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Conversion Factors, British to Metric Units of Measurement

British units of measurement used in this report can be converted to

metric units as foll~~s:

Multiply By To Obtain
inches 2.511. centimeters

feet 0.3011.8 meters

miles (U. S. statute) l.609311~ kilometers
square inches 6.1~5l6 square centimeters

square feet 0.092903 square meters

miles per hour 1.6O931~ kilometers per hour

pounds (mass) 0.11.5359237 kilograms

pcunds (force) per 0.68911.757 newtons per square centimeter
square inch

vii
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CONDITi ON ~WWEY, 1 OHBES MB FORCE FASE, KANSAS

Authori ty

1. Authority for conducting condition surveys at selected air-

t~ie1ds is contained in amendment to FY 1972 RmE Fundin€ Authorization

(MFS- MC-5, 16 February 1972), subject : “Air Fr~ice Airfield Pavement
Research Program , ” from the Office , Chief of Engineers , U. S. Army,
Directorate of Military Construction , dated 18 F’ebruary 1972.

~~rpcse and Scope

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

condition survey performed at Forbes Air Force Base (FAFB), Kansas,

during L.r~ May 1972. The following three major areas of interest were

considered in this condition survey:

a. The structural condition of the primary airfield
pavements.

b. The condition of pavement repairs and the types of main-
tenance materials that have been used at this airfield .

C . Any evidence of detrimental effects of frost action to
the pavement facilities.

3. This report is limited to a presentation of visual observa-

tions of the pavement conditions , discussion of these observations, and

pertinent remarks with regard to the performance of the pavements. No

physical tests of the pavements , foundations , or patching materials
were performed during this survey .

Pertinent Background Data

General description of airfield

it. ~~FB is located in Shawnee County, Kansas, approximately

5 mi les~ south of the city of Topeka . A vicinity map is shown in
plates 1 and 2.

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

1
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5. T~~M~y 1972, t~c airliold facilitie~ consisted of a NW-SE

(13- 1) ru’i.:~iy. a ~E-HE (H1— (3 ’l runway , a series of taxiways , a large

ark i n ~ apr a , three warm-up a; rort s, a washraek , a calibration hard-

.~‘~nrJ , arid a ~i s  of hangar ~ccess aprons arid taxiways. The NW-SE

run w ar  was 2O~ i t  wide and 12±~X) ft long; th~ ME-SW runway was 200 f t
- L I e  and 8.000 it  long~ and the taxiways were at least 75 ft wide . The
l ’ I rk i n C  apron was 900 to l,l2~ ft wide and approximately 3,760 to

5.3Cr ft long. A la:Tout of the airfield is shown in plate 1. A pave-

m’~nt plan indicating th~ type pavement on each facility is shown in

plate 2.

Previour reports

G . Previ ous re t orts concerning the airfield pavement facilities

~tt FAF’I are listed below . Pertinent data were extracted from them for

use in this condition survey report .

a. Condition survey reports:

(1) Ohio ~‘iver Division Lah ’~tories, CE, “Preliminary
Report of Rigid Pavern€~ endition Survey of Topeka
Air Base, Pauline , Kansas,” August 1911-7, Cincinnati ,
Ohio.

(2) 
__________

, “Report of Rigid Pavement Condition Sur-
vey, Forbes Air Force Base , Pauline , Kansas ,t’ April
1951, Cincinnati , Ohio .

(
~~) 

__________ 
“Report of Rigid Pavement Condition Sur-

vey, Forbes Air Force Base. Kansas,” October 1957,
and Addendum No. 1, October 1957, Cincinnati, Ohio.

(~4) 
__________ 

, “Condition Survey Report, Forbes Air
Force Base , Kansas , ” February 1961 (survey per-
formed in 1960), Cincinnati . Ohio.

(5) 
__________, “Condition Survey Report , Forbes Air
Force Base , Kansas , ” January 1965 , Cincinnati , Ohi o.

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

“Pavement Evaluation Report, Topeka Airfield,
Pauline , Kansas ,” December 1911.3, Omaha, Nebraska.

(2) U. S. Army Engineer District , Kansas City , CE ,
“Airfield Evaluation Report , Forbes Air Force Base ,
Topeka , Kansas , ” December 1959, Kansas City ,
Missouri .

2
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tI: crnstruction histni’~
7. Details or ~e cr ,nst ruct ior i  history of the airfield pavements

teJ frun tue reports refurenced in par agraph 6) are presented in

t~ bie 1. Pavement thicknesses , descriptions , and other details are pre-
:;ented in table 2.

8. The original pavements , constructed during l91t2 and l9it3 ,

wer~ designed to support either ~tO ,O0O- or 60,000-lb wheel loads.

I tvenients constructed or strengthened during the period 1952-55 were

~ -s i~ ri-~d to support a l00,000-lL gear load supported on dual wheels

r :ace d 37.5 in .  center to center , with a tire contact area of 267 sq in.
t - ~r each wheel.

Traffic history

9. A detailed t raff ic  record for the airfield was not available ;

however , some approximation of the traffic can be made fr om the records

that are available. From 1955-1965, the airfield was used pr imarily
‘r y  T_ 1; 7 and KC-97 aircraft . During the period January 1957-May 1957 ,

ao average of 301t cycles~ per month of B-1t7 aircraft traffic and 11t7

cycles of KC-97 aircraft traffic were applied. For the period January

1958-June 1960 , there were approximately 380 cycles of B-1t7 traffic and

85 cycles of KC-97 traffic applied. Assuming that the monthly level of

traffic from 1955-1957 was the same as that for the first 24 months of

1957 and that the level from 1958- June 1965 was the same as that for the

period January 1958- June 1960 , the airfield would have sustained approx-

imately 24 5 , 000 cyc les of B-47 traffic and 12,000 cycles of KC-97 t raff ic .

Since Ju ly 1965, the aircraft primarily using the airfield have been

C-l30’s, C-135’s, B-57’s, and some transient aircraft. The average

number of cycles per month for these aircraft have been as follows:

C-l30’s, 2,900; C-l35’s, 263; B-57’s, 800; and transient aircraft , 262 .

Conditions of Pavement Surfaces

Pavement inspection procedure

10. The following procedure was used in conducting the inspection

A cycle of operation is one landing and one takeoff.

3
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tF:~ ri H d u - n ~~’:. c t  re~ e~ tat i  v~ features were selected for de—
t i l l ed  l n u ; e c 4 L o t . :ne  t • - t t u r u  w~~ie  then inspected slab* by s lab , and

~~~ de:~~~~s ~~~~~~~~~~~~~ he ‘c a t i on s  of the in -i lvidual pavement
t~ irupe ’tLcr: H - t r t i!:~ points, and t : i~ directions in whi ch

• :.• pa;r~: :t~ were i r . i ~ .c ted (rF: wn L~I arrows) ire indicated in plate 1.
The re:~’iIt i  ef the ri ii t avement surve~ irr those features

.-~~re ito’ ; ected in  detai l are presented in table 3. This table
; i . -ws  a q iar t i~~ative l reakdow n nt the various t~’~es of defects and a

~~i i i ~i - ~n r t i n ~ : r each pavement feature inspected in detail. The

~~ocedor~- 2 u : c ~d for determining tue condition rating of a paym ent are

‘1 ~Y; i t  A ~r . iix III of Departs ’.:nt ni the Army Technical Manual

5-827-3, “ -.i g id Air t :ield l avenent Evaluation ,” dated September 1965.

12. The I~~-SE (13-31) runway was in very good condition based on

t~ e o’- rcentag nf slabs :ii th no ~aj c r de fects; however , it was in a poor

t failed con di t ion  based on the percentage of slabs with no defects .

C ,mbinir:o the two ratings . the o neral conditlo: of the runway would be

C~ ir .  The condition of the 5-2- (03-21) runway , which is used pri-

nurily by C-130 aircraft t~ r as :ault-t~o:e landings . was very good. This

runway contained many slabs with lrn~-itudina1 breaks , most of which were

in the areas where the pavements had been overlaid . Neither of the run-

ways had many slabs that were fr ee  of both major and minor defects. The

• n i r - r  defects con sisted mostly of spalls , pop-outs , and map cracking .

Several slabs wer~ replaced in the center lanes of the interior portion

ot the 1W-SE (13-31) runway in l~~7.

Rrimary taxiways

13. The primary taxiway system is ocniposed of taxiways 1, 3, and

3A. Howeve r , the port ion of the NE-SW (03-21) runway between the NW-SE

runway and taxiway 3 has been used extensively as a taxiway . Mast of

the defects in taxiway 1 that were noted in the 1965 report (see para-

graph 6) had been corrected, and only one major defect remained.
Several slabs were replaced in the center lane of taxiway 3 in 1966.

~ A slab is the smallest unit, containing no joints, of a given pave-
• menf f2ature .

It
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xceliee t c~ t ttl ~ Ion at the time of the 1972 in spec—

t i m .  x~. r I :  t I C !  ~~f
• - i m r e  in very good condition , with only 30

n ~et  c r 1  e ‘ . 1  
~~ t. th  • t.r

it . th~ rar~:in~ ‘q r(~ns w r e  in very good condition , even thoug h

t~v nu- ’t r t n.aj r de !n cts  had increased considerably since the 1960
.1U: /~~y .  Th~ •iistressed area along the east side of the apron north of

2 rei~~rred to in the 19(H condition survey was overlaid with as-
‘alLir r ancr~te 

(A[
~) in 1969. Thi s area was in very good conditien ,

~ ;en ~i;r’ i~h there was some reflection cracking . Another area referred

‘c in th e 19f t survey , located ‘LLon the e~~st side of the parkinh ‘ ir o n

i~~t reer taxiways 3 and It , was overlaid in 1969 with AC in some areas

and with tar rubber (TR ) in other areas. Even though some reflection

~:~ t r k i  or  had begun in this area , it was in very good condition. Ln

1 ‘71 . a portion of the parking apron was overlaid with TR to cover an

area tha t  contained a considerable amount of “D” cracking and a l~ r e

n umber ~f spalls . The remainder of the parking apron was in good to

ymrv g’nd structural condition, eve n though “D ” cracking and pop-out s

,:er ; prevalent (photos 1 and 2 ) .  Photo 3 shows AC patche s at the cor-
• 0 :55 of’ slabs of the parking apron. Portland cement concrete (r’CC)

n tones along joints in the apron (photo It) had been placed to repair
areas that contained “D ” cracking .

15. The remaining pavements not specifically mentioned above

were ir~ good to very g r d  condition , even though many contained pop-

Frost Action

Objectives of inspection

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

evidence of detrimental frost effects. The objectives of the inspec-

tion were to determine :

a. Any adverse effects of frost heave to the pavements dur-
ing the winter months.

5
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A t r  tm 1:2 r — i ~~dur ~ d failures tLa 4 rehiht be relatnO to
t h t ’~ ~e’ :k’ - : r~ or h s dw r t t d c , s r l ane courses.

• 17. i~~ t j i fj ~~hj v t ~~r~~ x e inspected for surface irregulari—

i~ s l ot: ic :ti ‘r e  1 d i t f e i n t i ’~1 t ’ mn s t heavi ng . Phi s inspection , which
w -~s ocr ’  !:c t~ d •n 3 Mny 1972 , was se veral weeks :‘ubs equent to th: t r o n t —

r n l t n~- r e r iod at o time w1:en -“ri ience ci f ros t  fi’:aving would not be
at I ‘ !‘( I t  ~‘~ c ‘

~~ 
t in s -yen • r a c er .

l~~. l o s e ~ivil r:~ L: eer L,n~ ilfice personnel were queried regard-

Lug  the z e l -p m e n t  ‘-d urdosirable pavement surface unevenness during

~he w i n t  r months . he conser s us of the survey team was that the run—

wuy sur~~:re •~xh:bited minor rau~rhness detectable in an automobile at

speeds of up to 6o ~ ‘ . . Thi s uneve nness appeared to be due to the

sli ght settlement of certain pavement slabs rather than the result of

f r s t  h e ar i ng . The flexible shoulder pavements were smooth, and base

e r sonne l  r epor ted  that n~ probl :mz had been experienced with airfield

• t a ;” :nent  roughness.  On t~ e basis of the evidence available , it appears

that  none of the OI1Tf ~ eld pavements have been adversely affected by

fr os t h~’ase . The abse nce of detrimental differential frost heaving is

believed to be due to uniform subgrade soil conditions .

~~ ‘e ~~z in r i ndices

19. A design freezing index of 569 degree-days has been deter-

aimed for FA~~. This value is based on temperaimre data from the

Topeka. Kansas , Municipal Airport Weather Station and is the average of

the three coldest winters in the past 30 years (l9~ ° -(-~ , 1961-62 , and

l~f2-~Y~) .  Arerag- - daily term-eratures  for transition months at both

ends of the freezing seasons were considered in this determination .

eeasonal freezing indices for Topeka since the l95~4-55 winter and the

mean index are tabulated below. These values are based on average

monthly temperatures.

Fr m z i n o  Freezing
Freezing Index Freezing Index

Season degree-d~~~ Season degree-days
2511 1957—58 209

1956-57 276 1958-59 322
(Continued)



• :‘ ‘O zir: ~- Freezing
• nd~ x F reezing Index

05 1, icgr~-m - da~p- Season degree-days

~~ 
r • 1~~7-68 179

h~ 
)
~~.i 130 i968— (9 285

‘ 1—e 5~-2 1969—70 335
• i • •

~
• -(~ It~7 1970-71 390

~~ 1971-72 20~4• It- 133
189 30-year r oan 105

lp 1 —~• 7 56

• 1’~se indices,  being determined entirely fr om average monthly tempera-
tUSnS , r’enerally reflect somewhat lower numerical values than do in-

dices which co n sider average daily temperatures f or the transition
rsmtns . (The three values used to determine the design index are , for

examp le , 5Sf , tIpS , and 522 for 1959-60, 1961-62, and 1962-63 , respec-
tivn ly.) The indices do , however , indicate the relative severity of

the winters since the construction of the heavy-load pavements at FAFE.

Sinc e th•; three coldest winters in the past 30 years all occurred during

thi s peri od , the pavements have experienced freezing conditions corre-

• 5 :  ending to the most severe recurrence frequencies that are considered

in the Corps of Enrlineers design criteria.

20. For a design freezing index of 569 degree-days, a combined

thickness of pavemer t i-sd base course of ii-3 to 50 in., depending on

hare and subgrade water content and density and , to some extent , on

avemnot thickness, would be required to prevent subgrade freezing.

Siraila rly , a combined thickness of 33 to Iii in. would be required to
s, ct criteria for limited subgrade frost penetration design. The 16 to

32 in. nf subgrade protection provided by the heavy-load pavements at

~AiT’ are not adequate with respect to limited subgrade frost penetra-

ti on desigrt criteria; accordingly, performance must be compared with

reduced subgrade strength design and evaluation criteria.

Groundwater
21. Evidence of high groundwater was observed in several of the

pavement features, and base personnel reported that  free water had been

7

- -‘~~~~ -- - ‘ -~~~~ • • ~~- ,~~~~--~~~~~~~~~~



- • ~r ’ • r e - I  f r eq uen t l y un !  th • • r base ‘ i s  /su~ grade i nterfac

t’. ‘l’h~’ - x tc .t of tha~: w’ -ak ’r :l::g of the ‘u: ‘rade:’ and base

• c u s - s  r~uld not i ’ resciily d~
4 r:,ined by inspecti ~n of the pavements .

l v  n ‘f r ’
~i un- s u,u’ull~

; are re pair -c! or otber;jr’e corrected soon after

-‘; ‘us and rrI:resset t ~y are sot easily exami ne ! during a condition

r :rv ’ :,- . Pnwe’- -~r, V - I  5~~(~5~ an ‘:X r urnnat ion can be made , it is seldom

p il le t- - - l- a -r ’r:J:’ xl. the m a f’ailur - result-el from thaw weakening or

a ~~~~~ rn~nt der 1~-r, deficiencies with respect to the “normal” period

ral soi l  and t r a f f i c ’  c nnd ti ems. S I’ :~ li mited p r c - jt i o n of thaw weaken-
• ir~ o ff - et c c-or :  t o  “

~~ ned . ! l r n ’ v r , ! • - x a m i n i r i - tee performance of cer—

t:~in pa”mcnt features xi t i  what might be e x j  ected in the light of

applicable f rost, lnsirr: criteria.

23. Tl:c- !:enry—load i’~c l ! i t i - r  st FAFE are all FCC pavements

(some of which hay ’ been ~-ver laid with  AC or TR \ . As is stated in

paragraph 20 , reduced sub gr slo st renoth den n and evaluation criteria

are opolicable for performance comp risons . These design methods re-

n - ar e  th t  rieid t rio-merit si-nb t::icbn•ss be IeterII:irLed on the basis of

t’:e ‘r e st  -:no-lting period suugrale modulus (kf). For the low desipn

reczing index and uniform subgrade conditions -~t PPFB , current design

r r : ter e require a nonirost-susceptible base course not less than It in.

th i ckn ess .  The s lab thicknesses are adequate for frost-condition op-
or at ion of the design gear load and assembly (ioo,r oo  lb loaded on du a l

wheels,  see paragraph 8); however , most of the pavements were placed

dir :ct1~p on the sui grade . The principal aircraft  using the airfield
( p ;47’ 5 , T -I* ’ s , t e l  C-l3o t s , par agraph 9) have not overloaded these

pavements during the frost-melti ig periods , and the small number of

ob ,:er ’re i major structural defects (paragraph s 1— l ~4 )  indicate that

thaw weakening has not been a significant factor in pavement perfor-

mance. No P-52 t raff ic  has been reported at FAI’P ; however , operation

of this aircraft would grossly overload most of the pavements, even

for nonfrost conditions.

8
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Maintenance

It . Due t, tie nor -outs re d D_cracki’: r , eaintenance of the pave-

I: ,eOt S at i d 1  i: •:er~erall~v ‘On rue tel on a coot I ricing bas is . D—crac k  ir ~ ’
‘usually nro 1re snee i~~ tO corner , longitudinal , n.j  transverse spans .

It was reported th’ t meintenance costs for the period 1 )6”-l767 aver—

cccl ‘warox r: , ’ - te ly ~I DO ,000 annually . This maintenance consisted gen—

cr 11:’ of jo i nt  r e e l ing , s lob replacement , and sprsll patching. A small
‘ 1  overLa y was aL-cc- i in 196It . Maintenance costs since 1967 have been
as f o lows ;

Fiscal Ye ar Amount

l96~ $223 , 69~
1969 28It,271
1970 630 ,828
1971 90 ,178

1972 (10 months) It9l ,2)49

1 he hinder maintenance costs shown for FY 1970 and 1972 resulted from

piaoir:~’ overlays on the apron areas referred to in paragraph 1 .

Evaluation

25. A summary of the pave ment evaluation is presented in table It .

Previous evaluations were upda t ed  to include those aircraft that have
been added to the Air Force inv- ’rr tory since the last survey and to ex-

clude those that are no longer in the inventory . The evaluation is

ba sed on the pavement thickness , flexural strength (PCC),  base and sub-
base thickness and strength , strength of the subgrade (CER or k value’

~,

and the structural condition of the pavement.

Conclusions

26. The following statements summarize the findings of this

inspection :
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~~~. The I C C  ~~avem ~nt s  were in good ~ excellent condition 
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based or th~ 1t ’ s ’ - :r t ages  of slal : containing major
de!’ects ( )

b. D-cracking ca: very preva lent , w i t h  practically all
• sI,abs containing some degree of this defect; (3  ,

c.~- Some reflection cracking was noted in the l969~~~
’over-

lay areas, ~~~~~~~ - •) ., ~~~~ , ~~~~~~~

-• d.~
’- -Tbaw weakening of the subgrade has not been a signifi-
cant factor in pavement performance.
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