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Foreword

The study reported herein was conducted under the general super-
vision of the Engineeriri~ Design T’r iteria Branch , Soils and Pavement s
Laboratory, of the U. S. Army Engineer Waterways Experiment Station
(wEs), 1/icksburg, Mississippi. Personnel involved in the condition

survey were Messrs. H. T. Thornton, Jr., R. N. Gordon, Sr., and S. J.

Alford of the WES and. Mr. J. C. Hart of the U. S. Army Engineer Divi-
sion, New England (NED), Waltham, Massachusetts. The main portion of

this report was prepared by Messrs. Vedros and Alford under the general

supervision of Messrs . ~. P. Sale, B. G. Ahlvin, and R. L. Hutchinson

of the Soils and Pavements Laboratory. That portion of the study per-

taining to frost action was carried out by the U. S. Army Cold Regions

Research and Engineering Laboratory (CRREL), Hanover, New Hampshire,
with the assistance of the Foundations and Materials Branch, NED. The

section of this report concerning frost action was prepared by Mr. Hart

and by Mr. G. D. Gllman of CREEL.

COL Ernest D. Peixotto, CE, was Director of the WES during the
conduct of the study and preparation of the report. Mr. F. R. Brown

was Technical Director.

:i.ii

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—— — — 
- - -- —-, .~~..‘ . -. - ‘Iu~~ 

•-~‘— ...—._,——..—..•.-•:. ~~~~~~~~~~ ~~~~~~~~~~~ .— .—•- -.~- ~~
,. ~~~~~ ~~

- -
~~ ~- — 

Contents

Foreword • iii
Conversion Factors , Brit ish to Metr ic Unit s of Measurement . . .  vii

Authority 1
Pu rpose and Scope 1
Pertinent Background Data 1

General descript ion of airfield 1
Previous report s  2

History of Airfield Pavement s . 3
Construction history  3
Traffic history 1+

Conditions of Pavement Surfaces 5
Pavement inspection procedure 5
Runway  5
Primary taxiways  6
Parking aprons 8
Warm—up aprons  9
Other pavements  9

Frost Action . . . . . . 9
Objectives of inspection  9
Frost heave  9
Freezing ind.ices  U
Groundwater - 12
Thaw weakening 13

Maintenance 15
Evaluation  . . .• 17
Conclusions 17
Tables 1-5
Photos 1-11
Plate 1

V

L - ~~~~~ 
1



------~ -—-~~~~ ~~~~ - -—~~~~- .- -— .  — —UI

1.
Conversion Factors, BritL~ to Metric TJnjts of’ Measurement

~‘ritish units of measurement used in this report can be converted to

metri.~ unit s as follows: -
Multiply By To Obtain

inches 2.514 centimeters

feet 0.30148 meters

miles (U. S. statute) 1.60931414 kilometers

square inches 6.~.51(- square centimeters

miles per hour l.60931i 14 kilometers per hour

r~ unds (mass) 0.145359237 kilograms

pounds (force) per 0.68914757 newtons per square
-: square inch centimeter —

vii.
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Authority

1. Authority for conducting conditi on surveys at selected air-
fields is contained in amendment to FY 1972 RDTh Funding Authorization
(~~~3- Mc- , 1~ February 1972 ) , subject : “Air Force Airf ield Pavement
Research Program,” from the Office , Chief or Engineers , U. S. Army ,
Directorate of Military Construction , dated 18 February 1972.

Thirpose and ~Lcope

2. 4 The purpose of this report is to present the results of a

condition survey performed at Wh~teman Mr yorce Base (WAFE). Missouri, 
—

during 9-13 M~y 197?. ?~se following three major are~~ of interest were

considered in this ~‘ondi t ion survey: (~ 
)

a. The str1~ 1t ~ ra1 condit ion o~ the Drimary airf i eld pavements, (
~)

b , The condition of n~venient repairs a~id the ;ypes of main-
tenance materials that have been used at t  is airfields ~~

c. Any debr iment ~ l ei octs of frost acticc~ to the pavement
faci lit ie .:~~ -~V

3. This report is limited to a presentation of ~i~ u-a1 observa-

tions of the pavement condJtions , discussior~ of those observat~ ons , and

pertinent remark s ~r it~ regard to the performance of ~~e pavem€.~.t t s.  No
physical tests of the ne; oment~’, foundations , or patehin~ m~e;arials

were performed during this survey.

Pertinent Backgroun d yata

General description of airfield

14. WAFB , former ly Sedalia Airfield , is located 2 mfles* south of

* A table of factors for converting British units of measurement to
metric units is presented on page vii.

1
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~oL :. :ter ~~ 2 1 s~i1~ - ~‘:st o: .‘e d a i i a , M s o ~~ i .  The airfield ie on

gener~t 1 ly ~‘°it p1atee .~ ‘~m i-~ the r ’ o i t~~n .~ l- r seae~; of central Missouri.
-: C ~‘.~ner ~l e ~.-v:ttion of the eirfield i ’ f ~G to 

ft ( ft abo~~ mean sea

level, vicinity map is shown in plate 1.

5. In May 1972, the airfield facilities consisted of a N-S

(18-36) runway, four taxiways connecting the runway to the aprons, a

parking apron , a refueling apron , an alert apron , two hangar aprons and

a connecting ta.xiway, three warm-up aprons , a washrack , and a calibra-

tion hardstand. The runway was 200 ft  wide and l2 , I~0O ft long ; the

rarking apron was 975 ft wide and of varying length; and the taxiways

were 75 ft  wide . A layout of the airfield and a pavement plan indicat-

ing the type pavement on each facility are shown in plate 1.

Previous reports
6. Previous reports concerning the airfield facilities at WAFB

are listed below. Pertinent data were extracted from them for use in

this condition survey report.

a. Condition survey reports:

(i) Ohio River Division Laboratories, CE , “Report of
Rigid Pavement Condition Survey, Whiternan Air Force
Base, Missouri ,” February 1957 , Cincinnati, Ohio.

(2) U. S. Army Engineer Division, Missouri River , CE,
“Report of Rigid Pavement Condition Survey, Whiteman
Air Force Base, Missouri,” January 1959, C~naha,
Nebraska.

(3) Ohio River Division Laboratories, CE, “Condition Sur-
vey Report , Whiteman Air Force Base, Missouri,”
April 1961, Cincinnati, Ohio.

b. Pavement evaluation reports:
(i ) U . S. Army Engineer Division, Missouri River , CE ,

“Pavement Evaluation Report, Sedalia Airfield, Knob
Noster , Missouri ,” October 19)4~, ~naha, Nebraska.

(2) U. S. Army Engineer District, Kansas City, CE, “Air-
field Evaluation Report , Whiteman Air Force Base ,
Knob Noster, Missouri,” December 1958, Kansas City,
Missouri.

(3) 
_________

, “Airf ield Evaluation Report , Whiteman Air
Force Base , Knob Noster , Missour i,” October 1960,
Kansas City , Missouri.
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onstruction histor’-

7. WAi~’, wh i - e  ~-~~~~-~- ia1? ~ A! r ’ieli prior to 195)4, was first

developed tur i~~ Wor I ‘ar 11 as a ~‘1 iit r training :‘ield. The airfield

was inactive fur about ~- ‘f ea r : ;  ~-) l  1owir;~ World War II but was reacti-
vateI i~. 195)4 an a s;c~Ji Lu j et  -o~t;er lie i-i .

~c. The original pavements at thi s airfield were all constructed

of 9-7-9—in. portland cement concrete (Fcc) placed directly on the

subgrade. Original onstructior1 was completed in 19)42 and consisted of

tour rw .-~ays (:n —i~-:, ~~~~~~~~ E—w , ~n-i r-~— r ) ,  a arkin r apron, and connect—

tax ! ;- iays . i non renotivation , .Jorne of tho original airfield pave-
ments were strengthened , and new pavements were constructed according

to the then existing heavy-load design criteria. The original NE-SW

and NW-SE runways were abandoned, and the original ~-S runway was

strengthened to serve as a refueling apron. (The original E-W runway

now serves as a crosswind rur~wny for light aircraft.) The original

parking apron and several of the original taxiways were strengthened.

A new ~-C runway, additional taxiways, warm-up aprons, a hangar apron,

a washrack, a r-~alibration hardstand , and an extension to the parking

apron were also constructed. During the later phases of construction,

the N-S runway was extended to its present length. All construction

was accomplished during the period l953-195~ . In 1959, the alert apron —
and taxiway were constructed and used for parking alert aircraft. Pave-

ments constructed at this time were PCC, except the blast pads, shoulder

pavements, and transition areas, which were surfaced with a 2-in, thick-

ness of hot-mix AC. Pavements were designed in accordance with criteria

in Engineer Manuals 1110-145-302, -303, and -306, which were in effect

at the time of the desit~n. Except for the alert apron and taxiway and

taxiways 17 and 18, the design of the pavement s was based on a landing
gear loading of 100,000 lb supported on twin wheels spaced 37.5 in.
center to center with each wheel having a tire contact area of 267 sq in.

The alert apron and taxiway and taxiways 17 and 18 were designed for a

gear load of 265,000 lb on twin-twin wheels abreast, with each wheel

3
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havin,~ a ‘ire - nt-~ ~. urea of ~17 sq in. The twin whe els were spaced

-~~~ iu . ~enter to ••~ , with th e- inside wheels of east set of twin
wheels -pared ‘~~~ in. - r-uter to - enter , and a bicycle arrangement was

used for the rn;~in landing gears. Details of the design and construction

bi.:tory of the airfield navements are presented in table 1. Pavement

~~ ~kne s~es , description.:, and other details are presented in table 2.

raff’~ history

Detailed traffic records were not available; however , some
traffic information was available from previous condition survey re-

ports and from information obtained during the survey for the period

January 196e-December 1971.

10. During World War II, the airfield was used mainly by C-147

aircraft , gliders , and miscellaneous light aircraft. Following reac-

~ivation of the base in 19514 and the subsequent pavement construction,

B-147’s and KC-97’s were the primary aircraft operating at the airfield

until August 1963. From l9~ 1,-D-rtober 1955, approximately 1400 and

300 cycles* per month of B-147 and KC-97 traffic were applied, respec-

tively. During the period April 1957-June 1960, approximately 2)40 cycles

per month of B-)47 aircraft traffic and 100 cycles per month of KC-97

aircraft traffic were applied. Traffic records obtained for the period

January 1968-December 1971 indicate that traffic consisted of four

categories (A, B, C, and D), with category D involving the heaviest

aircraft (over 150,000 lb). A detailed listing of the traffic for the

14-year period for the four categories is presented in table 3. Of the

cycles listed in category D, 60 percent were from C-l14l aircraft;

35 percent, KC-l35 aircraft; and 5 percent, Logair cargo aircraft. The

N-S runway is the primary instrument runway, and it is used by practi-

cally all aircraft operating at WAFB. Sixty percent of the takeoffs

and landings are from the north (18) end of the N-S runway.

11. The east warm-up apron is used as a missile loading ramp.

This ramp receives about 14 cycles per month of c-i14i aircraft traffic.
A missile and its container weigh approximately 80,000 lb.

* A cycle of operation is one takeoff and one landing.

14 
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‘. : t  ~~~ rt :- ’j r • ’-d ‘ • ~~t t~~ t xiw~~-~• ~ tki~ fieLd ( the

- huul-ie: - .’ of v~ -‘h a r e  j~ 25 ~ wjJ~ 
) ~~ uo n a r r o w  to accomir;odate

• ne n i ~i~ er w: eels ~ ~i— ~~l - ’ a i !‘rraf’t . Lair ~ri~’ the few operations by

air ‘rat4 0t the ba-~e, ta x w y  LI ,’L tC W e : C  lama~:ed -j the outrigger

.~hee1s.

- ‘o r : l i t i  u’s: u: I avemen t rIo-re:;

• .‘e~~ z L  insp€- s ’~iori prore-lure

i~~. The fol ~-rwin~ pr o-;ei~ire was used in conducting the inspec-

:Jr of the r i r~~i r -;e r:;a ’ . i -e nr e sen t at iv e  features were sele-:ted for

-~et a il e d  irsn - eotior: . Tan le~ snes were t} en in sp e :teci slab* by slab ,

‘u i  the ieVe-~~s wern re r - ia ; . The looations of the in dividual pave-

ment :e-  lire : , the :r~soe -1 . on .; ta rt in ~; point s , and the dirertions in

which the n u v e o e n t r  were r . :ne~~~ed ( s h o ~m h:,r arrow: ) ore indicated in

r~~ate 1. The r esults of’ the r j ’  d navement survea for those features

t h at  were in s n e— : t e d  in detai l  u r ~ :)reserl ’:€r d in t~ b1e 14. Thi s table

shows a -ruanti t~ t i ic reakdo~~i of the various t~ipes of d e f e - : t n  and a

‘ondit icn ratios for ea ’h  pavement feature j n~ per~te~ in let a~ J . The

ro :edur -s used for -~etarrnining ‘:he coocrition r’at~~n~ of a pavement are

~ven in Arp en 11:: III of Deuartment of the Arn~r ToeThical Mamia l TM

L — - ~? ( — 3 , ‘~~i i I  Ai rfield f’ivemer;t i~~alr:atios, oote :e ’ --tenher 1965 .

The save:;er;t defect dentifie l us a keyed - m t  failure :ia table 14 was

not Inc f~:ied in the reference n:ar;’sal, because ti Ls type of defect has

~ :LL ,y r ec r nt lj  Leen o - s c r v c ) .  It results fran: traffic of heavy aircraft
arid is rur:sidere-1 to be a ma , r defect.

~ inway

114. In seneral , the condition of the pavement surface on the

N-S (18-36) runway ranged from good to excellent. The first 500 ft of

the north end of’ the runway (feature R1A ) had only two slabs containing

major defects , and about 15 percent of the slabs contained pop-outs.

The second 500 ft at thi s end (feature R213) was also in excellent

~ A slab is the smallest unit , containing no joints, of a given pave-
ment feature.
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• 
~~~~~~~~ - a , ~~~~~~~~~~~; )  na ,~- - ’  a ‘ ‘ : r - ’’ -or ; ’ - : . -~~~ or ’ tars ‘ t ~~~~’~~

~ -‘~ — i r . —~ ~~~~~~~~~~~~~~~~ ‘ ‘• ‘ ~l L ~~~I ’ ) r  1-:)!’t Jr or ’ ‘a  r ’ur rci t ,  ~frature ~~~~~
wa i, r ~ , -- r;sis s - i  lr ~~~~~~~ ; a : ’ - ” rnt , an t:. -ne par er ’ of the  s l at s

• ‘ ,ritair.r r Ic re -t , L .a 4—i r: . ~t:~ic~ 
- • - ‘J r-t in ‘ ;.e ad, acent

I’ ;terior : 1 ’ :,r: u; h • - min’~:’ - ,‘ ‘‘ e;s ;r ’ H~’) v’ • 

~o; - ‘‘lent rondition ,

no i,~ -r a ~‘e 
- • •; r n :~~~r : 1 .  La ~~~ 1% . — ‘ h I - k  navement in the

eXt • ~- r i o r  - r ’ ‘ 00. of ’  t h e -  r-sw :/ ( f e a t u re  ~- , iou it 14 percent of
‘.a rio: - ‘or. ’ ~ r e d  ~ o a r  tei ’e L a .  Ar -r rox in r : a t e y 140 sl a bs  were ob—

re rve l ) a ; :  0 -- eVe i  ,~. :5~ ~
‘ ~ ire . Ar out  40 ; ar - r ent  of the maj or

ri ;’:’e r t s  ‘-c-:or ce I n  t a :  f’~~ t ’j~’u u - • u’re in the - ‘ent er  9—f t — wide

p~ r t i o r  - is r oted in  t o ;  I c  •. , ~r .ere war ’: also approximstely

350 s labs  in wl I di “ s in: s~ a ’  was observe i . l i i i ; ;  e fer t  will lead

to ~cal In~z a n r  : :nall ing as the -r :’aririr: ’ ; r -Dr r’e : ;uc- s .  In the south end

of the r away , whi ‘i: i s  l9-In. -thirl’ pavement ( r ’eotur e i’yA ) and 17-in. -

thick t r - r a ’r a~r n t  ‘fe ’ - i re i~~P ) , one slab in ea~:h r ap t u r e  rontained a

diagonal break : - ia- -ev er , ever:: ri d: i n ttie 17-in. navement and 57 per-

cent or the slab:; in the 1 9 — L a .  i rver r er t ha l  “ 9” cracking . As is in—

di ‘ated In  oara~~rarA , 10, up s-r oxt r r a te ly  1-40 percent of the takeoffs  and

landings occur at this end ut  the runway .

°rirnary tax I w ’r 4-
1 5. The or i r r a r ~y t ax iw’ yrr ir e-ri for normal operations from the

parking apron s to the runway are t a.xiways 1KB , 16A , 12A , 12 , 1, 2 , h A ,
1IB , 17, and 18 and the alert taxiway . The surveys of these areas are

di scussed in the following paragraphs, and the results of the surveys

are presented in table 14.
ld . Taxiways 1JA and lf~b. These taxiways (feature T1OA), which

• service the south end o ” the runway , consist of 17-19-17-in . -thick

pavement . Ab out 3 percent of the slabs contained major defects.  Every

slab in this feature contained “ fl ” cracking. The cracking had developed

to the point that spali ing h’~d become a problem , and about 16 percent

of the slab s had had spalls repaired (photo 1).

17. Taxiways h A  and 11B. These taxiways (feature T1A) service

the north end of the runway and consist of 18-in. -thick pavement . The
survey indicated that about 14 percent of the slab s contained a major

6 
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- r i  a rr - - .~ r i t-v a: ’ t b :  r i  t O  :ont’d:r;a i pu c —out , . The renter
‘ a ~x 1 w t , ’ -~ r. 4 L a n a -- i rria ,~ 0: ’ the  ‘r ;’ij or - i - r a t ; : , arid the most

- ‘ j mmor -1~r :, : - 0 i’, - - I-c ~ ’i lira L rn -kiri~ ~t d ’  ‘rr :i . 4
, the -rnter line

ta 2) .  iha~~- :  h a :  0’ ‘ a a pru~rassion 01 ’ th i  : longitudinal oracking

I” on 10 r i d  I r ;  l e7) (t - tr i ed on t i e  19(0 - ‘-oditian survey , paragraph 6)
to l~ S t i r s  in 1 ~72 . t i -d r - ‘- r in tn~ n 115’ ~~ 01 — rat,; rave increared from 111

in  I )‘ 0 to ~~~ I in 107La

14. La’:Iw’;y: I and P. ~hese two taxiways (l ’eat ires T5A and ~~A)

ore ore-I fur a:; 4 ranc or or ’ e x I t  to ‘dc •r - j uU:  m d  of the parking apron.
Ire ori ’ nal - — r ’t w ’,It.. of the taxiwa’i (feature T5A ) consists of an
u , ’er’lrr, ’ : a , ’erreot ‘:5 1i , -i r r . — t i P - k  b 2  over toe or i ’ :r i a l  9— 7 — 9 —in .—th ick

The La- t r  -wl-1en1 ’ - I :;e-:t la y :  ( feature TTA ) consi st: of 19-in .-thick

r o , emy -r r ~~. Ar - ‘- -xir’r-te ly a nar ’.’nt of the slab s in the overlay pavements
rr t a ined a rn . - r ’ - l et- - :’ , aol  ‘ t i - -j ot 3 percent of the slab s in the 19—

r e - ’ . ’ in r u r ;t r d : r e ’d u r:’, ’ or detest . Defest s such as “ D” crack—
i’d: and 0: -u-d r ware ;-reualerit In  a iar C- e percentage of the slabs.

• 19. ~axIv’r,~s 7 r d  14. These t’:axi’says (feature: T7A and T8A )
are - - ::.—t:;1~~~, ;!r ,9— -lU5;i nnvc-rnents ~iec 1~ ned for aircraft us~~ g the
alert ar- ron . Lb pavements did not have any major defects; however,

t he re  vp; evidea ;e o±~ “~~‘ :ro-rkin~ in ever slab of taxiway 17 and in
p i ,~~ut 12 er-rent of the slabs of t-cxiwalr 18. Water was see-r ing from the

o’cvemer;t jo in ts  10 one location on Lath tax h-rays .

20. Aler  t - i a l w : ’y .  The alert taxiway (feature T- 9A ),  which con -

:1st: of P ~~~~ - -L L a - in . - r h i ;k aver;rer:t , was free of any maj or defects.

Appr oxLas : te ly  5 per - ’rr ;t  0:’ the slab s contained “ fl ” cracking , and some
- v-s.c ~;r - rer. - a-I •

21. T ‘:i .-:a~ 1 . fl taxiwny 12 (feature T3A), which is located
at the routh t-:~ d of tOe parking apron and -cons ict s  of 18-in. -thick pave-
ment , a: r roair -r ’ 4 f ’ Ly 6 percent of the slabs conta in ed, major defects.
About hal f of’ t ;;e ;:la:s in t i i i . s taxiway contained pop-outs.

22. i ax i a a y  Y A .  This taxiway (feature T11A) is an overlay por-
tion of the srI  ‘ ina l  i-S runway ~9o slabs) and consists of 114-in.-thick
pavement over the crioin’ui 9-7-9-in . -thick r’vement. This pavement was

7
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‘
~ ~‘-ood :00:1 : t ion , wi t y : - r a rox i rcrtelv 17 rm r r :e rd  1’ the ::laLs containing

- major -iet.e’t .

‘i rk in ~ - t I - ro n ; ;

I’ ~ . The - - n i ~ I ; - ‘rrk i ng apron non:i :;ted of o_7_d_in. Pb.’ and
v-a ;  - c e  r ’ s’ i-i w I ’ :: ~~~~ — in • — O h a .  I ’d:  . ‘IL I I:  r0n W ,r W dlen~ - :  with Ur: form

I (— nr .— t;: I’S La ‘ . -: ~~ wid ene-] -a’ao ad. 0 1 0 ; ;  tue ol d  ‘- i —f ’  runway which

was also o’,’e nini - l cord i~ nire;:enti:: tire radori ing apron. The overlaid
- ‘ rt of tire aaron feature APi’ - -ar in “er’,’ :‘ood condition, with only

or-out 2 t~er’ ‘en~ o f ’  i hir , slab s -:ontsiir:inr a r’-ojor r h - f e — c t .  However, water

~-eer’Ing f rom toUts La a 1ev locations on the apron was noted during
t a i s  survey (r i:c’to 

~~
) .  The predominant ~1-eft :t s ni the apron were pop-

s- it s (ohoto ~ ) and sp~i1s . Most of the spells occurred in the lane adja-
-ant to the ixairarci 11-La. LaO apron widening where mismatching of the

— 
4 rans’ierr e j oints netwean the too pavements exists. The 17-in, pave-

crept In  the ,srofl widening (feature A3B) was in cern good condition,

• with -m l:: about 1 percent of the slabs containing a major defect. More

‘ san P0 percent of the :1-abs had pop-out s , and there was a small amount

of ’ joi nt spall ir, , r . The refueL1n~-’ apron (feature AI~B) was an overlay
- rs’err:en4; of I 3 - in . -thick P110 over the ori:’inal 9-7-9-in. -thick PCC.
-Jr re’ s-xe :sas ‘a cer-nily in very good cond ition, with about 1 percent

of the slab s ‘ontai’ri-i n~ a major defect. Some pavement distress had

a r - n u r s e d  along the ,~oint separating the overlaid section and the uniform

section where aircraft had taxied. It was reported in the 1960 survey

(paragraph 6) that this distress was due to mismatched joints and to

the  fact that it was not possible to place the keyway of the 17-in.

t’ivement at middepth to allow for load tran,;rfer with the overlay pave-

ment. Some settlement and considerable spahling had been repaired in

‘ bout 30 percent of the slabs in the lane adjacent to feature A3B.

214. The heavy-load-design alert apron (feature A6B) was in very

good condition, with only two slabs containing a major defect. The

predominant defects in this facility were pop-outs and “D” cracking.

Almost 50 percent of the slab .- in the apron area contained “D” cracking

severe enough ~hat spalling was oecurrLar ’  that will require maintenance.

8
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.~- t rr: . — uj -  ~~~ run .:
-

- ~.a 0 - r On . s t a n — i r s  - 1-Sort (feature Alli’) , 41 .1 ‘h 1:; 18—in .—t;bi ‘~~

r’aver ;e’flO , W’ tS in  v *-rv tOil -or ai t I art . However, ,:,u~r:,- slab contained

or - j ut ; ;  ( p h ot o  5) ,  and ~ few slabs contained spalls . The shoulder

:- ~t~’e r: , -nt. ; ad,irt. ’errt t- 0 -  a nort h wa rm —up aron ware in fair condition ,
t nts::verse ‘rack: rrd sport r - ’ ’ ~ 105 . r o  r r t s  :s’par erit ( photo 6 ) .

ri t h e ’  south s - r n - r u -  ‘s-ron ( f e a ture Alok ) ,  which in: 17-in.-thiek pave-

mern ’ , - a r l y  ab out 14 per ’ant of the slabs contained maj or del’ects. How-
ever , e - .-er ’,’ s lab ha-i evidence of “ D” cracki ng ‘photo 7), and approxi-
mnately ~): percent of th’ - lab ;: had spalls that had been repaired. The

-: east warm-up apron (feature A ) b ) ,  which is 18-in.-thick pavement, was

:~ vers’ a’ood :ondi 4d: -orr:  however , every slab ~‘ ontained pop-out s , and a

few slab s contained .ir ’ ti1~~.

rther p~tvem ent s

~~ 
The remaining pavements that were surveyed (such as the

hangar apron , tax iways 4 , 9A , 9b , and 10, and the calibration hardstand
and taxiway ) were all in very good condition , with pop-outs and spalls

: eing the predominant defects  (table 14) .

Frost Action

-)bject ives of inspection

27. One member of the team inspected the pavement facilities for

evidence of detrimental frost effects. The objectives of the inspection

were to determine :

a. Any adverse effects  of frost heave to the pavements
during the winter months.

b. Arty traffic-induced failures that might be related to
thaw weakening of the subgrades or base courses.

Frost heave

28. The airfield pavements were inspected for surface irregular-

ities indicative of differential frost heaving. The inspection, which

was conducted on 10 and 11 May , was made long after the frost-melting
period; therefore , eviuence of nonuniform frost he ave would not have

9
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( - ‘:e’fl ‘ nin - - tri’r;t aX ‘ap i  iii Se’,- tnre  - ‘  asa’s.

‘ . 5cr;- -SOt - i  - ‘I trio - ‘ [ : 0- - I S’  i i  L i ’  i mr eer i r ~ ’ - f f ’ i ce  were queried

ra’~ ctr1ho’ the ck-~~a- I o I o : u : , L of’ -mdesirable surface unevenness during the
winter . - ilo t t-e ,;timr ,-a .: regarding runway unevenness was not sought,

since the field u’ts riot been u se-f by B-52 aircraft to any extent. The

- )flsencils of the surve3 team , however, was that the runway did not
a~ b ib I t  rowr bne , rs  le te  - t ’~b1e n f l  an automobile at speeds of up to 60 mph.

- : -e pavement surfaces we re smooth at the time of’ inspection and were
mns idered to be in  good to  excellent condition , with no evidence of

n’ig ni fi - ant -Jit ’fe r e n t i a L  f’ro:t heaving . Base Civil Engineering Office
r cr $2on ;fl - 1 reported n o  undesirable surface unevenness during the winter
‘cc s pr i r r & ’.

~O. The runway overruns were smooth and showed no evidence of

f’r-nst he v ing . ~The combined thickness of the overrun pavements is

~O in. while that of the adjacent rigid pavement at the north end of

the I-i- f’ -r m’saIr is only 22 in ,  and that at the south end is only 19 in . )
tome localized areas of’ the’ flexible pavement shoulders of taxiway 17

‘rn-:i t he  ‘ le r t  taxiway (northeast end of the apron , see photos 8 and 9)
were 1/fl to 2 in. lower than the adjacent rigid pavement . These small
v e r t i -~r r l  ‘Iisn]’r”amnents are considered to be due to settlement and sub-
: e-n ue n 4 r enai r  rsf’ ~he shoulder pavements. These shoulder pavement s also

showed o; : dense of’ many patches , and numerous longitudinal and trans-

verse cracks were observed. Such a system of transverse and longitudi-

nal cracking in flexible pavements is typical of low-temperature

contraction cracking. Water was observed flowing fr om several of these

cracks, arid the damage in these areas (18-in, combined thickness) which

necessitated patching appeared to have been caused by frost actrto”i re-

suiting from the high water table.

31. There were other areas where the shoulders showed evidence

of wavelike unevenness and patching , notably along the west side of

ta,xiway h A , the west sides of taxiways 1 and 2, and the south side of

the south warm-up apron where frost action was the probable cause of

distress. Several light bases along the north side of taxiway 10 and

10
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the ~e.-t ri de uf  ax iwa y ii,-’- nad heaved ron’: 1 to in. above the adja-

- -en~ ri ‘ t a r -eat .

- r’eezirts  l m.di - u ’s

~- 1 . A  de’: :ign f r eez in g  index of 380 degr ee-dn ’ys , based on tempera-
t - ire Iat ’r -from the Sedalia Weather litation , approximately 20 miles to
the e’- ist , has ~a~’r determined for WAFB . , hi ’: vai ue reflects the average
of the ~-so ’o1de-;’t wi nters  Ti the past 20 years (191 1~~62 and 1962-63).
The value was - ieterr r , ine i with consideration to average monthly tempera-
tures for months err ’ lr c l v  with in the freezing seasons and to average

daily temperatures for the transition months at both ends of the freez-

ing seasons.

~~~~~~ The winter months in this area are characterized by warm or

cold air from source regions many hundreds of miles away, since there

are no n’-tural ebstructions to prevent the free sweep of air currents .

~:-~t and - -’d c’n r’inds a ithout an invasion of warm air are infrequent, with

tse result that large freezing ind.:x accumulations are seldom realized.

Ev’~n the coldest winters considered in the design index determination

included such invasions .

314. Since data are not now available to permit the determination

of seasonal indices for WAFB for other tb-an the years used in the design

index computation , the seasonal values t’tr’ul’nted below are from the

Kansas City Airport Weather Station, which is approximately 65 miles

northwest of WAFB. Although these values do not rc ”les’t indices actu-

ally exsmerienced at WAFB and, being entirely detern~rie 1 from average

monthly temperatures, are s,s~ewhat lower than :t r ,d lc ’ea which consider

average daily temperatures for the two transition months , they do in-

dicate the relative severity of winters since the completion of pave-

ments designed for heavy-load aircraft.

Freezing Freezing
Freezing Index Freezins Index
Season ~~~ ‘ee-day s Season degree-days

1956-57 198 t959~~0 191
1957-58 135 19(0-al 37
1958-59 167 19 (1-2 372

(Continued)
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- r •- - - ’ - in 1~ i~reezing
I r i - Ia ; ’ :  - ‘ r .—~ :‘ I n~ index

~ ‘a, :ca La~~z’tna — La:,’ -
. t eano ~n leo- ‘e( —

L9~ (— ‘ .8 112
i - :  

~~— !~ flU 19~ b — ~~’)
10~ -~-d5 19 l9dth .70 183
10~- - - - -ii 1214 1970-71 1147
1 9~ - ~(~7 0 1971 -72 1146

mean 168

~‘i nce a ir ee z i n 5  index sf -ies ,~n magnitude has been e,cnerienced twice

since the he’ ry-load pavements wer e ~‘onstnicted , the general absence
or ’ evidence of d i f f e r en t al frost heavln~ is significant. The combined
t n j  ~kne, :s of sa’;cnent a o L  b a a  re- m ired for ore ~e-nt i  on of subgrade

free-zin1~ In the le s~~m index year (380 degree-days) ranges from approx-

imately 36 to 140 i n .  and :‘or Limited suh~ rade frost penetration, ranges

I ron ‘~~out- 30 to “15 in . ,  with the spe~”i f’I - penetration being dependent

on the otise and -uL-d !’ani€ density and moisture content and , to some
extent , on t h e  pavement thicknen~s. Substantial subgrade frost penetra-

tio,n in colder years ha,: o— ;sarre-i under the heavy-load pavements con-

strusted during the 1953-56 period (see table 1), since their combined

thickness rani5es f rom 11. to 22 in. Any resulting frost heaving has

been essentially uniform, arid the present con dition of these pavements

indicates that it  has r ,ot been a factor ifl pavement cracking. The

n ombined thi-:knes;: of the newer pavements (the alert apron, the alert

taxiway , and taxiways 17 and 18) ranges from 33 to 36 in., and a safT i-

d ent thickness of subgrade protection to prevent the occurrence of

detrimental heaving is provided in accordance with the limited subgrade

frost penetration design criteria.
Groundwater

3~~. The water table at WAFB is reported to be approximately

120 ft below the surface , but there is definite evidence of a perched
water table under portions of the pavement system. The bedrock is

very deep, and the soil types in the subgrade consist of generally lean

12
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to fa t  slays -of - ‘  I, arid - ‘I! ci u t s : ’ . I ’ - -:at ion . 5’ p -’: -a of a per -k , ~’-1 wat~’r
table so. t’ound at t~~~e -i 1~~’~ i rw p’t ’/eina~ t enitut’, -

- d u n n1 ’ thi n

inspect - ‘a:

a. The alert t a x i w a y , whe re ‘, - ,“ i t ’- r ’  wa: observed fl owi ng from
t i i t ’  r Ig id  a’,-ernent :o in t o  ‘!: st, ,  ‘ .: t a:,-l of a r ) ror ; , See

r~ sto in 8 a n d  h)  and fr  ~s: t he  ~ri - ’t ion or ’ the tax iway
pavement C ~~~~ Pfl- ’ over  1 - t ’,. :ru shad stone ) and the
shoulder (~‘ — .i n .  AS over 1~ — a, eru nh e d stone ) ,

b. Taxiway 17, -sitere water was ob served flowing from the
r i s id  :,a- ,’a,:,ant j o i r :t s , fi rs - : . --1 ” lc: -; s n tat. fle: i l l e
shy ol - ler ’  pavement , from un der tb - shcul’1~n !’:; , ‘ e l  fron .
around a 1 t~ :ki c : ‘ i.xtu,re .

c. The shoulder along the west si-Ia of taxiway h A , where
water was observed f’I cwirn- f r -us the expo se-I base course
at the edge of the shoul der.

t ubdrair :s ren,srt-;- - 1:, were in,;t -~IJed to c-x tr-s l e’~ ,’ ljt- ’ ,J-):r;ts alan ’

portions of toe a-,rth end of t:,e ‘ -le nt a: 5- : : .,  t a ; :  - a:,’ ; ILl,, liE ,

laB , and 11’, and the south side ci ’ the s, st- . wax~n— :r : aaron .

Thaw weakening
3 , The extent of thaw weakening of t H e  :::ib -raue n and b a a

courses could not be readily determined by ir:s:e-ntlon of’ the pavements.

Pavement failures usually are repaired or OtherwIse corrected soon alter

they occur and consequently are not easily exam iac”l dur ir-g a condition

survey. However, even when an examination - -an I-c made , it is seldom

possible to determine whether the failure resulted from t~ara weakening

or from pavement design deficiencies with respect to the “normal” period

subsoil and t ra f f ic  conditions. ~‘he deplet i o n  of’ the fat :’ ”'ua resistance
of a pavement system is progressive under repeated loolin~ s and in a

frost area is related to thaw weakening in that the rante of depletion is

greater during the frost-melting period. This rate of depletion holds

true whether the evidence of fatigue becomes apparent dunint  tie melting

period or at some other time. The degree of thaw weakening and its

* U. S. Department of Defense, “Unified Soil Classification System for
Roads , Airfields, Embanicments, arid Foundations ,” Military Standard
MTh-STD-619B, June 1968, U. S. Government Printing ‘tff’i -:e, Washington ,
D. C.
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if an .  , on t h ’  ‘ o n - l i t  Ion e ’)f’ + ‘ :~ ,
- pav emen t at WAFE ;ur ioequently

aiu,ld r u ’  be i~ : r a i s e d  solely t H i s  iri ’t - e -~tioii . Some limite-i per-

.‘ept i on of the severity 01’ t haw seaktnlil! ,. n e!’fe c~ m : - ‘an be gained , how-

~-s’er , r-y comparing ‘he r’er:’ormar: -a of’ cE r t a i n  pave r ’ient features with
‘ hat, rn,i flit be e.-:ne- ’ted ;n the 1jl’ht of current t rust  design criteria.

~‘T . There ar c ’  no heavy-load f l ex ib le  r avemer~t .; at WAFB . The

‘:I~ :‘I ’;JhL e pa vements ar e the shoulders , n - las t  areas , and overruns.

~;e comb i ned thickness of each shoulder pavement ranges from 15 to
‘
~~~ in .  -t el , ‘rssumi n~ a ‘SR value representative of tI.e ty-pical subgrade ,

a reso- ite in accordance w : t r :  toe current norma l (nonfrost)  period de-

;i ” r.  s nit er ! a.  An 18— in . cor r :t ’or. ’:-i th ickness  would be requ ired under cur—

r’ - - ,~ cr ~ ‘ a s i a  for reduced sur ‘rod e strength ocr, ;tiuns durly’ ‘rn-i follow—
toe frost—neltjn; oez’iod . The shoulders var ’s in t’o’)d cond it ion an l

r n l ’ t i - ,-” L’ ,’ free of evidence of detrimentail frost effects , with the excep—

~on o~’ the localized are’ts descnil ed in n30r ”- ’r’3pnts 30 and ~l. The over—
r’~~ s has-a : -a :onb i nei th ickness  of 30 in.  , ;- ‘h IcIi , a,~a in as ::uming a represen —
t ”tt ive - - s er a i e -I’BR , is - Iec~i fe i n  ‘cs - or’  ‘a’,ice v i ti :  the current normal
f :.unfrcst~ T :enio-i  desio -n cr i teria ~nd is e n d  in l ly  adequate in accord-

ance s ith limited subgra-ie f ro s t  a :f l et r ’ dt i o : r  iC: ~ sriteri-t. The over—

run,:’. were I:: excellent con i it ion.

38. The alert apron an l  t ’uciwriy ( l e a  Lore: A ’ P an-I T 9 A ) ,  taxiway 17
(featur e T 7 A ) ,  and taxi wn y 18 (f eatu r e THA ) sunS i-n to the current heavy-

load -ie :ign cr i t e r ia  (:~(5 , 000- li; ~ear~ loads). The 13— to 3(--in . combined

t~r i cK n e ;o  of pavement and base course incorporated in these features is

also adequate in accordance with the l imited subgr ’i lI e frost penetration
design criteria which assume no reduction in pavement bearing capacity

for frost-condition operation . These pavements have not been subjected

to the - lez i , n t ra f f ic  load to any extent , and on ly two major defects were

observed (both on feature A6B , which has a 33-in , combined thickness).

39. The heavir -loa-l pavements constructed or reconstructed dur ing

the t i ~ -56 period (table 1) were designed for a l00 ,000- lb , dual-wheel
load . Since the combined p ave n~ nt and base course thicknesses of these

features (15 to 22 in.)  are, not adequate with respect to the limited

nod grade frost penetration design criteria , performance mast be compared

114
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wi  t i :  re luc’ed :u:-gr’tde  ~ n ’ -n t i s ’’~~, design and e,”tlu’tion cr it e r i a ,  This - i- - —

s ign  sr~- ’ - ,~ d i : ’ :e.: ‘ : ‘
~~~ r’ gid pavement slab t - r i i - ;kncss must be deter-

‘- : r :ed o’ th e  L-~~si s  of’ ~~~~~“ t rust-melt ing period subgrade modulus kf
and , for nd~ 1o~

, i~’s g’. r~” ’ - ng nde:c and uniform ,sibj ’rade conditions
at WAFFt , th a t  a - ‘ - in . mnf n l im - :m thi -kness of nonfrost—susceptible base

course nust l - e  “or  I oyed . The slab th ickn en: :ec  are adequate for frost-
rondit.ion opera4 ion of l he  de;’~,gn gear load ; however, some of’ the pave-

ments were place -I direct l y on the nubgrade . The principal heavy

aircraft u.:ing ‘.‘/AFh (B—147 ’s, ‘— 1 141 ’ s , KC—97 ’ s , and KC—1 35 ’ s , see para-
graphs 9-12 and table ~

) have not overloaded the pavements during the
frost-melting period , ‘ n -i the small number of observed maj or structural
def ect s ( para gra ph :; 114-2”.) indicates that thaw weakening has not been a

significant factor in pavement performance.

Id). Essentially no B-52 traffic has been reported; however,

operatIon of ‘Iris aircraft would grossly overload most of the pavements

cited in  paragraph 
~9, even for nonfrost-condition operation.

Maintenance

141. Maintenance at WA1 B has consisted of crack sealing, joint

reseahing, slurry sealing shoulder pavements , repairing pop-outs and

spalls , and replacing slabs. Over the yerrrn , maintenance work by the

i-~ase Civil Engineering work force has been limited t a  such emergency

repairs as repairing severe spalls and pop-outs on active pavements.
Some joint resealing has been accomplished; however, the major portion

of the maintenance has been accomplished on random cracks in the

shoulder stabilization. A history of the contract maintenance and costs

is presented below:

a. November-December 1957. Joints were cleaned and resealed
in all pavements except the alert apron, the primary run-
way extension, and taxiway 1~- . Joint seal materials
ss-s-1614 and SS-S-1i7 were used, Cost was $105,306.

b. June-October 1961. Pop-outs and spahls were repaired
using epoxy concrete and mortar. Cost was $142,688.

c. March-October l9e~2. Joints were cleaned and resealed in

15
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alt ra v~-nt-nt.: ax € - rt the parking apron and alert apron.
iar + I’Ll slab repla’’-mse?Lt:’ and spail repa irs were corn—
Si ate I U:’ lng i~- 

‘ -
~~ w th epoxy r ’ond I m g  agent .  Join t seal

n’tteri:tL , ‘.‘-j-~’OO;: and S.I-S— t~ i4 were used. - ost was

d. J-ily-Au~ .:t I~~ 2. Emergency repairs of spalled concrete
resul4~ n g fro:s a i r - - r af t  fire were accomplished. A thin
bonded o’..-r lay 01’ PCC was placed on 10 slabs. Cost was
t i  l~ h h s ,

e. A ugu::t-Oct-uber’ 19’ ‘
~~. J o in t s  were cleaned and resealed

on th~ p ’irkioe apron . Joint seal material SS-S-200a
wan used ,  ‘ost wa:: ~i3, 038.

f. f une-Aug’n m n t  l) ’ 5. Hangar access pavement was overlaid
w i t h  act-ma x 1- ~tum!nous material.

n. JuIy-~ovember i9~5. Spalled concrete on the runway and
t’~txi’.-r-~yo ’-ran r”~poi red ‘~rtth cold-mix bituminous material
o’.’ertai : with joint seal material SS-S-l614. ‘~~enty per-
cent of toe bituminous shoulder stabilization was slurry
sealed. “ost :-ias -.~7l,297.

1. July-September 19( 6. Eighty percent of the bituminous
shoulder stab il ization was slurry sealed, Cost was

i. March-June 1969. Spalls and pop-outs on primary runway
and taxiways were repaired with FCC and epoxy bonding
agent. l~ost was ~~3,l82.

l~2. Based on the 1972 survey, pop-outs and spalling along joints

constitute the major maintenance problems at WAFB. Pop-outs were found

in  most of the pavement features, as is indicated in table 14, with
especially h~igh concentrations observed in the parking apron. “D”

cracking was prevalent at several location s and constituted a serious

problems on the south end of the alert apron , taxiways 1, 2 , l6A , and,

l6B, the south end of the runway, and the south warm-up apron where

cracking had progressed (or coon will progress) to the point that scal ing

and spoiling will occur. The spalls have been patched with epoxy and

mortar , bituminous cold mix , or FCC with epoxy bond ing . tn some cases ,
they have been sealed w i th  joint seal material (photos 10 and II).

143. The joint seal material generally was in fair condition ; how-

a’zer, there were some areas where the seal was in poor condition and
water seepage wan noted at the j oints.

16 



VO l lot i On

-: be I t t e s  c ~
- - - , L u a s  ion r# ’nor t . for th is  1 s’f’ie! (1 was prepared

in 19~-0 (::ee I - al - c r  ~:- : . . t~’cause some changes in gear’ configurations

‘tad mne~ ~:~~~s of ~‘va.ia ’ n o n  L ove I e~e. made since that time, a new eval—
am . ‘am l e (t:hIe- 5) s in  I -‘en ar’~ r)ared. ‘i’he a 4 t ’s i - sa l  aroperties of

~e itL’r als i t . :  Iett ra foc - :  r re’,’i aus evaluations were used for this

ev aluat Ion ~~t~: em5 i aces rig :u~~-1:ner~t aanI.~ cr1 to specific pavement areas
‘~her’: ne rx ’orrnan 2e ha. : indicated that the l oad-carrying capacity should
be modified from thai obtained in using the strength properties assigned

in:  the physical croperty ‘lot’ .

aunt lun I ann

Lt 5.  The following remarks susmmiarize the findings of the 1972
inspect ion :

a. Pop-outs , which were one of the predominant defects ob-
ser - ,’ei , were continuing to develop and constituted an
ccerat ion’ l hazard.

b. Longitudinal cracking on taxiways l]J . an~ 11B had pro-
gres sed s in - s e ~he last condition survey in 1960.

c. “2” cracking was prevalent in every pavement constructed
during 12y1 and i-)~9 and was a serious problem in these
ravements. Some “B” crn -skinrl was o~~surr n1h in the pave-
ments of taxiways 1 and 2 , which were constructed in
1953 .

d. The spalling that  had occurred or. the re fueling and
parking aprons is due to the mismatching c f the trans-
verse joints between the two pavements.

e . Joint seals , in general, were in faLr to poor condition.

f .  Keyed joint fa ilures along the center line of the N-S
runway extension (15-in. ~c~) had progressed since the
l9(~0 survey .

~j. ~-i -147 aircraft operated at this field until August 1963 .
Predominant a ircraft  operating on the pavement s at the
time of th i s  cu rve:- were :~‘-ll41 ’ s and KC-l 3 5 ’ s. The
pavements appeared to be performing satisfactorily
(structurally) from operations of these aircraft.

17
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h .  dhi 1 t’r’- zir:g conditions of’ design: in lax magnitude have
::t~~’n xperier ’ed 1: recent year n at . WAFI - that undoubtedly
a - 

~i ~~~~~~~~~ :~ of o - ~L, -r , 1e  soils ( c l - aco ’ i :’ie’I as
::i l I t l y  :‘r - ,st ::uoc eal . ible ) under sorr~ na -tem ent  features ,
no ev!den-’e ai e i t h e r  detrimental frost heave or of
: ign i f i c~ nt pavement failure due to thaw weakening of
the ‘ubgr’ de was apparent.

18
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T~tble I

- ‘-.1  r t ’ia Id ?onot rur t ion I c t . ory

- 

1 i : :e n s iO : . ;

e’:~ r. 4: :~ 2:2 ckn:e: s
—~~ _ i avanen: t : ’ i , ’ 

— 
- ‘ 1:. . j-e lear Ac er cy

- W  run w  ,- ( a r  a a l  7, 220 150 2i’C 19142 CE
1~ ’-~~~~r’~r - ~~ . (

~ : ~:. L ‘ a l  7 ,200 150 ~~
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Photo 1. “ D” cracking ’ and corner spall repair
on taxiway 16A
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Photo 2 . r-~ t -rh e d longi tudinal  orRek on taxiway h A
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Photo 3. ‘4’ -~~t ’r’  seepage through j o i n t s  in apron
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Photo -i.  Pop-out On apron area
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Photo 5. Repaired pop-out on north warm-up apron
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Photo 6. Condition of ~hou1der area ad5ncent to
north warm-up ‘~rr r,
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Photo 7. Severity of “ D ” cracking on south
warm-up apron
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Photo 8. Alert taxiway; note n:-iter stains
from seepage through pavement ‘joints 
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