CONTROLLING REPLECTION CPACKING
N RITOMINOUS SURFACINGS

zgsor of Transpartation Enginesring
sohivsstta Inatitate of Technology
Uenbridgs . Masssohusitts

RO

SRy é@'%ﬁ})ﬁﬁh*ﬂiﬁmy Reaesrch Project
Cp ts Ry inwgibwke. oF fechnology

Bhd
coosi e T e Depawemen s oF PR e Warks

Mol Stute Highway Commagesion
intwsrsity of Miiae, OQrono. Mpine

Trveehe;r -4, 1961



Laborstory and field stodies on comtroel of reflection

6

LB Ditumincus concrete overlays in Massachusetts iuive

s far led we the following conclusions e

Lojointe, cracks, and other discontinuities in the

P

Lyinal pavenesh 2re undsa zsivable bhockuse s

They deareage e losd currying capleity of the
P pment .

:

v are aften 2 souree of detaeriovstion of

-yt
T
4»;*

el oments .

congtany mﬁma‘hnamm

o Thae e gl .!L‘a’i‘“ﬁ"‘-

. " L o .
LR - NPT sy s e T ey ol g N
Bk > uverlay ey Thvea 4
. 8 e § o agss T2 vyt § s oy
! E A ¥, 0‘! 1(; ‘ N Ly {l\ RS L S AT
% . b " . PR R N fi |, Ao Wy g & Y
[ LA R S AN S 89 ey 2w LAV o ¥
Y
. BheE o w e e e ens
‘ ' Y i Lo TE o
3 W ERRENEAL EE
: tE S TS A I 3 o PO L
b T 4 oo b R T » e SIS SRR s
. SRS ML G SR SLE S PR 3 sy WX AT
.. : + : - R
& 1 ! {owss e
EE B S A NE TR BN S5 SR AR
» NP TR o
BES Ay ’th':.? IR AN A : i
13
4 :F g e s ) SE T e s
ERe]! AR I S & TR FERIE e ol E e
- ‘ -, T y -
: SRy e CTALH Y Ty & ]
L . i i
! . B wod thun an




B

k) Dummy grove sawing in the resurfacing above joints
will also prevent reflective crack appearance in tha

surface.

CAUSES OF RESURFACING CRACKING

Although a three inch rasurfacing will strengthen the
14 support on which it is laid, it cannot always withstand
Llig stresses borne out of physical movements at varicus dis-
continuities beneath. In the case of resurfacings over worn
portland cement concrete surfaces the primary causes of
crachking are strains induced bv the horizontal and vertical
movaments At jolnts in the covered slabs. The amosunt of
mrgaimen (oint opening depends upon the length of the slabs,

their aordition., tempevature and moisture, and other factors.

"

%

too Ahesnchusette with 50 x 10 feet slabs 80 percent of the
tLesrayarse jalnte open 0.05 inches or more durirg a one yesy
rycie wita wegigum vxriztion ir width as much as 0.2 inchkes.
Vertical slab deflections are primarily activated by
tyafiic  The maxinum measured rsilative slab movement atv
traseveree joints in uncovered concreis gslebs was found to

e 2 06 inches.

1 general, the longer the siabs, the greater is the
rorizontal movement at the slad ends; the shorter the slabs,
tne higher iz the relative vertical deflecticn at joints.
bue to these movements of slabs, reflection cracking is

foand in practically all types of plain bituminous overlays.
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The causes for reflection cracks in resurfacings over
21d and cracked bituminous concrete pavements are not much
different except that the vertical deflection at cracks

seems to be the most damaging.

MECHAN1SM OF CRACKING

Cracks in bituminous overlays usually appear in winter.
Mis tends to lead to the conclusion that the most destruc-
tive combinations of stresses occur in cold weather. Laboratory
Seom o' field observations show that due to the low tensile
stirength of bituminous concrete at elevated temperatures the
wa%kaning.af the overlay right above a joint (or crack) can
#tard in summer. Fér instance, 2 tensional reflection crack

sbove a transverse joint can develop as follows:

s} An ¢ld portland cesment concrete roadway is
resus faced with bituminous concrete overlay (three
inches! during warm wesather.

b} The joints are st or gbove their minimum size
and varying slightly in width due to daily tempera-
ture cycles.

¢! The tensile strength of the overlay at warm
temperatures is very low and the resurfacing cannot
svercome the friction with the underlying slabs as
they move with rise and fall of daily and monthly
temperatures.

4} High strains are imposed in the resurfacing
rigat zbove the joint. |



+#} Alithough extension is folicwed by a compression
cyclie, and the overlay is kneaded constantly by
traffic, the strain recovery apparently is never
completa.,

£ As the cold season approaches and the temperazures
geciine, joints open up reaching maximum width. The
tensile strength of the bituminous overlay z2iso
reaches its maximum and if the resurfacing had act
been weakened above the joint while it poessased a
low tengile strength {warm weather). it probably
wouid be able to overcome the friction with the support
ang would not crack.

g)  In cases where yearly joint opening i= large

igay, ©.1 te ¢ 2 inches) & orack can “open up’ abovs
the joirs #lveady during whe flvst winrer.

i HMors often visible cracking appears during the
ageend yeuy fwinter) altar the pavement has gone
thrcugh one complete yvearly extension-compression

ayela,

Ir summasy, preseat evidence indicates that the resun-

ing 1w westkened above a discontinuity {(Inint) during

summey =hd B oor:cX opens up in winter when glastic {low and

craffic kneading action do not help to "keep the crack

2 ¥ s e ©
sdagad

In cases where the main cause of cracking is vertical
geflecticn, # similar explanation holds true. because durxing
whyin temperature exposures bituminous concrete is also weslk

1n sheay and £flexure.



3.

Pimaily it must be remembered thai stress-strain chay-
anteristics of bituminous concrete can change
with time faging). These changes are super-imposed on the

temperibure effects.

WRYS OF CONTROLLING REFLECTION CRACKS

Une choloe is to accept reflection cracks as inevitable
snd try to maintain them. 7The main arguments against this

procedure Are:

a) Ime to the highly irregular nature of a reflec-
tion crack and the fact that it has been adulterated
by forsign matter (silt, clay, organic matter), it

is nearly impossible to ssal it tightly.

b)  Bven if the crack could be sealed, the continuity
of the pavement is not restored. This, from the
point of view of strength {(and beauty), is up-
desirable.

Another chelce is to try to prevent veflection cracks.

i

Although thers might be various ways of deing this, the
discussion will be concentrated on two methods which have
basn studied in Massachusetts and where actual field perfor-

wEnew data are available. Thesa two methods sre:

a) BReinforcing the overlays with welded wire fabrie.
b} Sawing and sesling dummy joints in the resurfacing
coinciding with the old portland cement concrete
jeoints. {This wethod would not be practical in case
of resurfacings over old bituminous roads or aveas

where arack geometry is wariable).



FURFOSE OF REINFORCEMENT IN RESURFACING

The main purpose of reinforcement for the control of
refisetion cracking is to strengthen the resurfacing and to
distributa strains so ihat they do not exceed the strain
1imit ¢f bituminous concrete. Because the physical proper-
tiez of a bituminous mix change greatly with temperature and
time of loading, mathematical analysis of welded wire fabric
interaction with bituminous concrete is difficult. Conse-
quertly, both full scale field installations and laboratory
Legts wereAﬁade first to determine the relative merits of
different types and placement of reinforcing. The field
tests sexrved to measure the performance in a natural environ-
ment. The laboratory tests were aimed at determining the
interaction of wire and bituminous mix under controlled con-

Aitiong of temperature and applied load.

PEELO EXPERIMENT - JIRIP REINFONCEMENT

Yarious Tyoes and dimensions of welded wize fabric
strip reiuforcerent were installed in resurfacing over dld
portinnd cement conorete joints in the sc-called Raynham
iMse3) Test Road., The underlving slabs were about 60 x 10
fpet, placed on a 12-inch gravei base about 30 years ago.
“he reinforcement fabiic strips were 5 to 10 feet wide (2.5
ve. & feet on each side of the joint) placed directly on top
of the old surface and covered with a 1 3/4 inch bindet'
coursz, and 1 1/4 inch top, both Massachusetts Type I mixes.
nltogether 12 different tests were installed with appropriate

control secticns for comparison.*

[t e

“Por details see reference 10 iﬁ bibliography.
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The principal findings after five years under medium to
heavy traffic follows:

a) The strips of reinforcement were easy to place
in the three-inch bituminous concrete overlay when
the fabric was placed directly on the surface of

the old concrete pavement.

b} All types and styles of fabric used reduced the
amount of reflection cracking.

c) Where cracks did appear at reinforced transverse
joints, they were of smaller average width than those
in the comparable control sections.

d) In the strip reinforcement for transverse joints,
a strip of 6 x 6, 8/8 welded wire fabric 7.5 feet
wide proved the best. Total cracking was one-third
{33 percent) of that in the control. Another test
using 3 x 6, 10/10 fabric showed the lowest percent-
age of wide cracks; i.e., about one-seventh of the
control.

@) Strip reinforcement over longitudinal joints
was also most successful with the 6 x 6, 8/8 welded
wire fabric in five feet wide strips. The next
most successful wias 6 x 3, 10/10 (with the three
inch spacing across the joint).

£) Pield sampling shows that gauge 12 welded wire
fabric reinforcement tends to fail across the joint
and is too fine. Gauges 10 and 8 did not fail.



8.

FIELD EXPERIMENT - CONTINUOUS REINFORCEMENT

A similar test road was chosen in Walpole, Massachusetts.
Here also 12 different test sections were installed, but the
reinforcement was placed continuously covering the whole
readway and extending into the shoulder widening.

The results after five years under medium to heavy
traffic can be summarized as follows:*

a) The amount of transverse joint cracking was
lower in all reinforced sections when compared tc
that in the controls. The average amount of crack-
ing was also lower than in the strip reinforced
{Raynham } test.

b) Continuous reinforcement in rolls was more
successful in controlling cracks than. that placed
in & series of sheets.

¢} Welded wire fabric, 3 x 6, 10/10 showed the
hest performance by the following measures of
crack occurence:

1. Only nine percent of the total length of poten-
tial transverse reflection cracks appeared. This
was about one-eighth of that found in the comparable
control sections.

Z. Only four percent of the cracks are wide (over
1/8 inch), which was about one-fifteenth of the
percentage of wide cracks in the control section.

*For details see reference 10 in bibliography.
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3. Only about two percent of pétential longitudinal
cracking along slab edges (shoulders) occurred, and
that consisted only of narrow cracks.

d) The amount of longitudinal cracking along sladb
edges (shoulders) was small in the Walpole Test Road
in all reinforced sections.

e) However, where settlement of the resurfacing
over a shoulder was more than about 1/4 inch, longi-
tudinal cracks were cbserved above the slab edge at
the shoulder wiéh or without reinforcement.

f) Unreinforced resurfacing 3 3/4 inch thick cost
about the same to place as three-inch, reinforced
surfacing. However, the thicker non-reinforced
surface developed a crack incidence five times greater
than the three-inch section reinforced with 3 x 6,
10/10 welded wire fabric.

g) Field observations show that 7/8 inch maximum
size aggregate appears to be the upper size limit
for a bituminous mix reinforced with a fabric having
openings of 2 x 2 inches.

LABORATORY TENSION TESTING RESULTS AT 70F

A series of laboratory tests (using primarily 3 x 6,
10/10 welded wire fabric in five feet wide strips) were per-
formed to obtain stress-strain data. ‘rh_o specimens for these
tests were taken from actual rocad installation (Walpole) and
tested in a tension machine built to simulate road joint
novements. The following few findings are cited:*

*For details see reference 9 in the bibliography.
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a) The resistance of the welded wire fabric to
horizontal movement through the mix was directly
proportional to the number cf transverse wires per
unit length of longitudinal wires; wire diameter
appeared to be of secondary importance.

b) By pulling the welded wire fabric through the
nmix at speeds comparable to the slow movement of
concrete slabs in a road (about 0.01 inch per hour),
relatively low stresses were developed in the welded
wire fabric. These stress;s increased very little
with time, indicating that the transverse wires
slowly shear through the mix without increased
resistance. |

c) When the welded wire fabric was pulled through
the mix more rapidly (about 12 times faster than

in b) the stresses in the longitudinal wires increased
with time , showing an actual "yield point® of the
bituminous concrete as the transverse wires shear
through the mix.

d) In spite of the relatively easy shear displace-
ment of the wire fabric in a mix when stresses were
applied, the tensile strength of reinforced bitu-
minous concrete at room temperatures was considerably
higher than that of plain bituminous concrete. In
the case of 3 x 6, 10/10 welded wire fabric, five
feet wide sinuiated strip reinforced specimens showed
strains in the resurfacing beyond the edge of the
reinforcement. This indicates that the fabric-mix
combination_was strong enough to overcome frictional
forces between the slab and the overlay.



IABORATORY TENSION TESTING RESULTS AT 27F

Some conciusions:
a) Pulling the wire fabric through the mix at a
slow rate {about 0.0l inch per hour) the resistance
to pull was several times {up to 10 times) higher
than at room temperature for a similar specimen.
b} During the test the resistance to pull increased
with time indicating "consolidation” of the mix
around the transverse wires.
¢} In a tension test, simulating a joint and a
five feet wide strip reinforcement (3 x 6, 10/10)
the stresses in the horizontal wires over the joint
were highest, decreasing with the distance away

from a joint.

LABURATORY TESTS IN SHEAR UNDER A MOVING WHEEL LOAD

These tests were performed on a . laburatory test track
where samples ¢f reinforced and unreinforced bituminous sur-
facing were submitted to repeated applications of a rubber=~
tired wheel load passing over & simulated joint. The re-
surfacing placed in the track wis three inches thick and
similaced five-foot wide strip reinforcing. Most of the
L8t specimens wexre reinforced with 3 x 6, 10/10 welded

witre fabric.

At a test temperature of 40F, the following significant

tindings were obtazined.
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2} The reinforcement added beam strength to the
regurfacing.

b} Welded wire fabric, style 3 x 6, 10/10 showed
mirked resistance to cracking in a test where the
relative vertical siab joint movement was about

0.12 inches. At high joint movements (about 0.2
inches; both the reinforced and plain specimens
wracked at about the same number of load repetitions.
©¢) Cracks which developed on the reinforced specimens
were narrow a#nd did not widen with time. This was
not. the case with unreinforced specimens.

d) The decrease in stiffness ¢f the specimens undex
test 1s approximately proportional to the logarithm
»f load applications. The stiffness was measured in
terms of deflections at the juint as the wheel passed

aver it

SENERAL COMMENTS ON FERFORMANCE OF REINFORCED OVERLAYS

Tt wes learned that the behavior of the reinforcement in
bitukinouy concrete depends greatly upon the tempersturs of
the pompacted bituminous concrete mix and the rate at which
the load is applied. Because bituminows concrate is very
aesk An tension and shear when warm {(say, temperatures of
BEY amd 2hove), the greatest benefits of welded wire fabric
peirforcenent against reflective cracking are obtained while

tee ovarlay is at elevated temperatures.

Whenever large horizontal joint movements occur (.1

ingh or more} srrip reinforcement requires a carefully
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"balanced" design, taking into account factors such as mix
characteristics, temperature and loading, and friction be-
tween the old slabs and the surfacing. This friction is not
uniform for all slab ends and therefore a balanced design is

very difficult.

Strip veinforcement hag & definite place in reinforcing
above longitudinal joints and edges of the road where rein-

forcement resists mainly shear and some tensional forces.

Continuous reinforcement makes the whole surfacing more
"homogenecus” by holding it together and helping to resist
excessive strains at local spots. Continuous reinforcement
can be designed as strong as economically feasible and balanced

design is not mandatory.

PRACTICAL SUGEHSTIONS FOR USE OF REINFORCEMENT

On the basis of lakoratory and field data obtained on
Massachusetts Type I Mix, three inches thick, 0-5 years old,
the foliowing numerical results are presented. They are
subject to modifications as additicnal information is

developed:

a) The approximate limits of wire spacing in any
direction appear to be 2 to 6 inches.

b} The wminimum effective wire size is about

Gauge 12. The maximum size has not been established.
@) The minimum wire spacing in any direction should
be at least three times the maximum dimension of wix

aggregnte.
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d) Waile the choice of width of welded wire fabric
reinforcement strips is a function of several factors,
under the conditions tested six to eight foot width
of reinforcement (centered over joint) appears
satisfactory for transverse joints and about five foot
width for longitudinal and edge joints.

2) If the horizontal joint opening is less than

¢.04 inches and vertical relative joint movements of
unsurfaced slabs are low (below 0.06 inches) reflec~
tion cracking is unlikely with or without reinfore-
ing. IXf the horizental joint movement is between
€.04 and 0.1 inch (with vertical relative movement

of .06 inch or less), cracking may occur but it

can be prevented or effectively reduced by a 3 x 6,
10/10 or 6 x 6, 8/8 stzip reinforcement {(eix to

eight feet wide). If the maximum yearly joint ex-
pansion horizontally is over 0.1 inch, a continuous
wire fabric reinforcement such as 3 x 6, 10/1C¢ in
rolls is preférablec

£y 1f the maximum vertical relative joint movement
of unsurfaced slabs is below 0.06 inches and the
borizontal joint opening is small (below §.04 inches)
reflaction criacking will probably not occur. If the
yartical movement is between 0.06 and 0.12 inches,

3 x &, 10/10 wire fabric strip reinforcement wiil
delay the cracking considerably, but cannot always
prevent it. Por such conditions larger size wire

tabric may be more effective. When the vertical
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wire fabric gives little promise of increasing crack
resistance over that of non-reinforced surfacing.
However, the presence of the fabric does keep the
cracks narrow. Again, a larger size wire fabric

than used in these tests would be more effective.

JOINT SFMIN‘I{-»~ ANOTHER METHOD TO LIMIT REFLECTION CRACKING

The idea of sawing dummy joints to predetermine cracking
in pavements is not new. The application to resurfacings for
prevention of crack reflection above joints was an adaptation
of the technique in another area. Usually the three-inch
overlay is cut one inch deep above the joints and then filled
with a sealer. The high stress concentrations in the overlay
#t the cut cause a failure along the weakened plane and the

crack never shows up in the surface.

FIELD EXPERIMENTS AND RESULTS?*

1ln order to determine the feasibility of joint sawing-
sealing as a cure to reflection cracking, a test section in
Walpole (near the reinforced Test Road) was installed in
1955. Again. the old portland cement concrete slabs were
60 x 10 feet, placed on a 1l2-inch gra§el base, about 30
years ago. The bituminous concrete resurfacing laid on top

was three inches thick.

*For details see reference 15 in the bibliography.
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Only transverss joints were sawed in this experiment.
They were marked by stakes before the resurfacing was placed
in crder to get the sawed dummy grooves right above the
underlying jeint. ({This is very important). The grooves were
out with 8 wet diamond saw, about 1/4 inch wide and one inch

deent. They werse dried and sealed afterwards.

A test section similar to the Walpole was also installed
in Bridgewater. Route 28.

After five years under medium to heavy traffic the

following conclusions can be drawn:

a) Transverse groove sawing and sealing (if done
right} prevents the weakening of the resurfacing in
the area over the joints of the underlying concrets
and stops the appearance of reflection cracks.

b) Sawed grooves 1/4 inch wide and one inch deep
can be kept water-tight by rubber-asphalt sealers.
¢} Even if the joint sealer fails (or is not used)
the unsealed groove will have a better appedrance
and the adjoining surface will be stronger than is
the case at a patural reflection crack.

3} The locations of joints in concrete should he
carefully marked before the resurfacing is placed
36 that the sawed groove is directly over the under-

lying jeint.

ZOMPARISON OF THE TWO TREATMENTS

From an engineering standpoint there is a difference
between the two types of treatments which can be summarized
as follows:
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a} Continuous wire reinforcement is used to prevent
anv cracking and to preserve the continuity of the
overlay. If grooves are cut, the pavement is sub-
divided into slabs and continuity is destroyed.

b} In spite of the neatness of the sawed grooves.
they are still noticeable by the travelling public.
¢} Sawed-sealed surfacings might require some seal-
ing maintenance. #Proper continuous wire reinforced
overlay should require minimum maintaining except
for randam.cracksa .

d) The sawing-sealing method does not take care of
random cracks in the underlying slabs. Continuous
reinforcement does.

e) Reinforcement increases the stability cf the
overlay.

£} The additional initial cost of the resurfacing
undier Massachusetts conditions using either of the

methods is approximately the same.
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