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Foreword

The study reported herein was conducted under the general super-

vision of the Engineering Design Criteria Branch, Soils and Pavements

Laboratory, of the U. S. Army Engineer Waterways Experiment Station

(WES), Vicksburg , Mississippi. Personnel involved in the condition sur-

• vey were Messrs. R. D. Jackson, P. 5. McCaffrey, Jr., and W. J. McKay

of the WES and Messrs. H. H. Baker and A. A. Downey of the U. S. Arn~
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. Ahivin , R. L. Hutchinson, and

P. J. Vedros of the Soils and Pavements Laboratory . That portion of

the study pertaining 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. Baker and by Mr. G. D. Gilman of CRREL. Appendix A was obtained

from the Air Force.

COL Ernest D. Peixotto, CE , was Director of the VIES 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 2.5II~ centimeters

feet O.3O~i8 meters

mfles (u. s. statute) l.6O93I~ kilometers

square inches 6.t~516 square centimeters

square yards 0.83612714 square meters

pounds (mass) 0.145359237 ki lograms

pounds (force) per 0.68914757 newtons per square
square inch centimeter
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CONDITION SURVEY, WESTOVER AIR FORCE BASE, MASSACHUSETTS

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 Airf ield Pavement
Research Progr am ,” from the Office, Chief of Engineers, U. b .  ~rmy, Di-
rectorate of Military Construction , dated 18 February 1972 .

Purpose and Scope

2. he purpose of this report is to present the results of a con-

dition survey performed at Westover Air Force Base (WAFE), Massachusetts,

during 21-214 August 1972. The frost action inspection was performed du.r-

ing 7-8 June 1972. The following ~~~e2major areas of interest were con-

sidered in this condition survey : (1)
a. The structural condition of the primary airfield pavements~

(
~

) 
~~
‘. The condition of pavement repairs and the types of main-

tenance materials that have been used at this airfield~ ~~
(
~) c. Any detrimental effects of frost action to the pavement

facilities.

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

t ions of the pavement conditions , discussion of those observat ions , and

pertinent remarks with regard to the performance of the pavements .

physical tests of the pavements, foundations, or patching materials were

performed during this survey.

Pertinent Background Data

• General description of airfield

• 14. WAFB is located in Hasnpden County, between South Hadley Falls

and Chicopee FnUs , Massachusetts. A vicinity map is shown in plates
• l artd 2.

1
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5. In August 1972, the airfield facilities consisted of a NE-SW

(05-23) runway, a NW-SE (15-33) runway, a series of taxiways, aircraft
parking stubs, hangar aprons , hangar access aprons, a maintenance apron,

six warm-up aprons, an operational apr on , a base and transient opera-
tional apron , a SAC operational parking apron, an Aerospace Defense Corn-
marid (ADc ) operational apron , ADC and SAC alert facilities , and a call -

bration hardstand . The NE-SW runway was 11,600 ft* long and 300 ft wide ;

the NW-SE runway was 7 ,050 ft long and. 150 ft wide ; the taxiways were

75 ft wide , except for taxiways G and L , which were 100 ft wide ; the air-

craft parking stubs , the hangar aprons , the access aprons , the mainte-

nance apron , and the warm-up aprons were of var ious sizes ; the opera-

tional apron was 2 ,092 ft long and 312 ft wide ; the base and transient

operational apron was 250 ft wide and of varying length ; the SAC opera-

tional parking apron, the ADC operational parking apron , the ADC opera-

tional apron , and the A.DC and SAC alert facilities were irregular in

shape ; and the calibration hardatand was 275 ~~ in diameter . A layout

of the airfield is shown in plate 1. A pavement plan indicating the type

pavement on each facility is shown in plate 2.

Previous reports
6. Previous reports concerning the airfield pavements 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 , “Condition
Survey Report, Westover Air Force Base, Massachu-
setts ,” August 19147, Cincinnati, Ohio.

(2) 
_ _ _ _ _ _ _ _ _ _

, “Condition Survey Report, Westover Air
Force Base , Massachusetts,” June 1952 , Cincinnati ,
Ohio.

(3) 
_ _ _ _ _ _ _ _ _ _  

, “Condition Survey Report, Westover Air
Force Base , Massachusetts,” August 1958, Cincinnati,
Ohio.

(14) 
—, 

“Condition Survey Report , Westover Air
Force Base, Massachusetts,” December 1960, Cincin-

• nati , Ohio.

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

2
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(5) Ohio River Division Laboratoiies , CE , “Condition
Survey Report , Westover Air Thrcc Base , Massachu-
setts ,” September 19614, ‘incinnati , Ohio.

b. Pavement evaluation reports:

(1) U. S. Army Engineer Office, CE , “Report of Pavement
Evaluation, Westover Field , Chicopee Falls, Massa-
chusetts ,” February 191414 (Revised August 191414 and
January 19 145) , Providence , Rhode Island.

(2) U. S. Army Engineer Division, New England, CE , “Adden-
dum No. 1, Report of Pavement Evaluat ion , Westover
Air Force Base, Chicopee Falls, Massachusetts,” August
19145, Boston , Massachusetts.

(3) Ohio River Division Laboratories , CE , “Interim Re-
port, Airfield Pavement Evaluation, V~estover Air
Force Base, Chicopee Falls, Massachusetts,” Sep-
tember 1953, Cincinnati , Ohio.

c14 ) U. S. Army Engineer Division, New England, CE, “Re-
port of Pavement Evaluation, Parking Apron, Alert
Apron , Connecting Taxiway, 1951 Construction, West-
over Air Force Base , Massachusetts , ’T November 19514,
Boston , Mass achusetts .

(5) 
__________, “Airfield Eva luation Report , Westove r Air
Force Base , Chicopee Falls , Massachusetts,” December
1959, Boston , Massachusetts .

History of Airfield. Pavements

Design and construction history

7. Details of the design and construction history of the airfield

pavements are presented in table 1. Pavement thicknesses , descriptions,

and other details are presented in table 2.

Traffic history 
• 

-

8. Detailed traffic records were not available for the period

since the reconstruction of the airfield during 19514-56. However,

based on the incomplete records that were available , it is reason-

able to assume that the airfield has received at least the following

number of cycles* of traffic per type of aircraft during the period

A cycle of operation is one 1anding and one takeoff.

3
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1957—71: B-147’s, 2,300; B-52’s, 23,000; KC-97’s , 7,000; KC-135’s,
114,500; heavy cargo aircraft, 8,000; and all other aircraft, 100,000.

From January 1971-July 1972, traffic from all aircraft using the air-

field (with the exception of B-52’s) averaged 1,000 cycles per month.

The average number of monthly cycles of B-52 t raff ic  during the period
was estimated to be 75, which would add an addit ional 1,1425 cycles to

~he total for the 19-month period .

9. More than 50 percent of the takeoffs fr om the NE-SW runway

at WAFB are made from the NE end.

Conditions of Pavement Surfaces

Pavement inspection procedure

10. The following procedure was used in conducting the inspection

of the rigid pavements. Representative features were selected for de-
tailed inspection . The features were then inspected slab* by slab , and
t~ie 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.

The results of the rigid pavement survey for those features that were

• inspected in detail are presented in table 3. This table shows a quanti-
t~tive breakdown of the various types of defects and a condition rating

for each pavement feature inspected in detail. The procedures used fer

determining the condition rating of a pavement are given in Appendix III

of Department of the Army Technical Manual TM 5-827-3, “Rigid Airfield

Pavement Evaluation ,” dated September 1965.

• Punway

11. The NE-SW (05-23) runway has 1,000-ft portland cement con-

•~ - -~te (PCC) ends and a 9, 600-ft asphaltic concrete (AC ) interior . The SW

end (15-in. PCC pavement), features R1A and R2B , was in excellent con-

dition , with only nine major defects recorded for both features. The

A slab is the smallest unit , containing no joints , of a given pave-
ment feature.

14
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fl~ end (15-in. ICC ~av -rnent), features 55A rind 514B, was also in excel-
lent condition , with enl :j five major !eiect•s noted. The interior AC

mortion was in very ~rr,od condition (photos L and 2 ’) ;  a slurry seal had
en app Lied dui~ing 1272 before this condition survey was performed .

}~~to 3 shows a c loseup view of this slurry seal on the NE-SW runway .

The NW-S E (15— 33) runway pavement , which is A C over PCC , appeared to be

~~i only fair contht ir~n .  with considerab le reflection and random cracking

(rhotos 14 and 5~~.

Tax iways

12. The primary taxiway system is composed of taxiways 0 , H , L ,
T , S, and Z and the north and south connecting taxiways. The surface

pavement on taxiways G , H, L, N, and S and the southeast half of Z is

AC. The center sections of these taxiways were in good condition.

Photo 6 shows a general view of taxiway S looking southwest from parking
stub 9. Part of the shoulders of this taxiway were slurry sealed in

1972. Photo 7 shows a closeup view of this seal. Northeast of parking

stub 9, the shoulders of taxiway S had not been sealed, and they con-
tained numerous cracks (photo 8). Taxiway G from its SW end to the NE

e’nd of the SAC operational parking apron was in good condition (photo 9).
lPLOto 10 shows the typical condition of the NE end of taxiway 0, which

• was in good condition. The north connecting taxiway (feature T1A) was

in only fair condition based on the percentage of slabs that contained

r a ~ or defects . Fort~;-eiCht maj or de fects were noted in this  feature ,

of which 141 were longitudinal cracks . These longitudinal cracks were

all located in lanes 2, 3, and 14 and are probably load related. The

south connecting taxiway was in excellent condition . The other taxiways

in the primary system were in good condition.

Aprons

• 13. Operational apron B and maintenance apron C, which are 11-in.

• PCC over G-in . PCC , were in excellent condition . The extension to main-

tenance apron C (15-in. PCC) was also in excellent condition. However,

a considerable amount of uncontrolled contraction cracking was observed

in operational apron B. The base and tran~~en t operational apron B was

excellent condition , with nni~’ 213 major defects , including 160

5

— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~ • A



‘fl —— - — ______________________________________________________________________
• - — • • • — -

transverse cracks. Most of these transverse cracks were at about the

midpoint of those slabs that were 25 ft  long and 12.5 ft wide . The SAC
operational parking apron was in very good condition , with approximately

• 15 percent of the slab s containing major defects.  Most of the major

defects in this feature were longitudinal cracks . Othe r aprons and

parki ng stubs were in conditions ranging from fair to excellent , with
the maj ority of the parking stubs being in very good to excellent

condition .

SAC alert facility

114. This facility , which consists of an alert taxiway, an alert

apron , and parking stubs , was in excellent condition , with only two

major defects noted .

• ADC alert facility

• 15. ADC alert taxiway U was in only fair condition , since ap-
• proximately 35 percent of the stab s contained major defects . Longi-

tudinal cracking was the predominate defect. ADC alert apr ons A

and B were in good condition , with approximately 20 percent of the slabs

containing major defects .

16. All other features not specifically mentioned in the pre-

ceding paragraph were in good to excellent conditi i . E’a—~ contraction

• cracking was noted in the flexible pavements.

Frost Action

Obje ctives of inspection

• 17. The airfield pavements at WAFB were inspected for evidence

of detrimental frost effects  on 7-8 June 1972 by a team from the New
England Division . One member of this team aim participated in the WES

condition survey of August 1972. The objectives ~f the inspections were

to determine :

a. Any adverse effects of frost heave to the pavements .

b. Any traffic-induced pavement failures that might be re-
lated to thaw weakening of the subgrades or base courses.

6
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Fros t heave

18. The airfield pavements were examined fer  surface irregular-

i t ies  indicative of d ifferent ia l  frost heaving. The inspection was

conducted long aft~r the spring thaw at a time wh n the effects of non-

uniform frost heave would not be apparent except in severe cases. Base

personnel were queried regarding the development cf undesirable surface

unevenness during the winter .

19. The heavy- load pavements were smooth and free of detectable

unevenness of the type associated with frost heaving . Base personnel

reported that no pilots had complained of runway roughness but that

slight frost heaving of the flexible pavements cad occurred beneath some

of the painted traffic markings. The heaving was on the order of i/14 in.
• and was restricted to the painted areas. Occasional slight pavement

damage had been caused by these areas being caught by snow plow blades.

• It was also reported that some of the taxiway light bases heaved durin~
the winter , returning to grade in the spring. It was observed, however,

that a few of these bases in the north shoulder of taxiway G were an

inch or more above pavement grade at the time of this inspection .

Freezing indices

20. A design freezing index of about 1100 degree-days is cited in

the rigid pavement condition survey report prepared by the Ohio River

Division in 1958 (see paragraph 6). Reportedly, this index was derived

from short-term temperature data from the Base Weather Station and from

long-term data from adjacent weather stations. Data from the Base

Weather Station are available only through ‘963. On the basis of these

data , a design index of 1023 degree-days is computed representing the
average of the three coldest winters of the 30 years ending with 1963.

Average monthly temperatures for months entirely within the freezing

• seasons and average daily temperatures for the transition months at
both ends of the freezing seasons were considered in this determination.

21. Seasonal freezing indices since the 1957-58 season are tabu-

iated below for the Hartford, Connecticut, Weather Station located about

~0 miles south of WAFB . The design index for Hartford for the same

je r iod as above is approximately 850 deg ree-days .

7
a
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Freezing Freezing
• Freezing Index Freezing Index
• Season degree-days Season degree-days

• 1958-59 7(~3 1965-66 263
1959-60 298 1966-67 210

1960-61 885 1967-68 518

1961-62 5145 1968-69 598
1962-63 8146 1969-70 736
1963-614 6514 1970-71 636
19614-65 573 1971-72 301

• 22. The tabulated seasonal indices were determined solely on the
• basis of average monthly temperatures . Indices thus determined are
• generally somewhat lower than those computed with consideration given to

average daily temperatures for the transition months. Also, these

values do not reflect indices experienced at WAFB . The tabulated in-

dices, however, when compared with the Hartford design index , do indi-

cate the relative severity of winters during the period of heavy—load
aircraft operations. In this respect, and considering the design index

d ifference between the two locations, twn seasons of design freezing

index magnitude have occurred at WAFP during the period 1958-72

l960-6l and 1962-63) .

23. Since the heavy-load pavemea~ 2 at this base were constructed ,

the experienced freezing index has been ~f design magnitude at least

twice. In view of this fact, the general absence of differential frost

heaving is significant . For a design freezing index of 1023 degree-days,

current criteria indicat~ that a combined pavement and base thickness

of about 65 in. is required for the prevention of subgrade freezing and

that combined thicknesses of from 14~ to 50 in. are required for limited
subgrade frost penetration design. A 148-in. combined thickness for

the latter design is required at WAFE and has been employed, par-

ticularly for primary pavements , since 19514. The actual combined

thicknesses of the heavy-load pavement features range from 16 to

148 i n . ,  and substaritial subgrade freezing probably has occurred under

the thinner structu~ms. However , the subgrade soils are principally

8
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nonfrost-susceptible medium to fine sands , with pockets of silty sands

of low frost susceptibility . Groundwater ‘evels ~re at least 20 ft

below the pavement surfaces . Therefore , l i t t le or no frost heaving is

expected beneath these pavements even when substantial subgrade freez-

ing occurs. The results of this inspection bear this conclusion out .

Thaw weakening

214. 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 soon after they occur and usu-

ally are not easily examined during a condition survey . However , even

where examination is possible , it is often impossible to establish by

visual observations whether a failure is the result of thaw weakening

or of deficiencies in the thickness of the pavement components with re-

spect to the “normal ” pe riod loading . The depletion of the fatigue re-

sistance of a pavement system is progressive under repeated loadings and

in a frost area is related to thaw weakening in that the rate of deple-

tion is greater during and directly following the frost-melting period.

This rate of pavement weakening holds true whether the evidence of fa-

tigue or failure becomes apparent during the melting period or at some

other time. The degree of thaw weakening and its effects , if any , on
• the condition of the pavement s at WAFB consequently could not be ap-

praised solely by this inspection . Some limited percepti on of the se-

verity of thaw weakening effects can be gained , however, by comparing

the performance of certain pavement features with what might be expected

in the light of current frost design criteria.

25. Flexible pavements. The principal flexible pavement features

used by heavy-load aircraft are the NE-SW runway interior (feature R3C)

and primary taxiways C (features T2A , T3A , and TI#A) and S (feature T5A ’I.

The combined pavement and base thickness for these features, except for
features T3A and T14A , is 148 in., which is adequate in accordance with
limited subgrade frost penetration design criteria. However, with the

exception of the features noted above, the pavements were designed for

m (lium- load ~ mr ffi (lOo,y’o-lb gear loadsL Relative to current normal
(n~nfrost1 design crit~ r~ a for heavy-load aircraft (265,000-lb gear

9
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loads), the runway and taxiway pavements are deficient by 3 and 14 in.
• of 100 CBR base course material , respectively. The taxiway pavements

are also deficient by 1 in. in pavement thickness. Portions of taxiway

G (featui’es T3A and T14A’) are overlain World War II pavement s which were
placed without a base course. However , the total present pavement
thicknesses for these two features, 16 and 19 in., respectively, are

adequate for normal period heavy-load design. Despite these thickness

deficiencies and the experienced intensive heavy-load traffic (para-
• graph 8’), all of these features were in good condition and had very few

load-induced defects . It does not appear, therefore , that thaw weaken-

ing of the base cour~es and subgrades has significantly influenced the

performance of these features.

26. Rigid pavements. The principal heavy-load rigid pavement fea-

• tu.res at this base include the runway ends (features R1A , R5A , R2B, and

R14P), the SAC operational apron (feature A13B), the SAC alert taxiway and

• aprons (features A3B and A14B), and the north warm-up apron and connecting
• taxiway (features TLA and AIB). The combined pavement and base thick-

ness of all of these facilities is 148 in., except for that of the SAC
operational apron, which is 147 in. (limited subgrade frost penetration

design). However, these features are deficient by 3 to 14 in. in pave-
ment slab thickness relative to current normal (nonfrost) design cr1-

teria for heavy-load aircraft (265 ,000-lb gear loads). Despite these

thickness deficiencies and the experienced intensive heavy-load traffic
• (paragraph 8), all of these features were in very good to excellent con-

dition, having very few load-induced defects. It does not appear,

therefore, that thaw weakening of the base courses and subgrades has

significantly influenced the performance of these features.

27. Evaluations for frost-condition operation. Because of favor-

able subgrade soil and water conditions, no reduction In the evaluations

for frost-condition operation (table 14) is considered warranted at WAFB.

Maintenance

28. Maintenance of the airfield pavements at WAFB has generally

10
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consisted of crack and joint sealing of the PCC pavements and slurry

sealing of the flexible pavements. Pavement maintenance costs were not

available for preceding years, with the exception of FY 1972 during

which the cost amounted to $95,000. This figure is representative of
• the approximate cost for maintenance in preceding years. The annu~1

• pavement maintenance plan for WAFB through 31 July 1972 is presented in

Appendix A.

Evaluation

29. A summary of the pavement evaluation is presented in table 14.
Previously published pavement evaluations were updated to include those

aircraft that have been added to the Air Force inventory and to exclude

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

the pavement thickness, flexural strength (PCC), base and subbase thick-

ness and strength . strength of the suhgrade (~BR or k value), and the
structural condition of the pavement.

• - Conclusions

• 30. The following statements summari~e the findings of this

investigation: 
-

• a. The PCC pavements of the runway were in excellent
• condition.

b. The AC interior portion of the runway was in good
condition .

c. The center portions of the AC taxiways were in good
condition .

d. The pavements of operational apron B and maintenance
apron C, which consist of 11-in . PCC over 6-in. PCC,
were in excellent condition, even though uncontrolled
contraction cracks were numerous in these pavements. The
pavement of the extension to maintenance apron C (15-in.

• PCC) was RlSO in excellent condition .

e. The PCC pavements that had been overlaid with AC were in
only fair condition , with considerable reflection crack-
ing noted.

11
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f .  The only reported instances of detrimen tal effects of
frost action were upheaval of AC pavement at painted
surfaces and slight heave of the Light bases.
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