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PREFACE

The investigation reported herein was sponsored by the Federal

Aviation Administration (FAA ) under Inter—Agency Agreement No. DOT—

FAT5 WAI—526 , “Structural Pavement Design for Light Aircraft .” The FAA

technical representative was Mr. Fred Horn (ARD—~ 30).

The investigation was conducted during the period January 1975—

December 1976 at the U. S. Army Engineer Waterways Experiment Station

(WES) by personnel of the Soils and Pavements Laboratory (S&PL) under

the general supervision of Messrs. James P. Sale and Richard G. Ahivin ,

Chief and Assistant Chief , respectively, of S&PL. This report was

prepared by Mr. Donald M. Ladd , Dr. Frazier Parker , Jr., and MAJ A. Taboza

Pereira.

Directors of WES during the conduct of this investigation and

the preparation of th is  report were COL G. H. Hilt , CE, and COL J. L.
Cannon , CE. Technical Director was Mr. F. R. Brown.
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STRUCTURAL DESIGN OF PAVEMENTS FOR LIGHT AIRC RAFT

IN TRODUCTION

PURPOSE

The purpose of this study was to develop pavement design procedures

for light aircraft . (Pavements for light aircraft are defined as those

intended to accommodat e aircraft  with gross weights less than 30 ,000 lb .*)

SCOPE

Criteria were developed based upon state—of--the—art technology ;

i . e . ,  no extensive field or laboratory testing program to generate

information was conducted. The basis  for  the  cri teria was primarily a

downward extrapolation of information developed for pavement s designed

for heavier loadings , supplemented and/or modified with performance

data available from exi stinb pavements that have been designed for arid

subjected to loadings comparable to that of light aircraft . The areas

investigated and discussed in this report are :

a. Conventional flexible pavement design .

I. Conventional rigid pavement design .

c. Design of rigid and flexible pavements containing stabilized
layers.

d. Design of pavements containing membrane—encapsulated soil
layers (MESL).

e .  Unsurfaced soil area design .

f. Cost—benefit analysis.

~~~
. Construction of thin rigid pavements.

* A table for converting units of measurement is presented on page - .

5
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CONVENTIONAL FLEXIBLE FA’TE~-~ C~T D:~~IGN

THICKNESS REQUIRE~~ NT S

Thickness  design curves were developed for  conventional flexib~ e

pavement s to be used by light aircraft . These -curven w~ re deve loped

using cri teria developed by the Corps of Engineers  (Ci-:).~ The criteri~

are based on results of numerous tests  c . nj u ot e d  by the  CE including

studies of test  sections t r a f f i cked with full—scal e loads. The flexible

pavement design procedure is -als~ based on an anal ysis of these test

results. The cr i ter ia used herein were also used to develop curreoc

Federal Aviation Athn.inistration (FAA) design curves which are preser±ei

in FAA Advisory Circular dC l50/532O_63.2

DESIGN PA -IETEEC

The design criteria presented herein involve the use of seve”al.

significant parameters , including load , load distribution , :l oad r~u-.~ ti—

tions , strer~ th , and thickness. The first three are concerned with the

loading delivered to the pavement , whereas strength and thickness are

concerned with the pavement and the materials of which it is ccnstruc~ ei .

Load distribution is further broken down into tire pressure or oor .tact

pressure, contact area , number of tires , and tire spacing . St ceogoh  is

considered in terms of the California Bearing Ratio (CBR ) for evaluotinc

shear resistance and the ability to resist der~sif1cation .

LOAD

Load is normally the most significant parameter in pave m ent d e c i ~~n .

The design curves presented herein treat load in t erms of gross aircraft

weight . This weight was considered to be distributed so that. 9~
of the gross we i ght was on the main landing gears.

LOAD DISTRIBUTION

The load on a wheel is app lied to the pavement by a tire ; hus .

tire pressure is an imp~ rt ant r~ rameter  ~mc pavement Jes i~ n. (Contac

pressure is the real concern of designers hut is rot a readi ly  e H s ~-me~
quantity.) Rather than a direct treatment of tire or contact rressure ,

6
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t i re  contact area is t reup e- :.i as the  par ameter , in wc icn  case i t  is

considered that load , :e s i -ire , and con tac t  uc~ a ar e in t~-rre at ed by

the equation P = pA in wL. ch P is wheel load , p is t i r e  inflatico

or contact pressure, and A is tire contact area.

One means of improvino 1istrib~ ti~-ri of i m a l  is the use of multiple

wheels on a single landini~ gear ascemliy . In this way , the load is

divided between two or mr.o re wh e eT ra ther  t h a n  o n e .  To c o n s i d e r  t h e

e f f ec t s  of mult iple—wheel  loads , use s moa Je .~~ he a ~‘cival ant s in g l e —

wheel load (E SWL) concept . EflTL may be d e f i n e d  as t h e  lca i  or. a s ing le

wheel that will have the same ~- -ffeot on a pavemen~ c t r u~o~ure as the  load

of an entire mult i r le—wheel  a s semhly .

LOAD REPETITT ANT

In working with the design criteria , load repetitions were dealt

with in terms c f  annual depart-orec. As rccited herein , t h e  cr i t e ria  are

for a 20—year life . Therefore , a c-mrv i~ Co t- E~0O annui~l departures recre—

sent s 12 ,000 to ta l  Jepar t uves over the life of the navement .

STRENGT H

Strength consid- cu . lonc m o b -c o th-- alit i~ of the pavement to

resist shear de format i . r and iencificcc ~ ion . The s~~-on~ t!- : of soil in

regard to its resistanoe to onear deC rmation is accessed I. use of ~he

CBR . t en s im ’:cat i on is -n ~. r c l le i  1:0 ~~~~i l 1 i : h i n~ r o c u t r e me nt s t o  be

attained by .conJ a c t i o m  d ur i n g  O o r ~st r  . c -  t h a t  T h n s i f i c a  ic- n wi l l

not be c i g n i f i . - a m c t ly  Com ~~h°c- incroasec by atc - ’ - - ~~ loads or. the navement

during its design life .

Thi cknesa  c f -u-er vi n~c c o n c t r u c t i c n  i s  the  rarccme er w h i c h  d~ t er—

mines the proter~ ion of a lay r of riven stren~~h ft - or .  ~~~ load conlied

to th e pavement sur fn .-e above i . A mct~~~ial of any 1ic o n st~’en~ th can

be protected a~’air.c~, shear fr i i .-o an~ iens~~~H~ t~~-n f r n  ony ~-iven

loading by a lay er .
~~~
‘ m- r t r em - thickness. ther~ f---e , ~~~~~~~~ t~~ rrctect

the 5 010-rn , r i b  b a t -  r or l- ir~ - f rom cLear ~e: 
-
~~ 

-n  ,— r  i~~n o i  Ci ~at ion

consist s of s’~be c~ inr arc o-1equ~~ thickness w~ th w~-.i oh t ~ cc-ocr it.

I’ I
~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - -~~-- -- -
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DEVELOPMENT OF DESIGN CURVES

Procedures have been developed for preparing design curves and

are reported in References 1 and 3. These procedures make use of the

following formula for calculating required thicknesses:

t = 

~~~~ 
[ -O.O~8l - 1.1562 (io~ 

~
)

- 0.614114 (los 
~~
)2 - 0.14730 (los 

~~~
)3]

where

t = total thickness required above supporting layer , i n .

CBR = measure of soil strength

= load repetition factor which varies with number of wheels
on main gear of aircraft considered and the volume of air-
craft traffic , coverages (Figure 1). The number of coverage c
is determined by dividing the number of aircraft departures
by a departure—to—coverage ratio. The ratio used for
single—wheel gears was 7.914 and for dual—wheel gears was ~ .2

A = tire contact area, sq in. The tire contact area used
for single—wheel gears was 127 sq in. and for dua l— wh ee
gears was 75 sq in.

p = single—wheel load (5WL) or ESWL tire pressure , psi. For
single—wheel gears , p = SWL/A ; for dual—wheel gears ,

p = ~f!-~ , where ES~L is determined by the method shcw~ is.

Reference 3. This is an a r t i f ic ia l  t i re  pressure for  due l
wheels consistent with use of the contact area of one tire
and has no relation to actual tire pressure . However , for
single—wheel loads , this pressure is the actual average
contact pressure and is nominally the same as the t i re
inflation pressure

ESWL = .equivalent single—wheel load , lb , c omputed for the  dual-
wheel gear aircraft using one gear with tires spaced at
18 in. center—to—center

These parameters are also related by the curve shown in Figure 2

since Equation 1 describe s this curve .

The design curves produced from these criteria are presented in

Figures 3 and 14. Figure 3 is for light aircraft having single-wheel

landing gears, and Figure 14 is for l ight aircraft  havi ng dual—wheel

landing gear!.
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MINIIVUM THICF:~ECS REQUIREMENTS

In addition to determining total thickness and layer thicknesses

from the design curves, there is also a requirement for minimum thickness

of pavement and base course. These minimum thicknesses are as shown on

the following table, and are adequate for small business jets with high

tire pressures except that surface treatments should not be used where

forei gn object damage may occur to aircraft.

Table 1

Minimum Thickness Requirements

Gross lOO— CBR Base 80—CBR Base 50—CBR Base
Weight. kips Pavement Base Pavement Base Pavement ~~~~

Single—Wheel Aircraft

S 14.0 ST 14 MST 14 MST 6
8.0 MST 14 MST 14 1—1/2 6
12.5 1—1/2 1~ 2 14 2
16.0 2 14 2 14 2—1/2 6
20.0 2 6 2 6 3 (

Dual—Wheel Aircraft

10 ST 14 MST 24 MST 6
15 MST 14 MST 14 1—1/2
20 1—1/2 14 2 14 1—1/2
25 2 6 2 6 2
30 2 6 2 6 2—1/2

NOTE : ST denotes surface treatment ; MST denotes multiple surface
treatment .

MATERIAL RE QUIREMENTS

BITUMINOUS SURFACING

The bi tuminous surface or wearing course must prevent the penetra-

tion of surface water into the base course; provide a smooth, well—bonded

surface free from coarse particles which might endanger aircraft or
persons ; resist the stresses imposed by aircraft loads; and furnish a

13 
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texture with good nonskid qualities yet not so abrasive as to  cause

undue tire wear. To successfully fulfill these requirements , the surface

imist be composed of mixtures of aggregate and bituminous binder whic h

will produce a uniform surface of suitable texture , stability , and dura-

bility. Bituminous materials specified in AC l5O/5320—LA ’ may be used .

In addition , materials meeting specifications used by state highway

departments for construction of interstate highways may be used to c-on—

struct surface courses for light aircraft pavement s .

BASE COURSE

The base course is the principal structural oonp - nen~ of t h e

flexible pavement . It has the function of d i s t r i b u t i ng  t h e  wheel t o ad

stresses to the underlying layers. The material in the base c ourse

~ist be of sufficient quality and thickness co m t-event shea r failur e

and densification in the subgrade and of siff i-oient stremoth to res~ st

stress induced into the base course itself. The quality of t he  base

course depends upon composition , physical properties , ant c ompactIon.

FAA specifications for various types of base courses  are designed to

ensure quality materials. In addition , ba se cour se speci f icat io ns u se d

by state highway departments in constructing interstate highway pavements

n~y be used in specif ying base course requirements for l igh t  a i rcraf t

pavements.

SUBBASE COURSE

Where total thickness requirements d i c t a t e , a subbase will be

included as an integral part of the flexible pavement structure . The

f~ nction of the subbase is similar to that of the base course. However ,

since it is protected by the base and surface courses , the material

requirements are not as strict as those for base course . FAA Specifica-

t ion Item P—l514, “Subbase Course ,” 24 
covers the subbase requirements.

In addition , subbase specifications used by state highway department. s in

constructing interstate highway pavements may he used in specifying s’ih-

base courses for light aircraft pavements.

114
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COMPACTION REQ UI HE~-f Fh~Tt ’

BASE COURSE

The base course will be compacted to 100 percent density as

determined by the compaction control test specified in FAA T—6ll.

SUBBASE COURSE

Subbase courses will be compacted to 100 percent density as

determined by the compaction control test specified in FAA T—6l1.

SUBGRA.DE

Compaction of the subgrade will be as follows:

a. For cohesive soils , the top 6 in. will be compacted to
90 percent of FAA T—6ll maximum density.

b. For cohesionless soils , the top 6 in. will be compacted to
95 percent of FAA T—611 maximum density .

c. Fills will be compacted to 90 percent of FAA T—61l maximum
density.

DESIGN EXAMPLE

Assume that it is desired to design a flexible airfield pavement

for the following conditions:

a. Aircraft gross weight = 16 ,000 lb.

b. Aircraft landing gear = single—wheel .

c. Design traffic = 6000 annual departures.

d. Clay (CL ) subgrade material = 14 CBR .
e. Base course material = 80 CBR .
f. Subbase course material = 50 CBR .

To determine the thi ckness requirements , enter Figure 3 with the ~
value , move downward to the 16,000—lb gross weight curve , then horizontally

to the 6ooo annual departure line , and then vertically to the thickness
scale. The total thickness required above the subgrade is 15 in. From

Table 1 obtain the minimum pavement and base course thicknesses . These

are 2 in. of bituminous concrete and L in. of base course. Using these

mini mum th ickn esses , ~~~ thickn ess of subbase will be 15 in. — (~ in. =

9 in.  Therefor e, the ~-~t al section will be as follows:

15
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2—in , bituminous concrete surface

14—in. 8O—CBB base course

9-in. 5O-CBR subbase

14-CBR subgrade

Compaction of the base course , subbase course , and subgrade will

be as follows (from the section above entitled “Compaction Requirements”) .
Materials used for base courses will be c ompacted to at least

100 percent of FAA T—6ll maximum density. Where it can be shown that a

higher density can be obtained easily, the higher density will be

required.

Materials used for subbase courses will be c ompacted to at least

100 percent of FAA T—6l1 maximum density. Where it can be shown that a

higher density can be obtained easily , the higher density will be

required.

The subgrade is a cohesive material and the top 6 in.  will there-
fore be compacted to 90 percent of FAA T—6l 1 maximum density.

16
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RIGID r-AVE~-~~N : DESIGN S

THIC~~ESS REQUIREMENTS

Thickness design curves were developed for rigid pavements to be

used by light aircraft. Use was made of Westergaard ’ s equa t ions  to

calculate edge stress. These equations do not consider the  ef f e c t s  of

load repetitions, which were introduced i n t o  the development of the

design curves through use of a design factor (defined as a ratio of

flexural strength to edge stress). A curve relating design factor to

repetitions was developed from the results of full—scale traffic

tests.5

DESIGN PARAMETERS

The design criteria presented herein for rigid pavement s involve

several significant parameters. These are load , load distribution , load

repetitions, soil strength , thickness , and concrete flexural strength.

These parameters, except flexur al strength , were discussed in connection

with flexible pavement design . The discussions on load , load distribu-

tion , and load repetitions are also applicable tc rigid pavement design
and will not be discussed here . The other parameters as applicable to
rigid pavement design are discussed below .

STRENGTH

Strength considerations include resisting stresses applied to

the foundation by the loaded slab. The strerc~ t-h of foundation in

regard to its resistance to stress is assessed by use of the plate

bearing test to determine a modulus of subgrade reaction . Stress can

be controlled by increasing the strer1-t2 . of t he soil layer supporting

the pavement slab or by increasing t he  thickness -f the slat .

THICKNESS

The thickness of the rigi d pavemes’ slab is the parameter which

controls the stress applied to the fc- ’uidatlon . For a gtven loading

17
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condition , an increase in thickness reduces the stress and a reduction

in thickness increases the stress.

CONCRETE FLEXTJRAL STRENGTH

The design of rigid pavements for airfields is based upon the

critical tensile stresses produced by the aircraft loads. The ability

of the pavement to withstand these stresses is , in turn , determine d

by the strength of the concrete.

DEVELOPMENT OF DESIGN CURVES

The procedures used to develop thickness design curves made use

of the Westergaard Analysis. This analysis assumes that the slab is a

semi—infinite (one free edge), elastic , homogeneous , isotropic plate of

uniform thickness supported on a dense liquid. Calculations and tests

have indicated that the stresses produced by loading near a joint are

equal to or greater than stresses produced by loading in the interior

of a slab. The edge—loaded condition is the basis for this design method.

However, In practice , some of the stress is transferred to the adjacent

slabs. The stress along joints is therefore less than the free edge

stress but still larger than the stress resulting from a load in the

slab interior . Load transfer devices commonly used are keys or dowels

or aggregate interlocks that develop from a crack through th e  concrete

thickness , such as at weakened—plane (dumn~r groove) joints. Another

method used is to thicken the slab along joints to resist the higher

stresses. Laboratui -y model tests and prototype aircraft  loading

tests in the field have been employed to determine the amount of’ stress

relief that Is accomplished by transfer of stress from the loaded slab

to the adjacent unloaded slab through the stress relief mechanisms .

Under normal conditions , it has been found that the stress relief can

vary from a maximum of nearly 50 percent to a minimum of 25 percent .

This value varies depending upon such factors as the joint opening ,

subgrade strength, warping and curling within the slabs, degree of

distress in the slabs, and condition of the stress relief device

constructed in the pavement ; however, longtime performance studies have

18 
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indicated that 25 percent is a reasonable value . Therefore , whet- . the

edge s t ress  due to a load tangent- t i -i a jo in t  having a s t ress  relief

mechanism is computed , the oornoute-i stress is reduced by 25 er:ent

Westergaard ’s equation for c a l i - u l i t i n~ free—edge s~ ress is as

follows :

= 

)h
2 

1O 0k~~~~ 
b

14
~ 

+ l . 3~ - ~ + (1 + v )  ~

+ 2( 1 - ~ 
ab 

2 
+ i.i8 (1 — 2v) ~

(a -s- b) 
-

where

a = free—edge stress due to a single wheel tancer .t to t h e  edge ,
e

Po isson ’s rat io  of concre te
F = wheel load , lb

h = thickness of the slab , in.

E = modulus of e l a s t i c i t y  of concre te , psi

k = modulus of soil react ion , p s i / i n .

a,b = semi maj or and semi mi nor axes , respectively , of the  e l lIpt ical
con tact area , in.

= rad ius of relative s t i f f n e s s, i n . ,  where

~~~~~~~~~~~~~ Eh 3 (~)
12(1 — v

For multiple—wheel pears , the  e-suat ions developed to- h e c t e r ~c - iom ’ h

become rather complex. A graphical so lu t ion  -~ f these  equa~ icns  in t h e
C

forts of in f luence  charts  was developed by ~-cket t  and t--~:r. -irr-~n
t

practice employs results ~rom these  inftuen-e chart s f r  ~~ t ~
-

assemblies.

The calculated edge stress , concrete flexur al ~t:-en~-~h , ~~~~~~ 1- ~’at

repetitions are related by a cIesipn f- - ’tor .  The I e s i c~ fa-c . cr to f~~ . -’ ’.
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as the ratio of concrete flexural strengt h to  the maximum edge stress ,

with allowances made for stress relief across joints. For 5000 coverages ,

the design factor is 1.3. The thickness corresponding to the stress for

5000 coverages of traffic can then be adjusted for other t r a f f i c  levels

through use of a ratio of actual thickness  to standard th ickness , H—rat io ,

as shown in Figure 5. This procedure is used in lieu of applying a dif-

ferent design factor for each coverage level . Curves of design factor

versus coverages are available but computations are simpli f ied  if the

described procedure is used .

The H—ratio versus traffic volume relationship for the initial

crack condition is shown in Figure 5. In t h i s  f igur e , the t r a f f i c

volume is expressed in terms of coverages , wher e 1 c-overag e is  def ined

as the condition in which each point in the selected traffic area width

has been subjected to a maximum stress rep~ tition by t h e  gear ir. question .

Sinc e aircraft gears are composed of a var i ety cf combi nat ions of wheels ,
wheel sizes, wheel spacings , and arrangements of the wheels and gears ,

the traffic volume (number of aircraft departures) re—resented by

any given coverage level is variable , dependin g upon the aircraf t gear
configuration . Coverages can be converted to aircraft departures by

the use of a departure—per—coverage (pass—per—coverage ) ratio that is

constant for any given aircraft . For this study ,  a departure—per-
coverage ratio of 7.914 was used for the single—wheel gear aircraft and

5.2 for the dual—wheel gear aircraft .

The above criteria were used to develop the thickness design

curves shown in Figures 6 and 7. Use of these curves to  determine slab

thickness requires entering the curves with the concrete flexural

strength , moving horizontally to  the modulus of soil reaction , (k)

vertically to the aircraft gross weight , hor izontally ~ o the deoarture

level , and then vertically to the thickness scale.

~~ N I~~~-~ THI~DG~ESS

Although the rigid pavement design procedure allows the selection

of a T uvemen t thickness as low as 14 in., It is deemed wise to designate

minimum thickness values. Minimum thicknesses are necessary t o  provide

20
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for several unknowns , such as heavy vehicle loads ( such as fuel cr

service vehicles ) which may occasionally use th e  aveo~ o.t , climat ic

effects , and lack of experience wi th  except i o n al ly  t h i n  r~~-: ’~-mer ~ts .  It

is therefore recommended that nonreinforced po rt~~ari d rv -n c o nc r e t e

(Fcc) pavements have a minimum thickness of 5 in .  and that reInforced

FCC pavements have a minimum thickness of 14 in. when -c -:nta~ning at

least 0.05 percent steel. - :

JOINT REQUIRE~~ NTS

Joints for use in pavements for light aircraf t will co nf orm to

the requirements set forth in AC 150/5320—6B, with the fol lowing excep-

tions or addit ions:

a. The spac ing of joints for 5—in. FCC nonreinforced pavements
will be 12.5 ft for lcngitudinal joints and 15 ft for
transverse joints. For 5—in, reinforced FCC pavement s with
a minimum of 0.06 percent steel , the spacing will be a maximum
of 30 ft. For 14—in, reinforced pavements, the maximum spacing
will be 12.5 ft for longitudinal joints and 20 ft for trans-
verse joints.

b. Dowels for 14— to 5—in, pavements will be 5/8 in. in diameter ,
12 in. long , and spaced 12 in. center to center .

CONSTRUCTION

The use of rigid pavement for light aircraft will depend , to a

large extent , on the cost of the pavement relative to other pavement

types . The cost of thin rigid pavements will depend to a greater extent

on construction cost rather than material cost. ‘The in—place cost of

FCC in terms of unit surface area per unit th ickness  is cert ainly not
a linear function of slab thickness but , in terms of , say , square yards
of surface area per inch of thic i~ness , will increase as thickness
decreases. This will be due to the increased influence of such costs

as finishing , curing , and equ i~~nent which remain constant no matter

what the thickness , whi le  n~i e r ~ ei cost may decrease as a linear
function of thickness. In aid~ tion to cost , construction of thin

pavement s presents a number of unique problems . For these reasons ,

guidance for const r-i~ ’tir1g 4hi n F~’fl pavements is presented in Appendix A.
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SOIL STABILIZATION

There are basically three types of soil stabilization: mechanical,

chemical , and bituminous . These types of stabilization are used to im-

prove the strength of a soil to make it more suitable for use as part of

a pavement structure. Stabilized soils are not generally intended to

serve as surface course because of the effects of weathering and the

abrasive actions of tires. However , in lightly trafficked areas such as

hangar floors or some parking areas they may be considered for such a use.

The normal procedure is to provide a surface course in order to resist

the abrasive action of traffic and weathering.

MECHkNICAL STABILIZATION

Mechanical stabilization produces , by compaction , an interlocking

of soil aggregate particles and may develop to some extent a cementing

action in the fine soil particles, The strength of a mechanically sta—

bilized soil depends mainly upon the inherent strength of the graded

mixture. Therefore , when a very stable soil is required , it Is important

that the grading of the soil—aggregate mixture be such as to produce a

dense mass when compacted. When a high bearing capacity is required and

suitable natural, well—graded soils are not available , the required

gradation may be obtained by- processing the soils to remove undesirable

fractions or by blending two or more soils in the proper proportions.

The blending of soils for use as a base or subbase must meet the require—

ments for base or subbase material.

C1~~MICAL AND BITUMINOUS STABILIZATION

Chemical or bituminous stabilization is used when it is desired

to change properties of a soil in order to provide a satisfactory con-

struction material or improve soil conditions . Chemical or bituminous

stabilization is generally used to accomplish one of the following

objectives:

a. To provide a “working platform.”

1. To modify soil properties such as the plasticity index.

25
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c. To upgrade soils and so i i — a g ~ re~ -a te  mi x tu res  by i n c r e a s i n + c
strength and durability.

If the objective of stabilization is to pr—! ’cI ~e a working platfo” d~ r i n g

construction operations , only en-oug chemical adiJtive is usel to obtain

a hardened mass for temporary use . l i m i l arl y ,  if modification of certain

properties of a soil is desired , the  cuantity of s tabi l izer  t o  he used

is the minimum amount required to obtain the desired result . toahiliza—

tion of a soil for the purpose of permanentl y upgrading the ~cality of

the material generally involves the use of higher percentages of admix-

ture. However , as with otner stabiliza’ ion i ,~ectives , no mor e toan

the minimum amount of chemical req~~1re~ 
t

O achieve che desired res~~ t

should be used. Referenc e 7 may be used to -deterc .~ r. ’~ the  amo -cr~ and

type of stabilizer required.

THICKNESS DESIGN OF FLEXIBLE p—;: --

~€NTS UTILIZING STABILIZED LAYERS

The use of stabilized soil layers within a flexible r avement

provides the opportunity t~ use marEin al  mat erials; i.e., mater ials 4-hat

do not meet the specifications , f-or base a~ d subbase c nurses. ~
‘nen sta-

bil ization is used to stmt ly upRra-ie a soil fnr use ito a pavement struc-

ture , the th ickness  res - t i r e m e n t s  w i l  he  t h e  same as for a conventional

flexible pavement . 2ome soils when stabiliz e-i may he used tt reduce

the overall th ickness  of a flexP-le pavement t hrough the use c” ec-iiva—

lency factors shown i n Table 2 , provi ded hey meet stren~th ant

durability requirements. This table relates the soil , and tt s equiva-

lency factor , to the t~~ e of stabili zing sgent used and the hiyer for

which the stabilized soil would normally be used . The procedure for

utilizing the eauivalency factors ho desi+c n -ho~o a na-cement with s
4- ahili cei

layers is to design a conventional flexible ravement for tte design

conditions and then to co n ve r t that conventional section trots an -~uiva—

lent stabilicel sec~ i -to. .

USE OF EQUT VAIJ ~N FA~’T°~~~

Table 2 lis ts r e ’~~nr~en1 e~ ~c~~i ’o- iiencv factcro . The ~ ah Ie  h w o

factors for base c ,rses ar.d c-ibb -~mse o -u r s e s .  The i n ’ .Id - ~al factors

S — ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ —~~~ - - -  --- - - -- 5----- -—- — -
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Table 2

Equi~~ lency Factors

Equivalency Factors
Mat erial Base Subbase

Asphalt—stabili zed

JUl—bituminous concrete 1.15 2.3-0
GW, GP, GM, GC 1.00 2.Ofl
SW, SF , SM , SC __ * 1.50

Cement—stabilized

OW, GP , SW , SF 1.15 2.30
GC , GM 1.00 2 . 0 0
ML ,~~~i , CL , CH 

__
3•

SC , SM _ _ * 1.50

Lime—stabilized

ML , MH , CL , CH 1.00
SC , ~~~~~ GC , -~~~~ 

__ * 1.1-0

Lime 1 cement, fly ash s tabi l ized

~~~~~ ~~~~~~ CL , CH __ * 1.30

— 
IL’ , SM , GC , (L~ __ *

Unbound crushed stone 1.00 2.00

* Not recommended for use as base course (from Reference ~) .
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ret s-sent the number of inches of bas e on subbase w h i c h  can ‘be rep laced

b’s 1 in. of s~ ahilized material . For example , th e subbase equivalency

f- i - - or f’~r cement—stabilized GW soil is 2.3 which means hat 1 in. of

he st ab i l i z e d  OW soil will r eplace 2.3 in. of conventional unbound

:u~ 1-use noiterial .

To desi~ r. a flexible pavement with stabilize-I layers requires that

a s -n -ren t i onal  flexible pavement be designed and then the layer or layers

.o be stahil i ce-I c~--n ’.-ert ed t o  t he  e q u i v alent  t h i c k n e s s  of s tat - i l i ze l

Ibis is accomplished by din tins the thickness of unbound

r~i *er i a I b y e-~uivalency fact-or.

For  ex amp le , assume that a o-onven i onal flexible r -~- :ement has been

1e:t~~r c~ ~h t i  s~ ns ists of 2 i n .  of asphahoi c c t . or+ -te , ~ in . of -crushed

- ‘
~~~

- i -ice , -in i 10 i n .  of a sr’ivel suhtor+ - . To is d e s i r e d  to ~se cement—
- -  ‘ t i - i  i i  ze-i 10’ in plo-c e ~f t h e  base and cut-i-ace material. From Table 2,

vu. easy fact- -cs for cement— stab-il i :ei 01 are .0 for base courses

in 2 .0 for “. 1 - b a s es .  The 1— in. thicknes s of cc ventis-nal base is d in t -d e l

by ato equ iv a lency  f a - s t - r  of 1.0 i n d i c a t i  n4 -- ’ h a ’ ( in . -f cement—

-~ abilize-.t 
‘+C is r-~ tO  r ed  to rep lac e 4- - ’ - ba s e  -c -urse. hoe 10 in. cf

i base is ti’~-hoe~ b’s t h e  e-ouival ea-c y f’o ’’cr c-f 2.0 indicat i ng that

5 i n .  - - f  t e m e r o — s ~ a t -j i i z e d  0’  i~ r e c ’ i ir ~- i  t o  rerloic e the subbase. The

fjto-il — ‘t i- -ro w-~’ii I tio -~r. ccnnir
4- of 2 is . -of a sp h a l t i c  concre t e -an t

I I  in. ‘ : er’..n _ --~ al ~1i:oet 00’ soil .

li~I- ’FLkL’- S 1  h i  lb OF °Tllf° -‘-lT ’-IL’~
‘0TdTZT~~0 I’TAPILlZFI I 2 ’- b- P?

he u t e  of ’  ‘bt - b e t  c -o i l  layers - - - ‘ a rig id pavement pr o - r i d e s

4 - h e  p ; - - - r  . r r ity  t o  - . ~i-o t b -  s r ’cn s - . a n t  ~~;-~l i t y  of Ohe fo--uodoti— n

or - he ri gi I t-avemeto ’ an d  t i ’ -r eb- y r e d u c e  - red sl ab  ~ 1Oi skne~ -~
The 0 A-l has leveloped a rose ~ur e  ~

‘ r ten oni ns t-i ~~i I na-’en€-r.t on

: t fttliz+- -l soils nih ~hls nr~~’-- tore is or-~s-~nt~-c in A 150/ oh_ h.

Th i  -- ‘e hire nor .- al to ~
- use f-c r I sht io’’r ft  . - were-- , ri~~i I

or :‘ - - l i s~. a t ’  - r ~~5L are “- ‘. a Ive ho - a n- I  • — ic * - i knesse r

tr i o’ a i~~- to - 5 
~~i ed ‘-o any sr -cat  ex tp ro  . i’h-~-t’ t ’f- -r- • ft-or 1’ ~‘ - - ‘  air ‘raft

pa-cement s , sul or i t -~~~ i n  c- - 
~ --s ha--- ’ ~ ee:~ .- + -~~ - -  wt, 1 h  I l  c~ mr

L 

-

~
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the design . When placing a rigid pavement slab on a stabilized granular

soil , the designer may reduce the slab thickness 1.0 in. for each

3.0 in. of stabilized material. When placing a rigid pavement slab on

a stabilized fine—grained soil, the designer may reduce the slab thick—

ness 1.0 in. for each ~4.0 in. of stabilized material. Although the slab

thickness may be reduced due to the use of stabilization , the slab

thickness must meet the minimum thickness values.

I
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~-ll-L-0cLPJ1E— EN CAPSULATED SOIL LAY~~~S
FOR AIRFIELD CONSTRUCTION

GENERAL

For several years , the U. S. Army Engineer Waterways Experiment

Station has been conducting a series of research and development projects

aimed at finding a mean s for making use of fine—grained soils in their

natural state as a base or subbase course in highway and airport pave-

ments. As a result , a method was developed which involves encapsulating

soil layers in membranes.

Fine—grained soils , c ot -nj -ac ted ,  to a high density at an appropriat e

water content , can attain a high bearing capacity. However , these soils

are water—s uscept ible , and i f they absorb water , their  density and

bearing capacity will drop to very low values. This instability ci’

fine—grained soils in the presence of water does not allow them t t  be

used in pavement structures in t h e i r  natural  s tate, unless they are

made waterproof.

Experience has demonst ra te- i  ~hat the  concept of encapsulatt n~-

a soil layer in a waterproof membrane in feasible , and that this i~ct
layer may be used in pa-cement structures. A method of corisor -~cting

membrane—encapsulate-I soil l ayers (~-iEiL) has been developed and the

effec t iveness  of ~-GI: :. in pavement structures has been demonstrated in

several f~ill—sca1e tests. h esea rc h described in References 9—il indt—

cates that MESL has pet- farmed as well as or better than higher stren~tth

conventional soil layers in pavements.

DEFTSIT ION

A MFSL layer is ‘basically com~ s-:- i ~-f fine—grained soil comp acted

to a high density at optimum or s ligb l y below optimum water con ten t .

The soil is enveloped in two sheets of’ membrane and in order to maintain

the water sonte rt is bonded at ho.- ed~ces by asphaltic material . The

membrane pr .-vents t h - - l n t r u o i -n if wa er , even when the adjacent so-il

is sat urated or t i n i e r  fl ood condlh ns . Figure 8 shows a typical cross
sec t ion of ~WSi~ replacinii’ h~ t h  hoe base and /or subbase courses in a
flexible ar rigid pavement.

0
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B L O T T E R  SAND

ASPHA LTIC EMUL SION

Figure 8. Typical tGh L cross section

POSSIBLE USES

~~SL may be used as a single layer in lieu of the base and 
s_ _i t-~

base courses in a conventional flexible pavement , It tony also rep lace

only the base or subbase. In rig id pavement s , tO-ILl. can be used as a

base course in order to improve the modulus of soil reaction ‘~n i e t ’  the

slab. ~€SL may also be used as a stren s—t hersing l ao- er  for ins u t -

airfields. Th e 1~~SL surface can w i t h s t a n d  the  abrasive a c t i o n  of ’
tires , although extra care is needed in tn.aiai-- nanoe.

The use of ~~SL is suggested ft~r elaces wher.- ~ranular roa e—

rial s , meeting conventional pavement re~ u :renent :, are s t  avai’ -~ble cc

when transportation costs are high. The d , e ’ i t o l a n  use

pavement or ~~SL must be based on a comp aru ~ m e study ,  f’r~~ the o- h-w-

points of economy , maintenance , an-i cans’rti ti c- n ~- - c r - ~ t i l i h e s .

The great advantage of’ the tO-hi cyor ’ ero lies in ~he p o s si i ’i l h y ~r

using the local f’ine—gralned soils as base ‘-~ irse r o o - r i a l  wh i c h  oo- -i

result in s ignif icant  cost~ savings-. T~ is kn~ wn 
t hat the transr-r~ ati - n

of base course material f r -on f ar  t-”~r’eo’ ~s mic e ~ f he mo-st ‘xret-oi’: e

items in pavement construction , ‘ m l  ‘ i t - — .- - °‘ “I S. c - s i ld  red-ut-c -r e j n i t o - i ’ - -

this cost..

3—’
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Disadvantages of’ thi s system are the need for i r .c reased  manpower

and the difficulty of preventing tears or punctures in the membrane

during construction . It is important to remember that a hole in the

membranes will allow water to enter the soil layer and reduce its

strength and stability around that point.

SU~~1ARY OF CONSTRUCTION PHOC~~~URES

A summary of the procedures to foll~cw in constructing a tO-SL

are discussed below:
l2_

~~

a. ~€SL bed will be prepared accor-Idog t o  design grate , at the
same t ime and using the same earthwork eluipment as u s e d  in
cuts and fills. The ~~SL bed includes hoe c~ - mvacted subgrade
and the inside slopes --f a~t~ as—nt ;h ~l ce r oo , where l ower
membranes will lie . The ake ch h wa it-: Fhoure S g~ ’ce r art

COMPACTED SHOULDER

~~~~~~~~/~~~~~~~~~~ LDER SL~OPE

COMPACTED SUBGR A DE

Figure 9. A tO-ILL bed

example of a ~
- -~ESL bed. In f i l ls, when the design grade f c-n

the bottom of the MFIIL is reached , shoulder c o n s t r u c t i o n  w i l l
begin. In cuts, the soil is excavated to the ton -‘f the
shoulder , then only the area to contain the ‘-OIL- L will  be
excavated . Shoulders are essential for protectino the lower
membrane throughout the design life ; therefore , it  is s- - I
practice to protect the shuulders from erosion. Compaction
shoul d be applied on the subgrade as in conventional pavement ,
in order to obtain adequate densities. A ~~~~ bed must con-
tain no loose stones or other material s that can endanger
membrane integrity .

I. Spread asphalt emulsion or t h e  t-- t t - o r s  and si- if~s o-f the ‘ich
bed , at a rate of 0.2 to 0, 1 gal  per sq yd , in order ~~~- be n d
the membrane to  the subgrade and avoid d isplacement d-~ -i
construction , Residual asphalt that -t o-es not penetrat e the
subgrade also serves to seal cit-tall p r o - st ar e s -  irs  t he  nerd-r are .
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c. The lower membrane is then placed over the emulsion. Any
overlap between two membranes at the bottom and edges must
be from 1 to 2 ft and bonded with a light application of
asphalt emulsion. The lower membrane must be long enough to
provide at least a 2—ft overlap of the upper membrane .

d. The total soil layer to be encapsulated must be c omposed of
compacted layers of material each 6 in. or less in thickness.
Nat ural soil fr om the construction site or from nearby borrow
areas that meets design criteria and material requirements
may be used. The soil must be at the proper mo i stur e content
before placing on the membrane. Therefore , it is suggested
that a pugnifl or rotary mixer be used to work the soil for
efficient operations and to obtain a homogeneous material.
A 6—mu polyethylene membrane , without protection , will not
withstand traffic of construction equipment and loaded dump
trucks. Therefore , the first layer of soil must be placed
before any equipment can operate over the membrane. This
first layer may be placed with front—end loaders working from
both sides and using a dozer to push soil ahead , or , perhaps
a better procedure is to use dump trucks with tailgate
spreaders moving backward , as is done in construction of
asphalt surface treatments. Using these methods the soil
is always applied ahead of the truck passage and covers the
membrane before wheels pass over it. Compaction must then
be applied , preferably with rubber—tired rollers. The ~-~~SL
must be constructed so that the finished pavement surface
will have the same grade as the adjacent shoulders, in order
to provide complete protection for the lower membrane and
to allow rainwater to run off freely .

e. After the complete soil layer has been compacted and graded ,
an asphalt emulsion is placed on the edges of the soil layer
at a rate of 0.2 to 0.3 gal per sq yd and the excess lower
membrane folded over the edges of’ the ~~SL layer . Asphalt
emulsion is then spread at the above rate on the ent ire sur—
face of the compacted layer , including th e porti on covered
by the lower membrane at the edges. This asphalt will bond
the upper membrane to the soil and seal the joint between
the upper and lower membranes . The compacted soil surface
must be cleaned before spreading asphalt and contain no
material that can puncture the membrane .

f. The next step, which could be done simultaneously with
spreading of the asphalt , is to place the upper membrane.
A special and simple apparatus can be attached to the rear
of an asphalt distributor to unroll the membrane after
spraying of emulsion and before curing .

~ . In order to complete the asphalt—poly’propylene—asphal~
system and provide a waterproof coat over the compacted
soil layer, an emulsion film will be applied at the rat e of
0.2 gal per sq yd on the upper membrane .
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h. Finally , a thin layer of fine sand will be app -l ied over  the
emulsion , before it s curing , and then compacted with a
rubber—tired roller. The excess sand will be removed by
sweeping. The sand works as a blotter for the excess asphalt
and improves friction and eliminates lubricating effect
between the ~~IL L and surface course.

DESIGN CRITERIA AND
M.AT~~~IAL RE QUIREtOTiT S

As a result of full—s cale tests , mat erial requirement s and d esi gn

criteria have been established for the construction of tO- S-L .

FLEXIBLE PAVE~€NTS

a. Soil classification. Soils to be used in  ~~SL system should
be fine—grained soils , with more than 50 percent passing the
No. 200 sieve , and classif ied as CL or CH according to 1Jnifiel
Soil Classification System .~-5 CL soils are usually lean clay
or sandy clay and , among the fine—grained soils , they have the
best compact ion characterist ics. OH soils also perfo rm well ,
although they consolidate more than the CL soils. Both CL
and CH may contain gravel , sand , or silt . Fine—grained soils
such as ML and MR have not been sufficiently tested for ~-~EL
purposes. Further research must be conducted before these
soils may be considered suitable. However , it is kno’~r: that
MR soils have poor compact ion characterist ics , and ~~~~ soils
have a very narrow range of moisture content for effective com-
paction . Even if these materials are considered acceptable
for MRSL construction , close field control will be needed.
It should be remembered that , if f ield compaction does not
obtain the  speci f ied  d e n s i t y ,  it is d i f f i c u l t  to  evacuat e
the MRSL, in order to correct moisture content and reeocct-oact ,
without damaging the membrane. Organic soils are not
suitable for tO-lOS c o n s t r u c t ion .

b. Labnrat  -ry t e s t s .  Mois ture—dens i ty  r e l a t ionsh ips  acco rdin g
— 

to M T T _ P T S _ C C1A , t~etbod 100,
16 mu st be determined . Curves

for -c mrcpac t ion  e ff ar t , s- CE 12 , CE 2~~, and CE 55 should be
drawn , a s  w e l l  as the corresponding unsoake-d -n as—molded
CBR curve s as shown in Figire 10. These data will be he lp fu l
in deternining design requirements. Compaction effort s- ~F 12
and CE ~ 5 u ap r x imat e the c o mp a c t i o n  e f for t s -f A A OH 2  ‘~e t h - -ts-

T—99 and ~-i~~~I- , r -spectively .

o .  Density -arol I}~R t-’equirements. The basic ~ata needed desist-c
a MRSL art— the try - den s i ty  and CBP at -~rhorsurr water c -nt-tnt
f~r CE 5 C  -usc,mcl ~on eff- -no - The r e f o r e , dat a fr -rn F igure  1-’)
may be up- : t~~()  l- --t Figure 11 i - t i -~ r an CE 55 op t  i nuiic wat er
p a n t  en . T h i s  curve t h e n  e n -a l l  es t he  Jes igner  t o  cho os e  rea-
s onable ~r -n s i t  an - i  CBR ‘r ml ies that should be obtained in t h e

~
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Figure 10. Molding water -t-- o - rcten ’ versus densi ty  and
CBR for a lean clay soil
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Figure 11. Molded dry density versus CBR for
optimum water content
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encapsulated soil layer to  provide a good foundat ion for  the
pavement . This denst ty , expressed in terms of percentage of
CE 55 maximum density, will det ermi ne the design compaction
effort . As an example , as sum e that a material with the
character is t ics  shown in Fi gures 10 and 11 is avai lable and
that a 30—CBR MRSL wtll pro-ri-i c a satisfactory foundat ion for
an airfield pavement. By ent orino Figure 11 with the 30 CBR ,
the designer can select the corresponding densi ty of 102 pcf ,
which is approximately 90 percent of the maximum dry density
at optimum water content for CE 55 compaction effort . Then
the specif ied den si ty for thin particular example to -obtain
the 30 CBR will be 9-9 percent of CE 55 maximum density . It is
recommended that the ierocit y be :-~oe o i fied  between -

~~~~ perce nt
and 95 percent of CE 55 maximum for a:irfields. ‘-~oistu:-e con-
tent will be the optimum or sligh:lv below cptimum . d moisture
content above optimum should not be used .

d. Thickness design. Full—scale accelerat ed traffic tests run
at WES described in References 9—il have indicated that
MESL performs as well as or hett- °r than conventional base
courses . However , tests have not yet determined the long—
term perfo rmanc e of ~T°lO . T}orefcre , the thickness cf ‘-O-lO’L
should be determined using the conventional flexible pave-
ment criteria.

RIGID PAVEMRNTS

The requirement s for soil arid conotructico techniques are

basically the same for MRSL under rigi t pavement as under flexible

pavement .

Since the base course thickness influences the modulus c-f soil

reaction under the slab and cc-nsequeotl y the thickness of the slab , a

base course thickness must be chosen t h a t  yields the most economical

design. It is required that the t~~CL be at least 6 in. thick.

The modulus of soil reaction is 9- - ---nm :ted accordins to the

following procedure .

a. Plate bearing tests must ‘be run on the subgrade , as prescr ibed
in MIS— lOT T— l O A , t~ethc- -i 1014. The to-lOulus value obtained from
the tes~ is * hen corrected for bend i ns -of the plate and  for
satura ion -o f’ 4he soil , in oct - -n to -obtain the suhgrade
moduluo (k) - This value i s  then used with Figure 12 w h i ch
cons -id--c : the thickness f he tO-lOS base course and yields -
the eft-t- - -t ive k value n~~ top of  the  tP -TCL to be used in
design .
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T H I C X N CSS OF BASE OR SU BB ASE, IN,

Figure 12. Effect of base or subbase thickness on
modulus of subgrade reaction

b. A small test section may then be constructed on the subgrade
soil , prior to the design of the  pavement , in order to rut-c the
plate ‘bearing test on the l-iESL surface. The k value to- be
assigned for design is the lesser of the t~~ values determined
using the above procedures. The maximum value allowed f-c r k
is 500 pci. The modulus of soil reaction so assigned may be
used with the convent i onal des ign  procedures for calculat ion
of the concret e slab thickness.

1€~~RANE S

LOWER MEttBBA1E

For th e lower membrane , a r - ty~ -lone sh~~c t with a min im-sc

th i c k n e s s  c-f 6 mils should be used , Th i .; m-u e . ~a i s  available it- c
s izes  up to 140 by 100 f t.

~r pci~

Re “ ‘ren-°p 0 i c r  cr ihe s  t he  upper m o n l — r a r t e  as a polyprorylene

n-vt-woven fa’rt - -~ --- ~~~~~~ th e  fol lowing p r ° pe r t  las:

t .  t~i n imum t e r c i l e  strengt h in  e i t h e r  d i r ec t i on , 50 lb per in.,
a c ccr t  I ng to AC tM ‘- S- - - F) 1 ~-9:~~i14 -
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I. Weight , 3 to 5 oz per sq yd.

c. Black in color to resist oxidation and hardening .

a. Easily saturated with emulsified asphalts.

BITUNINOUS M&TERIAL

Emulsified asphalts may be ASTM grades CRS—2 , R S—2 , CSS—lh or

SS—lh . Grades CRS—2 or RS—2 should be used in cold climates and -

CSS—lh and SS—lh in hot climates.

BLOTTER SAND

According t o Ref erence 10 , sand to be used as blotter sand must

have at least 90 percent passing a No. 10 U. S. standard sieve and no

n~ re than 10 percent passing a No. 200 screen . The rate should be

the minimum required to blot the excess asphalt .

DESIGN FOR COLD REGIONS

Adequate data to evaluate MRSL performance in cold regions are

not available. Tests performed at the U. S. Army Engineer Cold Regions

Research and Engineering Laboratory , Hanover , N. H., have shown that ,

if MESL impermeability may be guaranteed , thereby ensuring a closed

system , then freezing will cause much less heave than in an open

system. Also, loss of bearing capacity due to thaw effects has been

quite small. However, no definite information is available that allows

MRSL construction in cold regions .

E)~~ECPED LIFE OF A MESL

When MRSL is used as a base course in flexIble pavement s , a plant—
mixed bituminous surface course at least 2 in. thick is required . Loose

stones could puncture the upper membrane; therefore , surface t reatments

are not allowed. The thickness of a rigid pavement slab over a t~E~ L

will be determined using the conventional design criteria discussed

previously .

Rubber—tired trucks as well as conventional paving machines may

operate over MRSL before paving , without damage to the upper membrane .

39
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The important requirement of a ~~ SL system is to keep the soil

layer waterproof. As long as this condition is satisfied , the pavement

will perform well. According to available literature and limited f ield

experience, a l i fe  of about 20 years may be expected for the membranes

when they are underground or when coated with bitumen . Therefore , if

a MESL pavement is well designed , constructed , and maintained it may

be expected to match the life of the membrane.

140

_ _ _  - -- -----~~ - 5---- -- — - - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-5--- ’ - —-5- —- - - -

~~~~



b. Weight , 3 to 5 oz per sq yd.

c. Black in color to resist oxidation and hardening .

d. Easily saturated with emulsified asphalts.

BITUMINOUS M&TERIAI

Emulsified asphalts may be ASTM grades CRS—2 , RS—2 , CSS—lh or

SS—lh. Grades CRS— 2 or RS—2 should be used in cold climates and -

CSS—lh and SS-.lh in hot climates.

BLOTTER SAND

According to Reference 10, sand to be used as blotter sand must

have at least 90 percent passing a No. 10 U. S. standard sieve and no

xr~re than 10 percent passing a No. 200 screen . The rate should be

the minimum required to blot the excess asphalt.

DESIGN FOR COLD REGIONS

Adequate data to evaluate ?~ESL performance in cold regions are

not available. Tests performed at the U. S. Army Eng ineer Cold Begiort o

Research and Engineering Laboratory , Hanover , N . H., have shown that ,

if 1~ ISL impermeability may be guaranteed , thereby ensuring a closed

system , then freezing will cause much less heave than in an open

system. Also , loss of bearing capacity due to thaw effects has been

quite small. However , no definite informat ion is available that allows

MESL construction in cold regions .

E)~~ECTED LIFE OF A ~~SL

When ~~SL is used as a base course in flexible pavements , a p lant—

mixed bituminous surface course at least 2 in. thick is required . Loose

stones could puncture the upper membrane ; therefore , surface treatments

are not allowed. The thickness of a r igid  pavement slab over a t~~FS

will be determined using the conventional design criteria discussed

previously .
Rubber—tired trucks as well as conventional paving machines may

operate over ?~~SL before paving, without damage to the upper r~embrane .

39



-- -w--5- —- --

pr~~~~~

DESIGN OF UTIFTJBFACED CCII AREAS

Over the years , tests have been conducted to develop criteria

for unsurfaced soIl layers with the major emohasis  be ing  on ext -edieno

air fields for use by the military is. the Theater of Operations. From

these tests , criteria were develoved chat are applicable to roads ,

hards tands , airfields , etc ., t-’egardScss of wh ere  they are located.

The initial developments were -directed at -levels-ping criteria for

operation on the natural s--t -bcc -ad~- . h i s  effort resulted in  the develop-

ment of a procedure for -leterrti rtinc ~bc strcn~~ h of soil needed to- sup-

port a given load , There were ins~ anc-~s wpen the natural subgra-ie did

not have sufficient stron~oth to supa-o r’ a tarticular load , so -t at a

soil or aggregate cc rer~~ :ienir.c layer was r --o ~irei or, too -of the ssb—

grade. The next area of’ - -.‘- -Th-rmer.t c.’ith r - c sr e o t  to unsurfaced cr1—

teria  was to deve~ or criteria for is-~ -u’nir.inr the thickness of a

strengthening lao-er recuire .l al owe ‘-he n-a’ to-al grade to suoport a

load .

Unsur facco soil areas ma:,- be use l ‘t- -r all aircraft where the

strength is sufficien . dowe-.-~ r , t here are problems associated with

these areas which must he consid ered. For io.s’at-cce , the soil will

become soft when s~ h~ ect es to- raInfaTlO or freeze—thaw cycles. The use

of a membrane on the sur f ace will oro’~ -~ t the soil from rainfa~~ and
allow it to be use-i in wet -or dry w-~ather . An other problem associated

with unsurfaced areas is dust. -Orass may he r-lanted on the areas to

help control dust , or dust  con t ro l  agents may te used .

DESIGN PARAP~~TER S

he parameter s  uses in the lesi ~nc 
‘- “ t n s u r f a c e - i  soil  areas fo r

light aircraft are basical ly the sat-c— as- thos -e ~c’ed it-c the design of a

flexible pavement. These are load , l~ al ist r i ’l- 1t ion , soll strength ,

traffic , and ~h i c k r e ss.

LOAD

The load n-— c’i~ -i t~~~ I ° s lgr ,  an ccsurfaced area for lI~~ct aircraft
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is the tire load for  a single—wheel gear airc raft an—I the EPWI for a

lu-il—wheel g-~ - -c’ air~ raft .

l~ a~ dis tr ibut i- - n is con-corne d with the manner in which the load

is ransttorre i t h e  u n s ur f a c e d  at - - ---a .  The imp or tan t  factors  in f l u e n c i n g

t L - - i - o a i  i i :~~r i i u i - ~- r. are ascl er of tires , tire spacing , and tire rres—

c u r — -  or c - °n t a c t  ar -o -~ . T-~~ ~n s u r f a c e i  areas , ~he t i re inf l a t ion press ure

is use I ~‘or normal c-C - ions . - So— n ‘ ho average groun d contact pres—

sure is Ct - ~w i . ,  i t  sL ul I be 501 .

CCII oP

The °‘P- P is th e  soil strenctic 5~~~~’g5 -~ er i~sei in unsur faced soil
otrct- .gth leter rni n- ’ i ns- . For uronu r f a ce l soils , it is assumed that the

coil strero g~ - . WI iT r~-cc i r. a c-o-nst~int val t- . rTh. alt the soil stren~~ h

~e ~reas- , ‘h e - i n s u r f - i c - - I area will have - be reevaluated.

THI-ry 

A cick : ess hi gher screng th soil is a~ t imes needed above the

subgrade to -o~ -r od - - the c a p a b i l i t y  of’ an unso~rfaced soil area , when t he

in :- i’ - -o s - i l i:es ‘ t- a-,-e the stt’en~ff.h rcee :-— i t o s .trrort the anticipated

traffic.

tIe  las ic c r i t - - - r i a  were ievelspei us i ng traffic ext ressed in

covera~’es. It was - -t - -~~fore necessary o- c-nvert ai rcrsft epartures

to cov—-rao--s thrc-o- °. u s -- o ’ a Iepart~~r—- —
t o— ~ -:-v- - i ~’e ratio. The ratio-

us-- ‘~c-r he si t - o- T ~~wh :1 — - -i r  w o o  S.  °~ i 5 t-- the iunl—wheel gear

was 5.2.

STRENS TU °FA i - ~~~- ’.~p ’;pp

A t - t - -.- g r-ot -  1 
w c i ch et -~~ 1~~s the d .-oI ~’ner * de te rmine  t r~ st r en g ~ -o

of sc-i 1 re-c C re-i t n - ~ r- i- - --rt a given I o a t - i  p g  - -~n1i i on i c shown ifl

Fi gur e 1 ~~. Cc is not -v -gr aph re~ at en  th~ ire pressure , sal , sod I st r en gt h ,

and traff’ :c. The t i re  pressure is ~he oo ~al ir . f T h t ion  pressure , t h e

14
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soil strength is the hF , ‘he traffi ~
- is meas ure-I in coverages , and the

load is th e S~L or ET’WL .

The ESWL is determined by use of Figure 11.. This figure shows

t ir e spaci ng versus th e percen t in fluence ct-ic t ire load has on an ther

in a multiple—wheel configuration. The tire spacing is expressed in

radii and is determined by dividing the tire spacing in inches by the

radius of a circle having the same area as ‘he contact area of one ire .

The percent influence that one tire load has or. another represents the

amount that one t i re  load must be incr eased to determ ine the FT S’W .. As

an example , assume that two tires are spaced 18 i n .  center to center ,

the tire contact area is 75 sq in. , and the tire load is O9~ P lb. The

radius of the contact area is , or ~ .9 in. The spacing between

the tires in radii is then 18 in. divi ded by ) o .9 in. = 3.~~~. Fr om

Figure l1~, the inf luence  of one t i r e  load on the other is foun d to  he

2l~,8 percent .  The ESWL is then t050 lb x 1.2148 = 7 1435 lb . ‘~s ing  t h e

nomograph in Figure 13, speci fic -design curves have been prepared

whereby an unsurfaced soil area can be designed t o  support light aIr—

craft having single—wheel (Figure 15) or dual—wheel (Figure 16) gears.

These curves present the soil strength required to support a given

load for a given number of departures. These criteria were develope l
17

using existing procedures which consist c-f the nomogra~h present ed in

Figure 13, in con;uioction with the ESWL adjustment curve (Figure I i , ) .

Use and development of the criteria involve the same parat-ceters usel

for flexible pavement , and th e -discussion presented there is art - l ic ab - l e

here .

DESI GN EXA~-tPI E FOF S-it-IL
SIREN TN °RT TEFIA

To i llu s t ra  e the use of the soil strergtt criter ia , assume that

an unsurfaced airfield is to be designed f-~r 12 ,555 departures o~ an

airplane having a gross weight of 20,000 it ani a dual-wi eel loading

gear . Enter the curves in Figure 1g with the 12,5-C S aircraft departures ,

move vert l~~ally fo the 20,000—lb line , t hen horizontally to the BR

scale and read a ~~lue o~ 7.2. This lndlco es that a 5011 havIng a D5
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of 7.2 or greater will support 12,000 departures of a dual—wheel aircraft

with a gross weight of 20,000 lb.

THIC}G~ESS REQUIREMENTS

There are instances when a soil subgrade will not have the

strength required to support the design traffic. In such instances , it

is necessary to place a sufficient thickness of higher strength soil
18

above the subgrade . A formula has been developed which relates the

design parameters so that the thickness of cover material required above

a subgrade can be determined . This equation is as follows :

t (0.176 log C + 0.120) 
~~8.l cBR - ( 14 )

where

t = thickness of strengthening layer , in .
C = tr a f f i c , coverages. The design departure level must be

converted to coverages in order to use this equation

P = SWL or ES\4L, lb. This ESWL is the flexible pavement ESWL
determined as shown in Reference 3 -

A = t i re contact area , sq in.

This equation was used to develop specific design curves to be used for

determining the thickness on the strengthening layer required above a

subgrade of given strength for the single— and dual—wheel aircraft .

These curves are shown in Figures 17 and 18.

EXAMELE

The above example illustrating the soil strength criteria

indicated that a CBR of 7.2 was required in order to support 12,000 de-

partures of a dual—wheel aircraft having a gross weight of 20,000 lb.

Assuni e that an airfield is to be provided for this same aircraft at a

location where the in—p lace CBR is 5.0. This will require some thickness

of soil to be placed over the 5.0 CBR in order to support the design

aircraft. The traffic level of 12,000 departures represents 600 annual

departures for a 20—year life. From Figure 18, the thickness requirement

for a 5 CBR , 600 annual depart ure8 , and 20 ,000 lb gross weight is

148
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7.8 in. This thickness of soil must have a strength equal to the soil

strength requirement of 7.2 CBR .

I
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COST—BENEFIT ANALYS IS

The purpose of this section is to familiarize a designer with an

approach for comparing rigid versus flexible pavement designs . Differ-

ences in material characteristics used in airport construction yield a

variance in performance and cost . Rigid and flexible pavements con-

sisting of different quality materials may be designed to achieve the

same structural capacity. Each structurally equal section may be com-

prised of different thicknesses and hence the cost will be dependent on

the quality of materials employed . For examp le , using all—bituminous

concrete sections or stabilized bases may reduce the thickness in corn—

parison to conventional flexible pavements or concrete pavements on

unbound bases. However , the cost—benefit relationship of each section

should be examined prior to deciding upon a given design . A cost—benefit

analysis is concerned with selecting the particular physical design based

on the total cost of the section anticipated within the expected life of

the pavement . This analysis should consider initial costs , maintenance

cost , renewal policies , and availability of resources for each local
condition.

A simple and direct method of comparing the c~ st—benefit

relationships of rigid and flexible pavements consist s of the following
steps.

a. First , each particular section is designed for the same
design inputs of loading , departures, foundation strength ,
and material strengths. Using the appropriate design curves ,
determine the thickness and quality requirements of concrete
and base and thicknesses of Individual layers in the flexible
pavement section .

I. Conduct a total initial cost or price study for each pavement
layer . An initial cost is the cost to the contractor of
constructing a particular pavement type whereas price is the
money an owner may pay to have the project constructed which
includ es the contractor ’s cost plus his profit. Initial cost
analysis may be obtained by determining cost quotations from
suppliers on material costs , construction costs , haul dis-
tances , r-tc. The price will depend on variables of economy ,
the contractor ’s production rate, etc., and may be devel- n-- d
from experience within a given geographical area.
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or under similar situations. This is the cost required to
maintain the facility in a serviceable condition as calculated
or estimated for the entire life of the pavement . This value
may be expressed as a percentage of the initial construction
cost .

d.. Calculate and apply, where appropriate, any additional costs
or savings that may result from certain construction tech—
niques or ecological requirements, e.g. recycling of materials.

e. Compare and decide on the pavement section to be built after
considering both the structural and total cost (initial plus
maintenance) aspects of each structurally equal pavement
section considered.
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APPENDIX A: CONSTRUCTION GUIDANCE FOR THIN
CONCRETE PAVEMENT S

Pavement construction procedures have , in general , been developed

for rigid pavement s ranging in thickness from 8 to 214 i n .  Slip—form

payers and payers which operate from fixed side forms have successfully

been used to construct pavements for the entire range of thicknesses.

However , specialized proc edures and precautions are necessary for

thicker pavements. This is also true fo~ pavements for light a i rcraf t

which will generally be less than 8 in. thick.  Thick nesses of pavements

for light aircraft will be similar to thicknesses of pavements for

secondary road s , building floors , and parking areas , but the smoothness ,

durability, strength , and quality control requirements will be com-

mensurate with those for aircraft operation .

In this appendix , construction procedures for thin pavements (less

tI-ian 8 in .  thick ) will be discussed. Much of the informat ion contained

herein will be taken from experience gained in constructing secondary

roads ,
19 22 

thin pavements at the AASHO Road Test ,23 25 thin bonded
overlays ,23

~
214 

and floor s , parking areas , and driveways .
27 31 E~nphesis

will be placed on techniques and procedures which will be different from

those normally used for construction of’ airport pavements.
32_314

MAT~~ IAL S

Quality materials are as important for pavements for light aircraft

as they are for any other pavement. Quali ty aggregates , cement , admix—
tures , water , steel , joint forming materials, joint sealing materials,

and material s for protect ing and curing are required fur a durable,
long—lasting pavement . For this reason the material requirement s for

light—load aircraft pavements should be the same as those for other

ai rport pavements.

The only difference In material specifications should be the

n~~ximum s i z e  of the coarse aggregate. The maximum size coarse aggregate

should not exceed one fourth of the pavement thickness , or one half the
clear spacing between reinforcing bars or wires. This will permit

sati sfactory placement of t ’t - —  concrete and formation of the pavement .
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However , from a practical standpoint , it may be advantageous to specify

a maximum size coarse aggregate of 1 in. As outlined in Reference 35,

the factors of handling , availability , and economy make a 1-in, maximum

size aggregate attractive. With a 1—in , maximum size aggregate , the

material may be provided in only one separate size . This size material

will be available in most locations since many highway departments

require at least one size with 1—in, aggregate. Finally, the waste

and handling equipment will be reduced if only one aggregate stockpile

is used . Considering the amount of concrete Involved , the procedures

and specifications should be kept as simple as possible.

If a 1—in , maximum size aggregate specification is adopted , the

coarse aggregate may be provided in one size and the gradation should

meet the requirements of ASTM C—33
3 for size No. 57 material or smaller.

Should aggregate with a maximum size greater than 1 in. be permitted , it
32

should be provided in two separate sizes as specified in Item P—50l .

MIX DESIGN CONSIDERATIONS

The requirements for the concrete and the specificat ion methods ,
as set forth Item P_50l ,

32 
are generally applicable to the construc-

tion of light—load aircraft . Minor changes are suggested for the

workability requirements for the concrete. These changes are suggested

to ensure that thinner pavements (less than 8 in. thick) can be

constructed .

When slip— form payers are used , it is recounnended that the maximuj c

permiss ible slump be increased from 1—1/2 to 2 in. This will permit

placement of thinner sections without increasing slumping of the edges
as might occur for thicker pavements. A permissible slump of 2 in. is

also more in line with highway practices .37

When manual (hand ) methods are used to strike off , consolidat e ,
and f in ish  the pavement , the maximum slump should be increased to
2—1/2 in., even though internal or surface vibration may be used .

The Internal vibration would normally be provided by hand—held spud

v-ibrators and surface vibration by a vibrating screed . A 2—1/2—in.
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maximum slump is more in line with practices for industrial driveways

and parkin g areas , floors , and slabs.
27 30

When fixed side forms are used , the size of the job and the pave-

ment th ickness  will , in many cases, be such that roller screeds (Clary

screeds ) or payers using counter—rotating drums and augers (commonly used

for placing bridge decks) will be used. Some of these devices employ

some form of vibration; others do not . These machines will require con—

-~rete with a slump in the 2—in , range for proper placement . The specifi —

-ca t ion s  as contained in Item P—50l are probably adequate for use with

fixed sid e forms , but the slump used should be near the high end of the

permissible range .

EQUIPMENT

The equipment used for constructing thin pavements for light—

load airc raft will prob ably be smaller , lighter , and less sophis t icated
than that used for pavement s for heavy a i rcraf t  and large highway paving

projects. However , the equipment must be able to produce uniform con-

sistency concrete , transport and spread the concrete , consolidate the

-cc~nc re te , form the pavement cross sect ion , and f i n i s h  the sur face of t h e

pav~ m~ nt  t n  tolerances required for safe a i rcraf t  operation .

Equipment for batching and mixing concrete should meet the re—

~~ mr- n t s  con ta ined  in Item P— 50 l . 32 Quality concrete with un i fo rm

c- -r s i c ~ oncy is as impo r t an t  for pavements for light—load aircraft as it

is for pavements for heavier aircraft. In some situations , it may be

a-d -zanto~ ec--us for the paving contractor to purchase concrete from ready—

mix prrvlucers. This may be the case when the quantity of concrete is not

o~f f ici ent t n  justi fy the contractor set t ing up his own faci l i t ies  or
wht -re c n n t r a c t - or s who might be c lass i f ied as small business concerns
-I~ n-—- t have facilities for producing the concrete , but do have the
capabilities to construct the pavement . In these situations consideration

shoul d Pc given to the use of ASTM Standard Specifi cation for Ready—Mixed

- ‘- -n cret e , Designation : C 914_714 . 38 This will eli minate the need for
spec ifications ~f the batching and mixing equipment and procedures .
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The specification has provisions for inserting purchaser requirements;

slump (tolerance and specified value), entrained air content (tolerance

and specified value), and flexural strength should be Inserted.

Pavements for light—load aircraft can be placed with a variety

of types of equipment. Forms may be used or a slip—form paver may be

used . Small, lightweight slip—form payers have been developed especially

for paving thinner pavements, although the larger , heavy—duty slip-form

payers can be adapted for placing thinner pavements. Figure Al shows a

small machine placing a 14—in.-thick pavement , and Figure A2 shows a

large machine placing a 6—in. —thick slab .

On smaller jobs, the contractor may wish to use one of the types

of equipment illustrated In Figures A3—A5 . Figure A3 illustrates a

finisher employing two roller screeds . These are referred to as Clary

screeds and may or may not provide vibration. Figure A14 Illustrates a

type finisher which employs a rotating drum and auger which moves trans-

versely across the pavement. Units using this principle are available

for use with and without forms. Units are available with and without

vibrators which move across the paving lane with the rotating auger and

drum, and units are available with one or two drum—auger combinations.

Figure A5 illustrates a vibrating screed which is often used for con-

solidation and surface finishing on small jobs. Although the pieces

of equipment shown in Figures A3—A5 are not equipped with two oscillating—

type transverse screeds, as required in Item P—50l ,
32 

they work satis-

factorily and should be permitted , especially on smaller jobs where more

elaborate equipment would increase pavement cost .

PREPARATION OF UNDERLYING MATER IAL

Only general guidance can be given for underlying material

preparation . The desired attributes of the underlying material for pave-

ments for light—load aircraft, such as smoothness , stability , cleanness ,
and accuracy, are the same as they are for any other type pavement .

Because of the thinness of pavements for light—load aircraft , the accuracy

of the preparation of the underlying material may be more critical than

it is for thicker pavements; i.e., a thickness deficiency of i/1~ In. is
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Figure A3. Roller screed finishing machine

,-

i

~~~
. ~~~~~~~~~

4. 
_
~ 4~

~~ 
-

..
-~ - 4 ? . 4

, • ~~~~_•

~~~~ ~~
, _

‘ . — -.W~.. ~~~~~~~ ~~~~ 
-. 

~~~~~~~~~~~~~~~~~~~~~~ 
-
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more critical for a 6—in , pavement than it is for a 12—in , pavement .

Likewise , the effect of the loss of a certain amount of water , due to

improper moistening of the underlying material , w l l  be more critical

for a 6—in. pavement than for a. 12—in, pavement . If the same amount of

water is lost for both the 6— and 12—in, pavements, this will represent
a larger percentage of water loss for the 6—in . than for the 12—in.

pavement . The problem is compounded because the contractor , especially

on smaller jobs, may not have the more sophisticated equipment with

features such as automatic electronic grade control . For these reasons

it is extremely important that extra care be taken in preparing and

maintaining the surface of the underlying material and ensuring t hat t e

underlying material has suff ic ient  moistur e to prevent it from abso rhin~
moisture from the plastic concrete.

The effects  of other parameters are simi lar , and will be con-

sidered in subsequent sections with a detailed treatment of the overall

influence on pavement performance being given in the section “QualIty

Control .”

BATCHING AND MIXING CONCRETE

Requirements for batching and mixing concrete for light—load

pavements are similar to requirement s for other types of pavements ,
as contained in Item P—501.

32 When ready—mixed concrete is used ,

batching and mixing should conform to the requirements of ASTM

C 9!4_7I4a.~
8

Because the exposed surface area to concrete volume ratio

increases with decreases in thickness , control of the t emperature of
the concrete as placed becomes increasingly important for thinner

pavements. It therefore is necessary to provide for heating of mixing

water and/or aggregates during cold weather concreting , and cooling
of the aggregate and/or mixing water during hot weather concreting .

The temperature of the conc rete , as deposited at the paving site ,
should n~ t be less than 500 F and not more than 8~° F during cold
weather construction . During hot weather placement , the temperature

of the concrete stiould be as low as practicable , and never greater

63
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1

than 900 F. Guidance for heating or cooling of aggregate and wat er ,
batching sequences , and mixing procedures should be obtained from ACT

recommended practices for hot and cold weather concret ing , Designations :

ACI 3O5—72~~ and ACI 3O6—66.~~
°

CONCRETE AND RE INFORCET€NT PLACEMFINT

The requirements for placing concrete , strike—off of concrete ,

placement of reinforcement , and consolidation of concrete are contained

in Item P—501,32 and in Order 5370.14 , which provides guidance for con—

struction with slip—form payers . The basic procedures outlined in

these document s are applicable to construction of pavement s for light—

load aircraft. There are , however , several areas where certain precau-

tions should be taken or specialized techniques should be used when

constructing thin pavements.
The equipme nt used to spread the concrete will depend to a great

extent on whether or not the haul equipment is permitted to operat e

on the prepared underl ying material. For pavement s for light-load

aircraft , It may be economically advantageous to place the PCC sur —
facing direct ly on the prepared subg rade . In these situations , or

when granular subbases with low stability are used , the haul equipment
should not be permitted to operate on the prepared underlying material
when such operation result s in permanent deformat ions in the underl ying
mat erial. Therefore , a method will be required to spread the concrete
across the ftll width of the paving lane . Several acceptable types of
spreaders are available for spreading concrete. Vibrator s should never
be used nor should manual spreading be permitted except adjacent to
header s , in odd—shaped slab s , or to correct localized deficiencies
resulting when spreading is accomplished with a machine. Manual
spreading, where permitted , should be done with shovels with square

ends . Rakes should not be permitted.

When light equipment or manual techniques are used for placement ,

extra care should be taken to ensure that the concrete is struck of t to
the required elevation . Most slip— form payers have sufficient weight 4

to prevent the strike—off mechanism from floating or rid ing over high
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spots , but equi pment such as the rotating screeds (Figure A3) or the

vibrating screed (Figur e A5) may have a tendency to strike off the con-

crete to a higher—than—desired elevation. When such equipment is used

steps should be taken to ensure that the forming mechanism remains in

contact with the forms,

Internal vibration and , on some machines, surface vibrat ion is

provided by all slip—form payers. Vibration of some type should also be

provided when forms are used. Because of the thickness of the pavement ,

the position of internal vibrators Is important. The vibrators should

not be permitted to touch the underlying material , forms , or dowel bar
assemblies. In order to ensure that the entire vibrator is submerged ,

the vibrators will have to be located with the axis of the vibrator at

a small angle from a horizontal plane. According to a study conducted

in Colorado ,~~ the angle can vary from 0° (horizontal) to 30° without

affecting the consolidation . Vibrators having an “L” shape have been

developed for consolidating thin slabs and slab s containing reinforcing

steel located near the surface. Spud vibrators have also been positioned

horizontally with their axis perpendicular to the direction of movement

without decreasing the effectiveness of the compaction effort . Should

the available equipment , slab th ickness , or presence of reir.forcing

steel prohibit the use of internal vibrators , surface vibration has

proven to be adequate for pavements less than 8 in. thick.

Should voids c~evelop along longitudinal construction joints ,

internal vibrators should be positioned to provide additional compaction

effort along the edge . Internal vibration should always be provided

adjacent to transverse headers no matter what type of equipment Is

used. This is particularly Important when dowels are located in the

joint .

When re inforc ing steel is Included , the most practical method for
placing sf~eel will be to preset the steel on chairs. For pavements 8 in.

thick or less the major objectionable features of steel placement on

chairs is eliminated , i.e., consolidation of the concrete below the

steel. The steel will have less tendency to slide horizontally when
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the concret e is placed , the steel can be located accurately, and the

amount of equipment is minimized when it is preset on chairs. This

method was used for the construction of the 2—1/2— and 3—1/2—in.—thick

reinforced concrete pavements at the AASHO road tests.
21
”~ Recen tly,

chairs were used to place 3— and 14—in ,—thick jointed reinforced and

continuously reinforced overlays in Iowa 
2 and in Georg ia to place

6— , 1~—l/2_ , and 3—in .—thick continuously reinforced overlays . The

bottom lift of concrete below the steel should have a minimum thickness

of 2 in.

Ocher methods of steel placement , such as the double strike—off

method or mesh depressors , may be used . However , these methods will

require special equipment , and for the double strike—off method , two

spreaders. These procedures should not be prohibited , but the simplest

and most economical method that provides satisfactory placement should

be used .

JOINT CONSTRUCTION

There are no areas of joint construction where specifications

should be significantly different for construction of light—load

pavement s . There are , however , certain areas where the small pavement

thicknesses will create the need for extra care and special techniques.

Because the slab thickness will normally be less than 9 in.,
keyed longitudinal construction joints will not be used . Longitudinal

construction joint s will normally have vertical faces. The edges may

be thickened , dowels may be used , and around the periphery of paved
ar eas , deformed t ie  bar s may be used. Forming the vertical face will

present no unusual problems . When slip—form payers are used , edge

slump will not be as much of a problem as it Is for thicker pavements.

Alignment of dowels is equally as import ant for light—load pavements

as it is for thicker pavements. Because of’ the limited available cover ,

proper vertical positioning of dowels and t ie  bars becomes increasingly
important as slab thickness decreases. Installation of dowels and tie

bars by insertion into plastic concrete should be checked carefully to
ensure that the surface of the slab is not disturbed , i.e., a bump on
the surface.
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Expansion and transverse construction joints present no unusual

problems. Good construction practices and extra care are necessary

around these types of joints to ensure adequate consolidation and to

prevent excessive surface roughness. Extra vibration with hand vibrators

should always be provided adjacent to the header or the joint filler .

There are several aspects of construction of contraction joints

for thin pavements which will require close attention. If the weakened

plane is to be saved, the timing of the sawing will be critical ,
especially for transverse joints. The cause of cracking of the slab

will be the tensile stresses induced in the concrete by the shear

stresses at the interface between the slab and the underlying material.

The resisting forces will be the produc t of the tensile stresses in the

concrete slab and the slab cross—sectional area. Upon initial contraction

the shear stresses at the interface will not be caused entirely by
sliding friction , but by a combination of sliding friction , adhesion ,

and mechanical interlock. The stresses due to the adhesion and mechani—

cal interlock will be essentially constant and the tensile stress in the

slab will not be completely independent of slab thickness as it would be
if the stresses at the interface were caused by fr ict ional resistance to
sliding. Therefore , the t ime of sawing to prevent uncontrolled cracking
will be a function of slab thickness. As thickness decreases , earlier
sawing will be required. The t ime of sawing of longitudinal contraction
joint s is not as critical as it is for transverse joints , but it will be
necessary to saw them sooner than for thicker pavements.

Accuracy of t he placement of dowels and t ie  bars in contraction —

joint s is equally as critical as it is for longitudinal construction
joi nts .  When t ie  bar inserters are used , proper orientation and inser-
tion depth will be especially important . When dowels are used In
transverse contraction joint s , clearance for internal vibrators may be
a problem. Because of the limited cover the depth of insertion or the
orientation of the vibrators may have to be changed from the normal
mode of operation in order to clear the dowel basket assemblies.
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FINISHING , CURING , AND PROTECTION

As with many other aspects of construction previously discussed ,

the thickness of the pavement , while not creating a need for different

techniques or specifications , produces conditions that need more care

and control to ensure proper construction . Finishing of the surface

poses no problems , but there are several aspects of curing and protec—

tion of the pavement which pose special problems . These problems stem

from the fact that the ratio of the volume of concrete to exposed sur-

face area decreases as the thickness decreases.

Moisture loss will be directly proportional to the exposed surface

area. A 6— in.—thick pavement will have the same exposed surface area

as an 18—in, pavement if constructed with forms and only slightly less

if a slip—form paver is used. Therefore , the moisture loss should be

approximately the sane for either pavement thickness. In terms of

cracking (surface shrinkage cracking and structural cracking), a given

moisture loss will be much more critical for the 6—in , pavement than

it is for the 18—in. pavement . This points to the need for extra care

in preventing moisture loss during curing of thinner pavements. The

use of fog sprayers , wet curing methods , or larger application rates
for membrane curing compounds may be required , especially under hot ,

windy, low—humidity conditions .

The ratio of exposed surface area to concrete volume also in-

fluences the gain or loss of heat in the concrete. Thin pavements will,

therefor e, require more effective means for controlling temperature than
will thick pavements, especially when curing is occurring under extreme

temperature conditions.

During cold weather the rate of heat loss will be proportional

to the exposed surface. For a given rate of heat loss , the t emperat ure
of a thin slab would be less than that of a thick slab. Compounding

the problem is the fact that there will be less heat generated during

hydration for th i n  slabs than  for thick slabs since the amount of heat

generat ed is directly pr- -port i ona.1 to the volume of concrete. The
American Concrete Institute Recommended Practice for Cold Weather

68

-- - - - - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - --
~~~~~~~

- -
~~~~~~~

--- - - - - --- ~~~~~~~ - - -



- - - - ----- - — - -- ----~~~~~~~~
- - ----—----

Concreting
148 

lists combinations of slab thickness , ground temperature ,

and cement content where insulating will not maintain a 50° F tempera-

ture. Under these conditions , heat is lost through both the -to. and

bottom of the slab arid the volume of concrete is insufficient to generate

enough heat to keep the temperature above 500 F. If such conditions

exist , the concrete should not be placed if the average temperature is

below 50° F, even i t’ insulation as specified in Item P—50l
32 

is used.

When temperatures below 35° F are encountered during placement of t h i n

slabs , more insulation than is normally required for thicker slabs will

be needed . No specific guidance can be given as to the thickness of

insulation needed to prevent freezing. Manufacturers ’ recommendations
should be followed and provisions made for remova l and replacement

should freezing occur .

During hot weather the large exposed surface area to volume of

the concrete ratio does not present as much of a problem as it does

during cold weather . When there is a loss of heat from the slab , a

large ratio is desirable. On the other hand , if there is a heat gain
through the exposed surface , a large ratio is undesirable. From the

standpoint of temperature of the concrete neither situation appears
that critical . The primary problem is one of moisture loss which is

accentuated by high temperatures. Because of this a large ratio is

undesirable and the use of a water fog to keep the surface damp until

the curing medium is applied is critical for thin pavements.

QUALITY C ONTROL

Construction control to ensure that a pavement has the desired

properties involves establishing limits within which certain parameters

must fall , making periodic measurements of the parameters as construc-
tion progress es , analyzing the measurements, and prescribing corrective
action when established requirements are not met . The specifications ,

as set forth in Item P—501 ,32 are applicable to pavements for any type

aircraft . The specificat io n s for such paramet er s as flexur al strength
and entrained air content will ensure a long—lasting , durable pavement ,
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arid the specifications for surface tests will ensure (at least before

permanent deformations occur) that a smooth riding surface is provided.

The tolerances and acceptable ranges for the controlling param-
eters , as set forth in Item P—501, are adequate for light—load pavements

with the exception of the pavement thickness. Control of pavement thick—

ness should be tighter for thin pavements. Closer control is needed

with thin pavements because the sensitivity of the tensile stress in

the slab to changes in thickness increases with decreasing thickness.

This concept is illustrated in Figure A6 . In this figure are plotted

changes in tensile stresses in PCC slabs resulting from deficiencies in

the slab thickness. As an example, the difference between the tensile

stress in a 10—in , slab and a 9 . 85—in,  slab is 19 psi , a 10—in , and a

9.75—in , is 32 psi, and a 10—in, and a 9.5—in, is 65 psi. The figure

illustrates that the magnitude of the stress difference increases as

the thic~ness decreases. The stress plotted is the edge stress as

computed with a slab on a dense liquid foundation model.

The implications of this figure are that smaller tolerances for

pavement thickness deficiencies are needed for thinner pavements. For

light-load pavements , which will probably be less than 9 in. thick ,

the magnitude of the stress increase , caused by thickness deficiencies ,

is rather dramatic. Figure AT illustrates the effect of thickness

deficiencies on the life of a pavement. The pavements were designed for

a 30,000—lb dual—wheel aircraft for 3000 annual departures and a l i fe

of 20 years. For the various deficiencies in thickness , the decrease

in the life of the pavement was calculated and plotted on the abscissa.

These plots illustrate that the reduction in pavement life is a function
of the design thickness as well as the thickness deficiency . Realistic

ranges of soil modulus and flexural strengths were used so that the design

thicknesses represent realistic conditions . The plot illustrates that
deficie ncies in thickness , which are less than the maximum deficiency
for full payment (0.2 i n .) ,  will cause sign ificant  decreases in pavement
life . For thicker pavements the decrease in life for deficiencies in

thickness up to 0.2 in. would not be so large and the specified limits

woul d be adequate.
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The obvious solution for thin (8—in, or less) pavements would

appear to be smaller tolerable thickness deficiencies. However , those

presently specified (0.2—in, maximum without adjustment in payment) are

based on construction capabilities , i.e., tolerances which can be ob-

tained with available equipment and procedures. To tighten tolerances

would be to set unrealistic goals or to increase construction costs.

An additional factor which must be considered is the type contractor

who will construct light—load pavements. This may very well be a smaller

contractor who does not have sophisticated electronically controlled

grade preparation and paving equipment.

The most practical solution to the problem appears to be to use
current specifications , but to increase the thickness of the slab to

prevent excessive reductions in the pavement life because of deficiencies

in thickness. This will result in conservative thickness requirements

for certain situations but for other situations will eliminate the need

for tighter thickness control. The thickness obtained from design
chart s should be increased by 0.3 in. When the resulting thickness is

in fractional inches • the thickness should be increased to the next full

inch from fractions of an inch of 0.3 or more and reduced to the lower
full inch from fractions less than 0.3 in. This procedure is consistent

with the rounding procedure currently used and is designed to prevent
problems from developing for those fractional thicknesses of 0 .0 to
0. 3 in. Considering that full payment is made on deficiencies of from
o to 0.2 in. , the situations where problems may occur are for fractional
thicknesses of from 0.9 to 0.99. However , considering the other approxi-
mation inherent in the system , this is not considered a serious problem .

An example of how this procedure will affect specified thickness

values is illustrated in Table 3. The thickness values from the design

chart (Figure 7) were used to prepare Figure AT.
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Table 3

Thickness Requirements for 30,000—lb
Dual—Wheel Aircraft

Modulus of Thickness from Specified Thickness Specified Thickness
Soil Reaction Design Curve w/o 0.3 in. Added with 0.3 in. Added

pci in. in. in.

Flexural Strength = 500 psi

25 8.6 9 9

50 8.0* 8 9

100 7.6 8 8

200 7,0* 7 8

300 6.b 7 7

boo 5.7 6 6

500 5.2* 5 6

Flexural Strengt h = 900,,!~~~

25 6.0* 6 7

50 5.7 6 6

100 5.3 6 6

200 b. 8 5 5

300 b .2* b 5

boo 3.8 b

500 3.5 b

* Thickness values where adding 0.3 in .  increased the specified
thickness.
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