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SUMMARY HIGHLIGHTS 

Field and laboratory pavements were instrumented and load 

tested to evaluate the effect of lane widening, concrete 

shoulders, and slab thickness on measured strains and deflec­

tions. Eight slabs were tested in the field and two in the lab­

oratory. Pavement slabs were 8-) 9-, or 10-in. thick. Other 

major design variables included the width of lane widening, pres­

ence or absence of dowels, presence or absence of a concrete 

shoulder, joint spacing, and the type of shoulder joint 

construction. 

Gene~ally, there was good agreement between measured 

strains and deflections and values calculated using Westergaard's 

theoretical equations. Concrete shoulders were effective in 

reducing.the magnitude of measured strains and deflections. A 

chart is presented to show the reduction in thickness of the outer 

lane of the mainline pavement that may be permitted with a tied 

concrete shoulder. 

Lane widening of about 16-in. was as structurally effec­

tive as a concrete shoulder in reducing edge strains and deflec-

tions. 

provides 

pavement 

However, it should be remembered that a concrete shoulder 

the added advantage of draining runoff further from the 

edge. Because of the possibility of load encroachments 

on a widened lane, it is recommended that lanes should be widened 

by a minimum of 1.5 ft plus any additional width required to avoid 

encroachments. 

Tied butt, tied keyed, and keyed joint construction were 

equally effective in reducing pavement strains and deflections due 

to load. 
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EVALUATION OF CONCRETE PAVEMENTS WITH LANE 

WIDENING, TIED CONCRETE SHOULDERS, AND 

THICKENED PAVEMENT 

INTRODUCTION 

Existing pavements represent a major investment of 

highway funds and retain considerable value. It is seldom that 

a road can be abandoned or replaced. Every year, many miles of 

pavements require rehabilitation to cope with increased traf­

fic. For this pu~pose, overlays are built to restore pavement 

serviceability and improve structural capacity. However, this 

practice is expensive and alternative solutions are needed. 

One alternative to resurfacing is the use of lane wid­

ening or a paved concrete shoulder. This type of construction 

could be used not only to strengthen existing pavements but 

also to strengthen new pavements and thus to defer the need for 

rehabilitation. Another approach for the design of new pave­

ments that include a tied concrete shoulder would be to reduce 

the thickness of the outer lane of the mainline pavement. 

In addition to strengthening a pavement, concrete 

shoulders and lane widening provide a benefit not obtained by 

resurfacing. This benefit occurs because runoff water is 

drained further away from the traffic wheel paths. A recent 

study for the Federal Highway Administration(l)* determined 

that water accumulation in ihe joint between an asphalt 

shoulder and a concrete pavement was a major factor in reducing 

pavement performance. Because of this problem, several states 

have installed costly longitudinal and transverse drainage sys­

tems. Thus, concrete shoulders or lane widening have the po­

tential for curing many drainage problems as well as providing 

additional slab strength. 

*Numbers in raised parentheses refer to references at end of 

report. 
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Many design features contribute to pavement life. The 

effect of some features on pavement life can be evaluated ana­

lytically. For example, analytical tools can be used to deter­

mine the effect of pavement thickness or subbase strength on 

pavement life. Thus, when analytical procedures are available 

the engineer can combine knowledge of pavement life with con­

struction and maintenance cost data to provide the most eco­

nomical design. 

Often, analytical tools are either not available or 

require the use of unknown or unverified coefficients. For 

example, tied sho·ulders reduce pavement load deflections and 

stresses. However, the amount of reduction is a function of 

the unknown continuity across the joint between the pavement 

edge and the shoulder. 

As another example, influence charts that permit the 

placement of loads at various positions on the pavement can be 

used to compute reductions in load stresses and deflections for 

lane widening. In this case, the unknown slab support condi­

tions resulting from temperature curling and drying shrinkage 

make the applicability of this procedure questionable. 

The most direct method of evaluating design features 

is a planned series of field data measurements extended by lab­

oratory tests and analytical procedures. This paper reports on 

a project incorporating these features. The principal ob­

jective of the project was to determine the effect of lane wid­

ening, tied concrete shoulders, and slab thickness on measured 

strains and deflections. To accomplish the objective, field 

and laboratory pavements were instrumented and measurements 

were obtained of load strains and deflections. The measured 

data were analyzed to determine the effects of the variables on 

pavement life. 

DESCRIPTION OF PAVEHENT TEST SECTIONS 

Field measurements were obtained on four experimental 

pavement projects located in the State of Minnesota. A brief 

description of each project follows: 
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Project l. Designation State Project No. 2280-30 

(TH-90) is a 27-ft wide roadway consisting of a 15-ft 

wide inside lane and a 12-ft wide outside lane with a 

10-ft wide outside tied keyed concrete shoulder. 

Shoulders are tied at 30 in. spacing using 30-in. long 

No. 5 tie bars. Shoulder thickness is 6 in. The 

pavement is 9-in. thick plain concrete slabs with 

skewed joints at a repeated random spacing of 13, 16, 

14, and 19 ft. Dowel bars were placed only in the 

12-ft outside traffic lane. Dowels are No. 8 round .. 
bars, spaced at 12 in. on centers with the first dowel 

located 6 in. inward from the pavement edge. Panels 

selected for test are located at Station 539+16 and 

Station 540+10. 

Project 2. Designation State Project No. 2280-30 · 

(TH-90) is a 27-ft wide roadway and a 10-ft wide out­

side tied keyed concrete shoulder. Dowel size and 

location are the same as for Project 1. Pavement 

thickness is 8 in. 

Panels selected for test are located at Station 519+80 

and Station 521+81. 

Project 3. Designation State Project No. 2280-31 

(TH-90) is a 27-ft wide roadway with a 15-ft wide in­

side lane and 12-ft wide outside lane. The pavement 

is 9-in. thick reinforced concrete slabs with skewed 

joints at a spacing of 27-ft. Dowel bars were placed 

only in the 12-ft mainline pavement portion of both 

traffic lanes. Dowels are No. 8 round bars, spaced 12 

in. on centers. Panels selected for test are located 

at Station 985+53 and Station 987+11. 

Project 4. Designation State Project No. 2002-12 

(TH-14) is a 25-ft wide roadway with a 12-ft wide in­

side lane and 13-ft wide outside lane. The pavement 

is 8-in. thick plain concrete sl.abs with skewed joints 

-3-





at a repeated random spacing of 13, 16, 14, and 19 

ft. Dowel bars were placed only in the inner 12 ft of 

the 13-ft outside traffic lane. Dowels are No. 8 

round bars, spaced 12 in. on centers. Panels selected 

for test are located at Station 870+64 and Station 

872+21. 

Projects 1, 2, and 3 are located on TH-90 between 

Albert Lea and Fairmont, Minnesota. Project 4 is located on 

TH-14 near Rochester, Minnesota. None of the projects had been 

opened to traffic. 

Tv1o test sites were selected on each project for in­

strumentation and data recording. Sites were located within 

200 ft of each other to facilitate load testing and data acqui­

sition. Care was taken to assure that the sites selected were 

representative of the project and were similar in joint open­

ing. The field test pavements were 8- or 9-in. thick with and 

without a 6-in. thick tied keyed concrete shoulder. 

Supplementary data were obtained from two pavement 

slabs constructed and tested at the Portland Cement Association 

laboratories. These slabs included tied keyed, keyed, and tied 

butt shoulder joints. The laboratory slabs were 10-in. thick 

with 10-in. thick shoulders. They were constructed indoors 

directly on a soft clay subgrade. The test area was equipped 

with thermostatically controlled heaters to provide a uniform 

temperature of 65F. Overhead steel frames provide reaction for 

loading test specimens. The testing area is 100-ft long by 

24-ft wide. The subgrade is a 5-ft thick clay soil compacted 

to AASHTO standard density at 2% above optimum moisture. 'l'he 
11 k 11 value of the subgrade, determined from 30 in. diameter 

plate tests, was 110 psi. 

Slab dimensions, type of instrumentation, location of 

instrumentation, and load positions for the slabs constructed 

·and tested in the laboratory are shown in Figs. 1 and 2. It is 

seen that the tied key and tied butt shoulder joints were in­

cluded in a slab that was 30-ft long by 12-ft wide. Shoulder 
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width was 7-ft. To provide continuity at the doweled trans­

verse joints, 9-ft long sections of concrete were cast at each 

end of the slab. 

The untied key construction was tested in a 15-ft long 

slab with one doweled and one undoweled transverse joint. 

Instrumentation and load procedures are discussed in 

the following sections of the report. 

INSTRUMENTATION 

All pavement test sections were instrumented to mea-

sure load strains and deflections. In addition, field sec-
¢ 

tions were instrumented to measure temperature and slab curl­

ing. Curling is a change in the vertical profile of the slab 

resulting from changes in the slab temperature. 

Descriptions of the types of instrumentation, methods 

of installation, and of the monitoring ·equipment are present­

ed. Strain gage and deflectometer locations for each of the 

field test sections are shown in Figs. 3, 4, and 5. The loca­

tions were selected to obtain the maximum values of strain and 

deflection for the different load positions. Curl measurements 

were made at deflectometer locations. Concrete temperatures 

were measured in instrumented test blocks placed in the subbase 

adjacent to the pavement. 

The location of instrumentation placed on the slabs 

tested- in the laboratory is ·shown in Figs. 1 and 2. 

Load Strains 

Concrete strains were measured with 6-in. long elec­

trical-resistance strain gages cemented to the pavement sur­

face. Gages were placed at the free edge~ shoulder edge, 

transverse joints, joint corners, and interior. These gage and 

loading locations are shown in Figs. 3, 4, and 5 and are refer­

red to in subsequent discussions. All gages were placed in 

recessed grooves to protect them from direct application of the 

wheel loads. The procedure for applying gages was: 

1. grind a recess sufficient to remove the texture 

grooves in the pavement surface, 
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An example of slab curling measurements obtained by 

averaging data from Station 519+80 and Station 529+81 is pre­

sented in Fig. 7. In this figure the upward elevation of the 

slab corner at 1000 hours has been used as a zero reference for 

plotting measured curl changes. As indicated, the slab curled 

downward about 0.030 in. between 1000 and 1430 hours. During 

this time, the top surface temperature of the slab increased 

from 20 to 42F. Then, as the temperature began to drop, the 

slab elevation began to rise. It is apparent that these chang­

es in curl or slab elevation affect measured load deflections 

and strains. 

The effect of curling on measured deflections is shown 

in Fig. 8. It is seen that for the same load, measured deflec­

tions varied from 0.045 in. to 0.015 in. as the slab tempera­

ture increased from 17 to 42F. The 0.030 in. difference in 

deflection between the two temperature conditions was equal to 

the difference in curl elevation. However, curl measurements 

were started an hour later than deflection measurements. 

The data of Fig. 9 show the effect of slab temperature 

on measured edge strains. In contrast to the effect of temper­

ature on deflection measurements, strains were reduced by about 

only 10%. 

Temperature Correction Procedure 

The discussion on curling demonstrates that load de­

flections and strains are temperature dependent. Therefore, to 

compare data obtained at different temperatures a correction 

factor must be applied. The first step in correcting data for 

temperature is to plot the temperature distribution in the slab 

at various times during the measurement operations. A plot of 

these data for the test sites at Stations 595+80 and 521+81 is 

presented in Fig. 10. It is seen that at 900 hours the temper­

ature at the top of the slab was less than that at the slab 

bottom. This temperature differential had resulted in an up­

ward curl. 

As the day warmed, the top surface temperature became 

greater than the bottom and the slab curled downward. However, 
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the purpose of the plot was to determine the time when the 

temperature differential in the slab was zero. As seen, this 

occurred at 1100 hours. Data obtained at this time do not re­

quire a correction for temperature. Data obtained at times 

other than when the temperature differential was zero must be 

corrected. 

Information presented in Table 1 and Fig. 11 is used 

to illustrate how temperature corrections are made. From the 

uncorrected data in Table 1, it is seen that corner deflection 

measurements were taken at 1100, 1200, and 1300 hours. Based 

on the previous discussion, only the data obtained at 1200 and 

1300 hours require correction. The magnitude of correction is 

based on the difference in deflection obtained from the refer­

ence measurements taken hourly with the 20 kip single axle 

load. These data, plotted in Fig. 11, show that readings taken 

at 1200 and 1300 hours should be increased by 40 and 75%, re­

spectively. The corrected data are shown in the lower half of 

Table 1. All strain and deflection data used in the analysis 

were corrected using the technique described. Plotted values 

represent tensile strains at the slab bottom due to loads lo­

cated 2 to 52 in. from the pavement edge. 

Strain and Deflection Data 

Edge strain data for the 9-in. thick slabs located at 

Stations 539+16 and 540+10 are presented in Figs. 12, 13, and 

14. Although strains were measured only on the top surface of 

the pavement, it is common engineering practice to assume a 

straight line distribution of stress in a pavement slab. Thus, 

in this paper, bottom strains are assumed equal in magnitude 

and opposite in sign to measured top strains. From the close 

spacing of the data points it is seen that there was good 

agreement between strains obtained at the two test sites. 

Also, as would be expected, edge strains decreased as the dis­

tance of the load from the edge increased. In addition, based 

on data for the 2-in. load position, strains measured at the 

shoulder edge were about 27% less than those at the free edge. 
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STATION TIME 

519+80 1100 

1200 

1300 

521+81 1100 

1200 

1300 

STATION 

51Q+80 

521+81 

TABLE 1 - CORNER DEFLECTION DATA 

TH-90, 8-in, Slab 
Sta. 519+80, 521+81 

UNCORRECTED DATA 

DEFLECTION, 

LOAD, LOAD DISTANCE FROM 
kip 

2 in. 16 in. 

20 0.027 0.017 

34 0.022 0.014 

42 0.023 0.012" 

20 0.029 0.018 

34 0.022 0.012 

42 0.023 0.013 

CORRECTED DATA 

DEFLECTION, 

in. 

FREE 

in. 

LOAD, LOAD DISTANCE FROM FREE 
kip 

2 in. 16 in. 

20 0.027 0.017 

34 0.031 0.020 
42 0.040 0.021 

20 0.029 0.018 
34 0.031 0.021 
42 0.040 0.023 
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The effect of axle load on the magnitude of strain may 

be demonstrated by comparing free edge strains at the 2-in. 

load position for the three loads. These strains were 38, 30, 

and 36 millionths for the 20, 34, and 42 kip loads, respective­

ly. Thus, strain decreased as the load was changed from a 20 

kip single axle to a 34 kip tandem axle, but increased as the 

tandem axle load was increased to 42 kip. 

Table 2 summarizes all data showing the effect on axle 

loads on strain. The values reported were obtained by dividing 

the strain obtained for the selected axle load by the strain 

for the 20 kip single axle load. Average ratios for all data 

were 1.0, 0.84, and 1.0 for the 20, 34, and 42 kip axle loads, 

respectively. These ratios are in good agreement with the val­

ues of 1.0, 0.80, and 0.99 obtained for 9-in. thick slabs at 

the AASHO Road Test. ( 4 ) 

Maximum strains measured at all gaged locations for 

the two sites that included shoulders are shown in Figs. 15 and 

16. From these data it is seen that edge loads produce the 

maximum strains. In fact strains at other locations were, with 

one exception, only 10% greater than interior load strains. 

For the test sites without shoulders, edge strains were also 

the maximum measured values. However, strains measured at the 

joint and corner locations were sometimes 30% or more greater 

than interior strains. 

Edge strain measurements presented in Fig. 17 are from 

a 10-in. slab with a 10-in. shoulder tested in the laboratory 

program. Load strains obtained from the laboratory were larger 

than those obtained from the field slabs although the data fol­

lowed the same trends. However, the indoor slabs were on a 

soft clay subgrade and loads were applied at the edge rather 

than 2 in. inward from the edge. It will be shown later that 

there was good agreement between measured and theoretical edge 

strains for all slabs tested. 

One significant difference between the data for the 

indoor and field tests was the magnitude of edge stress reduc-
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TABLE 2 - EFFECT OF AXLE LOAD ON STRAIN 

Strain Ratio* 

8- in. Slab 

Load, Free Edge Shoulder 
kip 519+80 521+81 519+80 521+81 

20 1. 00 1. 00 1.00 1. 00 

34 .. 0.86 0.87 0.88 0.85 

42 1. 05 1. 00 1.06 1. 06 

Free Edge Free Widened Edge 

870+64 872+21 870+64 872+21 

20 1. 00 1. 00 1.00 1. 00 

34 0.79 0.83 ·o. 82 0.84 

42 1. 00 1. 00 1.11 1. 05 
-

9- in. Slab 

Free Edge Shoulder 

539+16 540+10 539+16 540+10 

20 1. 00 1. 00 1.00 1. 00 

34 0.79 0.78 0.72 0.70 

42 0.95 0.95 0.83 0.89 

Free Edge- Free Widened Edge 

985+53 987+11 985+53 987+11 

20 1. 00 1. 00 1.00 l. 00 

34 0.90 0.92 0.87 0.88 

42 1.03 1. 00 0.97 0.98 

* Values reported are ratios obtained by dividing the 
strain for the selected axle load by the strain for 
the 20 kip axle load. 
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ti9n due to the addition of a shoulder. The indoor slab de­

signs showed an average strain reduction, due to adding a 

shoulder, of 37% as compared to an average reduction of 28% for 

the outdoor designs. A theoretical analysis indicated that 

this difference is due to the use of a 10-in. thick shoulder 

with the indoor slabs rather than the 6-in. thick shoulder used 

with the outdoor slabs. 

For determining the benefit of dowels versus aggregate 

interlock, separate comparisons are made for test sites with 

and without shoulders. At the sites with shoulders, joint 

strains were reduced an average of 4% when dowels were used. 

In the laboratory tests, only one comparison was made to deter­

mine the benefit of dowels and this was for a slab with a 

shoulder. In this case, there was no strain reduction at the 

doweled joint. For the one field project without shoulders, 

strains at joints with dowels were reduced an average of 12%. 

These reductions are small, however, it should be remembered 

that the pavements had not been opened to traffic. The value 

of dowels will iricrease as aggregate interlock is reduced by 

increased pavement age and traffic applications. 

The effect of load placement on edge deflections is 

shown in Figs. 18, 19, and 20. As expected, edge deflections 

decreased rapidly as the load was moved inward from the pave­

ment edge. However, in contrast to measured strains, deflec­

tions always ~ncreas~d as the total axle load increased. A 
I"' summary of the effect of axle load on deflection for all edge 

measurements is shown in Table 3. The average deflection ra­

tios for 20, 34, and 42 kip axles were 1.0, 1.15, and 1.45, 

respectively. At the AASHO Road Test( 4 ) the ratios were 1.0, 

1.42, and 1.75. The larger deflections measured at the Road 

Test for tandem axle loads may be partially due to the 

difference in the time when the data were taken. At the Road 

Test, measurements were made both day and night. In Minnesota, 

measurements were made only during the day. During the night 

and early morning upward curl is greater than during the day. 
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TABLE 3 - EFFECT OF AXLE LOAD ON DEFLECTION 

Deflection Ratio* 

8-in. Slab 

Load, Free Edge Shoulder 
kip 519+80 521+81 519+80 521+81 

20 1. 00 1. 00 1.00 1. 00 

34 1.17 1.14 1.13 1.10 

42., 1. 58 1. 36 1.38 1. 30 

Free Edge Free Widened Edge 

870+64 872+21 870+64 872+21 -
20 1. 00 1. 00 1.00 1. 00 

34 1.27 1. 00 1.08 1.15 

42 1. 45 1. 50 1.58 1.46 

9-in. Slab 

Free Edge Shoulder 

539+16 540+10 539+16 540+10 

20 1.00 1. 00 1.00 1.00 

34 1. 25 1.15 1.14 1. 23 

42 1.46 1. 54 1.43 1. 49 

f Free Edge Free Widened ~dge 

985+53 987+11. 985+53 987+11 

20 1.·00 1. 00 1.00 1. 00 

34 1.10 1. 33 1.11 0.91 

42 1.50 1. 56 1.56 1. 09 

* Values reported are ratios obtained by dividing the 
deflection for the selected axle load by the deflec­
tion for the 20 kip axle load. 
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Also, the slab is unsupported for a greater distance inward 

from the pavement edge. As the wheels of a tandem axle vehicle 

are spread over a larger area than an equivalent single axle 

load, the larger length of non-supported slab is deflected more 

by tandem axles. 

The use of a tied keyed shoulder reduced edge deflec­

tions by an average of 32%. This is a l.arger reduction than 

the 27% obtained using strain measurements. However, it has 

been demonstrated that deflections are more influenced by warp­

ing and curling than strains. Therefore, it is possible that 

the presence of the shoulder reduced drying shrinkage thus re­

sulting in less warping at this location. Then, the smaller 

warping was more effective in reducing edge deflections than 

edge strains. 

Deflections were larger for the case of corner loading 

than for edge loading. The larger corner deflections are due 

to th·e loss in continuity and the greater upward warping that 

occurs at joints. Corner deflections were 226% larger than 

edge deflections. 

DATA ANALYSIS 

Comparisons are presented to demonstrate that there 

was good agreement between theoretical and measured strains and 

deflections. Next, theoretical and empirical procedures are 
' / 

used to illus~rate the benefit of tied shoulders and lane wid-
~~ 

ening. Then, data from the laboratory test slabs are used to 

illustrate that a tied butt shoulder may be as effective as a 

tied keyed shoulder joint in reducing edge strains and deflec­

tions. 

Comparison of Theoretical and Measured Data 

Theoretical stresses and deflections were calculated 

using influence charts. (S) These charts, based on 

Westergaard's equations, permit the calculation of edge 

stresses and deflections due to loads placed inward from the 
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edge. Stresses were converted to strains using a concrete mod­

ulus of elasticity of 5 million psi. The "k" values used for 

computations were 120 and 400 pci for the laboratory and field 

tests, respectively. The value of 400 pci used for field tests 

was estimated on the basis that the in-place subbase "k" was 

150 pci~ however, at the time of testing there was a freezing 

index of 9. As a freezing jndex of 9 is sufficient to freeze 

subsoils, a "k" value of 400 pci was selected. 

Comparisons of measured and theoretical values are 

shown in Table 4. An examination of the data shows that there 

was generally good agreement between measured and theoretical 

values. Based on averages, measured strains were 4% greater 

than theoretical strains. However, measured deflections aver­

aged 12% larger than theoretical. The larger variation in de­

flection is consistent with the previously presented data. 

These data indicated deflections are influenced more by warping 

than are strains. 

The field data may be used to determine the effect of 

pavement thickness on measured strains and deflections. For 

example, increasing slab thickness from 8 to 9 in. decreased 

edge strains by 16% and edge deflections by 21%. These values 

will be used later to compare with the benefits obtained when a 

shoulder is added to the pavement. 

f / . 
Evaluation of Concrete Shoulder 

Strain and'deflection measurements were obtained at 

free edges and shoulder edges. Data from four field and three 

laboratory pavement slabs were considered. Based on these mea­

surements, average percentage reductions ~n strain and de­

flection due to the presence of a shoulder were computed for 

the 8-, 9-, and 10-in. thick slabs. For strains, the reduc­

tions were 26.5, 29.0, and 37.0%, respectively. 

It has been demonstrated that there was good agreement 

between theoretical and measured strains and deflections. 

Therefore, influence charts were used to compute percentage 
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TABLE .f- COMPARISON OF THEORETICAL AND MEASURED DATA 

Edge Strain, millionths Interior Strain, millionths Edge Deflection, thousandths in . 
. 

Measured Theoretical Measured Theoretical Measured Theoretical 

45 45 30 29 12.0 10.5 

38 35 21 21 14.0 12.5 

47 45 26 26 18.3 17.0 

38 38 28 26 9.8 8.0 

33 30 21 19 11.2 10.0 

38 38 25 24 14.2 12.6 

48 49 27 26 14.9 16.0 





reductions in strain due to increasing pavement thickness. 

These data are plotted in Figs. 21, 22, and 23 for the 8-, 9-, 

and 10-in. slabs, respectively. Each plot is entered on the 

ordinate at the appropriate measured strain reduction. The 

dashed line is followed to determine the increase in slab 

thickness required to reduce strains by the same magnitude as 

that obtained by the construction of a tied concrete shoulder. 

It is seen that these requirements are 1.7, 2.2, and 3.4 in. 

for the 8-, 9-, and 10-in. thick slabs. The increased benefit 

obtained with increased slab thickness is expected because load 

strains vary approximately as the square of slab thickness. It 

should also be remembered that the 8- and 9-in. slabs had 6-in. 

shoulders and the 10-in. slabs had 10-in. shoulders. 

The same type of analysis was made using measured de­

flections. The results showed that to obtain the same reduc­

tion in deflection achieved with a shoulder, thickness would 

have to be increased 2.6, 3.3, and 4.2 in. for the 8-, 9-, and 

10-in. slabs, respectively. 

In the preceding discussion, the benefits of a shoul­

der were de~onstrated by showing the increase in slab thickness 

required to reduce strains by the same magnitude as that ob­

tained by the construction of a tied concrete shoulder. These 

same data can be used to determine the reduction in thickness 

that may be permitted in the outer traffic lane of a mainline 

pavement when a tied.concrete shoulder is incorporated in the 

design. Thi~ is illustrated in Fig. 24. In this figure, the 

conventional or "as built'' pavement design thickness is plotted 

versus the effective thickness with a concrete shoulder. The 

solid curved line passing through the three experimental data 

points has been extended by extrapolation. The validity of the 

extrapolation is demonstrated by the close agreement between 

the extended portion of the curve and the two points computed 

using Westergaard's edge load equation. To use this chart, it 

is entered on the abscissa with the determined conventional 

design thickness. In the example, the conventional design 
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thickness has been assumed as 8 in. A horizontal line is drawn 

to intersect the curve and then extended vertically downward to 

the ordinate. The value of 6.6 in. obtained at the intercept 

is the outer lane pavement thickness that could be permitted 

with a tied concrete shoulder instead of using a 8-in. thick 

pavement without a shoulder. 

Another method of evaluating the benefit of a concrete 

shoulder is to determine the added life expectancy of the pave­

ment due to the reduction in edge stress. This is done using 

the following eq~ation developed at the AASHO Road Test: (4) 

where 

w2.s 
sc 
and 

cr 

sc 
log w2.5 = 5.789 + 3.42 log cr 

= the number of applications of the stress,cr , 

= the 28-day flexural strength of the concrete, 

= the predicted stress in the concrete due to 

external loading. 

Life expectancy is increased because at a reduced 

level. of stress the pavement can carry a greater number of 

traffic loads before reaching a level of terminal service -

ability. Thus, if traffic remains constant with time the life 

of the pavement would be extended. 

Values of "W" were computed by substituting experimen­

tal data into the equation. The results show that the addition 

of a shoulder would extend the life of the 8-, 9-, and 10-in. 

pavements by factors of 3.2, 3.3, and 3.6 times. 

Evaluation of Lane ~videnin__g_ 

Experimental data were used to determine the effec­

tiveness of lane widening in reducing pavement strains. Exam­

ples of the procedure followed are presented in Figs. 25, 26, 

and 27. Data are the average of the load strains measured at 

the free edge for the test sites located at Stations 539+16 and 

540+10. They show the decrease in measured edge strain as the 

load was moved inward from the edge. 
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The dashed line on each figure is the measured inter­

ior strain for the load being considered. This is a tensile 

strain that occurs at the bottom of the slab directly under the 

load. As shown in Fig. 25, by projecting downward from the 

intersection of the interior and edge strain lines, it is de­

termined that an edge strain of 28 millionths was obtained when 

the load was 12 in. inward from the pavement edge. This means 

that if the slab was widened by 12 in., no further strain 

reduction benefit could be obtained by additional widening. 

This is true because, as shown by the cross hatching, the case 

of edge loading produced the largest strain until the load was 

12 in. from the edge. Thereafter, the strain directly under 

the load was larger. Notice that the interior load strains 

used in Figs. 26 and 27 are the values measured for the 34 and 

42 kip tandem axle loads, respectively. Results from a similar 

analysis for each of the test sites are shown in Table 5. It 

is seen that with one exception the widening requirements 

varied from 11 to 16 in. 

Based on the preceding analysis it would appear that 

lane widening of 16 in. would be sufficient. However, this 

would be true only if vehicles did not encroach on the widen­

ing. To investigate the probability'of encroachment, data from 

two traffic distribution studies are shown in Fig. 28. 

The data shown by the curve on the right were obtained 

by Mr. Taragin of the Feder~l Highway Administration in 1958. 

These data are still used in pavement design. These data show 

that the highest frequency of travel and mean travel path dis­

tance occurred at slightly more than 2 ft from the pavement 

edge. In addition, only about 4% of the traffic drove closer 

to the edge than 1 ft. In contrast, data for the curve on the 

left were obtained by Mr. Emery of the Georgia Department of 

Transportation in 1974. In this case, 53% of the traffic trav­

eled within one foot of the pavement edge and 9% of the traffic 

was observed to be driving on the shoulder. As these data were 

obtained from pavements having asphal.t shouJ.ders, there was a 
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On page 48, pa,r~gra,ph.. 3, replace sentence 6 w;ith the following: 
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In ~his case 53% of the traffic traveled within one foot of the 
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in a 15-in. wide wheel path that began 3 in. inward from the 

pavement edge and extended ouh:ard to include 12-in. of the 

shoulder. 
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TABLE 5 - WIDENING FOR MAXIMUM STRAIN REDUCTION 

LOAD, 
REQUIRED 

STATION kip WIDENING, 
in. 

20 12 
985+53 34 14 987+11 

42 13 

20 11 
870+64 34 14 872+21 

42 13 

20 12 
539+16 34 12 
540+10 

42 12 

20 16 
519+80 34 15 
521+81 

42 22 
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highly visible delineation between the pavement and shoulder. 

~herefore, it is highly improbable that a painted white stripe 

located 16-in. from the pavement edge will prevent encroach­

ment. For this reason, if pavement widening is to be structur­

ally effective the minimum concrete width should consider the 

effects of load encroachments. 

Evaluation of Shoulder Joint Design 

All shoulder joints on the field projects used a tied 

keyway design. Therefore, to evaluate this aspect of shoulder 

design, laboratory slabs were constructed with keyed, tied 

keyed, and tied butt joints. Tie bars were 5/8-in. diameter 

and 38-in. long spaced at 30-in. centers. 

Load strains and deflections were measured at the free 

edge and shoulder edge for each design. These data were used 

to compute the percent reduction in strain and deflection that 

occurred due to the presence of a shoulder. The reductions are 

shown in Fig. 29. It is seen that edge strains and deflections 

were reduced by an average of 38 and 43%, respectively. The 

small percentage difference in the performance of the three 

types of joints is not considered significant. 

Although the keyed joint without tie bars was effec­

tive in reducing strains and deflections, its. use would not be 

recommended in outside lane construction. This limitation is 

suggested due to the possibility of a shoulder joint separa­

tion. Such a separation might result from lateral traffic for­

ces and differential vertical movements in the subgrade. 

The excellent performance of the tied butt joint sug­

gests that this type of construction could reduce costs. How­

ever, it saould be remembered that joints of this design might 

lose some of their effectiveness with accumulated applications 

of traffic loading. 

CONCLUDING REI-1ARKS 

Pavement slabs were instrumented and load tested to 

~etermine the effects of concrete shoulders, lane widening, and 
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slab thickness on measured strains and deflections. The fol­

lowing results were obtained: 

1. There was good agreement between measured strains 

and deflections and those computed by 

Westergaard 1 s theoretical equations. 

2. The 6-in. thick concrete shoulders of the 8- and 

9-in. highway slabs reduced edge strains by 28%. 

3. Measured edge strain reductions are used to dem­

onstrate that the outer lane mainline pavement 

thickness may be reduced when a tied concrete 

shoulder is used. As an example, a conventional 

design of 8-in. thickness could be reduced to 6.6 

in. with the addition of a 6-in. thick tied con­

crete shoulder. 

4. Effectiveness of concrete shoulders in reducing 

edge deflections was equivalent to increasing 

slab thickness by 2.3, 3.3, and 4.2 in. for the 

8-, 9-, and 10-in. pavements, respectively. 

5. Lane widening was as effective as concrete 

shoulders in reducing strains and deflections. 

6. A 10-in. concrete shoulder was only slightly more 

effective in reducing edge strains and deflec­

tions than a 6-in. shoulder. 

7. Tied keyed, tied butt, and keyed shoulder joint 

construction were equally effective in reducing 

strains and deflections. However, a tied con­

crete shoulder, in addition to reducing strains· 

and deflections, directs surface runoff away from 

the pavement edge. 

RECOMMENDATIONS 

Measured experimental data have been presented to dem­

onstrate that tied concrete shoulders and lane widening 

strengthen a pavement. However, the following two items require 

additional input or verification: 
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1. Widening a traffic lane by 16 in. reduces edge 

strains to values equal to those for the case of 

interior loading. Thus, a 16-in. widened lane 

would be sufficient if there was no traffic en­

croachment. However, because encroachments do 

occur, surveys should be made to determine the 

distribution of traffic in the vicinity of the 

pavement edge. These data could be used to de­

termine the additional widening required due to 

traffic encroachments. Pavements selected for 

the survey should include lane widening of both 1 

ft and 3 ft. 

2. An illustration is presented in the text to show 

the reduction in thickness that may be permitted 

in the outer lane of a mainline pavement when a 

tied concrete shoulder is added. Experimental 

data used in this illustration were obtained from 

8-, 9-, and 10-in. thick pavements. However, the 

data are extrapolated to apply to thinner pave­

ments. Although established techniques were used 

in the extrapolation, these data should be 

checked. Therefore, if a reduced thickness pave­

ment section is constructed it is recommended 

that it be instrumented and load tested. 
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APPENDIX A 





SUMMARY MAXIMUM STRAINS 
TH-90, 8 in. Slab 

Sta. 519+80, 521+81 

MAXIMUM STRAIN, millionths 

LOAD, FREE SHOULDER 
kip EDGE EDGE 

20 45 33 

34 39 29 

42 48 35 

F-UD = Free undoweled 

S-D = Shoulder doweled 

JOINT CORNER 

F-UD S-D F-UD S-D 

32 28 34 30 

28 26 26 26 

33 35 32 30 

-Al-

INTERIOR 

30 

22 

26 





STATION 

519+80 

., 

521+81 

STATION 

519+80 

521+81 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE STRAIN DATA 
TH-90, 8 in. Sl~b 

Sta, 519+80 1 521+81 

STRAIN, millionths 

LOAD DISTANCE FROM FREE 

2 16 

44 29 

38 20 

46 29 

46 30 

40 20 

46 31 

EDGE, 

38 

13 

10 

14 

13 

12' 

16 

STRAIN, millionths 

LOAD, 
LOAD DISTANCE FROM SHOULDER, 

kip 2 16 

20 32 21 

34 . 28 14 

42 34 20 

20 34 23 

34 29 15 

42 36 21 

-A2-

in. 

52 

8 

6 

9 

0 

7 

ll 

in. 

32 

10 

7 

9 

12 

8 

ll 





STATION 

519+80 

521+81 

STATION 

519+80 

521+81 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE DEFLECTION DATA 
TH-90, 8 in. Slab 

St~. 519+80, 521+81 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FEEE EDGE, in. 

2 16 38 

12 7 4 

14 10 5 

19 14 6 

14 9 4 

16 10 5 

19 15 6 

. 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM SHOULDER, in. 
LOAD, 
kip 2 16 32 

20 8 4 2 

34 9 6 2 

42 11 7 3 

20 10 5 2 

34 11 6 2 

42 13 7 3 

-A3-





STATION 

519+80 

., 

521+81 

STATION 

519+80 

521+81 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

CORNER DEFLECTION DATA 
TH-90, 8 in, Slab 

Sta. 519+80, 521+81 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE EDGE, in. 

2 16 38 

27 17 10 

31 20 11 

40 21 14 

29 18 8 

31 21 12 

40 23 14 

-

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM SHOULDER, in. 
LOAD, 

kip 2 16 32 

20 13 6 2 

34 16 7 3 

42 18 10 2 

20 15 8 4 

34 16 7 3 

42 19 12 4 

-A4-





SUMMARY MAXIMUM STRAINS 
TH-90, 9 in. Slab 

sta. 539+16, 540+10 

MAXIMUM STRAIN, millionths 

LOAD, FREE SHOULDER 
kip EDGE EDGE 

20 38 28 

34 30 22 

42 36 24 

F-UD - Free undoweled 

S-D = Shoulder doweled 

JOINT CORNER 

F-UD S-D F-UD S-D 

29 28 28 25 

26 24 23 17 

33 33 32 24 

-AS-

INTERIOR 

28 

20 

24 





STATION 

539+16 

540+10 

STATION 

539+16 

540+10 

EDGE STRAIN DATA 
TH-90, 9 in, Slab 

Sta, 539+16f 540+10 

STRAIN, millionths 

LOAD, LOAD DISTANCE FROM FREE EDGE, in. 

kip 2 16 38 52 

20 39 25 11 8 

34 31 17 9 6 

42 37 20 13 7 

20 37 24 9 7 

34 2'9 15 9 6 

42 35 18 11 7 

. STRAIN, millionths 

LOAD DISTANCE FROM SHOULDER, in. 
LOAD, 
kip 2 16 32 

20 29 15 8 

34 21 12 7 

42 24 13 10 

20 27 13 7 

34 19 10 6 

42 24 14 8 

-A6-





STATION 

539+16 

540+10 

STATION 

539+16 

540+10 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE DEFLECTXON DATA 
TH-90, 9 in. Slab 

sta. 539+16, 540+10 

DEFLECTION thousandths in , . 
LOAD DISTANCE FROM FREE EDGE, in. 

2 16 38 

10.0 5.1 1.3 

12.5 8.0 3 .·1 . 

14.6 10~5 4.4 

10.0 4.6 1.6 

11.5 7.6 2.1 

15.4 10.2 3.0 

DEFLECTION, thousandths in. 

LOAD, 
LOAD DISTANCE FROM SHOULDER, in. 

kip 
2 16 32 

20 7.0 1.~ 0 

34 8.0 2.3 0 

42 10.0 3.9 1.3 

20 7.0 4.0 2.1 

34 8.6 4.6 2.4 

42 10.4 5.3 3.0 

-A7-





STATION 

539+16 

540+10 

STATION 

539+16 

540+10 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

CORNER DEFLECTION DATA 
TH-90, 9 in, Slab 

Sta.· 539+16, 540+10 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE EDGE, in. 

2 16 38 

26 16 7 

28 17 9 . 
31 22 11 

-

22 16 9 

26 18 10 

29 21 . 11 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM SHOULDER, in. 
LOAD, 
kip 2 16 32 

20 11 4 0 

34 13 5 0 

42 18 9 3 

20 11 0 0 

34 13 5 0 

42 16 7 0 

-A8-





SUMMARY MAXIMUM STRAINS 
TH-14, 8 in. Slab 

Sta. 870+64, 872+21 

MAXIMUM STRAIN,. millionths 

<- JOINT CORNER 
LOAD, FREE 
kip EDGE 

20 45 

34 37 

42 47 
-

F-UD = Free undoweled 

F-D = Free doweled 

F-UD 

31 

27 

35 

F-D F-UD F-D 

28 34 31 

24 33 30 

31 36 33 

-A9-

INTERIOR 

30 

20" 

26 





STATION 

870+64 

872+21 

STATION 

870+64 

872+21 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE STRAIN DATA 
TH-14, 8 in. Slab 

Sta. 870+64, 872+21 

STRAIN, millionths 

LOAD DISTANCE FROM FREE EDGE, 

2 16 

47 21 

37 20 

47 19 

46 24 

38 18 

46 20 

STRAIN, millionths 

in. 

32 

12 

9 
. 

8 

10 

8 

9 

LOAD, LOAD DISTANCE FROM FREE WIDENED EDGE,in 

kip 2 14 28 

20 44 25 15 

34 36 20 10 

42 49 23 12 

20 43 24 12 

34 36 19 9 

42 45 24 10 

-AlO-

.. 





STATION 

870+64 

872+21 

STATION 

870+64 

872+21 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE DEFLECTION DATA 
TH-14, .8 in. Slab 

sta. 870+64, 872+21 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE EDGE, in. 

2 16 32 

11 6 3 

14 6 4 

16 9 3 

12 7 2 

12 5 -
18 8 3 

. 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE 
LOAD, 

WIDENED EDGE, in 

kip 2 14 28 

20 12 6 -
34 13 9 4 

42 19 10 5 

20 13 7 2 

34 15 10 5 

42 19 11 6 

-All-





STATION 

870+64 

(> 

872+21 

STATION 

870+64 

872+21 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

CORNER DEFLECTION DATA 
TH-14r .8 in. alab 

Sta. ·870+64, 872+21 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE EDGE, in. 

2 16 32 

32 18 12 

35 19 13 

38 22 15 

32 17 11 

37 20 13 

42 23 12 
. 

. 

DEFLECTION, thousandths in. 

LOAD, LOAD DISTANCE FROM FREE WIDENED EDGE,in. 

kip 2 14 28 

20 29 17 12 

34 34 17 12 

42 35 20 14 

20 29 16 11 

34 32 18 13 

42 36 20 13 

-A12-





" 

LOAD, 
kip 

20-

34 

42 

SUMMARY MAXIMUM STRAINS 
TH-90, 9 in. Slab 

sta. 985+53, 9a7+ll 

MAXIMUM STRAIN, millionths 

FREE JOINT CORNER 
EDGE Doweled Doweled 

39 . 30 26 

34 29 . 24 

38 31 28 

-JH3-

INTERIOR 
. 

27 

21 

25 





STATION 

985+53 

987+11 

() 

STATION 

985+53 

987+11 

EDGE STRAIN DATA 
TH-90, 9 ~n, Slab 

Sta. 985+53, 987+11 

STRAIN, millionths 

LOAD, 
LOAD DISTANCE FROM FREE EDGE, in. 

kip 2 16 32 

20 39 22 11 

34 35 19 8 . 
42 40 20 12 

20 37 24 15 

34 34 -' 
20. ·12 -

42 37 20 I 
14 

.. 

STRAIN, millionths 

LOAD DISTANCE FROM FREE WIDENED EDGE,in. 
LOAD, 
kip 2 16 38 

20 38 20 10 

34 33 18 9 

42 37 21 10 

20 40 21 12 

34 35 19 9 

42 39 21 10 

-Al4-





STATION 

985+53 

987+11 

STATION 

985+53 

987+11 

CORNER DEFLECTION DATA 
TH-90, 9 ~n, Slab 

Sta. 985+53, 987+11 

DEFLECTION, thousandths in. 

LOAD, LOAD DISTANCE FROM FREE EDGE, in. 

kip 
2 16 32 

20 18 12 6 

34 25 15 8 . . 
42 28 18 11 

20 22 10 5 

34 27 16 9 

42 30 20 12 

..... 

DEFLECTION thousandths in , . 

LOAD, 
LOAD DISTANCE FROM FREE WIDENED EDGE,in~ 

kip 2 16 38 

20 19 11 5 

34 25 18 10 

42 30 20 12 

20 24 12 4 

34 29 19 10 

42 32 23 14 

-A15-





STATION 

985+53 

987+11 

STATION 

985+53 

987+11 

LOAD, 
kip 

20 

34 

42 

20 

34 

42 

EDGE DEFLECT~ON DATA 
TH-90, 9 ~n. Slab 

Sta. 985+53, 987+11 -····. 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE EDGE, in. 

2 16 32 

10 6 2 

11 6 0 

15 9 2 
-

9 4 0 

12 5 0 

14 8 2 

. 

DEFLECTION, thousandths in. 

LOAD DISTANCE FROM FREE 
LOJI.D I 

WIDENED EDGE,in 

kip 2 16 38 

20 9 -s 0 

34 10 6 0 

42 14 9 0 

20 11 5 1 

34 10 6 0 

42 12 9 2 

-Al6- · 

" 




