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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. Participating in this study were per—

sonnel from the U. S. Army Cold Regions Research and Engineering Lab-

oratory (CBREL), Hanover, New Hampshire, and the WES. Personnel

involved in the condition survey were Messrs . H. T. Thornton, Jr., R. N.

Gordon , Sr., and S. J. Alford of WES; and G. Hines of CRREL. This re-

port was prepared by Messrs . Thornton and Alford 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 . Appendix A was ob-

tam ed from the Air Force. (
- -

~~~~~~~ . COL Ernest D. Pcixotto, CE , was Director of the WES during the

conduct of the study and preparation of the report. Mr. F. R. Brown was

- Technical Director.4-
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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: -

Miltiply 
_________  

To Obtain

inches 2.5it centimeters

feet O.30it8 meters

m.iles (U. S. statute) l.60931i.it kilometers I
• square inches 6.11.516 square centimeters ,•~

pounds (mass) O.it5359237 kilograms - -

pounds ( force) per O.689it757 newtons per square
square inch centimeter

Fahrenheit degrees * Celsius or Kelvin
V degrees

J 

* To obtain Celsius (C) temperature readings fran Fahrenheit (F) read-
ing s , use the following formula : C = ( 5/ 9 ) (F - 32). To obtain -.4.
Kelvin (K) readings, use : K = ( 5/9)(F - 32) + 273.15 .
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_ _ _ _ _ _ _ _I CONDITION SURVEY , K. I. SAWYER
A~~ FORCE BASE, MICHIGAN

Authority

1. Authority for conducting condition surveys at selected air-

fields is contained in amendment to FY 1972 RDTE F1~nding Authorization
(MF S-M C- 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 K. I. Sawyer Air Force Base (KISAFB),
Michigan , dur ing 2it-25 April 1972. The following three major areas of
interest were considered in this condition survey: (1)

~~ The structural condition of the primary airfield
pavements; (2-~

The condition of pavemeiit repairs and the types of main-
tenance materials that have been used at this airfield. ~ (-~V-)

~~~2 Any detrimental effects of frost 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 thi s survey. Heave gages and thermocouples had. been
installed in two instrumented slab s in the apron area at KISAFB a number 3.

of years ago by the U. S. Arm y Cold Regions Research and. Engineering
Laboratory. During this survey, these slabs were to have been located,
and the condition of the instrument s -was to have been determined. How-

ever , it was not possible to locate the instrumented slab s due to the
large blanket of snow on the area. The Base Civil Engineering Office at
KISAFB plans to obtain information on the condition of these instruments
when the area is clear of snow.

1
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Pertinent Background Data

Location and topography
II .  KISAFB is situated in Marquette County in the upper peninsula

of Michigan , about 12 mi1es~ south of Lake Superior and l11 miles south
of the city of Marquette . The airfield is located on a nearly level
sand plain, slightly higher than the surrounding area. The runway area
has a local relief of 5 to 10 ft, except for a swale that is about 20 ft
deep . The general slope of the entire airfield is in a southerly di-
rection toward Silver Lead Creek. The base is approximately 1180 ft

above mean sea level (msi). A vicinity map is shown in plates 1 and 2. •

- 

. 
Geology and soils

5. The site is on a glacial outwash plain of sands and gravels .
The subsoil under a thin layer of organic sand top soil is a loose , non-
plastic, nonfrost-susceptible sand, which is classified as SP and SP/SM

• materials according to the Unified Soil Classification System.** The

soil is granular and free-draining to a depth of 100 ft or more below
the average airfield pavement elevation.
Drainage and water table

6. The loose sand and. gravel soil possesses good external and
V internal, drainage . At an exploratory well site in 195it, the water table

was found to be at elevation 1113 ft msl , which was 75 ft below the sur-
face. Because of the previously mentioned characteristics of the soil

and the deepness of the water table , subsurface drainage systems are
not required.
Climatic conditions

7. The climatic characteristics of the area include a mean annual
temperature of 112.2 F , an average annual rainfall of 31.111 in. ,  and an

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

• ** U. S. Department of Defense , “Unified Soil Classification System
for Roads , Airfields , ~nbankments , and Foundations, ” Military
Standsrd M~~-STD-6l9B , June 1968 , U • S. Government Printing Office , -:

- 

V 
•

‘ 
- Washington , D. C.
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average annual snowfall of approximately 113 in. Official records show

that the temperatures have ranged from a high of 108 F to a low of -27 F.

- The winters are long and rigorous , with temperatures falling below
freer. ing from November through April, while the su~mners are compara-

tive lLy short and mild. The average relative humidity is 71 percent at
7 a .m .  and 7 p.m. and 58 percent at noon. The probability of sunshine
is approximately 1~3 percent , and the prevailing winds are from the
northwest~ The mean freezing index is 2100 degree-day s , based on
Weather Bureau records at Sault Ste . Marie , and the depth of frost pene-
tration is approximately 61i. in. Climatic data for the year 1971 are

presented in table 1. A summary of the monthly temperature , rainfall ,
and snowfall means for relatively long periods of record is presented

V below :
a. Temperatures , F , based on an 82-year record :

V Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
18.7 18.9 26.9 38.7 11-9.6 59.6 66.1 65.3 57.8 11-7.5 33.9 23.1

• b. Rainfall, in., based on an 82—year record.:

• Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2.17 1.62 2.05 2.51 2.6)4 3.Li-6 3..13 2.71 3.1l~3 2.26 3.12 2.011-

c. Snowfall, in., based on a 63-year record :

• Sep Oct Nov Dec Jan Feb Mar Apr May
0.2 2.7 15.8 21.6 2~4.0 18.8 19.2 9.2 1.1

• General description of airfield
8. In April 1972, the airfield facilities consisted of both

heavy- and light-load pavements. The heavy-load pavements included a
N-S (19-01) runway , a primary taxiway, a warm-up apron , four connecting
taxiways , a SAC operational apron and. connecting taxiway s, a SAC alert
apron and taxiway, and hangax~ access aprons and connecting taxiways .

V The runway was 300 ft wide and 12,370 ft long ; the SAC operational
apron was 775 ft wide and 3007 ft long; and the taxiways were 75 ft

V wide . The light-load pavements included four taxiways , an ADC opera-
tional apron , an alert apron , and ~t hangar access apron and. connecting

V taxiways . The taxiways were 75 ft wide ; the ADC operational apron was

L - — — s-—— -- ——
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1301 ft long and 265 ft wide ; and the operational apron extension was 
V

700 ft long and 320 ft wide . A layout of the airfield is shown in
plate 1. A pavement plan indicating the type of pavement on each fa-

cility is shown in plate 2.
Previous reports

9. Previous reports concerning the airfield facilities at KISAFB -
•

are listed below . Pertinent data were extracted fr om them for use in
this condition survey . -

a. Condition surv~y report : Ohio River Division Labora-
tories , CE, “Condition Survey Report , K. I. Sawyer Air

• Force Base , Michigan ,” March 1958, Rigid Pavement Lab- 
V

oratory, Mariemont, Ohio.

b . Pavement evaluation reports :
(i) U. S. Arzmj Engineer District , Detroit , CE, “Evalua- V

tion of Pavements , Rigid and Flexible , K. I. Sawyer
Air Force Base , Michigan , ” April 1957, Detroit ,
Michigan.

(2) 
__________, “Evaluat ion of Rigid. Pavement, Warm-Up V

Apron and Primary Tax iway Extension , K. I. Sawyer Air
Force Base , Michigan , ” August 1958, Detroit , Michigan .

(3) 
_________, “Airfield Evaluation Report , K. T. Sawyer
Air Force Base , Marquette County, Michigan , ” March
1960 , Detroit , Michigan .

(Ii )  
__________, 

“Airfield Evaluation Report, K. I. Sawyer
Air Force Base , Marquette County , Michigan,” October V

1965 , Detroit , Michigan .

V History of Airfield Pavements

Design and construction histor~ V

10. Details of the design and construotion history of the air-
field pavements (extracted from the reports referenced. in paragraph 9)
are presented in table 2. Pavement thicknesses , descriptions, and
other details are presented in table 3.
Traffic history

V 11. Information on the traffic at KISAFB was obtained from base
operations personnel and other personnel familiar with the present and

11



past history. Prior to 1959, the amount of traffic was very light,
with civ th an aircraft accounting for about 50 cycles* per month and
military aircraft account ing for about 5 cycles per month . The civilian
traff ic  consisted mostly of DC-3 type aircraft operat ions , while the
military traffic was primarily from C-)47 and C-511 aircraft . During 1959
and 1960, F-lOl aircraft accounted for the bulk of traffic . B-52 and
KC-.135 aircraft started operating from KISAFB in 1960 . It was reported
that the type traffic applied on the airfield from 1960 to 1971 would
be comparable to present traffic conditions with respect to intensity
and loads. The south (01) end of the runway is used for approximately
80 percent of the takeoffs and landings . During 1971, the facilities
received 60 to 70 cycles per month of B-52 traffic and approximately
110 cycles per month of KC-135 traffic . The normal operating load. for
the B-52 during these cycles was approximately 390,000 lb and for the

V 

KC-135 was approxi:mately 215,000 lb. There are about ninety B-52 and
seventy KC-135 aircraft per year that , during practice alerts , taxi
down the length of the runway, taxiway G, the primary taxiway, and. taxi-
way H, and then return to their respective alert facilities. Daring
these movements , the B-52 gross load is approximately )490,000 lb, and
the KC-l35 gross load is approximately 270,000 lb. These movements are

• not included in the cycles per month listed above .

Condition of Pavement Surfaces

Pavement inspection procedure

12. The following procedure was used in inspecting the rigid
pavements. Representative features were selected for detailed inspec-

tion. The features were then inspected s1ab~~ 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

t} * A cycle of operation is one landing and one takeoff.
** A slab is the smallest unit , containing no joints , of a given pave-

V • 
- • ment feature .

5

—~~~ .
- V - V - V - ~~~~~__V ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~~

V • VV ~~~~~~~~~~~~~ -V ~~~~~~~~~~~~~~~ - - ~V V ~~ - V ~~~~~~



r~~~~~~~~~ —

~~~~ -V-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~- - -~ - V - V - - V - -V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —~~~~~~~~~~~~~ V V

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 4• This table shows a quantitative break-

down of the various types of defects and a condition rating for each
pavement feature. The procedures used for determining the condition

rating of a pavement are described in Appendix III of Department of the
Army Technical Manual TM 5-827-3, “Rigid Airfield Pavement Evaluation,”

dated September 1965.

Runway
13. In general , the condition of the pavement surface on the run-

way was considered to be excellent . The first 1000 ft of the south (01)
end of the runway was in excellent condition, with no major defects re-
corded (table )4). The first 1000 ft of the north (19) end was also in
excellent condition , having only four slabs in the second 500 ft with
major defects and eight slabs in the first 500 ft with major defects.
The interior portion of the runway from sta 10+00 to 63+00 (feature V

R7C) was overlaid by the Air Force in 1965 . The overlay consisted of V

~ in. of asphaltic concrete (AC) extending for 211 ft on either side of
the center line and then taper ing to 0 in. at a distance of 60 ft from
the center line . The condition of this feature was rated as very good ,
with only a minor amount of transverse cracking observed in the surface
(photo 1). These cracks varied in width from 1/2 in. to approximately
1-1/2 in. (photo 2). The 75-ft -wide outside edges of the runway from V

sta 10+00 to 113400 (feature R8D), which consisted of 3 in. of AC sur -
face , were in very good condit ion . However , there was some evidence of
crack opening at longitudinal joints and a minor amount of shrinkage - ‘

cracking (photo 3). The interio- 150-ft-wide portion of the runway 
V

from sta 63-too to 113+00 (plate 1) consisted of various thicknesses of
portland cement concrete (PCC) : 15 in. (feature R9C , Rllc), 1)4 ~n.V 

( feature BlOC), 17 in. (feature R12C), and 16 in. (feature R13C) . All - 
-

of these features were rated excellent , with only 12 major defects 
V

recorded.
Primary taxiways

111- . The primary ta.xiway system consists of taxiway H, the primary

6
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ta.xi~.ay,  ta.xiway G, and the apron taxiway. Taxiway H (feature T1A ) con-

taine-J no defects; the primary tax tway ( features T2A , T3A , Ti-i-A , T5A , and
T6A ) contained only two major defects; and tax iway 0 (feature T7A) con-
tained only five major defects (table Ii.). The conditions of these taxi-
ways were rated as excellent . The SAC operational apron tax iway (fea-
tures T9A, T1OA, T11A , and T12A) was riot surveyed, since these pavements V

were covered with snow at the time of this survey. However, these areas

will be surveyed at a later date .
SAC facilities

15. The SAC alert apron (feature A9B) and the SAC operational
apron (feature A4B) also were not surveyed due to snow on the pavement
in these areas . Taxiway A (feature T8B) and the SAC warm-up apron
(feature A1B) were in excellent condition , with no major defects ob—
served (table 14 ).
ADC facilities

16. The ADC operational apron (feature A2B) was constructed. of
15-in .-thick FCC in 1955, and the apron extension (feature A3B) was con -

V structed of l2-in .-thick PCC in 1961. Both areas were rated excellent
in this survey , with no major defects observed (table 14 ).

17. All taxiways to the ADC facilities were constructed of AC. V

The ADC alert access taxiway (fe ature T15B) consisted of only 1-1/2 in.
of AC surfacing and was rated in poor condition due to longitudinal
cracks and rutting (photo 1 4 ) .  Taxiway B (feature T1L1-B) consisted. of

3 in. of AC surfacing and was in good condition , with only a minor

V 
- amount of transverse and longitudinal cracking at the joints (photo 5).

Taxiway C (feature TI6B) consisted of I-i- in. of AC surfacing and was in
good condition , with only slight rutting and longitudinal cracking from

overloading (photo 6). Taxiway D (feature T17B), also 14 in. of AC pave-
ment, contained a minor amount of cracking but did not appear to con- V

V 
-~ tam the rutting and overload cracking that were observed on taxiway C.

V 
( onnectin.g taxiways E and F

18. Both of these tax iways were constructed of 16 in. of PCC .

Taxiway E ( feature T18C ) contained no major defects , and only about

5 percent of the slabs in taxiway F (feature T19C) contained major

7
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defects. These pavements were both rated as excellent.

Maintenance 
V

19. The maintenance program at KISAFB consists of jo int reseal-
ing, replacement of slabs , crack sealing , slurry sealing, pop-out re-
pair , and frost-heave repair . An annual pavement maintenance plan for V

the airfield , which was provided by the Air Force , is included. in this
report as Appendix A. This ma intenance plan indicates the type and.
amount of maintenance that had been performed through 1971. The m i n -

V 
tenance costs at KISAFB for FY 1972 amounted to $23 ,000 , which is about
the yearly average .

V 
20. Pop-outs were noted in several areas at this airfield . How-

ever , they are not occurr ing in large numbers and are not a major prob-
lem from a maintenance standpoint .

Evaluation

21. The latest pavement evaluation for this airfield was reported
in 1965 (see paragraph 9b) . Since some changes in gear configurations
and methods of evaluation have been made since that time, a new evalua-
tion table (table 5) has been prepared. The physical properties of the
materials as indicated in the past report s have been used for this eval-

V uation, with engineering jud~nent applied to specific pavement areas

where performance has indicated that the load-carrying capacity should
be modified from that obtained in using the strength properties assigned
in the physical property data . An evaluation foi? the frost-melting 

- V
V period was not made , since the subgrade at KISAFB is cons idered. to be a

nonfrost-susceptible material .

~~
~~

-
~~- ~~~~~~~~
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Table 1

V Climatic Data,* 1 January-31 December 1971

F Average Daily
Temperature, F Precipitation, in. -ìMonth Max Min Mean Rainfall Snowfall

January 114.7 -1.0 6.9 5.13 92.8

February 21.7 3.2 12.1-i. 2.68 33.9

March 29.2 8.5 18.9 2.63 26.3

April 14-6.0 2)4.0 35.0 0.65 2.6

May 56.7 33.1 1411.9 2.73 1.2

June 73.6 14- 5.9 59.8 2.63 --

July 71.1 11-8.5 59.8 2.76 --
August 71.3 146.7 59.0 1.37 --
September 65.6 1.1-7.0 56.3 3.39 --
October 56.9 142.1 149.5 5.114. -

November 36.6 214.7 30.7 3.15 28.5 V

December 27.3 12.5 19.9 2.3)4 22.9 V

Annual ~47.6 27.9 37.8 314.60 208.2

* Obtained from weather station at K. I. Sawyer AFB.

t

H

L~
V V V,

HV.



-V -V_ --V -~~ V_—

____________ _________ — ~ _~
__

~V__

Table 2

Airfield Construction l1istory

V Pavement
V Thi ckness Construction

Pavement Facility in. ~~~~ Year(s)  
~~~~~ 

Desi~~ Cr iteria

ADO hangar access apron 13 FC C 1955 CEt Ge ar load - 80,000 lb
Contac t area - 100 eq in.

N-s runway (eta 10+00 to 63400 ) -k AC 1955 CE Gear load - 100,000 lb

N-S runway (eta 63400 to 73400 ) 15 PCC 1955 CE Contact area - 100 s~i In. 
V

Taxiway s C and 0 + AC 1955 CE V

ADO operational apron 15 FCC 1955 CE

ADC alert apron and taxiwsy B 3 AC 1955 CE Ge ar Load - 25, 000 lb
Contact area - 100 eq in.

.4DC alert rear access apron 2-1/2 AC 1958 AXO -- V

ADO warm-up apron 15 FCC 1956 CE Gear load - 100,000 lb
Spacing — 37 in. c—c
Contact area - 267 sq in.

N-S runway (Sta 73400 to 80400 ) 1k FCC 1957 CE Ge ar load - 100,000 lb

N-S runway (sta 60+00 to 85 100) 15 FCC 1957 CE Contact ares 267 ;q in.
N-S runwa y (sta 85-400 to 90-400 ) 17 FCC 1957 CE

Intermediate connecting taxiway F i6 FCC 1957 CE
V SAC alert apron and taxiway A 19 FCC 1958—59 CE Gear load - 265.0(X) lb

N-S runway (S end : 100-ft-wide 20 FCC 1958-59 CE Spacthg - 37-62-37-in
sections , sta -0+70 to 2-150 and Contact area - 267 a in
eta -0+70 to 5400 ; N end : l00-ft-
wide sections , atm 118-400 to 123400
and ata 118+50 to 123+00 )

N-s runway (S end : 100-ft -wide sections , 19 FCC 1958-59 CE
sta -0+70 to 5+75 and ata 5-400 to

V 10400 ; N end: 100-ft-wide section ,
sta 113400 to 118400 )

N-S runway (S end : 100-ft-wide sections , 1k FCC 1958-59 CE
ste 2+50 to 10400 and sta 5+75 to 10400 ; 

V

N end: 100-ft -wide sections, eta 113+00
to 110+50 and ste 113400 to 123400 )

N-S runway interior (150-ft-wide center 16 FCC 1958-59 CE V

section , ste 90-400 to 113400)

N-S runway Interior (75-ft-wide section s , 3 AC 1958-59 CE
each aide Sta 10400 to 113400 )

End connecting taxiways H and G 20 FCC 1958-59 CE
Intermediate connecting tex iwey E 16 FCC 1958-59 CE

SAC warm-up apron 19 FCC 1958- 59 CE

Primary tex iway (ste 0+2 5 to 2+05) 20 FCC 1958-59 CE

Primary taxiway (ste 2405 to 86487.5) * FCC l95~ -59 CE

V Primary taxiway (ata 864-87.5 to 118425)
Center lane 20 FCC 1958-59 CE

V (Asteide lanes 19 to 20 FCC 1958-59 CE

SAC operat ional apron access taxiways 20 FCC 1958-59 CE
- 

V SAC operational epa-on tex iway - V

Center lane 20 FCC 1958- 59 CE
(Asteide lanes 20 to 16 FCC 1958-59 CE

SAC operat ional apron 16 FCC 1958-59 CE V

SAC hangar access aprons and tax iwey 13 FCC 1958-59 CE Gear 10*4 - 160,000 lb
Bicycle type V

V 
Spacing - 37-62-37 in.
Contact area - 267 sq in.

ADO operat ional apron extension 12 FCC 1961 CE Gear load - 100,000 lb
Tricycle type

V 
- - V 

V Twin wheels spiced 37-1/2 in. c-c
- :  V~ V Contact area - 267 sq ~~~ .

V V~ ~~~ ADO operational apron access taxiv~y 15 FCC 1962 CE Gear load - 100,000 lb
I ~~~~~~~ I Tricycle type

Spacing - 37-1/2 In. c-c
- ~~~~~~~~~~ Contact area - 267 sq in. 

V

V 
N-3 runway (eta 10400 to 63400 ) 3~’ AC 1965 AF -- - V

~~~~ . ~~~ . • Thinkn eases vary as shown in ta ble 3.
V - 

V •* Overlay extending for 2I~ ft on e it he r  aide of the cente r line and then tapering to 0 in. at a distance of 60 ft
from the eenter line . - - -,
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Thoto 1. Runway surface (feature R7C), sta 10+00
to 63÷00; condItion rated very good
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Photo 2, Tranavex’s. crack in runway (feature
R7C ), sta 10+00 to 63+00
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Photo 3. Shr inkage cracks in outside edges of
runway (feature R8D), sta 10+00 to 113+00
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V Photo ii. Rutting and longitudinal cracks in
- ADO alert access apron taxiw&y (feature T15B) - 
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Photo 5. Cracks in taxiway B (feature Till-B)
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Photo 6 Distressed area of taxiway C
(feature T16B)
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~ — FEATURE DESIGNATION (sEE NOTE I) — — V

(~~~~~,,
) —.—SURFAC E PAVEMENT THICKNESS AND TYPE 

V

TYP E OF FEATURE
R’R UNWA Y 

VT - T A X IW A Y
A - APRON HA

TYPE TRAFFIC AREA (SEE NOTE 2)
A— A TYPE TRAFFIC
B— B TYPE TRAFFIC
C— C TYPE TRAFFIC
D— D TYPE TRAFFIC V
S — NO TRAFFIC TYPE ASSIGNED

AC- ASP UALTIC CONCRETE
FC C— PORTLAND CEMENT CONCRETE
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