
D-CRACK ING IN I4AN ITOBA

GLENN J. HER},IANSON ffi

A thes is
presented to the Universíty of flanitobain partiaì fulfil lment of the

requ¡rements for the degree of
A1AST E R OF SC IENCI

in
CIVIL ENG INEER ING

by



Permis s j.on has been granted
to the National Library of
Canada to microfilm this
thesis and to lend or seII
copies of the film.

The author (copyright owner)
has reserved otherpublication righÈs, and
neither the thesis nor
extensive extracts from it
may be printed or otheñ,¡ise
reproduced without his/her
\,¡ritten permission.

rsBN 0-315-37142-0

L'autorisation a êté accordée
à la BÍbliothèque narionale
du Canada de mi crof i Lmer
cette thèse et de prêter oude vendre des exemplaires du
film.
L'auteur (titulaire du droit
d'auteur) se rêserve Ies
autres droits de publication;
ni Ia thèse ni de longs
extraits de celle-ci nedoivent être imprimés ou
autrement reproduits sans son
autorisation écrite.



D-CRACKINC IN MANITOBA

BY

GLENN J. HER}ÍANSON

A thesis submitted to the Faculty of Craduate Studies of
the University of Manitoba in partial fulfillment of the requirements
of the degree of

I.fASTER OF SCIENCE

o t9B 7

Permission has been granted ro the LIBRARy OF THE UNIVER_
SITY OF MANITOBA ro lend or sell copies of this thesis. ro
the NATIONAL LIBRARy OF CANADA to microfilnr this
thesis and to lend or sell copies of rhe film, and UNIVERSITy
MICROFILMS to publish an absrract of rhis rhesis.

The author reserves other publication rights, and neither the
thesis nor extensive extracts from it may be printed or otlter-
wise reproduced without the author's writteu De¡nrissio¡1.



I hereby declare that I am the sole author of this thesis.
I author ize the un ivers i ty of r'lan i toba to ìend th is thes i s to other¡nst¡tutions or individuals for the purpose oi scilolarly research.

I further authorize the University of l,lanitoba to reproduce this the_sis by photocopying or by other means, in totai or in part, at the re-quest of other inst¡tutions or ind¡viduals for the purpose'of 
"c¡olui_ly research.

GLENN J, HERT,IANSON

GLENN J. HERI'IANSON

-tt-



The University of l4anitoba. requires the signatures of all persons us_ing or photocopying this thesis. eru".u .igi-beìow, and give addressand date.



CONTENTS

ABSTRACT

A C KNOI,IL E D G E ¡1E NTS

Chapter

I . INTRODUCTION

paqe

I

.Ll

,23

objectíves

L ITERATURE S E ARCH

I n t roduc t ion
Asgregate cnaraiteri".¡..'uno'nå.i"Åi.r. år' ' ' l'

Ðeter iorat ion
CoarseAggregate : : : : : : : : : : : : : :, : : : : 2llech a n i sms

Hydraulic pressurå : : : : - ' 7

DesorptionrÀ;;;y=. : : : : . : : : : : : : : : : :,3
D ¡ ffus ion of lce
Duat ¡techanisr. ri"å.i : : : . : : : : : : ' : : : : ììSummary of llechan isms

Testins ¡råtnoor--.-. :":' ' ì2

Asrü c-6¿6-ir.;,;n; ;"; inå*i"å i"",' . : : : : : : : : lilowa Pore lndex Tes t
PorestructureStudies' . : : : : : : : : : : : : . : : ì;0ther Tests

F i e I d s tud i es : : : : : ' ' ' 16

l,loisture Studies , : ' ' 17

- coarsenggrugaie : : : : : : : : : : : : : : : : : : : i;concìusions . . . . : : : : : . . . . 2t
III, FIELO SURVEY

I ntroduct íon
objectives .,.:. 23

Locat ion of Su r vevFi"i;-4,;;;y-r.r";;;d='.:" 2\
Generaì . , . . . : : ' 27

Procedure . . . . : : ' ' ' ' 27

Resuìts : : : ' ' 29

Birdshiìì rype I :::.:::::::::::: '.'.'.ii
BirdshiìtType 2 . h5Poplar Poìnt - Stonewal ì
other Pavêments , . ,U6



Compar ison of Birdshil I Type I and 2 Coarse
Aggregate, . .50

LABORATORY FREEZE-THÁW TESTING PROGRAI,I . 52

I ntroduct ion 
52obj ect ives 
52Hethods . 53Aggregate , 53l4ix Design , . . , , . . tAApparatus . 59Procedure . 59Res u I ts 60Summary . 66

CONCLUSIONS AND RECOI4I.IENDATIONS FOR FURTHER STUDY 68

Conc I us ions 6gRecommendations for Further Study . 69

REFERENCES

A DÞe nd ix

A, D-CRACK ¡NG SURVEY DATA

B. LABORATORY TT ST ING

C. V ISUAL DESCR I PT I ON OF THE TEST PR I S¡IS

D. ASTI4 C-6668 RAH DATA

. 71

page

. . . , /4

.88
, .94

'I 00



L IST OF F IGIJRES

F igure
paqe

I . Locat ion of D-crack ing stud ies 
5

2. Location of study area , . 25

3, D-crack ing rat i ng 2g

4. Survey nomenc ì ature jO

5. Data Sheer 
32

6. D-crack ing rat ing of a I I pavements . . 36

7 . Rat i ng of pass ing and traff ic I anes 3g

8. Highway IOO 3RB lncreased D-cracking at curves 40

9. Highway 2OO D-cracking at supereìevated curves 4l
'10, Severe D-crackíng on highway I OOI,J 3RB , \3
'l l. D-cracking on hìghway IOOW 43

12. D-cracking on hìghway ìOOE 44
'l3. Deterioration at the l,/¡nnipeg Airport 44

14. D-cracking on highway 200

15, D-cracking rating of pavements with 20 mm aggregate

16, Pavement cond i t ion on h ighway 3

17, Highway l5 showing spall ing dererioration
18. D-cracking on highway lOl

19. Compar ison of Birdshilì Type ì and 2 coarse aggregate

20. E longat ion of têst pr isms

21 , Ðeter iorat ion of B i rdsh i I I 40 mm coarse aggregate

\5

\7

48

48

49

51

63

6\



L IST OI TABLES

Table
page

L l'lileage, Location and Aggregate Data . 26

2, Data Base of Surveyed pavements . , . 26

3. Ð-crackîng rat¡ng of l4anitoba pavements. .35
\, Size specifications for Type I and 2 aggregate .35
5, Single ìane ratings of divíded highways 3l
6. Aggregate Sources . Su

7. Results of Standard Tests on Aggregates . 5U

8. Resu I ts of s ieve ana I ys is , 55

9. ll¡x Desìsn (kglm3) .56
10. Concrete Test Resul ts 

5S

ll. Compressive Strength of Concrete Cyl inders 5g
12. Coarse aggregate groups 6ì
'l3. Change i n length of Test pr i sms 6l
'I4. Elongation of test prisms 

IOO

15. Length of pr¡sms at zero cycles ìOl



ABSTRACT

The occurrence and susceptibil ity of ìocaì concrete aggregates to afreeze-thaw deteriorâtion known as D-cracking, was studied in l,lanito_ba. The deterioration of the 
"our.u "ggr"!átu "orpon"nt of concreteis the primary cause of 0-crack¡ng. Tñ; oå.iiu.tiue force is exces_sive hydrau¡ic pressure within thå aggregate dur¡ng freezins. - ;;;;;_ca I I y the deter iorat ion man i fests i ise ri as cracki on the-surfacå orpavements, tvith subsequent spaìì ing reducing the service lìfe, Af ieìd survey of 17'ó of the exposed ðoncrete ñign*"y pavements and thel,linnipeg Airport showed D-cracking had o""ur"d-on åg'g -.i in"""-.".:faces, Concrete made with B¡rdshiìi aggregate Àaving a maximum sìze of40 mm disptayed severe D-cracking on iãrruñ"nt. witñ ig ;; ,t y;";; ;;servìce. pavements incorporatin! Birishiì I aggregate with a 20 mm topsize. sho\^,red no sign of D-crackin! on u puu"ruii ll years old and minorcracking on pavements l6 and 20 y"ar. oia, Highways built with poplar

Po¡nt and Stonewall aggregate showed no D_crãcking after l6 and 2ìyears of service respectiveìy. Laboratory testing of three diti"."ntaggregates and four top sizes using a modified AaT¡4 C_666 À fr."r"_thãw test showed Birdshill 40 mm tãp size 
"gg."g"tu to be susceÞtibìeto Ð-crackÍns. Birdshill 2O m, 

"nà Rit"¡,ui- zã-Ài¿--t;',";--;;:'.i;:aggregates were more durable than the Bìrdshil I 40 mm ,op .ir"-ãgãiã]gate. Reduct¡on in top si2e improved the perfÕrmance of the Birdshiilaggregate, No increase in durab i I ì ty was ach ieved through s ize reduc_tion of the R¡tcher aggregate. A Gul I Lake 20 mm dominantly igneousaggregate was the most durable aggregate of the three testeå ior Olcrack ing.

- viii
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Chapter I

INTRODUCT ION

The expansion of transportation systems in the united states and cana-

da, during the l!!O's and l!60rs resuìted in an increase in the use of
portland cement concrete (PCC) in highway pavements, Concentrated con_

struction ¡n urban areas has placed heavy demands on high qual ity
aggregate supplies. The use of pcc pavements has become increasingly
more dependent on I aboratory test ing to de I ineate h igh qua I i ty aggre_

gates from low or marginal quaì ity materials. This has resulted in
many PCC pavements being constructed with materials that have I ittle
or no f ield performance history.

Exposure of some of these pavements to freezing and thawing envi_
ronments has produced a type of distress known as D_cracking. D_

cracking is defined as fine, closeìy spaced cracks which occur paraì_
lel and adjacent to longitudinal and transverse joints, intermediate
cracks and the free edges of pavement slabs¡r (Stark ì!J6). The crack_

ing ìs the result of freeze-thali deteriorat¡on of the coarse aggregate

fraction in the concrete. Three conditions are necessary for D_crack_

ing, They are:

ì. a de I eter ious aggregate

2, freez i ng temperatures

3. a source of moisture.
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The degree of damage associated with this problem varies widely. The

damage ranges from mínor cracking and spaìì ing at joints to complete

failure of the pavement srab. 0-cracking decreases the service rife
and increases the cost of maintenance of pCC pavements.

The probrem of 0-cracking was first identified in the mid-hrestern
United States in the l930's. Remedial measures cons¡sted of el im¡nat_
ing the suspect aggregates from use in concrete pavements. Numerous

f ie¡d and laboratory studies on the freeze_thaw durabiì ity of concrete
were initiated ¡n the l94O's and ì!!O's. Emphasis was placed on the
behaviour of the cement paste, 0nly after the wide spread use of air
entra¡nment improved the quality of the paste, did the magnitude of
the problem of aggregate deterioration become apparent. Efforts to
eì iminate deìeterious aggregates through laboratory testing have been

unsuccessfuì as indicâted by the many kilometers of highways con_

structed in the last 20 years which display D_cracking. Standard
aggregate qual ity control tests cannot detect D_cracking aggregate.
severaì non standard tests, such as the modified ASTiçl freeze-thaw test
and poros i ty stud ies have shown good corre lat ion between pred ¡cted and

actual field performance. However, these tests are expensive and very
t ime consum i ng .

ln lilanitoba D-cracking has been reported on pavements bu¡lt in the
last 20 years. prevent ive measures have inc luded remov i ng one h igh I y

susceptibìe aggregate from use in concrete. As well, the llanitoba De_

partment of Highways has reduced the aggregate top size used in pave_

ments to 20 mm (0.75 inch). However recent deterioration of the apron

at the Winnípeg Airport and of provincial highways.has shown that a
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need ex i sts for an invest igat ion i nto the D_crack ing potent ¡a I of
aggregates used in l'lan¡toba for pcC pavements. A ìimited study was

carried out by the writer and the results are presented herein.

ì . ] OBJECTIVES

The objectives of this study were:

ì. To undertake a review of the ì iterature on D_cracking and re_

lated topics, particuìarly ì ¡terature deaì ing with f ield stud_
ies and I aboratory test ing methods,

2. To assess the èxtent and sever i ty of D_crack ing i n llan i toba

through a field survey of provincial highways and the l/innipeg
lnternat iona I Airport pCC pavements.

3. To determine the reìative freeze_thaw durabilit¡es of coarse
aggregate from several l,lanitoba suppliers, using a modified
ASTI4 C-6668 freezing and thawing test on concrete.



Chapter ll

L ITERATURE S E ARCH

2.1 INTRODUCTION

The majority of r iterature on D-cracking originated from studies of
concrete pavements initiated by several mid western States. Figure i

shows the areas in which D-cracking has been reported in the litera_
ture. A detailed overview of the literature may be found in Thompson

er at (tg8o).

Several field studies were undertaken to determine which factors
infiuenced the deveìopment of D-cracking, cirard et al (19g2) identi_
fied twelve possible factors influencing D_cracking. Factors signifi_
cant I y influencing D-crack¡ng were:

L Coarse aggregate

2, ltlo¡sture and drainage

3, Cì¡mare

0ther factors having little or no infìuence on D_cracking

were :

4. Type of subgrade soil

5. F ine aggregate

6. Type of c emen t

7. Concrete component proportions (desÌgn)
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Figure ì: Location of D-cracking studies



8. Qual ìty of concrete

9. Pavement des ign

10. ¡le t hod of curing

i ì . l,/eather cond i t ions dur ing construct ions

12. Traff ic and load ing

studies by Traylor (t982), Hissouri Srate Highways Dept. (197Ð,
Stark ('1970 and 1973), and others support these f¡ndings.

2.2 AGGREGATE CHARACTER IST I CS AND AlECHAN I STlS OF DETER IORAT ION

2.2,1 Coar se Agqreqate

0f the variabìes influencing D_cracking, coarse aggregate is the
single most important, Stark (1976) found most aggregates associated
with D-cracking to be of sedimentary origin, primariìy fine_grained
carbonates or sil icious rocks. The primary factor governing the
freeze-thaw behavíour of rocks are the porosity, permeabil ity and pore

s ize d istr ibur ion of the mater ia I ( powers 1955 ) .

Stud ies on the pore structure of D_crack i ng aggregate ¡nd icated
that fine pores can become critically saturated, that is, greater than

9l ',6 of the pore volume becomes fiììed with water. iïercury intrusion
tests showed non-durable aggregates to have a narrow pore size range
(stark 1976), whire rocks with wide pore size d¡stributions tended to
be associated w¡th durable aggregate, Kaneuj i (197g) in a study of
coarse aggregate, correlated reduced freeze_thaw durability with de_

creasing pore size down to a ìimitíng size of 4! A. pores smaller than
\5 A showed improved resistânce to D-cracking, Aggregates with a
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coarse or very fine pore structure were found to be more durable than

rock with an intermediate pore structure.

2,2.2 l4ec h an i sms

The majority of research into the freeze-thaw durabirity of concrete
has concentrated on the cement paste component, Typical ìy entrained
air has el¡minated freezìng problems in cement paste to the point of
being a non issue (Thompson et al lgg0) . The coarse aggregate compo_

nent is noh, the major source of problems ¡n the freeze-thaw deteriora-
tion of concrete. Understanding of an aggregaters freeze_thaw durabil_
ity has evolved from comparisons of paste properties to rock
properties and extrapolating the mechanìsms in paste to account for
the behavior of rock ¡n a freeze-thaw environment.

I n genera ì , the pore structure determ ines a mater ¡a ì s react ion to
freezing as it controls how water is absorbed into a material and the
temperature at which the water freezes.

Water is drawn into â rock by two mechanisms, capillary tension and

absorpt ion, Both mechan i sms favour sma I I er pores (Thompson et a ì

I980) .

I ce format ion occurs at depressed temperatures i n porous mater ia I

depending on the size of the pore cavity. Depressed freezing po¡nts
resu I t froml

capilìary pressures,

structural differences between adsorbed and buìk h,ater,

L

2.
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lack of a su¡tabìe seed to nucleate crystall ization, and

temperature size limitation with reguards to the size at wh¡ch

ice crystals are stable, This has the effect of I imit¡ng ice
growth in smal I pores until the temperature drops further,

Aìì of the above processes can occur in any porous mater¡al. Typical_
ly, water ¡n paste freezes well below O degrees ceìsius, wh¡le water
in aggregate may or may not freeze depending on the pore size. Coarse
pore systems tend to freeze near O degrees celsius whiìe fine_grained
rocks see s ign i f icant freez ing po i nt depress ion.

3.

4.

D-crack ing i s caused by the excess ive

ated dur ing freez ing and thawìng, Four

been ident if ied in paste:

l. Hydraul ic pressure theory

2. Desorpt ion theory

3, D iffus ion of ice theory

4, 0ua ì mechan ism theory

d i I at ¡on of aggregate gener-

mechan i sms of d i lat ion have

Each mechanism is more prevalent under specific pore s¡ze and freezing
cond i t ions,

2,2,2. I Hydrau ì i c pressure

Powers (1955) attributed freeze-thaw failure in rock to hydraul ic
pressure during freez¡ng. Ice formation ìn the pores d¡splaces unfro_
zen water in an aggregate wh¡ch is in a saturated or near saturated
condit¡on. lce fírst crystallizes in the larger pores and then pro_
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gressively forms in smalìer pores as the temperature drops. The dis_
placed water Ìs under pressure and seeks relief through the body of
the rock to the nearest non-saturated pore. G iven low permeab¡ I ity,
frozen pore channels or a lack of unsaturated pores, pressure bu¡ld up

wi I I occur.

The magnìtude of the pressure is a function of the:

l. Rate of f reez i ng,

2, D ¡stance to an èscape boundary (cr i t ica I th ickness) ,

3. Degree of saturation and permeab¡lity.

lf the pressure is greater than the tensile strength of the rock,
failure wiì I occur. An aggregates durability depends on its pore

structure and its abilìty to rel íeve the pressure. The absence of un_

frozen unsaturated pores or the grouping of similar pore

sizes,allowing freezing to occur at once, will reduce a rockrs freeze-
thavr durab i I ity.

The 'crìtical thickness, which is the minimum distance nescape

voidsrr must be placed to diss¡pate hydrauìic pressure, ¡s a function
of a materialrs permeabiiity (powers 1955), ln paste, this distance
varies from 0.002! to .000002! mm, ln rock the cr¡tical distance var_
ies over a greater range up to severaì tens of millimeters, This vari_
atìon partially expìa¡ns why rocks wÌth simiìar lithology have very
different freeze-thaw durability. Thís also heìps explain why reduc_

tion in top size improves the durability of many aggregates, but not
aì1, as some rocks criticaì thickness may be smalìer than a usable
size therefore making the mater¡al unusable for pavement concrete.
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Saturation èffects the amount of hydraulic pressure as partiaììy

saturated materials wiìl have more empty pores to prov¡de relief. To_

tal saturation levels below 9l Z do not necessariìy mean the part¡cle
will be free from distress during freezing. Heterogeneity of the
moisture distribution can cause rocarized diration Ìahich may fair the
aggregate. Low permeabil ity provides a rock with protection against
saturat¡on as the timè to crit¡cal .saturation is reìatively long. Hoyr_

ever once a particle with loy¿ permeability has become saturated it is
more prone to damage than a more permeable part¡cìe,

Aggregates wi th coarse pore structures offer rel ief to pressure
build up and very fine pore systems do not become criticarìy saturated
easily due to small pore volume. Rocks with intermed¡ate permeabìì ity
and porosity reach critÌcaì saturation but offer no pore pressure re_
I ief. Such rocks are suscept îb I e to excess ive d i I at ions under hydrau_

ì ic pressure dur ing freez i ng.

2.2.2.2 Desorpt ion Theory

A second explanation for diìation has been proposed by Litvan. Ac_

cording to hìs theory, pressure is caused by a decrease in reìative
humìdity, The gradient occurs due to the difference in vapor pressure
of the ice and the supercooled water. Essentiaìly once freezing begins
the vapor system can only exist at the vapor pressure of ice. Any va_
por present at pressures greater than ice v,/ìl I condense as ice or de_

sorbed h,ater. This water migrates towards the nearest escape void
causing hydraulic pressure. ln the desorption theory the diìation
mechanism is also hydraul ic pressure with the magnitude of the pres_

sure depend ing on the same var iab les as power rs theory,
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2.2,2,3 D iffus ion of lce

lf low temperatures are maintained or slow cooì ing rates encountered,
diìation may be caused by diffusion, Dìfferences ¡n the free energies
of the three major forms of water, absorbed water ¡n the gel pores,
câpillary ice and bulk \aater in the larger pores, cause adsorbed water
to migrate toy,rards the ice and capillary water, This migrâtion results
in the deveìopment of pressure.

D ifferences in sol ute concentrat ion may a I so cause d iffus ion of
pore water. Freezíng wì ll leave pure ice and a solution of higher so_

lute concentration in the unfrozen water. This results in a concentra_
tion d¡fferential between the gel water and the solution in the capil_
laries. Diffusion and accompanying osmotic pressures result.

Diffusion is most ì ikely to occur in fine_grained rocks exhìbiting
depressed freezing points and in situations where long slow freezing
cond i t ions are preva I ent.

2.2 ,2,4 Dual llechanisms Theory

ln this theory hydraur ic pressure causes dilation during the initiar
freezing period. The remainíng observed diration occurs after free'ing
due to the ordering of unfrozen water molecuìes on to pore and ice
surfaces, As the volume of yrater initiaì ly frozen approaches ìOOZ,

the amount of d¡lation after freez¡ng is less, ìending support to the
thêory. The amount of d i I at ion is dependent on the sever ¡ ty of the
freezing and the amount of pore volume abìe to freeze at the prevaiì_
i ng minimum temperature,
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2.2,3 Summary of l'iechan i sms

The predominant mechanism for any aggregate wil ì depend on the pore

structure of the part ic le and the temperature dur ing freez ing. power,s

theory depends on voìumetric expansion seen during the phase change

from water to ice while Litvan's theory involves the desorpt¡on and

migration of water, however the destructive mechanism is st¡l I hydrau_

I ic pressure, Evidence to support Litvanrs theory is found when sam_

ples are cooìed very sìowìy. Up to thirty per cent of the totaì pore

water can be exper red under such conditions. powerrs and the Duar

I'lechanism theories cânnot account for this. The same behaviour is seen

in tests using absorbates, other than water, which decrease in volume

upon freezing. 0iffusion ¡s not important with respect to aggregates

as freezing periods are not long and solutes are not found in pore wa_

ter except where d-icing salts are used, Thompson et al (l9gO) con_

c luded that the mechan i sm for d ¡ I at ion is ne i ther one nor the other
but a comb inat ion of the theor ies, C I ear ly the mechan ¡sm respons ib le
for D-crack íng is not we i I understood.
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2.3 TESTtNc t'lE TH0DS

Several testing methods have been used to predict the freeze_thaw per_

formance of coarse aggregate. rn correrating test resuìts with actual
f ield performance, each test hãs shown varying success. The most suc-
cessful test in terms of identifying susceptibìe aggregate was the
mod¡fied ASTtl C-6668 frèeze-rhaw test. l,til liams er al (ì974) Trayìor
('1982), Paxton and Fel tz (197Ð and Stark (l!/6) reported good corre_
iat¡on between predicted performance from ìaboratory tests and actuaì
f iel d perf ormance.

0ther coarse aggregate tests include the sod i um/magnes i um sulfate
test, adsorpt¡on test, lowa pore index test and aggregate pore struc_
ture ana ì ys is.

2.3.1 AST¡1 C-666 Freezins and Thawinq Test

ln this test concrete prims are subjected to freezing and thawing cy_

cìes. The measurement of the dynamic modulus (sonic) is used to moni_

tor the deterioration of the concrete. nethod A freezes and thaws ìn
water, whiìe ¡lethod B freezes in air and thaws in water. The dynamic

modulus is not a sensitive indicator of D_cracking (powers ì!j!, Ver_

beck ì972), A more sensitive indicator of D-crack¡ng potential is the
permanent dilation of the prism, The replacement of dynamic moduìus

with length measurement in ¡lethod B of the standard showed good corre_
lation between predícted freeze-thaw behavìour in the laboratory, and

field performance ( paxton i982, Traylor ì9g2 and others ),

The principar findings, establ ished in the riterature, on the cor-
relat¡on between laborâtory results and f ield performance were;
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Large elongat¡on of the concrete prisms indicates a D_crack¡ng

suscept ib le aggregate. The ìower boundary of ¡rl arger¡ var ied

from 0.06 to O.lO U. Aggregates producìng concrete exhibiting
eìongations larger than O.20 Z were aìways associated with poor

f ieìd performance ( Traylor l9g2) . paxton (ì9g2) reported a

lower boundary of O.02 Z, that is, D-cracking was not assoc¡at_
ed with concrete undergoing elongat¡ons of less than 0.02 Z

Decreasing elongation with decreasing top s¡ze, w¡thin one

aggregate sourcet ind icated that a reduct ion in top s ize im_

2.

proved f ¡e ld performance.

3. ln comparisons between aggregate sources, ìower elongation gen_

era I I y ind ¡cates a more durab le aggregate,

The modified ASTfl C-666 B testrs most desirable feature, after the
del ineation of a nondurable aggregates, is that it can indicate if a

top size reduction will improve the aggregates performance, 0ther
benef its of the test are;

t. Consistent test resuit were achieved between different testing
I aborator ies (paxton 1982) , and

The test result can be extrapolated to aggregates without fieìd
records, prov id ing a fa i ì ure cr i ter ia i s determ ined from aggre_
gates with f ield records.

Paxton (1982) reported that correìations between iaboratory and field
records were improved by compar ing the area under the elongation ver_
sus freeze-tha\4 cycles curve, rather than the final elongation vaìues.
No other data analys¡s was reported in the literature,
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2.3.2 lowa Pore lndex Test

This test is described in llyers and Dubberke (l9gO) and is a relative_
ly simple, but inconclusive, method for determining the D_cracking po_

tent¡aì of aggregate. The test measures the amount of water an aggre_

gate partìcle wili absorb in a short time under a small pressure, High

absorption values are correlated to high D_cracking potent¡al while
I oli absorpt ion va lues i nd icate more durab le aggregate.

The lowa Pore lndex test was successfu I ìn ident i fy ing D_crack i ng

aggregate in rocks with a substantial number of pores in the range of
0,04 to O.02 micrometers, However tests of aggregates with non uniform
pore systems were Ìnconclusive ( l,larks and Dubberke l9g2). Trayìor
(,l982) report"d substantial overkilì using the test, that is, the test
identified aggregates with sat¡sfactory service records as being sus_

ceptíble to D-crackìng. Traylor also found that the test was not use_

ful for gravels. The test cannot indicate if a reduction in top size
would improve performânce and was only recommended as a prescreening

test for aggregate.

2.3.3 Pore Structure Studies

Studies on the pore size distribution of aggregate using mercury poro_

s imetry tests were undertaken in lnd iana and are reported in Kaneuj i

(.|978), Kaneuj i er al (i980) and l./insìow et at (t9g2). The test meas_

ures the pore size distribution of the aggregate part¡cle. This dis_
tribution is then compared to servíce records of coarse aggregates.
Kaneuj i (1978) deveroped an equation which predicted frost durabiì ity
based on the aggregate's pore structure, The correration was caìculat-
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ed for a ì ímited number of aggregate sources and appeared to have sig_
nif icant potentiaì as an approval type of test. However the technique
is limited by the ab¡lity of the tester to obta¡n a representat¡ve
sample of mater ia I .

2,3.\ other Tests

Dilation occuring during the ¡freezing of a particle, was not useful
for determ in ¡ng Ð-crack ing potent ia i . ( Verbeck et a I 1972) . paxton

and Feltz (197Ð reported that the sod i um,/magnes i um sulfate or the IOU

calcium chìoride tests did not deì ineate D-cracking susceptible aggre_

gate from durable aggregate, The absorption_adsorptìon test was not
useful in aggregate resting for 0-cracking (1./illiams et aj j97Ð.
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2,t+ F IELD STUD tES

Ð-cracking, being the result of a material property of the aggregate

and not of concrete, cannot be el iminated by design procedures. Two

alternatives exìst for the control of D-cracking:

Eì imination of adverse moisture and,/or freezing conditions
El imination of aggregates having D-cracking potential.

Clearly the eliminatìon of freezing conditions is impossible, leaving
moisture and aggregates as the two possible controìs in pavement de-
sign,

2 ,1+ .1 ðo¡sture Studies

ln the f ieìd moisture âccumulation occurs rapidty and is difficult to
stop, Stark (1970), from studies on concrete sìabs, reported that
moisture accumuratÌons in field pavements were suff¡cient to init¡ate
D-cracking within two f reeze-thay,r seasons. ln field tests in Kansas,

only 2\ hours was required for moisture to penetrate 50 mm into a

f ield core, Attempts to prevent moisture migration into the concrete
were unsuccessful. ln a long term study, the ¡lissouri State Highways

Ðepartment concìuded that polyethylene sheets underlying the highway

did not reduce the occurrence of D-cracking, pavements underìain h,ith
a 4 mii poryethyrene moisture barrier showed D-cracking earr ier than
pavemenrs without the barrier ( cirard et aì l9g2),

Bukovatz and Crumpton (l98l) reported heat drying of the aggregate

in the field prior to batch mixing was not bêneficial in preventing
D-cracking, Lankard et al ('I974) reported predrying aggregate prior

l.

2.



to testing deìayed but d¡d not eliminate

testing. These stud¡es would indicate that

is a very short term solution.

ì8

D-crackÌng in laboratory

the predry ing of aggregate

lncreasing the surface area of the pavement by increasing the num_

ber of joints or uncontrolled cracks increased the development of D_

crack ing. Crumpton et ai (.l974) reported that pavements with map

cracking showed increased occurrences of D_cracking. Continuously re_

inforced pavements aìso showed this correlation (Traylor l992) ,

ln f ieìd studies in Kansas (Best ì974) attempts \^,iere made to arrest
D-cracking once it was inÌtiated, The techniques used where:

Seal ing the pavement !rith;

a) I ¡nseed oil and mÌneral oil,
b) commerc ia I res i n sea ì er, and

c) commercial silicon.

Grout ¡ng the base with;

i) linseed oiì emulsion, and

i i) commerc ia I s i I icate based grout.

All methods were designed to seaì the concrete from excess mo¡sture.
They were not successfu I .

Best (1974) noted that D-cracking does not occur un¡formly along a

stretch of pavement and was more developed on the lo\^ier side of super_

elevated curves, Deterioration was reported to be greater where drain_
age was poor ( Girard et al 1982 ). The type of subbase or drainage
des ign had no s ign i f icant effect on the deve lopment of D_crack i ng

(Tray lor t!82).

l.

)
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Drainage and mo¡sture accumuration are important var¡abres in the
deveìopment of D-crackìng. presentìy, there are no effective draínage

or seaiing methods available to control moisture accumulation in D_

crack ing pavements,

2,\,2 Coa r se Aqqreqate

F íeld studies have shown strong correlations between coarse

sources and the rate and sever i ty of 0_crack ing, Typ ica I I y

wíll appear in pavements 5 to 6 years in age (Girard et al
is rarely noted ¡n pavements younger than ! years in age

State Highway Department 1977) .

aggregate

D-crack ing

ì 982) and

(itli s sour i

Limestone aggregates are the most susceptibre to deterioration,
Best (ì974) reported that D-crack ing occurred in concretes with 30 U

or more deleterious ìimestone coarse aggregate. Bukovatz et aì (ì973)

reporting a similar correlation of 35 Z, fiarks and Dubberke ('l9g2)

found that 15 Z or more of a nondurable aggregate incorporated ¡nto a

pavement will cause the concrete to exhibit 0_cracking.

The reductíon of top size was the only effective way of improving

the performance of marginal aggregates ( l,lissouri State Highway De_

partment ì977, Verbeck et al 1972 and others ) . Th¡s reduction in
size of the aggregate particle reduces the mater¡al to below its crit-
ical size and therefore el iminates the build up of destructive hydrau_

lic pressures, The improvement in freeze-thaw durability can also be

dupl¡cated in the laboratory (flìssour¡ State Highway Dept, 1g7Ð aì_
loþ/¡ng the prediction of the improvement an aggregate wiì i exper ience

through s ¡ze reduct ion, Not a l l aggregates, due to d i fferent pore
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structures, wiìl benefit from s¡ze reductìon until the part¡cle is be_

low a usabìe size. rn other cases, size reduction has been observed to
delay but not el iminâte the occL,rrênce of D_cracking. Size reduction,
wh i le prov id ing a pract ica I techn ique in upgrad i ng D_crack ing aggre_
gates, cannot be used indiscriminately as, the amount of ¡mprovement

seen is unique to each aggregate.

0ther field observations reported in the literature were:

L Core dr i I ì ing ís an effect ive method for determ i n ing 0-crack ing
before it man¡fests ìtself on the surface ( Wilìiams et al
t97\) .

Traffic ìoading promotès the unravel ling of D_cracking surfaces
but is not necessary for it,s occurrence ( Bukovatz and Crump_

ton 198t, Tray I or 1982 ).
Gravels are d¡fficult to sample and show much more incons¡stent
performance than crushed rock.

D-crack ing has never been observed on br idge decks ( Stark
1976) or structura I members subj ect to per iod ic dry ¡ ng,

2.

4.

3.
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2,5 C0NCLUS t0NS

From the I iterature the foì lowing conclusions may be drawn:

L D-crack ing is a freeze-thaw type of deter iorat ion genera I ly
seen only in portland Cement Concrete pavements

2. Deterioration of the coarse aggregate particles is the primary

cause of D-crack ing,

3, F ine-9ra i ned sed imentary rocks, espec ia ì ly I imestones are the

most susceptible to the problem.

4. Fine aggregate, cement type, concrete design, pavement design,

drainage design and end use (loading) have no influence on the

deve lopment of D-crack ing.

5. Hydraulic pressure, through the phase change from water to ice

and/or the desorption of adsorbed water, is most ì ikeìy respon_

s¡ble for the destruction of the aggregate during freezing.
6, The mod if ¡ed AST¡4 C-666 B freeze-thaw test can ident ify D_

cracking susceptible aggregate. 0ther aggregate tests, with
the exceptìon of aggregate pore structure studÌes, cannot.

7. No method of preventing D-crackÌng by eliminating moisture from

pavements is present I y available,

L Reduction in top size of a coarse aggregate ¡s a practical
method of improv ing the durab i I i ty of the coarse aggregate.

The improvement in performance can be dupì icated in the labora_

tory, providÌng a method for predict¡ng the improvement in a

f ield app I icat ion.

9. No ìong term soìutions to the problem, other than removing the

deìeterious aggregate from service, have been found.
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ReferenceA comp lete B ib I iography

sect¡on,
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Chapter I I I

F IELD S URVE Y

3.ì INTRODUCTION

D-cracking is a progressive, time dependent type of concrete pavement

deter iorat ion. The amount of d i stress exh ib i ted by a pavement is pr i _

marily a function of the type of coarse aggregate used and the age of
the concrete. ln order to determine the susceptibil ity of ìocal
coarse aggregates to D-cracking a I imited survey of llan¡toba,s pcc

pavements was conducted. The description and results of the work are
outì ined in the fol ìowing sections,

3, ì. ì 0biectives

The objectives of the field study were:

t. To evaluate the extent and severity of D_cracking on pCC pave_

ments in ¡1an i toba.

To compile the construction records of the above pavements.

To identify susceptible coarse aggregates and develop aggregate

performance records to aid in the interpretation of ìaboratory
test ing resu I ts .

3.

23



211

3, L2 Location of Survey

The study was confined to the Red River valley where the majority of
l,lanitobars pCC pavements exist. The initiaì scope of the survey in_

tended to systematîcally assess the provincial hight.lays, several air_
ports and undertake å statist¡cal survey of the pavements in the C¡ty
of l{innipeg. Difficurty in obtaining construct¡on records I im¡ted the
study to eleven provincial Highway pavements and the taxi apron at the
l,J¡nnipeg lnternational Airport. The locations of the highway pave_

ments studied arê shown in Figure 2 and and are compiled along with
the designations and coarse aggregate type used, in Table ì . Four

L/innipeg streets were surveyed before the difficulty in obtaining de_

tailed construction records became apparent. These pavements are not
included in the data base, The raw data is presented ¡n the appendix.

l'lanitoba contains approximently gO5 kiiometers of pCC pavements of
which l/ per cent are covered by an asphalt I ift. The remaining 507
kiìometers make up the totar surveyable pavements, Three sections of
provinciaì highurays were surveyed without prior knowìedge of their
construction records. Later difficulty lras encountered ìn compiìing
detaìled construct¡on records. In order to avoid this sìtuation for
the remainder of the study, only pavements with a known construction
history yrere considered. The final highway survey consis.ted of g9.3

k i lometers of equ iva ìent two I ane pavements. Th i s represents l7 per

cent of the exposed pCC pavements in ¡lanitoba. The study incìuded
pavements from rì to 37 years ord with !g per cent being in the l] to
25 year old bracket. Table 2 summar izes the age breakdown for the pro_

v ínc ia I h ighways,
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F igure 2: Location of study area
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TABLE I

/ç1i ìeage, Location and Aggregate Data

TABLE 2

Data Base of Surveyed pavements

0

21

0

)?

<5

Age Length Fract¡on
(years) (tm)

Aspha ì t Exposed
over I ay Pavemen t

(Z) (km)

Pavement Pavemen t
Surveyed S u rveyed

(km) (Z)
00

00

r 9.0 15.7

4ì.5 21. ì

27.\ 3t.8

1.5 3.3

89.3 t7

the

of Tota ì
(z)
6.0

3.7

Aspha ì t
Over lay

(t<m¡

0

6.\

0

59.5

6- r 0 30.6

ll-ì5 12o.7

t6-20 255.9

2t-25 12O.7

>25 2\\.6

T0TALS 82 I .6

3\.6 28.7

201 ,2 82

301 .7 36.7

29.8

ì 002

\3.5

519.8

H i ghway Des ignat ion Locat ion Coarse Length
Aggregate (km)

l
3

3
3

3
't5
I008
ì 00l./
I 00l,l
t0t
200

.IBP

3FW
3 F ì00
308
3cs
t5
ì 00E
l00l./ stA
l00t/ 3RB
l0t
200

Por tage Bypass Ritcher 6.0
For t l.Jhyte N.A, 1.5
F t. Whyte to Hh,y I OO Stonewa ì I 6.1
South of Oak Btuff N.A. g.5
carman to Sperl ¡ng Birdshil f tj.i
Hwy l0l to Anota Birdshitì t9.ó
Hwy 3 to St. Annes Rd. Birdshiìf ìi.gSt Annes Rd. to St. irlarys Rd, N.A. i.SHwy. 3 to Robìin Blvd. N,A. g.i
Hwy lE to Hwy l! Birdshi)t 5.3North of St, Adolphe Birdshir. 

^!.iN. A. = Not Available

l. The informatìon was obtained from a base map suppìied by
I Depar tment of H ighways.



3.2 F IELD SURVEY ¡1ETHOD

3,2.1 cenera l

ln order to rate the pavement for D-cracking, a survey method had to
be deveìoped wh¡ch met several conditions. First the survey had to
provide a rel iable determination of the pavement condition. Secondìy,

the method had to a I low for a re lat Ìve iy rap id assessment of I arge
networks of pavements. The former cr¡ter¡on dictated that the survey

method be reproducibre and free from personar bias. The ratter was an

important consideration as manpower constraints existed h,ithin the
project' The riterature was reviewed from which a simple visuar rat-
i ng scheme was synthes ized.

The rating scheme chosen was similar to the one used in llììnois
(Traylor i982) . The system assigned a number of O, 1, 2 or 3 to a

pavement surface using the fol lo$Jing criteria:
0 No D-crackìng evident on the surface of the pavement,

ì t1i nor D-crack i ng. l,li nor cracks and/or some sta in ing v is ib le,
2 Significant D-cracking. Cracks are wel I developed, Concrete

shows the classic D-cracking pattern. The serviceabil¡ty of
the pavement has not been affected.

I Severe D-crackìng, Cracking very well developed, Concrete has

started to fail. The serviceability of the pavement has been

reduced.

An exampìe of each classification is shown in Figure 3 The cri_
ter ia attempted to def i ne boundar i es between degrees of deter iorat ion
but avoîded quantifying the damage too precisely. Detaìled rating sys_

tems are suscept ib le to persona I b ias, are inf luenced by other types
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of deter iorat ion and are very t ime consum i ng, The d iv id ing I ine be-

tween a rating of 2 and 3 is an arbitrary one and varies between agen-

cies, however it was feìt that the criteria wouìd adequately represent

the cond¡tion of the concrete and alìow compar isons to be made between

F igure 3: 0-cracking rat¡ng

different pavements.

An initial tr¡al survey was conducted in June lgSl and the field
technique verified. A visit to the portìand Cement Association Labora-

tory at Skokie, lllinois, USA, afforded the author an opportunity to

observe well documented pavements and to become fam¡l iar wíth the

cracking patterns associated with 0-cracking. The majority of highway

pavements were surveyed from July to September '1983. Severaì minor

sections were rated at a later date in order to fill gaps in the data

:.'=
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base \,/hich occured as a result of unava¡ìable construction records.

ln total 95.1 kilometers of pavements were rated on provinciaì high_

!,/ays and City of !/ìnnipeg streets along with the t,linnipeg Internation_
al Airport. Over 17000 joints were inspected and their condition re-
corded, The survey took three months to complete.

3.2,2 Procedure

Field work consisted of rating the condition of the concrete surface,
joints and free edges of the pavement, The survey was done by car and

on foot, lnitìal surveiììance revealed the deterioratìon of any given

construction section to be fairìy uniform. This aì lowed the averag¡ng

of large numbers of data points in the f¡eìd. A diagrammat¡c ilìustra_
tion of the nomenclature used during the survey is given in Figure 4 .

These conventions are used in the remainder of the text, The follow_

ing procedure was used to rate and record the vaìues:

2.

t. Ratings were given to each joint sectionr of pavement. The val_

ues were averaged in the f ield for every l!2 meters surveyed

and recorded.

l,/hen both lanes of a standard undivided highway, or one direc_

t ion of a d iv ided h ighway, had the same degree of D-crack ing

they were rated together. lf values differed significantly then

2 sets of rat ings v,iere recorded. A f i na I va lue for the two

lanes was computed to allow comparisons with highways whose

ìanes had been rated together.

¡ A section was the area bounded by a pavement edge, ìongitudínaljoint, and two transverse joints,
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3l
Anoma ì ous sect ions were ident i f ied and descr ibed ¡n deta i I .

Photographs were taken of typical conditions on each construc_

t ion sect ion.

The i nterva ì rat i ngs were tabu lated and a f ina ì pavement rat ¡ng

ca lcu lated.

A data sheet ¡s shown in Figure ! .lf possible the construction con_

tract boundar ies were ident i f ied before the pavement y,,as assessed.

This eliminated the error of averaging a 152 meter ¡nterval over a

boundary between two different construction sections, 0ther types of
deterioration were descrìbed and recorded using the ACI terminology as

set out in Lauer (1968). lnese observat¡ons Þrere for supplementary in_

formation and did not affect the rat¡ng of the pavement. They are in_

cluded in the appendix. Where joints were repaired or replaced and

there was no obvious evidence of D-cracking at the repaíred joint no

value was assigned to the concrete, The repaired joint was simply

eliminated from the survey to avoid assuming a value of 3 to a joint
that may have been damaged by another type of deterioration. Large

numbers of repa i rs where noted to a ¡d the ana I ys i s.

Deviations from the survey methodology were necessary whiie under_

taking the field work. They occurred u,rhen the 152 meter averaging ¡n_

terval was not señsitive enough to properly describe the pavement, For

example in a lf2 meter interval, if l4 joints rated 2, 9 joints rated

I and 2 rated O, a single rating of Ior 2 would not describe the in_

terval. The ratìng h'ouìd then be adjusted by averaging the readings as

f ol I ows:

(r4 x 2)+(9 x t)+(2 x o) = 37

37 / ZS readings = 1,48 which was rounded to t.5

2

\.



LOCATION

DATE

AIR ENTRAINED

PAVE ME NT DESIGN

AGGREGATE

PIT LOCATION

PROPEBTIES

D-CRACKING SURVEY

COMMENTS

F igur¿ 5: Dltâ Sheet
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Calcuìations of this type were rounded to the nearest 0.5 of a rating.
l4ore precise averaging would have over extended the accuracy of the

emp i r ica I rat ing scheme. The above method was used when necessary,

however for the large majority of readings a single rating was ade_

guate to accurately descrìbe a 152 meter interval.

The Winnìpeg lnternational Airport (l,llA) apron was rated in Janu_

ary, ì985. The apron was divided into a grid using the existing con_

struction jo¡nts as boundaries. Each rectangìe defined by four joints
was ass igned a D-crack i ng rat ing accord i ng to the aforement îoned cr i -
teria, Areas of repair were identified and considered separately. Us_

ing these values an average D-cracking value was then calculated for
the ent ire apron pavement.



3,3 RESULTS

The f iña I Prov inc ia ì

comp i ied along with

Tabie J and Figure 6

groups accord ing to

3\

highway and Winnipeg Airport pavement ratings are

the pavement age and coarse aggregate sources in

. The pavements were divided into the fol lowing

aggregate source and top size:

L Pavements built with a 40 mm aggregate from the Birdshill area.

2. Pavements built with a 20 mm aggregate from the Birdshiìl area.

3. Pavements bu¡lt with either 20 mm popiar point or Stonewal l

aggregate.

4. Pavements built with aggregates of unknown source.

The l,lanitoba Department of Highways cìassifies the 40 mm top aggregate

as Type I and the 20 mm aggregate as Type 2. The gradations of the two

classes are shown ìn Table 4 .

These groups were examined for:

The D-crackÌng severity of the pavements.

Time deterioration reìationships and any externa¡ variabìes

such as moísture or traff¡c ìoading conditions which could in_

fìuence the rate of deterioration.

Relative susceptibility to D-crack ing,

Each group is discussed separately in the subsequent section.

t.

2.

2
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TABLE 3

D-crack ing rat ing of l'lan i toba pavements.

TABLE 4

S ize spec i f icat ions for Type 'l and 2 aggregate

H ighway Age Coarse Top
(years) Aggregare Size

Length Rat ing
(km)

r3.8 2.35
1 .7 0.62
- 2.2

8.2 2, t7
3.5 2. r0

I I .7 0.37
5.3 l.lo
r9,0 0.0

6.0 o.o
6. ì o.o

t00E ìI
200 16
lJtA 2t
ì00w 3RB 2\
t00\,J stA 25

3cs
ì01
15

ì E PB

3 Ft00

B¡rdshill 40
Birdshiìl 40
Birdshill 40
N.A. 40
N.A. 40

20 Birdshitt ZO
ì6 Birdshitt 20
lì Birdshìlt ZO

ì6 Pop.Poinr ZO
2l Stonewal I 20

3 Fr¡/ 37 N.A _ t.5 t.gl
3 0B 2t N.A, - 9,5 l.ot

N.A.-Aggregate source was unknown. 
89'3

Note: Aggregates wíth 40 mm top size are classed Type ì
aggregates with 20 mm top size are classed Type 2by the ¡lanitoba Department of Highways,

Size
(mm)

51
40
25
20
r3
oÃ
No,4

Type ì
(ó pass I ng,

t00
90- t 00
70-95

r 0-30

0-5

Type 2
(,6 PaSS tng/

::
t00

g0- t 00

20-55
0-ì0
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3.3.1 BirdshiììType I

The pavements incìuded in this group were Highways IOOE, 2OO, and the

apron at the airport. Two pãvement sections, lOOl,/ 3RB and ìoOW STA

were rated under the assumption that they were built with Birdshill
Type ì aggregate. Arthough the source of aggregate courd not be veri-
fied for these locations both pavements had a top size of 40 mm and

visually similar deterioration as the other pavements in this group.

It was also very likely that these pavement sections were constructed

w¡th the Birdshi I I aggregate due to their cìose proximity to the

Birdshill pit.

Alì the divided highways, aìong wíth the airport apron had severe

0-cracking wìth pavements rating greater than 2, Highway 2OO had a

lower incidence of D-cracking than the others and in general the pave_

ment was in better shape, On the divided h¡ghways the traffic and

passing lanes showed different degrees of D-cracking. The traffic
lanes were more severeiy D-cracked as shown in the singìe lanes aver_

TABLE 5

Single ìane ratings of divided highways

l00E ¡t 2 ,1+A

r00l,l 3RB 2,62
t00l,/ stA 2.35

rr/q,75 of 13,8 kilometers of
separateìy.

H ighway Traf f ic Pass ing Comb i ned

1.\7 1 .96
1 ,72 2.17r,82 2.to

l00E had the two lanes rated
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ages I isted ¡n Tabte 5 and plotted in Figure / lnitially traffic
loading was thought to expla¡n the Ìncreased rate of deterioration,
however the higher D-cracking rating was not alliays observed in the

traff ic I anes.

A change in D-cracking rating, from higher ratings in the traffic
lane to higher ratings in the passing lane, was observed on several

curves inspected during the survey. On highway I OOl,/ 3RB at stat¡on
l3+70 meters the D-crack ing rat ing between the traff ic and pass ing

lane reversed. The ratings then returned to the precurve pattern at
the end of the curve, This situation is shown in Figure g which pìots
D-cracking rating versus survey station. A similar sÌtuation was aìso

seen on highway l00E at station O+75 meters, south of H$¡y 3. Here the

pass ing I ane had suffered more deter iorat ion than the traff ic I ane

along the curve. This was the onry section on tooE whÌch showed more

severe deter iorat ion i n the pass ¡ng I ane.

I ncreased D-crack ing on curves was observed on h ighway 2OO. Th i s

pavement ¡s an undiv¡ded highway which roughly paral ìeìs the Red Riv_

er. The geometr ics consisted of tight superelevated curves and

straight sections with crown drainage, There was only minor D_cracking

and sta¡ning on the straight sections joining the curves, At the

curves the sever i ty of the crack ing increased. F igure ! shor^rs th i s

pattern cìearly. Ratings as high as 2 were observed on the dolvnsìope

side of the curve with minor cracking present on the high side of the

curve.
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At all curves where D-cracking was seen to increase, a change in

drainage was observed. A possible explanation for the change in rating
may be attributed to the accumulation of moisture under the lower lane

due to different drainage cond¡tions, Normal drainage conditions
(crown) have the downslope towards the outside of the pavement, that

is the traffic lane is lower. 0n superelevated curves, to the driverrs
ìeft, the drainage changes to the inside or the passing lane. lt is

curves of these types that showed the change in D-cracking rating. lf
traffic loading was the cause of the increased D-cracking seen in the

traffic lanes on divided highways, it would be resonable to assume

that this behaviour should contínue through curves. A similar argument

couìd be made for the differences in D-cracking rating beth,een the

straight and curved sections of highway 2OO. This was not the case. On

dîvided highways the damage to the passing Iane on curves was as se_

vere as the traffic lane in the pre and post curve areas. 0n highway

2O0, the D-cracking was worse on the curve than in the straight sec_

tions. Aìthough not entìrely concìusive there appeared to be a corre_

I at ion between dra inage and the sever i ty of D-crack ing on pavements

buiìt wÌth Birdshil I Type I aggregate.

ln summary pavements incorporating Birdshìl I Type I coarse aggre_

gate exh ib i ted extens ive Ð-crack ing. Dra i nage cond i t ions rather than

traffic loading appeared to be the most influentiaì factor in the rate

of deterioration. pâvements with crown drainage dispìayed improved

durab¡lìty while the downsrope side of dÌvided highways showed the

highest 0-cracking ratings. Figures ìO to ì4 show typ¡caì sect¡ons of

the pavements in this group.
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ln summary pavements con;tructed with Birdshil I Type 2 ãggregate

displayed a ìow incidence of D-cracking. Cracking and staining was

generaìly restricted to the transverse joint at the free edge of pave_

ment. A joint spaì ling deter¡oration was identified as being non D_

cracking due to the dissìmilarity in the t$ro crack patterns.

3,3.3 PoÞlar Point - Stonewalt

The Poplar Point Type 2 coarse aggregate was used for the paving of

the Portage Bypass and a Stonewall Type 2 aggregate was incorporated

into High\^ray 3 betuieen Fort l,/hyte and Highway .100. 
No D-cracking was

observed on these pavements. Several joint repairs were noted but the

source of the distress was not apparent, The highway ratings were O,O

and are plotted in Figure 15.

3.3.t+ 0ther Pavements

The only construction data available for two sections of highway 3, at

Ft. Whyte and south of Oak Bluff, eras the year of construction, The

D-cracking ratings are I isted in Tabìe 3 .
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3,3.5 ComÞar ison of Birdshiì I Type I and 2 Coarse Agqreqate.

The literature has identified the top size of a coarse aggregate as

an ¡mportant variable in determining an aggregates susceptibility to
D-cracking. The pavement study arìowed two top sizes of the Birdshiìl
area to be exam i ned. The pavement rat i ngs are shown i n F igure ì 9

Both groups of pavements showed i ncreased D-crack ing w i th increas ing

age, However the extent of the cracking varied significantìy. The

larger 40 mm top size pãvements d¡splayed very severe cracking on

pavements l8 years oìd and moderate D-cracking on a l6 year old high_

way. The smalìer 20 mm top size pavements exhibited only minor D_

cracking on pavements ì6 and 20 years old and no D_cracking on a ll
year old highway. Reduction ¡n top size apparentìy decreased the rate
of deterioration but did not el iminate ¡t. The data does not indicate
whether the improvement Ìn performance though a reduction in top size
of aggregate, wi I I cont inue after D-crack ing is started, I t may be

that the smalìer top size has simpìy delayed the onset of cracking.
Future periodic examination of the pavements with 20 mm top size
aggregate would herp determine if the ímproved performance is of a

permanent nature.
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Chapter lV

LABORATORY FREEZE-THAI,i TEST ING PROGRA¡1

4.I INTRODUCTION

Freeze-thaw deterioration of the coarse aggregate in portland Cement

concrete pavements îs common in the ¡1id_|,/estèrn United States and l,lan-

i toba. Rout i ne tests have been unab le to detect D_crack ing suscept ib 1e

aggregates, The absorption test on aggregate and the standard freeze_
thaþ, test on concrete gave poor correlations between predicted quaìity
and actual fieìd performance ( Verbeck et al 1g72, Williams et al

ìll4). Research has shown that a modified freeze-thaw test can distin_
gu i sh between D-crack ing and non D-crack ing suscept ib le aggregate (

Trayìor l!82, paxton ''982 ). A modified freeze_thaw testing program

was undertaken to test three locai aggregates for 0_cracking poten_

tial.

4.1.1 0biectives

The objective of the test was to investígate the Ð_cracking suscepti_

biì ity of coarse aggregates from three dÌfferent sources by subject¡ng
concrete prisms to 300 freeze-thaw cycìes using a modified Asr^l c-666

B freeze-thaw test. Three variabies were examined:

l The relative durability of the aggregates

2, The effect of top size on the durabiìity of aggregates from the

same source,

E)
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3, A comparíson of the durability of a dominantly carbonate aggre_

gate with an igneous aggregate of the same top size,

\,2 ttlETH 0 ps

\ ,2.1 Aqs r esa te

tive aggregates were suppl¡ed by two local contractors, Table 6 gives

the supplier, rocation of the source pit, top size and dominant miner-

alogy of the coarse aggregate. The same fine aggregate was used in
al I concrete mixes and was supplied by Buiìding products from their
Birdshill CN pit. Standard tests were preformed on the aggregates and

are summar ized in Tab I e 7

Preparation of the aggregate for use in concrete consisted oft

l, Drying the aggregate for 24 hours at I ìo degrees celsius.
2. l,/e igh i ng out the requ i red batch quant i t ies.

3. Soaking the aggregate for 24 hours prior to batching.

\, Dra in ing the water and dry i ng to an approx imate saturated sur_

face dry condit¡on. The aggregate was ìeft sl igh y wet and

was weighed before mixing in order to determine the amount of
f ree water.

The aggregates were Ìncorporated into the concrete as received by

the university. sieve anarysis was done to determine the amount of ma-

terial that passed the No, 4 sieve. The results of the anaìyses are

l¡sted ìn Table L All testing on aggregate followed CSA standãrds.



5\

TABLE 6

Aggregate Sources

TABLI 7

Results of Standard Tests on Aggregates

Supp I ier

Bu i ìd ing Products

Bu i ld ¡n9 Products

Building Products

Supercrete

Supercrete

Des iqnat ion

BP 2

BP ì

BP3

cl

s2

Source

B i rdsh i i I CN

B irdsh i I I CN

Gull Lake

R i tcher

R i tcher

Iep S ize

pit 40 mm

pit 20 mm

20 mm

28 mm

lÀ mm

14ineraloqy

Carbonate

Carbonate

lgneous

Carbonate

Carbonate

Aggregate s¡ze Dry Rodded Buìk Burk (ssÐ) Apparent Absorption ',(l,rineraìogyun,wt. sp.gr. sp,gr, sp,gr. (Z) (Ð

(mm) (kg/n3\ C lg 0

BP I 20 tTlo

BP 2 40 1635

BP 3 20 1640

s ì 28 1600

s 2 t4 t64o

,t F rom pebble counts
C-carbonate
lg- igneous

2.621 2.67\ 2.767

2.6\3 2.683 2.752

2.61\ 2,6\2 2.689

2,620 2,661 2.733

2.566 2.627 2.7\3

2.O2 15 23 2

ì,50 62 3ì 7

ì.70 28 67 5

r.58 7o 27 3

2.\o 59 35 6

0-others inciuding cherts,voìcanics and metasediments
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TABLE 8

Results of sieve analys¡s

Screen
S ize

No.4

BP I

2.2

Per Cent Pass ing
BP2 BP3 S]

ooo b.J
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\.3 I'1rx pEs iGN

The mix design was prepared us¡ng the foììowing Transport Canada spec_

ifications; a water,/cement ratio = 0.45, air entra¡nment = 5 + 12,
slump = 50 + ì0 mm and 28 day strength = 25 lpA An initial design

was caìculated using the Acl absolute voiume method, Two tr¡al batches

were mixed in order to determine the correct amounts of air entraining

TABLE 9

tt Ìx Des i sn (kglm3)

Aggregate Concrete l,later Coarse F ine
Aggregate Aggregate

w/c c/t

BP I

BP2

BP3

sl
q,

304

275

282

,??

298

137

1211

127

t05

t34

r t 16

1228

r06ì

r 208

973

680

635

718

575

758

o.\5 I .64

o,\5 I '93

0.45 L48

0.45 2.ìo

o.45 1.28

agent and mix water, The final mix design is shown in Tabìe ! .

The concrete was bâtched over two days, The slump, densìty, air
content and yield of the fresh concrete were measured and are lìsted
in Tabìe ì0, Three /6 x /6 x J!6 mm prisms and f ive ì52 mm cylinders
were cast from each mix. The prisms had studs placed in each end which



were used for measuring the change

freeze-thaw test. Several addit ional

containing aggregates Bp I and Bp 3,

ture mon i tor i ng equ ipment.

57

in specimen length during the

prisms were made from batches

These pr isms conta ined tempera-

Several prisms had the studs, used for length measurements, eccen_

tr¡cally placed at the end of the prisms. This resulted in Ìncorrect
initial ìengths beìng recorded for two prisms. These pr¡sms were dis_
qualified from the test and the Ritcher l4 mm and Guli Lake 20 mm con_

crete was tested us ing two, instead of the pì anned three, pr isms.

lloìds were removed after 24 hours and the specimens were pìaced in a

moisture room. The prisms were cured for 2g days. Cylinders were cured

and broken at / and 28 days. The compressive strength test results are

shown in Tabìe ì ì. Al I procedures fol Ìowed CSA standards.
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TABLE IO

Concrete Tes t Resu lts

TABLE ] I

Compressive Strength of Concrete Cyl inders

Aggregate Slump
(mm)

8o

5o

8o

40

6o

Den s ity
(ks/m3)

A ¡r Con ten t
(?6')

Yield
(m J)

BP I

BP 2

BP3

sl
s2

2350

239o

23OO

2350

2390

5.9

6.3

5.9

4.0

o.057

o.057

o.057

o '054

0 ,054

BP 2

Aggregate Samp I e
N umbe r

BP ì

28 Day Average 28
Strength Day Strength(rlPa) (hpa)

34.0
35.3 34.8
35'1

¿6,1
28.\ 27.7
28.6

31 .3
30.5 30. l
28,6

27,\
25.9 26.2
25.2

43' I

44.t 43.8
\\.3

I

2

3

l
2

3

l

2

3

I

2

3

7 Day
Strength

(¡1P a)

27 .9
30, ì

2t.5
23. I

2t.5
23.o

22,1
19.7

4r.0
35 .5

st

(1
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4.3. I Apparatus

The f reeze-tha!,/ tests were performed ìn an E¿L automatic freezing and

thawing cabÌnet, Aìthough built ro AST¡1 C-666 specifications, the unit
was not suitable for the l,lethod B of the standard procedure, which re_

quires freezing in air and thawing ¡n water, without modification. A

pumping system had to be installed to fÌll and dra¡n the cab¡net. The

cabinet was instrumented with thermocouples to monitor temperature

grad ients within the unit.

The prÌsms were measured using a conparator cal¡per accurate to
0,000025 mm. A cal ibrated standard bar was used to elÌminate any error
caused by temperature f I uctuat ions of the ca I iper .

\ .3.2 Procedure

The standard procedure for determining deterioration of test specimens

during the ASTI4 C-666 test, consists of measuring the change in dynam_

Ìc modulus of the concrete prism. This type of measurement is not sen_

sitive to freeze-thah, deterioration of coarse aggregate ( Wi ll ¡ams et
al l!/4 ), The test was modifÌed, by measuring the change in length of
the specimens rather than the dynamic modulus ( l,/il lians et al ì974,

Paxton 1982 ).
ì owed .

All other specifications of ASTl,l C-666 B \dere fol_

The test conditions consisted of:

A freeze-thah, cycle ranging between -lJ,J and 4,4 degrees ceì_

sius,

S ix freeze-thaw cyc les per day.

t.

)
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A test period of 100 cycìes (!0 days) .

Speciman length measurements every 3O cycles.

The originar rength of each specimen b,/as measured at the start of
the test after the specimens had cooled to 4.4 degrees celsius. Length

measurements were taken at the end of a thaw cycle with the pr¡sms at
a temperature ot 4.4 ¿ I degrees celsius. The prisms remained im_

mersed in water while waitìng to be measured ¡n order to maintain a

constant temperature. After each measurement the specimens were rotat_
ed !0 degrees and their positions were shifted to minimize the effect
of temperature gradients w¡thin the cabinet.

Eìongation, E of each specimen was caìculated by dividing the eìon_

gation measured during the test by the original ìength, Elongation

was the on ì y var iab le measured dur ing the test.

4.4 RESULTS

ïhe aggregates tested were d iv ided into three coarse aggregate

sources and four top s¡zes as shown in Table i2 . ln accordance with
ASTl,1 C-666 flethod B the concrete prisms h,ere subjected to 3OO freeze_

thaw cycles and the eìongation of each prism measured. The averãge

elongation vaìues are ì isted Ìn Table l3 and pìotted against the num_

ber of freeze thaw cycles in Figure 20

Correlations bet$Jeen freeze-thaw test behavior and f ieìd perform_

ance have been establ ¡shed in the literature and were d¡scussed in
Chapter 2. As no correlation betwêen fieìd performance and freeze_

thaw testing results were availabìe for local âggregatês, the fol low_

3.

L.
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TABLE ] 2

Coarse aggregate g r oups

TABLE ì 3

Change in length of Test pr ¡ sms

Source ïop S ize
mm

E I ongat ion at 300 cyc ì es
'6

B irdsh i ì l
BirdshÌll
R i tcher
R i tcher
Gul I Lake

40
20
28
r4
20

o .594
0.026
0.026
0 ,026
0,0r5

Cycìe
Numbe r

0
30
57
oñ

127
149
ì84
2t3
253
280
300

*rlrl A I ì

BP]

0
0.0ì29
0.0tt4
0.02ì0
0.0r8t
0.0t93
o,0232
0.0202
o,0234
0.03r7
0,0263

BP2

0
0 .042 r
o'0326
0 .o571
o .0837
0 .097 r

0.t82
0 ,32\
o .594

BP3 st s2

000
0.0086 o,oì 15 o.ot lg0.0t29 0.0 ì o.oì330.0r44 0,0172 o,oì93o,ot33 0.0167 O,o2t I0.0t08 o.oì60 o.o2ìl0.0t65 O.O2OO O,O2\70.0094 0,0ì72 O.O2o40.0ì1r 0.024ì o,o25t+0,0147 0,0286 0.02670,0147 0.026ì 0,0263

BP2 prisms were destroyed by 2jJ cycles.
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theing relationships reported in the ì iterature were used to analyize

test data:

a) Prisms undergoing elongations larger than 0.06 Z were sus_

ceptibìe to D-cracking. ln ll linois, O,06 Z was used as a

design guideline in that concrete prisms exhibiting elongä_

tions greater than 0.06 ? had the coarse aggregate incorpo_

rated in it disqualìfied from pavement concretes.

b) Concrete exhibiting elongatìons of less than O.02 ? were not

associated with D-cracking (paxton ì992), ln the region of

0.02 Z there couìd still be some overlap between durable and

D-cracking susceptibìe aggregate, that is, both could show

eìongations in rhis range (0.02 Z). ¡n 0hio, further
freeze-thaw testing to lllO cycìes was generalìy undertaken

when concrete exhìbited eìongations of 0.02 Z øy 3OO cycles.

Using the above criter¡a the results of the testing program were as

follows:

l. B¡rdshill 40 mm aggregate

Concrete pr¡sms produced from Birdshiil 40 mm coarse aggre_

gate had an average e¡ongation of 0.59 ? which was lO times

larger than the lllinois limit of O.06 Z Atì prisms in this
9roup were destroyed by 253 cycles. Figure 2ì shows severely

cracked coarse aggregate particles, which $/ere the source of

distress within the concrete, This 40 mm aggregate wouìd be

classified as a Ð-cracking susceptible aggregate accord¡ng to

the I I ì ino is fa i lure cr i ter ia.
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2l yêars of service, indicating that the aggregate is suscepti_

ble to minor D-cracking, The freeze thaw test results were

not conclusive as the elongations were ìower than the lìlinois
failure criteria but stiìl the aggregate was associated vi ith
minor D-cracking. The results fal I ¡nto the O.02 Z overìap

range reported in 0hio (paxton lgg2) which indicates that the

aggregate may require further testing to 4!O cycles in order to
assess the material's durability.

The reduction in top size from À0 to 20 mm for the Birdshill
aggregate resulted in â reduction ìn eìongations from 0.59 to
0.OZ Z This indicates thât a significant improvement in dur_

ability was realized with a reduction in top sìze.

R i tcher 28 mm aggregate

Concrete produced w¡th this coarse aggregate displayed elon_

gations of O.026 ? which was under the llìinois criteria and in
the range of the 0hio boundary. According to the ll¡ino¡s fail_
ure cr i ter ia the aggregate wou ¡d be c lassed as non o_crack ing.

As the results were in the range of 0hio boundary, where the

e longat ion of non D-crack ing and D-crack ing concrete may over_

ìap and no f ield performance records were available, no firm
conc I us ions may be drawn regard i ng the suscept ib i I i ty of th i s

aggregate to deter iorat ion.

R i tcher l4 mm aggregate

The average elongation for this set of concrete prisms was

0.026 Z at 3OO cycles and was identical to the Ritcher 2g mm

\.
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prisms. The concrete produced with the ì4 mm aggregate would

also be classed as non-cracking using the lll inois criterion
and border I ine us ing the 0h io cr i ter ion.

Reduct ion i n the top s ize of the R ì tcher aggregate d id not

result in a change in elongation, ¡ndicating that a top size
reduction would not improve the f ie¡d performance of this
aggregate source.

5, Guì ì Lake 20 mm aggregate

Concrete prisms made with the cuìl Lake ZO mm aggregate had

an average eìongation of 0.0Ì! Z after 3OO cycìes. No signifi_
cant elongat¡on occurred after 60 cycles. The concrete would be

classed as non D-cracking using both the lllinois and 0hio

faiìure criteria. The apparent high durability of the domi_

nently igneous Gull Lake aggregate ìs in agreement u/ith f¡nd_

ings by Stark (ì976) which indicated that igneous aggregates

were not associated with D-cracking.

\,5 S U¡r¡lARY

The testing program del ineated one aggregate, Birdshill with a 40 mm

top size, as cìearly susceptible to D-cracking, and one aggregate,

Guli Lake w¡th a 20 mm top size, as nonsusceptibìe to 0_cracking. The

AST¡1 C-666 B test was unable to del ineate the relative durability of
the Birdshìll 20 mm and Ritcher 28 and ì4 mm top size coarse aggre_

gates. Further test¡ng to 4!0 cycles may further def¡ne the durability
of these aggregates,



Top size reduction from 40 mm to 20 mm

durab i I ity of the Birdshilt aggregate.

Ritcher aggregate from 28 to ì4 mm did not

the aggregate.
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Chapter V

CONCLUS I ONS AND RECOI,1I4ENDAT IONS FOR FURTHER STUDY

5.1 c0NcLUS ¡0NS

The following conclusions were drawn from the results of the study:

l. D-cracking was found to be present on ¡lanitoba highways and the

ldinnipeg rnternationar Airport, The severity of the deteriora-
tion ranged from severe on JO Z of the h¡ghways, to no Ð_crack_

ing on 34 3 of the provincial highways surveyed.

2, Deterioration of pavements was found to vary with different
coarse aggre9ate.

a) Pavements constructed with Birdshill aggregate, having a top

sìze of 40 mm, exhibited moderate to extensive D_cracking on

al I surfaces surveyed.

b) Pavements constructed using a 20 mm top size Birdshill ex_

h ib i ted m i nor D-crack i ng.

c) Pavements constructed with poplar point and Stonewal I 20 mm

top size aggregates showed no D_cracking.

3' Poor drainage conditions showed an increase in thê rate of de-

ter iorat ion, whereas traff ic load ing d íd not.

4, Concrete made with Birdshill 40 mm top s¡ze coarse aggre_

gate dispìayed elongations consistent with D_cracking suscepti_

bre aggregate when tested using a modified ASTI'1 c-666 method B

freeze thaw test.

-68-
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ln the same test , concrete made with B irdsh i I I 20 mm and

R i tcher 28 and ì 4 mm top s íze coarse aggregates exh ib i ted

smalìer elongations relative to the BÌrdshil I 40 mm aggregate

ind icat i ng a reduced suscept ib i I i ty to D-crack ìng. The degree

of D-cracking, if any, that would be present in a f ield pave_

ment, could not be inferred from the results of the ASTtl C_666

B freeze-thaw test .performed to 3OO freeze-thaw cycles.

Concrete constructed wi th a Guì I Lake 20 mm top s ize coarse

aggregate exhibited small eìongations and no visuaì damage,

when tested using a modified ASTI1 C-666 method B freeze_thaw

test, indicating a durable aggregate.

Top size reduction of two coarse aggregate sources incorporated

into concrete and tested using a modifíed ASTI1 C_666 method B

f reeze- thaw test showed:

a) Significant improvement in performance of the Birdshil I

coarse aggregate when the top size was reduced from 40 mm to
20 mm.

b) No improvement in freeze-thah, performance of the Ritcher

aggregate when the top size was reduced from 2g mm to 14 mm.

6.

5.2 RECOAl¡lENDATIONS FOR FURTHER STUDY

The results of the study indicate that there are stìl I several impor_

tant issues rema ining to be stud ied in regards to D_crack ing:

I . A better understanding of the destructive mechanísm ín D_crack_

ing is required, porosity studies reported in the lìterature
could reveal the pr¡mary mechanism of deterioation as these

7.
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procedures deal with fundamental properties of the aggregate,

Studies of this type are necessary in order to understand thê

factors governing an aggregatèrs resistance to freezing and

t haw i ng ,

Deta ¡ ìed construct îon records shou ld be obta i ned for a I I pave_

ments in llanitoba. This will provide a larger data base for in_

terpretation of testing results and would also provide deterio_

ration time relationships on which to base economic decisions

on aggregate per formance.

Periodic surveys of High$/ays 3, ì5 and lOì, are required to de_

term¡ne the amount of improvement realized from aggregate top

s ize reduc t ion.

Further research into the effect of surface and subsurface

dra i nage on the rate of D-crack ing shou ld be conducted. Wh i ì e

drainage has not been correìated as a cause or a prevent¡on of
D-cracking, poor drainage can accelerate the probìem, This is_

sue is especiaìly critical in the Red River Valìey since few

other areas reporting D-cracking had the same conditions for
drainage, that is subgrade soiìs of low permeability, and poor

natura I surface dra inage.

Any new or suspected aggregates shouìd be tested for D_cracking

susceptibil¡ty using the AsTl.l c-.666 method B freezing and thaw_

íng test, in which permanent dilation of the concrete prism is
measured. Although the testing program takes three months to
compìete the method has been shown to identify deleterious
aggregate.

2
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A ppend ix A

D-CRACK ING SURVEY DATA

Note, the survey was init¡aìly done using imperial units and later
converted to mèters. This is the reason for the uneven station num_

bers.

ALL STATIONS AND REFERINCE NUT4BERS ARE IN I,lETERS

Location: Highway IOO from llcGiì livary to pembina
Date Built: i965
Aggregater Birdshil I Type I

Station Rat ing S tat ion Rat ing Stat ion Ratìng

0+00
1+52
3+05
\+57
6+to
l+62
g+14

l0+69
l2+tg
l3+7 2
15+2\
t6+76
r 8+29
ì 8+29
21+3\
22+86
2\+39
25+9t
27+\3
28+96
30+48
32+00
33+53

3

3
3

3
3

3
3
3

3
3

3
3

3
3

3
3

3
3

3
3

3

3

3

35+o5
36+58
38+t0
39+62
4l+.|5
42+67
4\+20
45+7 2

\7+24
\8+77
50+29
51+82
53+34
54+86
55+63
56+39
57+91
59+44
60+96
62+48
64+0 I

65+53
67+06

3
3

3

3

3

3

3
2.5

2

2.5
3
3

)E

3
asph

3
n,r.

3

3
)E

3
)E

3

68+58
7o+ìo
7 t+63
7 3+15
7 4+68
7 6+20

77+72
79+25
8o+77
82+30
83+82
85+34
86+87
88+39
89+92
9l+44
92+96
94+49
96+0 ì

97+5\
99+06

I00+58
102+ I I

3

3
2

2.5
2,5

2

NL. SL.
2.5 1.5
2.5 t.5
21
22
22
22
¿2

2

2

2

2
ì.5
2,1
r.5
]E

3

Reference srarion o+oo: r¡, r"l!ii"liirh of rhe intersection of hish-way 3 and highway ì00,

- 7\ -
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0+00-0+76: severe D-crack ing of pavement. North rane is in the worstcondition. Concrete shows D-cracking patterns, D¡fficult to see finecracks as the pavement is very.wet. Cracking is at the edge of pave:ment and center I ine intersect¡on of joints.
J0+48: D-cracking is seen along most ìongitudinai joints.
_4+57:. .Approxìmentry 2oo feeI of pavernËnt r'"" tot"t ty faired due toD-cracking aìong the joints. No concrete remains at the joint.
28+!6: Concrete is in better condition. Some joints rate 2 but on av_erage the section is J
27+43- 30+48 Several joints show col lapse at the center l¡ne.
.\5+72t D-cracking shows crassic patt;rns at the joints but there isless damage than 0+00 to 2J+t+3, hrhere the pattern has been destroyed
a long with the pavement,

.50+29 Some very ìarge hoìes in the center intersection of jo¡nts.
llany sections aiso show D-cracking on the ìateral edges of conciete.6?li8: The damage to pavement ii ìess than previous sections but isstill apparent.
65+53: Rating of 2 along most joints in this section.
- 76+20| occasional joints display rating of J on south lane. Northlane remains approx. the same as 76+20. 

-

..U2+J0: Hest side of joints is more badly damaged than the east edge.l,Jest edge 
.i 
s ìeading edge. for traffic loaàing. The increase in aamãgeref lects the ì oad ing cond i t ions.

85+34- 9l++\9 Pavement is in relativeìy good condition. D_cracking isisolated to the center intersect¡on of-the joints and free 
"AgË "ipavement.

100+!8: Badìy D-cracked section berween 99+06 and 100+jg _ 30 metersin ìength,
ì0+21ì Last .l50 meters is badìy D-cracked along both the longitud¡nal
and transverse jo ints.

Location: Highway IOO Eastbound St. nary to St, Annes
Date Buiìt: ì!6!
Aggregate: Birdshill Type I

Stat ion Rating Station Rat ing Station Rat i ng

1+52
3+05
lr+57
6+to
l+o ¿
g+t4

r 0+69
ì2+lg
13+72

SL.N
3
2

¿t
2,
2

2

3i
2

2.5

5

5

15+2\
16+76
t7+53
r 7+68
18+29
r9+8ì
2l+3/.+
22+86

SL.NL.
3r3ì
31
?2
?r
21
3ì
3r

,.1,+ ? o

25+gt
z7+\3
28+96
30+48
32+00
33+53
35+o5

SL,N
3ì
3

3
)E

3

3
3

5
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Locat¡on: Highway ìOO l,Jest, Highway 3 to l./ilkes OverpassDate Buiìtr 1959
Aggregate: U nk nown

Stat¡on Rat ing Stat ion Rat ing Station Rat ing

0+00
1+52

3+o5
4+57
6+ì0
7+62
g+ì4

l0+69
l2+ì9
t3+72
15+24
t6+76
r 8+29
r9+8t

HL.EL.
asph

1.5 3
1.5 3
1''
)?
r3r3
23

2.5 3r3r3
)'2
)7.

2t+3\
22+86
2\+39
,Ã+o l
27+13
28+96
30+48
32+00
33+53
35+05
36+58
38+to
39+62
4t+r5
\2+67

IL.EL.
1.5 3
nr.
¿)r3
t2
1 2.5

t 2.5
1.5 z
1,5 2

22
t,5 z
2 2.5

\\+20
\5+7 2

\7+2\
\8+77
50+29
5 r+82
53+3t+
54+86
56+39
57+91
59+\tt
60+96
62+\8
64+o t

WL.EL,
22

t.5 ¿

22
22

tÃ ì

22
22
2 2,5

1.5 2

t.5 3
1.5 3
t.5 323

Reference station o+oo: t".".r"!ii:i"ji n,nn*u, J and hishway ì00.1+52': East ìane ( traffic lane ) shows ."J"."' D_crack ing that has re_quìred patching. West lane is not as severeìy D:cracked The D_crack_ing.occurs mainly along the transverse joìnts.
7+62 D-racking is severe along the lo-ngitudinal joint as well as thetransverse jo ints,

16+76-.l9+81: flany ìongitudinal joints show D-cracking,
25+9 ì : Deter iorat ion not as severe as prev ious 2440 ñeters.
39+62 Both passing and traffic lanes'have appioximentty the same D_crack i ng.
36+58- 6\+01 Longìtudinal joints shoh, littìe signs of D_cracking.
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Locat ion: Highway ìOO lJest:
Date Bu¡ I t: tg5g
Aggregâte: [J n k nown

North of l,Jilkes Overpass to Robì in Blvd,

Station Rat ing Stat ion Rat ing Stat ¡on Rat ìng

0+00
1+52
3+05
tt+57

I,JL.EL.
23
22

tE2
2 2.5

6+ì0
7+62
g+ì4

ì0+69

\,/L.EL.
2 2.5
ì3
12
23

Z+19
3+7 2

5+2U
6+7 6

t4L.tL.
¿t
?1

r3r3
Reference station o+00: North 

"::tÏ;":;".o"ss approach.13+72t, l.lest.lane ( passing rane ) is in worst condition than the eastrane ( tratf¡c lane ), Left hand curve changes drainage to the west.

Locatíon: Highway IOO l.Jest-St, Annes to St. l,larys.
Date Bui lr: 1959
Aggregate: U nk nown

Station Rat ing Stat ion Rat ing Stat ion Rat ing

0+00
1+52
3+o5
\+57
6+ro
7+62
g+14

10+69

NL.SL.
2.5 z
2.5 2

3 1.5
32

ì2+r9
13+7 2

15+2\
16+76
r 8+29
r9+8t
21+31+
22+86

NL,SL.
3l
32
a1

2.5 z
22

t.5 1.5
2.5 2

2 2.5

2\+39
25+91
27+43
28+96
30+4I
32+00
33+53
35+05

NL,SL.
22
22'22
2 1.5
22
22
2 1.5
32

Reference starion o+oo: t"r".""!:il:"1ì ,,nnr", too and st Annes.l+52: ¡lany joints have beên reptaced on thã tråffic lane. As ¡oint re_placement has removed deter¡orated concrete it is difficurt io u"tuu-lish if D-cracking was responsibìe. Note; the repaired joint" *"." nãtinc luded i n the rat ¡ ng,
6+10-12+l!: The road is in poor condìtion even though many joints, upto J0 ? per ì50 meters, rated 2.
l6+76 Very_well developed D-crackÌng patterns but serviceab¡lity hasnot been affected.
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Locat ¡on: H i ghway ì5
Date Buittr ì972
Aggregate: Birdsh ilì

Highway l0ì to 2,3 miles west of Anola,

Tvpe 2

Comments Carson Creek to Highway lOlReference station O+OO¡ Carson creek
6+ìo Pavement. ís in good shape, mínor spalling aìong some transversejoints. 0ccasional uncontrol led transverse 

"ru.ka.Spa I I ing
0+00-18+29:Concrete is in good shape, some scaling and popouts.
J0+48: Some scal ing and transverse cracks but in good shape.
73+151 Two joints sholr.m¡nor D-cracking at the iitersect'ion of longi_tudìnal and transverse joints.
jl+jf Snatì ing appears ät atmost every joint.
Uö+39 Approx. 9l meters of pavement snãws spalling along longitudinaljoints and at the intersect¡on of the transverse and longitudìnaljoint.
99+06 lJncontroì led transverse tension cracks run 90 degrees from theedge of pavenent. The sawn joìnts have been cut at an angìe to theìength of the pavements, some staining simirar to those associatedwith_D-cracking appear in SiïALL tension ãracks.tt¿+ló I ransverse cracks and some and scaling in tire ruts,
I l8+87 Some spa ) I ing.

Comments Cooks Creek to Carson Creek

Reference stat ion O+OO: Cooks Creek
?199- !*Sl t Spallins, approx. lo spa s per l!0 merers./+bz: two jo¡nts þrere D-cracked with a rating of l. The 0_cracking ap_peared to have started after a spall.
2l+3lt:0+00- \+5J ln general the pavement is in good shape,

Comments Anoia to Cooks Creek

Reference station o+oo: 3,78 kiiometers west of Anora at the contactbetween the asphalt and concrete.
l+52: _Typical highway l5 dererioration. Spal ìing, a non D_crackingtype of deter iorat ion.
.\+57t Some very minor D-cracking at the edge of pavement. 0nìy seenbetween 0+00 and \+57,'10+69: Spaliing at approx. l-5 jo¡nt intersections per l50 meters.
.1.ö+29: spalìing, appears to.be the same type as ersewheie on highway,Usually within the spaìì their are 3 to 4 small tension ..act s tã 7 io20 cm apart and !O degrees to the joint,
22+8$ ¡"rn. popout,

Station Rat ¡ng Stat ion Rating Stat¡on Rat ¡ng

ttì01 the pavement ratèd zero,
D-crack ing were noted seelrtttt

,tr.om o+Jo to Hishwly
11i nor occur rences of

1""'i' I
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Location: Highway 3! South from Oak Bìuff
Dare Bu i 1t: 1)62
Aggregate: u nk no\^,n

S tat ion Rat¡ng Stat ion Rat ing Stat ion Rat ing

0+00
1+52
3+O5
\+57
6+to
7+62
g+t4

r 0+69
l2+ìg
13+7 2

15+2\
16+76
't8+29

r9+8t
2 r+34
22+86
2\+39
25+91
27+\3
28+96
30+48
32+oo
33+53
35+o5

a
a

ì

sph
sph
sph
s ph
sph
sph
rph
I

I

,5
,5

5
5

5

36+58
38+ro
3g+62
4l+r5
t+2+67

44+zo
\5+7 2

\7+2t1
t+8+77

50+29
5r+82
53+3t+
5\+86
56+39
51+91
59+44
6o+96
62+48
64+o r

65+53
67+06
68+58

I

1.5
I

I

I

I

I

l
I

l
I

I

I

l
I

1

I

I
I

l
I

1.5

7o+lo
7 t+63
7 3+15
7 \+68
7 6+20
77+72
79+25
8o+7 7
8z+30
83+82
83+82
85+34
86+87
88+3 9
89+92
9r+44
g2+96

94+49
96+0 ì

97+5\
99+06
100+58
102+ I ì
r 03+63

0

0

0
0
0
0
0

5

5

5

5
5

Comments
Reference station O+OO: lntersection of highway IOO and 30+00- 9+l !: Aspha ì t cover
37+50! D-cracking observed at the edge of pavement.at the center I ine intersect ion of the long i tud ina ljoints,
38+00: D-cracking at several joints, worst at edge.
.1.3+72t Several joÌnts dispìay weìì developed Dlcracking,rating of 2.Very fine cracking, general ly joints show staining, Noitt,¡ornã i. ¡ibetter cond i t ion than southbound.
2ì+34.0-cracking lines are better developed at the edge of pavementthan ¡n the center. This applies to 

"ì 
I p"u"r"nt surveyed to dâtea I ong h ighway J.

65+53:. l,lelì deveìoped D-cracking on several joints, cracking runsthrough exposed aggregate,
68+58- 76+20t l,lìnor DlcrackÌng, many jo¡nts have rating of 2ero.
9?*¡9- 

g¡*¡,*, Some joints rate 2 and ieveral have been repìaced possì_
b ly ind icat i ng a rat ing of 3.
88+39: Cracking is mosi prevalent at the edge of pavement,
97+54t Joi nts show D-cracking,rating 2 and j oJcasionally, but the ma_jor¡ty rate I and zero, Joints witñ no O_ciact ing can eas¡ly be ìden_

No crack ing s een
and transverse
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tified by the lack of staining. ln general ifis minor crack ing present.

22+25t 0ccas iona I intersect ion betvJeenjoìnts show very minor crack ing,

there is staining there

ìong i tud i na I and transverse

Location: Highway 3: Roure !0 to Highway IOO
Date Built: starion 53+oo - 25o+5o 1962

0+00 to 53+00 unknown
Aggregate: 53+00 to 250+50 Stonewall Type 2

0+00 to 53+00 u nk nown

Stat ion Rat ing Station Rat ing Stat ion Rat ing

0+00
0+g I

2+\3
3+96
5+t49
7+0 l
8+53

ì 0+06
'r r+58
ì 3+ì ì

| \+63
ì6+r5
ì7+ì6
l9+20
20+l 3
22+25
23+77
25+30

3
I

nÃ
0.5
0,5

I

2.5
3

2.5
3
3
0
0
0
0
0
0
0

28+35
29+87
3 t+39
32+92
34+44
35+97
37+49
3g+0l
4o+54
4 2+06
43+59
45+t I
1+6+63

48+ì6
À9+68
5l+21
52+7 3

0
0

ôE

0
0
0
0
0
0

o.5
0
0
0
0
0
0
0

54+25
55+78
57+30
58+83
6045
6 r+87
63+40
6\+92
66+\5
6j+97
69+49
71+02
7 2+54
7 u+O7
7 5+59
7 6+35

0
0

0
0
0
0
0
0
0

0
0

0
0
0
0

asph

Reference srar¡on o+oo: r".".""!?iTi"åì Rort" go and 3 (r1cGiil ivary)0+45: Some joints show well developed O-crackíng while others show nodeter.ioration. These joints are in close proximity. There is no appar:ent-physical reason why there has been selective deterioratìon.
3+96-5+\9t D-cracking on transverse joints,
J+0ì: D-crackìng welì developed in sóme joint sections.
ö+5J: severaì jo¡nts exhibit a rating of 3.l4+94: The concrete is i n much beiter cond i t ion and appears to beyounger.
l4+78-ì6+15: No evidence of concrete deterioratÌon. slight scaling isevident om east bound ìane.

28+35: 0eterioration of ¡oÌnt, does not appear to be related to 0-crack ìng

,?+8^2 | I solated joints show early sìgns of D-crack¡ng,
60+81 : A 30 meter sect ion shows def i i i te o-crack ing.
76+20: End of concrete start of asphalt.
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Locat ion: H ighway ì Vest-portage Bypass
Date Built: l!68
Aggregate: Pop lar point

Stat¡on Rat ing Stat ion Rating Stat¡on Rat ing

¡ror o+Jo ro 28+96
For f ur ther detail

I

tt'" p"uur"nl rated zerj.
see comments. 

I

Location: Highway I East-portage Bypass.
Date Bui tt: t!68
Aggregate ! Poplar point

Station Ratìng Stat ion Rat ing Stat¡on Rat i ng

" r i ----l-----
From 0+00 to 30+48 the pavement rated zerFor further details see Comments.

o,

Comments por tage Bypass l'est
Reference station O+OO: 2.4 km west of end of asphalt on lW,0+00-2+29: concrete in good cond¡tion. Traffic rane shovis more wear.
,!+'l4: Joints in passing lane display some deierioration, not D_crack_tng.
l0+69: Similar deterioration to 9+14, A type of joint spall accompa_nied with a loss surface mortar.
l9+05: Joint deter¡orati"n :iTitar to spa¡ling seen on highway l!,29+72': end of sect ion, (traff ic I ights)

Comments portage Bypass EastReference station O+00: Traffic tigñts ål¡ Aypã...4+6!:. Transverse joint shows detér¡orat¡oi'sim¡lar to a joinr spal ìbut wÌth a triangular shape.
5+33- 6+l0t Joint repairs but no evidence of D-crack¡ng.l6+99, Pavement shows serious deteriorat¡on Oue to scaling caused bysegregation of toÞ I ift.
l8+29¡ 5uu"r"t uncontrolled transverse cracks,
25+91-21+\3t Jo i nt repa i rs increas i ng, 

"ppro* 
ir"nt ly one repa i r per J0meters.

0+00-end: concrete ;s in good condition. Traffic ìane shows more wear,
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Locat ion: H ighway 3 Carman to Sper I i ng
Date Built: ì!64
Aggregate: B irdsh i type 2

Reference starion o+oo: carman i3Ïi"iii,...
0+00-15+24: No D-cracking evident, some minor stain¡ng.good condition.
8l+52: One joint in this interval rated 2, The remainingzero.
2J+41: One jo¡nt in ten shows f ine cracks,
33+53t lntersection of edge of pavement and transversesta ìn i ng and m i nor crack i ng.
39+62: one zero rating per lO joints.
1?+67: S!a¡ning promìnent but iew visible cracks.
\5+72- \8+77 | Little cracking but staining visible.
59+44 D-cracking line at freã edges of paiement-ana .;oint.65+53 Double spaced joints. uncoÃtrol ìeà transverse cracksjoints. The uncontrolìed joint shows promineni .tuining.
74+68- 83+82: 0ccass iona I sta in i ng no' 

".u"ling, 
-

8-9+92- 92+g6t Staining minor no ciacking. "
106+68-lo8+20: stainiÀg with very tittlã cracking.
]9?iZ;, Stainìng, one joinr in ten shows crackins,'I l2+76! Four joints in ten rate zero.

Pavement in

joints rated

joint show

Station Rat ing Stat ¡on Rat ìng Station Rat ing

0+00
1+52
3+05
4+57
6+ìo
7+62
g+ì4

r 0+69
l2+ì9
13+7 2

l5+2\
16+7 6
r 8+29
tg+8ì
2ì+34
22+86
24+38
8t+52
27+\3
9t+52
30+48
3 2+00
33+53
35+05
36+58
38+lo

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o,5
'|

0.5
I

ì

I
I

0.5

39+62
4ì+ì5
42+67
\4+20
\5+7 z
\7+24
\8+77
50+29
5t+82
53+3\
5\+86
56+39
57+91
59+\U
6o+96
62+\8
64+0 ì

65+53
67+06
68+58
70+lo
7 t+63
7 3+15
7 \+68
76+20
77+72

0.5
0.5
0.5

0
0

ô!

I

I
ì

I

o,5
0.5
0,5
AE

0
0
0
0

79+25
8o+77
82+30
83+82
85+¡\
86+8 7
88+39
89+92
9r+44
g2+96

94+49
96+0 t

97+5\
gg+06

ì 00+58
t 0+2I I
ì 03+63
r05+ì6
r 06+68
t 08+20
1o9+7 3
I I I +25
I r 2+78
r r 4+30
r ì 5+82
117+35

0
0
0
0
0
0
0
0
0

0.5
0
0
0
I
ì

0
0
0
ì

I
ì

0.5
0.5

0
0
0

between cut
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Locat i on: H i ghway 2OO: Nor th of
Date Buitt: ì!68
Aggregate: Birdshiil Type l

St. Ado I phe

Stat ion Rat ing Station Rating Stat ion Rat ing

0+00
1+52

3+05
\+57
6+10
l+62
g+14

I 0+69
ì2+19
13+7 2

15+2\

0
0
0
0

0.5
o,5

0
0
0
0
l

t6+76
r 8+29
r9+8I
21+3\
22+86
24+38
8ì+52
27+43
9t+52
30+48
32+oo

33+53
35+05
36+58
38+lo
39+62
4r+ì5
\z+67
44+zo
\5+7 2

I

1.5
l
0
l

0.5
0
0
l

Reference sration 0+oo: t"."r."!ii3:"jì n,nn*ur 2oo and pR 429.0+00-2+29: No deterioration, staining or ciacking. The pavement is inexcel I ent condìt¡on,
5+33t .Joi nt spaìling of a type s¡milar to Hwy l!. No evidence of D_crack ing at these joints.
2+33-6+96 Free edges of pavement show staining and very fine cracks.Cracks are fîl led with a grayish oblique material.l0+69: Curve east. East.iane nas st ijtrtry-more-o_cracking than previ_ous_pavements, Sta in i ng i s a lso more pronounced.
9+75 (start) -12+95 (end of curve): Joinis show detectabte staining1,5+2\z Wel ¡ developed D-cracking aìong an uniontrol led longitudinaljoints.
ì8+2!: Curve u/est, D-cracking Ìncreasing.
20-+57 | Br idge and aspha I t over I ay.
2l+95: Cracking common, staining more pronounced.
25+90: Curve west-supere levated.
26+21; Y"¡ I developed D-crack ing.
35+05: Curve l./est-superelevated.
39+62: Curve l,lest-supere I evated.
46+33: Curve l.lest-superelevated,
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Location: Highway ìOl from Highway E to l5
Date Buiit: 1967
Aggregate: Birdshilì Type ||

Stat ¡on Rat¡ng Station Rat ¡ng Station Rat ing

0+00
l+52
3+05
4+5i
6+to
7+62
9+14

ì 0+69

ì
'|

2

2

ì

0
ì

ì

r2+tg
t3+72
15+2\
t6+7 6
r 8+29
ì g+81
2t+34
22+86

1.5
1.5

I
i
I

0
I

I

2\+38
8l +52
27+t+3

9)+52
30+48
32+00
33+53
35+05

ì

I

I

2

I

l
ì

I

o+oo-3+05: Joints show ,r"t I d"r:i:i:l'i-.r".rins. srainins evident onall transverse joints. Longitudinur ¡oint. "noñ 
r¡ttre or no 0-crack-tng.

3+05- U+57 | l,Jest lãne shows more D-cracking than east lane.8+38: Aspha tr t¡f t,
9+75: tast lane shows more D-cracking.
]]+7i: Spgll ins with we devetoped ó-crackins.
21+3\.-22+861 SpaÌ I ing at the intersection of iiun"uu.r" and longitudi_nal joints. Adjacent concrete shows D-cracking. The spall does notdispìay the D-crack¡ng pattern.
öl+52: Uncontrolled transverse joint has a rating of j,
35+05: Asphaìt.
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Locat ion: l./innipeg lnternational A¡rport
Date Bu i t t: 1963
Aggregate: Birdshil I Type l

Tota I data po i nts 3734, 
comments

Data Po Ìnts under term ína i bu i I d ing = /6/Data points not rated = 767Joint intersections 373\ - 767 - 767 = 22OOJoints inferred to be rated 3 due to repairs = ll29
Remaining joints were rated.visual ìy 22OO - 1ì29 = 197.,Stat¡stical breakdown 3734 - 767 = 2!6/ Totai Number of Joìnrsposed
Joints not rated (76J/2967) xtOOZ= 25,92
Jo ints repaired (1j29/2967) (IOOZ= 39,12Rating of: 3 ß/2967)xtooå= 0.t96

z (\28/2967)xtoo.a= t\.\Z
1 (605/2967)xtoot= 20./{?
0 (35/2967) xloo?= l. ì?

t 00 ,02

Ex-

l.Jest Jo int # Rat ìg West Joint # Rating

ì

2

3
4

5
6

7
8

9
l0
tì
t2
r3
r4
tÀ
16
17
r8
r9
)r\
tl

22

lo

t:

ll
lo

t:
l3
lo
0
0
0l
ol
rl

îl
zl
ol
2l
ol

îl

li¿ii
lrzl¡
lt lt215
I t8
4 lB

?lz
i1"
it;
,lî
î1,
111

il)
z11

l3
lo

l3
0
0
0
0
0
0
0
0
0
0
o
ol
ol

sl

sl

sl
0l

é lr lz ¡ n24 tlt, loozT25 o 17 13 o o26 ollltoAz27 o17tzosz28 oj6 l¡oçr29 o16ì3053
30 I 16 l2o53
3r t16l'2053
32 I I5t305333 o16ì3053
3\ o17 12053
35 t19t7zt,l
36 4 19 l5 I r'l¡
37 o2ì4300
38 o22\2oo
39 o3i33oo
40 o333tOo
41 2\7 15Oo\2 I 50 ì4 o o\3 372 12oo44 5 7r lr o o\5 sttglsooltlI

ln
lo
lo
lo
lo
lo
lo
4

3\
?L

JO

36
JO

Jb
38
38
38
38
21
't1

27
27
27
27

3

3

0
35

TOTALS RAT ING
12

605 \28
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D-crack ing survey of the C i ty of \,/inn ipeg

Several pavement urere rated in the City of l,/innìpeg as part of a sta_t ¡st ica l survey of rhe c i ty streers, ô ¡tf icu ¡ t iås- in åUt" i" ing ."i_struct¡on.records of aggregate top size and source and pru"r"Ãt 
"guresulted ín the canceilation of the project. The ratings of the thrãestreets surveyed are I isted in the follòwing section,

Location: llcGíllivary Blvd.; t./averly to Kenaston BlvdDare Buiìt: ?
Aggregate: Unk nown

Station Rat ing Stat ion Rating Station Rating

0+00
t+52
3+05
\+5i

3
2

2

2

6+ìo
7+62
g+ì4

r0+69

2

2
2

2

l2+ì9
r 3+t I

| 5+2\

2

3
2

Reference station o+oo: starr.:tii:;i: tane west of waverty,l+00: D-cracking is severe. l,/es t bãund lane shows significantly moreD-cracking than east bound ìane,
2+10; Severe deterioration at several joints. Joints before ãnd aftershow much less (Rating of 3 vs. 2) .

Locationi Kenaston Blvd: tlcGill ivary to l,lilks Ave,0ate Bu ¡ I t: unknown
Aggregate: unknown

Stat ion RatÌng Stat ion Rat ing Stat ion Rat ing

0+00
1+52
3+05
\+57
6+to
7+62
g+t4

r 0+69
r2+t9

3
t.5
3
I

l
2

I

I
I

t3+72
15+2\
t6+7 6
17+53
l7+68
r 8+29
r g+8l
2l+3t1
22+86

2

2

2

3

3

3
Asph.

3

2\+39
25+91
27+43
28+96
30+08

2

I
ì

I
2

Reference station o+oo: Inrersecl?:i":lto""".ton and flcGiì Iivary.9+14: South bound lane shows much less D-cracking than north bound
I ane.
l7+60: Transverse joints rate 3, ìongitudinal joints rate I
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Location: Grant Ave: Kenaston to Kelvin
Dale Bu i I t: unknown
Aggregate: un k nown

Stat ¡on Rat ing Station Rating Stat ion Rat ing

0+00
t+52
3+05

0
0
I

\+57
6+to
7+62

I

1.5
\,5

g+t4
r 0+69
12+19

2

2

I

Reference srarion o+oo: tntersecliiÏ"il"o""".ron and crant0+2J: l,/earing surface showing the .oua.u 
"ggr"gate component to bepr imar i ly igneous.

5+30: D-cracking present. The coarse aggregate
surface has significantly more carbonatåi tÀan/+!0: Weìl developed D-cracking present.

visible on the wearing
the prev ious pavement,
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içlix Des i gn

Example: S-2 ì4 mm aggregate

Tr anspor t Canada Spec if icat ions:

l,//C Rat io o,\5

A ¡ r Entra inment j+12

28 Day Strengrh 25 tip a

llateriaìs

Cement: Type ì0, Normal por and.

Admixturet Darex Air Entraining Agent

Aggregate:

Fine-Buí ld¡ng products Birdshi I i

cradat ion meets CSA A23, I

F ineness ¡lodu lus 2,6

Spec if ic cravity 2.71

Absorpt ion

Coarse-Supercrete 14mm Birdshi ì l

llaterial passing No.4 sieve 1,75

Spec if ic Gravity 2,627

Dry Rodded l,teighr l640 kg,h

Absorpt ion 2,\O Z

-88-
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Triaì 14ix Des i gn

Absolute Vo lume ¡le t hod

Por t iand Cement Assoc iat ion Des ign Handbook

Concrete ¡lindess and you ng

l. Estimate water; l4 mm coarse aggregate_air entra¡ned con_

crete, From table 7-6 (pCA handbook) water = 175 kS/n3

2. Cement W/C o.\5 Cement = 175/0,U5 = 3gg.g = 3gg ks/n3

3. Coarse Aggregate: Volume of coarse aggregate per unit of
volume of concrete from tabìe 7-7 pCA handbook, For a fine
aggregate with a F.li, = 2,6 the volume = 0.5g.

\. Total dry mass of coarse aggregate is equal to the volume

times the aggregates dry rodded v{eight. from table the volume =

o .58

0.58 X 1640 = 95t ks/¡3

5. Total Saturated Surface Dry (SSD) mass of coarse aggregate,

951 + 951 (2.4) = 973 kg/n3

6. Calculate absoìute volume of known materials,

Cement 389 ks/ (3.15 X ìoOO kglm3) = o.ì23 m3

Water 175 kS/loOO kg/nÐ = O.ì75 m3

Air 52 of n3 = o.o5o m3

Coarse asg 973 kg/ (2,62 X tOOo kg,/m3) = 0.371 m3

Tora ì 0.7 19 m3

7, Absolute volume of sand required for mix,

ì.00 - 0.719 = 0.281 m3
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8. SSD mass of sand required for I m3 of concrete

0.281 ( 2,70 X looO kglm3 ) = 759 kg/n3

9. Tota I Des îgn llass

Cement 389

Water 175

Coar se 97 3

Fine 759 SSD

2296 kg/n3 at S Z air and aggregate at SSD.

i0. Theoretical air free density

2296/( 1.0 - o.o5 ) = 2h16 kg/n3

ll. Sand content as a Z of total aggregate by volume.

{ 0.29t,/(0.291 + o,o37t) }x loo?=
\3'1 z

12. Admixture quantitìes-air entraÌning agent (AEA)

Darex AEA: llanufacturers suggested dosage 0.75 f luid oz.
(US) per sack cement

O,75 oz, = 22,2 n1/oz.

22.2 nl/\o ks = o,jj n1/kg ( ì sack = 40 kS )

Note: ln a previous trial mìx undertaken to become familiar
with proper laboratory techniques it was determined that thè

entrained air was to loli using a ratio o,t 0.55 mllkg. ln the

next 5 tr ia I m ixes the quant i ty of AEA was var ied unt i I a
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suitable reìat¡onship between cement, type of coarse aggre_

gate and ? of entra ined a i r was estab ì i shed.

For S-2 AEA was 0.61 n|/kg

13. Caìculation of actual batch weights,

Batch Vo I ume 0.02 m3

Des ign l'lass

cemenr 389 kS/n3 X 0.02 = 7.79 kg

Water 175 kg/n3 X O.o2 = 3.50 kg

Coarse 973 kg/n3 X O.o2 = t!.46 kg SSD

F ine 759 kg/n3 X O.O2 = ]5. tB ks SSD

l4, Correct ion for overs ize and unders ize i n aggregates,

Sand:

Per cent retaíned on No. 4 = 2.6 Z

15,18 / O.97\ = j5.59 kg - amount needed to pro_

vide 'l5.18 kg of fines to the mix assuming no un-

dersize in the coarse fraction.

Coarse

Per Cent passing No, 4 = 6.3 ?

19.\6 / 0,937 = 20.16 kg - amounted needed to

provide 19.46 kg of coarse to the mix assuming no

oversize in the fine fraction.

Adj ustment for over,/undersized.
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Fine 15,59 - 1.3ì = 14.28 ks

Coarse 20./6 - 0.4ì = 20.35 kg and the final design vatues

become:

Cemenr 7.78 kS

t,ta te r 3.50 kg

F i ne 14.28 kg

Coarse 20.35 kS

Dry weights for measur¡ng out of the aggregates are:

Fine 'l4.28( l-0.02) =t4.oOkg

Coarse 20.35 ( t- 0.024 ) = ì9.g6 ks

Th i s was the f ina I ca I cu lat ion before prepar ing the components

for m ix ing.

Preparat ion for mix ing

The coarse aggregate was dry overnight at I1O degrees C, The

materiai was then weighed and place in water and allowed to
stand overnight. Pr ior to mixing the water was drained and the

amount of in excess of SSD was calcuìated,

Weight of coarse SSD = 16,95 - t6,7j = O.lg kS _

f ree water

Reduce warer to be added. 2.gg _ O.ìg = 2.70 ks

Fresh Concrete Test Calculations



Density: Concrete yJas places in a bucket of known volume and

weighted. The bucket was fiìled with concrete and the density
ca lcu lated us i ng:

(wt. concrete - wt. tare) / volume of tare

(19,71 - 3,36 ks)/ o.oo7 n3 = 2312 = 23ro kg/n3



Appe nd ix C

VISUAL DESCRIPTION OF THE TEST PRISI1S

PR IS¡1 CYCLE DESCR I PT I ON OF DETER I ORAT ION

BP ì- ì 280 Corner fa i I ed. Two aggregate p ieces show
deter iorat i on.
l) l3 mm white chert badly fractured.
2) 6 mm carbonate mottled shows one

large fracture.

300 In the middìe of the specimen two hairline
D-cracks have appeared at 3OO cycles,

Popouts: ì0 smaì ì popouts approximate s¡ze
6 mm maximum sÌze, lO mm on sides.

BP l-2 .l68 Faited edge - large piece felt off of edge_
Two > ì3 mm aggregate caused distress
Both brown homogeneous f ine_gra ined
carbonate.

17O pop-out > ìJ mm aggregate brown
carbonate - iarge crack.

2\2 D-cracks - network of hairl ine cracks
forming at end, Smal I fa¡lure; 2 carbonate
aggregates showing large crack near stud,
one wh ¡ te, one brown,

260 Faiìed edge and ìJ mm aggregate, brown
f ine-gra ined aggregate showing numerous
cracks, badIy shattered,

Popouts: l2 small approx. 3 - 6 mm
except for popout noted at cycìe l70,

-94-
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PR I SI'1 CYCLE

BP l-3 2to

213

DESCR I PT ION OF DETER I ORAT I ON

Ð-crack - ì arge ha ir I ine crack appear ing
on corner and end,

Failed Corner - ìarge piece of corner
fa¡led aìt (3) > t3 mm
aggregate show cracks and include
l) very whÌte homogeneous fine-grained
. carbonate bad ly shattered. > l3 mm

2) mott ì ed green i sh brown > ì 9 mm
bad I y shattered

3) cream co loured f i ne-gra i ned carbonate
sma I I est of 3. Shows 2 I arge fractures,
along possible bedding pìanes
as al ignment of cracks is preferred

along a similar orientation.
Fa i I ed edge - sma I I fa i lure no ìarge
aggregate visible. l,le I I developed networkof D-cracks.

Failed edge 280 cycles - further
deter¡oration reveals >13 mm as sourceof d istress. Brown homogeneous f ine
grained; further a red brown very I ight
>.l0 mm is cut in half, Appears to Oã
deteriorated as result of the brown
homogeneous aggregate expa n s ion.
Faiìed edge (new at 3OO) - >6 mm chert;violet somewhat opaque. Badly shattered,

Popouts: lì large size range !- 6 mm
5-ì3 mm 1-ì0 mm

280

300
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PR I SI.1 CYC L E

BP 2-t 30

BP 2-2 ì68

¿tu

E1

ì30

DESCR I PT ION OF DETER IORAT ION

Large D-cracks - developed in the
middle of the specimens paraì le1
to the end.

D-cracks very large, threaten ing
to fail prism compìetely.

Compìete failure - prism has broken
Ìnto two p ieces. Coarse aggregate
varied in degree of deterioration
l) >25 mm white rchalky, I imestone

bad ly shattered
2) brown grey fine-grained carbonate

bad ìy shattered. A I arge crack
deve loped between th ¡s aggregate p iece
and the one descr ibed prev ious ly, the crack
through both the mortar and other
coarse aggregate. The other
aggregates generalìy show no other
s igns of d i stress.

3) Ottrer coarse (>2f mm) aggregate
showed deterioration; general ly not
as severe as point j or 2. often, the form
being exfoliation of the part¡cles surface.

4) Several coarse aggregates show no
ind icat ion of freeze-thaw deterioration.

Large D-cracks, Weì i deveìoped pattern
of crack i ng at end A. rt Some m i nor
crack îng a long s ides.

Fa i lure of end A. progress Ìve
deterioration occurred beth,een 168 and 220cycìes. At 220 cycles End A separated from
the prism, reveaì ing many badiy shattered
carbonate coarse aggregate. Descr ipt ion

l) chaì ky wh ite I ìmestone; compl etel y
shattered almost ¡,friabie". >19 mm2) severaì brown homogeneous carbonate
range in size from l! to JB mm
show severe cracking. Alì appear
similar.
Note: ThÌs type of carbonãte does not
appear to have benefitted from size
reductÌon as the 19 mm is as badly
shattered as the 38 mm.

3) 0range brown >2! mm aggregate sholls
deter ioratÌon, texture appears

.. coarser than aggregate in point 2.i{) Intacted carbonate coarse aggregates are
darker brown than aggregates åbove,

ran
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260

tlNote: END

BP 2-3

PR ISI4 CYCLE

BP 3- I 300

BP 3-2 300

BP 3-3

BP 3-4

300

aggregatê.
No change in porosity is obvious
through visuaì inspection although the
aggregate appears to have a coarser
macro texture.

We I I deve loped D-cracks are deve lop i ng
a long edge and s ides of pr ìsm,

A and END B refer to the ends of the prisms that areand 'rB'r,

Progress ive fa i lure of the spec imen.
llany badly fractured carbonates.
Again there are some durable carbonates.
l) Evidence of paste separating from

aggregate, poss ib l y due to
hydraul ic pressure, from the aggregateparticle. End A shows examples of;-
a) badly overstressed paste
b) deter iorat ion of sma ì I coarse

aggregate
c) freeze-thaw res istant carbonate

aggregate +13 mm,
2) End B shows one large brown aggregate

wíth dark brown incìusions.
- inclusion - pseudo dendritic pattern
poss ib ly pyr i te. Th is aggregare i s

, bad I y shattered. Ðark brown inc lus ions
have been noted in other deteriorated
aggregate.

Cracking is well developed throughout the
pr i sm.

DESCR I PT ION OF DETER IORAT ION

F ine D-crack or popout developing
Popouts: 3, very smaì1, J to 6 mm
BP 3-l had a bad stud, no expansion
data is avaiìabìe on this prism.

No deter iorat ion present
Popout: l0 - 3 mm (small)
one cher t, mainìy carbonate

Popout: large +13 mm appear to be
carbonate off wh i te may poss ib ly be
cher t; on end,

No deter iorat ion present.300
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PR IS¡1 CYCLE DESCR I PT I ON OF DETER IORAT ION

S l-l 27O Failed corner End A. l,/e I I developed
D-crack around a shattered >25 mm
aggregate. Brown homogeneous f ine
gra ined badly shattered. D_crack
hairl ine crack pattern seen at other
end on corner and side.

300 tnd B; minor fa i ìed corner. 0-crack
I i nes have widened

popouts: 5 very m¡nor 6 _ lO mm

S l-2 300 No serious deterioration; one set offine D-cracks along one edgepopouts: l0 minor 6 mm, End B
shows two brown carbonate popouts 6 mm.

S l-3 290 Large popour +19 mm grayish
aggregate appears heterogeneous,
bIack f I ecks,

300 D-cracks - End A; shows fine cracking
deveìoping on the end and on the
side adjacent to the end,
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PRIS¡1 CYCLE DESCRIPTION OF DETERIORATION

S 2-l 56 Large popouts at +13 mm and many ar
l0 mm. Surface was poor due to a
very dry mix used during casting.

300 Popouts: approx, lO-lO to l3 mm
l0 at sizês less than lO mm

300 No D-crack ing ev ¡dent

S 2-2 56 Large popouts; lO to lJ mm aìso some
smal ler. Three of the aggregate
are cher t.

ì01 Large popout plus D-cracks. yel low brown
mottìed carbonate; brown fleck, possibly
pyrite, This piece of aggregate has caused
distress in the surrounding area resuìting
in hairline D-crack appearing.

282 Popout are frequent, generaì ly carbonates.
The larger fraction (10 to ì3 mm) of
the coarse aggregate appears to be deter_
iorat ing fas ter .

300 Popouts: Size; lO to l3 mm approx. ì5
major popouts. Less than lO mm is
d iff icu I t to est imate due to poor f in ish
as many were exposed and have not
necessar i I y deter iorated.

S 2-3 Generaì - better finish than the other S 2 prisms.

160 Large popout. End A; caused a ìarge amount
of damage for size of disrupting particìe
approx, l0 mm; possibly Chert.

300 Large popout End B. Brown homogeneous f ine
gra ined carbonatei Note: there is a
difference in the degree of damage between
End B and End A. The mortar around End Bis not effected where as there is a large
amount of disruption around End A.

popouts: 9-6ro13mm.
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ASTT4 C-6668 RAI,/ DATA

TABLE I l{

E longat ion of test pr¡sms

( meters x lo-4 )

BP2 BP3 s I 52CYCLE

0
30
57
90

t27
149
184
213
253
280
300

Note:

233412312
00000oooo

.598 -:-: 9 .38r .381 .\06 .\32 .356 .\83
,584.838 ---- ,\57 ----.38ì ,t+06.t+¡2.¡oB
r.09 I.78 .ß2 .58t, .7rt .\32 .686 .66 .lr I
1.32 2.6\ .356 .58\ .584 .508 .686 .66 .838
r.83 5.03 .356 .\06 .6lo .5oB .5914 .7tt .797
2.90 9.93 .559 .610 .838 .66 .635 .187 .965
3.66 r9.t .279 .381 .762 .533 .559 .635 .8132l,0 tt .jj6 .432 L04 ,737 ,787 .889 .gil,,, ,\12 .6ìo t.29 .940 .813 .86¡{ l.o9

.\83 .559 1.22 .762 .787 .762 1.o9

----- No read ing
;! Spec imen des troyed

Several prisms had the studs, used for length measurements, eccen_

tricalìy placed on the end of the prism, ThÌs resurted in different
I engths be ing measured depend ing on the or ientat ion of the pr ism i n

the caì iper, As this problem was discovered after the start of the

test several prisms had to be disqual ified as the origìnai length (lo)

was not known. The probìem \^,a s seen with prisms Bp3-ì,8p3_2 and S2_3.

During the remainder of the test these prisms were left in the freeze_

thaw cabinet to act as dummy specimens, ensuring constant test condi_

t ions,

BPI
1231
0000

.\57 .\57 ---- z.\6
,406.406.406 2.03
.111 .787.737 3.tg
.58\ .686 .66 4.90
.635 .686 .7 37 ¡'i

.762 .787 ,91rt

.66 .731 .762

.762.838.889
,991 1.12 1,27
.965 t.o2 1.22



TABLE 15

Length of prisms at zero cycles

( meters )

PrÌsm lo Prism lo prism loG) G) nl
Bpr-ì 0.35\38 Bp3-3 o.35og3 sl_t 0.35356BPr-2 o.3551o Bp3-4 0.35420 Sl_2 o.3t\14
BPr -3 0.35\t6 s I _3 o.1t\81

BP2-r 0.352\8 s2_l 0,35\\9BP2-2 0.35389 s2-2 o.1i\SeBP2-3 0.35290




