s proceedings is a collection of 31
7th international Alr Transportation Conference in Chicago,
is, August 5-8, 2001. These papers present the state of the

it in airfield pavement technology, discussing practical and
lied research findings related to all aspects of airfield
vernents. A variety of topics cover the planning, design,

papers presented at the

%

truction, operation, management, and maintenance of

¢1s, including: landside, terminal, and airfield related
The technical papers span a broad range of subjects
s pavement design; pavement materials; construction
ds- environmental, operations, and planning concermns;
nplications of future aircraft. Numerous well-documented

ace studies are included

 American Society.

- of Civil Engineers
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TEUAPAV: A New Thickness Design Program for
Rigid Airfleld Pavements

Y¥ing-Haur Leg’ and Shao-Tan

1y Yen”

100 1000 10000 . Abstract
£ycies to Fallure The main ohjective of this shudy 15 to develop & new thickness design progm
for rigid airfield pavements in attempis to accommodate the new w ing 777
ww_mmﬁ based on the plate theory approgch. The differences of th vention m
Flenre < e v m RYAQ Fatip dnes
Figure 3. Comparison Between Jersey HAIRIS and Typiesl U8 158 Fatigoe Line : FAA design method and the newly developed LEDFAA mwu:ﬁ Bn}om ogy

.

Ms,,mwwmﬁma The aricinal concept of pass-io-coverage ratio is seevaluated The
prediction models developed by Lee, ef al, are wtilized for the eatimation of critical
edge stresses. The concepl of cunelative damage factor s used to actount for the
cambined damages of different aircraft types and departures, Structural doterioration
selationships are compared and tentative modification alternatives arg myestigated
An equivalent streas factor and an alrernative strucmial deterioration model are
praposed. The proposed approach has been éimﬁmn?w in & user-frisndly computer
program {TKUAPAV}and & case study is presented for pragrical teial apphcations.

Introduction
The conventional Fodeval ..»Smmom Adrmmstration’s ?mc 199352 v thi
Jesign methodalogy for ng Jw airfield pavements was b 1
Westerganrd's analytical solution for edge leading condition, When m‘ main gear
assemnbly 15 analy zed z,:.m the conveptianal FAA des ures, HOwey
! ,..mmnmm ﬂnﬁ:ﬂmn sents are considered 1o be
i noticeable for flexible pavemenis on wea
¥ .mma “the mult wmnma inear elastic theory” m\ i the mmm:j of o
d rigid arfield pave m.ﬁm 0 scoommedats the new Boeing 777 arplanes
(FAA, 1995b Zm,.ﬂmmwﬁﬁw the apphcalility o of layered elastic theory for concrete
pavement design has aiways been questioned and debated over the mmnnacm which
warrants the need for further Investigations. ﬁo?mn?mnnv, the mam ochjective of this
,ﬁda« was 1o develop a new thickness design program for rigid airfigld pavements
ased on ihe conventional plats theory approach (Lee, of al, 1938}

Prafessor of Civil mnmﬁmwmim Tamkang 1
Tamsu, “.?ﬁm Taiwan 2310 phone mmm,
vinghausgmail thu edu 1w

: Qaamw?ﬁ search Assista gmﬁwim:mmnom
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Beovalnntion of Pass-to-Loverage CUoncept
sy

ih

Acmw mﬁ; m Zmulo
n-coverage (PAC) ratio, wh
:mb:m: curve of the maximun
centes rﬂ e pas mw« unit width and W, is the tire width, mem i
to airorafl having maay whe mﬁw nu taddition of any nu
wation curves, {Ahlvin, eral, 19 N: pp. ‘),mo

. P/ ratto congept wa

. conventional TAA dest

",

wpes are used for the m nial .ﬂm FAA, 19933
calues for specific aircraft types wers nol ol
method and thus were obtained from the LEDTAA program, T

of the fateral placement of whee! centerline was assums ed ax 77 5 m.)for
i types. Customized functions were written using th S statistic

fMalhSof, Inc, 19973 to conduct this analvsis, The PAC ratios of Boamng
sirplanes were ajso determined, As 2 resuly, the F/C < i
sreement with that deseribed in the literature (e

n
\W
=

athon mwmm»wdwﬁmmmm Edge Sivess for e
ai FAA pavement design ourves were developad
i for rigid pavements, The edge loading stress was
across the soing, This
As

S‘M:,.m ATHEDY
ent 10 account for the effect of toad transle
m test results and experience and CONNUES N URC today
edge stress {0,) was determined B by

>

M.,, srogram, the on :

. RCY and ROZ 2 momw_nmm
chars for vanous «:?aw types.

oad, ihe; & is

ius of relative
us of subgrade

fﬂ..

w&wm tensile STress, psy d..\wir it
is ihe elastic modulus Gmﬁm
1t is the Poisson’s Ratig, an

i desirable to “,a an mmmwnwng soh
:nmim 10 hoth ULS. custornary sysiem &n
ns. ﬁouﬁmfmﬁ? the following w&.m::: ,v,_zgwm\...wmo” by

i

Emz in this study in determining entical adge stresses

& Waesteras
ear 104 w

atment {09
L wxmmﬁmmﬁ.

e axie

&Eﬁ&r& 4
ohtained fro

including h = G, B
= 27108 MN as chose
the ¢ :n&, s obrained from

ined using &

,,.( Mﬂ as 1z believed as a

ERREN: )

cnt Wois X

L AR

Figur
muoi.ﬁ.ﬁoa ent Alreraft Types and Depariures
Sinc recnst fs a mixture of a variery of amcrafl having different
landing @w; tp c«ﬁarmﬁ the “design aireraft’ conespl was introducs
account for the affects of all Fﬁmz in the co aventipnal ,w,/ destgn methodalos

ammonly, ¢ ..mﬂma.w. faotors for the rel fatigue ﬁnm ts of different gear
are defi ted pavement struclure. noted that the prasently
dznc,_mmw : i noies are not & may vary widely for
differen sraft departures. This owmumz. ion it similar o the statement by
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GV T : ced by the eo
1 Mwn new w.rmuw AA des wh methodelo

is. This approach 15 more mechanis istically b
e valued factor to represent the relative fatigue effects of d
spes for a given pavement struchure. Thus, the conversion of
¢ ﬁmﬂ and departures (o ﬁf?mmmi anmunl deparnres of a specific airo
: nocessary and thus will not be farther discussed.

qmﬁ:xmwww.w and Thickness Desipn Criteria

ianal FAA thickness design method ology was based on an earher
by the Corps of Engineers from lest track data and
tgst pavements. The fatigue cuTve OTIgIn a

a design factor ﬁ Y and the number of load
at the specified failure oriteria. However, !
shle in the literature (FAA, 199331 A design fzotor of |
he allowahie slab tensile stress w 500G coverages
ured o sustain 5,000 coverna;
:cf:o;w The rrinimum reqn
.} and percent thickness or ral

..‘

& analogous o & fatigue relalt 3356 in that the
m?. acific gircraft ri W
r

5 terms of coverages)
; piven pavement structy mﬁ;w Wﬂoﬁ siab thickness.
ture, elastic modulus of the siab and mi)m
prioning that the relatonship betwesn a
ved from the above E:ﬁwoﬁ [5 f0T 3 LRIGHS CUTYE
ioue curves showing a bilinear relation
000

z hip and
nam =3

v be deterny

are obtained for a:ﬁwaﬁ sets of PLE Ik,

UPOSes

{15501 developed a structural d pration Enanm_ f; i

edicts performance m 1erms Om sir 1061 ¢o

w e :: pavement condition mdex :uﬂ: cons
ile mm:maa wam&n: only and i3 iz :&3 H

stre

J
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the eritical Em&_,m m? ses () caleulaisd usin vw
Fatlure s defined a mimbsr of coverages m
Hoc ro 80 at any given m? aw OF ﬂwm um

o iind fhe

Kz a5

savernient el
pavement et

re, mw e o m mkler foundation. This
expectad ﬂéoﬂmwm condition of the pavement st TEg O
vige versa for pavemenis with joints naﬁm?m £ ioad transizr The design factor s

defined 2s DF = 8.7 (0,75 ¥ o, and the fatigus wmamﬂwom & given by

L konE wamﬁu!wwcﬁ BRDE + 5644

52000368 0 99336 (5
407289+ 0.29644% 10g(C,.) ‘

Figure 2 [a) shows a comparizon ©

LE uﬁur.m ?&w f éoww ,.cw.x ,mra mg:mu CULVE EIVE!

& acm«»&% a M;; m.ﬁ.m:m curve given by equs
specified Bilurs criteriz may be - different, Genera aliy spea r.u.
thicket navement t l:rm (os«miéin M,»J Q\?i g
The coverages at falure (T
were mmphicitly swm o the manner In «iwny ritical nw,ﬂ_a
des mw faotor, was determined. To :ﬁu the lavered
ie with the conventional FAA th @55 ,Fm:b Dro
ta the calculated 5425 elastic e
m.ammm. The subgrads is assumed o be in

equatio
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e current

ed, 1 i3 convertad d
curent twuwwb. 5t
pute the design factor
fanigue curve is st mn 1o the conventional FAA curves
ve than the relationship based on the Guet
ure expressed in terms of 2 ‘ounw ative m;: am

esis iz adopted in the new LEDFAA thickness m:hm.w 3
sha amount of the consumed structural {afigoe He and is expressed as the
summa ” won of the miio of applied load repettions o aliowable lpad repetitions 1o

ne LEDFAA program w&oémzrmr«, calenlates the damaging effects Om cach

s the traffic mix, When the damaging effects of all aircraft sums 10 1.0
conditions have been satisfied and the required slab thickness is deter

3

Teaatative Modiffeation Altsraatives
The coverages at fadure chained moﬁ the fatigus curves were L ﬁm:on? tied to

me manner in which eritical fensile stress wis determined. The load m
.wi apetinions 1o fatlure are certa snly interrelated with the matesial nﬂowa:ﬁ
: siructure. The PAC concept implies that max i
woughout when the centerline 58»63 S }a
s 9%:5 this tire pont area a3 shown €
mwmoa,ﬂ centerline passes per unit fa?
&mm:as due to the wandering of the
sirass location, i tetally neglected. The

embedded with a very copservative means in eslimating th
damages of each aircraft type The centerline location of M
placement of omnx sworaft is considered to be coingident, ?v
o and a Rirther refinement is warranzad. (Ahlvin, 1971 1591,

g away ﬁf% the

|

. w0 L, {om)

Placement of the Centerline Location of the Whee! Load

srress reduction due 1o the wandering of the L. is often
¢ of 2 widenad outer lane in the litenanire. Ag a supplement 10
:su.:ow& adpustment factor {(Re) p ﬂ ssed by Lee, ef ol (19972)
e 1o account for the stress reduction due to the load location moving

ADVARCING AIRFIELD PAVEMENTS EE

1

away from e slab edge. Tenmiiva modification at req are further

Deigrmination of Equivalent Sivess Facior

Joﬁo%fowwawwmmMm«m:,m ﬁmwungmﬂoimamwwﬁuﬂ,ﬁu‘wﬁ@wmﬁm\cam
1993} was reanalyzed D iiis study, The traffic ar fature in terms of coverages
assigned to gach of the test :m_,mﬂ&af was for one type load and ﬁmﬂrlw ¥ aum o

A

he manner in which fhe traffic was applied (F wl,m gr al., 1978, ,w QE»;
the P/ concept ....3 ¥ be m ven mw if the concept of n:ﬁmwmﬁ«m u wge e r i

mﬂmnwnmww smploved (o uate pavement remaining life.
: .&rm wrresses and PAC ratios were recalenlated with verv favorable
: t th the literaturs {(Lee, 1959 The radius of ¢ 3 whesl WQXEE and the
tire wigth (W) are abiained using the rel lafronship: 12731 = 1.6 (W 37
that usad i the LEDFAA program The conoept of an “equivalent siress wmﬂ?% {6}
wsed o the Portland Cement Association’s thickness des dures {Les, ef 2/,
GOl is adapied in thiz study. The f; factor is definod as the stress admstment factor
{or ",macﬁ?x factor) based on the equivalency of the cumulative fatigue damages 10
secount for the lateral wandering effect of the L within the ol @ 3
mgocﬁd in Figure 3 and may be determ ined m«
1 Selest each test ilam or aireraft type, ns and a smndstd
deviation of the laeral dismbuti Jz mput other pe t design pArARMERss
such as subgrade modulus, siab mo uc&m thickness and mmxcwm_, mq%m%.

Assume a normally m."mm:énmm %5 f pass data set

say 10 x:mﬂ.. ; :

3. {(alculate the

4 Caloulate the co

of coverage mm

Cateulate the ourul

data within the full tive print.

& TDleterpune the maxionnm of critieal edge stress {Guwd © ofthe first interval

% Tietermine the equivalent allowsble mumber of load repetinons (Mug) by
caleiating the ratio of £(n) and L{w/™) assurning aif airoralt passes applied
on the maximwm mma@m wss loganan,

P

..J«.m._
ber of mom repetinons

al

2. & equivalent edge stress {5} using Neg value
9 ent stress ?So ﬂmw:., am.m rined by Gey/ T
1] steps _Q:_ - {5 for each test liem of airorafl type

4lernative Structural Deferioration Relationship

The {3 value of each of the wst item sakon sated based on the proposed m»ommmﬁa
was conducted m co, 1995). An equivalent destgn factor (EDF} 1s defined by EDF =
{0753 * G £2) to account for the reduction of critical edge stress. Asa result, the
Howing aliernatt e fatigue refationship is sbtained:
jogCy—324 GAd{EDF)+ 119792 798
01542 T EDF wi_bocmm

EOF = 05000 +3.2852% og(Cy) v
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The f: factor may vary widely for different aircral tvp ar configurations,
?&m_ dstributions, an nd ofier periinent design parameterss . Bensilivity unm_..(,.wwm o
maw was conducted Generally speaking, the ? EQE, increases when hickness
rade Bo\w tus ¢k andfor concrete modutus of ruptere {8} increases. Tha 1
W+ very sensitive ta the ncrease in s slab jom:wrm (E);, however, the i vah
whe Em tire width (W)} increases, The structura! deteriorat
uation (7} is w,T.n_ compared to the fatigne awrves discussed earhier. A3
Z (b, the fatigue curve lahelad as £+ = 0.887, which is the average
am the analyais, peiforms similarly o that defined by squation 5,
M 12 of £y == 0,80 was chesen and the cotresponding fatigus curve &
3 ) just 1o show how differently the proposed H@Qmm wiit perform.
e lnbeled az £ = 0,80 requires the least ,ﬂmu f overall

liowing stens are proposed fo d etermine the ¢ ac:mm 3
Assume a trial siab wzwr:svm mput other pertinent de Ho,ﬁa_ matgrial
properties and the expected depariures of different awrera m VpES.

3 Determing the PAC ratie for each airerafi typs.

1 Determine the equivalent st sress factor () for each b aircrafl pe.

4. ¢ expected ajreraft nujm.amv {of passes) t covernges (M.

3 cal edgs stress for each aircrafl wpe using aauation {2).

. towable number of load repetitions m ferms of corverages
Qmw rype (M)} using equation ﬁ

7 the cutmulative damage faotor, CDF = N <100%.

g assume a aﬁ.ﬁﬁ: siab thickness and repeat r?:azv steps (11 - ()

tain the minumum reguired siab thicknes
The proposed approach has also been implemented m a user-i friendly computer

progtam {THUAPAV) using Mt osoft Visual Basic softwars {Microsoft Tatwan
Carp., 1897). Figure & depicts example input and ormﬁ: creens ﬁm the program

. Example Input and Outpu
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Case Study for fHusteation Purposes
Suppose a 1
given m Table 1, assuming 2 20- year destgn
is 200 pol (54.3 M) end the concrete m
addivional B.777-2000 areraft type with maximum
{327,788 kg snd forecast annual departures of §, 1,200
Conventional FAA, LEDFAA, and the propesed des
1o determine the mmintmum requited slab thickness. Wit
LEDFAA aporoach resulls in more conservative mpared to the
conventional FAA approach. In fact, the resulting slab 1 ariant despite
of three different levels of forecast traffic considered in this case siudy. The propossd
approach based on the plate theory, however, results m more compaitble mimmem
required slab thickness as compared o the conventional FAA approach.

El.

FES WOre i

zirgraft, %

i

Ry
(L

Table | - Foracast Air Traffic and Misimum Red wired Siab Thickness
g

 Ajreraft Type Geat Type Forecast Annual | Maomum
Departures Wei
m@&;% Druz 3760
B.727-20 Dual 5,030 n
w.q%,mm@m T dyal andem 3050
D930 5800
0o 2,630
0 dual tandem 1,710
a0 jdouble dual tandem | g3

TFTFa000 Aircraft | B-777-2006C Annual B-777-2006 Annual

Departures=!,200 Departures=12,000
FAA LEDFAA ITKUAPAV | LEDFAA TKUAPAY! LEDFAA | TKUAPAY
Téoin V176 | 171in | 176w, ¢ 173m m | L7.94m
{429 om) [{44.7 o) {4354 cm) {(44 T oy} (439 ey {455 cm}

Conclusions

Alternative prediction models, which are dimensionally carrect and %w iicahie 1o
noth of U 8, cusremary sysiem and metric system for the est
stresses are propesed and verified. The concept of cumulative damage 1
is wsed 1o account for the mm:,u!:mm damage effects of different airer m ?wmm and
departures. The Corps of Enginesrs accelerated traffic data was reanslyzed.
equivalent stress factor {f3) based on the equivalency of the cum
damages o acoount for the lateral wandering effect of the Lo swithin the full tirs print
aren is intreduced. An SE valent desion factor (EDFY s also defingd to account b:\
the reduction of critical edge stress. Aliemative structura deterioration nmmwg,a
is obizined. This fatigue relationship 1s in very good agreement with the performance
wend of the existing fetigue curves. ‘?m wwo?wzm anproach has been :ss.mﬂaf ed in
7 user-friendly computer program {TRUAPAV) for pracucal trial appheations
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Joint Less Pavements for Heavy-Duty Alrport Application:
The Semi-Flexible Approach

Jean Mave er' & Mikael Thav®

ABSTRACT
In Copenthagen Airport, extensive developments in the field of Semi-Flex £15)
ﬁmﬁmﬂg structures have demonstrated high potentials for very heavy | %
swm static loads in particudar. The experience of the Semi- mm tible cméaf.
{8EP) concept dates back .m vears, However, during the lafe m ies, 4 new
m»mw«unoa of this special product emerged which brought about furthe
development towards :,39 guality pavements exhibiting very high .nm,mmw%
and durability. Today, it is possible to design Semi-Flexible Pavements for
tvpe B aircrafts in regard of aprons, stand gates, ul;:.m stands, start-up
pads, taxiways and other heavy loaded areas. More than 500, 00m? has been
applied in Copenhagen Alrport. Of this area, 165 500m® are constructed from
1988 through 2000 wilizing the enhanced second generation technique.

N-
(0

e

'-x

The general STP concept consists of 2 joint less wearing course compased of
an open-graded usphalt concrete filled with a special shurry grout. The
underiying bituminous layers are designed for high strength and high load-
bearing capacity, The Semi-Flexible weating course wiil not develop cracks
due to shrinkage, nor will it show any plastic flow.

The joint less SFP have nqﬁ,&& Copenhagen Alrport with a
performing pavement with 2 minimum of maintenance. The better econo
and Dﬁéﬂ&mmog technology offerad by the SFP have been desirabl
compared to concrete slab pavements. The mm& enhanced Heavy-Duiy Seml-
Flexible Pavemeni structures arce nxmmn i be the desired solution for
pavements designed for beavy tnads,

arden &,
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