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Review of Alternate Pavement Design for Area A 
of Taxiways B & C Construction 

Review of Standard Pavement Design Parameters 

The thickness design according to the Pavement Design Manual adopted 
by Dallas/Ft. Worth (DFW) International Airport is predicated upon 
elastic layer analysis of the pavement system. Certain assumptions are 
made with respect to the relationship between the soil elastic modulus 
(E

5
) and the foundation modulus (k) and the condition of the bond between 

the 17 inch slab and the 9 inch stabilized subbase of the standard 
pavement section. Even though an explicit relationship between E5 and k 
is suggested by the design procedure presented in the Pavement Design 
Manual, theoretically one such relationship does not exist. Typically, 
plate load tests are conducted to determine subgrade k values which are 
input directly in the pavement stress analysis. If a stabilized subbase 
is included in the analysis, then it can represented by the layer 
thickness, moduli, and poisson's ratio rather than a puesdo k value on 
top of the subbase. Therefore, measureable engineering properties can be 
input for each layer in the pavement analysis. Static and dynamic k 
values are recommended for design for the runway and taxiway areas of 83 
and 127 psi/in, respectively. 

A review of the pavement stress tables given Exhibit 4.1 of the 
Pavement Design Manual suggests that fully bonded conditions were assumed 
for the analysis, although it is not explicitly stated as such. However, 
it should be pointed out that this is a very critical assumption with 
respect to certain precautions which should be taken during the 
construction process. These precautions are not described in the design 
manual nor is it stated how such measures are taken to insure fully 
bonded conditions are developed during the construction of the pavement. 
Methods are available to evaluate the pavement stress with respect to the 
condition of the bond between stabilized layers. 

Given the type of aircraft included in the aircraft traffic mix, a 
significant amount attention is warranted for the joint design to insure 
necessary load transfer and to minimize the potential subgrade permanent 
deformation. Normally, using slab reinforcement (as recommended in the 
Pavement Design Manual) across the sawed joints does not insure adequate 
load transfer throughout the design life under wide-body aircraft 
loadings. 

Review of Appropriate Construction Plans and Specifications 

Due to the nature of this construction project, the scope of work 
contains the construction constraint that work within a 250 foot safety 
zone from the centerline of Runway 18R/36L can only proceed when the 
runway is closed to air traffic. To facilitate the construction, a 14 
hour closure period for Runway 18R/36L is provided on a nightly basis 
from 8 pm to 10 am over a period of 114 consecutive days. Subsequent to 
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the letting of the contract, other alternatives have been suggested which 
are under consideration. 

Construction details indicate the standard pavement section to 
consist of 17 inches of reinforced concrete pavement using a Type I 
cement with a 9 inch cement treated base (CTB) over a lime stabilized 
subgrade. The shoulder areas consist of a 4 inch HMAC over a 6 inch lime 
stabilized subgrade. The drainage of the standard section is facilitated 
with a 6 inch perforated PVC pipe embedded in a filter material wrapped 
with a geotextile fabric in which the drainage is placed below the level 
of the lime stabilized subgrade. The drainage is placed only on one side 
of the pavement structure. This is adequate as long as the drainage 
analysis indicates that sufficient head is provided to the move the 
accumulated moisture from the center of the pavement section. No 
provisions are provided to drain the shoulder areas. 

Cross-sectional details are also shown for a alternate design of a 
21 inch pavement thickness using a Type III cement. No drainage 
structure is provided to facilitate the removal of moisture from the 
pavement structure. However, strips of geotextile fabric are provided at 
all joint locations to reduce the potential of pumping and the subsequent 
loss of fines leading to unsupported slab conditions. The shoulder 
system for the alternate design consists of a 6 inch CRC pavement under a 
1-1/2 inch layer of HMAC. 

The jointing layout indicates doweled joints on 50 foot centers in 
both the longitudinal and transverse directions. These joints are 
dowelled with 1-1/2 inch dowels at 12 inch centers. The pavement is 
sawcut into 25 foot quarters such that the transverse sawcut joints are 
reinforced with #7 bars at 30 inch centers and the longitudinal sawcut 
joints are reinforced with #4 bars at 10 inch centers. This means that 
every other 25 foot transverse joint and the longitudinal joints offset 
25 feet from the pavement centerline are undoweled. 

Another type of transverse joint shown in the contract plans is a 
type "B" joint. This is an undoweled joint with an edge thickened by an 
additional 4 inches. This joint type is used to abut the new taxiway 
construction to the existing runway pavement. It is assumed that the 
existing runway slab does not have a thickened edge and is of a uniform 
17 inch thickness. A joint of this type is typically used to provide for 
movement transversely to the axis of the taxiway pavement. 

Evaluation of 21 Inch PCC Alternate Pavement Design 

Evaluation of the 21 inch PCC alternate pavement design system is 
provided according to three categories in comparison to the standard 
pavement design (17 inch PCC with a 9 inch CTB). The categories are 
delineated with respect to life expectancy, maintainability, and the 
constructability of the pavement section. 
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A. Comparison to Life Expectancy of Standard Pavement Section 

Several types of information are necessary to serve as input for 
life expectancy calculations of a pavement section. The type of 
information is categorized as concrete strength data, construction 
standards and procedures, aircraft mix and load characteristic data, and 
airport operation distribution and frequency information. 

Characterization of Design Inputs 

The design and evaluation input data is summarized in Tables 1 
through 8. Table 1 lists the concrete field strength data available from 
strength tests for Runway 13R/31L. Both the mean strength and the 
standard estimate of the error are shown in the table. A 90 day design 
strength was used for the life expectancy analysis by subtracting one 
standard deviation from the 28 day mean strength and increasing it by a 
factor of 10 percent to account for the gain in strength from 28 day to 
90 day concrete. Characteristics of the aircraft mix is shown in Table 
2. The specific class of aircraft was based on maximum load yielding the 
maximum load stress for a given type of aircraft. This information is 
provided in the appropriate aircraft characteristics manual . 

The aircraft traffic data is summarized in Tables 3 through 8. 
Table 3 lists the annual operations for the airport as given in the West 
Side Conceptual Planning/Engineering Report. The air carrier aircraft 
class consists of 84.8 percent of the values listed in Table 3. The 
distributions of the air carrier class is broken down further according 
to the note listed at the bottom of Table 3. The aircraft mix for the 
analysis is listed in Table 4 along with the distribution percentage 
within the distributions given in Table 3. 

The aircraft operations are also distributed according to three 
pavement temperature gradient regimes. These regimes are nighttime, 
zero, and daytime temperature gradients. A temperature gradient exists 
in the pavement when the temperature of the pavement top surface is 
different than the temperature of the pavement bottom surface. Based on 
these periods of time, average percentages of aircraft operation for each 
temperature gradient regime is listed in Table 5. These percentages are 
again broken down for both arrivals and takeoffs. These percentages are 
separate from the 50 percent distribution of all operations to the West 
Side. 

The aircraft mix shown in Table 4 is categorized into 4 groups 
listed as: 

(1) B-727 group, 
(2) B-737 group, 
(3) DC-10 group, and 
(4) B-767 group 

The aircraft are grouped according the similarities in load effects that 
each aircraft type has on the pavement system. 
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Table 6 lists the multiplying factors for each temperature regime 
according to the taxiway classifications being considered in the 
analysis. Certain percentages of operations are assigned to the taxiway 
types in terms of arrivals and takeoffs and are listed at the bottom of 
Table 6. The multiplying factors are multiplied by the expected 
operations for each aircraft which are listed in Table 7 to obtain the 
expected number of passes for each aircraft. The expected number of 
passes are converted into coverages by use of the pass-to-coverage ratios 
given in Table 8 (1). The coverages are input directly into the fatigue 
analysis for each aircraft type. 

Pavement section life expectancy equation (2), as used in the 
determination of the accumulated fatigue damage, is found as: 

Log N - 17.61 - 17.61 * R 1 

where: 
N Number of allowable coverages 
R Total load stress/concrete flexure strength 

This equation is based on laboratory fatigue beam test results and is 
calibrated for field conditions based on a field calibrated fatigue 
equation developed by Darter (3). A calibration factor is applied to the 
results of the above equation according to Figure 1. This factor is 
given in terms of the radius of relative stiffness (ik). The ik value is 
determined from the following equation: 

where 

E Concrete pavement modulus of elasticity 
h Pavement thickness 
µ Poisson's ratio 
k Foundation modulus 

Equation 1 is used in the analysis since the Darter calibrated equation 
does not consider curl stresses. By calibrating the laboratory curve for 
given field conditions, the affect of curl stresses can be included in 
the analysis. Curl stresses are caused by temperature gradients in the 
slab and can have a significant effect upon the fatigue damage results, 
particularly for pavement structures using very stiff stabilized 
subbases. The greater the stiffness of the subbase the greater will be 
the curl stresses . 

The maximum wheel load stresses were determined from the Illi-slab 
program which is a finite element model (4). A k value of 80 psi/in was 
used for static load conditions (cross taxiways) and of value of 130 
psi/in was used for dynamic load conditions (high-speed ramps) (5). The 
wheel load stresses are characterized in terms of stress charts shown in 
Appendix A as a function of ik while the curl stresses were calculated 
according to Westergaards analysis (8). 
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Fatigue damage in the slab is calculated from a total load stress of 
the wheel load stress and the curl stress for a given thickness. The 
total stress is substituted into equation 1 to determine the allowable 
aircraft coverages. The fatigue damage is found from summing the ratios 
of the expected coverages (~J) · by the allowable coverages (N1,1) for each 
aircraft as: 

where i and j are counters for the number of aircraft types and the 
temperature gradients over which the fatigue is summed. Fatigue failure 
is achieved when the above summation is equal to 1.0. An example 
worksheet of fatigue calculations are shown for the DC-10 load group in 
Table 9 . 

The pavement fatigue damage will depend upon the number of airport 
operations over the length of the design period. Since the traffic 
coverages increase with time (Figure 2) so should the accumulated fatigue 
damage . 

Factors Affecting Life Expectancy 

Life expectancy can be determined from calculations of accumulated 
fatigue damage in a concrete slab as a result of load repetition. 
Several factors can affect the accumulation of fatigue damage such as the 
strength of the concrete, the magnitude of the load, and the pavement 
thickness. Fatigue damage is also closely related to quality of the load 
transfer across the transverse and longitudinal joints. Since life 
expectancy is described in terms of the accumulated fatigue damage, these 
factors also affect the life expectancy of the pavement system. 

The affect of load transfer efficiency across the transverse joint 
on the 20 year fatigue damage is illustrated in Figure 3 for the 21 inch 
PCC pavement design with no subbase. (Load transfer efficiency (LTE) is 
defined as the unloaded pavement deflection divided by the loaded 
pavement deflection times 100). It is noted that the DC-10 aircraft 
group was determined to cause the critical stress and the maximum fatigue 
damage in both the cross taxiway and the high speed ramp. The design 
life results are provided for various qualities of load transfer because 
of the variety of joint types included in the construction plan detail. 
Figure 3 indicates that a load transfer efficiency of at least 75 percent 
is required for the 21 inch alternative (for a fatigue value of 1) for 
the high-speed ramp design . 

In terms of the joint design described previously, the doweled 
transverse joints may maintain an average load transfer efficiency of 75 
percent over the design life. This could be improved to 90 percent 
average if the sawcut longitudinal joints were also doweled or 
equivalently tied. The sawcut transverse and longitudinal joints may 
only maintain an average load transfer efficiency of 50 and 25 percent, 
respectively, over the design life. Joint type "B" is undoweled and 
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consequently maintains a zero load transfer. It is evident that the 
design of the transverse joints will significantly affect the design 
thickness. Figure 4 illustrates the life expectancy for the 21 inch 
section as a function of the load transfer efficiency. Greater 
thicknesses are required for the high speed ramps since they carry a 
greater amount of traffic. 

Evaluation of the standard section depends greatly on the quality of 
the bond between the pavement slab and the CTB. If unbonded conditions 
exist, the pavement system may develop excessive cracking early in the 
pavement life even at a high quality of LTE. These high fatigue values 
are principally due to high curling stresses which develop on very stiff 
subbases such as a 9 inch CTB used in the standard design. However, if 
fully bonded conditions exist, then pavement system will perform more 
than adequately for any level of LTE. A comparison between the bonded 
and unbonded conditions is shown in Figure 5 for the high speed ramp. 
The actual conditions fall somewhere in between these two extremes but 
this figure indicates the importance of achieving good bond if the design 
depends upon it. Obviously, the standard design depends upon a high 
amount of bond between the two layers in order to insure a successful 
design . 

B. Comparison to Maintainability of Standard Pavement Section. 

A comparison of maintainability of the 21" PCC pavement design is 
largely based on the life expectancy of the section which has been shown 
to be significantly affected by the quality of load transfer maintained 
by the joint throughout the design life of the pavement. 

Based on current construction standards in force at DFW 
International Airport, the doweled transverse joint can be expected to 
maintain a high load transfer throughout the design life if it can be 
assumed that the load transfer across the longitudinal joints 
(particularly the longitudinal joint 25 feet from the pavement 
centerline) can be maintained throughout the design life. However, the 
probability of this occurring may be rather low under the current joint 
design schemes. It would be very useful to evaluate the load transfer 
capability of the present jointing system by the use of non-destructive 
testing methods to validate these conclusions . 

In any case, previous investigations regarding the performance of 
airfield jointing systems (6,7) have also indicated that slab 
reinforcement passing through the sawcut joints will not maintain a high 
quality of load transfer over the design life for the specified aircraft 
traffic mix. Consequently, maintenance related problems may develop as a 
result of the shortened design life due to the joint design. The 
standard design may suffer from similar problems depending on the degree 
of bond achieved during construction. 

The third type of transverse joint under consideration, referred to 
previously as type "B" joint, is an undoweled joint with a 4 inch 
thickened edge. Since no dowels are provided on this type of joint a 
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free edge load condition (0 percent LTE) is assumed for purposes of this 
comparison. 

Based on the design life results shown in Figure 4, the 21 inch 
alternative is inadequate for the joint type "B" design. Using a 
thickened edge design for this joint type will not be entirely sufficient 
since the existing runway edge slab may be of uniform thickness at the 
new taxiway locations. Even though stresses in the thickened edge may be 
low enough to minimize cracking in the taxiway pavement, the stresses in 
the runway pavement will not be. 

In terms of comparison to the standard section (Figure 5), no 
advantage is given to either pavement design with regard to joint type 
"B". An increase in thickness greater·than the existing runway pavement 
thickness does not further reduce the load induced stresses or increase 
the life expectancy of the runway slab. Therefore, to preserve the life 
of the runway pavement slab, a load transferring type joint is 
recommended in place of joint type "B". 

It should also be pointed out that the use of Type III cement may 
lead to an increase incidence of random cracking since early high 
strength concretes have a tendency to develop greater shrinkage and 
volumetric changes due to the increased fineness of the cement. This 
type of material behavior will increase curl and warping related stresses 
causing the increase in cracking previously mentioned. Random cracking 
can only be a maintenance problem in areas of high traffic and should be 
minimized . 

Constructing a pavement system with a drainable subbase which will 
allow the removal of moisture from across the entire. paving lane is 
recommended. Even with a positive longitudinal drainage system, neither 
the 21 inch pavement alternative or the standard section is expected to 
drain particularly well. Both of these pavement systems would have a 
tendency to accumulate moisture within the subgrade soils rather than 
positively direct the runoff moisture to the longitudinal drains. 

It should be pointed out that joint sealants do not prevent rainfall 
moisture from entering the pavement system. The joint sealant primarily 
functions to keep debris and loose aggregates out of the joint area to 
reduce the incidence of joint spall which is very important. Good design 
practice requires the use of subbases which will provide a positive 
drainage system. The use of geotextile fabrics should not significantly 
improve the drainage system of the 21 inch alternative but should control 
pumping to a certain degree but not to the degree that lime stabilization 
will as in the case of the standard design . 

The drainability of the fabric is not sufficient to guarantee 
against the development of soft and wet areas which would cause non
uniformly supported conditions in the vicinity of the joints. In airport 
pavement design, the joint is always the critical area to consider in 
terms of subgrade stresses and the potential of permanent subgrade 
deformation because of the magnitude of the loads and the inherent 
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structural weakness that joints impose upon the pavement system. This is 
a problem of great concern even when subgrade conditions are good. 
Therefore, drainage design is critical to the success of the pavement 
design and performance. In light of the above discussion, the functions 
of the subbase are outlined in Table 10. 

Maintainability can also be affected if subgrade stresses are not 
held below tolerable limits of 6 to 8 psi. Subgrade stresses greater 
than this may lead to permanent deformation and non-uniform support 
conditions. Figure 6 shows the subgrade stresses for the 21 inch 
alternative under a wide-body corner loading at the sawcut transverse 
joint (assumed to be 50 percent LTE). Subgrade stresses are also shown 
for the standard section at two conditions of bonding. Very good bond 
conditions or high load transfer on the longitudinal joint must be 
maintained to keep the subgrade stresses below tolerable limits for the 
standard section under the present joint design (with the exception of 
the type "B" joint). 

C. Comparison to Constructability of Standard Pavement Section. 

In all likelihood, formed paving operations may be a more expedient 
means of construction within the safety zone (in comparison to slip-form 
paving) but this may have no bearing on the comparison of 
constructability with the standard section. Both of these pavement 
designs will require excavation and recompaction of the subgrade prior to 
placement of the pavement. Whether or not longitudinal drainage is 
placed is not a factor since it can be installed after the pavement has 
been placed and may not affect the critical path of construction. 

The best pavement design in terms of this comparison may hinge on 
the amount of work the contractor can complete within a given time frame 
with respect to each pavement design. Consequently, input from the 
contractor may be required to make a final decision on the pavement 
design. It is recognized that either the standard section or the 21 inch 
alternative will require some type of load transfer device at the 
taxiway/runway connection. Emplacement of load transfer devices during 
the construction of the taxiway portion abutting the runway may delay the 
contractor enough that two work periods be required to complete the 
construction. The type and placement of load transfer devices is a 
consideration with respect to the pavement constructability. 

Construction restraints require sawcutting of the joints within a 14 
hour work period. The concrete should be allowed to cure for a period of 
3 to 4 hours under insulation blanks (to maintain the heat of hydration) 
prior to sawcutting operations. The use of the insulation blanks will 
increase the rate of hydration and reduce the development of temperature 
gradients up to the time of removal. Joint sawcutting should proceed 
immediately after removal of the blankets. Certain types of admixtures 
may be used which will accelerate the hydration process yet not increase 
the drying shrinkage . 
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The amount of time required to construct the pavement section will 
determine the time available for concrete hydration and sawcutting 
operations within the 14 hour time limitation. This procedure will allow 
for a joint type which lends some flexibility (minimize random cracking 
due to subgrade drag) to the pavement system and eliminate doweling all 
the joints in both directions. Similarily, load transfer should only be 
provided for 100 feet along the joint formed between the new taxiways and 
the existing runway, which is discussed further below. 

The recommended joint at the taxiway/runway connection is a butt 
joint which is retro-fit with load transfer devices after the pavement 
section has been constructed. These type of load transfer devices 
(referred to as a Double Vee or Plate and Stud type load transfer devices 
- details are provided in Appendix B) are placed in core holes at certain 
intervals along the transfer joint and epoxy bonded to the walls of the 
core holes. This type of device will allow for longitudinal movements 
and can be placed such that the construction progress is not impeded. 
Transverse movements are assumed to be minimal due to the effect of the 
doweled joints in the runway pavement. However, as an added precaution, 
some consideration may be given to isolating the runway pavement section 
immediately adjacent to the taxiway connection from the runway 
longitudinal movements thereby reducing similar movements at the joint 
between the taxiway and the runway. 

The 21 inch alternative may be more suited for given the 
construction constraints within the safety zone since it has the 
advantage of one less paving operation, i.e., no subbase is included. 
However, maintenance problems related to drainage may develop as pointed 
out above. In order for the 21 inch section to be successful, a high 
quality of load transfer is required at the transfer joints which can 
only be achieved through the use of load transfer devices. 

If the standard section is chosen for construction, then fully 
bonded conditions are a requirement particularly if the type "B" joint is 
used abutting the existing runway pavement. Since the pavement 
construction may require two phases of work (requiring the contractor to 
bury the subbase while curing takes place to meet the grading 
requirements within the safety zone), it may be very difficult to insure 
that fully bonded conditions will occur between the concrete slab and the 
9 inch CTB. The standard design is not highly recommended since 
achieving a good bonded condition j_g very difficult to accomplish even 
under ideal construction conditions. 

Achieving a good bond between a concrete slab and CTB is not well 
understood but research (9) has indicated a clean, dry surface gives 
better bond results than a wet surface. The surface can be cleaned by 
sand or water blasting or a combination of the two. Roto-milling has 
been used as well. Certain type of grouts have also been used to provide 
an inter-layer bond but perhaps not any more successfully than a clean, 
dry surface type of preparation. Application of a curing compound on the 
surface of the CTB will inhibit the development of inter-layer bond 
unless it is removed prior to the slab placement. 
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Pavement Subgrade and Base Treatment Alternatives for the 21 Inch and 17 
Inch PCC Standard 

Alternatives to the subgrade and subbase treatments for the 21 inch 
alternative and the standard design principally entail improvements with 
respect to drainage considerations. A drainable type subbase of 4 to 6 
inches (which may depend on drainage requirements) such as a open-graded 
crushed stone or a porous bituminous treated aggregate would provide a 
drainage flow path to the longitudinal drainage system. The advantage of 
using a crushed stone is the time saving in placement and compaction. 
However, more uniformly supported conditions may be provided by the 
asphalt concrete subbase. 

It would also be helpful to provide longitudinal drains on both 
sides of the pavement where a crown is constructed at the pavement 
centerline. Lime stabilization is recommended (even if it is pressure 
injected) for both of the designs since it will minimize foundation 
pumping, reduce long range erosion, and facilitate moisture movement to 
the longitudinal drains. 

Recommendation of an Equivalent Pavement Section 

Figure 7 illustrates several equivalent pavement section designs 
depending on the quality of load transfer that one chooses. These 
choices may be made in terms of overall cost, maintainability, and 
constructability. A load transferring type joint may be provided by 
installing dowels during the construction process or retro-fitting the 
joint with load transfer devices as discussed above. Other types of 
joints such as a slotted joint which will allow transverse movement 
should only be used on an experimental basis since performance of this 
joint type under loading is questionable. A 21 inch section is 
recommended as a minimum thickness. 

Figures 8 through 10 illustrate for the same range of equivalent 
pavement thicknesses the load transfer requirements on the longitudinal 
joint for tolerable subgrade stresses. The degree of load transfer on 
the longitudinal joint will affect the subgrade stress. Figure 8 
illustrates subgrade stresses under a wide-body type aircraft corner 
loading at the sawcut transverse joint. Figure 9 is similar except the 
loading is at the doweled transverse joint. Both of these joints are 
currently specified in the construction plans in which a high quality of 
load transfer is required on the longitudinal joint in order to maintain 
the subgrade below 6 to 8 psi. This is particularly true for the 21 inch 
alternative. It is unlikely that present load transfer design on the 
longitudinal joints will provide or meet the requirements suggested in 
these figures. 

Figure 10 illustrates the subgrade stresses under a corner loading 
using the recommended load transfer design. The recommended load 
transfer for both the doweled and sawcut joint should provide a high 
quality of load transfer to maintain the subgrade stresses within 
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tolerable limits. If the decision is made to improve the quality of load 
transfer on the sawcut and doweled joints, then Figure 11 illustrates the 
recommended bar size (either dowel or tie bar) placed at 12 inch centers . 
The recommended size selection of the load transfer devices depends on 
the design concrete strength and whether or not the joint is sawcut. 
(These recommendations are based on a 21 inch design thickness.) 

Summary 

In terms of pavement performance (i.e. life expectancy and 
maintenance) the standard pavement may only provide marginal service 
under the current joint design and doweling scheme. This level of 
performance can be improved by upgrading the load transfer design of the 
longitudinal joints. A special joint retro-fit with load transfer 
devices is recommended to replace the type "B" joint shown in the 
construction plans. The use of any type of "keyed" joint is not 
recommended. Past experience has indicated that this type of joint does 
not perform well under aircraft loadings (6,7). 

The performance of the standard section is heavily dependant upon 
the degree or quality of bonding which is obtained between the 9 inch CTB 
and the 17 inch slab. If fully bonded conditions can be achieved, the 
life expectancy of the pavement will exceed the design life. However, 
special precautions must be taken to achieve a well bonded pavement 
system since these type of conditions do not normally occur by chance. 
If unhanded conditions develop, then the pavement is at risk of 
performing very poorly. Based on past performance of the standard 
section at the airport, the bond conditions are somewhere between fully 
bonded and unbonded conditions. 

Improving the load transfer design on the longitudinal joints as 
suggested above will reduce the potential of excess subgrade stresses 
which may develop under the standard section, particularly at the sawcut 
joints. The potential of excess subgrade stresses is also of concern at 
the locations of the type "B" joints which provide for zero load 
transfer. Although a thickened edge is shown in the construction plans, 
this may not be the case with respect to the existing runway pavement 
where the taxiway meets the runway. If a "no-load" transfer type joint 
is used at this location, an excessively thick slab is required to 
maintain the subgrade stresses to within tolerable limits. Consequently, 
a "load transferring" (or special joint referred to previously) type 
joint is recommended in place of the type "B" joints. The 
constructability requirements can also be met with this type of joint. 

The 21 inch alternate pavement section should not be chosen unless 
an improved doweling and load transfer design is implemented. This 
includes the special joint suggested as a replacement of the type "B" 
joint. This design has the potential of providing a higher level of 
performance for the conditions in which the pavement will be constructed 
since the quality of bond on the bottom of the slab is not critical to 
the performance of the pavement. It is highly recommended that a 
drainage layer be provided under this pavement section and that the 
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subgrade be lime pressure injected prior to construction. (This is also 
recommended for the standard section.) Type III cement is not 
recommended due to greater potential for shrinkage induced warping 
cracking. 

If the current joint design cannot be altered and it is determined 
to not use a thick stabilized subbase as is currently used in the 
standard design, then a thickness of at least 25 inches is necessary to 
meet the maximum subgrade stress requirements. Additionally, this design 
would still require the use of the special joint at the taxiway/runway 
connection. 

It should be pointed out that if the quality of load transfer is 
insufficient due to the type and design of the joints, then the thickness 
design will typically be controlled by the subgrade stresses. If the 
load transfer can be assumed to be of high enough quality, then the 
thickness design will be controlled by the fatigue life or the life 
expectancy requirements. Obviously, the designs under discussion here 
are largely controlled by the maximum allowable subgrade stress . 
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Table 1. Twenty-eight Day Concrete Field Strength Data . 

• Lot Number Average Lot Strength 

1 713 
2 744 
3 693 

• 4 793 
5 768 
6 784 
7 810 
8 806 
9 809 

• 10 843 
11 789 
12 817 
13 793 
14 800 
15 836 

• 16 823 
17 809 
18 821 
19 775 
20 799 
21 805 

• 22 827 
23 819 
24 814 
25 801 
26 839 
27 844 

• 28 795 
29 828 
30 786 
31 809 
32 791 

• Mean 28 Day Strength: 799 psi 
SEE: 33.6 psi 

• 

• 
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• 
Table 2 . Aircraft Mix Characteristics. 

• Distance1 Tire Wheel Contact 
Aircraft Gear Distance Between Tires Pressure Load Area 
~ ~ from CL (inches) ilill (lbs) (inches) 

B-727-200 Dual 9'4-1/2" 34 173 48800.0 16.8xl6.8 

• DC-10-40 Dual 17'6" 64x542 195 54691.8 16.6x16.6 
Tandem 

B-747-400 Dble Dual 18'1/2" 58x44 201 50075.0 15.5x15.5 
Tandem 

• B-737-400 Dual 8' 7" 30.5 185 35300.0 13.8xl3.8 

B-767-300ER Dble Dual 15' 3" 56x45 200 47050.0 15.3xl5.3 

MD-80-87 Dual 8'4.1" 28.13 184 35655.0 13.9x13.9 

• Ll0ll-500 Dble Dual 18' 70x52 184 57500.0 17.7xl7.7 

Notes: 1 Center to center distance 
2 Longitudinal by transverse distance 

• 

• 

• 

• 

• 
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Table 3. Aircraft Operations Forecast. 

Year Annual Aircraft Operations1 

1990 

2000 

2010 

700,000 

938,000 

1,217,000 

Note: (1) 84.8 percent air carrier (75.3 percent of air carrier 
distribution is B-727-200, B-737-400; 20.6 percent is 
B-767-300ER, DC-10-40, B-747-400, LlOll-500) . 

Table 4. Aircraft Traffic Distribution. 

Aircraft Load Group Aircraft Type Percent Distribution 

Table 5. 

B-727 B-727-200 66.7 

B-737 

DC-10 

B-767 

B-737-400 

MD-80-87 

DC-10-40 

L-1011-500 

B-747-400 

B-767-300ER 

5.5 

27.8 

45.7 

14.3 

40.0 

Note: (1) Assumed to be 10 operations per day. 

Distribution of Aircraft Operations1
• 

Temp Grad Time Period Operations Arrivals 

Nighttime 8:00am-2:00pm 0.160 0.610 
(-1.0 F/in) 

Zero 2:00am-6:00am 0.395 0.510 
2:00pm-8:00pm 0.006 0.950 

Daytime 6:00am-2:00pm 0.439 0.470 
(+2.0 F/in) 

Note: (1) 50 percent to the West Side. 
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Table 6. Expected Applications Multiplying Factors. 

Table 7. 

Pavement Temperature Regime 
Taxiway Type Nighttime Zero Daytime 

Crossing 0.00601 0.0048 0.0015 

High-Speed Ramp 0.0244 0.0518 0.0516 

Note: Cross taxiways carry 5 percent of takeoffs 
High-speed ramps carry 50 percent of landings 
(1) 0.0060 - (0.05)(0.439)(0.53)(0.50) . 

Expected Operations. 

Aircraft Type Average Annual Total 

B-727-200 404,323 8,077 ,3611 

B-737-400 33,422 666,049 

DC-10-40 74,306 1,480,661 
L-1011-500 23,251 463,314 
B-747-400 3,650 73,000 

B-767 65,200 1,295,983 

Note: Total operations at year 20 - 18,965,000 
(1) 8,077,361 - (18,965,000)(0.848)(0.753)(0.667) . 

Table 8. Aircraft Pass-to-Coverage Ratios. 

Aircraft Type 

B-727-200 

B-737-400 

DC-10-40 
L-1011-500 
B-747-400 

B-767-300ER 
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• 
Table 9. Fatigue Damage Worksheet - 21 Inch Slab - 25% LTE. 

• Aircraft Expected Wheel Load Temperature Curl Allowable Fatigue 
~ Coverages Stress Gradient Stress Coverages Damage 

Daytime 
Gradient 

• DC-10-40/ 
L-1011-500 50661 455.5 +2.0 +92.5 1462446 0.03460 

B-747-400 1902 355.2 +2.0 +92.5 l.80E+08 0.00001 

B-767-300ER 33774 444.0 +2.0 +92.5 2536930 0. 01330 

• Zero 
Gradient 

DC-10-40/ 
L-1011-500 5085752 455.5 0.0 0.0 l.30E+08 0.00041 

• B-747-400 1910 355.2 0.0 0.0 1. 60E+10 0.0 

B-767-300ER 33905 444.0 0.0 0.0 2.20E+08 0.00016 

Nighttime 

• Gradient 

DG-10-40/ 
L-1011-500 23956 455.5 -1.0 -46.3 1. 2E+09 0.00002 

B-747-400 900 355.2 -1.0 -46.3 2.0E+09 0.0 

• B-767-300ER 15970 444.0 -1.0 -46.3 l.4E+ll 0.0 

Total Fatigue 0.04856 
Calibration Factor 2253 
Calibrated Fatigue 109 

• 

• 

• 
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Table 10 . Functions of the Subbase. 

• 1) To control pumping 

2) To provide a construction platform 

3) To provide and assist pavement subdrainage 

• 4) To control frost action 

5) To control subgrade shrinkage and swelling 

6) To provide uniformily supported conditions 

• 

• 

• 

• 

• 

• 

• 
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Figure 1. Calibration Fatigue Curve. 
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Appendix A 
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Yheel Load Stress Charts 
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• Note: Stress Coefficient - (Yheel Load Stress x Thickness)2)/Gear Load 
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Figure A.2. Edge Stress for B-737 Load Group. 
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Figure A.3. Edge Streaa for DC-10 Load Group. 
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Figure A.4. Edge Stress for B-767 Load Group. 
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Figure A.6. Edge Stress for D-10 Load Group with 9 Inch Unbonded Subbase. 
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DOUBLE YEE PLATE & STUD 

Figure B.l. Illustration of Double Vee and Plate and Stud Shear Load 
Transfer Devices (10). 
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Figure B.2. Detailed Double Vee Device (10). 
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Figure B.3. Disassembled Plate and Stud Load Transfer Device (11). 
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Figure B.4. Plan View Plate and Stud Load 
Transfer Device (11). 
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