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Back.9.round 

Many years ago faulted joints were recognized by Highway 

Engineers as a form of pavement distress which could substantially 

reduce pavement serviceability. Faulted joints can have many 

effects on the highway user ranging from riding discomfort to a 

safety hazard. As a result, considerable research has been done 

on the cause, physical action, and effect of joint faulting. A 

brief explanation of faulting is given in Appendix "A". 

Pur:eose 

No attempt will be made in this report to confirm or refute 

any research undertaken in the past. The report will, however, 

attempt to indicate the magnitude of joint faulting on Iowa's 

Primary Roads and recommendations will be made as to the validity 

of our present design standards for jointed pavements with or with

out load transfer devices in the transverse contraction joints. 

Present Design Rationale 

Design Standards presently used in Iowa require load transfer 

devices at 20 foot spaced contraction joints when design year 

(20 yr.) truck traffic equals or exceeds 500 trucks per day. In 

addition, if design year truck traffic exceeds 1,000 trucks per 

day, a 4 inch subbase is required in addition to the load transfer 

devices. No differentiation is made between designed pavement 

thickness with respect to load transfer devices. In other words 
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no structural advantage is allowed for load transfer devices in 

pavement thickness design. This is legitimate because there is 

no reinforcing in the area between the joints. Subbase does 

contribute to the entire pavement structure as well as the joints 

and as a result may allow a slightly thinner pavement when it is 

specified. It should be noted here, however, that very conserva

tive values are assigned to subbases in Iowa pavement designs. 

The Portland Cement Association Method for concrete pavement 

design is used in Iowa. 

Project Selection and sampling 

This report is based on a sample of 55 P.C. concrete Pavement 

pr9jects covering 406.4 miles located in all parts of the state 

(Figure 1). All projects were constructed after 1959 and before 

1975. The projects vary in length from 2.32 miles to 15.99 miles. 

Truck traffic on the projects varies from 67 trucks per day to 884 

trucks per day. Pavement thickness on these projects is as 

follows: one projiect at 7 inches; eight projects at 8 inches; 

nineteen projects at 9 inches; and twenty-seven projects at 10 inches. 

The most important criteria for project selection was location. 

An attempt was made to insure selection of projects that were 

representative of all areas, soil types, and climates in the State. 

There are fewer projects located in North-central Iowa because 

fewer projects were constructed in this area between 1959 and 1975. 
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some consideration was given to truck traffic in project selection. 

This was done so that a large number of projects would not be high 

traffic or low traffic roads. 

There was no attempt made prior to selection to ascertain 

whether a project may or may not have been constructed with sub

base and/or load transfer devices. rt was known, however, that 

load transfer devices were not specified for projects built before 

1968 or 1969. As it turned out, only one project had load transfer 

devices and fourteen projects had 4 inch granular sublhase. 

Because of the large number of miles to be inspected -and 

time limitations, a method of selecting random samples within a 

project was necessary. on projects two miles or less in length, 

one section was selected. on projects seven miles or less in 

length, two sections were selected. on projects seven miles or 

longer, three sections were selected. There are some exceptions 

to this rule but generally this criteria was followed. Most 

sections were between 0.2 miles and 0.65 miles in length. The 

sections were tied to Mile Posts whenever possible so that they 

could be re-established at a later date if desired. The sections 

were selected before the project was inspected to reduce location 

prejudice. Three investigators worked two at a time to inspect 

al l sections. For continuity, one of the three people inspected 

every section. 
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Faultin~ criteria 

After project sections were selected for a particular project, 

each joint in a section was inspected, measured and counted either 

as flat or faulted. The number of each was recorded. There had 

to be 1/8 inch differential between the two slabs at the joint 

to qualify as a faulted joint. Joints where the differential was 

1/4 inch or more were also tabulated. All data collected are 

shown on Figure 2. 

nata 

When the field inspection was completed, truck traffic for 

each section was obtained from the "Volume of Traffic on the 

Primary Road System - 1974 11
• This information is included on the 

tabulation of data (Figure 2). In addition, an attempt was made 

to determine from "As Built" plans whether the sections had selected 

soil subgrade treatments. Information was somewhat sketchy and 

incomplete in this area. 

Data Analysis 

Probably the most obvious fact to emerge from the study is, 

that of the 55 projects inspected, 54 exhibited faulted joints to 

some extent. The only project on which no faulted joints existed 

was built in 1974. By extrapolation this would indicate that 

joint faulting exists to some extent on 98% of our jointed, non

reinforced, concrete pavements. In addition, a weighted average 
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indicates that 41.6% of the joints in the entire sample are 

· faulted with 14.9% of the joints faulted in excess of 1/4 inch. 

Personal observations of this writer have been that when 

joint faulting is evident, normally the integrity of the joint 

seal has been lost. There is some question, however, whether the 

joint seal fails prior to faulting or as result of the pumping 

action which takes place as faulting occurs. Certainly once the 

joint seal fails, surface water has better access to the subgrade 

through the joint which would enhance the potential for pumping 

action. 

By plotting trucks per day against percent of joints faulted 

for each pavement thickness, it is possible to see the effect of 

truck traffic on a pavement with respect to joint faulting. 

Figures 3, 4, and 5 represent the projects with 8, 9 and 10 inch 

pavement thickness. The figures along the left side indicate the 

percentage of sections with that pavement thickness which have 

faulted joints at that particular truck traffic per day. For 

example, in Figure 5, at 300 trucks per day, 22.4% of the sections 

have faulted joints while at 500 trucks per day 58.6¼ of the 

sections have faulted joints. 

By comparing Figures 3, 4, and 5 it can be seen that the 

thinner the pavement, the higher the percentage of faulted joints 

for a given truck traffic. 
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The points that are shaded in represent those sections that 

have a 4 inch granular subba.se. As is obvious, there does not 

appear to be any pattern which would indicate this subbase in

hibited joint faulting. 

Figures 6, 7, and 8 show age plotted against percent of 

joints faulted for each pavement thickness. The only information 

to be gained here is that many pavements have faulted joints well 

before they have been in service 10 years. This means that there 

is a form of distress in our pavements before half of their expected 

life is used up. 

Examination of Figure 1 indicates that most of the severe 

faulting (based on percentages) occurs in the south, the west, 

and easterly areas of the State. It should be noted that the 

majority of the subgrades in these areas of the state are con

structed of loess soils or silty clays. If subgrade treatments 

were used, it is usually only in the cut sections. Most of these 

subgrades would have been built with momsture and density control 

in the top two or three feet of the subgrade. 

The fact that fewer projects have required reconstruction in 

north-central Iowa may be in part due to the ready availability of 

glacial till for selected subgrade treatments or entire embankments. 

Glacial till is considered the most ideal subgrade material avail

able in Iowa. It can be compacted to relatively high densities 
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(115 - 130 lbs/cu. ft.) which reduce capillarity and hence frost 

heave potential. 

conclusions 

The data collected in this study indicates that most jointed, 

non-reinforced concrete pavements on Iowa's Primary Road system 

have faulted contraction joints. Certainly the data also indicates 

that the daily volume of tr~ck traffic is a contributing factor. 

Because most of Iowa's soils are not particularly well suited for 

highway embankment construction, these soils are also a contributing 

factor in joint faulting. Pavement, like most other products 

exposed to the elements and other external forces (traffic), tends 

to deteriorate with age and so this then also becomes a contributing 

factor in joint faulting. 

Over the years on roads with low to moderate traffic, Iowa 

design has depended primarily on aggregate interlock at the con

traction joints for good joint performance. However, with a sea

sonal temperature range of up to 100° F. and 20 foot contraction 

joint spacing, this rationale is somewhat unsound. considering 

the 100° ~ temperature range, in order to maintain aggregate inter

lock, contraction joint spacing would have to be 8 feet to 9 feet. 

There is always the question of how bad is bad? At what point 

are faulted joints considered a discomfort or a hazard to traffic? 
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Brokaw1 in his research on plain, non-reinforced pavements in 

Iowa, Wisconsin, Minnesota, and North Dakota, indicates that when 

joint faulting exceeds 1/4 inch it is objectional to the road user, 

and especially to trucks. Have we any pavements which have failed 

or become extremely objectional because of faulted joints? Yes. 

The most classic example which comes to mind was U.S. 30 in Benton 

and Linn counties. Several years ago the joint faulting became 

so severe that an attempt was made to break and seat the 20 foot 

pavement panels prior to resurfacing. There are other examples, 

such as the Walcott interchange on r-80 in Scott county, where 

the ramps had to be resurfaced because of excess joint faulting 

due to high truck traffic. 

Considering we cannot change the traffic, soils, climate 

and aging process, what are the alternatives available to reduce 

the potential for joint faulting? There are three which can be 

considered and they are as follows: 1. Thicker pavement sections; 

2. Subbases; 3. Load transfer devices (C-D Joints). 

Thicker pavement sections reduce deflections due to loads 

and thereby inhibit the pumping action necessary for faulting to 

occur. 

1
M. P. Brokaw, Performance and Design of concrete pavement, 

Without Dowels and Distributed Reinforcement, As Related to 
Serviceability and Roughness at Traverse Joints. 
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Subbases essentially act in the same manner as thicker pave

ment sections in that they add to the pavement structure to reduce 

deflections. They may be less subject to erosion from pumping than 

would be a soil subgrade. 

Load Transfer Devices (C-D joints) reduce pavement deflections 

at the joint which inhibits the pumping action necessary for faulting. 

They also inhibit curling of the pavement at the joints which may 

be contributing to faulting. 

Of course, all three or any two of these alternatives may be 

used in combination. we presently use the latter two in our designs 

for high traffic Primary Roads. 

Recommendations 

The following are recommended changes to present pavement 

design standards: 

1. When it is determined that P.C. Pavement thickness should be 

10 inches, then load transfer device should be specified when 

design year (20 yr.) truck traffic is 300 or more per day. 

2. When it is determined that P.C. Pavement thickness should be 

8 inches to 9½ inches, then load transfer devices should be 

specified when design year (20 yr.) truck traffic is 250 ~r 

more per day. 

3. subbase should be specified when design year (20 yr.) truck 

traffic equals or exceeds 1,000 per day. 
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4. Contraction joint design should be revised and the joint 

filler material upgraded. 

These recommendations are based on the data in this report 

and especially that shown in Figures 3, 4 and 5. These figures 

give some indication of the potential faulting which could be 

eliminated if load transfer devices are used for the levels of 

truck traffic indicated in the above recommendations. 
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APPENDIX A 

Faulting is a difference in elevation from one side of a 

joint or crack to the other side. Figure 9 shows a typical 

faulted joint. 

The faulted joint is the result of pavement deflection and 

pumping. As a wheel load approaches a joint, the pavement deflec

tion travels toward the joint on the approach slab. If there is 

moisture available under the approach slab, it is driven (pumped) 

toward the leave slab. As the wheel load passes unto the leave 

slab immediate deflection in the leave slab drives any moisture 

available under it plus the moisture from under the approach back 

toward the approach slab at very high velocity. The rapid 

movement of this moisture causes erosion of the subgrade under 

the leave slab. As the subgrade particles are carried under the 

approach slab, it tends to raise up slightly while a slight void 

is created under the leave slab. Because of this action, an 

elevation differential is created at the pavement surface between 

the approach slab and the leave slab. 

When an elevation differential has been created, the pumping 

action under the _leave slab becomes more severe since in addition 

to the rapid pavement deflection there is now an impact loading 

ti ,, 

created by the wheel load dropping off of the approach slab. 
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The moisture in the subgrade referred to above does not 

necessarily occur as free water. It is basically slightly more 

than the moisture needed to achieve optimum compaction. 

However, the action of repeated pavement deflection causes 

a "puddling" effect much the same as occurs in "puddling" concrete. 

This action tends to bring moisture to the surface at the subgrade

pav~ment interface. It is then available for the pumping action 

necessary for faulting to occur. 
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