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SUMMARY

At the request of the Federal Aviat ion Adminis t ra t ion  4. Porous fr ic t ion courses ,
FAA I the Transportation Research Board of the Na - 5. Measurement of pavement unevenness , and

t i on a l  Academy )f Sciences appointed a program corn- 6. Statistical qualit y control and quali ty assurance
m i t t e t to p l an , co ndu ct , and summarize the Confercoce procedures .
on Resea . h in Airport Pavements . The objective of
the con ference  was to present finding s from recent re- Those areas that were considered to be in need of fur-
search ac t iv i t i e s  by FAA . to invi te  comments on the ther study are
conclusions from these finding s, and to indicate areas
of future  research needs . 1. Documentation of pavement performance , espe-

The conference was held Novembe r 15-17 , 1976 , in d aily the establishment of a framework and methodology
Atlanta , Georgia.  Topics of the five sessions were for the systematic and continual monitoring of pavement
Pavement Management Systems , Pavement Design Con- systems:
siderations , Pavement Materials . Pavement Evaluation 2. Establishment of procedures for nondestructive
and Performance , and Performance  Procedures and testing and pavement evaluation: and
Summary of Federal Avia t ion  Adminis t ra t ion Research 3. Data for improved pavement design procedures
Program. The 227 par t ic ipants  were from 40 states including criteria for pavement unevenness for new sur-
and 14 foreign countries , face construction , effects of frost on pavement perfor-

Based on presentations and discussions at the con- mance , soil strength evaluation procedures , equivalency
fe re nce . research resul ts  that can he implement ed now values for paving materials , and design criteria for con-
and require no fu r the r  immedia te  research ef f or t  are t inuousl y reinforced and prestressed concrete pavements .
i n the fo l lowi n g areas:

The full proceedings of the conference will be pub-
1. Pavement—ai rc ra f t  compat ibi l i t y , lished by the Transportat ion Research Board in Special
2. A i r c r a f t  d is t r ibut ion on a irpor t  pavements . Report 175.
3. Fibrous concrete mix design and construct ion

procedures .

INTRODUCTION

At the request of the Federal  Avia t ion  A d m i n i s tr a t l o !e . P a v e m e n t  Eva lua t i on and Per formance:
the Transpor ta t ion  Research Board planned and con- Pe r fo rmance  Procedures and Summary of Federal
eluc t e ’( l  the  Conference  on Research in Airpor t  Pavem en t s  Avia t i on  A d m i n i s t r a t e i n  Research Program
to present the resul ts  of resea rch  under taken  l~~ FAA to
update and revise i ts  methodolog y for .i i rport  pav ”m ent  At each session , which  was approximate l y  ‘

. . day in du-
design and rehabi l i t a t ion  and to provide feedback on a i r -  ra t ion , several pilpers were presented and open discus-
port pavement  research needs . sio ns were conducted . Before the sessions began , each

The conference was held N ovember  15-17 . 19 76 , in pa r t i c ipan t  received a copy of FAA Report FAA -RD- 74-
Atl anta . Georg ia.  Included in the 227 pa r t i c ipan t s  wer i ’  35 , C r i t e r i a  for Ai rpor t  Pavements .
representat ives of nearly al l  aspects of the pr ofess ion This a d m i n i s t r a t iv e  report to FAA summar izes  the
includ i ng federal ,  st a te , and munic ipa l  g ove rnmen ta l  session discuss ions , the conference overal l , and the rec-
agencies , a i rpor t  management  and a i rpor t  en gineering on imendat ions  for  imp lemen ta t i on  of research f indin gs
agencies , a i r c r a f t  m a n u f a c t u r i n g  comp anies . educa t iona l  and research needs . The recommendat ions  are those of
ins t i tu t ions , and consul t ing f i r m s . The pa r t i c ipan t s  were  t h e  Program Commi t t e e  prepared a f t e r  al l  members  had
f rom 40 states and 14 foreign count r i es , h e a r d  the conference  presen ta t ions  and the discussions

Conference sessions were on the following topics:  tha t followed .
The fu l l  proceeding s of th e  conference wi l l  tie pub-

Pavement Management  Systems:  l ished by the T r an s p o r t a t i o n  Research Board in Special
Pavement Design Considerat ions:  Report 175 .
Pavement  Mate r i a l s  — M i x  Design . Pe r fo rmance , and

Quali ty Control:

_ _
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SUMMARY OF SESSIONS
/n  .~ y e ’ :  C ,,fl, ,eU P /h ( w I , , , ., I /< ,.enl, i i i n/ ion I’j e , ’~ i i ’

PAVEMENT MANAGEMENT SYSTEMS indicated a need to develop performance hi s tory for the
mate r ia l  under real is t ic  service condit ions .

Pr imary  discussions during thi s session centered on the Several questions about the effects of frost  and perma-
development of pavement inspection and evaluat ion pro- frost on design and per formance  went  unanswered , sug-
cedures and the incorporation of the results into pave-  gesting a need for fu r the r  studies in thi s area.
ment management systems . Par t i cu la r  interest was There were several comments  and questions concern-
shown in develop i ng pavement inspection programs and ing FAA ’ s cha nge to the Uni f i ed  Soil Classification Sys-
correlat ing observed disti’ess to per fo rmance . Several tem.  An essential point made by Horn was that the un i —
questions were asked of speaker Arn t z en  regard in e the fied system is intended to classify soils only insofa r as
cost of his inspect i on and pavement evaluat ion programs . thei r  susceptibility to frost and moisture , but tha t the
He suggested tha t per iodic  (twice  year ly )  inspection and actual  pavement design would be based on an evaluation
y ea r l y  nondes t ruct ive  testing (N DT ) and evaluation f r  of the s trength of the subgrade soil.
si x runway s could be done for ~25 000 to S30 000 year .

Questions submitted to speaker Hutch inson af ter  the PAVEMENT MATER lA LS—M ~~ DESIGN .
‘-eSSie ) f l  indicated some confusion regarding the impor-  PERFORMANCE , AND QUALITY
tance and implementa t ion  of the A i r c r a f t - P a v e m e n t  Corn - CONTROL
pat i t ) u i i tv  Study . The discuss ion indicated tha t the intro-
duct ion of the 680.4 to 907 .2 -Mg ( 1 .5  to  2 .0 m i l l i o n — I b )  The n i : i J or  discussion in this session centered on the
a i r c ra f t  is Oc t  expected in the near fu tu re ,  s t a t i s t i ca l  qual i ty  control procedures and especially the

Several par t ic ipan ts  asked about runway groovi ng , typica l  values developed for l imit in g the variabil i ty of
p a r t i c u l a r l y  its e f fec t iveness , per formance , and du ra -  the maVr ia l s . Great  concerr ~ was expressed over the
b i l i t r ,  The abi l i t y  to regroove or resurface over assignment of penalties for inferior quali ty material. A
g r i e v e d  concrete  and asp halt-surfaced pavements was question was posed as to whether the suggested penalties
also dis cussed . None of the par t ic ipants  presented ob- wei’e ref lec t ive  of the potential loss in performance of
je c t ive  data on these subjects , but the ’ consensus seemed the  total pavement system or were arbi t rary  values . It
to be that grooving was e f f ec t i ve  and was re la t ive l y  long was pointed out tha t there  is a basic di f ference  between
last ing especially in concrete runway s . No par t icu la r  qual i ty  control and quali ty assurance testing and that
problems were reported to have occurred during the re- these concepts should be kept separate . The thrust of
grooving or resurfacing of grooved pavements (e i ther  the discussion was that the concept of statistical proce-
asphalt (Cr concrete sur faced) .  dures for quality assurance is good , but the participants

were not willing to accept either the levels of variabili ty
PAVEMENT DESIGN CONSIDERATIONS indicated in the presentations or the penalties suggested .

More data are obvi ously needed to justify the suggested
Ma ny questions and considerable discussion were d i -  values before these procedures can be applied.
rected to the equivalency factors  presented for the var-  There were several questions and some discussion
j ous paving mater ia ls . Several part icipants stated that about the effectiveness of the porous frict ion course
the equivalenc y values should not be constant and unique (PFC )  and the 1)robt ems of t ire rubber buildup and re-
quant i f ie rs  of a material , but should reflect the inf luence  moval. The performance and cost-effectiveness of the
of the pavement sys tem and especially the properties of PFC have been reoorted to be generally good , but further
the su bgrade soil on how variou s materials  affect  pave- study is needed of rubber removal and procedures for
nient per formance .  The effect  of the frost  design pro-  overlaying pavements having PFC surfaces .
cedures on the relat ive equivalency values was ques- The edge curl ing of fibrous concrete slabs was dis-
h oned , but it was apparent tha t no object ive  informat ion cussed and , although the phenomenon was never full y ex-
defining this  relation is available.  The thrust  of these plained , it appears there may be a need to observe and
concerns and questions seemed to be tha t , if valid de- analyze curl ing in thin fibrous concrete overlays and the
sign procedures were developed , they should incorporate effect  of curling on the performance of these systems .
actual mater ial  propert ies so tha t  the mater ia l  proper-
ties would not need to be expressed in te rms of the PAVEMENT EVALUATION AND
equivalency values . PERFORMANCE

With regard to the revised design procedures for flex-
ible pavements tha t are under development and were The discussion in this session included questions related
summarized by Barker , questions were added concern-  to the f ramework for evaluation and performance of pave-
ing validation procedures and method s of evaluating pay -  ments presented by Witczak .  These questions focused
ing material  and subgrade properties for inclus ion on the effect  of subgrade properties on the evaluation
therein.  Most questions related to implementat ion and procedure and the relative importance of samp ling ver-
use of the p cocedure  ra ther  tha n to the basic approach , SUS nondestructive testing . Witczak believes tha t some
althou gh concern was expressed tha t  the procedure sampling tests wi l l  a lways be needed to complement NDT
seemed somewha t oversimp lified for a comprehensive eva luat ion.
rational design. The point tha t the proposed procedure The discussion of commercial  a i rc ra f t  gear loads
was a f i r s t  i tera t ion of a possible mult ip le  i t e ra t ive  ap- brought out two facts :  (a) Dynamic wheel loads in excess
proach seemed to be missed by most part ic ipants . of the s tat ic  wheel loads can occur during takeoff and

The numbe r of comments  and ques t i ons  about f ibrous  landing , and )h )  most a ir c ra f t  operations are concen—
concrete indicated a high degree of in teres t  in t h i s  sub- trated nearer  the cen te r l ine  of the pavements than  was
j ec t . The questions er comments  did n e t  seem to ques- prev ious l y  be lieved . This suggests the use of keel
tion fibrou s concrete as a p oten t i a l  pav i n g  m a t e r i a l , but th ickened  center )  sections as a pract ical  approach to
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new p. iv me -n t  c lus ig re ,  It was brought ut tha t t h i cker  respond i ng methods of pavement  evaluat ion  is best a C o r —

ove r Li~ near the center  : e f  t he  p .tvc - c co t s  w n a l d  be’ ever  r e l a t ive  questions dealt w i t h  wt i e t tu ’r  N I)T procedure’ s
th e ,ire ’a - w i t h  the ’ mi st f r equen t  t r a f f i c ’ loadi ng. It was  can stand alone in eva lua t i n g  l ’ n ~~~ts or whether  other
noted , hi ~ ev e- i ’ , t h a t ~ i th  so nic p a v e m en t s  t h e r e  would fo rms  of sanip ling and tests are’ also required . T ;w C oCi —
have to be a waiver  cf the  m a x i m u m  t r . i c esv e ’i ’ se ’ slope iii sensus was tha t much  can is’ done to incpr i c  t t ~ - noi idc —

erde r t e e  use :i n e en u n i f ’  ‘i m  over la ’, , st cu rt  lye- tes t in g and e v a l u a t i e i r e  pi- e r edu ces  to  make them
Th e lack cf a c r i t e i i c n  f i r  t o l e rab l e ’  ru icwa ~ une v e n —  more ’ se- I t  s u f f i c i e n t , but that  some form 1 sampling and

ness was discussed , but n e  c e c e s e ’ I c s u s  was r ea ched  re— t e s t i ng  is necessary t e e  define ’ c r i t i c a l  p rope r t i e s  cf p a y —
~a rd in ,~ t h e  need f e e l -  such a ci’ it e ’ r ion.  Scen ic  sug~:e’ st c- d ing nlate i ’Ial s ’, in ( l  pavement  s e c t e ’c c e S  , Mu c’ Ii interest wa s
that  pave n ient unevenness cc a v lead to fa t igue  l’s i/ u i i  - i f  shown in the de i-el op ni ent ee l ia  1 id~ ‘i i i  (en p c’ ‘ed u res i c r
Si rc ’r:i ft components . h ut this  c as disputed c\ i’e’pre — NDT and I)a~’eiiie- i lt e’va lu at i on .  It was no t e  I tha t at th is
sen t . i t i vc ’ s if a u - cr a f t  m a n u f a c t u r e r s , who p o inted c ,ut t i m e  a l l  va l ida t ion  is macic s t r i c t l y  on the  i ca S is  1 co r re—
t h a t  , sin e ’ -.t i r e ’ ra f t  spend see much mor e t ime ’  in no~— l a t i on  w i t h  resul t s  f rom e ar l i e r  p a v e m e n t  e valuation pro—
t i m  in t h e  .eii . tha n on the gi ’ound . .c ny c u m u l a t i v e ’  e-ecl ui’es , Thei’e we’ re s e v e r al  suggest ions tha t NDT - m d
s t r u : ’ t u r , e l  ct acce ,u:e dur ing  gr ound  e p e ’ r a t i e c c e s  is i c e s i g —  ev : i l ua t  ion pt’ oc ’d ure s should t ie on a ni ce- fundamenta l
n i f n ’ a n t , ie:csis ,

Anothe r point  if discussion de - .e I t  w i t h  whe the r a niethe xi
P E R F OR M A N C E  PR OC E D U R E S  AN D if ~ DT ;iii d pai ’e c e -n t  e v a l u a t i e e n  stec ,u ld be se lec ted  f rom
SU M M A R Y  OF FEDERA L AV I ATION th e ’ t W e c  pre ’senied ci t  t h e ’  c o n f e r  ecce ’r and c u r r e n t / v  being
A1 )M IN IS TR A T I ON RESEARCH PROGRA M app lied on an exp e ’r in ien t a l t c . i s i s  er w h e t h e r  the  d ev e lop-

me nt of iie it t e chn ique’s  she eu ld lee’ e ec ’  ou raged - T his
In t h i s  s e s s i o n , anct t e e  some extent in the pi’e’c eehclg one , ques t io n was not s a t i s f a e ’ t e e i ’ i l v  r e solved The ‘ ‘ funda—
there  w e r e  Sonic l ively discussi ens (n the  mer i t s  and d e n t s / i s I s ’’ a ppe ’ai -e ’d to  f a v e e c - deve ’le i pn i ent  el t o e i r e  and
val id i t y  cf nondes t ruc t ive  test log and eva lua t ion  cf p :ive — i mp rce v e d l) r ie ( ’eclure s . a nd the ’ : e 1 c , r a t  lonal  I)ee~~le ap —

ment s and the procedures for d ing see . The questions pea r e d  t I c  Le v ie r ’  se lecti ng oio’ . 1 ’  ( W e  procedure ’s and cep —

centered on two main topics: a c  Can resu l t s  f r o m  NDT pi’ ov ing the m I ii ’ a p p l i c a t i o n  and c c n p le i m e ’ n t c i t i e i n , It is
be used t i  d e t e r m i n e  pavemen t  i ’eh ab i l i ta t ion i ’equire— :ip l ) .e ie ’nt  t l ~ e t  ii i ii ’t i’ , : .earch is c c ’ ’ ’ ’  c d  ‘~~i t h e ’  NOT p r e i —
ments ‘~ a n d ( b e  Which  of the  NOT p roc edure s  and cot ’ — c eciur e ’s end t h e -  colc i - c i i c i e t . i f l t p a v e - m e - l e t  e ’ v , e l e i a t i en .

SUMMARY OF CONFERENCE
,jrI I i lop e ’ e e e c j t Je t en ’  r icO ‘ i t  I .,‘ ,~. 5 ,( : I , ’a Ili (1,, /, : c e , e , ‘ ‘ . - I

The ’ emp hasis at the c cutset  cf the  c enferen ce -  was tha t  ss e l  low, soils . t n t p l e ’ n i e c c t . e t  I on of t te e&o ’ j c i ’ eic ’e’ du ce’ s
pavement  design and rehabil i tat ion should he considered a w a i t s  the ’ i c c — c i t / s  cf c e d e h t  con a l  st u d i e s ,
withi n a management f ramework and tha t  the i ’esults Cf The ci e cen ge t e e  the ’ U n i h i e ’ e l  S il C l a ss i f i e - .e t i o n Sy st em
resea r ch  pi ’esentecl :et the conference sho uld add specific ’ repr ( s( ’n t s  a Ste  c f e erw ;e  i t t  in FAA n i e t h c x t o l : n ~v - I n addi —

i n f o r m a t i o n  to face ts  ( Cf t h i s  c ver al l  management  svst e ’nc , t i on . t he r e ’quii’ e men t  tha t a s c i l  st i ’e ngth C a l i f o r n i a  heai- —
It is wor thwh i l e  to r e i t e r a t e  t h i s  p e e i n t , Fo r t u n a t e l y , to t r e e  r a t i c CBR c ht ’ u s e -e l  foi’ p a v e - i r c e ’n t  t h i c k n e s —  se l e c t i o n
th i nk of a speci f ic  a i rpor t  wi th in  thi s c u / e x t  is eas ie r  is .en in cp c ei ’ta nt ad d i t i o n  to lic e’  d e - s i n n  r e q u i r e m e n t s
as compared to  a eighwav n e t w e e r k  because ’ e e l  t he  l imi ted  Lavei ’ equi va le n e ’ie s  t h a t  h ive ’  been d e v e l oped from
range in soil conditions and a reasonabl y c’ -n s t an t  en — f ie ld  tests  for i’a i ’i ca us t rea ted m at e r i a l s  :it the U. S.
vir onment , W a t e r w ay s  E x p e r i m e n t  S’t at ion were  Sug g e sted Icy

M a t e r i a l  presented by Arntze ’ n on p ( - i ’ f c )rndanc’P e v a l u —  I l a n c n i i t t , f / cc ’  sp e c i f i c  val ues pr ( ’sentect raised ques—
ati on including the measurement  Cf pavement  s t ruc tu re  Dons a n e enig  t e e  p a r t i c i p a n t s -. accor c i ing l ’, , t h e s e ’  v a l u e s
response represents an examp le at Chicag o O’Hare A u ’ - should be examined c a r e fu l l y  hcf c re use ,
p ci’t of solo e c cf the cia fit  t ha t  must lw e e l  I t s  i ned on a s vs — Pavenc cot dese cc f e c  i’ f r c  st a r id pe rma f i’c ‘St (‘ (lid i i i  on s
ten i at  ir  and cont inu ing  basis  to  ensure tha t the ’ manage — hits h r e e ’ ~ upc iat e’di , as reported by Johnson . lIe noted
tn ent  sy stem wil l  work e f f e c t i v e l y ,  hcc we ’v , ’r , tha t r esearch  is s t i l l  required in th i s  c i r c a ,

Mater ia l  presented by Ledb ettei ’  ind ica tes  tha t f c r  p a r t i r u l a r l  when s tabi l ized l ay e r s  are ’ t e e  t i ’  ce insidere d
sniooth pavenien ts  the ;i i rc r af t  di cla nt ic ’ load effect is as par t  ccl  t he  pavemen t  st r uc - tu r ~’ ,
not a problem.  However , it is possible tha t  rough pave— Improved meth ox i o l ogy  being developed Icy  the  W: i t e ’r —
ments  may cont r ibute  to i ncr’ e :esed loads , w h ic h  wi l l  ar  — ways Exper imen t  Sta t i c  in for FAA was nit rislue ’e ’d tw
celerate t he pavement dete ri (rat  ion p i’ocess . H i s  d ata Barker .  T he nc , i  te ’ r i ce 1 he ~ re ’ sent  (‘ci i s  the  f i r s t  i t  e r a  —

also indicate  tha t turn ing t o c ivem en t s  Shc (u l d rece ive  ad — t i m  in the ciei ’elopment of :en in ipr ccv ed des ign  procedure- -

di t iona l  cem sidera t ion  because of t t c e ’  i nc rease  in I )adi on It Is  i m p o r t a n t  t e e  i ’ lTi l ) ut i i S e 7 e ’  the 1)c ’ d t l t  in c h- by Hutch in son
the gear c f the a i r c r a f t  dur ing  the t u r n i n g  process . tha t t h i s  improved n c e ’ t h e c x i o l~~zv is use ful for  s t ruc tu ra l

Design procedures tha t can he i mp lemente ci were  lire — r e ’h a t o l i t : e t  i i  en es wel l  as new d e s i g n  - A c - a  ma t t e r  of
sented by Parker . for t h i c k n e ss sel ect ic in  f e , r  c c c n t i n u  — f a c t . app l i c a b i l i t y  t , c  r e habi l i ta t i c e n  may elv e ’rSha dow th e
ouslv reinforced concrete , f i br ous  concrete . .e nd pre — use fu ln ess  in new d i - s i c ’n . pa i ’t i e ’u lar ly  in t i c , -  next fey ,
stressed concrete pavements . l i t  ;idd i t i e c n . g u ide l ines  y e a r s  A l t h ough the ’ W a t e - r w : iy s  Ex per in ient  Station has
for mix design for the f ibrous con l-re te  have i ,eet t sug — selected spe c i f i c  t r i t e - F c c  l e e r  t h i s  in i prc e v e ’ct  n c e th cx te i l  ~ v ,
gested . The prob lems if e’ eoe t and long — t e r m  p erf or  — cdh ( ’r  crc  e ’r l , i  , ir e a / s e ’  in use , e . g . ,  t t c s e  d eveloped by
mance of this  mater ial , h owever . St I l l  have to  be act — Shell  e rec t  11w- Asphalt  Ins t i tu te  for d e s i g n  of a i r f i e ld  pave—
dressed , n i ents  ) Rec e nt h e - v i le ep fll ( ’nt s by a n u n i i n - r  of g r c iups  in

MeKeen presented guidel ine ’s  f c r  i rnpr dlve d procedures in ip r  ci t cl e t e ’ S I L ’fl . e r l o t  r i ’ t r , e i o l i t a t l c m n  i n e t h o x l c c l e ~~’v w i l l  be
to analy ze and ‘‘design ’’ paveme nts  t o be const ructed cm p r e s e - i t t e d  a c e d  e 1 -st  i l t O ’ e i  i t  I t mu F’ ( Ur th  In tern at ion a l C o n —

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _  _ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ _ __ _ _ _ _ _ _
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fe re ’n ce ’ -n the ’  S tr u c t u r a l  E) esign of Asp halt  P a v e m e n t s  described by Gerardi.  ~~ecifi c ’ c r i ter ia  have not been
i n Au gust  1 177 .11 An n Ar t i e r M m r h i g a n , c d e f ic e e ’ct  as yet according tee Sonnenburg . The laser pro-

Diit .i p re sented  c it the ’ ce nf e ’renc e  indicate ’  tha t t h e  p 0 — f i l onc et er  provides a quick tool for determinat ion of run—
r mc u s I r n ’ t n e n  c e eur a e ’  is .1 suital ele .e l t e r n a t i v e -  to g r o o v i n g  ~-av prof i le  and should prove to he usefu l in the evalua —
.es’p halt i . e n ( ’ r e t o  1ye c e c r o ’n t s  l e o  re ’duc’e the po ten t ia l  for tion pi’ocess .
h v :tr e ip l ani i-,g Whi t e ’  p re s o - n t e ’d gui d el ines  for h o eth  m ix  N cmci e s t ruc t iv e  testing provides an improved proce—
de sign .end cons t ruc t i on  f o r  t hus  open-g riededi asp halt  dure  for evaluat ing structural  per formance .  A lth~ .i gh
t ’oincr e ’te Al tho u gh there ’  has been t i l e ’  rubbe r buildup the procedures developed Icy Hal l  and Yang and presented
,et the ’ c ,e~ e ’ nie ’mc t s u r h a r ’ , ’ em a nun c toe - r  of j ) i)r ((uS f r ic t ion  at this meeting have received support from FAA , it must
( ‘e,urs e su r faces , the nC i n i : t l a l  amount  of reve rted rubber be rc’o-cign ize’d tha t there are other procedures , e.g., those
,tt the S i / i  1,,eke ’ C I I - ,’ Airp ort sug ge sts , as r e ’p ’o rted by discussed t)y Barenberg , A number of groups have been
Duggan , tha t it may hoc ’ desirable ’ to consider larger  us in g  such procedures for several years ,
max imum-s ize  . iggr eg .l t e ’  ( 19 , 1 ve ’r su s 12, 7 mm or e As noted at the outset of this  s u m m a ry ,  it is impera-
versus ‘ m l  for these ’ mixes , W i t h  the larger  niaxi- l iv e  that  performance data be developed on a systematic
mum size , it may be necessary , however , t o e  consider and continuing basis. Data feedback to the’ design and
m o xl i f re d  .es’pha l t s  5U c.~ e ;es the rubber Ized m a t e r i a l  used rehabi l i ta t ion process is absolutely essential. Forth -
at Salt Lake Ci ty . natel y , the management system concept provides a

The p er f o r m a n c e  of overlays in poro rn s f r ic t ion  f ramework wi th in  which this  can be accomplished,
courses has raised some question as to) what should be It is strongly recommended tha t airport engineering
done to these porous mixes prior to overlays . For cx - s taffs  conduct performance evaluat ions now even though
amp le , water might  accumulate in this pervious layer,  FAA guidelines are not yet available . Sufficient experi-
As temperatures in the overlay increased , the moisture ence is available to permit  such evaluations . The m di-
or moisture vapor in the porous la~’er could have a del- rat ions from those who have already undertaken such
eterious effect  on the o v e r l a y .  Ad d i t ional  s tudie s of evaluations are that  the procedures are cost effect ive .
fi e ld perf ecrm ance appear warranted , As a part  of this process , it is important to ver i fy  the

E , R , Brown , Reid H, Brown , and Wathen emp hasized performance of overlays as well . When airfields are
tha t  s ta t i s t ica l  quali ty control should be used its soon as evaluated , it may be desirable , as Witczak noted , to
pract icable  in airfield co) ns t ruct i on.  Although the values establish d i f fe ren t  rehabil i tat ion cri ter ia  for runways
reported by E . R , Brown icc/ v serve as .e guide , the tol- and taxiw avs ,
Frances  to uFe foci ’ specific - jobs should be developed on All conference speakers emp hasized that  engineering
the basis of experience in a pa r t i cu la r  area. This point judgment is required . One must be carefu l to heed this
was emp has ized by a number of discussants , advice and not expect everything to be Wri t ten  in simple

The need for rat ional  evaluat ion ee l pe r fo rmance  of statements , In ef fec t , FAA circulars  must be viewed in
existing pavements was emphasized , M oreover , the this l ight in that they are advisory and provide guides
necessity for obtaining quantitative as well as subjective tha t , when used wi th  judgment , will  permit  effect ive use
measures of performance was stressed , The use of the of resources for airfield pavements . The research and
concept of fun ctional failure as noted h ey Witczak as a development effort  sponsored by FAA and presented at
part of the management framework pro evides a reasonable this conference provides engineers concerned with the
basis for making decisions as to when to undertake re- design and rehabilitation of airfield pavement systems
habi lit ation. It would appear tha t the response of air-  a way to improve their capabilities for better engineered
craft  to pavement roughness may be a useful method for structures.
defining this  functional fai lure , e.g., the methodology

RESEARCH RECOMMENDATIONS
/ ‘re e- r _ e e e c ( , , e y e e , 0 0 0 , ’ i 7, ‘r t/ c , ’ ( ‘

~e , o f ,  Ye 01 0 0 0 ( 0  N, - ‘  ,o /0 c e o  l e t , c c ,  I’,io e’ o?O, ’OO O

The Program Committee evaluated the conference  pre -  ciuced In the foreseeable future.  Thus , any fur ther  effort
senta t ions  and discussions , g iving special a t t e n t I o n  to along these lines wo cul ci have l i t t le  immediate re turn .
those research results presented that were acceptable
by conference par t ic ipants  as requir ing no immedia te  A i r c r a f t  Dis t r ibut ion on Airp ort
further research and to those tha t were not al together Pavements
in accord with the views of the par t ic ipants , If th ~-se
differences could not be reconciled by available i n fo r -  Results from the study of a i rc raf t  dis tr ibut ion on airport
mation , then the committee concluded tha t more re- pavements were well accepted , and these f indings should
search is needed , be incorporated into  the design methodology. To take full

advantag e of the f indings in pavement overlay design will
RESEARCH RESULTS THAT CAN require a review of the l imiting criteria for transverse
BE IMPLEMENTED slopes for airfield pavements.  In the design of new or

replacement sections , the results of this research should
Pavement -Aircraf t  Compatibil i ty also permit  thickness changes in the t ransverse  direction

of runway pavements .
Results of the Aircraft -Pavement Compatibility Stud y
provide a basis for t rade-offs  between aircraf t  and pave- Fibrous Concrete
ment design. It is now apparent tha t a i r c r a f t  in the 680.4
to 907.2-Mg (1.5 to 2.0 mi l l i on-Ib )  category , the possi- M i,x design and construction procedures for fibrous con-
biLity of which led to this FAA study , will not be intro- crete appear adequate , and only long-term performance
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data are r rc ’edo ’ei bet c r ’  d e s i g r c  and c e e n s t r u c t e e ) n  standards courses e 1~F C/ and establish pr iecedures for maintenance
are estab lished fo ir the li e / e r i e  I and re h a b i l i t a t i o n  of pavements  with  PFC surfaces .

Porou s F r i c t i o n  Courses \ a i i d a tmc ’,n ol Nondestruct ive Testing
Procedures

Mix design , cons tructiec n pm’o ece dure S . c u d  pe r f e e r n i a i ce
data on porous fri c t ion cc ours c’ -s appear adequate  t e ,  j us-  E v a lu , e t u c j n  of the st r u c t u r a l  response of pavements  by
t i fy  i mp lementa t ion  o of  th is  tect i n olc~~y ,  S oomo ie  aci c hi tie ,ona l nond es t ruc t ive  tes t in g procedures has the potential  t I e
inforn ia t ion  on opt imum aggregate size and gra dice t i on  provi d e in m pe ir t ant  data to assist  paving engineers  in the
and on m: e int emmnce and r e h cmI o i l i t a t i c , i i  p roece c tures  is i r ian .e ge ’nm c ’n t  ci a i rport  pavement  systems , Cur ren t ly
need ed , but it is bel ieved tha t this  can ht - st  he’ obtainect there cr c - a nun ih, e ’r c o t  NDT method s and associated pro—
f rom in — so ’r v ice  u i i s t c i l l a t i on s  c f thi s ma te r i a l ,  cedures f co r pavenient  eval uat i on i ,

Pavement  U n evenness 1. WES 16k vibrator opera/eel :r ’ the load sweep mode
ce s t a t i c  Inse t superimposed b y ’,e sinusoidal dy namic  load

Procedures for measuring pavenieiit Unevenness appear of varying amp litude at a c i l l i s t cer ) t  f rcque l ie -y :
well adva lice di . and re la t i n g  runway l) r ec f i le  data to an 2. WES 16k vibrator operated in the frequency swe’e 11
a i r c r a f t  resp onse-  model :epp e ’cer s to provi d e a meaning— mod e 1a stat ic load superimposed by a sinusoidal  dy namic
ful way to evaluate pavement  unevenness.  Ac’ceptable load 0) 1 i ons/ant amp litude but at vary ing frequenc \ - U
pavement unevenness c r it e r i a  for a i rc ra f t  operations 3. Air Force 9k vibrator , whi ch  has loadcng capabil-
are not available , and there are some serious questions ities s imilar  to those of the WES 16k vibrator but with  a
as to whether such cr i te r ia  are needed or desirable, lower static load and a smaller maximum capacity :
For construct ion acceptance , cr i ter ia  for new pavement 4. Road rater , which can be custom made wi th  a
and pavement overlays appear to be desirable and should wide i’ang e of load and frequency caparit ies tha t even ap-
be pursued further . pm’oach those of the WES vibra t o c i - :

5. Dynaflect  test machines:
Statistical Qu ality Control and 6 . WES heavy—load vibrator , whi ch is a nonn iobile
Quality Assurance tester with  the potential  for high load amp litud es:

7 . Cccx vibrator , Which )  is van niou nt e ’d , app lie s a
Application of statistical proce dures for qual i ty  control s iius oida l  d ynamic  load to the pavement w i t h  a range (Cf
and qual i ty  assurance t1”~t i n g  is well ceccepted by the load amplitudes and frequencies , and di f fer s  f rom the
profession . Typi c - :  ‘ indicating levels of mate,’ial W ES , Air Force , road rater . and Dvna flec’t equipment
var iabi l i ty  and lir ~ € 5  fo r accep tabili ty and pen- in tha t it does not app ly a static load on the pavement
alties are funct i  e ’t ic )n and construction pt ’o- being tested but uses a t ra i le r—mounted . remotely sup-
cedures . It is hat t h e  s tat ist ical  conti ’ol ported mass as a reactio n for the app lied loads ,
and assurance p lemented but that the 8. Falling -weight dei ’lertomet c-r ( introduced by the ’
basis and cr ~igning penalties be reviewed French  and furthei’ d eveloped by the Royal Dutch Shell
before implen. ,  , . , .  C o m p a ny ) ,  wh ich app lies a load most n e a r ly  approximat-

ing a moving a i rcraf t  load :
FURTHER RESEARCH R E Q U I R E D  9 . Wave-prop agation techniques , which involve the

use of v ibra tor y  equipment at the pavement surface to
Three areas appear t i c  require additional investigations : generate waves and the measurement  of the rate of wave
docum e ’nta t ion  of pavement per form ance , validation of propagation in the pavement components ra ther  than the
nondestructive test proce d ures , and improved pavement  measurement  of p aveneent  response to load as wi th  the
design. Some of the studies listed in one area will  over- other test procedures:
lap into other areas. 10. Benkelman beam , which  is a well -known method

for measuring pavement surface def lec t i ons  under  slow-
Documentat ion of Pavement  p erformance moving vehicles  and is highly developed [or use (fl high-
— way pavements:  and
The most cr i t ica l  need in the area oil document ing  pave- 11. Pavement  deflection signature equipment , which
ncent perf o erma n e ’e  is the establishment of a f ran iework  is an expansion of the Benkelman beam in tha t the
and the methodol o gy for sy s temat ic  and continual moo- d e f l ec t i on—measu r ing  equipment is mounted on the test
itoring of pavement  systems . Among the i tems tha t  vehic le  and c la ims to measure the pa\’eli )Pri t  sur face  de-
must be established are f l ec t ion  throughout  the de f l e ct i o on  basin u n d e r  loads

moving at low speeds .
1. Frequency ee l v i sua l  inspec t ion :
2 . Frequency of pavement  evaluat i on tests  such as At thi s conference oe nl ~’ t he procedures  associated

nondestructive , roughness measurements , and skid wi th  the  WES 16k v ib ra to r y  load wei’e discussed since
measurements:  th i s  equ ipmen t  has been developed wi th  support f rom

3 , Descriptors of wha t to look for and hole’ to iden- FAA. The Program Commit tee  recogn izes tha t many
t t fv  and describe pavement distress and its causes: and techn iques are  availab le and :egre ’e-s w i th  the conference

4 , T ra f f i c  count procedures inclu d ing es/ imitat ion of comments  tha t NDT should f l e e t  hoe l imited by FAA to ion-
cr i t ical  wheel loads and t r a f f i c  pa t te rns . d e s t r u c t i v e  v ib r ce tce rv  t ( ’St l i E  w i t h  the 16k equipment .

Thus , I)ecause elf  the diversi t ’,’ of equipment and pr oo-
In add ition , studies should be in i t i a t ed  to cectures ava i lab l e  and lice ) e o t ( ’ n t i I l l  new NDT procedures

not yet put  foc r th , the que st i ot r  ar ises  as to whether  ~‘ci l i —

1. Incorporate the f ind ings  f rom the t r a f f i c ’  d iS t r i l ) u— dat io r t i  p i’ocedures should li e - developed for e e r ie ’  e r  t w e e of
tion study i n t o )  the pav e ment design and e ’va luation p r o— the m ’ r o -  .cctv ance cl t e s t s  ~eti d e ’va lua t io i i  proocedures or
cedures , g u ide l  mi l es developed for va l ida t ion  l)r~ cedures (hu t might

2 , Document the pe r fo rmance  of pavement s  w i t h  he appl ica b le  to a broad range ’  e o f  NDT equipment and
fiber reinforced concr et e ’ , and pavement  e ’v aluat i ,on  n i e t h o x t c c I , x ~ies , The e’ on u im i t t e e  r e c—

3. Document the per formance  of p orous f r i c t i e e n i  o o n cm end s  tha t th e , i t te ’ i’ co urse ’  be foellowed
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Since’ the pr o c edures .end c r i t e r ia  \O, e)uld have broad evalua t ion ,  The Program Committee believes tha t the
i iucp l i c ’.mt  i ’  oi lS f o r  and i i r epa c t  en the management  ( C f a i r  — un~f ie-d  sys tenm is ceo e f fec t ive  scheme for c lassification
p m o r t  pave ’n le ’n( Sy s t e ms , time c oi nini i t l ( ’e  r ecc)n )mei ldS e e l  S e c i l s  foer  mois ture  and f ros t  suscept ib i l i ty .  Needed
tha t an a dv i s - c i ” . p a n e l  tie’ app o oin t ed t e e  establ ish re ccnu m— fol r eva lua t ing  the seed s t ren gth  parameters  are improved
nie’t id&’d pr oe ’ed urt ’s and c r u c -n .e ,eti e l t e e  e va lua te  tire ro ’ — procedures tha t  c cii be incorporated into the pavement
su I t s  ci f v a lu ej ,i t i ’ e n s t u o t i o -s using the v :en ie i us  equ t p men t .  design pr cecedure . Ide a l l y ,  soil s t rength  measurement
In the d e v e l . e p u n t - n t  el the  c ’al idati om i pr oc d ’e dur e- s the c o r n —  procedures should provide soil s t reng th  parameters tha t
n i i t t e - e ’  r eceen inie i ie t s  t t i c e t  the , e d v i s e e r  y p .eoie ’I c onsider  the are coinsistent with  pavement design procedure and pave—
f o o l l e o w i i i g  ment  evaluation when Nl )T procedures are used . Thi s

requi remen t  sug gest s  tha t  the soil evaluation test proce-
I ) o t i n i t m oin C t  the’ r ole ,end l i m i t a t i o ns e e l  N I ) ’)’ . ctur e ’s should mnclu c te  dynam ic  t e s t in g  - four  most soils have

2. ‘r0 ‘-t ing f ex i s t ing  pav ements  ra the r than spe— s ign i f i can t l y  d i f f e r e n t  propert ies  und er  s ta t ic  and dy —
cu.i IL ’ . i n st  r u n u i o - n t e ’ l t e s t  se-c t eo )nS , m d i  m man i i c  loacts . Studio ’s to ) develop procedures hoer  measur—

3. Inc orp or at ion  of d’ l imatie’  and envi i -onment al  fac— mug soml s t r eng th  p a r a m e t er s  for pavement design and
t ,) r s .05 P.C rt 0) 1 t h ee evalu cet ion process . -valuat ioi i  are s t r eo n g ly  r econin ’iended and should l)e given

a hi gh p r i o r i t y  in any fu ture  res t -a rch  program .
To v a l i d ate any of the NDT procedures wi l l  require

performance dat um f o r  e ’x i sting puR ’em eflts including th o cs c -  Equivalenc Y Values
w i t h  over lay s , and obtaining those data will  require  t ime .
T l c r ef oe r u , so tha t the prod ’ess may t egin as soon as Equivalenc y values for pav ing mat er i : e l s  have great  all —
p co ssih l e - the  c: emn i i t t ee  recommends that  the procedures peal because of the manner in which  such parameters
pr omc ’id e - a me ’ .msure 1)1 the s t i f fnes s  cha rac te r i s t i c s  of the s imp l i f y  the design procedure when cc n e deals wi th  a n un c—
vari ous p a v e m e n t  components , pa r t i cu la r l y  for subgrade h)er of d i f f e r e n t  paving ma te r i a l s . Ho wev e r , because the
mater ia l s , t o o permit  c omparisons to ) be obtained , physical charac te r i s t i c s  0) 1 n ia miy of these materials  are

The burden of def inmim cz the potential  usefulness of any d i f fe ren t , the nodes and causes  for pavement  distress
new met h o~ t s that are-  prclp o Sedt  lies w i t h  the developer. are often d i f f e ren t . Consequently . some’ severe con—
Promising pr o c o-dure ’s , a f t e r  r e v i e w  by the advis eo u’ y s t raints  must be p laced oil the use of any equm c ’alency
pan e l , c ould ceo -d ye , I c f d e t i o n a l  support for fur ther  de— value- assigned to any paving mater ia l .
ve ’lo pn c ent .  The equivalency values presentect at the conference

raised many questions . A number of p ar t ic ipants  pointed
Improved P cmveme ,nt Des i gn  out tha t a d i f ferent  equivalency ratio between any two ma-

terials  must exist for almost every s ignif icant  change in
Bef e re c md o t i t i e , n a l  i t e ra t ions  for improvement  in the de- su~~ racte support , loading , environment , use in the pave—
sign pr ocedures can be developed , adct i t i o nal  studies are ment  system , and even t ime of loadin g. Wi th  th i s  many
needed in the  following areas . variables , either a range of equivalency values must be

given for each mater ia l  or the condit ions for which the
Paven -cent Unevenness equivalency values are valid must t)e careful ly spelled

out ,
Some unevenness crit ez- ia are needed as a basis for con- A question was raised as to whe ther  equivalency
troC i  c o ver  construction operations . The current s t ra ight-  values are even necessary . If procedures are developed
edge cr i ter i on is not consistent with the funct ional  re- to incorporate real propert ies  of component paving ma-
quirements  of airport pavements.  Thus , for unevenness ter ia ls  into the design process , there should be no need
if new pavement surfaces , new cri teria are needed that  to develop equivalency values for the various materials .

can be related to the pavement functional requirements If it is determined that  such parameters  are necessary.
and to the latest technolog y fom measuring runway rough- studies must be undertaken to carefu l ly  delineate appro-
ness. pr ia te  equivalency values for each paving mater ia l  and

the cons t ra in ts  under  which  such values are valid .
Design for Frost Effects

Cont inuousl y Reinforced amid Prestressed
New ctes m gei cr i ter ia  have recent l y  been developedh for Concre te  Pavements
pavements in a r ea s  o f  f r e e s t  penetrat ion.  Questions
raised at the conference re garding the e f fec t  of s tabi- Both c o n t i n u ou s l y  re inforced concrete and prestressed
lized layers  on the  frost design cr i ter ia  could not be pavements  appea m- to have potential  for excellent per for—
resolved w i t h i n  the cur rent  s tate  of the a r t .  Fur ther  niance at reasonable costs . Desiglu criteria are lacking.
studies are needtedt to ful ly  unders tand the e f fec ts  of however , and it is impossible to optimize the design of
frost ac t ion  ui p a v e m e n t  sy stems wi th  s tabil ized ma-  these pa v ei )ment systems , A d d i t i o n a l  design cr i ter ia ,
t e r i a l s , based cc fl  paran ieh e ’i ’s  such as allowable stresses and

s t ra ins  in the pav o-n ient components , al lowable deflec—
Soil Class i f icat ion and Soil S t ren gth  lions , and allowable subgrade s t ra in s , are needed be-
M easurenment  fore the dc-signs cccii be optiniized.  The committee rec-

omniends tha t fu r the r  studies to ) develop the additional
The discussion on soil classif icat ion and its relation to in fo rma t ion  needed to establish real is t ic  desig n cri teria
pavement design indicated some confusico n about the be given high p r io r i t y  -

relative roles of soil classif icat ion versus soil s t rength
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Pt no en ix U . S. A i m ’0’ Corps of Eng inee r s . Vick sburg,  Missis ’~

Davidson . Crani N I , Ei igit ieer ing ~~‘ c ’ t 1 e i n o , Fc’c he rc e l A v i a —  sippi
t io n A d r n i i n i s t r a t i o ’en , Los ,‘~mo gel e s H a m n i i t t . George N I . .  Waterway s  Exper iment  Station , U .S.

Davis . John R . .  Massachuset ts  P or t  A u t h o r i t y , East A r m y  Corps of Engineers . Vmcks hurg , Mississippi
Boston H a r m . Mi l ton  E . .  School of Civil Engineer ing ,  Purdue

Dehn . E r v r n  N . .  J r . .  Sverdru p and Parce l  and A os ’)c i  U n i v e r s i t y ,  West Lafayet te , Indiana
c/ es , 1mw’ .. S i lver  Sp r i n g .  M arv la mid  Harvey.  Walte r Blair . Airports Division , Federal  A v ia—

Denaver . Josep h H . ,  H ect ic Des V o il e ’S Aerienm i es , t i c en  A d m i n i s t r a t i o n , Fort Worth
Brussels l lav m an , Donald N I . ,  Aust ra l ia  Department of Transport ,

Desmarais , Michel , Cinient In depen dant  Inc . .  M c o n nt real M e ’ I i i ’ c U m n e
Devasenapat ’hv,  C . .  I n t e r ’  . e t e o 0 0 0 c i l C m ” i l  Av ia t ion  Organ i -  Hewett , Ro na ld N , Airports  A u t h o r i t y  of Jamaica ,

zation . NI r et  r o ’ .o 1 KingSton
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t l o g g i n s , lames L . A ir poor t s  D is t r i c t  Off ice , Federal Mar t inez , Fernando , Restrepo Y ,  Uribe , Ltda., Bogota
A v ia t i em n Ad i i i i i i i s t r a t me e n . M e ’z i m p tmi s Matsunioto , Daniel S., Airports  Divi sion , Pacific Asia

H e e kanSon . Lawrence I) , Ins t i tu te  of Te-o’hno logv , U.S. Region . Federal Aviation Administrat ion . Honolulu
Air  F o r c e , Wn m c nh t Pat terson Ai r  Foe x’ o ’e  Base , Ohio) McAle ’e ’se . Thomas L. ,  Milwaukee County Airport Plan-

Uc e r o c , F’ m’eci , Federal “cc i a t m o n  A d m m n i s t  r , ot  i e mn  m m i n u g  me nd Con s t ruc t i on
H e eSang , V ic /or  A . ,  He cw .erd . Ne edles , Ta ne me n am - cot Mc l ) oo w c ’h l . Thomas H . .  R a le igh—Durha  in Ai rpo > rt  Author—

B er’ g e ’:md e o ff , Alc ’x an ctn ia . N i  m g  z n u u a  m t v . N o r t h  C a r m o h i n a
Huiitz m no g e ’ i ’  . Harcolc i  S . . Scelt l ake (‘it ~ I n o t m ’m n a t i e o i i m e l  A i r —  ‘ c l cGi h h  , W i l l i a m  ./ , Airpor t s  Division , Southern Region ,

port Fe ’o lera l Av ia t i ce n  A d r n i i m i s t r a t i o o n . At lanta
Hu ti -h ins o  to , R omn a lct L. . Vo’ce te i -w . c v s  E x p e r i m e n t  St .e/ i ’  ii , Mc K e ’n . Gc cr donn . Civi l  Engine er ing  Research F a c ih t v .

U.S . A r m y  Coorp s c e f  F : r m g i n i o ’ers . V i c k sb u n g  . Nl i s s i s— U n i v e r s i t y  of New Mexico . Albuquerque
sippi N l c K e e m g h . C. A . .  Southern Region . Federal Avia t ion

Act no n i o t  r .i t coin , At lit n/a
.l.ev . E l toon  F . ,  A i rp o r t s  Di s t r i c t  O f f i c e ’ , Fe ’e to ’ i ’ , e l  A v i s —  .‘cIe ’ L e ’ e l  , N e l m n i a m i  W .. Nh’A sp bn ~e h t  En ig m neer i u c e  Se rv ice ’s ,

h e lm A d n i r n i s t ’ ’ c c t r on . .Jao - k s o c n i . \ t o s r - i s s ip p i  T o c i ’ o m t o o

. i c e y c o c x  . Claud e E. . M t u n n n o ’ipa l T o - s t u n g  L c e b , o r a t e o r v . N I c M : c h o o n n . T . F . ,  Of f i ce ’  of Re searc h . F ede ra l  H m g t u w c i ’ .’
H i c k s v i l l e . N e w  ‘m’o erk  A e l i i n i n i S t i ’ c o t i c c i i

, J oc hn s o o n i  , Thactdeus C..  U . S. Am n i v  C ’m k t  l l e ’gi ’  0 0 0 5  Re ’ — NIe ’~~j e’e-n , J f o o y  D. . Federal A v i a t i o n  A d m i m u c s t r a t i o n ,
sea rch  .e nd Eoginc ’ m ’ n cn oc :  h , .o b e o n c e t ’ e i ’ v . H anoo o ve r . N o w  . J . crn . e i ca . N e w  \‘eo r k
Ha mpshire ’ M e d i c o , ( ‘ u r i s , Porous C o e n c r e t e . In c . ,  S:e i’ c e s e o t m e .

, J e on as , F r i - co s t . T i pp e t t s — A t o / o e - / t  — N l u ’ ( .’:m r t h ’ o’ — S t i ’ : e t / o o i m . E l -i ’ ic ic e
New \‘, e i ’k \I ec t i c ’ o c , . To e i l n  .1 . ,  J r . ,  , J c m h n  .1 , Me ’o t i c e i , .Ji ~, , Di e’ . ,  Sa i n t —

Jones , D o’nn i s , A m o i . i x  Hes i e c i  n o  e ’ Ro ’c o cy e ’r ’, Sys ten i s . Inc . ,  s o o t , L  , F l o ei’ida
Smyn ina  . Gc’oirgia Mc’ heoi c t e ’z ,  , Edgar  C.. C oos / cl R i c a  M i n i s t r y  of Pu t eh i c ’

J oin t ’ s . Michae l P. , N. e vme l l” . e o ’ i l i / i e ’s  E m g i n c e i ’ u o g  Corn— Works  and Ti ’anspeoi’t : n i e e n o . San l o o s e ’
mound , Alexa ndr ia . N i  i’ , i m m i . e  N l e h c c ’ k . Dav id F . .  Ohio l)epar tmei i t  of ‘l’rat i spoer t atic in .

J ordan , e ’r cv ‘ci - Ci ty  c it  B i rmingham , Ala bama ( ‘ c lumbu s
M e l v i l l e ’ , Phi lh ip  L. . Federal  Avice t  ion Ad rn i n i s t r a t  ion

Kaise r’ . R i c har ch B . .  L’n i i t e .tet A i r  L iiies . C i mi c ’ag e o  Mc ’t t e r m n i o ’k . La r ry . W i l l i a m s  amid Works , Inc ., Grand
Kec k le ’i’ , A.  R . . Bui’n s  m d  N l o - D c e n u n c ’ h l  E i i g inee i ’ imi g  Con i— Rapids . ‘ c I u c ’ h i i : c c i i

p an r v  . Kansas C i ty . M i s s  un  M ic ’ha luk , E rn e s t  E. . Ti’ansp oi’t Cam -c ada , Winnipeg .
Ke’ o n e  hl i , AL!  S. , Louisiana Depa r tn i en t  c i f II ighwavs . Nice t u i t o i c ce

Bat on R ouge M i l l s . W i l l i a m  H . .  W i l l i a m  H . M i l l s  and Ass ociate ’s ,
Ke r l i n , T. H . ,  A t l a u - c~a A r r p c o r t  Eng inee r s , Col lege’ Park , At lan ta

Ge o r g i a  Miti’onov:es . F ., Acres  An em ican , Inc . ,  B u f f a l o
K inibi’ ’ cu r b , Duke S.. F l oe n ic t a  Depa r tmen t  of Transpor  — N i o) n i s m i / t i . Cai’l L. . Depar tment  of C iv i l  En g i n e e r i n g ,

t a / m o n . Feo rt  Lauderdale  Un ivers i ty  of Californi a , Berkeley
Kleruk , Ric tiar ci F..  Plant  and Structures  Division . Po e rt Mo,ore . R a y m o n d  K. ,  Department  of Civil  Eng inee r ing ,

A uthoc n i tv  of New Y ci rk  and New Jersey . Jamaica , Auburn U n i v e r s i ty , Alabama
N o w  \“ ‘i’k Morin , W . J ., Lyo n Associates , I n n c’ . ,  McLean , V i n g i o t i i t

Knobloc ’ k . Gee eng e ’  C.. WNKBS—En vi rod ne . Chicago
Kno ip . Car l  0., P re e fe s s i c on ia l  Emigi nec ’n ing Coi isu lta i t s . Parke m - , Fi -azier , .J r ,  , Waterways  Exper iment  St at ioon ,

Vo’ i ch i / . c U.S . Arn iy  Corp s of Engine er s . V icksburg,  M i s s i s —
Kio r ze n i ec ws k i . Both tai i N .. Pti i lade l phia Division of Avia— sippi

l io n  Parr . Lloyd B. . M issouri Depar tment  of T i ’anspor t a t i con .
.Jeffei ’son City

l , . l c r o o i X . I ) id ie r , S e r v i c e  Technique’s d e s  Bases Pasc t i ina , Ricar cioi , R ome A i r p o l r t  . I t a ly
Ae’ rj en iC es , P:en is Pattes oon , W i l l i am T. - Sr , ,  Lcou i.sv i l l e ’  and . te f fe ’rse en

La mb . D. W ., Acres  A m e r i c a n , Itic ., Buffalo - c  County Ai r  Board . Kentuo’k
Lan ct . F r eoier ic  A ., Pavcn iei i t  Systems , I nc. ,  Landen— Pav lovich . H . D. , Asp halt Ins t i t u t e , Co el l e i c e ’  Pa rk ,

berg,  Pennsy lvania Ma r y la m i c t
Lars on . Rick  F . . .  W , .J , Reese arid Associates , Inc . ,  Perko i . Lawrence , P e c n t  c-c f Po rt land . Omog oon

Re ock I slami d , I l h i m m ois Pe t i t , R ichard 0.. Port of Seat t le .
Led l ee  t R - n , R i c h a r d  H. . Waterway s  E x p e r i m e n t  Station , P f i s te r  , R icha rd  H o f nt a n n , U . S . Steel Corp rat  i con ,

U .S . A r my  Corps (of En gi i ieers . Vicksbut ’g . Mis s i s —  P i t t sbu rgh
sippi P l en t l . Wi l l a rd  G. . Ii’ . ,  D i v u s i o u n  ee l  Aero nma ut ic ’ s , N oor th

I e ‘dna k . . / e o l in .1. . Fect e ’ n .e 1 A 0 1cc / io  on Act m i n i m - c  i St i’at ion Ca i’ oil ins Depa Ft mer it  of T ma nspc emt a t  m m m n , R a l e igh
I. e’ ’ . N ; m ’ k , A i rp or t s  D i s t r i c t  Off ice , Federal  Avia t ion  Pu le ra  . V i t o - c  Ant hony .  Fede’ r :ml A v i c e t  ion A c i n m i n i s t  r a t ion .

A d m n o i n i , t r a t i o o m t . ‘cl i an u , F le en i ci a  Va l l ey  S tream , N e w  Yo rk
I.e s:i go ’ . Ma un  cc’ . Ci in em - ct I ndiependeitt Inn o’ . , M ont  i’ea I Punt  ph rev , Robe i t  I . . . NI et n o  0J e o o l i t a  mm NV me sti i n e r t  / 0 0 0 0  Ac  rpe c i t  a
I, c owe ,  f l o i t i e r ’ t  A. , M c’Cai ’rm mn I o t e m n - c : t t i o m a l  A i i -poir t , Las Fe ’ o i o ’ i ’ , el A v i a t r o c n  A c t i v u i n i s t r ’ c e t i o o n , Gi ’ . e c , ’ / h ’ ,’ P oin t ,

V e g a s  V u i - r: m o d e
Lyn c h . Edwit rd T. , G . .  1 . Pay ne . Cci nson . Ca l i f o rn ia

Ro eec te l l , F l o o v d .1 . , W i c h i t a  A i rp ort A u t h o o r i t v . Kansas
M m e e i m s i on . Dan 0., Ci ty  c m l  T u s c a l o i c o a ,e , A l . o t o c i m o a  R a t / u , . J r o h n . ( ; l a s o : eocc -  Q’.ia ni’v , l nc’ , , King o ct  I ’ russia ,
M o n o ! . l o u , Fect ei ’al Ac u c e n i e m i m  A d i n i i m n s t r a t i o o t i , M i a m i , Pe’ mins ~- lv: in m a

F I e , n ’ id . c  R a y m o c i rd , l f i c ’ t ume i’ o t  P. .  Fo’cit ’i’a l A v m m e t i o e m n  A ( t n n n m i i s t r c l t i o m r i
‘c l aguir e . If oeb c ’ c’t It - H i l l s b c n r e n i o t h  (‘ ‘ o u m n t y  A v i . o t  i on - c Reu se , . J ’ e h n n  F . ,  Vo’ , .1 . Reese’ a mid A s s e o c i . / t r ’a , h i m ’ .

Aut h o r i t y .  T. en m pm m R o o k I s l an d , I l l i n e o i s
M cchn s . Pe n n y L. . M e ’ i r o o p o o l i t a n o  W c i s t i i n n c : t c n  A i i ’ p oo i ’ t s . R icha n ’o h s , t f e o t o e ’ i ’t  W . . l t o o w ; e i ’ oi , N e e d le ’s , T.e mn o ’ n  ..nd

F’ o ’c l e r m i l  A v i a t i o n  A d l n t n m i i s t r a t i o n n , G r a v e l l y  P e o i n t . J t e - r c t e ’ n c i o e f f , A t l : m n t . c
V i r g i n i a  H i x m n o m e n o , A. Edwar d , CMI C e o i ’ p o e r a t i e o o e , Ok lce l mo e t imm e ( ‘ I / v

~

- ‘ -.. ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~- — .
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Robinson , H eo wc cr c l  M. , Airpo r t s  Dis t r ic t  Of f i ce , Federal Trua.x. Dan A . .  CMI C o m r p o ra t i e i n , O k l a h o i n ,e C i t y
At ’ iat t e e n  Adni cmii  St rat C eci l . Coil e’g e’ Park . Gee org mit Tue o ’ i l l  ci , S. . U. S. Naval  Civi l  F ii g u n e t ’  r i nmg Labe mrat  or ’0e

Reewan . I t e in a ld  K . .  Ralph H . Burke , li - cc ’ .. Park  R ic t g e . P e n t Huei ieni e , Cal i fornia
I l l inois  Tu rne r , Ll onz a T , , Federal A v i a t m i n u  Adn ie im is t n . e t i on ,

Bu ckley . West V i r g i n i a
Sanborn , At bei’t F . ,  SITE Engineers , lie u , ,  C tmern v  l h i l l , T ve ’t e r , AsIc , A S Sigurd hlcssel t ee -n g . Komgen sgate I ,

N ew -Je r sey  Oslo . N o n w : iy
Sanders , Carr oi l l  R. , Wil lm an i s . Ha t f i e l d  a u d i  Stoi ner  • I m i c,

F ont Lauderdale . F lo j nrc i a Van - c Den Bi ’eeec’k . Frains  A .,  R egr  Des V ee r e ’ s  Ae ’r ie n nes .
Saxena . Surenctra K . ,  C iv i l  Engineer ing  Depar tn ien t , Brussels , Be lg i um

Il l in c e is Ins t i tu te  cc l  Techn oot oe g .’ , Ch icago V an cte ’r Lcear se . .1 . D.. A i r c r a f t  En i c t i no e ’ e r i n g , Fokker
Schulten , Carl  L. ,  Airport  Pa venmeii t  Br an o ct i , F e d e r a l  VFW amid AECMA , Schip oll —O ost . Nether lands

A v i a / i c e m i  A c im i n i s t r a t i c e n  Van  N o o n r t w i j k , H . ,  Civil  Engineering Service Bureau ,
St ’lvik . Roo l f , Aercxlron ie Divis ion , N ’c n ’ w a v  Di r e c t o enatc ’  En g ineen i i ig  Department , Schiphol Aii’port Au tho r i t y .

o mf C iv i l  A v i a t i o n , Oslo-c A m s t e r d a m , Netherlands
Sharnia , .Jatinder , Florida Department o e f  Tr’ aml sp orta— Vi ssem ’ . W , ,  Shell Research -c Amsterdam , Xoninklijke

t io n , Tallahassee Shell Laborator ium , Amsterdam , Nether land s
Shc’ftel , David .1 .,  Systems Research and Deve lopnieiit V ita le , Wi l l iani  V ., Office of Airports  Programs , Fed —

S e r v i c e - s . F eo te ’r ce h Av ia t ion  Adminis t ra t ion  eral Avia t ion  Admin i s t r a t ion
Stu l e r , Scot t , Ei gm neers  Testing Laboratories , I n c . ,  Vittas , Geo rge P. , Airpor t  Planning , Amer i can  Airlines ,

Phoenix Inc . ,  New Yoe i ’ k
Sl at te ’n n , .1 . L . ,  Sahuaro Petroi leum aiid Asp halt Companoy .

Ph oe enix  W om d l icig ton i , V. B ., Ci v i l  Engineering Departn r ent , Lova v
Sn’i i th , Cecil B. , Delta Ai r  Lines , Inc .. Atl ar ’eta Engineers , Inc .. Spokane
Smith . L. Beale . Ill . I loiwarc i , Needles , Tamnieii and Waldner . Freder ick A ., Airports Distr ic t  Office , Fed-

Berge ndoff . Miami , Florict om croc i Avia t ion  Administrat iot i , Camp Hil l , Pennsylvania
S m i t h , L a r r y  F . ,  I 1TB , I nc . ,  Okl aho i iiia City Ward , Wi l l i am T., Airporta Dis t r i c t  Office , Federal
Smi th , Lc ewrence L.. Tampa In t e r i ia t i o emia l  Airpor t  Avia t io o n  Adniinistr at i on i , College Park , Georgia
Spaine , L. F . ,  Transp orta t ion Resea rch  Boai’d , Wash-  Wa /he n , T. R. ,  Engineering Division , U .S. Department

ingt on - c , D .C. of the Army,  San Francisco
Sparks, Cra ig  A..  Rocky Mountain Re g i on , Federal  Wetter . C. .J . ,  Schip hol Airport Author i ty ,  Amsterdam ,

Av i a t i o i n  Admin i s t r a t i on , Aurora , Colorado Netherlands
Spencer . Herbert G.. Amax . Inc. ,  Avonctale Estates . Weisz . C . Ph i l l i p . Air Transp ort Associat ion , Washing -

Georgia ton , D .C.
Spr inge t t . H. E ., Br i t i sh  Airways , Hoouiis low , Mic idle- Westet’ , K . ,  Study Center for Rd-cad Construction ,

sex , England Arnheni . Net h iem -lands
Stoner . E . W .,  Wil l iams . Hatfield and Stoner , Inc .. White . Thoimas D , ,  Waterways Experin ient Station , U. S.

Fort Lauderdale . F lor ida  Arniy Corp s of Engineers , Vicksburg , Mississippi
St r :mni ctb er g, Ro w A. ,  Bo eing Commercia l  Airpl aiie Con-c- Will . Kenneth J .,  Bureau of Aviat ion , Florida Depart-

pan ty. Seattle ment of Transportation , Tallahassee
Studebakei’ . Robert , Laserp lane Corporation . Dayton Wil l iams , George A.,  Florida Department of Transpor-
Stvron . Rc bert W.. Anta x Resource Heco ivem ’ Systems , tation , Barton

line’ .. Atlanta  Wilk , Wi lly , Betonstrassen AG , Wilde gg, Switzerland
Sweetapp le . Go ’m r d ooi i .1 . ,  Manchester  lnter i iat iona l Airport  Wilson , Barret t  J .,  Port Author i ty  of New York and New

Author i t y . England Je r sey ,  New Yo rk
Wils oni , ,Iames A. ,  Cit y of Birmingha m , Alabama

Tak esh i . . Jot zmnui , All N ippon  A i r w ay s , Bur b ammk . Cc i h r f o r -  Wilson , Jo h n G.,  Pul lm an Swindell Ceramic  D ivm si on ,
ni ce P i t t sbu rgh

Tat ro . Lee F . .  Jr ., F le -cr ici a Depar tment  of T r a n s p o e r t a -  Wil somi . T . E. .  III . Southern Roadbuilders , Inc .,  Augusta ,
l ion - c , DeLanct Dis t r i c t  Off ice . DeLand Geoirgia

T cm v e r n er . G. 0 .,  D e f e n c e  Ccen st i ’u c ’ t i o o m i . l.tci . . Ottawa Wi tczak . Mat t h ew W ., Departnieiit  0) 1 Civil  Engineer ing ,
T c iy l e  or’ , ‘c ia i’viii B. ,  I) u v r s i ’m  of A e n ’ o nau t i c s , I l l inois  Un ive r s i t y  of Mary land , College Park

Depar t iu - c e m - c t  e o f  T r a i m s p e o r t a t i e in .  Sp ringfielci  Wit tev oen . Neorn i an  D .,  W a / s c i on and Coin ipa uiy , Tampa
Teru iies on . It . Gu uuna i ’ . Sani F i ’ aun c i s c o A i r p o r t s  D i s t r i c t  Weor’ ch . R icha rd  .1 ., Federal A v i a t i o n  A d m i n i s t r a t i o n

Off ice . Feder al  Avi at i on A d n n n t u s t i ’ a t i e o n n . Bu r l i n g a m e .
C m m l i f o m i ’ mni a  Yc i 00g . Na u C . .  Yc in g,  S te vuu i s , Fa h i u s i n  E n g i m n e e r s , New

Thom pSon . M .er sha l l  R. . L’n m i v e - n ’ s u t c ’  ee l  I l l m m n e e i s  .e/ [ z ’ to an nc e  — ‘t ’ o o r k  C ity
Champaign ‘m’c wie.’i’ . E l c l con  .1 . ,  Pur d ue 1’ n o i v o ’  c a r / c  . West l. a f ayet t e .
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