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Yoreword

The study reported herein was conducted under the general super-
vision of the Engineering Design Criteria Rranch, Soils and Pavements
Laboratory, of the U. S. Army kngineer Waterways Experiment Station
(WES), Vicksburg, Mississippi. Personnel involved in the condition
survey were Messrs. R. D. Jackson, K. A. O'Connor, and S. R. Rowland,
Jr., of the WES and Mr. H. H. Faker of the U. S. Army Engineer Division,
New England (NED), Waltham, Massachusetts. The main portion of this
report was prepared by Mr. Jackson under the general supervision of
Messrs. J. P. Sale, R. G. Ahlvin, R. L. Hutchinson, and P. J. Vedros of
the Soils and Pavements Laboratory. That portion of the study pertain-
ing to frost action was carried out by the U. S. Army Cold Regions Re-
search and Engineering laboratory (CRREL), Hanover, New Hampshire, with
the assistance of the Foundations and Materials Branch, NED. The sec=-
tion of the report concerning frost action was prepared by Mr. Baker and
by Mr. G. D. Gilman of CRREL.

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.
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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 follows:

Multiply By To Obtain
inches 2.5k centimeters
feet 0.3048 meters
miles (U. S. statute) 1.6093L4 kilometers
square inches 6.4516 square centimeters
square feet 0.0923903 square meters
miles per hour 1.6093L4 kilometers per hour
pounds (mass) 0.45359237 kilograms
pounds (force) per 0.6894757 newtons per square centimeter

square inch

vii




-

CONDITION SURVEY, FORBES ATR FORCE BASE, KANSAS

\ Authority

1. Authority for conducting condition surveys at selected air-
fields is contained in amendment to FY 1972 RDTE Funding Authorization
(MFS-MC-5, 16 February 1972), subject: "Air Force Airfield Pavement
Research Program," from the Office, Chief of Engineers, U. S. Army,

Directorate of Military Construction, dated 18 February 1972.

Purpose and Scope

2. The purpose of this report is to present the results of a
condition survey performed at Forbes Air Force Base (FAFB), Kansas,
during 1-6 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.

¢. Any evidence of detrimental effects of frost action %o
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
4. AFB is 1lncated in Shawnee County, Kansas, approximately

5 miles* 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.




5. In May 1972, the airtield facilities consisted of a NW-SE
(13-51) runway, a NE-SW (21-03) runway, a series of taxiways, a large
parking apron, three warm-up aprons, a washrack, a calibration hard-
stand, and a series of hangar access aprons and taxiways. The NW-SE
runway was 200 ft wide and 12,800 ft long; the NE-SW runway was 200 ft
wide and 8,000 ft long; and the taxiways were at least 75 ft wide. The
parking apron was 900 to 1,125 ft wide and approximately 3,760 to
5,300 ft long. A layout of the airfield is shown in plate 1. A pave-
ment plan indicating the type pavement on each facility is shown in
plate 2.

Previous reports

6. Previous reports concerning the airfield pavement facilities
at FAFB are listed below. Pertinent data were extracted from them for
use in this condition survey report.

a. Condition survey reports:

(1) Ohio River Division Labc-tories, CE, "Preliminary
Report of Rigid Paveme. . .undition Survey of Topeka
Air Base, Pauline, Kansas," August 1947, Cincinnati,
Ohio.

(2) , "Report of Rigid Pavement Condition Sur-
vey, Forbes Air Force Base, Pauline, Kansas," April
1951, Cincinnati, Ohio.

(3) , "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, Ohio.

b. Pavement evaluation reports:

(1) U. S. Army Engineer Division, Missouri River, CE,
"Pavement Evaluation Report, Topeka Airfield,
Pauline, Kansas," December 1943, 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.
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Design and construction history

7. Details of the construction history of the airfield pavements
(extracted from the reports referenced in paragraph 6) are presented in
table 1. Pavement thicknesses, descriptions, and other details are pre-
sented in table 2.

8. The original pavements, constructed during 1942 and 1943,
were designed to support either 40,000- or 60,000-1b wheel loads.
Pavements constructed or strengthened during the period 1952-55 were
designed to support a 100,000-1b gear load supported on dual wheels
cspaced 37.5 in. center to center, with a tire contact area of 267 sq in.
for each wheel.

Traffic history

9. A detailed traffic record for the airfield was not available;
however, some approximation of the traffic can be made from the records
that are available. From 1955-1965, the airfield was used primarily
by B-47 and KC-97 aircraft. During the period January 1957-May 1957,
an average of 304 cycles* per month of B-U47 aircraft traffic and 147
cycles of KC-97 aircraft traffic were applied. For the period January
1958-June 1960, there were approximately 380 cycles of B-L7 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 4 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 45,000 cycles of B-L47 traffic and 12,000 cycles of KC-97 traffic.
Since July 1965, the aircraft primarily using the airfield have been
C-130'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:
€-130's, 2,900; C-135'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.




ot the rigid pavements. Representative features were selected for de-
tailed inspection. The features were then inspected slab* by slab, and
the defects were recorded. The locations of the individual pavement

features, the inspection starting points, and the directions in which

the pavements were inspected (shown by arrows) are indicated in plate 1.
11. The results of the rigid pavement survey for those features
that were inspected in detail are presented in table 3. This table
shows a quantitative breakdown of the various types of defects and a
condition rating for each pavement feature inspected in detail. The

procedures used for determining the condition rating of a pavement are

given in Appendix III of Department of the Army Technical Manual
™ 5-827-3, "Rigid Airfield Pavement Evaluation," dated September 1965.
Runways

12. The NW-SE (13-31) runway was in very good condition based on
the percentage of slabs with no major defects; however, it was in a poor
to failed condition based on the percentage of slabs with no defects.
Combining the two ratings., the general condition of the runway would be
fair. The condition of the NE-SW (03-21) runway, which is used pri-
marily by C-130 aircraft for assault-type landings, was very good. This
runway contained many slabs with longitudinal bresks, most of which were
in the areas where the pavements had been overlaid. Neither of the run-
ways had many slabs that were free of both major and minor defects. The
minor defects consisted mostly of spalls, pop-outs, and map cracking.
Several slabs were replaced in the center lanes of the interior portion
of the MW-SE (13-31) runway in 1967.

Primary taxiways

13. The primary taxiway system is composed of taxiways 1, 3, and
3A. However, the portion of the NE-SW (03-21) runway between the NW-SE
runway and taxiway 3 has been used extensively as a taxiway. Most 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-
ment feature.




I'he taxiway was in excellent condition at the time of the 1972 inspec-
tion. Taxiways 2 and 3A were in very good condition, with only 30
ma jor defects noted in the two features.
Aprons

14, The parking aprons were in very good condition, even though
the nurber of major defects had increased considerably since the 1960
survey. The distressed area along the east side of the apron north of

o)

taxiway O referred to in the 1965 condition survey was overlaid with as-
phaltic concrete (AC) in 1969. This area was in very good condition,
even though there was some reflection cracking. Another area referred
to in the 1965 survey, located along the east side of the parking apron
between taxiways 3 and 4, was overlaid in 1969 with AC in some areas
and with tar rubber (TR) in other areas. Even though some reflection
cracking had begun in this area, it was in very good condition. 1In
1971, a portion of the parking apron was overlaid with TR to cover an
area that contained a considerable amount of "D" cracking and 2 large
number of spalls. The remainder of the parking apron was in good to
very good structural condition, even though "D" cracking and pop-outs
were prevalent (photos 1 and 2). Photo 3 shows AC patches at the cor-
ners of slabs of the parking apron. Portland cement concrete (2CC)
patches along joints in the apron (photo 4) had been placed to repair
areas that contained "D" cracking.

15. The remaining pavements not specifically mentioned above _
were ir. good to very good condition, even though many contained pop- i

outs.
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.




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

1/. The airfield pavements were inspected for surface irregulari-
ties indicative of differential frost heaving. This inspection, which
was conducted on 3 May 1972, was several weeks subsequent to the frost-
melting period at a time when evidence of frost heaving would not be
apparent except in severe cases.

18. PBase Civil Engineering Office personnel were queried regard-
ing the development of undesirable pavement surface unevenness during
the winter months. The consensus of the survey team was that the run-
way surface exhibited minor roughness detectable in an automobile at
speeds of up to 60 mph. This unevenness appeared to be due to the
slight settlement of certain pavement slabs rather than the result of
frost heaving. The flexible shoulder pavements were smooth, and base
personnel reported that no problems had been experienced with airfield
pavement roughness. On the basis of the evidence available, it appears
that none of the airfield pavements have been adversely affected by
frost heave. The absence of detrimental differential frost heaving is
believed to be due to uniform subgrade soil conditions.

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

mined for FAFB. This value is based on temperature data from the

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

the three coldest winters in the past 30 years (1959-60, 1961-62, and
1962-63). Average daily temperatures for transition months at both
ends of the freezing seasons were considered in this determination.
Seasonal freezing indices for Topeka since the 1954-55 winter and the
mean index are tabulated below. These values are based on average

monthly temperatures.

Freezing Freezing
, Freezing Index Freezing Index
Season degree-days Season degree~days
1955=56 25k 1957-58 209
1956=57 276 1958-59 3e2
(Continued)
6




Freezing Freezing

Freezing Index Freezing Index
Season degree-days Season degree-days
1959-60 k10 1967-68 179
1900=-61 130 1968-69 285
1961-62 552 1969-70 335
1962-63 437 1970-71 390

19 3-64 266 1971-72 204
196k-£5 133

1965-66 189 30-year mean 105
1966-67 56

ese indices, being determined entirely from average monthly tempera-
tures, generally reflect somewhat lower numerical values than do in-
dices which consider average daily temperatures for the transition
months. (The three values used to determine the design index are, for
example, 558, 628, and 522 for 1959-60, 1961-62, and 1962-63, respec-
tively.) The indices do, however, indicate the relative severity of
the winters since the construction of the heavy-load pavements at FAFB.
Since the three coldest winters in the past 30 years all occurred during
this period, the pavements have experienced freezing conditions corre-
sponding to the most severe recurrence frequencies that are considered
in the Corps of Engineers design criteria.

20. For a design freezing index of 569 degree-days, a combined
thickness of pavement and base course of 43 to 50 in., depending on
base and subgrade water content and density and, to some extent, on
pavement thickness, would be required to prevent subgrade freezing.
Similarly, a combined thickness of 33 to 41 in. would be required to
meet criteria for limited subgrade frost penetration design. The 16 to
32 in. of subgrade protection provided by the heavy-load pavements at
FAFB are not adequate with respect to limited subgrade frost penetra-
tion design criteria; accordingly, performance must be compared with

reduced subgrade strength design and evaluation criteria.

Groundwater

2l. Evidence of high groundwater was observed in several of the

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




encountered frequently under the slab or base course/subgrade interface
during repairs.

Thaw weakening

P22. The extent of thaw weakening of the subgrades and base
courses could not be readily determined by inspection of the pavements.
Pavement failures usually are repaired or otherwise corrected soon after
they occur and consequently are not easily examined during a condition
survey. However, even where an examination can be made, it is seldom
possible to determine whether a failure resulted from thaw weakening or
from pavement design deficiencies with respect to the "normal" period
subsoil and traffic conditions. Some limited perception of thaw weaken-
ing effects can be gained, however, by examining the performance of cer-
tain pavement features with what might be expected in the light of
applicable frost design criteria.

23. The heavy-load facilities at FAFB are all PCC pavements
(some of which have been overlaid with AC or TR). As is stated in
paragraph 20, reduced subgrade strength design and evaluation criteria
are applicable for performance comparisons. These design methods re-
quire that rigid pavement slab thickness be determined on the basis of
the frost~melting period subgrade modulus (kf). For the low design
freezing index and uniform subgrade conditions at FAFB, current design
criteria require a nonfrost-susceptible base course not less than 4 in.
in thickness. The slab thicknesses are adequate for frost-condition op-
eration of the design gear load and assembly (100,000 1b loaded on dual
wheels, see paragraph 8); however, most of the pavements were placed
directly on the subgrade. The principal aircraft using the airfield
(B=47's, KC-97's, and C-130's, paragraph 9) have not overloaded these
pavements during the frost-melting periods, and the small number of
observed major structural defects (paragraphs 12-14) indicate that
thaw weakening has not been a significant factor in pavement perfor-
mance. No B-52 traffic has been reported at FAFB; however, operation
of this aircraft would grossly overload most of the pavements, even

for nonfrost conditions.




Maintenance

©4h. Due to the pop-outs and D-cracking, maintenance of the pave-
ments at FAFB is generally conducted on a continmuing basis. D-cracking
usually progresses into corner, longitudinal, znd transverse spalls.
It was reported that maintenance costs for the period 1962-1967 aver-
aged approximately $600,000 annually. This maintenance consisted gen-
erally of joint sealing, slab replacement, and spall patching. A small
AC overlay was placed in 1964, Maintenance costs since 1967 have been

as fo lows:

Fiscal Year Amount
1968 $223,695
1969 284,271
1970 630,828
1971 90,178
1972 (10 months) 491,249

The higher maintenance costs shown for FY 1970 and 1972 resulted from

placing overlays on the apron areas referred to in paragraph 1.
Evaluation

25. A summary of the pavement evaluation is presented in table k.
Previous evaluations were updated to include those aircraft that have
been added to the Air Force inventory since the last survey and to ex-
clude those that are no longer in the inventory. The evaluation is
based on the pavement thickness, flexural strength (PCC), base and sub-
base thickness and strength, strength of the subgrade (CBR 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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"_Thaw weakening of the subgrade has not been a signifi-

cant factor in pavement performance.
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onstruction |

Table )

Dimensionsg Pavement
Lengtt Widty Thickness Construction
Pavement Facility L 't I Iype Yeur'c) Agency Remarks
N-8 runway 3 525 150 10-8-10 Pe 1942 CE Overlaid and now part of parking
apron
NE-SW runway s 3 10-8-10 Poe 1942 vi ) Overlaid; still in use
NW-S5E runws)” + 505 150 10-8-10 PCC 1942 B kebuilt; now taxiway 3
Taxiway 1 3,075 5 2-7-9 1942 CE Abandoned
Taxiway 2 L, 960 50 G=7-9 1942 CE Abandoned
Taxiway b 3150 ot G=7-9 192 CE How part of parking apron area
Taxiways 3 and © Varies 50 -7=9 1942 CE Now part of parking apron area
Texiways © and 7 Varies 50 3-7-9 1948 °E Rebuilt
Taxiways &, 9, and 10 ; 5“0 =79 1942 CE Atandoned
Original parking apron 600 G=7-9 1942 CE Overlaid
Parking apron extension No. 1 L2¢ 600 4-7-9 PCC 19k2 CE Overlaid
Parking apron extension No.
north 550 a0 11-8-11 PcC 1943 CE Overlaid
Parking apron extension to, 2
south 1,287 W80 11-8-11 PCC 1943 CE Abandoned; 50-ft taxiway rebuilt
All taxiways widened to 75 ft Varies 25 9-7-9 PcC 1943 CE
Parking apron, east side 3,200 b & a PCC 1945 CE Kebuilt as part of parking apron
taxiway
Taxiways 3, &, and 5 Varies 75 9 PCC 1945 CE Rebuilt
NE-SW runwey 3,575 150 1k PCC 1952 CE Overlay
NE-SW runway 1,025 150 15 PCcC 1952 CcE Overlay
NE-SW runway Varies 25 16 and 18 PCC 1952 CE 50-ft widening
NE-SW runway 1,175 200 16 PCcC 1952 CE Rebuilt intersection at taxiway 4
NE-SW runwaiy 1,475 200 16 and 18 PCC 1992 CE fxtension
East warm-up spron 500 375 18 PCC 1952 CE New construction
Taxiway 2 3,800 5 18 PCC 1952 CE New construction
Taxiway 4 and fillet Varies Varies 14 PCC . 1952 CE New construction
Parking apron 550 14 to 15 PcC  1992-53 CE Overlay
Taxiway 5 5 1% to 15 PCC 1952-53 CE Overlay
Parking apron (formerly part of
N-5 runway) 3,150 Varies 13 to 14 PCC 1954 CE Overlay
Parking apron widening 3,800+ 350 and 400 17 PCC 195k CE
South hangar access taxiway 1,200 75 17 Cc 1954 CE
Taxiway 4 225+ 75 17 PCC 195k CE
Taxiway 6, north portion 500+ 75 17 PCC 1954 CE
Taxiway 5, south portion 250+ 75 18 POC 1954 CE
Parking apron extension 4,900+ 200 17 PCC  195L-55 CE
Taxiway 3, two sections 150 150 16 PCC  195L-55 CE Part of old NW-SE runway
Taxiwny 3, north section 2,300 15 17 PCC  1954-55 CE
Taxiway 3, south section 3,700 75 17 PCC  1954-55 CE
Taxiwny 3A 1,400 75 17 PCC  1954<55 CE
South warm-up apron 400 200 17 PCC  1954-55 CE
Taxiway 1 650 100 17 PCC 1955 CE
North warm-up apron 400 200 17 e 1955 CE
Jouth hangar apron 300 175 37 PCC 1955 CE
Calibration hardstand 17 PcC 1955 CE
South hangar access aprons (3) Varies Varies 16 PcC 1955 CE
North hangar access aprons (2)
with taxiways Varies Varies 16 PCC 1955 CE
NW-3E runway 12,800 200 16 and 17 PCC 1955 CE Relocated
W-3E runwmy, center 50 f't 500 50 2k and 22 PCC 1959 AF Rebuilt
Taxiway 3, center 25 ft 1,6004 25 24 and 22 PCC 1959 AP Rebuilt
Taxiway 2 LS50 25 24 and 22 PCC 1999 AF
Blast pad reconstruction at
W-5E runway ends 150 200 2 C 1962 AF
South apron 2(min) AC 1962 AP Overlay
Parking apron 4,550 75 3 AC 1969 AR Overlay of 17" PCC
Parking apron 1,1004  Varies 3 AC 1969 AP Overlay of 13/8 and 17" PCC
Parking apron 2,750 250 3 TR 1969 AR Overlay of 17" PCC
Parking spron 1,225 825 3 TR 1971 AF Overlay of 17" PCC

Note: CFE denotes Corps of Fngineers; AF denotes Air Force.
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Photo 1.

Photo 2.

"D" cracking on parking apron

Pop=-outs on parking apron
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Photo 3. AC repairs at slab corners
of parking apron

Photo 4. PCC repairs along joints in
parking apron




VICINITY MAP
SCALE IN MILES

10 o 10 20

_(_RaA )
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