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DESIGN, MAINTENANCE, AND PERFORMANCE OF RESURTACED PAVEMENTS

AT WILLOW RUN AIRFIELD

By

William 5. Hougel* ' -
LIBRARY

michigan deporimant of
siate highways

LANSING

INTRODUCTION

Inasmuich as the original design and construction is an imporﬁant
factor in the subsequent maintenance and performence of concrebte pavement,
it 1s appropriate to start this paper with a brief history of the pavement
construction at Willow Run. Willow Run Alrfield was built in 1941 by the
Ford Motor Company under a Defense Plant Corporation contract. As a con-
sultaent to the Ford Motor Compeny and their architects and engineers, the
writer had an cpportunity from the beginning of the project to become fa-
wiliar with the construction of the fileld in considersble detail. The air»-
Tield was originally desigoed as part of a major plasnt for the manufacture
of B~24 long range bombers, to be used for the operation and testing of
these planes. In 1942, a training facility consisting of an apren, taxi-
ways, and extension of the ruaways was built ab the east end of the field
under the supervision of the U. §. Army Corps of Engineers. In 1943, the |
factory apron at the west end of the Tield was enlarged and several addi-
tional taxlways were constructed by the Defense Plant Corporation.

The entire field is on an outwash plaiﬁ of sand and gravel, vary-

ing 1n depth from a few feet to as much as 30 or 40 feet, deposited on a

*  Professor of Civil Englneering - University of Michigan
Research Consultant - Michigan State Highway Department
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watervorked clay till plain, within the limits of the poﬁtfglacial Lake
Mauvmee, now Lake Erieo_ Subgrade donditioné over most of the field were al-
most ideal, although in the north-central portion there was a lawlying ares,
of virgin hardwood with a heavy accumulation of forest debris and orgenic
material and a water table close to the surface. Subdrainage was provided
to lower the water table beyond the normal depth of frost penetration that
would affect the paving, but it proved difficult under the emergency con-
struction conditions then in effect to enforce effective controlé of the
grading operation that should have'been recognized. PFailure to remove top-
soil and orgaﬁie matter within the paved areas and to make more adeguabe
-prbvision for surface dralnage were shorﬁéomings that affected pavement be-
.havior in later years:; thelr influence was clearly shown in the subsegquent
performance of the pavement. |

Tn 1946, after the war, the University of Michigan acquired title
to Willew Run Airfield as war surplus, with the pfimary'objeetive‘of devel-
oping the facility as a research cenbter. Concurrently with acguisitlon of
the field, srrangesments were made to leases it o é graup of large commercial
airlines serving Petroit; and, since that time, it has served as the me.jor
airport terminal for the City. The operatlon and waintenance of the alrport
was subsequently placed 4in the hands of the Airiines Nationai Terminal Serv-
-,icevcompany, Inc. {(ANTSCO), an arrangement wﬁieh has remained in effect up
to the present time. Acquisition of the airfield property placed on the
University of Michigan a certain ?espansibility, as stated.in the provision
", . . that the entire landing area . . ., and all impravemeﬁts, faeilities;
and equipmanﬁ‘of the airport property shall be maintained aﬁ‘ail times in
gqod dgd~sér§iéeable‘condition'to ingure its efficient operétion«" Thié e

spéhsibility was in turn delegatad to ANTSCO as part of the rental agreement
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under which fhey have Q?erated the field. This responsibility waes taken
seriously by all parﬁieé concerned; in addition to normal mainbtenance re-
quired for opevation of the field, a periodic pavement condition survey has
bean made to keep én scaurabe inventory of the physical condition of the
paving over the period of years that the field has been in operation.
Starting ig 1946 and ab intervals of spvroximately five years, aerial photo-
graphg of ail pavéd sreas have been taken to determine the eracking pattern
and the changes ;n structural conbinuity of the pavement under its actual
service conditlons. From the writer's viewpeint, the airfield has provided
an upusual opportunity as a [ield laberatory for studying'pavement design
and performancs; it dis Ffrom thisg program that the baglce information for

this paper has beern drawn.

PAVEMENT CONSTRUCTION AND MAINTENANCE AT WILLOW RUN

Fig, L is an aerisl phobograph of Willow Run Airfield, with the
manufactufing plant in the left foreground'and the main weét apron and
hangsar in.the central foreground with the runways apd taxiwaysrexten&ingr
beyond, to the training facllity at the east end. There were approximately
1,500,000 square yards of concrebte pavement, roughly equivalent to 115
miles of 22 foot highwey pavement. As noted ip the introduction, there
were three stages of construction during the peried from 1941 through 1943.
All of the concrete pavement was unrsinforced, with the main agron, runways,
and texiweys built in 1941 with an &6-8 thickened edge section; The east
apron and conpecting taxiways, built in 1942, have been Little used other
than for training and experimental purposes and will not be discussed in

detail in this report. Additions to the wain west apron, in 1943, were
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built wiﬁh an 8-6-8 thickened edge section; this construction also included
the outer taxiwsy and 2 second spron at Hangar No. 2 on the right hand side
of the phot oél“apha

The pavement was lald in widths of 20 feet with a 1ongitudiﬁa1
keyed constructbion joint at both sildes and a dwmmy joint at the dentér‘of
the pour, sqbdividing the pavement into 10 foot lanes. There were_tran3w
verse expansion joints at a spacing.of 125 feet, with 3/Eiinc£ premolded
filler and 3/4 inch round steel dowels at 12 inch centeﬁs, and dummy.conn
traction Joints at a spacing of 25 feet., Paved runways were 160 feet wide
and taxiways 80 feet wide. In general, the dummy Joint$ were formed by
paper inserts rather than.being groovad as shown on the plans. The only
steel cglled for on the plans was 1/2 inch round steel dowels 2k inches
long at 30 inch centers in the longitudipal gummy joint fbr 15 feet or both
sides of the transverse expansion Joints. Subsequent slab replacements
have revealed some departures in the "as-built” pavements from the debails
on the plang, but none of any particular significance in the performance
of the pavement as a whole.

'However, there were some significent variations in éonétructicn
practice, between the 1941 and 1943 construction, which developed some
sharp contrasts in performance, revealed by subsequent pavement ccﬁdition
surveys. Pilg. 2 ig an serial photograph taker at the south end of the maln
west apron showing typical sections of the 1941 apron and the additions to
the apron and the curved taxiway constructed in 1943. This photograph was
taken in 1946 when the University. of Michigan acquired title to the air-
field, and shows the condltion of the paving at the beginning of the 15
year service period discussed in this paper. Although the pavement at this

time had been subjected to almest negligible service in terms of load
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repetifion, the 1943 additions and the curvéd taxiwvay are'beginnihg to show
| a considerable amount of transverse cracking, with virtually no crééks hav-
Ing developed in the 1941 construction.
Fig. 3 is-an aerial photograph of the same general aree taken in
Rovember, 1950, after four years of service'under conmercial aifline opera-
tion. The 1943 construetion slready shows serious crack development, with
transverse cracks in the center of a large pércentage of the 25 foot slabs.
and an unusual pattern craqkiﬁg dgveloping in certain lanes, with some
élabs having already Eeen replaced, as shéﬁﬁ by the light colored areas.
The 1941 cénstruction, on the‘othgf nand, shows very limited development
 of single transverse cracks subdividing the 25 foot slabs into two slab
Jlengths. A survey wag made iﬁ_1950 of cfacking over the entire airport to
make an approximate evaluation'bf the type of cracking develpping in the
two different paving projects. :Cracks were classified és transverse,
longitudinal, or diagonal, as summerized in Table 1, with no attempt being
made at this timé to isclate the special:pattern cracking referred to
above. |
_ _ ,Oﬁe of the most interesting developments shown in Fig. 3 is this
patitern crackiné_developing along the edge of every fourth lane in the 1943
apron. The cause'of this inciplent cracking was traced to the fact thatb
this section of the apron was poured in alternate 20 foot widths and the
concrete mixer was permitted to travel on the recently complefed slab while
adjacent lanes were being poured. This weakness was also aésociated with
- the fact that the paving was done during the fall of tﬁe year, under unfav-
orable weather conditions. The concrete on which the.mixer traveled had
. nof been completely cured and its strength was not sufficient to éafry‘the

'concenﬁrated load of the mixer at the edge of the slab. As a result, these
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frequently accepted compromises in paviﬁg practice contributed more to thei
deterioration of thiz badly cracked pavement than any other factors in de-
sign or construction.

Fig. 4 is another photograph of the same area taken in 195k, just
prior to the first resurfacing project which is the main subject of this
report. After some eight years of ajrline service, the apron built in 1943
hes been reduced to a block pavameﬁt over a considerable portion of the
ayea, with very littlé structural continuity in the original slabs. Some
of the earliest slab replacements, which were also unreinfcrced, have also
beeﬁ badly cracked in this area of’heavy traffic concentrétion Just off the
end of the south loading ramp in a path traveled by a large percentage of

the planes going to the maln taxiway.

. Barly Maintepance of Paved Areas

The preceding discussion of the originai psvement comstruction,
.showing a sharp‘contraat between the 1941 and 1943 econstruction is a back-
ground for a discussion of pavement maimteﬁanee in these areas and empha-
sizes the lmportance of sound comstruction practliees, tha negleét of which
may def'eat the most important @bjgctives'of planning and design.
| Ivring the first eight years of commercial alrline operation,
ANTSCO carrvied ocut an effective and timely maintenance progfam calculated
to keep ahead of the pavemepnt detericration that was progressing in ssveral
critical areas, including the ipferior 1943 construction. This maintenance
consisted of an amnual crack and jJoint filling program carried out in the
fall of the year when cracks had opened up, following replacement of badly
cracked slabs in those areas in which it was practicable to do so. Pave-

ment detericratlon was belng measured by the periecdic pavement condition
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surveys in ﬁerms of the cracking pattern qr loss of structufal continuit&,
After each'periédic aerial survey of the epﬁire paved area, ﬁhe structﬁral
continuity.offthe pavement was evaluated ﬁﬁ térms of & “con%ipuity ratio",
defined aglﬁhg.average length @f pavement élab.between cfaéks and joints
divided by & selected standard length repreéenting norm&llsubdivision of
the concrete pavement due‘tc shrinkage and.témperature differentials,_?¢~
gardless of ioading and.stfucturél strengﬁhn- The standard élab length;'
independent of loading effécts, was selected as l5'feetf Thns, the-ini«
tial continuity ratio for & éS foot slab length would be 1.67, while a '
continuity ratio of unity, or an average slab length of 15 feet, would be
considered satisfactory‘from the étandpoint'of structﬁfal‘adequacya Con-
tinuity ratios less than unity, or slab lengths iess thean 15 feet, would
represent excessive cracking end evidenee of structural weakness 1in the
pavement itself or in the supporting. subgrade.

Summarizing the results of the periodic pavement condition sur-~
veys, Fig. 5 shows the chahge in continuity ratio of typical pafed areas
during the period from 1946 thréugh 1954k, Runway 4I~22R isrone of fhe main
diagonal runways of the 1941 construction, consideré& representative of the
well-built pavement with excellént subgrade conditioﬁs'and good.construcm
tion control. By 1954, the conﬁinuity ratic had only been reduced from
1.67 to 1.50; this good pefformance can be considered as a basis'for com~
parison with the other areas to be considered. Taxiway B ané'Runway YL-2TR,
with continuity ratios reduced From 1.67 %o appro#imately 1.10, were still
in reasonably géod condition, but‘theée vere areas of known subgrade defi-
ciency due to the iﬁclusion of unstable organic ﬁaterial in the subgrade
during the grading oPeratieﬁ, The‘19hl apfon, with a. continuity ratio of

1.19, may be showing some influence of greater load repetition, but is sbill



William S. Housel -8 -

rated as satisfactory and representative of the better 1941 construction.
This performence is in marked contrast teo that of the 1943 apron, where the
average continulty ratio has been reduced to 0.hl, indicative of excessive

cradking and loss of structural comtinuity.

BITUMINOUS RESURFACING

The first resuffacing project, in 1955, included the center beaxi-
way and the mést badly erackea portion of the main Bpron where the annual :
£illing of cracks and Jjoints had becowme a prohibitivé maintenance procedureo
While it will not be discussed in detail as part of this peper, it may be
noted in passing that additional biﬁuminous resurfacing of the conerete
pavement has been done in 1959, 1960, and 1961 to mﬁlntain efflcient operam.
tlcn in spite of the continued deterioration of the unreinfareed concfete
pavement and to reduce the cost of annual maintenance. 'Ultimately, i€ gus»

- tified by the continued operation of the iielﬁ as a major airport, it 1s :
r_planned to resurface most if not all of the concrete pavementa :

Subsequent discussion In this paper will be devoted to a Surﬁe§;'
of reflectedrcraeking in selected test areas and the general performan@?iof
the 10955 resuffacing, where several variaticons in éanstruotion detailé wére
undertaken én-én experimental basis. These fest areaé have been deéﬁgnéﬁed
in Fng 6, wiéh three areas, T-1, T2, sud T-3, on the.cénter taxiway,iaﬁd
two areas, A-l and A-2, on the 1943 apron. Areas A-3 and A-%, on thglmain
apron, are of more recent origin and represent_resurfééiﬁg carri@&_bﬁt.in
‘71960 in which onerexperimental area included a wearing c@urse of'Epon éé»
.phaltlc concrete, laid primarily as a protection against splllage of gasow

line and oil in the apron srea. While it might be termed an unantzczpated
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diviﬁend, the Epon‘Surface courge, in its firstryeér of service, showed a
substantially greater resistance to reflected cracking in comparison with
the conventional bituminous resuvrfacing. Fdr this reason it has been in-
cluded in this discussion ag & promising development in resurfacing of air-

port paving.

1955 Bituminous Resurfacing

The first resurfacing project, in 1955, consisted of a l-3/h inch
bituminous concrete binder course (CAA Specification PLO1-A) and a 1-1/k
inch surface course (P4Ol-C). Before laying, the surface was swept with a
power broom which removed all loose material from seallng and disintegra-
tion 5t the joints. A bituminous tack coat of AE-2 asphalt emulsion (P-603)
was applied to the concrete surface at a rate of 0.09 gallons per square
vard. Where practicable, the badly cracked zlabs were replaced; bub, this
was not dome in the apron area of 1943 consﬁruction, which was badly cracked
throughgut° Welded wire fabrie, 3 by 6 1nch Wo. 10 gauge in both directions,
was placed over the area to be resurfaced; with the exception of certain
test sections where it was left out for a comparative study on reflected
cracking. Tanstallation of ﬁhe welded wire fabric has besen described elsa~

L The welded wire fab-~

where s0 will not be givén in detail in this report.
ric was placed directly on the concrete surface, with the transverse wires
at 3 inch spacing on the‘boﬁtom; it wag found thet it would penetrate by
wedging action into the binder course while it was being rolled. With

proper handling of the wire gsheets, no particular difficulty was encoun-

tered in the wires extruding through the binder course or snagging on the

1 Wakefield, F. G., "The Practical and Laboratory Use of Wire Fabric in
Bituminous Resurfacing at Willow Run Airfield”, Technical Bulletin No.
215, American Road Buillders Association, Washington, D. (., 1956.
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firnishing machinén In the rare cases in which the fabric was stilll exposed
in the top of the binder coﬁrsa; it was satisfactorlly covered by the 1-1/h

inch surface course.

Surveys of Reflected Cracking

The firs£ survey to determine the reflecﬁed craékiug'was mede in
1957, spproximately two yegrs éfter the resurfacing. rAll vigible cracks in
each test area were outlined with white gainﬁ and an aerial photegraph then
taken te record the cracking patbern. These photographs were then checked
in the fileld by visuai inspeeﬁionol Mogt of the test areas were sealed in
1960, with exceptions that will be nétedn A 3econ§ crack survey of all test
areas was then made in October, 1961, and will be presented in each figure
for comparison with the 1957 survey. o asrial photographs were taken in
';9615 the crack survey was made by field inspection, the ciacking pattern
then being sketched on the plan of each btest ares. R

The data on reflected 'Glﬂaeking are presented in graphical form on
& geries of charts, with certain details pr@gehted in terms and seéﬁence_
commen Lo all of the subsequent figures. Each test ares 1s iéentified by &
serial number with letters relating to the location of the test area, which
has also been Indicated on a small insert plan of the airfield. The re-
- flected cracking is given as a percentage of the total lineal feelt of cracks
apnd jointes in the underlying concrete pavemant; The cracks and jaints in
the original pavement are shown by full lines on the plan %iew and are taken
from the last aserial photograph, mede in 1955, and checked by field survey
shortly before the regurfacing project began. The refiected cracking at the
time of the 1957 and 1961 surveys bas been shown by a series of dots out-
lining thoss cracks and Joints which have been reflected through the bitu-

minous surface. Variation in the copstructiocn details of the bituminous
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surface which are being compared is indicated In connection with that por
tion of each test area to which it refers.

Test Arvea 1, shown ln Fig. 7, is on the center taxiway and was in-
tended to show the effect of varylng the thickness of the bituminous surface
from 3 inches in Area T-1-a to 4 inches in Area T-1-b, both without mesh or
walded wire fabric. Im the 1957 survey, shown at the top of the figure, the
reflected cracking was 32 per cent in partial Area a and 24 per cent in par?
tiasl Area b, with an 8 per cent differential in favor of the greater thick-
ness of bituminous surfacing. It should also be noted that a large percent-
age of the reflected cracking was at pavement Jolnts, with very Little of
the slab cracking being reflected through the surface. The results of the
1961 gsurvey, after the surface had been sepled in 1960, show a moderabe in-
crease in reflected cracking in both areas, with the same differential of
8 per cent in Ffavor of the greater thiekness_ of bltuminous surface. The
pattern of reflected cracking in both surveys 1s cleosely compsarable, with
the same cracke showing up in 1960 that were cbsepved in 1057 with some in-
crease which is mostly over pavement Joints rather than the slab cracking
vattern. | |

Test Area 2, shown in Fig. 8, is on the cevntral taxiway and gives
a comparison of reflected cracking in the 3 inch bituminous surface, with
and without weldsd wire fabric or mesh. Reflected cracking in the area
with mesh involves a new type of cracking that makes an accurate guenbita-
tive estimaﬁe difficult and dependent on a watter of definition. The plan
view of the area, at the top of Fig. &, sh@ﬂs a ladder type of ¢racking
along the center of several lanes where there were no cracks In the under-
lying concrete pavement0 This is relaied telﬁhe Pact that the welded vwire

fabric vas ordered ip sheets O feet, 6 inches wide, laid over the
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1ongztudinal Joint with a 6 inuh clearapce belween sheet& at the center of
the‘lo foot lames, Thie might be regardad as & v@nstruetiwn defeet Whleh

coul@ possibly'bé.aorr@cted.by pr@vidimg conbinuous relnforcemsnt in BOME

manner between the éheets of Wiré'm@sho .

 Besause of diseontinulty in the reiuforcement, mpeninglaf Joints
Or‘EOV@ment of concrete slabs is emnsequently\trénslﬁt@& frmm'ﬁhe joint to
the gap between sheets of Wiﬁé mesh. 'Similarij, opening of.transverse
‘jeints in the copcrete pavement is spread azong the wire m@sh by the trans-
verse wires until gufficient movement bag aeeumalateé bo cause & visible
crack, prodmcxmg the 1addar_type of erack;ng pattern. Whether this 1s_ref
flected cracking or not is & mabter of dgfinitisnu In the;yereent@gea ra=
ported as réflected craeking, the attem@tihaﬁfb@@n ma@e,‘uneertain et best,
t0 segregate the cracks refle@ted dir@atly From the under&&ing pavement

from that cracking tranﬂferﬁed te previéusly.uncracked.afeés by'the-wire
meého The-direet reflected cracking ig the First p&reentage shown; thé
total of both types of cré@kimg is shdwn_in parentheses:

Tt must be recognized that percentages of the ﬁ@tal lineal feet
of joduts aﬁd eracks in the underlying_cmﬁereta pawementiwhere wirs mesh
has been used are not a true measure of‘#he_b@nefit to he d@rived from the
use of weided wire féﬁria.in the bitumimous ragurfaclng. :The choice misk
be ma&erin this case between a Fever ﬂumbg# of eracks with‘widar opening

cand a larger number of oracks with less ﬁiétho In the sufvays here re-
porte& involv1ng relatively large aress, no sbtudy was mada of crack WldthSo
All visible craaks, ipcluding halrline @r&@kﬁ, were ma@ped and reported.
However, 1t was abgerved that translated céracks in the ladder type pabbern
‘had substantially less Qpening than the cracks reflseted &ir@ctiy above

Joints in the conecrate pavemsnb.



William 8. Housel ) - 13 -

‘ Thé'péfcentages ﬁepbrﬁéd.in the 1957 survey of Area T-2, of 25 and
- {39) per qeﬁﬁ with mesh anﬁ 32 per cent Withéut mesh, must be viewed with
7 the above qualification relating to erack Widthn In terms of nothing more
than the.iineal ?eet of crecks, one would conclude that there_is about a
T per cent &ifferential, in terms of direct :efleetion off crécks, favoring
the use of wire mesh, but about the same unfavorable percentage in terms of
tot&l'cra@king, ineludiné t:anslat@d cracks. The gignificance of decreaéed
erack width in translsted éraaking becomes apparent in the 1961 survey of
the same area after it had been sealed in 1960o In the unreinforced ares,
the reflected cracking increased from 32 to 37 per cent from 1957 to 1961,
even with the benefit of sealing in 19609. In the reinforced aréa, the
diract'réfleetion increased from 25 to 27 per cent, & negligible figure in
practical terms which is offset by o Favorable differential‘in terms of
total crackinpg. Including the translated cracking in the total percentﬁge,
there was a decrease in reflected cracking from (39) to (33) per c@nﬁ,
which‘efe&its the wire mesh with a measurable lmprovement. It is more sig-
nificant that this ehangé in @ercentage is related to the translated crack-
ing, which is emphasized by thé almost.complete disappearance of the ladder
type cracking patbern in the 1961 survey. Thus; cracks of decreased width
in the'reinforced area are more effectively sealed, a,factor showing more
clearly the beneflt of the welded wire fabrile i1n the contloused mainténance
of fhe_surfaceu

 Test Area T-3, shown in Flg. 9, duplicates the test conditions in
Area T-2, providing another comparison between areas wiﬁh and without welded
wire fabric. However, in this case, the bepefit of the Wire mesh is mgch
more apparént in both thé‘1957 and 1961 gurveys and the differentials in

percentagezof reflected crﬁcking substantially greaber. Again, the pavement
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joints are the primary source of reflected cracking which the wire mesh con-
verts to the ladder type of translated crackling, a considerable portion eof
which is eliminsted in the 1961 survey after sealing in 1960.

Areg A-l, shown in Fig. 10, is locabted in the badly cracked por-
tion of the 19k3 apron where the cracking pattern 1s so complex that it
practically defles accurate analysis. It must also be kept in mind that
this is an area probably subjected to the heaviest concenitratien of lead re-
patition of any location on the airfield. A large percentage of the planes
moving to and from the maln runways traverss this ares, involving slow mov-
ing planes with load application close to the static conditions most severe
on alrport paving. Under these conditions, it must be presumed that the
1955 cracking pathern in the underlying concrete pavement has also been
modified, by additional cracks hidden by the bituminous surface.

As a matter of fact, the most pertinent observation that could be
made about this 6 inch uareinforced concrete pavement of inferior construc-
tion, subsequently reduced to a series of concrete blocks, is that it has
mads a remarkable showing in terms of general pavement'performame° Far-
thermore, from the standpoint of pavement design, it iz hard to lwagine a
more spectacular demonstration of the dominent role of unlimited subgrade
support supplied by the patural sand and gravel subsoil on which the pave-
ment rests.

In spite of the complicating factors noted, the percentage of re-
flected cracking shown by Area A-1 is comparable to those of the other test
areas, particularly when the grester concentration of load repetition is
given due weight. The compariscn is again belween 3 inch bituminous resur-

facing, with and without welded wire fabrie. It should be nobted also that
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lthe_area without mesh is relatively small and does not include one of the
.~ double lanes of advanced pattern cracking,

| In the 1957 survey, shown at the top of Fig. 10, the unreinforced
area showed a reflected cracking of bh per cent; in comparison, the rein-
.forced ares. had 33 per cent dlrect créck reflection, or (38) per cent in-
cluding the translated ‘cracking. In both cases, there was a measurable
&ifferenﬁial in favor of the reinforced area. At‘%he bottom of Fig. 10,
the results of the 1961 survey of the areas gealed in 1960 show the unrein-
forced'aféa_having a reflected cracking of 47 per cent, a5 compared to a -
direct reflection in the rginforéed ares of P9 per cent, or a total of (30)
per cent ineluding translated cracking. |

The marked differentisl in favor of the reinforced areas 1ls again

related to the.effeotive sealing of the txanslated cracks of decreasgd
width, illustrating the most apparent benefit of the weided wire fabric.
A considerable portion of Test Area A-l was not sealed in 1960 énd thus, as
8 special case, provides some measure of tﬁe total refleaied erackiﬁg in
the six years:from 1955 through 1961, The direc¢t crack reflection is esti-
meted a8 49 per cent apnd the total cracking, ineluding tr&nslatgd‘crackingy
as (75) per cent. As previously pointed out, there are several indetermin-
ate factors involved din this'complex crack pattern that can not be élimi—
nated. The figures are nevertheless interesting for comparison, even

though qualified by unavoidable uncertainties.

Special Experimental Areas

There are two special test'areas yet to be discussed where ex-
periments were made which go somewhat beyond the main investigation of re-

flected cracking. In Test Area A-2, shown in Fig. 11, an exp@rimenﬁ was
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tried on a somewhat limited scale which might serve as an example of unin-
hibited exploration typical of the freedom szometimes asgociated with aca-
demic circles. TIn this case, it wag decided to vemove the badly cracked
concrete in one lane and replace 1t with a crushed aggregate basgse which, at
any rate, was well compacted to glve it every chance for survival. The re-
sults are ghown in Fig. 11 and really turn oubt bto be quite interesting.

In order to maintain a commen basis for ecomparison, the gﬁacking
pattern of the original concrete pavement was rebained as a common denomi-
nator. Even though this is a rather tenuous hypothesis, it ia directly re-
1ate&nto the total lineal feet of cracks and retains some relationshi? o :
the badly cracked pavement in the lanes with which it is compared. The
area involved is supplied with wire mesh and is at a location subjected-to
heavy load repetition, just off the end of the center taxiway. The results
of the 1957 survey indicate that the relative performence of the crushed ag-
gregate base is eclose to that of the coﬁcrete pavement. In the 1961 survey,
after sealing in 1960, the comparison is sti1ll quite eclose although there
is a moderate inerease, 7 to 8 per cent, in the cracking with the aggregate

bage.

Epon Asphaltic Surface

Tegt Areas A-3 and A-li have been brought into the study of re-
flected cracking to present interesting information on & comparatively re-
cent development. Maintenance of ailrport paving in service areas, where
gpillage of gasoline and oil causes disintegration of conventional bitu-
minous mixtures, has always been a serious problem. At Willow Run, sev-
gral types of sealing have been tried from time Lo time with reasonable

BUCCEeSE.
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Jennite, g tar derivative developed and widely used for this pur-
pose, was applied to The service area on the main apron that was resurfaced
with bituminous concrete in 1955. The bituminous resurfacing, in 1960, of
the service area on the main apron was treated with a doubls seal of a tar
emulsion slurry with fine sand in suspension. All of these materials were
in liguid form spread with a distributor and squeegeed to obtain more uni-
form application. The Jennite seal has given excellent performance and 1s
8till effective after six years of service. The coal tar slurry has been
generally satlsfactory, but has shown.same defects believed traceable to
application of the seal before the bituminous surface had completely cured.

Area A-3, shown at the top of Fig. 12, was supplied with a 1 inch
wearing course, using an Epon asphaltic binder in place of the conventlonal
asphaltic material. Representatives of Shell 0il Company participated in
the experiment, designed the mlxture, and supervised the laying. From the
standpolnt of resistance to spillage, its performance has been good for the
one yeer it bas been in service. There has been some evidence of softening
in spots where compaction of the mixture was inadeqyaté during rolling.
These spots are generally at the junctlon between lanes in which the sur-
face mixture was laid. This represents a construstion defect yet to be
overcome and it has been recognized as such by those interested in its de-
velopment. The same defeet al the junction between lanes shows up in the
cracking pattern in Fig. 12.

With respect to reflected cracking, the Epon surfacs in Ares A-3
is compared with the adjoluning Test Area A-4 with the conventional 3 inch
pltuminous resurfacing. No welded wire Tabric was used in either area;
thus, there is some basis for comparison with other test areas, condi-

tioned by the shorter pericd of service and the Ffact that the underlying
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concrete pavement laid in 1941 has a very moderate cracking pattern. Most
of the cracking in both areas ig over pavement Jjoints; the differentisl in
cracking after the first year of service iz quite striking. The Epon area
has direct reflected cracking of 13 per cent, as compared to 5% per cent in
the conventional bituminous surface. If the special gracking between lanes
is irciuded in the Epon area, the total cracking would be 30 per cent, still

leaving a substantial differential in its favor.

GENERAL EVALUATION OF PAVEMENT PERFCORMANCE

The primery objectlve of this paper has baen to present Informa-
tion on the behavior of bituminous resurfacing of old concrete pavements
and data on the control of reflected cracking. At the same time, it seems
appropriate to comment briefly on the evaluation of pavement performance
on the entire ailrfield in more general terms. During most of the pericd
of some fifteen years that the airfield paving has bsen subjected to com-
mercial airline operatilon, pavement performance has been evaluated In terms
6f changes 1n structurel continuity related to progressive changes in the
cracking pattern. Since 1955, with subgtantial areas being resurfaced, 1t
is no longer feasible to rely completely on cracking to serve as a measure
of pavement performance. Periodic aerial photographs may still be useful
in the case of paved aress not y=b resurfaced, but it will no longer bs
possible to obtain a reliable measure of the cracking pattern in the con-
crete pavement in the resurfaced areas. A measurs of reflected craeking-
is not a reliable subétitut@ nor wculdrit be practicable to conduct sur-

veys of reflected crecking in the large areas Involved.
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During the past four years, the Michigan Pavement Performance
Study has been devobed to the development of accurately recorded pavement.'
profiles and a roughness inéex in inches of vertical displaoeﬁent par mlle
a8 o measure of'pavement performance. The roughneés'index,frefleoﬁing Pro=-
gressive changes in the pavement profile, has shown considersble promise gs'
a measure of pavement performance; it iz planned to make iﬁcreasing use of
this procedure in evaluabting the performance of Willow Run paving. While
riding quality in itself is not as vital in airports as it is in highways,
1t has been shown thait roughness and structural continuliy are relafed in
such a way that either may be useful in pavement evaluation when the other
ig not readily available.

The headquarters of fthe Michigan Pavemernt Performance Study is
&b Willow Run‘and the airfield pavement is constantly belng used as a testh-
ing ground for development end calibration of profiling equipment. (onse~
guently, some data are already available on pavement roughness; it 1s hoped
that procedures developed for highways can eventually be extended te cover
the entire airfield,

‘Teét rung with the truck profilometer on Bunvay 9L-27R show that
the ﬁoughness indices on the two outside lanes, which have not been resur-
faced, range from 234 to 315, with an average of P67 inches per mile, which
is rated as extremely rough. These outside lanes have practically no wheel
load applicatibn, go this rovghness 1s caused by frogt displecement and
temperature differsntials in the annual cycles of freezing and. thawing.
Lack of sﬁfféae drainage from the edge of runways was one of the deficien~
cies in the-original construction, resulting in the edge lane being gub=
Jected to sevefe.frost action, The extreme roughness which has resulted

is consistent with highway roughness values for comperable conditions.
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The four center lanes of the.same-runway5 which were,résurfaced
in 1959, had roughness indices in 1961 ranging from T4 to .80, with an aver-
age'of TT inches per mile, which would be rated as good in terms of riding
quality. The two middle lanes Qf the center taxiway, resurfaced 1n 1955,
have also been profiled and showed roughness indices in l961 varying from
78 %o 88, with an average of 83 inches per mile, which would also be rated
gooég The center lanes of the runway, and partlcularly the center taxiway,
are subject to heavy load repetitions; and, while the traffic volume ceannot
be compared Lo highway traffic, the magnitude of loads is considerably
greater.

In this connection, & brief summary of loading condlitlions at
Willow Run is in order. The U. 8. Army Corps of Engineers rated the field
in 194h under "Capscity Operation’ at maximum loads of 52,000 pounds gross
 plane weight for the runweys and 41,600 for the field, as limited by the
1943 construction. "Cepacity Operation”, as then defined, was baged on a
20 year life and 100 scheduled operstions per dayo' When & traffic analysis
was‘made in 195k, commercial planes suppiiad 80 per cent of the traffie,
the remaining 20 per cent being military and civil aireraft. The airling
traffic alone amounted to 135 sché&uled operaticns per day, with the gross
Weiéht of planes varying from 26,200 to 132,000 p@uﬁdso An analysis indi-
cated that 5 per cent of the traffic exceeded the rated capacity by 200 per
cent, 20 per cent_of thelﬁraffic exceaded the rated capacity by 100 per
.cenﬁ, vhile only approximately 15 per cent of the traiffic was egual to or
1ess than the rated capacity. Since 1954, gross plane loads have increased
rather than decreased; and, even with reduced commercial traffic, scheduled
operations in the last twe years still exceed the established capacity

eriterion.
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In spite of the fact that during most of the 15 years of service
under commercial airline operations the pavement has been substantially
overloaded In terms of both gross plane loads agd acheduled opevrations, it
has gilven an excellent performance. As related in this report, inferior
construction of the 1943 pavement is directly accountable for the most ser-
ious deterioration, which has been measured Iin terms of pavement cracking.
A relatively small proportion of the 1941 construction has shown the same
type of distress, bul to a reduced degree, again accounted for by poor cop-
struétion practice. These defects introduced some deficiency in subgrade
support in the critical sections, in spite of the bast natural soil condi~
tions that could be found in this area.

While faced with these problems, the record shows and the pres-
ent condition of the pavement confirme that the entire landing area has
been maintained at all times in a good and serviceable condition that has
assured its efficient operation. In the writer's opinion, there are two
major Tactors in this good record. In the first place, this pesrformance
would not have been possible except for the superior soil conditicne which
provided unlimited subgrade support, reguiring only that 1t be effectively
utilized. The sscond coptribubting fachor was the alert ailrport management,
whose maintenance and betterment program follawed the old adsge thal, "A
stitech in time saves nine." This program has been kept consistently ahead
of pavement deterioration and has anticipated difficulties befors they
developed.

When it appesred that routine maintensnce would soon be excas-
give, salvagling of the deteriorating c@ncraté pavemenﬁ by bituminous re-

surfacing was undertaken before the situetlon got out of hand.
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CONCLUSION

Inasmuch ag the performance of this bituminous resurfacing is the
primayy subject of this paper, the discussion may be concluded by summariz-
ing the quantitative data available to measure this performance in terms of
refiected cracking. Table 2 1s a summary of reflected cracking which way
be used for reference in connection with these filnal conclusions.

1. Excessive cracking in portions of the 6 inch plain concrete
pavement at Willow Run can be directly related to poor con-
struction practice. The well-constructed pavement is still
in good condition, in terms of siructural continulty, after
20 years service, 15 of which invelve commercial airline
operation with loading far in excess of its rated capaciby.

- This outstanding performance l1s primarily due to superiocr
subgrade support provided by the natural soll conditions
exlsting at the site and a timely maintenance program.

2. In the areas 1n which there has been excessive cracking of
the concrete pavement, bituminous resurfacing has provided
an effective means of insuring efficlent serviece and re-
duced maintenance. In these areas, Joint and crack £11ling
had become prohibitive in cost and relatively insffective
a3 a means of protection from further disintegration.

3. The major source of reflected cracking is at the joiuts of
the concrete pavement, except where slab cracking has
reached such an sdvanced stage that the concrete pavement
has been reduced to a series of separated concrete blocks.

k. The use of welded wire fabric as stesl reinforcing in the
bituminous mixture was of substantial benefit in reducing
direct crack reflection. During the period of service re-
ported herein and conditioned by other maintenance of the
test areas, the percentage of reductlon in direct reflec~
tion of cracks ir reinforced areas is, in round figures,
10 to 15 per cent of the total lineal feet of Jjoints and
cracks in the underlying concrete pavement, or 30 to 4o
per aent of the reflected cracking in unreinforced areas.

5. One of the phenomena noted in the use of welded wire fabric
at Willow Run was the creation of a new pattern of cracks
described in this paper as translated c¢racks, in whisch wider
erack openings such as joints are distributed by the rein-
foreing over the area covered in a larger number of finer
eracks. Total cracking percentage before sealing, in terms
of total lineal feet of Jjoints and cracks, including both
direct and translated cracks, was Just ag great and in some
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cases greater than the reflected eracking in unreinforced
areas. However, with the finer cracks, the surface can be
more effectively maintained and, after sealing, the decreased
percentage of reflected cracking in the reinforced areas is
practically the same asg in the case of direct crack reflec-
tion.

6, In one test area, an increased thickness of 1 inch, or 33 per
‘*cent, in the bituminous resurfacing reduced the reflected
cracking some 8 per cent in terms of the total lineal feet
of Joints and cracks, and Trom 20 to 25 per cent of the re—
flected cracking in the area of standard 3 inch thickness.
The percentage of Improvement weas the same before and after
sealling. :

T. A specisl experiment with a 1 inch wearing surface of Epon
asphalt, in addition to providing good protection against
spillage of gasoline and eil, shoewed a substantial decrease
in reflected cracking, in comparison with that of a compar-
able area of conventiomal bituminous resurfacing.
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TABLE 1

PERCENTAGE. OF CRACKED SLABS

1950 SURVEY
' Date of
Type Year ]
oF of Construction.
.Crack Survey 10k, 1943
| 1946 4 35
Trangverse
1950 10 85
_ 1946 Negligible 15
Longitudinal
1950 Vegligible 25
1946 Wegligible 2
Diagonal
1950 Negligible L




SUMMARY OF REFLECTED CRACKING IN PERCENT

~ Test % Without - With Mesh Déf?e;ren%éai%% |
Area | € Mesh Direct Total Direct Total
| 2 1957 1961 1957 |1961 | 1957 |196] | 1957 | 196 | 1957 | 196!
= |
T-1 (3" 32 | 39| - | == | == | == | == | == | == | --
4" 24 | 31 | = | = | = | = = =] == 7] --
T-2 |3 32 | 37|25 |27 | 39 | 33 7 0| -7 4
T-3 3" 31 | 4119|221 34|28 1| I2 19 | -3 13
A-1 3" 44 | 47| 33 | 29| 38 | 30 | i 18| 6 |7
Average| 3"} 35 | 41 { 26 | 26 | 37 | 30 o | e -1 12
| * T.| omitted
TEST AREA A-2 TEST AREAS A-3 AND A-4
%  With Mesh | §
Base Course| ¢ Direct Totdl Surface | £ |Direct|Total
= |1957 | 196l | 1957 | 196 §
Concrete 3" 32 125 | 36 | 27 Bituminous | 3"'| 54 | 54
Aggregate | 3"| 32 | 32 | 35 | 35 Epon Asphalt| 3"1 13 | 30
Differential 0 71 - Differential 41 | 24 |
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CONTINUITY RATIO
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