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PREFACE 

5«- 
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INTRODUCTION 

BACKGROirND 

For many yearn soil itablllzation has jeen uaed In pavements 

primarily us an expediency to construction or to upgrade an otherwise 

marginal quality material. It has generally been recognized that the 

stabilized soil, becauso of its inherent strength or stability, improves 

the overall structure and provides better performance or increases the 

life of the pavement. However, because of the lack of a methodology 

to assess this increased performance or life, little structural advan- 

tage (i.e., thickness reduction) has been taken when stabilized soil 

layers have been used. The absence of design methodology is generally 

considered to result from the lack of factual data regarding the long- 

time performance of pavements incorporating stabilized soil layers. 

This lack of performance data Is not surprising when the large number 

of influencing parameters are considered (i.e., type of stabilizer, 

quantity of stabilizer, type of material stabilized, thickness of 

material stabilized, etc.). 

Soil stabilization has been used more extensively in highway 

pavement construction than for airports. Several design agencies have 

generated equivalency factors which equate the thickness of a stabilized 

soil layer to an equivalent thickness of an unbound soil layer. These 

equivalency factors have been empirically developed from performance 

data, and are applicable to the conditions from which developed, but 

can also be extended to other conditions. Therefore, equivalency 

factors can nerve a useful purpose in allowing stabilized layers to be 

used in pavement design. 

PURPOSE 

The purpose of this report is to present an analysis of available 

data on the performance of stabilized soil layers in airport pavement 

sections and bused upon that analysis to present recommended thickness 

design procedures for the use of such layers In both flexible and rigid 

pavements. In addition, recommended construction practices gained from 

-jU'iii. i,.-T.y 
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experience In test section construction and actual field observations 

are presented. 

SCOPE 

,1-1* Tests have been conducted   on full-scale test sections con- 

taining stabilized soil layers within rigid and flexible pavement 

structures. These test sections contained different soil types sta- 

bilized with lime, cement, bitumen, or a combination of lime, cement, 

and fly ash. The sections were trafficked under different simulated 

aircraft loadings. As a result of these tests, sufficient data were 

available to develop equivalency factors for application to the design 

of flexible pavements containing stabilized layers and to develop a 

procedure for the design of rigid pavements containing stabilized soil 

layers. 

APPROACH 

Several approaches were conpidered for the analysis of the 

available performance data. These range from the development of 

equivalency factors to the use of theoretical analyses.  Invariably 

it was found that there was an insufficient amount of data available 

to develop an empirical relationship that would have an acceptable 

confidence level or to verify an analytical procedure based upon an 

acceptable theory. Nonetheless, the results of the analysis are 

presented along with recommended design and construction guides for 

stabilized soil layers in airport pavements. 

A theoretical method was considered for the analysis of the 

flexible pavement data but was found at this time not to be developed 

to the extent needed to provide a design procedure compatible with 

other procedures. During the testing phase of this study, the 

theoretical procedures were used to select the loads to b'» applied 

to one of the test lanes and this work is reported in Appendix A. 

In this appendix, comparisons are presented between two theoretically 

based procedures which were considered In the ana-'ysis of available 

data. However, the main thrust of the analysis of the flexible pave- 

ment performance data was to develop equivalency factors for use with 

8 
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the current design procedure.    These equivalency factors relate the 

thicknea? of a stabilized soil layer to an equivalent thickness of an 

unbound nubbuse or base course material.    Unconfined compression 

strength  (UCü) tests were conducted on several of the stabilized soils 

and the equivalency factors related to the DCS.    This allows the selec- 

tion of an equivalency factor based upon the UCS of the stabilized 

soil. 

Performance data from only four full-scale accelerated traffic 

teat  Items are available  for the development of design methodology for 

stabilized layers In rigid pavements.    The available data were analyzed 

aa slabs on grade, as partially bonded rigid overlays, and using the 

Portland Cement Association  (PCA) adjusted radius of relative stiffness 

method.    The overlay equations gave the best results and were selected 

for use in design. 

Much work Is under way by various research agencies to develop 

theoretically based design procedures for airport pavements which when 

finalized will perral* the proper assessment of structural benefits to 

soil stabilized layera.    Until that time, or until more factual perform- 

ance data are available for airport pavements, the use of the procedures 

outlined herein. If used with diocrction and sound engineering Judgment, 

should result in adequate designs giving structural credit to stabilized 

soil layers. 

! 

Wir in iiiii f TI riiir'iiriiiirriiilriiiiiiMiiiii niiifiiii liiiiiiiiiiiani .■-.a-«^^,^ ,„ _J,„.., ,.^.;^.J, 



--~--rrni        --■■-■-■^ggjgg^g^ggfggguiii^gBa^tmmmfma'BiimmmmmmLM.a-i u , •m^==mL..m M,\ .    n.... _ :,*.mm!imsmmmmmm£'eaF~"''       inu.mmwfm^mm-u, «IJVM ,, ..JM,... 
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FLEXIBLE PAVEMENT AJIAI,YSIS 

PREVIOUS STUDIES 

Results from tests conducted prior to this study and a prelialnary 

analysis of data produced from this study resulted in the developaent of 

equivalency factors based upon a total thickness concept. These factors 

were developed by determining the thickness of conventional flexible 

pavement which would perform (produce same number of coverages to 

failure) in the same manner as the stabilized pavement. These tiro 

thicknesses were related and an equivalency factor produced. This was 

accomplished for each test item and, as a result, a table of equivalency 

factors was developed. These factors were used in References 5 and 6. 

Further analysis of the test data showed that a more reasonable analysis 

was to study the data in terms of layer thickness ratios rather than 

total thickness ratios. Therefore, this report presents the results 

of an analysis directed at determining equivalency factors based upon 

layer thicknesses. 

Procedures for selecting the type of stabilizing agent and the 

percent of stabilizer have been developed and reported in References 5 

and 7. 

TEST SECTIONS AND DATA 

Results of three test sections were used to obtain data for this 

analysis. Results from the test section that was constructed as a part 

of this study are reported in Reference 1. A plan and cross section of 

this test section are shown in Figure 1. The other test sections wert 

constructed and trafficked under related projects. The results of 

these test sections were extracted from References 2 and 3 and a plan 

and cross section of each of these test sections are shown in Fig- 

ures 2 and 3. The data from these three test sections that were used 

in this analysis are shown in Table 1. 

CONVENTIONAL FLEXIBLE PAVEMENT 
TEST ITEMS 

Figure 1 shows item 5 to be a conventional flexible pavement 

10 
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test item which was trafficked with a 200-kip and 2U0-kip twin-tandem 

load. This test item sustained 2500 coverages of the 200-kip load on 

lane 1 and 3^0 coverages of the 2U0-kip load on lane 2. Using existing 

criteria, 2500 coverages of the 200-kip load would require U5 in. of 

flexible pavement and 3^0 coverages of the 2U0-kip load would require 

h2  in. of flexible pavement. The test item had h2  in. of pavement 

above the subgrade and indicates that the conventional item performed 

in accordance with the existing conventional pavement criteria. 

UNC0NFINED COMPRESSION TEST DATA 

In addition to the test data presented in References 1-3, 

unconfined compression tests were conducted on several of the stabilized 

soils used in the test sections. The samples were laboratory prepared 

and tested at 28 days. The results of the -unconfined compression tests 

are shown in Table 1. 

DEVELOPMENT OF EQUIVALENCY FACTORS 
FOR FLEXIBLE PAVEMENT TESTS 

The analysis of data used to develop equivalency factors was 

based upon use of the CBR design method. In the analysis procedure, it 

was necessary to calculate the total thickness of a conventional flexi- 

ble pavement which would perform in the same manner as the test items 

containing stabilized layers. It was considered necessary to base 

these calculations on an accepted and reliable procedure and the CBR 

design method as developed by the Corps of Engineers and presented in 
Q 

TR-71-17 was selected. 

The CBR method for determining flexible pavement thickness 

requirements involves the parameters of soil strength, load, traffic, 

thickness, and tire contact area or tire pressure. These parameters 

have been related through the equation 

t = oeVS -0.01+81 - 1.1562   log 
CBR1 

- 0.6kl6 (- i 
(1) 

- 0.U730 flog £25- 
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where 

t = total thickness of superior material required above a layer 
of soil of known strength to prevent shear failure within 
this layer of soil, in. 

ct = load repetition factor which varies with the number of 
wheels on the main gear of the aircraft being considered 
and the volume of aircraft traffic or in the case of 
accelerated traffic tests the number of wheels on the 
test gear and the volume of traffic to failure of the 
test item 

A = measured contact area of one tire, sq in. 

CBR = strength of soil as determined by Test Method 101 of 
Military Standard MIL-STD-621A9 

p    = equivalent single-wheel load (ESWL) or single-wheel load 
(SWL) tire pressure, psi 

The tire pressure,    p    , is an artificial tire pressure for multiple- 

wheel loads and has no relation to the actual tire inflation pressure. 

However, for single-wheel loads, this pressure is the average contact 

pressure and is nominally the same as the actual tire inflation pressure. 

For multiple-wheel gears,    p    = ESWL/A , and for single-wheel gears, 

p   = SWL/A .    The ESWL is that load on one tire of a multiple-wheel 

gear that will have the same effect on the pavement system as the gear 

itself. 

The basic parameters involved in the above formula have been 

plotted so that the relationships shown in Figures U and 5 can be 

used rather than the above equation.    Figure ^ is a plot of   t/VJT 

versus " e  ' _ \ 
versus coverages.    Total thickness    t    can be determined from Figure U 

if all other parameters are known and then adjusted based upon the 

traffic level by use of Figure 5. 

In this analysis, the above criteria were used to calculate the 

total thickness of conventional flexible pavement required to support 

the traffic and load applied to the test items.    This total thickness 

was then divided into 3 in. of asphaltic concrete (AC) and 6 in. of 

base, with the remainder of the thickness considered subbase.    The AC 

and base course thicknesses were the thicknesses of base and AC used 

in the test sections.    The AC is considered to be a high-quality AC 

CBR/p    , and Figure 5\is a plot of load repetition factor    a 
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meeting Federal Aviation Administration (FAA)-Office, Chief of Engineers 

(OCE), surface mix specifications, the hase is considered to be a high- 

quality graded crushed aggregate meeting FAA-OCE specifications, and the 

subbase is considered to be a high-quality material meeting FAA-OCE 

specifications. The results of all calculations are shown in Table 2.. 

In developing equivalency factors for each of the test sections 

it was necessary to first find a means of relating unbound crushed 

stone base course material to unbound subbase material. This had to 

be accomplished since, in many instances, a stabilized layer in a test 

item replaced both the base and subbase material. To find this rela- 

tionship, test identification Nos. 11 and 15 were used (Table 2). 

These teat items consisted of 3 in. of AC and 21 in. of crushed stone 

on top of the subgrade. By calculating the equivalent thickness of 

conventional flexible pavement for identification No. 11 and designing 

the layer thicknesses, the AC would be 3 in., the base would be 6 in., 

and the subbase would be 28.5 in., which is a total of 37.5 in. as 

shown in Table 2. 

The top 6 in. of the crushed stone layer in the test item was 

equal to the 6-in. conventional base, and since the thicknesses of 

AC were equal, then 15 in. of crushed stone in the test item replaced 

28.5 in. of subbase material. Therefore, 1 in. of crushed stone was 

performing the same as 1.90 in. of subbase. This same calculation 

was done for test identification No. 15, and showed a relationship 

of 2.12. Considering these two values, an equivalency factor of 2.00 

was selected for crushed stone in terms of subbase, which means that 

in all other calculations, 1 in. of crushed stone was considered equal 

to 2 in. of subbase. Test identification No. 19 was not considered 

in establishing the relationship between subbase and crushed atone, 

since this test item was considered to be significantly overloaded 

by the use of a 75-kip single-wheel load. The equivalency factor 

calculated reflected the magnitude of this overload in that a factor 

of 1.08 was calculated. This factor indicates almost a 1-to-l 

relationship between a high-quality crushed stone base and a subbase 
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material, which is not reanonable and was therefore not used in 

eatabliahing a relationohlp between crushed stone and aubbase material. 

In calculating the equivalency factors for the stabilized layers, 

the following steps were followed. 

a.    An equivalent total thickness of conventional pavement was 
calculated for each test item. 

; )., 

b.    For those test items having a thickness of AC above a single 
stabilized layer, the base in the conventional pavement was 

| \ converted to equivalent thickness of subbase.    The thickness 
of the stabilized layer was then compared to the thickness 
of subbase plus the thickness of subbase representing the 
base course, to determine the equivalency factor. 

£.    For those test items having a thickness of AC and crushed 
stone on a stabilized layer, it was possible to directly 
compare the thickness of the conventional subbase ^Ith the 
stabilized layer to obtain an equivalency factor. 

d.    Those test items containing all-bltumlnoua concrete or 
having bituminous stabilized layera below the surface course 
were treated as a single stabilized layer in the same manner 
as discussed in b above.    This was necessary since there was 
no apparent way to determine the relative effects of the 
separate layers. 

£.    For those test items having a thickness of AC over a sta- 
bilized base on an unstabil!zed subbase, the base In the 
conventional pavement was converted to an equivalent thickness 
of subbase material.    The difference between this equivalent 
subbase thickness and the thickness of subbase in the test 
section was determined, and then compared to the thickness 
of stabilized base to determine the equivalency factor. 

EXAMPLE EQUIVALENCY 
FACTOR CALCULATIONS 

Example calculations showing how the equivalency factors were 

calculated are presented below. 

■ 

a.    Calculate equivalency factor for test identification No.  1 
which consists of 3 in.  of AC, 6 in. of crushed stone base, 
and 2U-ln.  subbase of lean clay stabilized with lime, 
cement, and fly ash. 

(l) The equivalent thickness of conventional pavement from 
Table 2 is 38.6 in., consisting of 3 In. of AC, 6 In. of 
crushed stone, and 29.6 in.  of subbase.    Since the test 
section contains AC and base, then the stabilized layer 
is performing only as a subbase.    Therefore, the thickness 
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of stabilized layer can "be compared directly to the thick- 
ness of subbase in the conventional pavement. 

(2) The equivalency factor is therefore equal to the thickness 
of subbase from the conventional pavement divided by the 
thickness of the stabilized layer, or 29.6/2U = 1.23. 

b. Calculate equivalency factor for test identification No. 2 
which consists of 3 in. of AC and 25 in. of cement-stabilized 
lean clay. 

(1) The equivalent thickness of conventional pavement is 
39.8 in. from Table 2 consisting of 3 in. AC, 6 in. 
base, and 30.8 in. of subbase. Since the test section 
consists of one layer of stabilized material below the 
asphalt, the stabilized layer is doing the same Job as 
the base and subbase of the conventional pavement. 

(2) The 6 in. of base is converted to an equivalent thickness 
of 12 in. of subbase using the equivalency factor re- 
lating crushed stone to subbase. 

(3) This 12 in. is then added to the subbase indicating that 
the stabilized layer is equivalent to U2.8 in. of subbase 
material. 

(U) The equivalency factor is then determined by dividing 
k2.S by 25, which results in a factor of 1.72. Therefore, 
1.72 in. of subbase is equivalent to 1.0 in. of cement- 
stabilized lean clay, 

SELECTION OF EQUIVALENCY 
FACTORS FOR DESIOT 

BITUMINOUS STABILIZED LAYERS 

Table 2 shows the results of equivalency factor calculations 

for all test items containing bituminous stabilized layers along with 

the values for unbound crushed stone. These data were studied and 

arranged in Table 3 to show the range of equivalency factors. Using 

these equivalency factors, representative values were determined by 

initially averaging the values by soil type and then rounding down to 

the nearest tenth of an inch. Table h  shows the equivalency factors 

in terms of subbase material for bituminous stabilized soils. Also 

shown in this table is the equivalency relationship between unbound 

crushed stone and subbaee material. The recommended equivalency 

factors were developed in terms of subbase soils and were extended 
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Table 3 

Equivalency Factors for Bituminous Stabilized Layers 
and Unbound Cruuhed Stone 

Test Item 
Identification 

Number 

22, 26 

23, 27 

2l4, 28 

25, 29 

11, 15, 19 

Description of 
 Stabilized Layer 

Bituminous 

SP, E-l, and cement 
filler with 2.9 percent 

GW, E-l - 6 in. 5 per- 
cent and 6 in. 2.9 
percent 

GW, E-l - 6 in. 5 per- 
cent and SP with 
2.9 percent 

GW, E-l with 5 percent 

Unbound Crushed Stone 

GW, E-l - base course 

Equivalency 
Factors* 

2.32, 1.78 

2.90, 1.76 

1.68, 1.3l* 

U.00, 1.30 

1.90, 2.12, 1.08 

* Expressed in terms of subbase material. 
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Table 1» 

Equivalency Factors for Bituminous Stabilized Materials 

Material 
Equivalency Factors I 
Base Subbase 

All-bituminous concrete 1.15 2.30 

GW, GP, CM, GC 1.00 2.00 

SW, SP, SM, SC _• 1.50 

*   Not recommended for base course. 
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to equivalency factors for base course soils using t,he 2.0 equivalency 

factor previously developed for crushed stone.    This tahle therefore 

shows the number of inches of "base or subbase material that can be 

replaced by 1 in. of a soil stabilized with bituminous material. 

As can be seen in Table U, the equivalency factors are shown as 

being applicable to soils other than those tested.    It was not possible 

to test all soil types, so in order to make the design system usable, 

it was necessary to use engineering Judgment coupled with experience 

to place other soil types into groups for which the equivalency factor 

could be used. 

LIME, CEMENT, OR A COMBINATION 
OF LIME, CEMENT, AND FLY ASH 

Table 1 lists the results of the unconfined compressive strength 

tests and Table 2 lists the calculated equivalency factors for each test 

item.    These data were plotted and are shown in Figure 6.    Data are 

shown for multiple-wheel and single-wheel test results, and these data 

are separated with the single-wheel tests yielding low equivalency 

factors.    These low values are considered to result from a significant 

overload by the single-wheel traffic, and were not included in any 

further analysis.    After studying the multiple-wheel data in Figure 6, 

a limiting curve was drawn on the figure as shown by the solid line. 

This curve can now be used to select a design equivalency factor for 

stabilized soils when the unconfined compressive strength is known. 

The equivalency factors read from Figure 6 are for subbase material. 

If a particular stabilized soil is to be used for base course, the 

factor for subbase must be divided by 2.0 which is the equivalency 

factor that relates base course to subbase course material.    Use of 

equivalency factors less than 1.0 or greater than 2.3 is not recommended. 

Stabilized soils used in a flexible pavement must meet the minimum 
•7 

strength and durability requirements set forth in TM 5-822-V  before 

an equivalency factor may be used in design. 
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Figure 6.    Equivalency factor versus unconfined compressive strength 
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DESIGN PROCEDURE 

To design a pavement containing stabilized soil layers requires 

application of the equivalency factors to the layer or layers of a con- 

ventionally designed pavement. To qualify for application of equivalency 

factors, the structural layer must meet appropriate strength and dura- 

bility requirements. The equivalency factor represents the number of 

inches of a conventional base or subbase which can be replaced by 1 in. 

of stabilized soil. To use the equivalency factors requires that a 

conventional flexible pavement be designed to support the design loading 

conditions. If it is desired to use a stabilized base or subbase 

course, the thickness of conventional base or subbase is divided by 

the equivalency factor for the applicable stabilized soil (Table h  or 

Figure 6). Severed, examples of the application of equivalency factors 

are shown below: 

EXAMPLE 1: USING CEMENT-STABILIZED GRAVELLY SOIL (GM) 
FOR BASE AND SUBBASE 

Conventional 
Design 

Equivalency Factor 
for Cement-Stabilized 

Gravelly Soil, UCS = 890 Stabilized Design 

3 in. AC 
6 in. base 

l8 in. subbase 
1.0 
2.0 

3 in. AC 
6 in.  stabilized GM 
9 in.  stabilized GM 

EXAMPLE 2:     USING CEMENT-STABILIZED GRAVEL  (GW) 
FOR BASE ONLY 

Conventional 
Design 

Equivalency Factor 
for Cement-Stabilized 

Gravel, UCS = 1000 Stabilized Design 

3 in. AC 
8 in. base 

20 in.  subbase 
1.15 

3 in. AC 
7.0 in. stabilized GW 

20 in. subbase 
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EXAMPLE 3: USING CEMENT-STABILIZED SANDY SOIL (SM) 
FOR SUBBASE ONLY 

Conventional 
Design  

1+ in. AC 
10 in. base 
20 in. subbase 

Equivalency Factor 
for Cement-Stabilized 
Silty-Sand. UCS = 6k0 

1.5 

Stabilized Design 

Ü  in. AC 
10 in. base 
13.5 in. stabilized SM 

EXAMPLE k:    USING SURFACE MIX FOR BASE AND SUBBASE 

Conventional 
Design  

h  in. AC 
8 in. base 

15 in. subbase 

Equivalency Factor 
for Surface Mix 

1.15 
2.30 

Stabilized Design 

h in. AC 
7 in. AC 
6.5 in. AC 
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RIGID PAVEMENT ANALYSIS 

»- 

TEST SECTipNS AND DATA 

Results of four test items were used to obtain data for this 

analysis. Three of the test items were a part of the test sections 

constructed under this study and reported in Reference 1. A plan and 

cross section of this test section are shown in Figure 7. The fourth 

test item was a part of the study reported in Reference U and a plan 

and cross section are shown in Figure 8. Each of the four test items 

was divided into two traffic lanes in which either different loads with 

the same gear configuration or different gear configurations were used. 

The performance of each traffic lane was analyzed separately making a 

total of eight analyses. Pertinent data required for this analysis 

were either extracted from References 1 and k  or developed from field 

or laboratory tests especially for this analysis and are shown tabulated 

in Table 5. 

APPROACH 

The performance of each of the four test items was analyzed in 

the following manner in an effort to find an analysis procedure that 

adequately predicted the performance obtained. 

a. Slabs on grade. 

b. Partially bonded rigid overlay. 

c_. PCA adjusted radius of relative stiffness method. 

The performance analyses consisted either of determining the thickness 

requirements which were compared to the as-constructed thickness or 

determining the allowable coverages (stress repetitions) which were 

compared to the actual coverage level causing failure. 

RIGID PAVEMENT CRITERIA 

Current Corps of Engineers (CE) criteria '  were used to 

analyze the performance of the test items as slabs on grade and as 

partially bonded rigid overlays. The CE criteria are based upon the 
12 

Westergaard edge-loading algorithm  assuming that load transfer 
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i'i'' 
devices in the Jointed slats will reduce the free edge stress by 25 per- 

cent. For multiple-wheel gears, the Westergaard algorithm becomes 

rather complex. A graphical solution of the equation Is presented In 

Reference 13 and a computerized solution Is presented In Reference Ik, 

The basis for the CE criteria Is presented In Reference 15. Through 

the use of References 13 and lkt  the computation of the edge stress 

for the multiple-wheel gears used to traffic the four test Items can 

be conveniently reduced to: 

6qrN(l - LT) 

10,000h2 
(2) 

vhere 

a = edge stress In psl 

q ■ tire contact pressure, psl 

I «s radius of relative stiffness, in. 

where 

f   Eh: 

S/l2(l - P2)k 

E = flexural modulus of elasticity of concrete, psl 

h = thickness of concrete, in. 

y = Poisson's ratio of concrete (assumed to be 0.20) 

k = modulus of soil reaction, psi/in. 

N = number of blocks, including fractured blocks, falling 
within the scaled footprint using the influence charts in 
Reference 13 or as computed in Reference ih.    I   versus N 
charts for the gears used in this study are shown in 
Figure 9. 

LT = load transfer (assumed to be 0.25) 

The calculated edge stress is for one application of load. 

Extensive full-scale traffic testing of portland cement concrete slabs 

on grade has shown that a concrete strength equal to 1.3 times the 

calculated stress is required to withstand 5000 repetitions (coverages) 

of the applied stress. This ratio of concrete strength to computed edge 
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stress in the CE criteria is designated the design factor. Coverage 

is the manner used in the CE criteria to translate aircraft passes 

(traffic) into stress repetitions. Because of the transverse distribu- 

tion of traffic and the complexity of wheels in aircraft landing gears, 

the development of pass-to-coverage ratios "becomes a rather complex 

statistical analysis described in References 16 and 17. The thickness 

of pavement for which the design factor is 1.3 is designated as the 

standard thickness (h ). Thus, h  can be defined as the pavement 
s s 

thickness required for 5000 coverages of the applied load. 

Results of full-scale accelerated traffic test sections have been 

used to derive relationships of the ratio (H) of h  to the actual 

thickness h versus traffic coverages for various structural failure 

conditions. These relationships are shown in Reference 18. The failure 

conditions have been designated as "initial," "shattered slab," and 

"complete." The top line of the initial failure relationship is further 

designated as the "initial crack" failure condition and is shown by 

Figure 10 for plain concrete. This relationship was used for the 

analysis of the test items herein based on the development of the first 

crack. The relationship for the shattered slab failure condition 

(Figure 11) was used for the analysis of those test items which were 

trafficked to that condition. The H versus coverage relationship 

for fibrous concrete shown in Figure 10 was taken from Reference 19 

and used for the analysis of the fibrous concrete test items. 

Current criteria for rigid overlays to strengthen existing rigid 

pavements use relationships developed empirically from full-scale 

accelerated traffic testing. The overlay thickness requirement is based 

upon the deficiency between the thickness of the existing pavement (h) 

and the design thickness of a plain concrete pavement (h,) if placed 

on the same foundation condition as that of the existing pavement. 

These relationships depend upon the three degrees of bond that are 

normally obtained between the overlay and base pavement: bonded, 

partially bonded, and nonbonded. The bonded condition is achieved by 

very deliberate treatment of the surface of the existing pavement and 
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application of a bonding agent. The partially bonded is the normal 

condition and is achieved when the overlay is cast on the existing 

pavement with no special cleaning or bonding treatment. The nonbonded 

condition is achieved whenever a deliberate bond-breaking medium is 

placed on the surface of the existing pavement prior to placement of 

the overlay pavement. The four test items considered herein were ana- 

lyzed as partially bonded overlays using the following relationship: 

l.h 

•^-•^-HC'V (3) 

where 

h = required overlay thickness, in. 

h, = design thickness, in., of plain concrete having same 
' modulus of elasticity and flexural strength as overlay 
pavement if placed on the same foundation as the existing 
pavement 

C = condition factor based upon the structural condition of 
the existing pavement at the time of overlay (l.O used 
for the analysis contained herein since both stabilized 
layer and overlay were new) 

h,, = design thickness, in. , of plain concrete having same 
modulus of elasticity and flexural strength as the existing 
pavement if placed on the same foundation as the existing 
pavement 

h. = thickness of existing (base) pavement, in. 

Ordinarily the expression h /h,,  in the above equation is not required 

because the moduli of elasticity and flexural strengths of the overlay 

and existing pavements are about equal and this expression approximates 

1.0. However, for this analysis, the stabilized soil layer is considered 

to be the existing pavement and since it has moduli and strength values 

significantly different than thi overlaying rigid pavement the h,/h,, 

expression will become important. 

If it is assumed that the modulus of elasticity of the layers 

is proportional to the flexural strength and therefore proportional to 

the thickness of the layers, then the following equation may also be 

used to analyze the soil stabilization data: 
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where 

E ^ = modulus of elasticity of the stabilized base 
sb 

E  = modulus of elasticity of the concrete overlay 
CO 

ANALYSIS AS SLAB ON GRADE 

The CE criteria were used to determine the thickness of rigid 

pavement that would be required to sustain the coverage level for the 

initial crack and, when applicable, the shattered slab failure condi- 

tions were reached. Two analyses were made; the first using the k 

value measured on the surface of the stabilized layer and the second by 

estimating the k value of the stabilized layer using the relationship 

shown by Figure 12. The latter analysis assumes that the stabilized 

layer performs similarly to a high-quality unbound base course. 

Pertinent data pertaining to the physical properties of the mate- 

rials and performance of the four test items (8 data points) are  sum- 

marized in Table 5. The first step in the analysis is to determine the 

standard thickness, h , or the thickness of concrete having the same 

properties as the test slab that would be required to support 5000 cov- 

erages of the applied loading. This is a trial-and-error process in 

which the computed edge stress (a ) using Equation 2 is plotted versus 
e 

thickness, h , and the h  value picked off at a stress equal to the 

measured concrete flexural strength divided by the design factor (1.3). 

The values of h  thus determined for the analysis using the measured 
s 

k value on the stabilized layer are shown by column 5 of Table 6. The 

ratio H (column 8) of h  to design thickness (h,) of pavement 

required for the failure coverage levels shown in columns 10 and 11 

are determined from the appropriate Figures 10 or 11. Finally, h. is 

determined by multiplying h  by H . h, is then the thickness of 

concrete pavement having the same properties (E , R , y , and k) as 

the test item that would be required by the criteria to sustain the 

coverages of the applied load indicated for each of the failure condi- 

tions. A plot of h (the existing thickness) versus h, (the design 

thickness) is shown by Figure 13a. 
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Analysis of the test items using the estimated k value on the 

surface of the stabilized layer is performed in the same manner and 

the results are shown in Table 7 and plotted in Figure 13b. The k 

value is estimated by entering Figure 12 with the thickness of the 

stabilized layer and the measured k value of the subgrade. 

ANALYSIS AS PARTIALLY BONDED 
RIGID OVERLAY 

In this analysis, the stabilized layer was considered to be an 

existing base pavement, h, , and the pavement was considered to be a 

rigid overlay, h . The CE criteria (Equation 3) were used to deter- 

mine the thickness of rigid overlay (h, ), having the same properties 

as the pavement, that would be required over the base pavement (sta- 

bilized layer) to yield the performance (coverages to failure) as the 

existing test section. The procedure is essentially the same as that 

described for slabs on grade and the results of the analyses are 

summarized in Table 8. It is necessary to determine the standard 

thickness (h ) of concrete having the same properties (E , y , R , 
SO 

and k) as the existing concrete slab and the standard thickness (h , ) 
so 

of concrete having the same properties (E , y , R , and k) as the 

base pavement (stabilized layer). These are determined by trial and 

error using Equation 2 and are shown by columns 6 and 7 of Table 8. 

H (columns 8 and 12 of Table 8) is then determined by entering Fig- 

ures 10 and 11 with the coverage levels that produced the initial 

crack and shattered slab failure conditions, respectively. The design 

thicknesses (h   and h ) of concrete having the properties of the 

existing pavement and stabilized layers, respectively, are determined 

by multiplying the h   or h ,  by the respective H . These values so     sb 
are shown by columns 9, 10, 13, and 1^ in Table 8. The required thick- 

ness of overlay, h , is then computed using Equation 3 and is shown in 

columns 11 and 16 of Table 8. This h  is the thickness of overlay 

required by the CE criteria over the stabilized layer to produce the 

same performance as the test items. A plot of the computed h  versus 
o 

the thickness of the concrete for each test item is shown by Figure ih. 
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The alternate equation (Equation U)  requires application of the 

same procedures and considerations as applied for the CE criteria, 

except the modulus of elasticity ratios are used rather than thickness 

ratios. These modulus values are shown in Table 5. The thickness of 

overlay, h , required by the alternate equation, is shown in columns 12 

and 17 of Table 8. A plot of the computed h  versus the thickness of 

the concrete for each test item is shown by Figure 15. 

ANALYSIS USING PORTLAND CEMENT 
ASSOCIATION CONCEPT OF ADJUSTED 
I    VALUES 

Appendix B of Reference 20 contains a method for the analysis of 

concrete pavements constructed on stabilized layers. The methodology 

contained therein was used to analyze the four test items and a summary 

of the results of that analysis is shown in Table 9. The concept of 

the PCA methodology is that a strong base, such as a stabilized layer, 

should increase the load-spreading capability of the pavement—that is, 

in effect increase the radius of relative stiffness, Ä . By means of 

a three-layer elastic analysis, the relationship of ratio of modulus of 

concrete to modulus of stabilized layer versus relative change in pave- 

ment stiffness was developed and shown as Figure Bl of Appendix B to 

Reference 20. This relationship was used to determine the increase in 

the radius of relative stiffness, i  , for the pavements in the four 

test items (columns 2 through 12 of Table 9). Figure B2 of Reference 20 

was developed to permit determination of the flexural stress for in- 

terior loading (a.) resulting from the increased radius of relative 

stiffness; however, the limits of the chart did not permit analysis of 

the range of thicknesses and performance incumbent in the four test 

items. Therefore, o. was computed (column 13) for the thickness of 

pavement represented by the increased i'    val le as follows: 

h-= ^ 
)k  12(1 - u?)k 

E 

and 

" (h')2 

^7 
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where 

h" = thickness computed using increased radius of relative 
stiffness U'), in. 

k = modulus of soil reaction, psi/in. 

E = flexural modulus of elasticity of concrete, psi 

q = tire contact pressure, psi 
2 

NÄ. F = in nnn where N is the number of blocks under the contact 
13 

10,000 
area from interior load influence chart*"" or is the bending 
moment/contact pressure from the computer described in 
Appendix C20 

The stress ratio (a./R) was then computed (column 15) and used to 

enter Figure A3 of Reference 20 to determine the allowable number of 

stress repetitions (column l6). 

SUMMARY OF ANALYSES 

The results of the analyses can be readily visualized by examina- 

tion of Figures 13 and ik  and by comparing columns 16 and 17 of Table 9. 

In Figures 13 and lkt  data falling to the right or- left of the line of 

equality indicate that the analysis method used underpredicted or over- 

predicted the required thickness, respectively, based upon the actual 

performance. That is, a data point falling to the right of the line of 

equality indicates that that analysis method gave the stabilized layer 

more structural credit than the performance data indicated that it 

provided. Thus, if that analysis method were used for design, it would 

result in unconservative thickness requirements. Based upon this cri- 

terion, the analysis using the partial bonded overlay equation (Fig- 

ure lit) appears to provide the best fit of the data. It is pointed out 

that test item 6 had an exceptionally low flexural strength as compared 

to the other test items constructed using the same concrete which may 

explain why these data points seem to fall farthest from the average of 

the other data. 

An examination of columns 16 and 17 of Table 9 shows that the PCA 

adjusted Ä method grossly overpredicts the performance of four tests 

while it underpredicts the performance of three tests and gives a 
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reasonable prediction on one test. It appears that the procedure 

underpredicts those items that are rather severely overloaded (i.e., 

flexural stress equals or exceeds the concrete flexural strength) 

while it overpredicts those items where the flexural stress is signifi- 

cantly less than the concrete flexural strength. This would indicate 

that the slope of the stress ratio versus stress repetition relation 

(Figure A3 of Reference 20) should be steeper. It is also interesting 

to note that the stress ratio of four items exceeded 1.0 and yet these 

items carried from 70 to 500 coverages of traffic before the first 

crack was visible. 

DEVELOPMENT OF DESIGN PROCEDURE 

The analyses of the performance of the four rigid pavement test 

items incorporating stabilized soil base courses indicate that the par- 

tially bonded rigid overlay and the slab on grade using the estimated 

k value provide the best correlation of predicted to actual thicknesses 

of rigid pavement. The partially bonded rigid overlay method provides 

a more rational approach to the analysis since it considers the measured 

properties of both the concrete and stabilized soil materials and, thus, 

Equation 3 has been selected for the design of rigid pavements on sta- 

bilized soil layers. Equation 3 was selected over the alternate Equa- 

tion h  until such time as it can be shown that the ratio of the modulus 

values is proportional to the thickness ratios. 

The step-by-step procedure for the design of rigid pavements 

using Equation 3 is as follows: 

a. Establish the modulus of soil reaction for the subgrade in 
accordance with Reference 9. 

b. Establish the design flexural strength and flexural modulus 
of elasticity for the portland cement concrete in accordance 
with References 21 and 22. 

c_. Establish the mix proportioning and density requirements for 
the stabilized soil layer in accordance with Reference 7. 

d. Determine the design flexural strength and flexural modulus 
of elasticity of the portland cement, lime, fly ash, or 
combinations thereof of stabilized soil in accordance with 
test procedures contained in References 21 and 22. 
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£. Determine the design flexural strength and flexural modulus 
of elasticity of a bituminous stabilized soil in accordance 
with References 21 and 22 as modified hy Appendix B of this 
report. 

f. Determine the design thickness, h^ , for both the portland 
cement concrete and stabilized soil that would be required, 
if placed directly on the subgrade, to carry the design 
loading and volume of traffic in the following manner: 

(1) First determine the standard thickness, hs , of pavement 
having the properties of the concrete and stabilized soil 
if placed on the subgrade k . This is a trial-and-error 
process involving Equation 2. That is, the hg will be 
the thickness that will have a computed edge stress equal 
to the design concrete flexural strength divided by the 
design factor (1.3). The most convenient way for 
solving for hg is to select a range of thickness 
which will bracket h  and compute the edge stress for 
each. The stresses are then plotted versus the thickness 
and the value of hg determined from the plot at a 
stress level of R/l.3 . Equation 2 can be solved 
manually using the influence charts in Reference 13 or 
the equation can be solved using the computer program 
in Reference lk. 

(2) The next step is to determine the appropriate value of H 
(ratio of hs/h) by entering Figure 10 with the design 
coverage level. The design coverage level is obtained by- 
dividing the design pass level by the pass-per-coverage 
ratio (P/C) for the design aircraft. The P/C ratio can 
be selected from Reference 16. 

(3) The design thickness, h^ , for the rigid pavement or 
stabilized layer that would be required to support the 
design loading is obtained by multiplying the hg value 
by the H value. It will be noted that two values of 
hd will be required; the hdo which is the thickness of 
rigid pavement that for this procedure is considered to 
be an overlay pavement and h^ which is the thickness 
of stabilized layer that for this procedure is considered 
to be the base pavement. 

£. The final step on the design is then to determine the required 
thickness of rigid (overlay) pavement for a preselected 
thickness of stabilized layer (base) pavement using Equa- 
tion 3. It is advantageous to select two or three thicknesses 
of stabilized layer and determine the resulting thicknesses 
of rigid (overlay) pavement and through an economic study, 
decide the best combination of thicknesses. 
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EXAMPLE DESIGN 

!    •.,. 

The folloving example is used to Illustrate the above-described 

design procedure.    It is desired to design a rigid pavement runway end 

vlth a cement-stabilized soil layer as a base to support 100,000 passes 

of a B-7lt7 aircraft at a design gross loading of 700,000 lb.    The tire 

contact area is 207 sq in.  and the tire contact pressure is 200 psi. 

Through a field and laboratory test program it has been determined that 

the subgrade material classified as a clayey sand (SC-A3), the modulus 

of soil reaction,    k  , is 200 psi/in., the percent cement to be used 

to stabilize the SC material vill be 6 percent, the design flexural 

strength of the cement-stabilized soil (R) will be 125 psi, the 

flexural modulus of the cement-stabilized soil (E) will be 0.3 

x 10    psi, the design flexural strength of the concrete (R) will be 

750 psi, and the flexural modulus of elasticity of the concrete (E) 

will be 5.3 * 10    psi. 

a.    The first step is to determine the design thickness,    h^ , 
for the concrete and stabilized soil, if placed on the sub- 
grade, to support the design loading.    To do this, it is 
necessary to establish the standard thickness,    hs  , of 
each material if placed on the subgrade.    This is a trial- 
and-error process using Equation 2 to determine thickness 
which will yield an edge stress of 750/1.3 = 577 psi for the 
concrete and 125/1.3 = 96 psi for the cement-stabilized soil. 
By selecting thicknesses of 12, lh, and l6 in. of concrete 
and thicknesses of 20, 30, and ho in.  of cement-stabilized 
soil, the computed edge stresses would be: 

Concrete Stabilized Soil 

t12 = 
kk. 7 a    = 

e 
5UJ* £20 = 31.9 

a   = 
e20 

ikk 

lius 50 1 o = 
e U85 So = U3.3 o   = 

e30 
90 

£16 = 55 h a 
el6 

= hio £uo = 53.7 a   = euo 
6h 

The    oe    values are then plotted as shown in Figure l6 and 
the    hs    values picked off at    ae   values of 577 psi and 
96 psi for the concrete and stabilized soil, respectively, 
which are 12.15  (12.2) and 28.5 in.    From Reference 16 it is 
found that the pass-per-coverage, P/C, ratio for the B-71*7 

53 

■•■ -—•■ 
11 ill iinÜMlÜMaffii- A-i^.;»-^..-. w -^- ^^. ...    - -        --      ■■ 



„—  

V' 

160f-        650|— 

in 
a 

10 
en 

a 

tu 
IS 
c 
UJ 

o 
IT. 

0 
u 
N 

< 
h 

STABILIZED LAYER 

CONCRETE 

13 14 IS 

CONCRETE THICKNESS. IN. 

X ± 
Zi 30 3S 

STABILIZED LAYER THICKNESS.  IN. 

_J 
40 

Figure 16.    Determination of standard thickness for example 

K 

n'mr "—" 
ml ii " If   irMtt'"a^ 



mmam i jjj-pjii AJ,JiliMIWJ.41Wipg^!l)B^IJPP||BI*iWlJP,UP>T'l|
lU^ 

aircraft for rigid pavement runway ends is 3.TO. Therefore, 
the design level of 100,000 passes will equal 100,000/3.70 
= 27,027 coverages. Entering Figure 10 with this coverage 
level, it is found that H for plain concrete (which is 
also applicable to stabilized layers) is 111.2 percent. The 
design thickness, h^o , for the concrete (overlay) would 
then be hs x H or 12.2 x 1.112 = 13.6 in. and for the 
stabilized layer (base pavement) 
x 1.112 = 31.7 in. 

db would equal 28.5 

b. These values of h^o and h^ are then used in Equation 3 
to determine the required thickness of concrete (overlay), 
h0 , for a range of thicknesses of stabilized layer, h^ . 
Results are: 

\ 
in. in. 

6 
8 

12 

12.6 
12.1 
10.9 

The final selection of stabilized layer (h, ) and concrete 
(h  )  should then be based on cost, o 
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CONSTRUCTION PROCEDURES FOR STABILIZED LAYERS 

The previous sections of this report have been concerned with an 

improved design procedure for pavement structures using stabilized lay- 

ers. With the design accomplished, the proper procedures must he ad- 

hered to in the construction phase to insure that the pavement performs 

its intended function. 

This section is devoted to those procedures and equipment neces- 

sary for proper construction of stabilized layers vithin a pavement 

system, 

CONSTRUCTION PROCEDURES 

Construction procedures for stabilization with lime, cement, or 

bituminous materials are very similar regardless of the stabilizer used. 

The basic requirements to obtain satisfactory construction with any of 

these stabilizers are to select the proper equipment to adequately 

pulverize the material being stabilized and to combine thoroughly and 

uniformly the stabilizer with the material at the proper moisture con- 

tent for compaction. The three basic phases are continued below. 

INITIAL SITE PREPARATION 

This phase includes removal of all debris from the area to be 

stabilized, provision for adequate drainage, and initial grading to 

the required elevations and cross sections. After initial grading, 

any areas of unsatisfactory material should be removed and replaced 

with satisfactory material and the area reshaped. 

PROCESSING MATERIAL 

This phase consists of pulverizing the material being stabilized, 

thoroughly mixing the stabilizer with the pulverized material, and 

adjusting the moisture content of the mixture to that required for 

compaction. 

COMPACTION AND FINISHING 

This phase consists of spreading the mixture to required grade. 
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compacting, final grading to design grades, and curing. 

One of the most important factors in stabilization construction 

is the scheduling of each phase so that maximum use of equipment can be 

maintained at all times.    The initial site preparation should precede 

the processing of material far enough so that initial pulverizing and 

distributing of stabilizer and mixes may be performed at alternate loca- 

tions at the same time.    Compaction, finishing, and curing follow as the 

last steps.    Construction Joints should be made where each section of 

mixing and compaction Join.    Construction Joints in lime- and cement- 

stabilized material are made by cutting back into the completed work to 

form a true vertical face free of loose or shattered material and begin- 

ning the next section of construction at this face.    Construction joints 

in bituminous-stabilized materials are made by scarifying about 3 ft of 

the previously placed material and placing new material thereon to 

proper grade.    If the bituminous-stabilized material has cured, a light 

application of the bituminous material being used should be applied to 

the previously placed material in the area to be scarified. 

EQUIPMENT 

Equipment required to construct a stabilized layer system is 

generally about the same regardless of the stabilizer. Heavy earthwork 

equipment such as bulldozers, scrapers, trucks, front-end loaders, and 

motor graders is necessary in the initial phase to remove debris, pro- 

vide drainage, and grade to design elevations. The number of different 

pieces of equipment will depend on the size project and the amount of 

work Involved with each operation. 

Pieces of earthwork equipment Involved in the second phase are 

scarifiers, pulverizers, water and stabilizer distributors, and graders. 

In this phase, it is also necessary to have laboratory equipment avail- 

able to determine the moisture content of the mixture and truck-type 

scales to weigh accurately the amount of stabilizer being used if lime 

or cement is used as the stabilizer. Volumetric methods are used to 

determine the amount of bituminous material. The depth of material 
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to be stabilized should be considered when selecting the type of mixing 

equipment. Material should not be mixed or placed in compacted layers 

of greater than 6 in. or less than 3 in. If the required thickness of 

stabilized material is 6 in. or less, satisfactory stabilization can 

be obtained in place using rotary-type or similar mixers. If the re- 

quired thickness is greater than 6 in., multiple layers must be used in 

order to obtain adequate mixing and compaction. Past experience has 

shown that in-place mixing with rotary-type equipment does not produce 

uniform mixing of the stabilizer with the material for the full depth of 

each layer when mixing on a layer that has been compacted; therefore, it 

is recommended that traveling plants or central-mix plants be used for 

multiple-layer construction. 

The third phase involves equipment such as motor graders, mechani- 

cal spreaders for placing the material to the required grade and thick- 

ness, compaction equipment (sheepsfoot, rubber-tired and steel-wheeled 

rollers), and distributors for applying water or bituminous material 

for curing. 

IN-PLACE CONSTRUCTION METHODS 

As previously stated, this method is best suited for single-layer 

construction, or it can be used for the first layer of multiple-layer 

construction.  It is generally cheaper than mixing by traveling or 

central-mix plants. 

Individual steps for in-place stabilization using lime, cement, 

and bituminous materials are discussed below. 

LIME STABILIZATION 

Site Preparation. 

a. 

b. 

Clear area to be stabilized and remove all debris, such as 
roots, stumps, and large rocks. 

Grade area to design grade and cross section. During the 
original grading, drainage must be provided to prevent water 
from collecting or standing on the area to be stabilized. 

Providing adequate drainage is one of the most important 
steps on any construction project. 
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c_'. Remove any unsatisfactory material from the area and replace 
with material satisfactory for stabilization and reshape to 
grade. The replacement material should he similar to the 
adjacent material being stabilized so that the amount of lime 
required will not change in the area of replaced material. 

d. Scarify to the depth to be stabilized. Scarification should 
be carefully controlled so that the subgrade beneath the 
layer is not disturbed. 

e_. Initial pulverization of the soil should be performed after 
scarifying to partially break down the soil prior to adding 
lime. If the material is a highly plastic clay and the 
moisture content is excessively high, initial pulverization 
may not be possible until lime is added and worked into the 
soil with equipment such as a tractor-drawn disk plow. Addi- 
tional pulverization may be required. 

Lime Application. Hydrated or quicklime may be applied by any of 

the following methods; but regardless of the method, it must be applied 

in a manner and in such quantities so that when uniformly mixed with 

the soil the specified lime content is obtained. 

a. Bulk application. Mechanical spreaders or bulk trucks 
equipped with metering devices and spreader bars should be 
used for the application of bulk limes. With either type of 
equipment, it is important that care be taken to insure that 
the required amount of lime is uniformly spread over the area 
to be stabilized. 

b. Bag application. Bags must be spaced uniformly over the area. 
It is recommended that bags be placed in rows both longitudi- 
nally and transversely over the area and then emptied into 
transverse windrows and spread. The lime may be spread with 
a spike-tooth harrow or by drags, or by other types of equip- 
ment, but it is recommended that spreading equipment have 
teeth that hold the frame above the soil to insure that the 
lime is uniformly spread over the area. 

c_. Slurry application. Since in most ca^es additional moisture 
is required to raise the moisture content of the soil being 
stabilized to that required for proper compaction and chemical 
reaction of the lime, the lime can be added in a slurry form. 
This slurry can be mixed in a central plant or tank truck 
and distributed by standard water trucks or asphalt distribu- 
tors. When this method of application is used, the distribu- 
tor should be followed immediately with a scarifier to mix 
the slurry the full depth of the layer and prevent the slurry 
from ponding in low places or running off into ditches. In 
order to apply the required amount of lime in a slurry form, 
it may be necessary to make more than one application of the 

59 

k*^^u*^j^l^^^^^l,±,^--..-:^-i.. -^^^a^^^^i^a^ ***&*>***** 



. . ^   --^^m ■ ■•m^mi^^^^^m^m!^^^^^^^'^  l,r..H,........t!.,^,. 

^ 

slurry to each layer. If more than one application is re- 
quired, the scarifier should follow each slurry application. 

Initial Mixing. Immediately after application of lime, the lime 

and soil should be partially mixed. Complete pulverization and mixing 

are not necessary at this time; and in cases where the soil is a heavy 

clay with a high moisture content, complete pulverization will be im- 

possible. This initial mixing should be thorough enough to alleviate 

any dusting or adverse effects due to wetting of the lime that might be 

caused by wind or rainstorms. The initial mixing may be accomplished 

with rotary-type mixers, tractor-drawn disk harrows, or scarifiers and 

blades. After initial mixing, the area should be shaped to approximate 

grade and the surface lightly compacted to prevent excessive drying or 

overwetting in case of heavy rains. The lime-soil mixture should be 

allowed to precure for up to 1+8 hr before final mixing and compaction. 

This initial curing time allows the lime to break down the clay clods 

and make the mixture more friable. 

Final Mixing and Pulverization. Before final mixing and pulver- 

ization are begun, the moisture content of the lime-soil mixture should 

be checked, and if necessary, water should be added during fined mixing 

and pulverization. If the moisture content is more than 2 percent above 

optimum, the area should be aerated by turning with blade graders, disk 

harrows, or other suitable equipment until the optimum moisture content 

is within specified limits. The lime-soil mixture should be pulverized 

until all clods will pass a 1-in. screen and no less than 60 percent by 

dry weight, exclusive of plus No. k gravel or stone, will pass a No. 1+ 

sieve. The lime should be uniformly mixed the full depth of the layer. 

Compaction. Compaction of the mixture should begin immediately 

after mixing and pulverizing with sheepsfoot rollers, rubber-tired 

rollers, or vibratory rollers depending on the soil type. Compaction 

should begin at the outside edge of the area being stabilized and proceed 

to the center. Compaction should continue uninterrupted until the re- 

quired density has been obtained. Before compaction is completed, the 

area should be shaped so that the design cross section will be obtained 

upon completion of final compaction and finishing. Final compaction and 
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rolling should be with multiple-wheel rubher-tlred rollers and tandem- 

type steel-wheeled rollers. 

Curing. Curing of the soll-llme mixture should "begin Immediately 

after compaction, either by moist curing or by the application of bitumi- 

nous material. Moist curing can be accomplished by keeping the surface 

moistened by sprinkling for a period of T days. Curing by the applica- 

tion of bituminous material should be selected only for the top layer 

stabilized. The surface of the stabilized material should have suffi- 

cient moisture to prevent excessive penetration of the bituminous mate- 

rial. If the surface Is not sufficiently moist, light sprinkling of the 

area may be necessary prior to the application of the bituminous mate- 

rial. Care should be taken, either by sanding or dusting the treated 

surface, to keep the bituminous material from being picked up by traffic. 

CEMENT STABILIZATION 

Many of the steps for cement stabilization are the same as for 

lime stabilization; therefore, details will not be given unless the 

procedure varies from that required for lime stabilization. 

Site Preparation. 

la. Clear area and remove all debris. 

b. Grade area to design elevations and cross sections and provide 
drainage. 

£_. Remove any unsatisfactory material and replace with satis- 
factory material and reshape. 

d. Scarify, pulverize, and prewet material. Prewetting will aid 
in pulverization if material Is a dry silt or clay. Care 
should be taken not to scarify or pulveriae below the depth 
to be stabilized. Pulverization should not exceed the area 
that can be completed in two working days. 

Cement Application. Cement should not be applied if the moisture 

content of the pulverized material exceeds 110 percent of the optimum 

moisture content for the cement-treated material. Cement may be applied 

by either of the following methods. 

a. Bulk application. Mechanical spreaders or bulk trucks 
equipped with metering devices and spreader bars should be 
used for bulk application. 
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b. Bag application. Bags should be uniformly spaced over the 
area to give the required amounts of cement, emptied Into 
lateral vlndrows, and spread "by rake or drag as discussed 
previously under lime application. 

Mixing and Pulverizing. 

a. Dry mixing. After application of the cement, the cement and 
soil should be thoroughly mixed without the addition of water. 
Care should be taken not to mix the cement to depths greater 
than required for the layer. Mixing should continue until 
the cement and soil are so thoroughly mixed that when water 
is added, the cement will not form balls. Lime may be added 
to reduce the plasticity index of high-PI soils and increase 
workability prior to the addition of cement for strength 
increase. 

b. Moist mixing. Immediately after dry mixing, the moisture con- 
tent of the soil-cement mixture should be determined; and if 
additional water is required, it should be uniformly applied. 
Equipment should be available to apply the required amount of 
water within 3 hr. Each increment of water should be in- 
corporated into the soil-cement mixture to avoid excessive 
concentration of water at the surface of the mixture. Mixing 
should continue until the water is uniformly distributed 
throughout the full depth of the layer, with no portion of 
the area being undisturbed for more than 30 min. The mixture 
should be pulverized until all the soil-cement mixture will 
pass a 1-in. screen and at least 80 percent of the minus 
No. k  material will pass the No. h  sieve. 

Compaction. Pneumatic-ti-fcd, steel-wheeled, or vibratory rollers 

should be used for compaction. Compaction should begin immediately 

after mixing has been completed in an area and continue as rapidly as 

possible so that compaction and finishing are completed before hydration 

of the cement. Compaction should begin at the outside edge of the area 

and progress toward the center. Compaction should continue until design 

densities are obtained over the area. 

Finishing. After completion of compaction, the area should be 

fine-graded to conform to design elevations. Moistening of the surface 

may be necessary to accomplish fine grading. After fine grading has 

been completed, the areas should be rolled with a steel-wheeled roller. 

Curing. The soil-cement mixture should be cured for a period of 

7 days. Curing should begin immediately after finishing using one of 

the following methods: 
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a^. Moist curing. This can "be accomplished by covering the sur- 
face with straw or with burlap or cotton mats and sprinkling 
with water periodically to keep the surface moist. 

b. Waterproof sheets. The area should be moistened with a fine 
spray of water and then covered with waterproof paper, 
polyethylene-coated burlap, or polyethylene sheeting. 

£. Bituminous material. The area should be uniformly covered 
with bituminous material at the rate of 0.15-0.30 gal/sq yd. 

BITUMINOUS STABILIZATION 

Procedures for in-place stabilization with bituminous materials 

are very similar to those used with lime and cement except that blade- 

type mixing is permitted. 

Site Preparation. 

a. Clear area and remove all debris. 

b. Grade area to design elevations and cross sections and provide 
drainage. 

c_. Remove unsatisfactory material and replace with satisfactory 
material and reshape. 

d. Scarify, pulverize, and prewet material, if necessary. Care 
should be taken not to scarify or pulverize below the depth 
to be sta'oilized. Pulverization should continue until 75 per- 
cent by diy weight of the minus No. k  sieve material passes 
the No. U  sieve. 

Bituminous Application. After the in-place material has been 

thoroughly pulverized and the required moisture content obtained through- 

out the mixture, the required amount of bituminous material should be 

distributed over the area.  Bituminous distributors should be capable 

of applying the material at controlled rates ranging from 0.05 to 

2.0 gal/sq yd and have a pressure range of 25-75 psi. If more than one 

.pass of the distributor is needed to apply the full amount of bituminous 

material, partial mixing should follow each pass of the distributor. 

Mixing and Pulverizing. After the required quantity of bituminous 

material has been applied, the soil and bituminous material should be 

thoroughly mixed for the full depth of the layer. Mixing may be accom- 

plished with blade graders, disk harrows, or rotary-type mixers. 
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The soii-bitumlnous mixture should he aerated until not more than 50 per- 

cent of the original volatile material remains in the mixture.    Addi- 

tional hlading or pulverizing may be required to speed the release of 

the volatile material. 

Compaction.    After mixing and aeration, the soil-bituminous 

mixture should be graded to the required cross section and grades and 

compacted.    Compaction should begin at the outside edge of the area and 

progress toward the center, with rollers overlapping on successive 

passes at least one half the width of the rear wheel.    Steel-wheeled, 

rubber-tired sheepsfoot, or vibratory rollers should be used for compac- 

tion.    Rollers must be equipped with devices to keep the soil-bituminous 

mixture from adhering to the wheels or feet. 

Finishing.    The area should be shaped to grade as compaction is 

being completed and final-rolled with a rubber-tired or steel-wheeled 

roller.    After rolling has been finished, the area should be given an 

application of bituminous material for waterproofing. 

TRAVELING PLANT METHOD 

The traveling plant method can be used either for mixing in-place 

material or for mixing borrow material on the area being stabilized. 

The traveling plant method or the central-mix plant method, which will 

be discussed later, is recommended when more than one layer of stabi- 

lized material is necessary.    Traveling plant mixers Eire available that 

will combine water, stabilizer  (lime, cement, or bituminous material), 

and soil in one operation.    With windrow-type traveling plant mixers, 

windrows must be uniform and have sufficient material to cover a pre- 

determined width of area to be stabilized to the required compacted 

thickness.    When traveling plant mixers are used, site preparation is 

the same as when in-place mixing equipment is used.    After the site has 

been prepared and the subgrade graded to design elevations and cross 

sections, the material for the first lift is placed in a uniform windrow, 

the moisture content determined (so that the amount of water to be added 

is known), and then the material is mixed and the required amount of 

stabilizer and water added during the mixing operation.    It is important 
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that the traveling plant move at a uniform rate of speed so that a 

constant amount of water and stabilizer can be added as the mixer 

travels along windrows. 

After mixing, the mixture should be spread over the predetermined 

area to the design cross section and compacted. Compaction, finishing, 

and curing of the material should be as previously described for lime-, 

cement-, or bituminous-stabilized material under in-place construction. 

CENTRAL-MIX PLANT METHOD 

The ce-rtral-mix plant method is particularly adaptable to large 

projects with mulxlple layers where borrow material is used. The plant 

should be located near the project site, with adequate area available 

for storage of each gradation of material. Arrangement of the storage 

areas should be such that foreign material is not mixed into the 

stockpiles. 

SITE PREPARATION 

Areas to be stabilized should be clear of all debris and graded 

and compacted to the elevations and cross sections required for the 

subgrade. During the grading operation, all unsatisfactory material 

should be removed and replaced. Drainage should be provided to eliminate 

any water from collecting on areas where stabilized material is to be 

placed. 

MIXING AND SPREADING 

The plant must be capable of producing a uniform mixture of the 

stabilizer (lime, cement, or bituminous material) and water, if required, 

with the selected material. For cement stabilization, it is recomaended 

that the material and cement be dry-mixed first to eliminate balls of 

cement, that water then be added, if required, and mixing completed. 

For lime or bituminous stabilization, water, if required, may be added 

along with stabilizer. 

Mechanical spreaders can be used for spreading either of the 

mixtures. Prior to spreading mixtures with lime or cement, the subgrade 

65 

tfiiiaiiiiiigiHiiiii   iiiliiililiiriilMHHrilM ■''— ---- ITIIMIII 



gag.Wii^aiauujmiiiiiiiiiiiinmw in —.... — ..— „„  wmm .n-npun.iii 

or course on which the mixture is heing placed should be thoroughly 

moistened. Moistening is not necessary for bituminous-stabilized 

layers. 

COMPACTION, FINISHING, 
AND CURING 

Compaction, finishing, and curing of the mixtures should be as 

previously described for each of the materials under in-place 

construction. 
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SUMMARY 
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f  4 

The comparative performance of full-scale structural layers 

stabilized with bitumen, cement, or lime indicated that a reduction of 

conventional flexible or rigid pavement thickness requirements is 

warranted when using high-quality stabilized layers.    A design proce- 

dure for flexible and rigid airport pavement utilizing soil stabiliza- 

tion is presented which quantifiably predicts required airport pavenent 

thicknesses. 

Construction procedures for stabilized pavement systems based 

on actual field operations are also presented.    Types of equipment to 

combine soil-additive mixtures adequately and techniques for compaction, 

finishing, and curing are presented. 
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made 

RECOMMEHDATIOHS 

As a result of this study, the following reeoiamendations are 

a. Use the design procedures presented herein to develop 
thickness design criteria for flexible and rigid pavements 
containing stabilized soil layers. 

b. Make appropriate revisions to References 5 and 6 incor- 
porating revised equivalency factors. 

£. As theoretical design procedures become more developed, 
reanalyze all available data on stabilized son layers 
in pavement systems. 
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APPENDIX A: THEORETICAL ANALYSIS OF AC-SURFACED ITEMS 

The use of computerized analytical models in analyzing the per- 

formance of flexible pavement systems has received widespread acclaim, 

and such models are viewed as a key element in the development of an 

improved design procedure. A number of techniques have "been employed 

in the models, and several programs are available for computing the re- 

quired pavement response parameters. The major techniques are discussed 

in detail in AFWL-TR-69-9.23* 

For this portion of the analysis, two programs were used. The 

first and principal program, CHEVRON, was developed by the California 
2k 

Research Corporation.   This program uses Burmister's layered elastic 

theory to compute stresses, strains, and displacements in a closed-form 

solution, and it has been modified at WES to handle multiple-wheel gear 

loadings by use of the superposition principle. The other program, 

FEPAV, is a finite element program which was obtained from the Uni- 

versity of California at Berkeley. This program can handle nonlinear 

soil properties but is limited to use with single-wheel loads. 

METHOD 1 

Preliminary work for this part of the theoretical analysis was 

accomplished prior to traffic testing and involved the selection of the 

loads to be applied in lanes 1 and 2  (Figure l).    In this work, perform- 

ance criteria were established based on computed subgrade stresses and 

surface deflections.    The general approach for the computations and the 
25 basic data are presented in Barker et al.        Data from the related stud- 

2 3 xes reported by Grau    and Burns et al.    were also used in establishing 

the criteria, particularly those data for twin-t ^A<*.m traffic on the 

items containing stabilized layers.    The criteria established are pre- 

sented in Figures Al and A2, in the form of coverages as a function of 

subgrade stress and coverages as a function of surface deflection.    The 

modulus values required to produce pavement response compatible with 

measured response for the four AC-surfaced items were estimated based 

*    These refer to references in the main text. 
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on data presented in the literature, from results of unconfined com- 

pression and resilient triaxial tests, and from parametric studies of 

the test section. The most heavily weighted data were those reported 
2 

by Grau for the test section containing cement- and lime-stahilized 

layers. In the evaluation of this test section, modulus values of 

20,000, 1*0,000, 100,000 psi were used for the lime-stabilized lean clay 

(CL, E-7),* cement-stabilized lean clay, cement-stabilized clayey 

gravelly sand (SP-SC, E-5), respectively. 

The relationships shown in Figures Al and A2 were then used to 

predict the pavement performance for different loads. Since items 2, 

3, and U were the same except for the stabilized base course material 

(see Figure l), relationships between the modulus values and the 

predicted number of coverages were developed for different loadings. 

The relationships developed from the surface deflection criteria are 

shown in Figure A3, and those developed from the subgrade stress cri- 

teria are shown in Figure A^. During the development of these criteria, 

^0,000 and 100,000 psi were estimated as modulus values for cement- 

stabilized lean clay and cement-stabilized clayey gravelly sard, respec- 

tively; therefore, these values were used for items 2 and 3 since the 

stabilized materials were similar. However, no material similar to the 

stabilized bate of item ^ had been tested, so tne modulus of this mate- 

rial had to be estimated by comparing it with that of other materials on 

the basis of laboratory tests. The preliminary results of tests con- 

ducted on field-mixed laboratory samples obtained from the test section 

are presented in Table Al. The data in Table Al show that the cement- 

stabilized gravelly sand (SP, E-l) is consistently stiffer than the 

cement-stabilized clayey sand (SO, E-T). From the values of the resil- 

ient modulus and the tensile modulus, the stabilized clayey sand appears 

to be stiffer than the stabilized lean clay, while from the values of 

the compressive modulus, the stabilized lean clay appears to be stiffer. 

* Throughout this Appendix, the first soil classification designation 
in parentheses indicates the classification according to the Unified 
Soil Classification System (USCS).26 The second designation Indicates 
the Federal Aviation Administration (FAA) soil classification.27 
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On the "basis of the comparison of the resilient and tensile moduli, the 

modulus of the hase of item h  was estimated as 60,000 psi. The stabi- 

lized lean clay of item 1 was Judged in a similar manner to be less 

stiff, and the modulus was estimated as 30,000 psi. The modulus of the 

crushed limestone (SW-SM, E-l) of item 1 was assumed to be 60,000 psi 

(twice the modulus of the stabilized lean clay "base). A modulus value 

of 50,000 psi was used for the AC surfacing of all four items. Poisson's 

ratio was assumed to be 0.3 for the stabilized and granular materials 

and 0.5 for the AC and the subgrade materials. 

Based on this preliminary analysis of the test section, the 

coverage levels presented in Table A2 were predicted. The performance 

predicted for the 200-kip loading more nearly agreed with the desired 

traffic levels than did the performance predicted for the 2lt0-kip 

loading, so the 200-kip loading was chosen for trafficking lane 1. 

The loading for lane 2, to be chosen based on results of the tests of 

lane 1, was 2^0 kips. 

Table A2 also shows the actual number of coverages applied to the 

test section. The predicted coverages were generally lower than the 

actual coverages for lane 1 and higher for lane 2. This trend indicates 

that performance is much more sensitive to load increases than was indi- 

cated by the predictions. Such apparent sensitivity to load could be 

due to a number of factors. The first would be differences in material 

properties of lane 1 and lane 2. It was noted in Volume I that con- 

siderable variation in cement content existed within the stabilized 

layers. Although there are no data indicating such, it is possible 

for the stabilized layer of lane 2 to be weaker than the stabilized 

layers of lane 1. A more likely reason for the apparent sensitivity 

to load would be the difference in subgrade strengths of lane 1 and 

lane 2. From Volume I it is seen that the noted CBR values for lane 1 

were 5.6, 5.1t, 3.8, U.9, and h.O  for items 1, 2, 3, k,  and 5, respec- 

tively, and for lane 2 were h.h, k.0,  3.2, 5-2, and h.2  for items 1 

2, 3, h,  and 5, respectively. In addition to possible differences in 

strength the material could behave nonlinearly with respect to load; 
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i.e., an increase in load could produce an increase in pavement response 

not. proportional to the increase in load.    Later plate tests indicate 

that the pavement does in fact behave nonlinearly.    Another possibility 

which must be faced is that the criteria used do not in fact represent 

the true relationship between pavement response and pavement performance. 

METHOD 2 

During the past year limiting subgrade strain criteria (Figure A5) 

have been developed for predicting the performance of flexible airport 

pavements.    These criteria were developed employing a finite element 

program for analysis of conventional flexible pavements.        In the 

development of the criteria the modulus of the granular material was 

characterized as a function of the first stress invariant.    To predict 

the performance of the test sections, a modulus is assigned to the 

layers, the subgrade strain is computed by the use of an analytical 

model, and from the relationship in Figure A5 the coverage level to 

failure is determined. 

COMPARISON OF METHODS 1 AND 2 

Items 2-1» were used as the basis for comparisons between methods 1 

and 2.    The comparisons were made by considering the base modulus values 

that would be necessary to predict the actual coverages.    Since the 

second method employs vertical strain as the response parameter for 

predictions, the relationships between the base modulus and the vertical 

strain at the top of the base and at the top of the subgrade were 

developed for both the 200- and the 2lt0-kip loadings.    These relation- 

ships are shown in Figure A6.    For these items the strain at the top 

of the base for base modulus values lower than 80,000 psi would be 

greater than the strain at the top of the subgrade.    In the development 

of the relationships between base modulus values and coverages, the 

larger of the two strains was allowed to control.    From the relation- 

ships shown in Figures A3-A6, relationships between base modulus values 

and coverages were developed for the 200-kip loading  (Figure A7) and 

2lt0-kip loading (Figure A8).    By entering these curves with the actual 
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number of coverages, the tase modxilus required can be determined. These 

required modulus values are. presented in Table A3. From these data, it 

appears that performance is much more sensitive to load than is indi- 

cated by either of the two methods. 

PLATE LOAD TESTS 

To determine the response of the pavement it'jms to load, a series 

of tests was conducted in which the pavement deflections were measured 

at different levels of a repeated plate loading. The loading equipment 

and the instrumentation for measuring the pavement deflection are shown 

in Figure A9. The load curves generated with this equipment are shown 

in Figure A10. It should be noted that the elastic deflections of 

items 2 and h were greater than those of items 1 and 3, and that items 2 

and k  performed the poorest. Also, for item U, the rate of deflection 

was increasing with increasing load, indicating a nonlinear material 

response to loading. 

These data were next used to check the estimates of the apparent 

nodulus of the base for items 2-h.    For this analysis, a finite element 

technique was used to predict deflection for base modulus values of 

50,000 and 100,000 psi. The material properties used as input were 

slightly different from those used in the previous analysis. Since all 

of the plate tests were conducted during cold weather and a nonlinear 

characterization was employed for the processed subgrade, a modulus of 

300,000 psi was used for the AC surfacing. The computed surface deflec- 

tions are compared with the measured surface deflections in Figure All. 

From this comparison, it can be seen that the deflection basin computed 

using the 50,000-lb base modulus more closely follows the measured de- 

flection basins than did the two basins computed using the 100,000-psi 

base modulus. It appears, therefore, that the apparent resilient base 

modulus for item 3 is between 50,000 and 100,000 psi, whereas the ap- 

parent resilient base moduli for items 2 and k  are lower than 

50,000 psi. Thus, the plate loading tests confirm the low modulus 

values indicated in the previous analysis. 
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Table A3 

Comparisons of Required Base Modulus Values for Items 2-k  of 
Lanes 1 and 2 of the Flexible Pavement Test Section 

Item 
No. 

Required Base Modulus, psl 
for 200-klp Loading (Lane l) 
Method 1         Method 2 

Required Base Modulus, psl 
for 2li0-klp Loadln« (Lane 2) 
Method 1         Method 2 

2 9^,000 67,000 56,000 61,000 

3 125,000 7Moo 75,000 67,000 

1* 70,000 58,000 38,000 53,000 
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Figure A10.    Deflection-load curves generated 
from repeated plate loading tests 
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For each item, at least one series of plate tests was conducted 
2 

over a set qf Bison coils.  The readings for item 2 were invalidated 

due to a misplaced Bison coil. Comparisons between the measured sub- 

grade strain for the other items and the computed subgrade strain are 

shown in Figure A12. The nonlinear behavior of the sübgrade is apparent 

from both the measured curves and the computed curves. For item 3 

(the only item for which the load was carried to a full 60 kips), the 

nonlinear behavior becomes evident between 50 and 60 kips. This de- 

velopment, as mentioned earlier, may in part explain the tremendous 

differences in the performance under the 200- and 2U0-kip loadings. 

Thus far, reference has been made only to the resilient response; 

however, as was noted in the performance data, the permanent deformation 

under traffic can lead to pavement failure long before the pavement 

falls due to surface cracking. In the plate load tests, large permanent 

deformations were recorded. 

DISCUSSION OF THEORETICAL 
ANALYSIS 

The theoretical approach to pavement analysis was applied to the 

selection of the initial traffic load. The decision to reduce the 

initial traffic load from the 2Uo-klp design load to the 200-klp load 

proved to be a sound decision and Indicated the value of a theoretically 

based analysis. It has been shown in this section that with proper 

material characterization, correlations can be developed between com- 

puted response parameters and pavement performance. It has also been 

shown that the stiffness of the stabilized layers was considerably lower 

than the resilient stiffness as determined by testing of laboratory pre- 

pared specimens. The apparent stiffness of the field material did 

agree closely with the stiffness as measured in the unconfined compres- 

sion test, but such agreement is considered coincidental. The low stiff- 

ness measured in the field test is believed to be due primarily to 

construction variability, curing and cracking, and the Inherent dif- 

ferences between field and laboratory materials. The transfer from 

laboratory material characterization to actual field material properties 

Al? 
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is considered to be the major obstacle in the development of a theo- 

retically based design procedure. At this time such a transfer is not 

possible ana. thus a strictly theoretically based design procedure cannot 

be perfected. This is not to say, however, that the data presented 

cannot be used in an analysis of flexible pavement having stabilized 

layers, provided competent engineering Judgment is used in the selection 

of both the criteria and  the design stiffness of the stabilized layers 

nor that a more rational procedure cannot be developed which would be 

an improvement in the design of flexible pavement. Such a procedure 

is to require considerable effort in understanding the basic response 

and behavior of pavement systems containing stabilized layers and for 

the development of empirical data necessary to produce a reliable 

design system. 

s: 
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APPENDIX B: PROCEDURES FOR DETERMINING FLEXURAL 
STRENGTH AND MODULUS OF ELASTICITY OF 

BITUMINOUS CONCRETE 

LABORATORY TEST METHOD 

SCOPE 

These procedures describe preparation and testing of specimens 

of bituminous concrete to determine flexural strength and modulus of 

elasticity. The procedures are an adaptation from tests conducted on 

Portland cement concrete (PCC) specimens. 

APPLICABLE STANDARDS 

The following standards are applicable to this procedure: 

a. ASTM C 78, "Flexural Strength of Concrete (Using Simple 
Beam With Third-Point Loading)." 

b. CRD-C 21-58, "Method of Test for Modulus of Elasticity of 
Concrete in Flexure." 

APPARATUS 

The following apparatus «ire required:    Testing machine capable 

of applying repetitive loadings for compaction of beam specimens 6 by 6 

by 21 in. to the design density.     (An Instron electromechanical testing 

machine meets this requirement.)    A steel mold, suitably reinforced to 

withstand compaction of specimens without distortion; two Schaevltz-type 

2000 HR LVDT's; a 5000-lb load cell; an X-Y recorder; and a testing 

machine for load applications conforming to ASTM C 78.     (A Baldwin or 

Tlnius Olsen hydraulic testing machine Is suitable for this purpose.) 

MATERIALS 

Sufficient aggregate and bitumen meeting applicable specifica- 

tions to produce six 6- by 6- by 21-In. test specimens are required. 

In the event the proportioning rf aggregate and bitumen, bitumen content 

and density of compacted specimens are not known, additional materials 

will be required to conduct conventional Marshall tests to develop the 

needed mix design data. 
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SAMPLE PREPARATION 

Prepare in a laboratory mixer four portions of paving mixture for 

one 6- iby 6- by 21-in. beam test specimen consisting of aggregate and 

bitumen in the proportions indicated for optimum bitumen content. Total 

quantity of paving mixture should be such that when compacted to a uni- 

form 6- by 6-in. cross section, the density of the beam will be as 

specified from previous laboratory mix design tests or other sources. 

Temperature of the paving mixture at time of mixing should be such that 

subsequent compaction can be accomplished at 250oF *  50F. Place two 

of the four portions in the 6- by 6- by 21-in. reinforced steel mold 

and compact to a 3-ln. thickness with a 6- by 6-in. foot attached to 

the repetitive loading machine. Shift the mold between load applications 

to distribute the compaction effort uniformly. Add the remaining two 

portions and continue compaction until the paving mixture is compacted 

to exactly a 6- by 6-in. cross section. After compaction, place a 

6- by 21-in. steel plate on the surface of the paving mixture and 

apply a leveling load of 2000 lb to the plate. Prepare six beam test 

specimens in the manner described. 

After cooling, remove the beams from the molds and rotate 90° 

so that the smooth, parallel sides will become the top and bottom. 

Cement ein "L"-shaped metal tab with quick-setting epoxy glue to each 

6- by 21-in. side of the beams on the beams' neutral axis at midspan. 

The tabs should be drilled for attachment of the LVDT's. Cure the 

beams at 50oF for four days prior to testing. 

TEST PROCEDURES 

Condition three specimens each at 50oF and 750F for at least 

12 hours prior to testing,  (if testing occurs immediately after curing 

the specimens at 50oF for four days, no additional conditioning is 

required for the specimens tested at this temperature.) 

Place the specimens in the test machine as described in ASTM 

C 78. Place thin Teflon strips at the point of contact between the 

test specimens and the load-applying and load support blocks. While the 
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"beams are being prepared for testing, place an additional support block 

at midspan to prevent premature sagging of the beans.    Remove this 

support block immediately prior to initiation of load application. 

Mount the LVDT's on laboratory stands on each side of the beans and 

attach the LVDT's to the "l/'-shaped tabs on the sides of the beans. 

Connect the LVDT's to the X-Y recorder.    Make final adjustments and 

checks on specimens and test equipment.    Apply loading in accordance 

vith CRD-C 21-58, omitting the initial 1000-lb load. 

CALCULATIONS 

The modulus of rupture (R) is calculated from the equation: 

where 

R = PL/bd  as given in ASTM C78-75 

R = modulus of rupture, psi 

P = maximum applied load, lb 

L = span length, in. (IB in.) 

b = average width of beam, in. 

d = average depth (height) of beam, in. 

The modulus of elasticity (E)  is calculated from the equation: 

E = 23PL 
1296AI 

k as given in CRD-C 21-58 

where 

E = static Young's modulus of elasticity, psi 

P = applied load, lb 

L = span length, in. (l8 in.) 

A = deflection of neutral axis, in., under load P 

I = moment of inertia (= To"")» i*1* 

b = average width of beam, in. 

d = average depth (height) of beam, in. 

k = Pickett's correction for shear (third-point loading) 
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The values of E should be calculated without using Pickett's correction 

for shear (k). 

REPORT 

The report shall include the following: 

a. Gradation of aggregate. 

b. Type and properties of bituminous cement, 

c^. Bituminous concrete mix design properties, 

d^. Bituminous concrete beam properties. 

e_. Modulus of rupture, 

f. Modulus of elasticity. 
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