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PREFACE

L survey of all concrete pavements on the Michigen State Trunk Line
system revealed that approximately tem per cent of the surfage is scaled in
varying degrees, This conéition hes become more apparent ag the use of che-
mical salts hap incréased-for the removal of ice from pavements.

Congequently, & study of gealing, its causes and methods for preven—
tion was incorporatedri_to the research program of the Michigan State Highway
Departuent as a definite project under the subject "Concrete Durability Study".

The Concreie Durability Study bas been divided into three geparate

ghudies. first, s survey of existing concrete pavements, second, field studies
on gpecially constructed pavements; and ithird, a labofatoryrstndy on concrete
&urgbility. The complete investigaltion as considéred under these three studiss
will attempt to establish cerﬁaiﬁ fundamental principles in concrete consbruc-
tion and to correlate certain laboratory studies with congtruction methods in
order to develop more durable concrebe pavements.
The purpose of thisg report ig 1o present the reswlis of accelerated
scaling studies which were conducted on several concrete pavements during the
winter sezsong of 1840 - 1941 and 1941 - 1942. This report pertains o part
two of the study on Concrete Durability.

The field écaling studies were under bthe general supervision of
G. A, Mansfield aﬁsistei by Harley A. Bentley aud Dele Parrish who were ag-
sizned to the scaling study on the Michigsn Test Road and W. A. Xeranen who

wag responsible for the scaling study program conducted on several projects

throughout the Upper Peninsula,




INTRODUCTION

The performance of conergte under severity of service can not be

.£|'

predicated upon laboratory studies becaﬁse of the numerous factors imci-
dental to pavement construction which mey effect surface conditiong and
their relationship to gcaling. Such factors are, materials; coﬁstructian
operations incliuding the concrete mixtures; finishing and curing; climate
conditions during constructlion; etc.

‘In order to conduct observetlons under service conditions on con-
trolled factors, speclally constructed concrate payéments have been selec-—
ted., The pavements selected for zccelerated scaling studiez are the Dura-
bility Project on the Michigan Tost Road, Construction Project SN-FAP 5 (10)
on US-41 Worth of LiAnse, Construction Project FA 175 Section J on TUS-41
eight miles North of Eanuoch, and Conshtruction Project M-75 - 28, C2 on M-24
in the City of Manistigue.

Eanbodied in these considerations are the newer concepts of concrsies

regards proportloning and grading of aggregates with defini

récognitiﬁﬂ of the meterisls pasging 200 mesh; the comperallve efifect of
various types of additives including physicel and chemical varieties as well
as cemant blendsg and cements produced with grinding =ids, the gffect of veri-
ation in consbruction factors such as findshing and curing methods, types of
ageregates lncluding crushed limestone meteriale and stawp sand. In addition,
conglderation has been given to the study of the reladive effect of calelum
chloride for 1cé removal versus natural freezing and thawing of walter on con-
crebe povements.

- This report will discuss In detail the findings of the various studies

in the nrder presenited above.,




s 4 PART ONE

DURABILITY PROJECT

- MTICHTGAN TEST ROAD

Part one presents the regulie obltained from
~the acecelersted goaling studies conducted on
the Durability Project of the Wichigan Test

Road during the winters of 1840 - 1941 and
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CONCRETE SCALING STUDIES ON MICHIGAN TEST ROAD

The durability project of the Michigan Test Road was congiructed
-for the purpogs of observing under service bshavior certain factors in con-
crete pavemaﬁt construetion which might be effective in the prevention. of
scéling. The purpose of this pavemen® was not only to meke observations
under service conditions but to afford a field laborsbtory to obitain accel-
erated action of chloride s2lts or ice on concrete pavements and the study
of regultant action. The dursbility study project entails a length of ap~
proxinately 7.7 milss. The location is ideal from & standpoint of average
waather coadltlong in Michigan and the lenghh is gufficient to reduce the
varizbles of congtruction to & minimum for each facltor investigated. The
supplemental specificetions covered deballs Tor 211 varisbles unusual %o
Michigan Stete Highway Depariment specifications. They iﬁciuded cements,
admixtures, mix Lesignsg.metbods of cemstruction which preliminary labora-
tory studies indicated to possess characterlstics favorable to the prevemn-
fiog of gealing.

The cements used in the construction of the ?foject Included two
brands of regular Portlénd cement ap normelly used in the congtruction of
concrete pavements in Michigan. They have been dassignetsd ag Brands 1 and
2, Admlxtures included the use of certain pioprietary materiais known as
Plastiment, Pozzolith, Orvus and Vinsol Resin., HNaturel cement was also
inecluded, which was ground with and without the use of beef tallow. Mix
desizns including the regula?,proportioning‘as determined by the materisal
specificstions end the mortar void design mebthod of the Michigan State
Highway Department, as well ag The addition of fines supplementing the fine

agpregates. These fines were added to dncrezse the density and workability




of the mix and as a po sig}e factor in the reduction of scaling. Sasveral
short test sectiéns were included to study the relaiion of scaling to methods
of curing.

Thé methods for finisﬁing and curing of the concrete surface on the
project inciuded the stendard methols specified in the specifications of the
Michigan State Highway Department and other suggested metheds.

The study of curing methods was incorporated into the project main-

¢+ .

1y for the purpose of determining the relative resistence to scaling of the
saﬁé camcret@-u;derJvaripus curing trestmente.

The final finiching operetion ss specified in the Michipgan State
Highwey Department étandard gpecification, reguires the use of a burlep drsg.
In most cases, this mebthod produces s setisfactory, nom-skid surface, bub it
iz obgerved, under certein conditions, thset an excess amount of fine maberial
atill remains upon the muwrlace, AlL studies of scaling seen %o indicate Lt
this thin layer of material is the first to be displaced. Erooming the con—
crete with stiff brooms sg & final finlshing operation has been used by soms
highway engineers to reduce the amount of fine superficial material. However,
some englnsers have coﬁteﬂaeo thet thls method provided grooves for the con-
ceﬁtfation of galt solutions and a regultant mnsatisfactory condition of ag-
gravated sceling. - Therefore, 1t was felt That a compa ive study should be

1

made of these two metheds and obtaln comparative data upon the twe metheds.

Br@omlnﬂ wag slso included on certain sections of bibtuminous curing, since in
the pagt, these methods of curing provided a rather glippery pavement for some
time afier consbruction, and it was hoped that a trial gection of brooming

’

would show how to overcome this difficulty if bitwinous curing were allowed

in the sgtandsrd apecifications.




On the Dursbility Project, all of the standard practices of con-
struction were adhered to in the matter of design using 22 fool width, 9
inch edge and 7 inch center crogs section, expansion jointe speced 120

feet, contraction Joints spaced 60 feet and plane of wealiness joints gpaced

at 30 feet., ZRelween each sectlon of concrebe pavement where the mix was

varied a 1200 foot section of standard concrete wag placed to obtzin com-

parative recults between a standard and reviged concrete mix under relative

similar congtruction conditioms., During the placing of the concrete numer-

oug and complete obgervailons were made on the character of the concrete

for the variouvs admixtures and standard mixes. These cbgervations include

placing of coverete, worksbility, finishing, bleeding, lailtance, slump,

¥

curing and complete weather information.

The research information secured on the durability project divides
iteelf into three groups; Pirgt, information obiained during construction;
second, observations under service; and third, results of aceelerated sesling
studies,

Construction Chservations end Datas

Observations and data obbained during construction are very impor-

1t in the later interpretation of flndings. Consequently, the observers
adﬁonished to follow insﬁructic;s clogsely and impressged with the im-

ce of‘precise, unbissed and accufaﬁe enalyseg, obgervations and data.
ormaﬁion procured during this period congigted of the following items:

1.

Soil swurveys. Soll density and moisture content.
Meteorological abgervations including:
2. Humidity

b. Temperature

C. Precipifation




d. Wind movenment

e, Evaporation
3. Dally progress report including irregularities
"4, Wolgture content andrt@mperature of concrete

on gpeciel sections of curing.

S. Placing of concrete pavement,
6, lechanical anelysis of concrete to determine

relative segregsation.
Te Spec&al observations relative to final finishing

methods and curing.

Obeervotions in Service:

The relative value of the various factorsg may be prophesied by
laboratory tests and observetions during‘construction,‘but the ultimate con-
clusions must be debermined by observeiions made wnder actual service condi-
tions. Therefore, it Ls planned to meke perledic visusl examinations to-
gether with mezsuvement of physical conditions as oubtlined in the ebove men—
tioned ingtructions. These observations will inelude continuation of measure-
nents of moiéture’content, temperatuwre of glab; but for the most part will be
concentrated upon thé gbudy - of surface zealing due to action of traffic and

climatic conditions.

Specizl Sealing Studys
During the actusl service life of the pavement and for a period of
3 to & yeers, 1t was planned to sbudy or observe certain sections of the pro-

ject wmder the schion of ice and salts in sn aceslerated mammer.
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The correletlon of The observations made during construction and
actual service together with the test information of the special sealing

gtudy ghould enable the Michigaﬁ State Highway Departﬁent to evaluate the

many factore and determine their relative impertance under the conditions

impoged,

In conducting the secaling study definite pavement sections 120
feet in length were chosen with respect to the vaerioug concrete mixtures
and gurfoce treatments involved in the construction of the pevement. In

each section two areas were dyked off, each area being % feet wide and 12

feet long. The dyked aress were established along the eagt edge of the

pavement and parallel to it. Safety precaulions were meintained day and
nleht to worn treffic of the presence of the test areas and -to prevent
acgidenﬁs; The methods used in éonstructioa of dykes are illustyrated in
Figure 1. |

Two different types of accelerated.test methods were employed.
In Tegt azres "AY, a 10 percent solution of-calciﬁm chloride of 1/4 inch
minimm depth wes applied end allowed to remain in place 5 days, At the
end of this perlod, the polution wés removed, the panel flushed and wabter
applied to a depth of 1/4 irnch, After the water had frozen, the icg mas
melted by an application of § pounds of fleke calcium chleride per area.
When the ice was decompcéed, it was removed from the test area, the sur-
face.was flushed and allowed to rest one day before completing the nex
cycle., HMetbod "AY was discontinued after first winter sesson because it

\ B

did pot produce the desired resulte,

Test area "BY received & differeﬁt'treatm@ntq Weter was applied

to the test ares and allowed to freeze over night. The follewlng morning

the ice was melted by dlstributing calcium chloride over the ares at the

-8 -
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3 RIMOVE ICE FROM
A. IN 1940-1941- STEAM WAS USED TO
PAVEMENT PRIOR TO INSTALLING PANEL STRIPS

D. CONE METHOD OF CONSTRUCTING DYKES BY USE OF
BITUMINOUS MATERIAL AND TWO NARROW STRIPS OF VOOD

i 5 g, -
E. ANOTHIR METHOD OF CONSTRUCTING DYKES WITH
BITUMINOUS MATERIAL AND ONE STRIP OF W0OD

»

INSTALLATION OF SCALING

B. DRYING PAVEMENT SURFACE PRIOR TO INSTALLING DYKE

STRIPS

C. DRYING PQUIPMENT CONSISTED OF KEROSENE TORCH AND
SHIELD FOR FLAME

F. TYPICAL VIIW OF PANEL IN PROGRISS OF STUDY!.

FIGURE I

PANELS



raﬁé of B pounds per ares. Whep the lce wac decomposed it wss removed from
the test area snd the surfece was flushed. TFresh water was spplied to the
test ares and the freezing and thawing cycle repeated. Om éhe basis of the
guantity of water resuiting from the melted ice in.each test area, it wag
caleulated that 5 pmuﬁds of flalke calcivm chloride would be sufficient to

produce a 10 per cent :selntion.

P It is proposed to carry cn thess te

i

]

te for seversl years to deler-

mine what effect age has on the ebility of concrete to resist freeszing,

L

Cthewing end calelum chlordide trestments. To this end, no cazlcium chloride

haz been applied to the durebility cection of the Test Road. During each
winter it was‘plaﬂned to egteblich test sreas in the same gection and ad-
Jjacent te the previcus test areas.

The firet and second of the series of scaling studiees were completed
during the winter of 1948-1041 andl1941~19426 The results obtained so far

&L,

indicete that certain treatments of the concrete or its ingredients will tend
L

Lo influence the ablility of the cencrete to resist scaling caused by the ap-

plication of caleium chloride for ice removal.

-G -
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RESULTE OF SCALING STUDIES

The resulis of the secaling studies on the Durability Project of the

o

Wichigan Test Toszd w ilT be digeussed in conjunction with the various features
of construction as follows: finisghing melhods, curing methods, admixbtures

é inding alés, naturel cement blended with Portland cement, grading of aggre-
gates, and 11mertone aggregates. The locatlions of the vericus scaling panels

with respect to the constructlon festures are given in Filgure 2.

+
-

Finiehine Studies: The brooming of concrele mwfacas with 20iff brooms ac

a final finishing operation hag been used by some hig ey englnesr e to reduce
the smownt of fine supcrflelai meterial. However, some engineers have con-

ndgd that thie method provided grooves forlconcentration of salt zmeolutions
end a resultant wsebis factoqy‘condiiion of aggravated gealing. Therefore,
it wag felt that a comparative giudy should be made between burlap finish
and brooming to obtein comparative datz velative to the two methods.

. Therefore in Series 14 and 24 of the durability project, a compara-

tive study was made of burlap finish versus broom finlshing, with and without

wetted strew and bitvmincous membrane CLrWﬂg@

The bltmmlnous membraie Pur1ng consisted of as nlwlt emulsion and

eut back asphalt, The cut back asphalt was applied immediztely after finish-
ing operationg whereas the asphalt emulhlon wag applied after initial curing

with burlap. Standard construchtlon preocedure was sexercisged throughout the

entire finisghing studies.

- 10 -
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Burlap Finishing versus Brooming, Wetted Farth Curing: The burlap finish

method consisted of draggiﬁg a strip of dsmp burlep longitudinally over the
11 width.of the pavemenit at a time when tﬁe excess molsture has disappeared
and while it is still possible to prqduce-a}uniform surface of gritty texture.
See Figure 2.

Broowing operations were perforﬁed during a2 period aftgr belting
when the excess water end laitance had arisen %o the surface,'and before the
concrete had become to such a condition that it would be unduly roughened or
torn. The brooms wére of aﬁ appfoved push broom type not less than 18 inches
in width and construgﬁed of bags or bassine fibre not more than 5 incheg long.
Fzeh brush was equipped with a handle at ieﬁet one Toot longer than cne-half
the width of the pevement glab. It was reguired that the broomg be washed
and dried al frequent intervals and that & sufficient number of brooms be pro-
vided to permit interchenging.

The brooms were drawn across the éurface from the center lins to each
edge with nobt more than one stroke per width of broom. TFach stroks slightly
overlapped the adjacent gtroke. The broominz operatlion should produce corrug-—
ation in the surfaéé of the pavement, uniform in appearance and not more than
1/2 inch in depth.

.The'cufing method consisted of 24 hour wet burlsp followed by 8 day=

. . N i
of wetted gtraw.

The results obbained from the accelerated scaliﬁv.treatments are

tabulated below in Table I. Figure 4 illustraetes condition of concrete sur-

face ot termination of freezing snd thawing ftreatment.

-1
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Character of Surface Affer Brooming

Surféce Finishing
Figure 3




Ao Burlep Finish Wetted Straw Curing, 100% Scale,

41 Cycles, 1941-1942 Panel 11, Series 4k

B. Broom Finish Wetted Straw Curing, 100% Scale,
23 Cycles, 1941-1942 Panel 1, Series 1B

Figure 4
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Results from.Finishing Study

Table T

Burlap versus Brooming

-

TEST METHOD

Penel Sesson Findegh Curing A : B
o, Cycle % Scaling Cycle % Scallis
4 1940-41 Burlap Webbed Straw 6 6% 28 19%
1 1940-41 Broom Wetbed Strew 5 100% 55 94%
1 1943142 3Broom Wetted Straw - J— o8 1007
14 194041 Burlep Wetted Straw 7 11% 53 15
o o
14 1940-42 Burlap Wetted Ztraw - — 41 1005
Tt is apparent that broowing dees not eliminabe scaling. Trrough-
ol the texb when the type of csment is nob mentionsd in the tahles, 1%

miderstood that Brand HNo. 1 {Petosksy) was used in the consbrtio-

T
o
3]
<
[
2
o
[
"

tion of the particular sections under discussion.
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Burlsp vergsus Brooming, Biftuninous Cutripg: In series 24, 2B, and BA

Biturinous Membranes consisting of Aspﬁal* Fnuision and Cut Back Asphali
were applied to the concrete surface after burlap or brooming operstions
for the purposs previously explained. Scaling studies were conducted on
thege sections in conjuwnction with'tha_gy;ing studies.

In series 2A, the Asphalt Fmuision, AB-1A furnisghed by the Amer-
ican Bituminous Company, wes spplied immedistely after completion of finiéhm
ing operations st the rate of not leges then 1/20'gallon per sguare yard. In

geries 2B, the Cut Back Asphalt furniched by Johwmson Mersh Corperation was

(]
]

of

rate

L

applied imuedistely after complstion of finishing operations at th

not less then 1/15 gallon per sgusre yard, In series 34, the Agphall Emul-

sion was epplied affer an initial 24 hour éuring pariod with wet burlap.
The resgults obtained from the acceleration scaling trestments on

these various pectlons are tabulated below in Table IT. TFigure 5 illugtra-—

ted the condition of the surface at ferminetion of treatment.

Discusgion of Begults:

From the regults presented in Table IT it is evident that brocming

with bituminous curing is somewhat more effective than burlap curing with

wetbed straw Curlng in preventing scale. However, there is not enough dif-

ference in results to make the former method worth serious congidesration.




Lo Brooming, Asphalt Bmulsion Curing, 92%
Seale, 28 Cycles, 1940-41, Series 24, Panel 2

Be Brooming = Cub Back Curing, 83% 3ecale, 33
Cycles, 1940-41, Series 2B, Panel 23

‘e Burlap Finish Asphalt Emulsion After Initial

Burlap Curing, 100% Scale, 47 Cycles, 1941=42

Series 3-Al, Panel 2 :
Figure 5




Bituminous Curing with Finishing Methods

Table IT
. TEST METHOD
Panel 8eagson Finish Curing _ A B
o. Cycle % Scaling Cyele % Sealing
4 1940-43 Burlap Velted Straw 8 5% 28 19%
1 1240-41 Broom Welted Straw 5 100% 3% 94%
1 1941-42 Breoom Wetbted Straw - - 23 100%
. 2 1940-4Y Broom  Asphalt Emulsion 6 22% 28 92%
}
AR S :
‘{- 1941-42 Broom Asphalt Emulsion NO TESTS
23 1940-41 Broom Cubt Back Asphalt 7 427 53 835%
. 1941-42 Broom  Cut Back Asphali N0 TESTS
3 1940-41 . Burlap Initiald Curing 3. 4% . 28 61%
24 hr. Asphaltb
Emulsion
2 1941-42 DBurlap Initial Curing - - 47 100%

24 hr. Asphalt
Emuilsion
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The relative metit of the various concrebe curing methods have
been baged, in genersl, upon laboratory strength tests. Very little can
be said as to the velative merdt of the different curlng mediums with res-
pect to durability of concretg. Therefore, a study"of:cﬁ}ing methods
under actual £1e1ld conditions were included in Series 3 of bhe Durability
Projegt; See Figure 6. Embodied in the curing study sre such factors as
moisture gradient; relative thermo insulation value of the differentrcur—
ing methods, mémb rane materials versus wetted coverings, and the relative
Jurability of the slab surface.

To determine the relative durability of ths, various sectiong,
each cured surface Waglsubjecte& to the game scceleration freezing and
thewing cycles =g employed on the other conerete sections thoughoubt the

Durability Project. The curlng methods studied are asphalt emulsion, cui-

A
back asphelt, wetted straw, paper curing without initial curing, wetted
earth, ponding, double burlap, paper curing, calcium chloride integrally

nized and s membrane material called Rite-Cure. The different curlng see-

tiong will he discussed briefly in the order mentiomed above.

Initia]l Curing: Initial curing which is referred to. frequently in the dis-
cussion of curing methods is described as foliowso After finishing opera-
tiong and when the surface has hardened sufficlently to prevent marrlng,

sbr i of burlsp are laid on the swrface to overlep not legs than & 1nches
and shall be kspt Lho;ou@hl wet 1ntil removed. The burlap mist remain et

(o

least gix hours after concrete is placed bub not later than 10 a.m. on the




General View of Curing Section

Ba

Application of Rite Cure

Curing Studies
Pigure 6




day followlng the placing of the coancrete. Upon removal of the burlep,

the Surf&ce ig thoroughly webtled and the repguléar curing method applied,

Lophalt Egudlsion CUFLQE, Serieg 3A: 1, Thip test area conzighe of ini-

tizl curing with wet burlap followed by an application of asphalbt emulsion

=3

F-1A.  Immediztely after finishing overation, wet burlap was applied to

the surface and kept demp for = R4-hour period after which the burlap was

‘renoved and ths spurface costed and sesled with en wiform layer of asphald

emulsion. The emulsion was applied &t the rate of not less than 1/20 gallon

per sguare vard by mesns of & sultable preseure oubfit.

Gut»Bacl hglt Curing, Series ZB: Relative bo the study of brooming ver-
gug burlap finishing with and without blltuwnminous curing, cub-back saphalt

wag applicd immedialtely affor finishing operstions in the game mannsr as

for the asphalt emulsion except that the rate of application was not less than

O

1/15 gallon per square yard. The appli uLLOﬂ of cub-back zsphall on a con-
crate surfacs immed’ately afber finlghing irs 2 patented methsd. The patentes
ig the Jommson March Corporation of New York Uity who also furnish the cut-

beok agphalt @EbCElb@d below,

Wetted Strowg: Series G4-2: The wetled straw method consiste of sgpreading

hay or gtraw over the enbire surface Immedlislely wpon removal of the burlap

applied st the rate o
is thoroughly wetted as soon zg placed and kept gaturated for 6 days.

b

Poper Curing with Initial Curipe, Series BA-3: In Series 3A-53, the first 24

]

bowr period counsigted of wet burlap curdng after which the b1 lep wae removed,

the surface wetbted and immediately covered with sn impermesble paper covering.

b

e composed of an approved molsture-proof paper of suffi-

-3

(o

he paper bhlankets s

eient strencth and thoroughness to permit handling wilthoub becoming wnfilt to




provide a sealad covering during the entive curing section. The paper
blankets were of sufficient width to cover the top and edges of the =lab

to within 2 inches of the bottom with adeguate provision for shrinkags.

0’?

.

Webted Barth, Series BA-4: After the initial curing period, the entive

v

surface of the pavement wag covered with earth to a minimum depth of 2
inches. The sarth covering was thoroughly weited after Lt was placed and
kept zeturated for a peried of 6 days.

Ponding, Series BA-5: After initial curing, the entire surface of the

pavement was flooded with water which was held in place by 2 system of
transverse and longitudinal dykes of serth. The gurface was completely

submerged for a period of 6 days.

Double Burlap, feries BA-8: -After initial curing, an additional layer of

burlep was addsd to the surface and the double layer of burlap was ke ot sa-

i
[-J.

turated for & period of & days.

Paper Curine withoul Inltisl OCuring, Serdes BA-7: In Serles 347, the paper
wag applied to the suwrface immediately after finishing opsrations omitiing
the initisl 24 hour curing perioed with wet Durlupa The paper and method of
application was the same as for Serles BA-3. The curing papsr was furnizhed
Dy the Sisslil-Kraft Company.

foleium Chloride Intesral Miwed, Serles 3A-8: QCalceium chloride in flzke

form wae a2dded to the dry materials in the skio at the rate of £ pounds of
o £ &

-

caleimm chloride per ssck of cement. ITmmediately safter finishing, the con-
crete was covered with a gingle thickness of wet burlap. No subseguent

curing treatment was applied to the surfece after removel of burlap the

followling 'MOrning.

- 18




Trangparent Membrane —.Rite-aCureJ series 34-~9: After initial curing with

burlep, a trensparent mentrane liguid, (Ritencure)lwas épplied to the sur-
face of the pavemeﬁt by the meﬁhod described for'asphalt emileion except
that the rate of application was 1/20 gallon pér gquare yard. Rite-Cure was
furnighed by the Johngon-March Corporation, 52 Vanderbllt Avenue, N.Y.

The results obbtained from the accelerated scsling treatmehté on the
curing sectlon are tabulsted in Table IIT. Figure 7 illustrated the condi-
tion of the pavement surface abt the terminaﬁion of the freezing and thawing
trestment., A1l sections were finished by the burlap drag method.

From the dats presented in Table IIT 1t is difficult to predict which
curing method can be congidered guperior to the others becsuse of many consﬁruc—-
tion factors which mey affect the finel resulis. However, i1t is quite apparent
that certain ouring.methods show in general a marked efficlency over others,
for example, the particulsr methods which.preveﬁt.excessive noisture loss dur-
ing the first stages of congtruction such as paper curiﬁg without initial cur-
ing and transperent membrane curing (Rite-Cure) seem to produce a gurfece with

s higher registance to gealing than the other curing methods.




ke Vebted Straw 19% Seals, 28 Cyocles, 1940-1941
Series 3A-2, Panel 4 ‘

1074 465

£ t Ssoa ol

B, 24Hr, Initial Curing Plus Paper, 6

8% Scale, 89

Cycles Repeat Sectiom, 1940-1941, 1941-1942,
Series 3A=3, Panel 5

Coe 24 Hr, Initial Curing Plus Paper; 100% Scale, 47
Cycles, 1941-1942, Series 3A=3, Pansel 3

Figure 7




' Do Ponding, 20% Scale, 28 Uycles 1940-1941, Series 3-A-5, Panel 7

RSN

g

e

) fs Double Burlap Curing
' 14% Scale, 28 Cycles, 1940-1941, Series 3=A-8, Panel 8

i i =5

) Eo Paper Curing, No Initial Curiné
3% Scale, 28 Cycles, 1940-1941, Series 3=A=7, Panel 9




{A03T6?

Go Burlap, 2% Calcium Chloride, Inbegral Mix
73% Scale, 61 Cyeles, 1941-1942, Series 3-A=8

H, Burlap Rite-Cure, Repeat Panel
36% Scale, 89 Cyecles, 1940-1941, 1941-1942
Series 3=A«9 -

1. Burlap Rite Cure
12% Scale, 61 Cycles, 1941-1942, Series 3=A=9

Figure 7




Table IZT

Effect of Curing Method on Secaling

TEST METHOD

Panel Season Curing Section : . B
Cyele ‘caling Gycle ¢ Scaling
3 1940-41  Agphalt Fmulsion E=A-1 8 42 28 681%
2 1941-42  Agphalt Emulsion B-A-l - - 47 100%
4 1940-41  Wetted Straw 5-h-2 8 6% 28 19%
1941-42 Wetbed Straw Bmhm2 N0 TBIT
& 1940-41  Paper - Initial G 8 Trace 28 Trace
Curing
3 1941-42 TPaper - Inibiel E-4-5 61 88%
Curing
4 194142  Paper - Initial B-A-3 - - 47 100%
3 : Curing
| 8  1940-41 Wetted Earth Behedt 6 14% 28 5%
:Eﬁ{“ 1941-42 . TWebbed Farth ) NO TRST
7 1940-41  Ponding Btk 5 Trace 23 28%
1943142  Ponding Bel=F NG TEST
8 1940-41  Double Burlap Z--h-8 6 Trace 28 14%
1841-42  Double Burlap B-A-G HO TEST
9 1940-41 Paper - No Ini- Bmhi7 g 0 28 =
tial Curing
1941-42  Paper - No Ini- Bl -7 WO TRET
tial Curing
10 1840~41  Caleium Chlorlde 545 5 Trace 28 17%
5 1041-42  Calcium Chloride BmheB - - 81 73%
' 11 1940-41  Rite-Cure 3 e 6 0 28 0%
6 1941-42  Rite-Cure Bnbim - - 89 %69
| 7 1941-42  Rite-Cure 5A~D - - 81 129



FTraluation of fdmlﬁturﬂr:

Road there wers

o

At the time of construction of the Michigan Teg
several proprietary brands of admixzbures evellable for use in concrete
mixtures. Thelr manufacturers made cerbtain claims as to the benefits to be
derived by thelr use in concrete for pavement purposes éspecially with re-
gard to workebility and dursbility. Consequently, it wae decided to incor-
porate several of the most desirable types of admixtures in the durability
project for comparative study end to determine what affect these verious
meterisle would heve upon the design and phy;ical characterietics of their
rogpective concrete mizmtures.

The proprietary sdmixiures selec tc@ for use in the tept road were
of the powder and liguld types. Ueing the mortar-veid nrincinle of concrete
nix derpign, verious cuantities of gand, cement, water and additives were com-
bined in verying amounts to determine the mogt desirable mortar from the

chandpoint of density and conseguentiy the most desirable emount of adi

ture to use. In 21l cases the guantity of gand and cement were kept conglant

ot

=

[0}
]

In accord with standard practice bhub vantity of sdwmixture varied. The
liguid adumixtures were added to the predesigned mortars in varying emounts to

determine the most desirable cuantities to use from the standpoint of physicsl

cheracteristice of the mortar and concrete such ag workebilily, denegity and

Pozpolith, in Series 4D, i a patented plesticizirg zgent conteining ferric
aluming gilicate snd other ingredients, monufactured by the Magter Builders
- .

Company, Cleveland, Ohio. Two pounds of Yozzolith per sack of cement were

e2dded to the &ry batch gt the mixer ac recommended by the menufacturer.




3 . .

Plestiment, in Series 4D, 1g another @ype of plasticlizing ageat menufac-
tured by Sika Inc., 550 W. 42nd Sireet, New York, N.¥. Plastiment wes added
to the dry batch at the mixer in the amount of one pound per sack of cement
as recommended by the ménufacturer.

Orvug, W, S. Paste, in Series 4F-4H, is a "sulphated falty alcobolY, a pa-

tented wetting agent menufactured by TProctor and Gamble Company, Iwvorydale,
Ohio, Sufficient orvus was added to the nlx to produce a drop in welght of
4 to 5 1bg. per cubic foot for concrete of gpecificd conslistency and cement
content as compsred with concrete of the reme consgiglency ond cement content
withous the addiﬁion of orvus. Since this requirement d;ll very in accord-
ance with malteriale studied, the approxipaites cguantliby of orvus to uge will
be betwesn 0.02 and 0,10 Ibg. per bayrel of cement. Iv was found bho

the perticular materials used on the durabilily project that 0.08 1lbs. of

orvus per barrel of cement gave 2 veductlon in welzht of aporoximetely B lhg

£

'J

stewas dicsolved in weter to form a solution of Imom

\_I

The arvaz ps

| o

concentration. The redquired amowmmi of the solublon per batch of coucrets

wag added to the dry materisls =zt the slkip. )

Tingol Regin Portlosd Cement, Series SQQSCQ -Thies cement conslsts of standarc
Portlsad Cement ground with Vinsol Resin to conform to the v regulrensnts of
the current specifizcations for Portland Cement £.S.T.Y, Degignation 09 with

following excevblons and additionpg: The cement shall be ground with 0,15

(Vth o tolerance of + 207 of pulverized Vingol Regin per barrvel), which

3

gl1211 be wiforaly added tc the clinker al time of grinding. The speeli

arfoee ag determined 1n acceordance with A&8,7T.M. CLL5-38T ghall not be lese

ments were veed on the durebllity project. The twe brande of

19




and Portland Cement were of the same brands and manufactured Ly the some

mille ae the ztandard Portliand Cements.

Calcizm Chloride Admixture:  In Series 44, 4F, and 84, calcium chloride was

added +to the concrete mlzbtures for a distance of 120 feel in the amounts

gshotm on the plan. 7The purpose of doing this work was to determine the ef-

fect of celcivm chloride upon the physical characteristics of concrete cone

taining such additions as Plagtinent, Oryug and Vinzol Resin, The calciun

was added to the dry babeh &% the mixer skip. No
3 T

o)
s
b
[
i)
O
i
oty

chloride in fla
scaling studies were conducted on tﬁe Caléium chloride sections.

The pesults obtained from thé sccelerated scaling treatments sre
tabulated in Table 4, TFigure 8 illustrates the condition of ths surface at

termination of treatment.




L. Pozzolith, Repeat Panel, 6% Scale, 93 Gycles, 1940-1941, Repeat in
1941-1942, Series 4B, Panel 8

-

n, Plastiment, 56% Scale, 61 Cycles, 1941-1942
Series 4D, Panel 10 .

Figure 8




Do Orvus, Brand No. 1 Cement Repeat Panel, 1940-
1941, 1941-1942, 0% Scale, 93 Cycles, Series
4%, Panel 12

1941-1942, Series F, Panel 13

Figure 8

f, Orvus, Brand No. 1 Cement, 0% Scale, 61 Cycles,




Orvus, Brand Noe. 2 Cement Repeat Panel, 1940-1941, 1941-1942, 0% Scale
94 Cycles, Series 4f, Panel 14

ol
&
G. Orvus, Brand No. 2 Cement, 0% Scele, 61 Uycles, 1941-1942, Series 4H
Panel 15
NE (o
W] '@




H. Vinsol Resin, Brand No. 1 Repeat Panel, 1940-1941, 1941-1942, Trace
Scale, 93 Cycles Series 5A, Panel 17

i) %@ I, Vinsol Resin, Brand No. 1, Trace Scale, 61 Cycles, 1941-1942, Series BA
' Panel 18

Figure 8




Js Vinsol Resin, Brand 2, Repeat Panel, Trace Scale 94 Cycles, 1940-1941,
1941-1942, Series 5C, Panel 19

AT U

Ko Vinsol Resin, Brand 2, Trace Scale, 61 Cycles, 1941=1942, Series 56
Panel 20

> Figure 8




7 L. Standard Construction, Brand No. 2, Cement, 100% Scale, 21 Cycles
'f ' 1940-1941, Series 5D, Panel 20

Stendard Construction, Brand No. 2 Cement, 100% Scals, 32 Cycles,
1941=1942, Series 5D, Panel 21

Pigure 8




Admizxtures

TESY METHOD
Panel Eesszon Ldmizbure A B
Cycle % Secale Cycle % Scale

25 1940-1941  Standard Construction, Brand 1 5 100% 13 100%

2T 1941-1942 Standard Construction, Brand 1 - - g 100%
14 1940-1241  Stapdard Constpuction, Erand 1 7 114 3% 819
11 1941-1842  Shendard Construction, Brend 1 - - 41 1009

-
%]
1
[<n]
2
o
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o
[}
o
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et}
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NG
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3 1241-1942 Pozzolith, Repest - - 0z 5%
9 19401942 Pozzolith - - 81 8%
58 e

25 1940-1941  Plashiment 7 o%

fand
[
[
W«
5
1
el
D
1=
IRe]
s
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e
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e
il
i
k
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o
R

o 1E 192041941 Orvue - Brend 1 7 0% 53 of
L ey _
' 12z 1941-1842 Orvus - Brend 1, Repest - - 05 0F
18 1240-1942  Orvug - Brand 1 - - o Trace
16 1820-1941 Opvus - Brand 2 7 Trace 55 Trace
14 1941-1242 Orvos - Braad 2, Repest : - - 24 0%
15 1941-1942 Orvue - Brond 2 - - 61 97
18 °  1940-1941 Vineol Resin - Brand 1 7 0% A7 Trace
17 19431-1942 Vingol Resin - Brand 1, Repeat - - 25 Trace
18 1940-1842 Vineol Resin - Eraﬁﬁ 1 | - - a0 Trrce
12 1940-1921  Binsol Resin - Prand 2 g o 53 o,
19 19411942 Vingol Reéim - Drend 2, Repsat . - o4 Trace
20 19411942 Viﬁsél Fesin - Erend 72 - - 81 Trace
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Discussion of Results:

It is quite appsrent from the results shown in Table 4 that
certain adLi:tﬁres are highly effective in increasing the resgigtance of
concrete to scaling. Orvus and Vingol Resin are the two ouistanding ad-
mixtures in this respeci. Mo apperent sceling was noled in those sections
containing Orvus or Vinsoi Repin at the end of 24 cycleg of fréezing and

thawing. Pozzolith gave very good results with only 64 scale in 93 cycles

while Plastiment wag not as effective ag the other adwmixbures..




Blending of Neturel and Portland Cement:

The blending of natural cement with Portland cement hag been used
in several gtates for the purpose of incressing the reslstance of concrete
to scaling. The resulbts which they have oblained fromsuch blends hag varied

.CGmsiderably, Congequently, a seciion of blended cements was iﬁcluded in
the Michigs H_Test Rozd for two purposes, first, to check the wmerlt of natural
cement blends as to thelr ablility to reduce Scaling, and second, to determine
what effect the presence of a grinding aid in the nstural cement might have
ugon the geale recigtant properties of the concreis mixture.

The test sections are designated Seriec 64 and 6C of the durability
project. Two types of natwral cements were used on the dursbility project.
One tyve was manufactured wiith and the other without the use of grinding aidg
Both naturel cements were of the same brand snd manufactured by the Utice
Cement Compeny, Utica, Tllinois. The materials were furaished in sacks con-
taining Y5 1bs. eaoﬁ, net.

The naﬁural cement withouﬁ grinding aid was manufactured in accord-
ance with Standard. Specification for Netural Cement, 24.5.T.M. Designation
CLO-27.

The natural cement with grinding aid was manufactured wmder the
same requlrements exceét beef taILOW'was nsed as a grinding aid. Ho reguire-

ments were placed upon the grinding ald itself because the nabtursl cement with

grinding aid has been a standard product with the Utica company for some time.

Ly

The Portland Natural Cement blend was mede on the basisg of a six sack
batch comprising cne sack {75 1ns.} of patural cement and 5 sacks of Portland
Cement. The cement content, including both Portland and Natursl Cement was 5.5

sacks (1,275 bble.) per cublx yard of concrete as specified for the entire pro-

Jeeb.




A, Natural Cement, No Grinding Aid, Repeat Panel, 449 Scale, 90 Cycles
1940=-1941, 1941-1942, Series 6A, Panel 22

e
e

Ba Natural Cement, No Grinding Ald, 100% Scale, 31 Cycles, 1941=1942,
Series OA, Panel 23

Figure 9




T ¢o TNotural Cement With Grinding Aid, Repeat Panel, 0% Scale, 94 Oycles,
: 1940-1941, 1941-1942, Series 6C, Panel 24

D, Natural Cement with Grinding Aid, 0% Scale, 61 Cycles, 1941=1942, Series
6G, Panel 25

Figure 9




The results obtained from the accelerated gcaling trestments are
tebuleted below in Table V. Figure 9 illustrates the condition of the con-

crete surface at the termination of the freszing and thawing treatments.

TARLE V R

Reswdts of Hatursl Cement Blends

Panel Season Blead Tegt Method
A B
Cycle % Scale Cycle % Scale

25 1940-1941 SBtendard Congtruction & 1007 15 100%
Brand 1 7
27 1941-1942 Standard Construction - - 9 100% -
Brend 1
21 1940-1941 Hatursl Cement, HNo 7 6% 29 Trace
: Grinding Aid
. 22 1941-1942 Watural Cement, No - - 90 447
R Grinding £id, Repeat
25 1941-1942 Hatwural Cement, No - - 31 100%
Crinding £i1d
22 1940-1941 Natural Cement with 7 - 0% 33 Trace
Grinding Aid
24 1941-1942 Natwural Cement with - - 04 o,
CGrinding Aid, Repeat
25 1941-1242 Hatural Cement with - - 61 0%

Grinding Aid

- 25




Discugpgion of Resulta:

The date in Teble V ghowe quite conclusively that the Llendin

pan

wtural cement with Standard Portlend Cement will materis=lly dmprove the re-

aisbence of the concrele to scaling over thalt of concrete with ghandard cement
zlone.

However, in the sechlon containing natural cement with a grinding
aid no gealing was observed under the maxiwmm of trestment., Ve mey concluls

then that the grinding &id is perheps the most importart element contributing
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Grading of Agpregates:

Poorly graded =aggregates are inducive to poor workability, segre-
gation, difficult finishing, bleeding and laltance. These factors are con-
tributory to a certein degree to inferior concrets and subsequent scaling,

é disintegration of the purface of pavements. One phase of the durability
study was to design a practical and economical dense conerets ndx thet wouldd

show improvement to resistance to scaeling. In the grading of the sand and

3

cosrage aggregate il was at?émpted to approach an ideal gradetion as near ag
posgible and gtill be congervative as to cost and application., A4 study of
the gensral charachterigtics of available conc;ebc agpregates neeling ¥Michigan

ate Highway Department 1940 gpecilfications, chowed that it was desirable to
improve the gradation of the fine aggregete 2N®, particularly the mater

passing the #50 - 100 and 200 sievesz,

In order to improve the gradetion of th

Nl

fine aggregate two methods

were. emoloved., One method consisted of addipgs commercizl mipneral fillers to
e C.llng

the fine aggregete in pre-determined amounts, the other method consgisted of

employing natural fines obtained locally to ilmprove the gradation-of the sand,

Mineral Fillers: In Serdieg 7A-7C and 34, two types of minsval fillsrs wers
added bo the councrete to provide additional fines. These materisls were silica

limestone dust mectlag Michigen State Highway Department gradation

La

tust

T

n,

&

reculirements for ¥ineral Filler 5 M ¥, as followss

Pogeing No, 40 sieve : 100%
Pagging No. 200 sieve, nobt legs thon 75%

The mineral filler wes added to cach batch in the amount of 35 pounds

"

per cubic yard of concrete. The gquanitity of winersl filler to add was de

-

mined from laboratory analysis teking into consideration the smount of fines

- 26



in the fine aggregate, the Tineness of the Portland cement and the grada-
tion of the mineral filler.

Natural Fineg:s In Series TE of the durability section 175 1bs. of special

fine gamd, obtained from a local natural deposit, was blended with one cu-

bic yard of 2 N8 material. The grading of the respective materizls is as

followmzs. The combined mixture of fine zggregates is degipgnated ag Modified

! _ Sand.
: ) Nat, Sand 2N8
% Passing 3/8 inch 1.00% Blend Sand
" No. 4 95 ~ 100%
" 10 60 -~ 90%
n 20 25 - 85%
no 40 | 100%
" 50 8 - 257
A : s _ :
L " 160 0 - 5% 55 - 85%
1 200 25 7= B0%

Loss by washing not more than 2 1/2% 59
& &

The results obbtained from the accelgration scaling traatments =zre

tabulated helow Table VI. Figure 10 illusgbrates the condition of the con—-

erete surface at the termination of tHe freszing end thowine treatmenlbs.
& g

b

T
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A.

B.

Silica Dust, Brend No. 1 Cement, 70% Scale, 33 Cycles, 1940-1941,

S

1

lica

Series 7A, Panel 24

Brand No. 1 Cement, 100% Scale, 33 Cycles, 1941-1942,
Series 7A, Panel 26

Figure 10
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Ce Sbonmdard Construcbion Brand No. 1 Cement, 100%
Scale, 9 Cycles, 1941=-1942, Sgries TB,“Panel 27

D. Limestone Dust, Brand No. 1 Cement, 100% Scale,
8 Cyeles, 1941-1942, Series 7C, Penel 28

E. lModified Send, Brand No. 1 Cement, 100% Scale, 12
Cyoles, 1941-1942, Series TE, Panel 29

Figure 10




Pansal

25
27
24

26

"

29

Season

1940-1.941

1941-1942

© 1340-1941

1941-1942
1940-1941

19411842

1940-1941

19411942

TABLE VI

Results of Gradation Study

Fillers

Ytandard Construction

Standard Constructlon
8ilica Dust

Siliéa Dust

Limestons Dusgt
Limestone Pust
Wodified Sand

Modified Sand

Discussion of Resulis:

It iz apparent from the resulis in

- 27 -

Cycle

3

&3]

TEST METHOD
A B
% Scale Cycle % Scale

100% 13 100%
- 5 100%
17% 83 - 708
- B3 100%
59% 53 95%
- 8 100%

weE o 21 100%
- 12 100%

Table VI that the addition of
fines to improve the gradation characteristics of the aggregates is nov a4

ory method for ilmproving the scale resistant properties of concrete.




Limestoneg Aggregates:

The use of limestone sand ag a fine aggregate in concrete con-
struction has been in disfavor not only in Michigan, but also in other
States where this material is available. ‘Thé maln objection to its use
in concrebe are reduced Workability; excessive bleeding, difficult finish-
ing and a tendency to preduce scaling of pavement surfaces. Conseguently,
in the durability project of the Michizan Tgst Road conglderation was given
to crushed limegtone aggregates with gpecial attention to stoms sand.

Series 8A and 8B contain limestone aggregate, meeting Michigan

Its
Q
[
™
)

State Highway Specifics or 44 end 10A coarse aggregate and Stone

o

Send 235, Both materials were oblained from the Manistigue CQuarry. In

Series 84, limestone dust minersl ©iller 3YF wes added to the co

ture at the rate of 805 1bs. per cublie yard of concrete,; for comp
with standerd limesftone aggregate consiruction, =g well as étandara gravei
and sand congbruction.

The regults obtained from the accelerated scaling treatments are
tabulated helow in Table VII, Figure 11 illustrates the condition of the

pavennent surface upon completion of the freezing and thawing cyeles.



Ao Limestone Aggregate, Wo Filler, 100% Scale, 22 Cycles, 1940-1941,
Series 8B, Panel 29

B. Limestone Aggregate, No Filler, 100% Scale, 6 Cycles, 1941-1942,
Series 8B, Panel 31

oS

Figure 11




C. Limestone Aggregate with Limestone Dust, 100%
Scale, 13 Cycles, 1940-1941, Series 8A, Panel 28

D, Limestone Aggregate with Limestone Dust, 100%
Seale, 6 Cycles, 1941-1942, Series 84, Panel 30

Tigure 11




TABLE VII

LIMESTONE AGGRTGATE STUDY

S | TEST METHOD

E : Panel Season bogregates Cyele % Scale Cycle % Scale
25 1940.1241 Standard Construction 3 100% 15 100%
© Natural Aggregates
27 1941-1942 Standard Construction - - 3 1.00%
Natural Aggregetesn
] 29 1940-1941 Limestone Aggregate 5 1007 22 100%
: ¥o Filler
51 1941-19472 Timestone Aggragate - - G 100%
- No Filler
28 ¢ 1340-1941 Limestone Aggregete 5 1005 13 100%
Limestone Dust
30 1841-1942 Limestone Agsregate - - 8 100%

The use of limestone dust in crushsd limestone aggreg

has o tendency Lo Ingresges scaling rather Thaa decrease sceling.

- 20 .
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Cﬂmp”?rhl @ Studv of Cement Brand

LJ.r

-
o

-
2

In the congtruction of the durability nroject two different

&

bropds of Portland cement were inciuded for & comparative stu udy In comn-

S

]

Junetion with the variouns factors which were Includad in tLe project.

The cenent bra?ds ueed have been designated as Brand No. 1 and Brand No.

2. Braund Fo. 1 wag manufacbured by the Peteskey Cement Company located

at Peﬁoskey, Michigan. Brand No. 2 was menmufactured by the Astna Port-

land Cement Company located at Bay City, Michigan. The rcsaiﬁ: obteined

from the acéelerated zealing etudies are presented in Teble VIT A,

Trom the results presented In Teble VIT & 1t 1 guite evident

that Brand Vo, 2 produced 2 concrete with o hilgher degree of scaling than

with the intenl of meling scallng studieg each winter to determine the sf-
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fect &F sge upon the r

the gealivng stuwdies of 1941 end 1942 were £o irratic that no reletionship

‘_Lv_.

between degres of gealing and ege of concrete can be egtablished, This

feet ie clesrly illustrated in Figure 27.




: TADLE VIT A

COMPARTSCHN BETWEEN ERANDS OF CEMENT

TEST HETHOD

Panel Season Brand Cement | Cyole A% Scale  Oycle B% Seale
4 1940-1941 Brand We, -1 6 . 8% 28 19%
14 1940-1041 Brand Ho. 1 7 119, 55 617,
11 1941-1942 Brand No. 1 - - 41 1007
25 1940-1941 Brand Na. 1 5 100%‘ 13 100%
27 1941-1942 Prend Wo. 1 - - 9 100%
17 i940-1941 Brand Wo, 2 8 35% 27 56%
16 1941-1942 Brand No. 2 - ~ 9 1007
20 1940-1.941 Brand ﬁoe_z 5 100% 21 1.00%
21 1941-1942 Brand o, 2 - - 3 1.00%
54 19411942 Brand No, 2 - - 7 100

|1




SUPPLEMENTARY SCALINCG STUDIES OW DRESIGY PROJECT

In conjunction with the scaling studies on the Durability

o

seversl scaling penels were imstalled on the deslign project. The seg

werked during congtruction and a section nov rein merked. The Leste

the fresh concrete wmight chenge the physical cherccterigtics of The

Durshility Project. The results obtained from these étudies.aﬂa ores

e
oy

in Tabls VIIT. Figuwre 12 illustretes the condition. of +the EaVbﬂ ent

-

-{hetna) wae used throughout the Design Project,

Regullte of Studiss on Degige Project

TEST METHIOD

tar cost in such a menner eg to meke the surface of the pavement glab

Project

1ing

UD

studies included o compsrison belween a gection of pavement which wes rein

were

conducted to determine if the beating sction of the rain on the suwrface of

top mor-

registant to scallng as caused by chlor ide salts., The panels were located
at Shetion 775420, 785408 and 70040, Design Project. The panele were aub--

jecled to the same accelerated freezing and thawing tests es, performed on the

=entad

sfter terninatlon of the freﬁﬂln& anG thawing tests. Brand ¥No. 2 Cement

A B
Penel Ceason Condition Cyole & Scale  Oycle % Seele
50 1040-1041 Stén’;a:rl Construction 6 a7% 29 g2%
33 1941-1242 Standesrd Construction - - 9 100%
%4 1941-1942 Shandard Constructicn 7 100%
E2 19411942 Rain Merket 61 4%




Ig

. 2 Cement, 92% Scale, 29 Cycles, 1940-

o

A. Standard Construction Brand No
1941, Nethod B

S = Rt wp 5;9? Ll

Cement, 1941-1942, 100% Scale, 9 Cycles
gn Project Panel 33

B

B. Standard Céﬁéﬁfuctléﬁ Brand No. 2
Method B, Seriesﬁ}A Desi

, ) 2 ot MR
Bt ; i

Rain Marked Concrete Standard Construction Bfagd No. 2 Cement, 1941-1942
) k ] ’
4% Scele, 61 Cycles, Method B, Design Project Panel 32

Figure 12




Tiscussion of Results:

The'raiﬂ marked panel ghowed a much hlchef resis gtance to geale than
the panels of standard constructions. This interesting finding is nol enlirely

it ig generally believed thet 1if the purface of ths fregh
& o

ur]

a surprise, cince
concrebe could be reworked at the proper time after layling, the physical cha-
racteristics of the top layer of mortar will be changed in guch & wsrner that

the durebility of the concrele surfoce will be materlelly improved.
SUMMARY OF SCALING STUDIRS

Complete tabulated swwmaries pertaining to the replbz of the seal-

ing studies conducted on the Durablility Project of the Micld

gan Tegt Road dur-
ing the winbter of 1240-1241 and 19411942 are presented in Tables 9 and 10.

Table 9 pregents all of the factusl data relevant to esch sealing penel whereas

Teble 10 ir o clagsifiled summery giving the resulbts of the scaling gtudies dn

- Bl -




TABLE IZ
SUMMARY OF CONCRETE SCALING STUDY

MICHIGAN TEST ROAD - 1940-1841 and 1941-1942

TION OF PANELS 194041 1041-42

Method A Method B HMethod B Cycles % Scale Cycles & Scale Cycles # Scale # Finleh Curing Cement Admixture b/bo

.: + 81460 5 100 33 04,5 23 100 Broom Hetted Straw Brand No, 1 Kone 0.78
: gg;;gg gg;% 5- - 8 22 28 92 - - Broom . Aaphalt Emulsion Brand Ho, 1 None _ 0.76
$ 594484 £04+96 595+40 8 42 28 81 47 100 Burlap #4sphalt Emulsion Brand No., 1 Hone 0.76
598400 306+12 Ce - "B -8 28 19 - - Burlap Wetted Straw Brand Ko, 1 Hoaa 0.78
B9T+22 3974384 #397+34 6 Trace 28 Trace 61-(89) 68 Burlap  *Paper Brand No. 1 -Nene 0.78
] -- - 39T+54 - - - - 47 100 Burlap  ¥Paper Brand Ho. 1 None 0.76
508+43 208455 - 8 14 28 8% . - - Burlap Wetted Earth Erand No. 1 - None T 0.7T8
B90+84 399+78 - - 8 Trace 28 28 - - Burlap Ponding ’ Brand No. 1 Home 0.78
400484 400498 - 6 Trace 28 14 - - Burlap Double Burlap Brand No, 1 Hone 0,78
402404 402+186 - 8 0 28 B - - Burlsp Paper Brand No, 1 Nene 0.78
403424 403436 403450 8 Trace 28 16.87 61 78 Burlap 2% CaCly Brand No, 1 None ' 0.78
404444 404+58 #404458 8 4] 28 -0 61-(89) 28 Burlap #Membrane Curing- Brand Ho, 1 Hone , 0.78
- - 4044738 - - - -, 81 12 . Burlep #dombrans Curing Brand Ko, 1. Kons 0.78
417+30 417442 #F417+42 -7 0 33 1.4 - 60~-(93) 8 Burlep Fotted Straw Brand Ho. 1 Pozzolith : 0.76
- D e 417460 - - - - 61 8 Burlap Hetted Straw Brand No, 1 Pozzolith 0.78
443+80 443472 443430 7 0 33 22 .2 81 56 Burlap Hetted Straw Brand Ho. 1 Plastiment 0.78
483480 465482 483+38 7 1.2 53 6l 41 100 Burlap Fetted Straw Brand No, 1 Hons _ 0.78
484442 454454 #464454 7 Q 33 o 80-(95) 0 ~ Burlap . Hatted Straw ‘Brand No, 1 Orvus 0.78
- - 4684470 - - - - 80 Trace Burlap Wotted Straw Brand Bo. 1 Orvus 0.78
. 497470 497482 #497482 7 Trace 53 0 81-(94) O Burlap Wetted Straw Brand No. 2 Orvus 0.80
e - - 4968+00 - - - - 81 0 Burlap Hetted Straw Brand Ho, 2 Orvus 0.80,
S50(+10 506+22 510476 6 33 27 56 9 100 Burlap Wetted Straw Brand o, 2 Hone 0.76
514450 514462 #514+62 7 0 5% Trace 80-(95)} Trace Burlap Hotted Straw Brand No., 1 Vingol Resin . 0,78
- - - 514+80 - - - - . 80 Trace  Burlap . Wetted Straw Brand FNo. 1 Yineol Resin T 0.78
583+70 563+82 #583+82 i o 35 0 81-(94) Trace Burlap Hetted Straw Brand No, 1 Vinsol Resin o . 0.78
- - = 564408 - - - - 81 Trace Burlap .  Wetited Straw Brand Ho. 2 Vinsol Resin 0.78
574424 574458 573404 5 100 - 21 100 22 100 Burlap Wetted Straw Brand No. 2 Hone ' O 0.768
59G+10 590422 #590+22 7 6 29 Trace  61-(%0) 44 Burlap Wetted Straw Brand No. 1 with No grinding ai 0.78
. ‘ natural cement L
- - - 520+42 - - - - 7l 160 Burlap Hotted Straw Brand Ho, 1 with Ho grinding aid 0.76
- o natural cemend ‘
618432 819404 FELIH04 7 0 53 0 81-(94) 0. Burlap Wetted Earth Brand No. 1 with Beef tallow in 0,80
o . ' natural cement natural cement

- - 819420 - - - - 81 o Burlap Fetted Earth Brand No, 1 with Boef tallow in , Q.80

, _ ' - natural cement natural cement _
623+70 623482 - - 7 42 3% 85 - - Broom Cutback Aspbalt Brand No. 1 Noms 0.78
842490 643402 -— 7 17 53 70 - - Burlap Fetted Earth Brand No, 1° Silica Dust 0.76
- : - - 854480 - - - - 33 100 Burlap Wetted Straw Brand No. 1 Silica Dust Q.80
666+90 8687+02 665412 3 100 13 100 9 100 Burlap Wetted Straw Brand Ho. 1 Hone 0.78
669+30 B869+42 879+38 7 59 23 4.4 8 100 Burlap Hetted Straw Brand No. 1 Limeatone Dust 0.78
706+50 708482 T12420 3 100 21 100 12 100 Burlap Fetted Sirew Brand No, 1 Hodifled Sand 0.76
755+16 753428 752482 3 100 15 100 6 100 Burlap Wetted Straw Brand No, 1 Lime.Dust with Lime Agg. 0.76
‘ T554+78 755488 784+30 5 100 22 100 6 . 100 Burlap Aelted Strew Brand Ho, 1 Limestone ‘Aggregate 0.78
771420 771432 778420 8 47 29 o2 9 100 Burlap HWotted Straw Brand No, 2 Hot Bain Marked 0.76
- - - - 785+08 - - - - 7 ic0 Burlap " Wetted Straw Brand No. 2 Not Rain Marked - 0,78
- -~ - 790410 - - - - 61 4. Burlagp Wetted Straw Brand No. 2 Rain Harked 0.78

Average of two Independsnt observatlons
Initisl burlap curs

1942 scaling tests continued on 1941 panels
Accumulated cycles at end of 1942 tests

Method A, Weekly cycle of 10% C,Clp solution. _
Method B, Daily cycle of freezing water on surface and thawlng with C,Clz.

-
S W

,i




TABLE X

CONCEETE CHARACTERISTICS

Cemant Admixiture Finich Curing

Brand No.l  Orvus ' Burlap TWelted Straw
Brand No.l  Crvus Burlan Wetbed Straw
Brand No. 2 Orvus Burlap TWetted Straw
Brand No. 2 Orvus Burlap Wetlted Straw

Brand Wo. 1 Vingol Resin  Burlap Wetbed Straw
Brand Mo, 1 Vimeol Resin Burlap Webted Straw

Brand Wo. 2 Vingol Regin DBurlap Webtsd Straw

Brand Ho., 2 Vingol Regin  Burlap Wettsd Straw
. i .
Brend Mo, 1 Beef Tallow in Burlsp Welied Straw

Natwral G smonh
Brond No. 2

Brand No. 1

Brand Neo, 1 Burlap Wetled Siran
Brand No., 1 Hone Burlap Rite-lure
Brand No. 1 None Burlaep Bite-Cure

',')

Brand Wo, 1 WNat.Cem n! no Burlap Wetted 8
inding Aid
Brand No. 1 Het Ce ﬂcﬂt ne  Purlap Wetted Strew

Brand No. 1 Hore Burlap Paper

Brand No. 1 Hone Burlep Doukle Burlap
Brand No. 1 None Burlap Ponding
Brand No. 1 HWone  Burlap Wethed Earth
_Brand No. 1 HNome Purlep Paper Initial

o
&y
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CLASSIFIED SUMMARY OF TEST RESULTS FROM CONCRETE SCALING STUDY

SCALING DATA
19411942

Cyeles

#60-{932)

#61-{89)

1=y

L)

Trace Repeatl

Repeat

Trace Repeot



CLASSIFTED

CONCRTIE CHARACTERISTICS

Cement, Admizrbure Finigh
Brand Wo. 1 ’Plastiment Burlap
Brand No. 1 2% CaClo Burlap

Tntermixed
Brand No. 1 Tous Burlap
Brand No. 1 Silicas Dust Burlap
Brend No. L ¥Mone Broom
Brand Ho. 1 None Burlap
Brand No. 1 HNoue Burlaé
Brand Wo. 1 None Burlay
Bread No. i S1lica Dust Burlap
Erand No. 2 None Durlas
Brand Yo, 1 None Burlap
Brand Heo. 1 Medified Send bDurlap
Brand Mo, 2 loue Burlap
Brand Fo. 2 Fone Durlap
Brend He. 2 lNone Buriap
Brand Vo, 1 ILimestone Dust Burlap
Breond No. 2 Ldwmestowne Dust Buriap
Brand’Né. 1 Hone Broom
Brand No. 1 Limegtone Dust Broom
plug Limestone
Aeo o

Brend Mo, 1 Hone Broon
Uote # - 1940 trestments continued
() cceummlabed Cyeles ab end

TABLE X

Mo

i

Curing

Wetted étraw
See Admizture
Yetted Straw
Wetted Barth
Cut Back Aspa
Agpn.Favleion
Poper Talilal

Curing
Wetied

Straw
Wotted Straw

Wetted Strew

Streaw

Wotted Straw
Wetlbed Straw

Wetted Straw

v
LA

Hebted &
Asp.Banlsion

Agp Bouleion

on 19241 Penel
of 1942 Testg.

SCALING DA

12401041
Cycles % Scele
Y 22
28 17
28 19
¥ 70
55 a3
28 81
53 gl
21 100
38 94.5
21 160
27 58
15 100.
29 2
33 4.4
=8 2
15 100
22 1006

SUMMARY OF TEST RESULTS FROM CONCRETE SCALING STUDY

TA

184

Cycles

a8
l-.-l

|
R

]
ha

B
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o

¢

1-1942

deale

54

75

100

100

106

100

100




PART. TWO

OTHER CONCRETE ECALTNG STUDIES

In addition to the sealing studies conducted on the Durebility

o

Project of the Michigan Test Road, three other specizl supplementsry scal-

*

ing studles have been made on selected pavement projects. Thege projects

are located in the Upper Peninsula. The scaling studies were supervised

&

and reported by W. £. Keranen who at that time war

operative vegearch activitles at Houghlon, Michigan. The Maintenapce Divi~

sion furnished men and materizle with which to carry oubt the work. Part

Two pregents the results of these scaling studies.

The field gealing projects include & comparative study of calcium

P
O
o]
i
)
@
Q
ci
o)

it ghloride salt versus natursl freesing and thawing, ©
i .

chloride on concrete containing stenp sand, and the effect of caleium chlo-
ride on concrete congisting of limestone sggregates, including stons sand,

Y

with and withoud gilica dust snd containing orvus.

CALCTIN CHLORIDE VERSUS NATURAT FREWZTNC AND THAWING

In commection with the concrc%e durability studies now in progres

L]

’

it wag belleved desirable To obteln more pertinent data reletive to certain

foctors which are Inown to catge scele such ag chiloride salts snd netural

freesing and thawing., Consequently, the purpose of this particular study was

R

to conduct comparative scaling sbudles on a concrete slab not previously

treated with celcivm chloride to determine in what degree calceium chiloride or

netural freszing and thewing are inducive to sgealing of concrete surfaces.

For the egtudy a pavement built during the 1941 comstructlicn geason

Wi
D
i
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Latetion and Character of Test Pavement

A section of concrete pavement was selected on Project SN-FAP,B

(10) on US-41 North of the Villzge of L'Anse, in Bavage Cownty. The test
sections were located on the left edge of the pavement at Station 34+00.
The concrete pavenent was coanstructed under téndard procedure using Champlon
natural aggregates, Duluvh Universal - Portlsnd Cement without edmixbures.
indshing and curing consisted of bull float; burlap drag, wet burlap and
earth,curiﬂg respectively. After preliminary instructions, the actual test
procedure wes conducted by the Highway Department Meintensnce Division at

Lifinge wnder the direction of Mr. George Forrest, Maintenence Superintendent.

The Toqt Lrengs

Two eceparate test panels were establiched by securing wooding strips
1/2 inches thick to the pa%emeni with bituminous mﬁﬂeria} te form dykes. The
two panels were 12 feet long and B feelt wide aund separsted from each other by
a distance of B feeh., Ses Figure 1B. ,

Method of Tegt

aw

In Loth panels water was applied ﬁo_a depth of 1/4 inch and permitted
to freeze overnight, The following morning calcium chloride flakes were ap-
plied to one pansl at the rate of 10 percent of the ice formed. This would

have smommbted to 5 pounds of eczlcium chloride, but it was found in every case

'1

that when the panels were golidly frorzen more.thsn one application was neces-—

gpary. Actually it Tedle 4 from 7 to 10 pounds for complete decompogition.

The chloride was evenly distribuled over the entire surface of the ice. Im-

‘madietely following decompgsition of the lce, the pancl wag cleaned, flushed,

and freeh water again applied for Th

- ~ o

next freezing and thawing cycle. This

test orocedure was Jesignoted as "Method AW,



ey

{\’5.

B

General

A, Panel lLayoub, Barags Project US-41




; ‘5‘1.

The ice in the other panel was thawed

applyin

hood until water wog formed, Ses Tigure 153.

then permitted to
was made twice weskly.
ted of galvani
above the I
ratural thawing,
rated heat applicat

coneant

slternated from one end of

in o

fror'ad

plete the resulbant walter was

ag "Method BV,

"

Ohgervations and Reporting of Resul‘s:

by either
the result vecorded on a gpecially prep:
at light (thin mortar scale),

-

gete), or heavy (aieintegration of

and lighted for the safety

The heat applicat

aurfece of the pavement. Inas

freeze for the successiv
zed sgheet metal, the top of

the flams of the torceh vas
iom to the swisc
the hood to the other durin

der to obitain an miforo healt digtribubtion over
i1l cool.
Following the
method "A" or "BY any scale ares
ared form.

mediva {surface

sregahe). The tests were continued far the duration of the f

fe

Mach &8

; the following morning, by

gz heat from an ordinary 4 inch kerosene torch placed uwnder a mstal

ATber thawing, the water wa
Replacensnt of the water

on was made under a hood congtruc-

which wag approximately two feet

the intent was Lo simulate

directed upwards so as to prevenb

£

e of the pavement. The torch wasg

Py .

v the thawing operation

[}n

the entire suvrface of

he panel. It wesg found, by using thig procedure, that when thawing wag con-

o

This test procedure weg designated

cmpositio
Wes accu;;mely measurad daily and
The scale was

seale expocing coarse aggre-

the concrete by the removel of coarse ag-
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cgurfece of the penel appeared gpeclkled -- Light scele. After 82 cycles t

Observeliong:

Thig preject was started at 2 time when the snow and ice covered
the pavement and considerable difficulity was encountered in making these
panzls watertight. It was necessary to melt the snow and ice and dry the
paverent with a torch beforé applying the rai-sesl. Fwven though care was
token in drying, the pavemenl may have been heated enough to affect the

estlt of the test.

Teat onceouve A: Fine sand and fine mortar starbted to come off tho nam

panel after the 12th cycle, but there wae no change in the appsarance of

o

the gurface until after the 5lsgt cycle., AL this time & 1 sq. fh. asres in

t
the NV corner of the panel showed medium scaling, with no change in the re-

mainder of the pasnel. FNo change was noticed in this BW coruner previously,

mnless it was & =light roughening of the surface in this gpot. Thieg panel

remaired in the same condition wmtil the 40th cycle at which time 25% of the

in

llnﬁt ccele increczsed to 0% and the medimm to 10%.

It seems thet there wes an inherent weak soot in the ¥W corner or

a7

, bhig spot when drying to place the dyke. This

was also the deepest section of The penel and the corner from which the de-

corpoged ice wag broomed. We think this gpol should he eliy

I._I

final rvesulis. Consequently, 9% medium scaling and 20% light scaling after
853 cycles 1ls a fair result for this test.

et Procedure B: On test "B difficuliy was experiewced ia keeping the

gtrips

™
=
2]
Pl
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&
bt

o
ey
o
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This panel showed E50% light scaling efter the 42pd cycle and re-
meined wnchenged during the remainder of the test. The south one-half of

the panel scaled end the north one-helf did net. This scaling hag been




sttributed to bhe overhsating of the pavement when replacing strips, but
1= E foog |

upon cloge scrutiny after the test was cowpleted, and upon & perfectly dry

pavement, 1t was noticed thet there was & definite line of demarcation clear

across the pavement ab this point, south of which the surfece of the pave-
. had an entirely different Leyturea South of thig line the full width

of the pavement had scaled fo the game degree ss the section wmder test.

Thiz line of demsrcation was slightly curved and looked as though it had

T

i-«J-
lu

148 ‘Zi’u__’l

oy

been czuged by the burlap droag being stopped et this point during fin
operetions. Similar lines were noticed throughout the entire projsct upon

ivveshication. Therefore, i1t ig believed thal thies light sealing on the WRBY
& 3 £ &

]

Cpangl should not be atird ibuted to our test, as

t ig bellieved it would have

J_J

sealed to the same depree wnder normal freezing and thawidg due to normel

wasther comditions. This conditicn ds illustrated in Figure 18,

wmary of

s
o
=
I.—l-
o
[
¥

comparative data is presen Luo below. The con-

T 4 SO S B,
ig illustrated in Fig

gures 14, 15 and

18.
% Seale
Cyele Light. Wedivm Heavy
1041-1.942 CACL, {A) . 85 20 -9 0
1941-1942 Vatural Freezing and Thawing (B} 83 50 0 0

Bogults of Tegte:

Thne above results show that scaling of concrete surfaces may be
caused by the noturel freezing end thawing of water on the pavement sur

or when the surfzce ig highly satuwated with moisture. This geme phenomenon

i
A
]

1




Povement Before Test Method "A", Baraga Project - US=-41

B. Pavement After Test Method "A", Barega Project - US-41

Pigure 14




Co

North Half Panel After Test Method "B", Baraga Project US-41l

South Half Panel After Test Method "B", Baraga Project US=41

Figure 15

j




Ao Line Through Pencil Separates Scaled from Unscaled Portion Test Panel
"Method B", Baraga Project
US=-41

< B, QRame Condibion as in A Except an Unbreated
Portion of Pavement

G, View Showing Line of Demarcation on Bdge of Pavement
Opposite from Test Panel

Figure 16



hag been known to occur on other pavement surfaces which have not received
calcium chloride treatments for ice removal. The scaling process is usual-
prerent.

£

1y more severe vwhen calcium chloride is

!
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EFFECT OF CALCIUM CHLORIDE ON PAVIMENTS CONTAINING STAMP SAND

A separate ctudy was made to determive the relative resistance

to gealing of concrete pavemends conbaining star

i®)
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congtructed durin

=
T

The sbudy was made on & povene

The zection of concrete chosen for the tesh area lies on US-41
approzimstely 8 miles North of the City of Hancock in Houghton County. It

i

is furbher idendified ap belng at Station 440400 right side of pavement

k
e

175, Secticon J. The particuler pectlon did aot

Congtruction Praject T

have any previcug scale development.

i

feet

S
o

ez wes egtablished % feet by 1

Qize of Tegt Ares: Only one test ax

congtructed in Lhc menner deqcr_bed in report of Barvage Project.

Metbhod of Test: "Maethod AY consisting of freezing weler and thawing with

L in this test. "Method A" has been explained pre-

Q4

celeimm chloride was use

viougly under Bavegs Project. The tests were copbinued uatil 100%Z scaling

bW

of the gurfsce had been obbsined.

Results of Tegt:

x

Scaling started after the second cyele and proceeded to 1007 medium
ccale at the end of the 25th cycle. Scaling sterted in a strip acrosms the
center of the panel, progressing to the deepest end of the penel firsgt and
then back tc the oﬁhE? end. The fact that the pavement wag uneven 2t this

the obher, There was alsc & depression in the center of the panel. The final

regulte from scaling study sre summarized as follows:




11941.71942 Method A

Pictures in Figures 17 and

after 35 cycles.

% Scale
Cyecle Light Medium  Heavy

BE - 100% -

18 illugtrate condition of surface

[




Ae Imstalling Dykes - Houghton Project

B. Scaling of Surface after 35 Cycles - Houghton
' Project

Figure 17




A, View of Pavement Surface Before Test = Houghton Project

B. Condition of Surface After Scaling = Houghton Project

Figure 18 S .




FFFECT OF CALCIUM CHLORIDE ON CONCRETE CONTAINING STONE SAND,
WITH AWD WITHOUT STLICA DUST AND CONTAINING ORVUS

On the basis of resulis obtained from scaling studies conducted
on the dursbilify rection of the Michigan Test Hoad during the winter of

1940-1941, T relative Lo the use of admixtures to im orove the physicel cha-
recterietics of stone send concrete and itg abiliby to resist

was mroposad bo experiment further with fthe use of admizbu
L5 prof
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asnd concrebe mixtures. Consequently, Construction Froject M-75-28, C2 lo-

cated on M-24 in
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conducting the experimentes on stone sand.

] The purposs of this work wee an attempt at improving the object-

! ‘ senehle cheracteristics of glone gand in concrete, puch as bleeding, poor
| G workability, difficult finishing and excessive scaling by the addition of

j wetting agents and additlon of fines.

y The project was conglructed with limestone sggregotes obtained
|
é Prom the Inlend Lime and Stone Company quarries located at Menietique, Michi-
i can. Orvug, wehtlong agendt paste adumixture, wes added in zpecified amounts
| approximatelylaOS 1b. per barrel of cement throughout the entire projsct. In
H the narth half of the pavement only, silica dust was added in addition to

: } nOpyuat ot the rete of 11.8% pounds per sack of cement. The silica dust wes

obtsined through the Garco Products Inc., Co., Butler, Pa, from their Obtawe,
Tllinois soursz. The graﬁizﬂ chara istice of the aggregetes will be found

in Table £i ...

The results of the Manistique gtone send studies will be discussed
. iy e _ L Falid N o S .2 PP .
from two diffevent stendpeints, first, wnder congtruction obgervatlions as

sresented by Ee e Anderson, Project Engineer in charge of the Project, also

- L . [ = e 5 30 =] ki
by Roy Pulton, Engineor ou Specizl Assignment wnd under special gealing studies
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carried out by the Maintenance Divigion at Manistique, Mr. Fran P ake,

Mainbenance Superintendent in cooperation with Mr, Kerensn, represembative

of the Regearch Leboretory.
Construction Ohgervationg:

The south helf of the pavement was counstructed with Orvus only.
The north half contained hoth Ovvus and Silics Dust.

Tt was obgerved th t Orvas alone reduced considerably the bleed;
go typical of glone | . and projects and él ghtly improved the workability
of the concrete over that of mirested clone ssnd projects. With the use of
fines (Bilica Dust) in addition to the Ovvue, there seemed to be a complete
lack of bleedin@ and the workabl 11ty of the mixture was materiaily improved.

Beam tests on both areas 1nalcuhe that the concrete in both cases
wag up to epecification reqﬁirements both for 7 day and 28 day perieds.
| - T

' The pictures in Flgure 18 illustrate the chavecler of the concrete

Silica Dust and Orvus. ¥o piotures are aveiloble

:j 1. = % 3 E . o dadals, I3 o Y

conbaining

crete nmixture with Orvus =lons, .

LAccelerabed Scaling Studies:

4

sbudy were I foet v 12 feet so con-
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structed to held 2 laysr of water 1/4 inch deep over the surface of the con-

crete, One panel was located at Station 55H0 on the north sgide o

conglebing of Orvus and Silica Dust while the second panel wags locatbe d ak
Ttation 54+1E on the south side of pavement containing the Orvus only




VIEW SHOWING PLASTICITY OF CONCRETE
MIXTURE

SCALING PANEL

[ .
Y JRE—

COATING OF STONE PARTICLES WITH MORTAR
PASTE .

LIMESTONE AGGREGATE CONCRETE WITH SILICA DUST AND ORVUp
. FIGURE 19 : .



Tost Method "A" wss performed on each panel. The test procedure
L

congisting of freezing of water at nlght and thawing during the day with an

plicatlon of celeiuvm chloride ag fully expleined amder the Baraga County

&
3
&

tegts. As previocusly mentioned the actual work of conducting the teste was
performed by the Maintensnce Divicion at Menisticue.

Regults of Teshes

At the completion of sixty-six cycles of freezing and thawing thers

wes no indication of scaling either in the section contalning ovwvus or the

1941-1942 ‘ Cyele % Sesle
Dimestone Aggregates with Ovwvus ' 84 0
Timestone Aggregates with Ovvus and S3lice Dush £6 0
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TABLE XT

]
o

TYPICAL GRADING ANALYSIS OF LIMESTONE AGGREGATES

Pogeing %
By Weiglht
2 Inch

1 1/2 Inch
1 Trich

1/2 Inch

5/8 Inch

i

No. 4 Sleve

Mo, 8

No. 20
No., £0
No. 100
No. 140
No. 200

No. 270

Losg by Washing

G.4

104

160

38

Silica Dust

288 BUF
100
82
28
26
12
100
5.5
99
08
93
5.5



COMCLISTONS

As mentiensd in the inbtreduction of this report the arimary

cbject

e

ve of the concrete durabhlility study 1s to debsrmine methods for im-
proving the congtituents of concrete and construction prachtices in such a
manper 23 to eventuzlly develop a concrels pavement swflace tobally resis-

tant to scaling. To accomplish this objective, the =
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divided inbo thres ohages of

gtudy, namely; survey of existing concrete

pavenents, lsboratory stulies on comcrets durablliby, and field studies on

1
X

speeilally construeted concrels pavements.

This study of the results of the accelevated secaling shudies

L]

made in conjunction with the field observationg on specially consgtructed

concrebe pavemenbs, over & two year period, justifies the following con-

clugiocns with refarence to the extenlt to vwhich the varioug factors stulied
1,

affect the seale resistant propertiss of the concrete surface zad the qua-

lifications of the accelerated scaling tests.

I

. 1. The admizture Orviag and the grinding alds Vinsol Bezin in
Poriland cement and bsef talleow in nstural cement produced & concrete sur-

face entiraly free from scale,

A

ji

2. 0Of the two pvonrlehmwy edmixtores, Pozzolith and Plssbiment

T

5

which wers included iu the study, Pozzolith was conglderably the betlter of
the two products, pTOLuClub a concrete highly resgigbant to scaling.
3. The blending of natural cement wibthout grinding aid with

Portlend cement decreased cgealing considerably but not tobtally. Howsver,

when grinding awd {beef tallow) was used with the natural cement complebe

ynl(gg seale resistant concrete was obtained. Thereforse, 1t may be ssgumed that




|

the grinding ald is the deglrable element in such miztures for producing
gcale resistent concreie.
4. The addition of fines to the fine sggregate, while they Lm-

proved workebility, had no bepeficisl effect as far as reducing scale is

concernad . ‘ )

5. Concretes containing both cosrce and fine crushed limsstone
aggregates showed very definitely to have the lowest scale resigbing pro-

perticeg of any concretbe.

1z methods which
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8. OFf the voarious curlag mebhod
tend to restrict woisture loss at the early sctages of curing showed up the

best during the scaling studies. TFor exawple, the membrane curing matarial

ndd gaour upp lzd without dindtial curing sesmed to impart durabililty to the

7. The type of finlshing methed or the use of bituminous mem-

[eH

brane curing agentc showed no advanbtage over standerd construction practice.

=

8. The use of Crvus in limesbons aggregate nixtures improves

Eh

1

®
.

the worksbility of the nmixzxture, practiczlly sliminstes the chavecteristic
bleeding of soech mixtureﬁland produces & limeéstone agsregate concrets en-
tirely free from gealing

9., There weg & mervked difference in scaling characteristics of
the concrebe from the standpoiat of brands of cementy uged. Those sschions
containing Brand Ne. 2 cement had a higher rale of scaling thsn the ssctlons

of voncrete combeining Brand No. 1 cement.

10. HFo definite conclusion, relative to the effect of age on
gealing, can be drawm from the results obtained so far, This is belisved

due modinly bto btwo reasons, firegt the time element of one year 1z ioc shoxt
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to bring in the age factor, second the lest probedure as conducted during
the 1941-1842 period was believed superior to that éf the 1940-1941 series
and conseguently the final resulte afe not ideal for comparing the age
Factor.

11. £ graphical presentation 1llustrates the facts set forih
above will be found in Figures 20, 21 and 22. These graphs 1llustrate the

5

relationship between degree of scaling and factors studied as well as the

effect of age on degree of scaling.

In conjumection with the field obgervations, laboratory studie
are in ﬁrogreés perteining to the dursbility of the various concrete mix-
and thawing conditions. The results from-
Lhese leboratory etudies must be correlated with the field studies before

delinite and final stateménts can be msdc.'

The resuits from the laboratory freszing and thiswing siudies
will be oresented in o gepzralb rogress report.

=
L
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RELATIONSH(P BETWEEN FAGTOR STUDIED
t AND DEGREE OF SGALING

MICHIGAN TEST ROAD

1940-41  134]-42
FACTORS STUDIED
ADMIXTURES AND AGGREGATES
Orvus
Brand 1 and 2 _ Degree of Scafing based on
Vinsol Resin o - overage of two Winter Season Field

Brand | and 2 Observations, Durability Project,
Natural Gement o Michi
W”h Beef TQ”QW |C |g°n T&ST Road.

Rain Marked
Surface

Pozzolith

Admixture

Plastiment

Admixture

Natiral Cement

'No Grinding-Aid
Standard Construction
Brand No | Cement -
Sitica Dust

Admixture

Modified Sand
Admixture

Limestone Dust
Admixture

Standgrd Construction
Brand No?2

Limestone Aggreqates

Limestone Aggregates
With Limesione Dust

CURING METHODS

 Paper
No initial Curing

Membrane Curing
With Initiol Curing

Double Burlap

Wetted Straw
With Initial - Curing

2% CaCla
Integral Mixed

Ponding

Wetted Earth
With Initial Curing

Paper
With Initiol Curing

Asphalt Emulsion
With Initial Guring

FINISHING AND CURING METHODS

Broom Finish

Cut Back Curing

_Broom Finish

-Asphalt Emulsien Guring

| 1

of

0 ! 2 3 4 5 6 7 8

% SCALE
DEGREE OF SCALING = /=2 —— '
NQO. CYCLES SIEHRE oA

10 H 12
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RELATIONGSHIP BETWEEN FAGCTOR STUDIED

AND DEGREE OF SCALING
SPECIAL STUDIES

1941-1942

Limestone Aggregaies
with Orvus

Limestone Agyregates
with Sttica Dust and COrvus

Freezing and Thowing
with Ca Clz

Naturat Freezing and Thawing
without Ca Cl:

Concref
Gontaining Stamp Sand

DEGREE OF SCALING =

&

% SCALE

NO.CYCLES

& v

FIoURE 28B°
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RELATIONSHIP BETWEEN DEGREE OF SCALING
AND AGE OF CONCRETE

MICHIGAN TEST RCAD
1340-41 1941-42

Orvus - Vvinse! Resin- Naturai Cement with Beef Tallow

Pozzolith

Standard Construction ~ Brond bNol Cement

Standagrd Consiruction- Brand No2 Cemeni
fModitied Sand Admixture

Dust Admixture

imestone

regates

8 9 e, [ |2 13 |4 15 e {7

Yo SCALLE
NO. CYCLES

O
r
oy
a
o
(8}
.|

DEGREE OF SCALING:

FIGUR D 22




SCALING SIUDY

Record of Degree of Sczle .

Degree of Scailing Factor Studied
0 | Orvus |
0 ' Vinsol Resin
-0 Natural Cement with Beef Tallow
.08 Rain liarked Surface
09 . ‘ Pozzolith |
.79 - Plastiment
1.84 | Natural Cement - No Grinding Aid
2,21 _ Standard Construction - Brand 1
2.61 ' Silica Dust
8,50 Modified Sand
7.63 Limestone Dust
8,25 : Standard Construction — Brend 2
10.62 Limesténe Aggregates
12.20 Limestone Aggregates with Limestone Dust
3}7 Paper - No Initial Curing
+R29 , Membrene Curing - Initisl Curing
50 Double Burlap
Wetted Straw
2% CaCl, Integral Mixed
~ Ponding
Wetted Earth - Initial Curing
f m(QS} Paper with Iniitisl Curing
) Agphalt Emulsion - Initiel Curing




Degree of Scaling Factor Studied

25 Broom Finigh -~ Cutback Curing
3.28 ' Broom Finish - Asphalt Emulsion
| 0,62 o Freezing and Thawing with CaCl
0.79 | " Natural Freezing and Thawing without GaCl2
2.88 ' ' Concrete with Stamp Sand
0.0 ' Limestone Aggregates with Orvus
0.0 gimistone Aggregates with Orvus and Silics
ug :
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RELATIONSHIP BETWEEN AGE AND SCALING

Factor Studied

Orvus

Vinsol Resin

Natural Cement with Beef Tellow
Pozzolith

Plastiment

RNatural Gement,w No Grinding Aid
Silica Dust

Standard Construction Brand 1
Stendard Construction Brand 2
Modified Sand

Limestone Dust

Limestone Pust with Limestone Agsrepgates

Limestone Aggregates

0.0

2.12
<.86
4.42
4.76
2.86
7.7

4,34

3.1
3.1
2.0
8.3
12.5
16.7

16.7
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