Care should be taken to assure 
that the subqrade is free from frost. 

(3) Hot weather conditions can be defined as a 
condition of high temperature, low humidity, 
and high winds. The existence of these 
conditions can be determined by finding the 
evaporation rate described in AC1 305 and 
included in Attachment 5. An evaporation 
rate exceeding 1 kg/m'/hr has the potential 
of causing plastic shrinkage cracks. The 
evaporation rate is a function of concrete 
temperature, ambient temperature, relative 
humidity, and wind velocity. This chart 
has been incorporated into several State 
specifications. 
in all cases, 

It may not completely apply 
especially in mixes containing 

admixtures which reduce the amount of 
bleeding. 

(4) In addition to the plastic shrinkage cracking 
problem, ultimate strength will decrease with 
higher temperatures. The AC1 has not 
recommended a maximum concrete temperature 
since strength loss can be compensated for by 
other means. 

However, significant strength loss occurs 
above 32'OC. Due to the strength loss and 
increase in potential for plastic shrinkage 
cracking, many States have set a maximum 
ambient placement temperature of 32OC. In 
all cases, trial batches should be performed 
at the highest expected temperature to ensure 
that the concrete will have the desired 
properties. -- 1 

9. CONCRRTE DISTRESS CONDITIONS 

a. Alkali aggregate reactivity can be one of two 
types, alkali-silica and alkali-carbonate. The 
most prominent problem is cracking of the concrete 
due to the alkali-silica reaction (ASR). 
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(1) A widely used test to determine ASR is 
ASTM C 227. The current test criteria allow 
a maximum expansion of 0.05 percent at 
3 months and 0.1 percent at 6 months. 
Research by ?CA indicates that the critical 
criteria is 0.1 percent ultimate expansion. 
Since some reactions take longer than others, 
testing should continue as long as expansion 
is occurring. Some aggregates may take 
several years to show expansion. 

(a) Recently the Strategic Highway Research 
Program developed a test which can be 
used for rapid determination of ASR. It 
is called the Gel Fluorescence Test and 
can be performed easily and 
inexpensively by field personnel. With 
this test, a 5 percent solution of 
uranyl acetate is applied on the 
concrete surface. Ultraviolet light is 
then used to illuminate the surface and 
if ASR exists, a yellow-green 

. . fluorescent glow will appear. Some 
safety concerns may be associated with 
this test-so proper precautions are 
recommended. It should also be noted _ that the test-is limited to preexisting 
concrete and not to fresh concrete. 

(b) Alkali-silica- reaction can be mitigated 
by limiting the alkali content of 
portland cement to 0.6 percent, by using 
class F fly ash or microsilica 
admixtures, or by reducing the water to 
cement ratio. The success of this 
-approach may be limited; therefore, 
laboratory testing should be conducted. 
Protecting the final structure from 
moisture also reduces ASR. 

(c) Although PCA recommends 25 percent of 
the fine aggregate be siliceous material 
to improve skid resistance, the use of 
some siliceous material can promote the 
ASR reaction and requires care to ensure 
this will not occur. 
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(2) Alkali-carbonate reaction (ACR) may occur 
with dolomitic limestones which contain large 
amounts of calcite, clay, or silts. 
ASTM C 586 is used to screen dolomitic 
materials for alkali-carbonate reactions. 

b. D-cracking occurs when freeze-thaw conditions 
combine with saturated concrete made from 
susceptible coarse aggregates. The problem is 
only associated with pavements. Some dolomites 
and limestones are susceptible due to their pore 
structure. 

'(1) The most common test for predicting 
D-cracking susceptible aggregates is 
AASHTO T 161. There are two methods 
contained in the procedure. In method A 
the.specimens are immersed in water for 
freezing and thawing. In method B the 
specimens are frozen in air and thawed in 
water. The number of freeze thaw cycles 
varies between 300 to 350. The minimum 
durability factor specified by the States 
range between 80 and 95. Some States have 
also specified a maximum expansion criteria 
range between 0.025 percent and 0.06 percent. 
It should be noted that the test method 
allows a significant range of time for 
freezing and thawing cycles. This can' 
account for the variation in the criteria 
used by the States. Care needs to be taken 
when establishing criteria so that it will 
correspond to the test equipment and the 
history of performance of the aggregates. 

(2) The hydraulic fracture test developed under 
SHRP may be able to provide a determination 
of the D-cracking susceptibility of 
aggregates in only about 1 week compared with 
the 8 weeks for T 161. In this test, dry 
aggregates are submerged in a pressure. 
chamber and the pressure is increased to 
force water into the pores. After releasing 
the pressure, D-cracking susceptible 
aggregate will fracture as the water is 
forced out of the pores. 
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10. MANCFACTC'RED CONCRETE PRODUCTS Concrete oroducts 
consist of structural elements constructed at a plant 
and trucked to the jobsite. These precast products 
typically consist of beans, pipes, barriers, poles and 
other special elements. The criteria outlined within 
this document apply to these products as well. 
Additional information about prestressed products are 
contained in the Checklist for Prestressed Concrete 
Products in Attachment 6. 

11. DUALITY CONTROL AND TESTING 

a. All testing should be performed by certified 
technicians. The AC1 and the National Institute 
for Certification in Engineering Technologies 
(NICET) administer a concrete technician 
certification program. Guidance for establishing 
a certification program for testing personnel 
appears in a FHWA paper titled "Laboratory 
Accreditation and Certification of Testing 
Personnel." 

b. .Process control testing should be performed on 
aggregate moisture content, aggregate gradation, 
air content, unit weight, and slump at the plant. 

(1) The specifications should require that the 
contractor provide a process control plan. 
The State should also provide guidance on 
minimum requirements for a process control 

the 

plan. As a minimum, the process control plan 
should include the information contained in 
Attachment 7. 

(2) All process control tests should be plotted 
on control charts. Control charts are a good 
visual tool for discovering trends quickly 
before major problems occur. 

C. The acceptance procedures should include 
monitoring of the process control activities 

--.- including aggregate gradation testing. In 
addition, acceptance testing at placement would 
include slump, strength, and air content. Close 
monitoring of the water-cement ratio is also 
required since this will ultimately affect the 
durability and strength of the concrete. 
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Additional information on acceptance procedures is 
provided in the Technical Advisory on Acceptance 
of Materials T 5080.11. 

d. It is recommended that compressive strength be 
accepted using statistical criteria (based on 
average strength and standard deviation) to ensure 
that the strength, f',, at 28 days, is equal or 
exceeded by the average of any set of three 
consecutive strength tests. No individual test 
(average of two cylinders) can be more than 3.5 
MPa below the specified strength. There are two 
strengths to be considered. One is the minimum 
specified strength (f',) which is a function of 
the structural requirements. The second is the 
average strength for mix design (f':,). The flo 
must be higher than f', to ensure that the 
concrete will exceed the minimum specified 
strength. The following recommendations for f',, 
are from AC1 318. 

(1) Unknown Standard Deviation 

Specified compressive 
strength, MPa 

Less than 20MPa 

f'c 

20MPa to 35MPa 

Over 35MPa 

f'c + 6.9 

f'; + 8.3 

f'; + 9.6 

(2) Known-Standard Deviation 

For greater than 30 test results (one test 
result is the average of two cylinder breaks) 

Required average 
compressive. 
strength, MPa 

f ' :r 

f’c, is the greater of the two values from 
the following equations. 

MPa 

f',, = f', + 1.4s 
f',, = f', + 2.4s - 3.5 

S = Standard deviation 

3.1022 



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 

(3) For 15 to 30 test results the standard 
deviation in the above formulas can be 
modified by the following factors. 

No. of Tests 
Modification factor for 
standard deviation 

Less than 15 use table for unknown s 
15 1.16 
20 1.08 
25 1.03 
30 1.00 

e. Air content and slump should be accepted based on 
an attribute system, i.e., pass/fail. The following is a recommended criteria. 

Acceptance 
criteria 

Air content 
deviation, % 

Slump 
deviation, 
mm 

Acceptable _. .< 1.5 c 25mm 

Acceptable 'for 
trucks on 
the road 1.5 to 2 25 to 31.5mm _-- 

Reject >2 > 31.5lnIn 

f. Testing procedures for resistance to freeze-thaw 
damage, deicing salt attack, and abrasion 
resistance are long and involved and do not lend 
themselves to testing on a routine basis. These 
tests are usually conducted to determine the 
durability of the concrete. It should also be 
noted that high strength concrete does not always 
insure durable concrete. 

.- - 
m- Anthony R. Kane 
Associate Administrator 

for Program Development 

Attachments 
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PORTLAND 

1. Platerials 

A. Cements 
etc.) 

(1) Is 

ATTACHMENT 

CHECKLIST FOR 
CEMENT CONCRETE PLANT 

and Mineral Admixtures 

1 

INSPECTION 

(cement, fly ash, 

evidence of cement or fly ash 
acceptability present (certification, test 
results)? 

(2) Are bins or silos tight and provide for free 
movement to discharge opening? 

(3) Are bins or silos periodically emptied to 
check for caking? 

(4) Plants should provide separate storage for 
each type of cement or mineral admixture 
being used. Are the materials being isolated 
to prevent intermingling or contamination? 

B. Aggregates 

(1) 

(2) 

(3) 

(4) 

.- - 
(5) 

Does the plant display evidence of source 
approval? 

Are aggregates stockpiled to prevent 
segregation and degradation? The preferred 
method of stockpiling is in layers. Cone 
shaped stockpiles will segregate. 

Are stockpiles adequately separated to 
prevent intermingling? 

Does the plant maintain separate storage bins 
or compartments for each size or type of 
aggregate? Are the aggregates tested for 
gradation and moisture content? 

What is the surface underneath stockpiles? 
Soil or paved? Are the stockpiles covered? 
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C. Water 

(1) Does the plant have an adequate water supply 
with pressure sufficient to prevent 
interference with accuracy of measurement? 

(2) Is there any evidence or history of 
contaminants in supply? 

D. Liquid Admixtures 

(1) Is there evidence of source approval? 

(2) Is the admixture and dispensing equipment 
protected from freezing, contamination, or 
dilution? 

(3) How often are the admixture metering and 
dispensing equipment periodically cleaned? 

2. . Batchina Rcnynmenf 

A. Scales 

(1) 

(2) 

(3) 

(4) 

JS) 

(6) 

Scales should indicate weight by means of a 
beam with balance indicator, full range dial, 
or digital display. 

For all types of batching systems the 
weighing devices must be readable by the 
batchman and the inspector from their normal 
stations. 

Scales should be certified or should be 
calibrated with a certified scale. 

Ten 25 kilogram test weights should be 
available at the plant at all times. 

Scale accuracy should generally be within 
plus or minus .4 percent of the scale 
capacity. 

Water meters will need to be calibrated to 1 
percent of total added amount. 
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B. Batchers 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

3. Mixins 

Cementitious material should be weighed on 
scale that is separate and distinct from a 
other materials. 

Bins with adequate separation should be 
provided for fine aggregate and each size 
coarse aggregate. 

Weigh hoppers should not allow the 
accumulation of tare materials and should 
fully discharge into the mixer. 

Batchers should be capable of completely 
stopping the flow of material and water 
hatchers should be capable of leak free 
cut off. 

Separate dispensers will be provided for each 
admixture. 

Each volumetric admixture dispenser should be 
an accurately calibrated container that is 
visible to the batchman from his normal 
position. 

Aggregate should be measured to plus or minus 
2 percent of the desired weight, cement to 
1 percent, water to 1 percent and admixtures 
to 3 percent. 

Semi-automatic and automatic control 
mechanisms should be appropriately 
interlocked. 

A. Stationary Mixers 

.- AlI Mixers should be equipped with a metal plate 
that indicates mixing speed and capacity. 

(2) Mfxers should be equipped with an acceptable 
timing device that will not permit discharge 
until the specified mixing time has elapsed. 

. 
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(3) Mixers are to be examined periodically to 
detect changes in condition due to 
accumulation of hardened concrete or blade 
wear. A copy of the manufacturer's design, 
showing dimensions and arrangements of 
blades, should be available at the plant at 
all times. 

B. Truck Mixers 

(1) 

(2) 

(3) 

(4) 

4. Weather 

A. 

(I) 

(2) 

- B. 

(1) 

Mixers should be equipped with a metal plate 
that indicates mixing speed, capacity, mixing 
revolutions, agitating speed and agitating 
capacity. 

Mixers should be equipped with a revolution 
counter. 

Mixers are to be examined to determine 
satisfactory interior condition, that is, no 
appreciable accumulation of hardened concrete 
and no excessive blade wear. A copy of the 
manufacturer's design, showing dimensions and 
arrangements of blades, should be available 
at the plant at all times. 

Charging and discharge openings and chutes 
should be in good condition. 

Hot Weather 

When concreting during hot weather, is plant 
equipped to cool ingredients? Is equipment 
available to produce acceptable ice? 

How are aggregates cooled? If by sprinkling, 
is provision made to account for excessive 
water? 

Cold Weather 

When concreting during cold weather, is plant 
equipped to heat ingredients to produce 
concrete of applicable minimum temperature. 
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1. 

2. 

3. 

4. 

5. 

CHECKLIST FOR 
STRUCTURAL CONCRETE 

TREATMENT OF FOUNDATION HATERIAS, 

Has special care been taken not to 
of any foundation excavation? 

CURING 

disturb the bottom 

Is the concrete being cured for 7 days, by one of the 
following methods? 

(a) waterproof paper method 

(b) Polyethylene sheeting method 

(cl Wetted burlap method 

(d) Membrane curing method 

REINFORCEMENT BAR STORAGE 

Are all delivered 'debars being stored above the ground 
upon skids, platform, or other supports? A light 
coating of rust will not be considered objectionable. 

Are epoxy coated bars being stored on padded supports 
and handled to prevent damage to the bar coating? 

FORMS 

Are the forms clean, braced, tight, and sufficiently 
rigid to prevent distiortion? 

When wooden forms are used, are they dressed lumber or 
plywood and oiled grioc to rebar placement? 

Are all sharp corners in forms being filleted with 
20 millimeters molding, unless otherwise specified? 

.- - REINFmBARPr.ArlEm 

Are all reinforcement bars tied securely in place? Are 
epoxy coated bars being tied with plastic or epoxy 
coated tie wire? 

. 
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When epoxy coated bars are cut in the field, are they 
being sawed, sheared, or cut with a torch? 
with a torch is not acceptable. 

Cutting 
If cut in the field, 

the bars should be repainted at the cut ends with a 
similar type of epoxy paint. 

Are at least 50 percent of the bar intersections being 
tied? 

Are all rebar laps of the specified length? 

Are all portions of metal bar supports in contact with 
any concrete surface galvanized or plastic coated? Are 
epoxy coated bars being supported with plastic, plastic 
coated, or epoxy wire chairs? 

Are the reinforcement bar support in sufficient 
quantity and adequately spaced to rigidly support the 
reinforcement bars? 

After epoxy coated bars are in place, are the bars 
inspected for damage to the'coating and is the 
contractor repairing all scars and minor defects using 
the specified repair materials? 

Is the finishing machine being used to detect high bars 
by making a "dry run" 
to concrete placement? 

over the length of the deck prior 
Is the proper coverage'being 

maintained between the bars and any form work or 
surface, top, side, and bottom? 

6. PRE-POUR INSPECTION 

Prior to the placement of the concrete have the 
reinforcement bars, construction joints, and forms been 
cleaned of mortar, dirt, and debris? 

Are the strike-off screeds set to crown, and other 
equipment on the job-site (such as vibrators) in good 
UUrking condition? 

7. USE OF RETARDING ADMIXTURE (BRIDGE DECXl. 

If the specified temperature is reached, is a retarding 
admixture being used in the bridge deck concrete? 
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8. TEMPERATURE CONTROL 

Are proper precautions being taken for hot and cold 
weather concrete? 

If outside temperatures warrant it, are temperature 
checks of the plastic concrete being taken? 

9. TIME OF HAT& 

Is all concrete that is being hauled in truck mixers 
being deposited within 90 minutes from the time stamped 
on the tickets? 

If central-mixed concrete is hauled in nonagitor 
trucks, is the concrete being deposited within 
30 minutes? 

10. REVOLUTIONS 

Have 70 to 100 mixing revolutions at mixing speed been 
put .on the truck at the required speed (6-18 RPM)? 

Have 30 mixing .revolutions been placed on the truck at 
the required speed (e-18 RPM) after water has been 
added at the site? 

Is the agitating speed between 2-6 RPM? 

Are total number of revolutions being limited to 3001 

11. CONCRETE DEWVERY TICKa 

Are all truck tickets being properly completed, 
collected, and retained? 

12. WATER CONTROL 

Is all water that is being added to the mix accounted 
for and checked to ensure the w/c ratio is not 
exceeded? .- - 

Are air content tests being performed according to the 
required frequency? 
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14. 

15. 

16. 

17. 

18. 

19. 

20. 

SLUMP TEST 

Are slump tests bring performed according'to the 
required frequency? 

STRENGTH TEST 

Are concrete test specimens being cast at the-site of 
work as per the required frequency? 

PLACING CONCRETE 

Is the concrete being deposited as near its final 
position as possible? CMoving concrete horizontally 
with vibrators is not permitted.) 

Is the concrete being bucketed, belt conveyed, pumped, 
or otherwise placed in such a manner as to avoid 
segregation and is not being allowed to drop more than 
1.2 meters? 

CONSOLIDATION 

Is all the concrete being consolidated with hand 
operated spud vibrators while it is being placed? 

FINISHING (DECKSL 

Is a finishing machine (having at least one 
reciprocating, nonvibratory screed operating on rails 
or other supports) being used to strike off and screed 
the bridge deck? 

STRAIGHTEDGE TESTING AND SURFACE CORRECTION (DECKL 

Is the plastic concrete being tested for trueness with 
a 3 meter straightedge held in contact with the slab in 
successive positions parallel to the centerline? 

Are all depressions being immediately filled and all 
b&gh areas being cut down and refinished? 

SURFACE TEXTURING 

1s the deck surface being textured with either a burlap 
drag or an artificial turf drag followed by tining with 
a flexible metal comb? 

3.10.32 



FHWA TECHNICAL ADVISORY T 5080.17 
July 14, 1994 
ATTACHMENT 3 

CHECKLIST 
FOR 

PORTLAND CEMENT CONCRETE PAVING 

1. SUBBASE TRIYMING 

Has the subbase been trimmed prior to paving? 

2. PAVING FORMS (IF USED) 

Are the forms: metal, not less than 3 meters in 
length, equipped with both pin locks and joint locks, 
within 2 millimeters along the length of its upper 
edge, within 7.5 millimeters along the length of its 
front face, and in sufficient supply. 

Is the height of form face at least the edge thickness. 
of proposed pavement, the base width equal to or 
greater than the height, and are three steel pins being 
used to secure each section? 

Are the forms being set on a hard and true grade, built 
up in 12.5 millimeters maximum lifts of granular 
material in low areas (without using wooden shims) and 
oiled prior to the placing of concrete? 

When wooden forms are allowed, are they full depth, 
smooth, free of warp, not less than 50 millimeters 
thick when used on tangent, 
line and grade? 

and securely fastened to 

Are curved form of metal or wood being used on curves 
of 30 meters radius or less? 

3. FORM ALIGNMENT 

Is the contractor checking the forms for line and grade 
and making necessary adjustments prior to concrete 
placement? 

Is the surface of the subbase being tested for crown 
and elevation by means of a template? 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

SUBBASE THICKNESS TEST 

After trimming, is the thickness of the subbase being 
checked? 

CRAINAGF, 

Is the subgrade being kept drained during all 
operations? Are all berms of earth deposited adjacent 
to the grade being kept drained by cutting lateral 
ditches through the berms? 

LUG SYSTEMS (CONTINUOUSLY REINFORCED) 

If concrete lug end anchorages are specified, are they 
staked and checked for dimensions and re-bar placement 
as shown in the plans? 

Are they constructed of Structural Concrete at least 
24 hours prior to pavement construction? 

LONGITUDINAJ, JOINT KEYWAY AND BARS 

Are the beginning and ending stations marked where 
adjacent curb, median, or pavement will.necessitate the 
placement of keyway and/or bars in the edge of the 
proposed pavement? 

SUPERELEVATION STAKING 

Are the plan curb data examined for all curves to 
determine where to stake the beginning and ending 
stations for a&l superelevation transitions? 

TEMPERATZTRE TJMITATIONS 

Does the outside air temperature in the shade meet 
State specifications? 

Does the temperature of the concrete meet State 
smcifications at the time of placement? 

REINFORCEMENT TAPPING 

Are the locations and lengths of lap for bar or fabric 
reinforcement in conformance with the specifications. 

Are all bar and fabric laps being tied? 
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a stationary mixer being deposited 
within 30 minutes when hauled in non-agitating trucks 
and within 90 minutes when hauled in agitator trucks? 

Is transit mixed concrete being delivered and deposited 
within 90 minutes from the time stamped on the ticket? 

If the contractor plans to use previously placed 
-pavement as.a haul road, are the truck weights checked 
to assure compliance with maximum weights permitted by 
State Law? 

REINFORCEMENT PLACEMENT 

IS the reinforcement being placed in accordance with 
one of the following methods? 

Method A - After the full depth concrete is struck off 
'the reinforcement should be placed into the concrete to 
the .required depth by mechanical means. 

Method B - The.reinforcement should be supported on the 
prepared subbase by approved chairs having sand plates. 

Method C - When the concrete is being placed in two 
layers the reinforcement should be laid full length on 
the struck-off bottom layer of concrete in its final 
position without further manipulation. (Cover within 
30 minutes.) The depth of the first lift is 2/3 the 
depth of the pavement. 

Method Q - The reinforcement may be placed in the 
pavement using a method which does not require 
transverse steel or support chairs for support of the 
longitudinal steel. Tie bars at longitudinal joints 
are still required. 

S OF FORM TYPE PAVING 
.- - 

Is all of the required concrete finishing equipment on 
the job and in acceptable working condition? Are the 
following sequences for form type paving being properly 
followed: 
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(a) 

(b) 

(cl 

(d) 

(e) 

(f) 

Placing concrete. 
possible. 

As little rehandling as 
If equipment used can cause 

segregation, is the concrete being unloaded 
into an approved spreading device? 

Strike-off. Is the concrete being struck 
full width to the approximate cross section 
of the pavement? 

Consolidation. 
surface 

Is one pass of an approved 

made?. 
vibrator or internal vibrator being 

Screeding. Are‘ at least two passes with a 
machine having two oscillating screeds, and a 
finisher float being made? 

Straightedging - Are at least two 3 meter 
long shoulder operated or surface operated 
surface trueness testers (straightedges) 
being used? 

Surfacing Texturing - Are State 
specifications for texturing and tining being 
followed? 

15, SEOUENCES OF SLIPFORM PAVING 

When the contractor uses this optional method for the 
construction of the pavement are the following 
sequences being properly followed: 

(a) 

(b) 

-(cl 

(d) 

Is the formless paver capable of spreading, 
consolidating internally, screeding and float 
finrshing the newly placed concrete in one 
pass-to the required line and grade? 

Is the pavement being straightedged, edged, 
and textured as required in the previous 
question 14? 

Does the contractor have available at all 
times metal or wooden sideforms and burlap or 
curing paper for the protection of the 
pavement in case of rain? 

Is the contractor immediately'repairing all 
slumping edges in excess of 12.5 millimeters? 
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16. THICKNESS TEST 

IS the thickness of the pavement being checked? 

17. AIR CONTENT 

Is the air content being tested as required by the 
frequency chart? 

18. SLUMP 

Is the slump being checked as required by the frequency 
chart? 

19. REINFORCEMENT, DOWEL. AND TIE BAR DEPTH CHECKS 

Is the concrete being probed to check the vertical and 
horizontal positioning of the pavement reinforcement, 
dowels, and tie bars?' 

- 
20. STRENGTH _ -: _., '^ -+.- __- -. 

. . . 
Are $est specimens being cast at the site of work at 
the required frequency: 

. 
-- ..ta.l. .at: Il$ast pne-set--per da; 

(b) one set for-every 150 meters of two lane 
pavement (300 meters of one lane--pavement) 

21. LONGITUDINAL JOINT 
, 
(a) .. &e tie-bar? placed properly? 

(b) Are'the~jbints sawed at the same time as the 
transverse joints with pavement widths 
greater than 7.3 meters? Are they cleaned 
and immediately filled with sealer? 

22. TRANSVERSE . '- 

.-. a (a) Are the smooth dowel bars positioned parallel 
to the grade at a depth of t t: 

Are the dowel bars coated with a thin bond 
breaker? 

Are the capped ends of the bar coated with a 
debonding agent? '-(Expansion joints) 
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(b) Is a 1/3T deep groove being sawed over each 
assembly as soon as possible after concrete 
placement? Cleaned immediately? 

(cl Are all joints being sealed after the curing 
period and before opening to traffic? 

23. TRANSVERSE CONSTRUCTION JOINTS ICONTINUOUSLY REINFORCED 
CONCRETE) 

(4 

(b) 

(cl 

(d) 

W 

Are construction joints being placed at the 
end of each day's operation or after an 
interruption in the concreting operation of 
30 minutes or more? 

Are construction joints being placed at least 
1 meter from nearest bar lap? 

Are construction joints strengthened by 
supplementary 1.8 meter long bars of the same 
nominal diameter as the longitudinal steel so 
that the area of steel through the joint is 
increased by at least l/3? 

Are construction joints formed.by means of a 
clean (not oiled) split header board 
conforming to the cross section of the 
pavement? 

Is the concrete at construction joints being 
given supplemental internal vibration along 
the length of the joint both at the end of 
the day's operation and once again at the 
resumption on the next day? This is 
critical. 

24. TRANSVERSE CONSTRUCTION JOINTS (JOINTED PAVEMENT1 

(a) Are construction joints being placed at the 
end of each day's operation or after an 

- interruption in the concreting operation of 
30 minutes or more? 

(b) Are construction joints being placed at least 
3 meters from any transverse joint? 
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Are construction joints being strengthened by 
epoxy coated dowel bars of the same size and 
positioning as specified for contraction 
joints? 

Is a thin coating of bonding breaking agent 
applied to the dowels? 

Are construction joints.being formed by means 
of a suitable header board conforming to the 
cross-section of the pavement? 

SURPLUS - DEFICIENCY DETERMINATION 

Is a daily check being made on the yield of produced 
concrete? 

ING 

Are the pavement surface and edges being cured by one 
of the following methods: 

(a) 

(b) 

(cl 

.C - 

Waterproof Paper Method. Are the surfaces 
being covered as soon as possible with 
blankets or tear-free reinforced kraft paper, 
with 300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

Polyethylene Sheeting Method. Are surfaces 
covered as soon as possible with 30 meter 
long sheets of white polyethylene, with 
300 millimeter laps, properly weighted? 
Has the pavement been wetted with a fine 
spray first? 

Wetted Burlap Method. Are surfaces covered 
as soon as possible with two layers of wet 
burlap, with 150 millimeter laps? Kept 
saturated by means of a mechanically operated 
sprinkling system or an impermeable covering? 
(Alternate: one burlap and one burlene 
blanket) 
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HAUL TICKET FOR 
TRUCK MIX CONCRETE 

PROJECT NO. DATE: 
BATCHED FRObl(PLANT) ;RU;; 0";. 
NO. CUBIC METERS 
CONCRETE 

BATCH WEIGHTS 

CEMENT BRAND AIR ENTRAINMENT BRAND 

FINE A%RTsi5U 7 RETARDE:=:%'b 
ks warns 

COARSE ~GGR. SOURCE 
ka 

WATER ReDUCER- 

FL?A- 
ka 

WATER 
MAXIMUM WATER ALLOWED, Liter 
FREE MOISTURE 

CA Liters 
FA Liters 

WATER ADDED AT PLANT Liters 
MAXIMUM WATER THAT CAN BE 

ADDED AT THE SITE Liters 

TIME WATER ADDED TO MIX 
AM 
PM 

NUMBER OF MIXING 

.- - 

Signature 

. 

SITE 

TIME DISCHARED COMPLETED 
AM 
PM 

WATER ADDED AT JOBSITE 
Liters 

TOTAL WATER IN BATCH 
Liters 

MIXING REVOLUTIONSAT 
SITE 

TOTAL NO. OF REVO- 
SLUMP AIR 

UNIT WEIGHT 
CONC. TEMP 
AIR TEMP 

Signature 
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NOMOGRAPH USED TO 
DETERMINE EVAPORATION RATE 

IO IS 20 25 x> 
Air temp., OC 

To use this chart: 
Enter with air 
temperature, 
move up to rel- 
ative humidity. 
Move fight to 
concrete 
tempzcature. 
Move down to 
wind velocity. 
Move ief;: read 
approx. rate of 
evaporation. 

35 

-3 
E .- 
5 
8 
22 

Z 
u 
B I 
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CHECKLIST FOR QUALIFICATION OF FACILITIES 
FOR PRESTRESSED CONCRETE PRODUCTION 

1. Items which require written approval: 
applicable blanks) 

(check 

(a) Plans and computations of facilities 

(b) Concrete mix design (should include curves 
for 28-day strength) vs W/C Ratio: 

(cl 
(d) 

(e) 
IfI 

(g) 

Curing method 

Epoxy-sand mortar, if used 

Coal tar epoxy, if used 

Water reducer-retarder 

Design Engineer should be approved by State 
DOT 

(h) Gauge calibration should be certified 

ci, Computations regarding beam tests (2 weeks 
prior to testing) 

2. What is length and capacity of stressing bed(s) 

Bed No. 
Bed No. 
Bed No. 

Length 
Length 

Capacity 

Y Length 
Capacity 
Capacity 

3. Procedure of prestreasing (pretensioning) and stress 
release: 

(a) Jacks, carriages, and struts are adequate to 
attain and maintain design stress. 
Yes No 
Comments: 

.*. - 
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(b) Stressing of straight strands: (check 
applicable blanks) 
Single strand method 
Multiple strand method 

Comments: 

4. 

(cl Stressing of draped strands (check applicable 
blanks) 
Single strand method 
Multiple strand method 
Final-draped position 
Partial draped position 

Comments: 

both ends 
one end 

(d) 

(e) 

(f) 

(57) 

Single strand jack available. 
Yes No 

Is an accurate dynamometer,available for use 
in applying initial tension to the strands? 
Yes No 

What is pro osed initial load to be applied 
P bs. 

Is there a permanent, accurate'linear gauge 
with which to measure elongation? 
Yes No 

Forms: (Make comments in spaces provided) 

(a) Metal 

(b) True to shape and dimensions 

(cl Adequate in number 

_- 
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id, condition and composition of bulkheads 

(e) Type of hold-down device to be used 

(f) Is provision being made to maintain 
25 millimeter concrete cover over hold-down 
device? 

(g) Are bulkheads and hold-down devices adequate 
to maintain dimensions of strand centers as shown 
on the plans? 

Are facilities adequate for proper storage and 
handling of bridge members? 
Yes -. No - 

. (a) Approximate available storage 
area 

(b) Condition of storage 
area _ 

6. Are facilities available for 
member of the design type to E 

roperly.testing a 

Yes 
e fabrxated? 

No (if No explain) 

7. Are adequate-lightin- 
event that placing 0 9 

facilities available in the 

necessary? 
concrete at night is 

Yes No 

0. Vibrating equipment: 

(a) Condition 

--- (b) Number to be-used in placing 
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9. 

(cl Two spaces available 

Source of Materials: 

(a) Steel Wire and Strand (manufacturer) 

lb) Cement (type and brand name) 

10. 

11. 

(cl Coarse Aggregate (producer and location) 

Cd) Sand (producer and location) 

(e) Retarder (brand name) 

(f) Form Oil (type and name) 

(9) Reinforcing Steel (producer) 

Type of concrete mixing facilities: mixed at 
plant 
Ready Mix concrete 

(a) Are concrete batching facilities adequate to 
ensure good quality and sufficient quantity to 
avoid delays under all working conditions? 
Yes No 

Testing equipment available: (check applicable 
blanks) 

(a) Plastic cylinder molds 
No. Available 

(b) Slump Cone 

(cl Air content device 
_ (pressure volumetric ‘\ 

(d) Facilities for testing cylinders available 
at (proposed location) 
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Requirements for steam cure method: 

(a) Three (3) recording thermometers available 

(b) Temperature record charts 

(cl Adequate temperature control valves 

(1) What are the increments of spacing of control 
valves? 

13. Are facilities available for proper protection and 
handling of component materials in storage? 
0S*8 if satisfactory, (Rate 

"U'* if unsatisfactory, and 
I*NA** if not applicable) 

(a) Wire and/or strand 
lb) Reinforcina steel 
id Structural-steel 

.(d) Cement 
W Coarse Aggregate 
(f) Sand . ; ._.% 

14. 

15. 

Is there a suitable shelter (at least 14 square 
meters floor space,- 
desk(s), 

facilities for lights, heat, 
etc.) available for the inspector's use? 

Personnel present during inspection of plants: 

Producers/Contractors Highway Department 
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GUIDE FOR QUALITY CONTROL PLAN FOR 
PORTLAND CEMENT CONCRETE 

RSQUIREMENTS 

1’. General Retirements: 

The contractor should provide and maintain a quality 
control system that will provide reasonable 
assurance that all materials and products submitted 
to the State for acceptance will conform to the 
contract requirements whether manufactured or 
processed by the contractor or procured from 
suppliers or subcontractors or vendors. The 
contractor should perform or have performed the 
inspections and tests required to substantiate 
product conformance to contract document 
requirements and should also perform or have 
performed all inspections and tests otherwise 
required by the contract. The quality control 
in.spections and tests should be documented and 
should be available for review by the engineer 
throughout the life of the contract. 

The contractor should prepare a Quality Control Plan 
detailing the type and frequency of inspection, 
sampling and testing deemed necessary to measure, 
and control.the various properties of materials and 
construction governed by the Specifications. As a 
minimum, the sampling and testing plan should detail 
sampling location and techniques, and test frequency 
to be utilized. The Quality Control Plan should be 
submitted in writing to the engineer at the 
preconstruction conference. 

The Plan should identify the personnel responsible 
for the contractor's quality control. This should 
-de the company official who will act as liaison 

--wTth State personnel, as well as the Certified 
Portland Cement Concrete Technician who will direct 
the inspection program. 

The class or classes of concrete involved will be 
listed separately. If existing mix designs are to 
be utilized, the Mix Design Numbers should be 
listed. 
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Quality control sampling, testing, and inspection 
should be an integral part of the contractor's 
quality control system. In addition to the above 
requirements, the contractor's quality control 
system should document the quality control 
requirements shown in Table 1. The quality control 
activities shown in Table 1 are considered to be 
normal activities necessary to control the 
production and placing of a given product or 
material at an acceptable quality level. To 
facilitate the States' activities, all completed 
gradation samples should be retained by the 
contractor until further disposition is designated 
by the State. 

It is intended that sampling and testing be in 
accordance with standard methods and procedures, and 
that measuring and testing equipment be properly 
calibrated. If -alternative sampling methods, 
procedures and inspection equipment are to be used, 
they should be detailed in the Quality‘Control Plan. 

3. . . - 
DW. : 

The contractor should maintain adequate records of 
all inspections and tests. The records should 
indicate the.nature and number of observations made, 
the number and type of deficienci.es found, the 
quantities approved and rejected, and the nature of 
corrective action taken as appropriate. The 
contractor's documentation procedures will be 
subject to the review and approval of the State 
prior to the start of the work and to compliance 
checks during the progress of the work. 

4. Charts: 

All conforming and non-conforming inspections and 
tests results should be kept complete and should be 
available at all times to the State during the 
aerformance of the work. Batch tickets and 
madation data will be submitted to the State as the 
work progresses. All test data will be plotted on 
control charts. It is normally expected that 
testing and charting will be completed within 
48 hours after sampling. 
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All .charts and records documenting the contractor's 
quality control inspections and tests should become 
property of the State upon completion of the work. 

5. Corrective Action: 

The contractor should take prompt action'to correct 
conditions which have resulted, or could result, in 
the submission to the State of materials and 
products which do not conform to the requirements of 
the Contract documents. 

6. Non-Conforming Material%: 

The contractor should establish and maintain an 
effective and positive system for controlling 
non-conforming material, including procedures for 
its identification, isolation, and disposition. 
Reclaiming or reworking of non-conforming materials 
should be in accordance with procedures acceptable 
to the State. 

All- non-conforming materials and products should be 
positively identified to prevent use, shipment, and 
intermingling with conforming materials and 
products. Holding areas, 
State and the contractor, 

mutually agreeable to the 

contractor. 
should be provided by the 

7. -: 

The State will monitor the performance of the 
contractor's quality control plan and will perform 
verification testing to ensure that proper sampling 
and testing procedures are used by the contractor. 
The State may shut down the contractors operations 
for failing to follow the approved process control 
plan. All acceptance testing will be performed by 
State personnel. 
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TABLE 1 

CONTRACTOR'S OUALITY CONTZOL REOUIREMENTS 

MinimUm OUa itV Control Reairement, Frecruency 

A. PLANT AND TRUCKS 

1. 

2. 

3. 

4. 

Mixer Blades -..' 

Scales 

;:: 
Tared 
Calibrate 

C. Check Calibration 
Gauges and Meters,.,- - 
Plant and Truck : 
a. -Calibrate *- - 
b. Check Calibration , 
Admixture‘Dispenser - 
a. ,Calibrate 
b. Check Operation and 

Calibration . . ,- : 
. . 

B. AGGREGATES - .' -- '- .._/. -. 

‘. 1. Fini Aggregate 
Gradation' 

- ’ ‘I’ 1F ,‘; .: -. 

it: Deleterious Substances 
C. Moisture 

2. Coarse Aggregates 

ba: 
Gradation 
Percent Pasaing 
No. 200 Sieve . 

C. Moisture 

C. PLASTIC CONCRETE 

Prior to Start of yTob 
and weekly 
Prior to Start of Job 
and weekly 
Daily 
Prior to Start of Job 
Weekly 

Yearly 
Weekly 

Prior to Start of Job 
Daily 
. . ..- 

21 Days 
Daily 
Daily 

21 Days 
Daily 

Daily 

1. Entrained Air Content 

2 . Consistency 

3; -Temperature 

4. Yield 

One Per l/2 Day 
Operation 
One Per l/2 Day of 
Operation 
One Per l/2 Day of 
Operation 
One Per l/2 Day of 
Operation 
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Washington, D.C. 20590 

48Cl Sum&y of State Highway Practices on 
Rigid Pavement ‘Joints and Their Performance D8N MAY I g 1987 

From Chief, Pavement Division Rwy 10 
4ttn of HHD-13 

TO Regiorial Federal Highway Administrators 
Regions l-10 

The American Association of' State Highway and Transportation Officials (AASHTO) 
Subcommittee on Construction is presently preparing a new edition of the AASHTO 
'Guide Specifications for Highway Construction.m The AASHTO decided to survey 
the States' current practices on rigid pavement joints to help rewrite 
Section 514 titled "3oints..' We agreed to assist them by preparing and then 
summarizing that survey (spacing, skew, dowel cages, epoxy coated bars, filler 
material, etc.). Attached for your information is a sumary of the survey 
results. Please note-there were five State highway agencies that did not 
respond to the survey. 

The survey is intended to cover the States' current practices and recent 
performances with rigjd pa~ccacnt Joints. It may not ntcessarfly reflect 
each States's current standard tpeciflcations. However, we believe the 
sumnary contqins worthuhfle information that can be used as a reference 
tool for highway engineers. 

We will appreciate your forwarding copies to the division offices. Copies of 
the survey have already been sent to the State highway agencies by the AASHTO 
Subcomnittee on Constructton. Any questions or comnents may be dtrected to 
Mr. Don Voelker of my staff at FTS 366-1333; 

Norman 3. Van Ness 

Attachment 
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(8). 

(14). 
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-_, (17). 

(W. 

(19). 

(20). 

(21.)'. 

(22). 

tsg- . 
m l 

(2% 

inserts are no longer allowed as of 10/86. 
For CR pavements, there are four expansion Joints 930 ft.; sealant is 

AASHTO M-33. 
Depends on a Bridge Movanent Rating. 
Every second transverse joint is sawed within 4-12 hours. 
Sheet steel is used to form the keyway. 
Plastic coatings (17 nils) and powdered epoxy resins (7 mils) are also 

allowed. 
Only plain pavement joints are skewed at Z/12. 
Ravclling during sawing is not allowed but sawing must be done to 

preclude random cracking. 
Preformed bituminous, cork, or rubber plus compression seal. 
Only plain pavement is skewed at Z/12. 
Plastic coatings (11 mils) and red lead paint (no thickness specified) 

are also allowed. 
Yield strength of 40 ksi and ultimate strength of 70 ksi. 
Type A is low bond strength Doubl Coat by Republic Steel. 
Type B is high bond strength, it. Scotchkotr 202, Flintflex 531-6080, 

etc. but must have bond breaker HC-70, MS2a or RC-258. 
At PC and PT of curves 2 deg. 30 mfn. and Orcater and at every eighth 

joint constructed between 9/15 and 4/W. 
Faulting occurs on plastic soils where dowels are not present. 
One coat of paint conforming to Federal Spec. lT4-866 1 

F 
II or n-P- 

645 or TT-P-310 or steel str. pahthg councfl tpec. S C Paint II. 
Inside 4 ft.-13.3 ft.8 centerline 3.3 ft.8 outsfde 10 ft.4.3 ft.. 
Inltlal sawing Ii contractors option. Sawing for joint reservoir Is 

a minimum of 72 hours. 
Sawing for preliminary crack control Is done on approx. 50 ft. intervals 

with a l/8-in. blade and a depth of D/4. Final sawing is done within 
24-36 hours after concrete Pour. 

New York's minimal problems related to slab cracking and joint spalllng 
result from sawing too late. Faulting problems are present only in 
older pavements where a two-piece malleable iron load transfer device 
was used.. 

Control joints (92rft;intervals) are sawed as soon as porrlble with only 
minor ravelling alloued;~runaining joints are sawed between 2448 
hours. 

Reinforced dowelled pavement is not sawed on skew. All other; are at 
2/12. 

Required but type not specified. 
Any grade of steel conforming ASlU A615 ts permitted. 
(Concrete to Concrete) Lou modulus silicone (cold) is preferred. 
(Concrete to Asphalt) Hot rubberized asphalt ASm D-3406 and ASTM D-3405. 
Rubberized asphalt over filler and/or polychloroprent compression Seals. 
Ei::;;w;;oxy (7 mil thickness) or plastic (25 ail thickness) ,coatingS am 

]nitial &ng is 2 jnches for plain pavement rnd 1 3/B inches for plain 
dowelled pavement. 

Plain pavement initial saw depth is d/4. Plain Dowelled Initial SW depth 
is d/3. 
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(30); &lignment tolerances arc plus or ahut one-half Inch of speclficd depth. 
(31). Longitudinal sawed joihts shall be cut before any equipment or vehicles 

are allowed oti the pavwnt. 

other 8re1s to be conaered. 
(1). California believes positive drainage mitigates transverse joint. 

fault!ng. 
.., 

(2). 6eorgia and Indiana believe a minor amunt of ravelling during sawfng 1s 
acceptable. 
long. 

If no ravelling is occurring, sawing has been delayed too 

(3). Indiana reports formed groove-type contraction joints shall be used if 

(4). 
early sawing causes erratic cracking. b 

!owa has a.speclflcrtio~. on.+J+um loading from the weight of saws. See 
attached. 

(5). Kansas Halts the use of inserts to ~'pe&d'My&pt. to prevent 
(6)m l;:fitudinal cracks. I, . 

ana believes transverse joint problems are attributable to mofstb. 
and incompressibles not the mtnod of construction. 

(7). Mississippi is experiencing transverse cracking on continuous reinforced 
pavements. 

(8). New Jersey believes TRB Synthesis of Highway Practice 19 contains useful 
information. 

(9). ,Ohio's keyed longitudinal joints have a'proven poor performance. 
(10). Delaware recomncnds that edges of construction joints shall be tooled to 

a l/8 inch radius: sawed joints are chamfered similarly. Also, joints 
shall bc thoroughly cleaned by brushing, air blasting, sand blasting, 
or other means to completely remove all foreign materials. 

(11). Puerto Rico reports pumping'problems due to no joint sealing caused by 
lack of proper maintenance. 

(12). Colorado requires longitudinal sawed joints to be cut before any 
iquipment or vehicles are allowed on the pavement. Also, every second 
transverse joint shall be sawed within 4 to 12 hours after pavement 
placement. The intermediate joints shall be sawed within 48 hours 
after pavement placement. 
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Uashinqton, D-C. '20590 

Bondbreaker% fir Portland Cement 
Concrete Pavement with.Lean Concrete Bases 

Chief, Pavement Division 
Reclly 10 
Attn of HHO-12 

Regional Federal Highway Administrators 

During the past 2 years, we have reviewed several projects with Portland Cement 
Concrete (PCC) pavements constructed over lean concrete bases, which have 
experienced premature cracking. We have suspected that the principal cause of 
the d$stress was the partial bonding of the PCC slab to the lean concrete 
bases, during the period of joint and crack formation in jointed and continuous 
PCC pavements. Generally, this bond was believed to be weak, and would be lost 
within 6 to 12 months, because of stresses caused by loading and/or temperature 
variations. This weak bond would also be broken during coring or following the 
development of pavement distress. However, recently on two projects, cores 
were retrieved with the slab bonded to the lean concrete base. These projects 
which lend support to our theory are described below: 

.  _. .  I  .’ -L.. _ 

1. A Continuously Reinforced &Crete Pavement (CRCP) began experiencing 
premature punchouts. The pavanent scctfon consisted of 9 inches of - 
CRCP over 6 inches of lean concrete base'on a cement treated subgrade. 
During coring operations 6-plus years after construction, approximately 
30 percent of the cores indicated the slab was bonded to the base. 
Failure of this pavement is believed to have resulted because the 
amount and location of steel was designed based on the unbonded 
condition. When bonding occurred, the slab was significantly under 
reinforced, and the reinforcement was located well above the neutral 
axis of the composite section. As a result, the steel was overstressed 
causing.excessive.crack widths, steel ruptures, and ultimately 
punchouts. 

2. An &inch Jointed Plain Concrete Pavement (JPCP) over an &inch lean 
concrete base experienced random cracking within 6 months after 
construction. Coring revealed that the cracks were forming from the top 
of the slab downward, and were not reflective cracks. Also, cores of 
numerous sawed joints revealed that cracking had not occurred at the 
joints. Project records and discussions with project personnel 
indicated that sawing was done in a timely manner. There was no 
correlation between cracking, and temperature extremes at the time of 
construction. A number of the cores taken during the investigation of 
the cracking were retrieved with the slab bonded to the lean concrete 
base. We now believe that partial bonding during the joint formation 
period rejulted in the saw cuts being an inadequate depth to force 
cracking at the joints. The depth of the saw cuts was based on the 
thickness of the slab in the unbonded condition. 
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We recognize that some States have been working in strengthening their asphalt 
concrete mix design and field control practices. These efforts are appropriate 
and continued involvement of all the field offices in encouraging conformance 
with the attached TA will be expected. 

Other factors such as truck weights, high tire pressures, etc., also contribute 
to the rutting and stripping problems and we are working on these issues. We 
are convinced though that significant gains in solving rutting and stripping 
problems can be achieved by using quality materials and strengthening 
specifications and construction practices. We expect those States where 
rutting and stripping is a problem to include a priority effort to improve the 
design and construction of asphalt concrete pavements. The Pavement Division 
and the Construction and Maintenance Division are available upon request to 
provide technical support and guidance, which may.be necessary in achieving 
these actions. 

Executive Director 

Attachment 
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The use of polyethylene sheeting is,= recommended for use as a bondbreaker, 
because of construction problems which have occurred on projects where it was 
specified. 

We are also currently evaluating the magnitude of slab curling on pavements, 
constructed over lean concrete bases. Actual field measurements of curling and 
deflection are being made on pavements in four States in Region 4. Ue believe 
the stiffness of the lean concrete base tends to cause higher curling 
stresses. In longer slabs, the combined curling and load stresses can exceed 
the slab strength resulting in transverse slab cracking. We suggest that to be 
on the safe side, when JPCP pavements are constructed over lean concrete bases, 
the joint spacing be limited to.a maximum of 15 feet. 

We intend to closely monitor the performance of PCC pavements over lean 
concrete bases, and would appreciate receiving feedback on the performance of 
this type of pavement in your region. Please contact Mr. John Hallin at 
FTS 366-1323, if you. have any questions or comments on the use or performance 
of lean concrete bases. 
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