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PREFACE 

_/,. survey of all concrete pavements on the Michiga.n State Trunk Line 

system revealed that approximately ten per cent of the surface is scaled in 

varying deg-rees, This condition has become more apparent as the use of che

mical salts has increased ·for the removal of ice from pavements. 

Consequently, a study of scaling, its causes and methods for preven

tion was incorporated into the research program of the Michigan State Highway 

Department as a definite project under the subject "Concrete Durability Study". 

The Concrete Durability Study has been divided into three separate 

studies. First, a survey of existing concrete pavements, second, field studies 

on specially constructed pavements; and third, a laboratory stu:l.y on concrete 

durability, The complete investigation as considered under these tll..ree studies 

will attempt to establish certain ftmdamental principles in concrete construc

tion and to correlate certain laboratory- studies with construction methods in 

to develop more dm·able concrete pavements. 

The purpose of this report is to present the res~ults of accelerated 

scaling studies which were conducted on several concrete pavements dlU'ing the 

winter seasons of.l940- 1941 and 1941- 1942. This report pertains to part 

two of the study on Concrete Durability, 

The field scaling studies vmre under the general supervision of 

G. A. Mansfield assisted by Harley A. Bentley and Dale Parrish who were as

signed to the scaling study on the Michigan Test Road and W. A. Keranen who 

was responsible for the scaling study program conducted on several projects 

throughout the Upper Penins1.-lla. 
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/ INTRODUCTION 

The performance of concrete under sevprity of service can not be 

predicated upon le.boro.tor<J studies because of the numerous factors inci-

dental to IX"·:vement construction which me.y effect Sln:~:face conditions and 

their relationship to scaling.. Such factor::. are, materials; construction 

opere..tions incj;uding the concrete mixtures; finishing and cw:-ing; climate 

condition.s during construction; etc, 

In order to conduct observations tuider service conditions on con-

trolled factors, specially conStructed concrete payements have been selec~ 

ted. The pavements selected for accelerated scaling studie;3 are the Dm·a-

bility Project on the MiGhigan Test Road, Construction Project SN-FAP 5 (10) 

on US-41 North of L'Anse, Construction Projeet FA 175 Section ,J on US-41 

eight miles North of ~ncock, and Construction Project M-75 ~ 28, C2 on M-9·1 

in the City of M.:nistique~ 

Embodied in these considerations are the nevrer concepts of concrete 

proportioning and grading of age;regates vrith definite 

recognition of the materials passing 200 mesh; the comparative effect of 

various types of additives includi:ng physical and chemical varieties as Hell 

as cement blends and cements produced -~vith grinding cLids, the effect o.f ve.ri-

ation in construction factors such as finishing and curing methods, types of 

aggregc:.tes incJ_uding crushed lime;3tone materials' and stamp sand.. In :9.ddition, 

con:..~ideration has been given to the study of the relative effect of calciw1l 

chloride for iCe removal versus na:b1rral freezing and thaviing of water on con-

crete pavements .. 

This :report will discuss in detail the findings of the various studies 

in the order presented above .. 
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PART ONE 

DTJRABILITY PROJECT 

lKICHIGAN TEST ROAD 

Part one presents the results obtained from 

the accelerated scaling studies conducted on 

the Durability Project of the Mich:igan Test 

Road duri.ng the winters of 19'10 - 1941 2.nd 

1941 - 1942. 
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CONCRETE SCALING STUDIES ON !!IICHIGAN TEST ROAD 

The durability project of the Michigan Test Road was constructed 

for "l:ihe pttrpose of observing 'ill1der service behavior certain factor\:3 in con

crete pavement construction which might be effective in the prevention. of 

scaling. The plll'pose of this pavement was not only to meke observations 

under sel'vice conditions but to afford a field laborz.tory to obtain accel

erated action of chloride se.lts or ice on concrete pavements and the study 

of resultant action. The durability study project entails a length of ap

proximately 7.7 miles. The location is ideal from a stendpoint of average 

weather conditions in Michigan and the length is sufficient to reduce the 

variables of construction to a minimum ·fol~ each factor :L"'lvestigated.. The 

supplemental specificc.tions coveTed detcdl,s for all variables lUlUsual to 

~.[ichigan Ste.te Highway Department specifications.. They included cements, 

admixtures, mix desig11s, methods of construction ·which prelimin2:ry labora

tory studies indicated to poBsess characte:ristics favorable to the preven

tion of scaJ-:ing & 

The cements used in the ·construction of the project included two 

brands of regular Portland cement as normally used in the construction of 

concrete pavements in Michigan.. They have been deSignated as Brands 1 and 

2._ Admixtures included the use of certain proprietary materials known as 

Plastiment, Pozzolith, Orvus and Vinsol Resin, Natural cement was also 

included, "~Hhich was grolli1c1 with and without the use of beef tallow,. Mix 

designs inclu:iirig the regular. proportioning as determined by the material 

specificc;_tions ancl the mortar void design method of the MicbJ.gan .State 

HiGhway Department, as v.Jell as the addition of fines supplementing the fine 

e.ggrega:tes. These fines were added to increc:se the density Emd vrorlcability 
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of the mix and as a possi]?le fB"ctor in the reduction of scaling~ Several 

short test sections were included to study the relation of scaling to methods 

of curing. 

The methods for finishing and curing of the concrete SlU'face on the 

project included the standard methods specified in the specifications of the 

Michigan State Highway De:partment and other suggested methods, 

The study of 'Curing methods wa;:; incorporated into the project main-

ly for the pt1T'pose of determining the relative resi:;:;tance to .scaling of the 

same concrete u11der. v-cn~iou.s curing treatment:::"" 

The final finishing ope:J;'ation as specified in the Michigan Btate 

Highway Department standard specification, req'Llires the use of a burlnp drag,. 

In most cases, this method produces a. satisfactory, non-:::kid stu·fc.ce, but it 

is observed, u.nder -certain conditions, that an e:::;.:cess amount of fine material 

still remains upon the surface. All studies of scaling seem to indicate thE,.t 

this thh layer of material is the first to be displaced. Brooming the con-

crete with stiff brooms c.s a finccl finishing operation has been used by some 

highway engineers to reduce the amovnt of fine superficial material" However, 

some engineerE:' have contended tbEct this method prov-ided groovgs for the con~ 

centration of salt solutions and a resultant unsatisfactory condition of ag-

gra\~ated scaling.. Therefore, it vras felt that a comparative stud;y should be 

made of these tvro methods and obtain comparative data upon the tv.ro methods~ 

Brooming was also included on certain sectio:.1s of bitmrtin.ous curing, since .in 

the past, these methods of cu ... -ring p~coviG_ec1 a rathel~ s1ippery pave:went f'or some 

tlme after consti·uction, and it was hoped thcd:. a trial section of brooming 

would show ho-~ir to overcome this difficu~ty if bituminous cm"ing were allowed 
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.On the Dura.bility Project, all of the standard practices of con

struction were adhered to in the matter of design using 22 foot width, 9 

inch edge and 7 inch center cross section, expansion joints spaced 120 

feet, contraction joints spacecl.·60 feet and plane of weakness joints spaced 

at 50 feet. Between each section of concrete pavement where the mix was 

va.ried a 1200 foot section of standard concrete was placed to obtain com

parative results between a standard and revised concrete mix under relative 

simile,r construction conditions. During the placing of the concrete numer

ous and complete observations were.made on the character of the concrete 

for the various admixtures e.nd standard mixes. These observations include 

placing of concrete, workability, finishing, bleeding, laitance, slump, 

crrcing and complete weather information. 

The research information secured on the durability project divtdes 

itself into three groups, First, information obtained cl:uring construction; 

second, observations u11.der service; and third, results of accelerated scaling 

studies, 

Construction Observations and Data: 

Observations and data obtained during construction are very impor

in the later interpretation of findL~gs. Consequently, the observers 

admonished to follow instructio~s closely and impressed with the im

precise, unbiEsed and accurate analyses, observations and data .. 

procured during this period consisted of the following items: 

Soil s1-mreys. Soil density and moisture content. 

Meteorological observations including: 

a, Humidity 

b. Temperature 

c. Precipitation 
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d. Wind movement. 

e, Evaporation 

5. Daily progress report including irregularities 

4. Moistm·e content and temperature of concrete 

on specie.l sections of curing. 

5. Placing of concrete pavement. 

6, Mechanical analysis of concrete to determine 

relative segregation, 
,, 

7. Special observations relative t.o fine.l finishing 

methods and curing. 

Obse:rva.tions in Service: 

The relative value of the various fEctors may be prophesied by 

laboratory tests and observ2.tions during construction, but the ultimate con-

elusions must be determined by observ8.tions made tmder actual·service condi-

tions. Therefore, it is pl8.nned to ro.ake periodic visual examinations to-

gethel' with meiwm·ement of pbysical conditions as outlined in the above men-

tioned instructions. These observations will include continuation of meastu"e-

ments of moistlJJ~e·cantent, temperature of slab, but for the most part will be 

concentrated upon the study.of surface scaling due to action of traffic and 

climatic conditions. 

During tbe actu~ll service life of tbe pavement and for a period of 

5 to 5 years, it was planned to study or observe certain sections of the pro-

j ect u.nder the action of ice and salts in an accelerated manner. 
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The correlB-tion of the observations made during construction and 

actual service together with the test information of the special scaling 

study shmtld enable the Michigan State Highway Department to evaluate the 

many factors and determine their reletive importance under the conditions 

imposed. 

In conducting the scaling study definite pavement sections 120 

feet in length were chosen with respect to the various concrete m1-xtu.res 

and Sl-!rface treatments involved in the construction of the pc_vement.. In 

-each section two areas were dyked off, each area beinE 5 -feet wide and 12 

feet long. The dyked areas were established along the east edge· of the 

pav13ment and parallel to it. Safety prece.utions were maintained day and 

night to vmrn tre.ffic of the presm1ce of the test aJ:-eas and to prevent 

accidents. The methods u,sed in construction of dykes are illustrated in 

Figure 1. 

Two different types of accelera.ted test methods were employed. 

In Test area "A", a 10 percent solution of. calcium chloride of 1/1 inch 

mini_mu;n depth we.s applied and allowed to remain in place 5 days. At the 

end of this period, the solution was removed, the panel flushed and water 

applied to a depth of 1/4 inch. After the water had frozen, the ice was 

melted by an application of 5 pounds of flake calci1.1m chloride per area. 

When the ice was decompo.sed, it was removed from the test area, the sur-

face was flushed and allowed to rest one day before completing the next 

cycle. Method "A" was discontinued after first winter season because it 

"' did not produce tlie desired reslllts. 

Test area "B" received a different treatment. Water was applied 

to the test area and a.J.loYied to freeze over night. The following morning 

the ice was melted by distributing calcium chloride over the area at the 
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A. IN 1940-19/.l- STEAM WAS USED TO RJo11\0VE ICE FROM 
PAVFIDliT PRIOR TO INSTALLING PANEL STRIPS 

D. ONE METHOD OF CONSTRUCTING DYKES BY USE OF 
BITUMINOUS MATERIJ.L AND TI\'0 NARROW STRIPS OF I'IOOD 

E. ANOTHER METHOD OF CONSTRUCTING DYKES VIITH 
BITUMINOUS UATJ<:RIJ.L AND ONE STRIP OF WOOD 

B. DRYING PAVEMENT SURFACE PRIOR TO INSTALLING DYKE 
STRIPS 

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

F. TYPICAL VIEr'/ OF P A.NEL IN PROGRESS OF STUDY I 

FIGURE I 

INSTALLATION OF SCALING PANELS 

. '·.I 
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rate of 5 pm.mds per are<:~.. When the ice vras decomposed it was removed from 

the test area and the SUI'fe.ce Y\iES fl1..1.shed.. Fresh vmter vms applied to the 

test area m:1d thB fi·eezing End thawing cycle repeated& On the basis of the 

qu:J.ntity of wccter resulting from the melted ice in each test &XGa, it 1'tc .. s 

calculated that 5 pounds of flake calcillm chloride would be sufficient to 

produce a 10 per cent.solution. 

It is proposed to carry on these ter::1ts foi' sever&.l yenrs to deter-

mine whak, effect age he.s on the e.bility of concrete to resist freezing, 

thawing c.nd calciun chloride treatmente., To this end, no calcium chloride 

t£Ls been app1ied to the durEbi1ity section of the Te;3t Roe,c~e Dln·ing eac~1 

winter it was pla11ned to establish test s.reas in the same section 2~nd ad~ 

jacent to the previous tef;t areas .. 

The first and second of the serie:=: of scaling studies were completed 

d1..ITing the winter of 19L1Ci-l941 and 1941-1942., The rez.ultz obtained so far 

indics.te tha.t certain treatment5 of the_ concrete or its i:o.greclients will tend 

to influence the ability of the concrete to resist scaling caused by the ap-

plic2.tion of calcil~ll chloride for ice removal • 
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RESULTS OF SCALING STUDIES 

The results of the scaling studies on the Dm:-ability Pl;oject of the 

Michigan Test R.oad will be discussed in conjlmction YJith the various features 

of construction as follo•Ns: finishing methods, curing methods, admixt-u..res, 

griJ.?-ding B.ids, n2-tlll"'c~l cement blended with Portlan::1 cement, grading of aggre-

gates, and lime·r;toJ.'l.e c..ggregates.. The locations of the vo.Tioue, scaling panels 

with respect to the corwtxu-ctio:n fec:;.ttrres ere given in Figure 2a 

Fi-oi f1hi:r1r~' Studies: The bi·ooming of concrete SLtrfc:.ce~: with e.tiff brooms as 

a finB.l finishing operc:.tion har:· been used b;y some hiG1n'I2,Y engine~.srs to reduce 

the mnoturt of fine superficia.l mEterial.. Howevr3r, som.e engineers have con~ 

tended that t-his J:D.ethocl provided grooves for concentration of' salt solutions 

and a resuJJ.;ant trasc_t.isfactor:,r condition of aggre.vated scaling., Tliel"'efore, 

it was felt tha.t a comparative study should be made between burlap finiGh 

and broomil1g' to obtc.in comparc-ttive datz. relative to the two methods., 

. Theref'o:re in Series lA and 2A. of the durability project, a compara~ 

t.ive study we.s rr.ade of burlap finish versus broom finishing, vrith and without 

wetted str2.w and bituminous membrane cu.:ring .. 

The bitUminous ra8mbrane c.uring consisted of asphalt emu.l:Jion and 

cut back o.sphalt,.. The cut back asphalt was applied :Lmmedi,::,tely after finizh-

ing operations whereas the 8;Sphalt emLLlsion vms applied e.fter initial curing 

with burlap,. Standard construction procedure was exercised throughout the 

entir,~ finishing st'l .. 1dies., 
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Burlau Finishing versus Broomin_g_, Wetted Earth Curing: The burlap finish 

method consisted of dragging a strip of dmnp burlap longitudinally over the 

full v:idth.of the pavement at a time when the excess moisture bas disappeared 

and vrhile it is still possible to produce ·a. cmiform sm·face of gritty textm·e. 

See Figure 3 .. 

Brooming operations were performed during a period after belting 

when the excess water and laitance had arisen to the surfa.ce, and before the 

concrete had become to such a condition t:b...at it would be Lmduly ronlbhened or 

torn. The brooms were of an approved push broom type not lese; than 18 inches 

:i.n wi.dth and constructed of bass or bassine fibre not more than 5 inches long. 

Fach brush \Yas equipped with a handle at lea,st one foot longer than one-half 

the "Width o:f the pe.vement sle.b., It ','ffL[; 1-.equired that the brooms be wo.she.d 

and dried at frequent intervals and that a stl.fficient numbGr of brooms be pro~ 

vided to r:ormi t interche.nging. 

The brooms V!ere draV!l1 across the surface from the center lhw to each 

edge with not more than one stroke per width of broom8 Each stroke slightly 

overlappGcJ the adjacent stroke., The brooming operc,_tion shouJ_d produce corrug~ 

ation in the surface of the pavement, uniform in appearance ancl not more than 

1/8 inch in depth. 

The curing method consisted of 2,1 hom· wet burlap followed by 6 days 

of wetted strawR 

The results obtained from the accelerated scaling treatments are 

tab1..liated below in Table I.. Figtlt>e 4 illustrates condition of concrete stu:·-

face at termination of freezing and tha\'Ving treatment .. 

:::/ k.·~)~ '!{1'1~ 

I 
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Ko iyPical Burlap Finish 

B. Character of Surface After Brooming 

Surface Finishing 
Figure 3 

~--··· 
_ .. ,,,: 



A. Burlap Finish vYetted Straw Curing, 100'fo Scale 1 

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

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

l!'igure 4 



Results from Finishing ~-tudy 

Table I 

Burla.p versus Brooming 

TEST METHOD 
Panel Sec:. son Finish Curing A B 
No. Cycle % Scaling Cycle % scaling 

4 1040-41 Burlap Wetted Straw 28 l9% 

l 1940-41 Broom. Wetted Straw 5 100% 35 94% 

l 1941·~42 Broom Wetted St:r.;rw 23 100% 

l4 1940-41 Bu:clalJ Wetted 8tra1rr 7 ll% 35 6l% 

14 1940-42 BurlalJ Wetted Stravv 41 100% 

I· 
should be LU1derE:tooc1 that Brand No~ l (Petosl-:ey) was used in the cont:d:,rnc-

tion of the partienlar sections under discussion .. 
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Burlau Yersu,s Broomin.gr, Bitum~.Qui:i1tg:: In series 2A, 2B, and 5A 

Bittuuinous Membranes- con-sisting of Asph9.lt Emulsion and Cut Back AspliD.lt 

were applied to the concrete surface after burlap or brooming operations 

for the purpose previously explained. Scaling studies were conducted on 

these sections in conjunction with the cm·ing studies. 

In series 2A, the Asph"llt Emulsion, AE-lA furnished by the Amer-

·ican Bit-cm1inous Company, vras applied immedie.tely after completion of finish-· 

ing operations at the rate of not less than 1/20 gallon per sqUE.re yard.. In 

series 2B, the Cut Bs"d: Asphs.l t furnish9cl by Johnson Mars_h Corpo:ccrtion was 

applied inimecli0.tely after completion of finishi-ng operations crt the rate of 

not less than l/15 gallon per squ..s.re yard~ In series 5A, the~ Asph:.:,.1t Emul~ 

sian was applied aft.er an initiGl 24 hour curing period with vvet burlap,. 

The results obt&ined from the acceleration scaling ·treatments on 

these various sections are tabulated below in Table IIa. Figure 5 illl;lstra-

ted the condition of the surface at termination of treatment .. 

Di§_gussion of Result§.: 

Fcr-on the rasults presented in Table II it is evident that brooming 

with bituminous curing is somewhat more effective th"ln burlap cudng with 

wetted straw curing in preventing scale.. However, the::c·e is not enough di.f-

ference in results to make the former method worth serious consideration .. 
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A. Brooming;, Asphalt Emulsion Curing, 92?~ 
Scale, 28 Cycles, 1940-41, Series 2A, Panel 2 

B. Brooming - Cut Back Curing, 837; Scale, 33 
Cycles, 1940-41, Series 2B, Panel 23 

c. Burlap Finish Asphalt Emulsion After Initial 
Burlap Curing, lOo;;s Scale, 47 Cycles, 1941-42 
Series 3-Al, Panel 2 

Figure 5 
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The relative met·it of the variou2. concrete curing methods h-::.ve 

been based, in geners.l, upon laboratory strength tests. Very little can 

be said as to the relative merit of the different curing mediums -.rrith res-

pect to durability of concrete.. Therefore, a study. of 'cu:ring methods 

u:11der actual field conditions were included in Series 5 of the Durability 

Project. See Figm•e 6. Embodied in the cm·ing study are such factors as 

moisture gracl.ient, relative thermo insulation value of the different cur-

ing methods, membrane materials versus wetted coveriz1gs, and the·- relative 

durability of the slab surface. 

To determine the relative di.Jrability of the, various sections, 

each CLU."ed st1rf.::tce was subjected to the sa..rn.e acceleTstion freezing and 

th'9.Wh1g cycles as employed on the othm:~ concrete sections thoughout the 

Dura.bility Project.. The C"t..lri:CLg methods studied are ccsphalt. emulsion, cut= 

back s.sphalt, l1mtted straJN1 paper curing without initial curing, v.-ett.gd 

earth, ponding, double burlap, pe.per curing, c<?_lcium chloride integrally 

mized and a membrane material called Rit·e-Cure. The. different curing sec-; 

tions will be discussed briefly in the order mentioned above. 

Initial CuJ:l!lg: Initial, cm·ing which is referred to frequently in the dis-

cussion of curing methods is described as followS.. After fini,shing opera-

tions and when the surface has hardened sufficiently to prevent marring, 

strips of ht.U"'l&p are laid on the stu--face to overle.p not less than 3 inches 

and shall be k-ept thoroughly wet until reuoved.. The buelap must remEdn c._t 

least six ho-u.rs e~fter COilcrete is place"d but not later tl:t.::'U1 10 e. ,,w .. on the 

- 14 -
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A. General View of Curing Sec·bion 

'· 

B. Application of Rite Cure 

Curing Studies 
Figure 6 
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day following the placing of the concrete e Upon removal of the burlap, 

Asph3.lt Emulsion Cv:ring, SeriE?S 3A: 1"" This test area consists of ini-

tial curing with wet burlap followed by an application of a,sph'tU emulsion 

AE-:lA.. ImmediP-.tely ·after finishing operation, wet burlap was applied to 

the SLU'face and kept da,lp for a 24-hour pe~·iod after which t.he burlap was 

removed :3.nd the sLu--face CoD. ted and ,Se3.led with an uniform layer of asphalt 

emtliGion~ The emulsion was appli~d e.t the rate 9f not less tt.tan 1/20 gallon 

per square yard by means of c. ;suitable preseTU."e outfit~ 

Cut-J)ack Asnho.lt Cu:ri:ng, Series 2B: Rele~tiYE1 to the stucl.y of brooming ver-

sus burlD.p finishin.g with e.nd Vlithou'C. bitw_lnous curing, cut--back e.sph::1lt 

was applied inimediately afteT' .finishing operc~tions in the same manner as 

for the aepl'_u:'l]:t emtllsion except t.hE·G the rate of c~pplication -Has net le:::.s than 

1/15 gallon Per sq1.1~.l"e yard., The application of cut-b.s.ck ,'J_sphalt, 011 a con~ 

c:tete st:n"fa:es irnmed~ately after finisbl:ng iF a lJELt!3nted method, The patentee 

is the Johnson March Corpoxat:T.on of Nevi York City vd.:o ;:,_lso ful~n_ish the cut~ 

be.c;.r e_sphs.l t described belm·V 4 

The W8tted 

hay o:r strf-i.v,- over the entire sur-face immeO.iately upon removal of the burlc:~p 

at the end of the initial 24 hour blU"lap curing period~ 

applied 0.t the :ra:Grs of not less than 4 pon:nds per SC.fll3.l'8 yaTd ~ The material 

is thoroughly w·etted EtS soon C.f~ placed 2"nd. l~ept satuJ.:·ated for 6 days .. 

hour pe~ciod consisted of \Yet. burlap curing after which the- bu:rlc:.p •.ore.s removed, 

the strrfc:_ce •Netted and immediately co>rered with Elll imper:;necl.ble _ps.per covering .. 

The paper blanke·G;s 1Here composed of an appT·oved moistu1'e-proof paper of suffi-

cient str~.:;ngth ar-J.d thoroughness to permit lmndling wi·Ghout becoming uni'it to 

C" .-- ;·(,. 
·L '' -''·'~ "~ .~ 
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provide a sealed coveTing during the entire curing section~ The paper 

bl;:;t.nkets vvere of sufficient width to coYer the top and edge::~ of the slab 

to within 2 inches of the bottom with adequate provision for sh1·inlmge. 

Wetted Earth, Series 5A--4: After the initial curing period, the entire 

surface of the pavement was co·trered with earth to a minimrun depth of 2 

inches.. The earth covering was th_oroughly wetted after it was placed and 

kept aattu·ated for a period of 6 days .. 

Pondi D!Z, Series 5A-5: After initial cln·ing, the entire sm"'face of the 

paVement was flooded vrith wat,3r which 1T{£LS held in place by a system of 

transverse and longitudinal dykes of ee..rth~- The SUl'face was completely 

Gu.bmerged for a period of 6 days~-

Double Burlan, Series 3A-6; After initial curi.ng, 2.n additional luyer of 

bu:;:·lap was added to the Sltrface and the double layer of burl.::~.p was kept sa~~ 

tm·at(xl for c;, period of G days,. 

wa~1 applied to the stu"face immediately after fini,shing oper.:;=ttions omitting 

the initial 24 hour cuxing period ·wit.h wet burlap.- The pape~c and method of 

application was the same as for Series 3A~5" The curing paper vva.s fu:rni~::.:hed 

by the Sisd-Kraft Company. 

Calciuill Ch~~Qride Integral Mixed, Series 3A-8: Calcium chloride in fle.ke 

form was added to the dry materials in the skip at the rate of 2 po1.mds of 

calcium chloride per se.ck of cement,. Immediately after finishing, the con-

crete •gas coveTed -v:Tith a single thicknese, of V1•et burlap., No subsoq11ent 

cuTing treatment •Nae. applied to the Slll"fc:.ce after r·emovs.l of btu:•lap the 

following·morning(> 

- 16 ~ 



Transparen~ Membrane - Rite-Cure, Series 3A-9: After initial curing with 

burlap, a transparent membrane liquid, (Rite-Cure) was applied to the sur-

face of the pavement by the method described for asphalt emulsion except 

that the rate of application was 1/20 gallon per square yard. Rite-Cure was 

furnished by the Johnson-March Corporation, 52 Vanderbi:j.t Avenue, N.Y. 

The results obtained from the accelerated scaling treatments on the 

curing section are tabt1lated in Table III. Figc1re 7 illustrated the condi-

tion of the pavement surface at the termination of the freezing and thawing 

treatment. All sections were finished by the burlap drag method. 

From the data presented in Table III it is difficult to predict which 

curing method can be considered superior to the others because of many construe-

tion factors which may affect the fimll res1.1lts. However, it is quite apparent 

that certain curing methods show in general a marked efficiency over others, 

for example, the particulc~r methods which prevent excessive moisture loss dur-

ing the first stages of construction such as paper ct1ring without initial ctU?-

ing and transparent membrane curing (Rite-Cure) seem to produce a surface with 

a higher resistance 'Go s·caling tha..'l the other curing methods. 

- 17-. 
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A. Wetted Straw 19% Scale 1 

Series 3A-2, Panel 4 
Cycles, 1940-1941 

B. 24Hr. Initial Curing Plus Paper, 68% Scale, 89 
Cycles Repeat Section, 1940-1941, 1941-1942, 
Series 3A-3, Panel 5 

c. 24 Hr. Initial Curing Plus Paper, lOq'fo Scale, 47 
C~cles, 1941-1942, Series 3A-3, Panel 3 

Figure 7 



D. Ponding~ 28% Scale~ 28 Cycles 1940-1941, Series Panel 7 

1~. Double Btlrlap Curing 
14% Scale, 28 Cycles, 1940-1941, Series 3-A-8, Panel 8 

E. Paper Curing, l~o Initial Curing 
3% Scale, 28 Cycles, 1940-1941, Series 3-A-7, Panel 9 

Figure 7 



G:. Burlap, 2% Calcitun Chloride, Integral Mix 

73% Scale, 61 Cycles, 1941-1942, Series 3-A-8 

H. Burlap Rite-Cure, Repeat Panel 
J6% Scale, 89 Cycles, 1940-1941, 1941-1942 

Series 3-A-9 

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

Figure 7 
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Table III 

1! Effect of Cttrine; Method on Scaling 

TEST METHOD 
Panel Season Curing Section A B 

Cycle % Scaling Cycle % Scaling 

5 1940-41 Asphal-t Emulsion 5-A-1 6 42 28 61% 

2 1941-42 Asphalt Emu~sion 5-A-1 47 100% 

4 1940-41 Wetted Straw 5-A-2 6 6% 28 19% 

1941-42 Wetted Straw 3-A-2 NO TEST 

5 1940-41 Paper - Initial 5-A-3 6 Trace 28 Trace 
Curil'l.g 

3 194,1-42 Paper - Initid 5-A-5 61 68% 
Curing 

4 1941-42 Paper - Initial 5-A-5 47 100% 
Curing 

6 1940-41 Wetted Earth 5-A-4 6 14% 28 33% 

r I~" 1941-42 Wetted Earth 3--A-4 NO TEST 

7 1940-41 Ponding 3-A-4 6 Trace 28 28% 

1941-42 Ponding 5-A-5 NO TEST 

8 1940-41 Double Burlap 5-A-6 6 Trace 28 14% 

1941-42 Double Em· lap 5-A-6 NO TEST 

9 1940-41 Paper - No Ini- 5-A--7 6 0 28 3% 
tial Curing 

1941-42 Paper - No Ini-- 5-A~7 NO TEST 
t.ial Curing 

lO 1940-41 Calcium Chloride 5-A-8 6 Trace 28 17% 

5 1941-42 Calcium Chloride 5-A-8 61 73% 

11 1940-41 Rite-Cure 5-A-9 6 0 28 O% 

6 1941-42 Rite;-Oure 3-~A-9 89 36% 

7 1941-42 Rite-Cure 5-A-9 61 12% 

tJ lf' 



Evaluation of Admixtures~ 
~ 

At the time of constrt1.ction of the Michlgc.n Test Road there were 

several proprietary brands of admi:;rlm"eS availa"Qle for use in concrete 

.mix:tu:ees.. Their manufact-urerB made certain claims as t.o the benefit,s to be 

derived by their use in concrete for pe"vement purposes especially with re-

gard to workability and durability. Consequently, it was decided to incor-

porate several of the most desirable types of admixtures :Ln the durability 

project for comparative study and to determine li7bzct affect these vc.rious 

materials V-iOnlcl hive upon the design and pl'.!~;rsical characteristics of their 

respective concrete mixtllre;::: .. 

The propriet.:~ry e.clmixtures selected for use in the:: test road 1-:ere 

of the po-vFder and liq_uic1 tyLJet::-.. Using the moT'tBT-voic1 principle of concrete 

n1..."ix cl.e,sign, vs,rious quantities of 8and, cement, vm.ter e.nd E.dditives were com-

bined in ve.1-ying amounts to dete:nnine the most desirable mortar fi'om the 

standpoint of density and con{3eq_uently the rn.ost desirable e.mo1.:mt of admix-

ture to use.. In e..ll cases the --=~uantity· of sand. c.nd ceEtent vzere kept constant 

in accor-d with standard pTactice but the qULlirtity of e.dmixture ve~ried.. The 

lic;_1..lid adroiJ:;:tw:-es were added to the prede:signed mortar2 in v.s.J.:'Ying c.mo1..mts to 

det=.Tlnine the most desirable ~UB.ntities to use from the ste.ndpoint of pbysical 

chfn'"'acteristics of the moi'tar and concrete such ES vmrkc,bility, denE•ity c.nd 

c1urc:cbi1Hy. 

PozZiolii.h, in Serier::~ 'ill, is a pG.tented p1,;;.zticizir:..g ccgent contcdni:ng ferric 

Elumina r:ilicate and other ingrediente, manufactured by the Master Builders 

Company, Cleveland., Oh.i..o. Trm pounds of Pozzolith pel' scwk of ce!EG!.1t v;el"'G 

2,dded to_ the c~ry batch at the mixer at: reconwGndBd by the ·manu.factnTer,. 

- 18 -
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Plastiment, in Series 4D, is e.nother type of plasticizing agent manufac~ 

tur8d by Sika Inc., 530 VL 42nd Street, New YOJ:-k, N .. Y" Pl.s.stL'llent lNG.S added 

to the dry batch at the mixer in the amount of one potmd per sack of cement 

as recommended by the manufacturer. 

OrVus 2 W .. S .. Paste, in Beries 4F-4H, is a nsulpha-ted fatty alcobol11 , a pa-

tented vmtting agent manuf,s_ctured by Proctor and Garable Company, Ivorydale)' 

m1.io ~ Suf.ficir-;nt. orvus was added to the mix to produce a dT·op in vreight of 

4 to 5 lbs .. per cubic .foot for concrete of specified con,sistency s.nd cement 

content as col!lpa:red. with concrete of the sc:~me consistency and cement content 

without the addit:ion of orvus.. Since this requi:remm1t vrill V&Ty in accord-

c~nce IHith naterials studied, the approxime~te quantity of orvu;J to u,se vrill 

be betr:een 0'"02 and 0.,10 Jbs@ per barrel o.f cement~ It we.s fom1d th2.t for 

the pc::.rticu12Ll" materials used on -Qhe duJ:'ability project thct.t 0.,06 lbs .. o:f 

1Jcr cubic foot., 

The orvus pa.stewas dis~:.:olvsd in V!.:::'..ter to form a soltltion of knnnn 

concentrzction., The recpJ-i:ced amo1..mt cf the IJolution per batch of concrete 

was_ add.eC, to the clry matKc>ialG e.t the skip" 

Vinso 1 Re,sin Portland C§.~aui, Series 5L.~5C.. This cement consists of standard 

the current rpecificc;J-,ions for Portl::::.nci. Cement Aq.-S.,T .,t!1~ Designation C9 with 

.fo1lovring exceptions and addition,s: The ce·ment shall be grollnd rvith 0 ... 15 

lb .. (r,rith a tolc:rance of.± 20% of pLU-verized Vin.;~o1 Re,:dn per barrel), v.rhich 

shs.ll be lllifoi·:;Illy added tc the clinkoT at time of grinding., The specific 

;Jurfe.ce as determ"l.ned in acco~cde.nce VJith A .. E'@T.,M., C115~38T shal1 not be less 

thc~n 1750 nor more. th,?_n 2100 S({e em~ poT cram,. Two br2.ndc:: of Po:r·tl3.nc1 ce-·· 

- 19 --



and Portland Ceme<nt were of the same brands and m<cmufactured by the sa.ne 

mills as the standard Port lend CCii1ents .. 

Calci:J.m Cblol'i de Admixture: In Series 4A, 4F, and 5.A, calciu..m chloride vras 

added to the concrete mi:xturee. for a distance of 120 feE!t in the a.mot.mts 

shown on the plan.. The purpose of doing this l!,~ork was to determine the ef-

feet of calciu111 chlorid8' upon the physice.l characteristics of concTete con·~ 

t~.ini:n.g such additions as_ ·rlastiment, Orvus and Vinsol Resin, The calcium 

chlori•::le in flalt& for:n vYas added to the dry bo.tch ett the mixer skip a No 

scidling studies were conducted on the calciLun ch~OI'ide sections .. 

The results obtained from the accelerated scaling treo.t:ments are 

tabulated in Table 4& Figm·e 8 illustrates the condition of the {3LITf&.ce at 

termill_atim.1 of treatment~ 
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A. Pozzolith~ Repeat Panel, 6;:~ Scale, 93 Cycles, 1940-1941, l1epeat in 
1941-1942; Series 4B, Panel 8 

B. Pozzolith, 8% Scale, 61 Cycles, 1941-1942 
Series 4B, Panel 9 

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

Figure 8 



D. Orvus, Brand No. 1 Cement Repeat Panel, 1940-
1941, 1941-1942, a~ Scale, 93 Cycles, Series 
4F, Panel 12 

Ee Orvus, Brand No. 1 Cement, O% Scale, 61 Cycles, 
1941-1942, Series F, Panel 13 

Figure 8 
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F. Orvus, Brand No. 2 Cement Repeat Panel, 1940-1941, 1941-1942, O% Scale 
94 Cycles, Series 4H, Panel 14 

G. Orvus, Brand No. 2 Cement, 0~~ Sce.le, 61 Cycles, 1941-1942, Series 4H 
Panel 1.5 
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H. Vinsol Resin, Brand No. 1 Repeat Panel, 1940-1941, 1941-1942, Trace 
Scale, 93 Cycles Series 5A, Panel 17 

I. Vinsol Resin, Brand No. 1, Trace Scale, 61 Cycles, 1941-1942, Series 5A 
Panel 18 

Figure 8 



J. Vin~ol Resin, Brand 2~ Repeat Panel, Trace Scale 94 Cycles, 1940-1941, 
1941-1942, Series 5C, Panel 19 

K. Vinsol Resin, Brand 2, ~!.'race Scale, 61 Cycles, 1941-1942, Series 56 
Panel 20 

Figure 8 



1. Standard Construction, Brand liTo. 2, Cement, 1007~ Scale, 21 Cycles 
1940-1941, Seri~s 5D, Panel 20 

M. Standard Construction, Brand No. 2 Ce1rent, 10011~ Scale, 32 Cycles, 
1941-1942, Series 5D, Panel 21 

\~b1 
.. 't&, Figure 8 



TABLF. IV 
1;--,, 

i<PI rl)r. Concrete Containing Admi:{tures 

TEST METHOD 
Panel E:~eason .Admi::-;;:t ure A B 

Cycle % Scale Cycle % Scale 

25 1940-1941 Standard Construction, Brand 1 3 100% 13 1oo;s 

27 11)41-1942 Standard Construction, Brand 1 9 100% 

14 l9<±o-1941 Standard Constr"GctioE, Bro.nd 1 7 11% 33 61% 

ll 1941~1942 Ste.nd~trcl Co:i.'lotrtwtion, Bre.nd 1 41 1oo;\ 

12 1940·-19,11 Pozzolith 7 or, Q;) 1 .. -~% 

8 1941-1942 Pozzolith:~ R.epcf:.t a~ 
..iO 6% 

9 1940·~1942 Pozzolith· 61 S% 
] ~ .u 1940-1941 Plastiment 7 oaf ;0 DU 

,...,"]fJ! 
.<.l':...r:· 

10 19'11·-1942 Plar::timent Sl 56% 

/- ')l: T!:: 1940-19l1l -0l"'VU2 Brcu'J.d 1 ~ O% 3:3 O% ··-'-" I •• (~ 
I 

12 1941-1942 Orvus Brand 1, Repcc~t 93 O% 

15 l ~YlO~ 19-1,2 O~c-vu.;; BTC,_!1\J 1 60 Trace 

16 1940-1841 Orvu:::; ·- Bro.nd. ~ 7 Trace 33 Tre..ce "' 
14 1941-J 942 or~vus Bra:nd 2, Repe.:d:, Q.i 

'--'"""' o% 

15 l9tlJ.-1942 Qrvu~:.: - Dre.:nd 2 61 O% 

13 1940-HHl VinsoT Her:=: in - Brand 1 7 oc~ i' 33 Tr2.ce 

17 19ilJ-1942 Vin;?oJ P.esin ·-· Brc.nc~ 1, Repee.t 95 Trace 

18 19·10-J9i12 Vincol EGE.:in. - Erc..ncJ 1 60 Tr2.ce 

19 1940-1941 Bin2.ol Re.s1n P.rancl ~ 7 O% 33 o% ,c 

19 19G--1942 V:Lnsol He sin :Sre:.nd ~ Rcpec:.t 94 Trace ?. ' 

20 1941-1942 Viric:o1 Re;:dn Bre.nc~ ~ 61 Trace ?. 

20 19•10-1941 Stand.c'-rd Brand ~ 5 100% ;:l 100% ,::, 

~)1 (~ 21 19H .. J.942 2tand~:.rd - D:rs.nr:J ~ 7~ 100% " <],-;:. 



Disc'!-lpsion of Results: 

. It is qu:i:te apparent from the results .shown in TabJ.e 4 that 

certain admixtu:reB are highly effective in increasing the resistance of 

concrete to scaling.. Orvu:3 and Vinsol Resin are the two outstanding ad-· 

mixt1.-1res in this respect a No apparent scaling wai3 noted in those sections 

containing Orvus or Vinsol Resin at the end of 94 cycles of freezing and 

tbE,wing.. Pozzol:Lth gave veTy good rssults with only 6~S scale in 93 cycles 

while P1astimerrG was not as effective e.s the othel" admiTt·LU'es ... 



Blen§ing of Ne.hu·e..l and Portland Cement: 

The blending of naturc.l cement with Portls.nd cement h~ts been used 

in several states for the p1JTpose of increasing the resistance of concrete 

to scaling. The rec.u.lts which they have obtained from such blonds has varied 

considerably. Consequently, a section of blended cements Yras included in 

the Michigan Test Road fo:r t1vo purposes, first, to check the merit of na.tural 

cement blends as to their ability to reduce scaling, and second, to determine 

whst effect the presence of a &Tinding aid in the natural cement might have 

UlJon the :=.tcale resistant properties of the concrete mixttrre .. 

The test sections are designated Series 6A and 60 of the durability 

project~ Tv-vo types of nat1..n•e,l cements were used on the dure.bili ty project. .. 

One type was mamxf'actured with and the other without the use of grinding -:-id .. 

Both no.ture"l cements were of the same brand a.nd manui'actured by the Utice" 

Cement Company, Utica, Illinois.. The materials were ftl-rnished in sacks conG~ 

taining 75 lbs. each, net. 

The natu.ral cement wii;,hout grinding aid was manufactured in accord~ 

ance with StandB.l"Cl- Speeification for Net1..1ral Cement, A .. S .. T .. M .. Designc:~.tion 

Cl0-37. 

The natm?al cement with grinding aid was manufactured under the 

. same req1.:tirements except beef tallow was used as a grinding aid.. No require-

ments were placed upon the grinding aid itself because the naturc..l cement 1Nith 

grinding a.id bas been a standard product with the Utica company for some tim<o. 

The Portland NatuTal Cement blend was made on the basis o.f a six saclr 

batch comprising one sack (75 lbs D) of ns:Gt:!ral cement and 5 sacks of Portland 

Cement., The cement content, including both Portlancl and Natural Cement Y1ras 5 ~ 5 

saclcs (1,075 bbls~) per cubiJc yard of concrete as specified for the entire pro-

ject. 
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A. Natural Cement, No Grinding Aid, Repes:b Pe.nel, 44% Scale, 90 Cycles 
1940-1941, 1941-1942, Series 6A~ Panel Z2 

B. Natural Cement, No Grinding Aid, 1001~ Scale, 31 Cycles, 1941-1942, 
Series 6A, Panel 23 

Figure 9 
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c. Natural Cement lJ'Jith Grinding Aid, Repeat Panel, O~~s Scale, 94 Cycles, 
1940-1B41, 1941-1942, Series 6C, Panel 24 

D. Natural Cement with Grinding Aid, Oi-~ Scale, 61 Cycles, 1941-1942, Series 
6c, Panel 25 

Figure 9 



The resulte, obtained from the accelerated scaling treatments are 

tabulated below in Table V. Figure 91 illustrates the condition of the con-

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

TABLE V 

ResuJ.ts of Nat"Lu·al Cement Blends 

Panel Season Blend Test Method 
A B 

Cycle % Scale Cycle % Scale 

25 1940-1941 Standard Construction 3 100% 13 100% 
Brand 1 

27 1941-J-942 Ste.ndard Construction 9 100% 
Brand 1 

21 1940-1941 Nahn·al Cement, No 7 6% 29 Trace 
Grinding Aid 

22 1941-1942 Natural Cement, No 90 44% 
Grinding Aid, Repeat 

23 1941-1942 Natural Cement, No 31 100% 
Grinding Aid 

22 1940-1941 Natural Cement with 7 O% "'" v0 Trace 
Grinding Aid 

2t± 1941-1942 Natural Cement with 94 O% 
Grinding A:Ld, Repeat 

25 1941-1942 Natm·al Cement with 61 O% 
Grinding Aid 
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Discuseion ol HeRults: 

The Ctatc::, in Tc:.ble V sho1"78 quite conclusively· that the tlendinE; of 

natv.r.:\.1 cement Y'.'ith Ste .. ru3.a:;_"'d Portlc"nd Cer11ent 'Hill TI'-'S.te:rjz1ly impTove the rc~ 

siste,nce of the concrete to scaling oveT that of concrete :'iith stc:.ndard ce1nent 

e.lo::1e .. 

HoYI'ever, in the section containing natuT·al cement vii th a grinding 

c,id no sc[J.i:ng \Vas observed under the maximum of treatr2.ent ~ f'h~ ro.c:.y conclude 

then that the gri.nding Li0. is perhaps the mO,st importc..nt elGinent contributing 

to the .-:.~cc.le resistant properties of the concr·etc ~ 



Poorly graded aggregates are induciv-:-e to poor 'HOrka.bili ty, segre-

gation, difficult finishing, bleeding and laitance. These factors are con-

tributo:ry to a certain degree to in_feTior concrete and subsequent scaling, 

a disintegrfltion of the stu .. face of pavements. One phase of the durability 

study v.as to design a practical and economical c1ense conc~cete wix that wottld 

show improvement to :resistance to sccling .. In the grading of the sand a.nd 

coarse aggregate it was attempted to approach an id.eal grada.tion as near as 

possible and still be conservative s..s to cost and application. A study of 

the general chaTacteristics of available concrete e.ggrsgate.G. meeting 1\llichigan 

State Highwc;cy Depecrtment 19<1:0 specifications, showed ths"t it was desirable to 

improve the graCl.ation of the fine aggr'egate 2N3, particu_larly t_he materie.l 

passing the j~50 - 100 and 200 sieves., 

In order to improve the gradation of the fine aggregate two methods 

were. employed. One method consisted o·f adcl.in;; commercial mineral fillers to 

the fins aggregate in pre-determined smounts, the other method consisted of 

eillploying natura~ fines obtain,::::d locally to improve the gradation -of the sand., 

Mineral Fillers: In Series 7A-7C and SA, two types of minaral fillers were 

ad.ded to the concrete to provide additional fines.. These mato:ria.ls vrere silica 

dust and limestone dust meeting Michigan State Higlnvay Department gradation 

requirem8nts for Minera"l Filler 3 l!I F. a.s follows: 

Passing No .. 40 sieve 100% 

Passing No .. 200 sieve., not less than 75% 

The mineral filler was added to each be.t ch in the amount of 85 pounds 

per cubic yard of conc-rete.. The qu.&.nti ty of mil1.sral fil~er to add 1Has deter-

mined from laboratory analysis taking into consideration the amOUt'1t of fines 
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in the fine aggregate, the ffneness of the Portland cement and the grada-

tion of the mineral filler. 

Natural Fine,s: In Series 7E of the dm"ability section 175 lbs. of special 

fine sand, obtained from a local natcrral deposit, was blendec( with one cu-

bic yard of 2 NS material. The grading of the respective materials is as 

follows. The combined mi:xture of fine aggregates is designated as Modified 

Sand. 
Nat. .Sand 2NS 

Passing 3/B inch 100% Blend Sand 

" No. <1 95 100% 

" 10 60 - 90% 

II 20 25 65% 

" 40 100% 

" 50 8 25% 

" 100 0 5% 55 85% 

II 200 25 - 50% 

IJOSS by ' . w-asmng not more than 2 1/2% 5% 

The restLlts obtained froiil the accelere.tion sce.ling treatment-s are 

tabulated below T2ble VI. Figure 10 illustrates the condition of the con-

crete s-urface at the termination of the freezing e.nd thfPaing treatments., 
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_h• Silica Dust, Brand No. 1 Cement, 70% Scale, 33 Cycles, 1940-1941, 
Series ?A,, Panel 24 

~. Silica Dust, Brand No. 1 Cement, 100% Scale, 33 Cycles, 1941-1942, 
Series ?A .• Pa.nel 26 

f;i.gure 10 
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E. Modified Se.nd3 Brand No. 1 Cement, 100% Scale, 12 
Cycles, 1941-1942, Series 7E 3 Panel 29 

Figure 10 



TABLE VI 

Results of Gradation Study 

TEST li!ETHOD 
Panel 0GafJon Fillers A B 

Cycle % Scale Cycle % Scale 

25 1940-1941 'Standard Construction 3 100% 13 100% 

27 1941-1942 Standard Construction 9 100% 

24 1940-1941 Silica Dust 7 17% 53 70% 

26 1941-1942 Silica Dust 33 lOO% 

26 1940-1941 Limestm1e Dust 7 59% 7~ 

"'" 95% 

28 1941-1942 Limestone Dust 8 100% 

27 1940·-1941 Modifi<ed Sand 5 100% 21 100% 

29 1941-1942 Modified SEtnd 12 100% 

It is apparent from the results in Table VI that the addition of 

improve the gradation characteristics of the aggregates is not a 

method for improving the scale resistant properties of concrete. 
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Limestone Aggregates: 

The use of limestone sand as a fine aggregate in concrete con-

Btruction has been in disfavor not only in Michigan, but also in other 

States where this material is available. The main objection to its use 

in concrete are reduced workability, m<cessive bleeding, difficult finish-

ing and a tendency to produce scaling of pavement surfaces. Consequently, 

in the durability project of the Michigan Test Road consideration was given 

to crushed limestone aggregates with specie~l at-Gention to stone sand .. 

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

State Highway Specifications for 4A and lOA coarse aggregate and Stone 

Sand 2SS.. Both materials were obtained from the Manistique Quarry\> In 

Seri•es BA, limestone du:3t minera.l filler 3WiF was add.ed to the 

ture at the rate of 85 lbs.. per cubic yB.rd of concrete, for 
t~l't~\ 

' with standard limestone aggregate construction, as Ymll as stand[n_.,cl. gravel 

and sand construction .. 

The results obtained from the accelerated scaling tree.tments are 

tabulated below in Table VII. Figure ll illustrates the condition of the 

pe,vem.ent StU"face upon completion of the freezing and 'thawing cycles o1 
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A. Limestone Aggregate, No Filler, lOa% Scale, 22 Cycles, 1940-1941, 
Series 8B, Panel 29 

B. Limestone Aggregate, lifo Filler, 100"/o Scale, 6 Cycles, 1941-1942, 
Series 8B, Panel 31 

Figure lJl 



o. Limes·bone Aggregate with Limestone Dust, 100% 
Scale, 13 Cycles, 1940-1941, Series 8A, Panel 28 

Do Limestone Aggregate with Limestone Dust, 100/~ 
Scale, 6 Cycles, 1941-1942, Series 8A, Panel 30 

Figure 11 



TABLE VII 

LifJIESTOJ\IE AGGREGATE STUDY 

TEST METHOD 
A B 

Pu.nel Season Aggregates Cycle a! Scale Cycle % Scale I' 

25 19·10·-1941 Standard Construction 3 100% 15 100% 
Natural Aggregates 

27 1941-1942 Standard Construction 9 100% 
Natural Agg~cege_tes 

29 1940-1941 Limestone Aggregate 5 100% 22 100% 
No Filler 

31 1941-19•12 Limestone Aggregate 6 100% 

' -I No Filler 
\)1'1\il'' 

28 1940-1941 Limestone AggregHte 3 100% 13 100% 
Limestone Dust 

30 1941-1942 Limestone Aggregate 6 100% 

use of limestone. dust in crushed limestone aggregate concrete 

tendency to lllCl''B<3.G8 scaling Tather than decrease sc<::tling s 
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In the construction of the dm:·ab_ility project two different 

brccnc~s of Portland cer:mt11G e:rers included for a comparative study in con-

jt.:nction r,·.:ith the v:::~rious factors v~'lU.ch wore~ included in the project~ 

The CGB,9nt brands w'ed have been designated as Brand No. l and Brand No. 

2. Brand No. l was manufactured by the Petoskey Cement Company located 

at Petoskey, Michigan. Brand No. 2 was manufactured by the Aetna Port-

land Cement Company located at Bay City-, Michigan. The resu1ts obtained 

frnm the acCelerGted r~caling stttdieB are prese.nted in TE..ble VII 

vvi th the in"teut of l11B_king scaling studies eacb -vri:-:lter to determine the ef~ 

feet (:,f r;..ge u.pon the :resistunce of concx·cte. t.o sco.liDg'" Ths re~-;1.~ltr f:rom 

the :3ca1ir.q~; stud.iGt of 19··±1 &nd 1942 v.rei·e ;::.o irrs:t:Lc that no relction211ip 

b~StrmeJ:~ degree of rcs.ling and c.ge of c.-:mcrete can be establiched~ This 

fe.ct is c.les.rly i~,l;..:u:trr.ted in Fi[S-LU'e 



TABLE VII A 

COMPARISON BETWEEN BR.I\.NDB OF CE!:lENT 

TEST METHOD 
A B 

Panel Beason Brand Cement Cyele % Scale Cycle % 1Sco.le 

4 1940-1941 Brand No. 1 6 6% 28 19% 

14 1940-1941 Brand No .. l '1 ll% 33 Gl% 

ll 1941-19'±2 Brand No. l 41 100% 

'Jr-: ,c_.,_, 1940-1941 Brand No. l 3 100% 13 100% 

27 1941-19,~2 Brand No. 1 9 1.00% 

17 1940-1941 Bra.ncl No., 2 6 33% 27 56% 

16 1941~1942 Brand No,. 2. 9 100% 

llf'.i{S"} 20 1940-1941 Brand No, .'2 5 100% 21 100% 
' 

n 1941--1942 Brc.nd. No,. 2 ~n 100% 0"'-

34 19Lllc-1942 Brand No.,. .? ~ 100% ' 



SUPPLEUENTARY SCALIJITG STUDIES ON DESIGN PROJECT 

In conjunction with the scaling studies on the Durability Project 

sever.c.l see.ling pa.!.1els were in.stalled on the desig;n project,. The PCD.1ing 

st,Edies included a comparif.:on between a section of pavement vvhich v;cc..s r..:,in 

maTked duiing construct:i.on and a section not re.in m2.rked., The tccts v:ere 

conducted to deterP.ine if t,he bea.ting E •. ction of the rain on the ::urface of 

the fresh COl?-Cretc might chc:~nge the physical chs.r:::'J;tm:-i.;;ticr:: of the top mer~ 

tar coat in S1.'.ch D. }llB.llYleJ:~ es to make the Sln,face of the pHvement f'.lab high1y 
/ 

resistant to scalir_1g as ca.ueed by chlOride salts.. The pD.nelS were located 

at ~Station 775+20, 785+08 and 790+0, Design P:roj ect.. The panelE were 2llb-.~ 

j ected to the same accelerated f~cee:::;ing e~nd thc<~Ying teSts as, performed on the 

D"Lrr&bility Project~ The resu1ts obtained from these Studies. are presented 

in Tabl~~ VIII~ FigtiTe 12 illur;tr2.tes the condition .Df the pav~ment surface 

- {Aetna) 'ila,s used throughout the Design Project" 

TABLE VIII 

Res1.1lt::· of 8tuCties on Design Project 

TEST METHOD 
A B 

Panel Season Condition Cycle % Scale Cycle % Sce.le 

50 1940-1941 StEndard Construction 6 47% 29 92% 

33 19L11-1942 Stando.rd Cons~ruction 9 100% 

34 1941-19,12 Standard Construction ~ 100% I 

"" 194,1°-1842 Rcdn l!Tc.rl:et 61 4% uc. 
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A. Standard Construction Brand No. 2 Cement, 
____ l9Lf~L_lV!~~h_od_ B, Series lA on 

29 Cycles, 1940-
ect ;J _ {: /5 o 

/ ?L-1-~L(..· ' v 

B. Standard Construction Brand No. 2 Cement, 1941-1942, 100% Scale, 9 Cycles 
Method B, Series lA Design Project Panel 33 

.I 

"' Rain Marked Concrete Standard Construction B d ran_ No.2 Cement, 1941-1942, 
4% Scale, 61 Cycles, Method B, Design Project Panel 32 

g:igure 12 



Discussion of HS\su.1ts: 

The re.in me.rkec1. panel showed a much higher resistance to s.cale tha.n 

the panels of ,s.tandarcl constructions,. This interesting finding is not entirely 

a sm"'p:riss, since it is gene:r'a.l1y believed the:G if the Sl.trface of th9 fresh 

concrete could be re1;orked at the proper time after lB.ying, the physical cha-

racteristics of the top layer of mort<::..r will be cha.nged in such D. ma11 ... :t1or that 

the du:recbility of the concrete Sln·fc1ce ydll be materic.lly impi'oved~ 

SUMMARY OF ,SCAUNG ETUDIE.S 

Complete tabll1c.tec1 8U1JiTJ.ai'lGS pertaining to th.s rectLltD of' the Gce.l-

ine stuc1ier::: cm1ch.wter_"1 on the Dllrability Project of thG Michig2.n Ter3t Road c1'1...1r= 

ing the 'Hinter of 1840~1941 and l~>Jl·-··194.2 ai·e presented in Tables 9 and 10" 

Table 9 presents a1l of the factu::.l date•. relevant to ec.ch scaling panel v-,;heree,s 

Ts.ble 10 ic a cle.ssified S1J_TD_mar;y gi "lri;:1g the re[iUlts of the E~cal:Lng stucl_ies in · 

the order· of degree of scaling .. 



B 
A 
A-1 
A-2 
A-S 
.A-5 

.. A-4 
A-5 
A-8 
A-7 
A-8 
.A-9 
A-9 
B 
B 
D 
E ., 
F 
H 
H 
I 
A 
A. 
c 
c 
D .. 
A 

A 

c 

PAJIEL NW!B:ER 
1940-41 1941-42 

1 l 
2 
s 2 
4 
5 5 

4 
II 
7 
8 
9' 

10 5 
11 6 

7 
12 8 

9 
15 10 
14 11 
15 12 

15 
16 14 

15 
17 16 
18 17 

18 
19 lil 

20 
20 21 
2l 22 

23 

22 24 

25 

25 
24 

26 
25 27 
28 28 
27 29 
28 50 

. 29 51 

50 35 
54 
52 

TABLE IX 

S U M M A R Y 0 F C 0 N C R E T E S C A L I N G S T U D Y 

MICHIGAN TEST ROAD - 1940-1941 and 1941-1942 

LOQATION OF PANELS . 
1940-41 1941-42 

Method A Method B Method B 

381+30 581+42 581+60 5 100 
595+64 595+76 6 22 
394+84 594+96 595+40 6 42 
596+00 596+12 6 6 
597+22 597+54 #597+54 6 Trace 

597+54 
598+45 598+55 6 14 
599+64 599+'78 6 Trace 
400+84 400+96 6 Trace 
402+04 402+16 6 0 
405+24 403+56 405+50 6 Tra.ce 
404+44 404+56 #404+58 8 0 

404+75 
417+50 417+42 1/417+42 7 0 

417+60 
445+60 445+72 445+90 7 0 
465+80 485+92 465+38 7 11.2 
484+42 464+54 #464+54 7 0 

464+70 
497+70 497+82 #497+82 7 Trace 

496+00 
500+10 500+22 510+76 6 55 
514+50 514+62 #514+82 7 0 

514+60 
565+70 565+82 #565+82 7 0 

564+08 
574+24 574+56 575+04 5 100 
590+10 590+22 #590+22 7 6 

590+42 

616+92 619+04 #619+04 7 0 

619+20 

625+70 625+82 7 42 
642+90 645+02 7 17 

654+90 
666+90 667+02 665+12 5 100 
669+50 669+42 679+58 7 59 
706+50 706+82 712+20 5 100 
755+16 755+28 752+82 5 100 
755+76 755+88 754+50 5 100 

771+20 771+52 775+20 6 47 
765+08 
790+10 

;. Average of two independent observations ... Initial burlap cure 
II 1942 scaling tests continued on 1941 panels 

() Accumulated cycles·at end of 1942 tests 

55 94.5 
28 92 
28 61 
28 19 
28 Trace 

28 53 
28 28 
28 14 
28 5 
28 16.67 
28 0 

' 53 1.4 

55 22.2 
55 61 
55 0 

55 0 

27 56 
55 Trace 

55 0 

21 100 
29 Trace 

55 0 

55 85 
55 70 

15 100 
55 94.4 
21 100 
15 100 
22 100 

29 92 

1941=4,2 
Method B 

Cycles % Scale f 

23 100 

47 100 

61-(89) 68 
47 100 

61 75 
61-(89) 56 
61 12 
60-(95) 6 
61 8 
61 '56 
41 100 
60-(95) 0 
60 Trace 
61-(94) 0 
61 0 

9 100 
60-(95) Trace 
60 Trace 
61-(94) Trace 
61 Trace 
52 100 
61-(90) 44 

51 100 

61-(94) 0 

61 0 

55 100 
9 100 
8 100 

12 100 
6 100 
6 100 

9 100 
7 100 

61 4 

D E S C R I P T I 0 N 0 F CONCRETE 

Finish .Curing Cement Admixture 

Broom Wetted Straw Brand No. 1 None o.7e 
Broom Asphalt Emulsion Brand llo, 1 None o.7fl 
Burlap *Asphalt Emulsion Brand No, 1 None 0.76 
Burlap wetted Stra ... Brand No, 1 None 0.76 
Burlap *Paper Brand No, 1 None 0.78 
Burlap *Paper Brand No, 1 None o.7e 
Burlap Wetted Earth Brand lio. 1 None 0.76 
Burlap Ponding Brand llo. 1 None 0.78 
Burlap Double Burlap Brand No, 1 None 0.76 
Burlap Paper Brand No, l !lone o.7e 
Burlap 2% CaC12 Brand !lo. 1 !lone 0.78 
Burlap *Membrane Curing Brand llo. 1 None 0.76 
Burlap *Membrane Curing Brand llo, l. None 0.76 
Burlap lletted stra ... Brand No. 1 Pozzollth 0.76 
Burlap wetted Stra ... Brand No, 1 Pozzo1ith 0.76 
Burlap Wetted Straw Brand No, l Plastiment 0.76 
Burlap Wetted straw Brand llo, 1 None 0.78 
Burlap . lletted Straw · Brand llo, 1 Orvua 0.76 
Burlap Wetted straw Brand llo. 1 Orvua 0.78 
Burlap Wetted Straw Brand No. 2 Orvua o,eo 
Burlap Wetted Straw Brand No. 2 Orvua o,ao: 
Burlap Wetted straw Brand No, 2 Ilona 0.78' 
Burlap Wetted straw Brand llo, 1 Vinaol Resin . 0.76 
Burlap Wetted Straw Brand No, 1 Vinsol Resin 0.76 
Burlap Wetted Straw Brand No. 1 Vinso1 Res.in 0.78 
Burlap Wetted Si>raw Brand No, 2 Vinsol Resin 0.78 
Burlap Wet ted Stra ... Brand No, 2 None 0.78 
Burlap Wetted Stra ... Brand No, 1 with liTo grinding aid 0.76 

' 
natural cement 

Burlap lletted Straw Brand lio, l with llo grinding aid 0.76 
natural cement 

Burlap Wetted Earth Brand No. l with Bee! ta11o... in 0~80 
natural cement natural cement 

Burlap Wetted Earth Brand llo, 1 with Beef tellow in o.eo 
natural cement natural cement 

llrbom Cutback Asphalt Brand No, 1 None 0.76 
)ilurlap lletted Earth Brand No., 1 Silica Dust 0.78 
Burlap Wetted Stra ... Brand No. 1 Silica Dust o.eo 
Burlap lletted Straw Brand No, 1 lione 0.76 
Burlap Wetted Straw Brand No. 1 Limestone Dust 0.76 
Burlap lletted Straw Brand No, 1 llodi!ied Sand 0.78 
Burlap Wetted Straw Brand No, 1 Lime.Dust with Lime Agg. 0,78 
Burlap Wetted Straw Brand No. l Lime~tone ·Aggregate 0,78 

Burlap Wetted Straw Brand No, 2 !lot Rain Marked 0.78 
Burlap · lletted straw Brand llo. 2 Not Rain Marked 0,76 
Burlap Wetted Straw Brand No. 2 Raili Marked 0.78 

llethod A, lleekly cycle of 10% c .. cl2 solution •. 
Method B, Dail,y cycle o! freezing water on surface and tha ... J.ng ... ith CaC12• 



Tft~'3LE X 

CLASSIFIED SID;ll:UiRY OF TEST RESULTS FROH CONCRETE SCALING STUDY 

CONCRETE CHAEACTERISTICS SCALING DATA 
1940-1941 1941-1942 

Cement Admixtlu~e Finish Curing Cyclen <i ,, Scs.le Cycles % Scale 

Brand No.1 Orvus Burlap Wetted Straw 33 0 J'60-( 93) 0 

Brand No.1 Orvus Burlap YVe'tt.ed Stravr 60 Trace 

Brand No., 2 Or<tus BurlalJ Wetted St:rav1 35 Trace /,181-(9·1) TrE'"ce R.epeo.t 

Brand No. 2 Orvu.s Burlap Wetted Stravr CJ. 0 

Br.~.nd No. 1 Vinsol Resin Bur1np Wetted Straw 53 Trace #60-(93) Trace R..epea.t 

Brand Ho. 1 Vineo1 Resin Bu:cl2.p Wetted BtraYr 60 Trace 

Brand Ho. 2 Vinso1 Resin ·Blrrlap Wett~~d Etrav;r 33 0 //31-(94) Tro.ce HepeQt 

Brand No .. 2 Vin;sol Resin B'u 1'" 1 J:i ·') \ -·~··:·J.: Wetted 8tr<JYr tn Tr&ce 

BrG.nd No,. 1 Beef T2.11ow in Bu.r1e.p Wetted 2traT7 53 Tr<?...ce 0'61-(94) Trc.:Lce Repe2.t 
Naturc~l Cement 

Brand :No., 1 Beef Tc;llo''l in Btu'l!:i}.J Wett8d Str<J~Y1" SJ. 0 
NatLll'<'11 Ce1~1errG 

Brc:nd No .. 
,, 

Fl.ain [,~ar~~ed BUT' lap ~ette::l St:C'av~ 61 4 ,c 

St.:tT'face 
Bran·:!. No .. 1 ?ozzolith Burlap Wetted Strav,r 33 1~4 d~G0-(93) 6 Re:2ea.t 

Dr and No .. 1 PoJ.:;zoli"t,h E11:rlap Vifetted ,StJ'EcTii" 131 0 
u 

Brand No. 1 Norw Bm'1ap Rit.e-Cu-c-e 28 0 ~¥61~( 89) SG Repe.s.t 

Brand No., 1 :none 13m" lap R.Hs-Cure 61 12 

Brand No,. 1 Nat. Cement no Bur1''·P Wetted Straw 29 Trs.ce /,161--(90) 44 Hepee.t 
Gr:Lnding Aid 

Brand No. l Nz:.t Ce:::nent no Burlap Wetted St:c·e.w 31 100 

Brand No. 1 None Burle.p Paper 28 3 

Brand No .. l None Burle.p Double Burlap 28 JA 

Brand No. 1 None Burlap Ponding 28 28 

Brand No. 1 None Burhp Wetted Earth 28 53 

Brand No. l None Bu.r12.p P.;1per Initi2l 28 Trace #G1-(89) 68 Repe,;;j~ 
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TABLE X 

CLASSIFIED Sill\TI'I!ARY OF TEST RESULTS FROM CONCRETE SCALING ST!JDY 

:~ ,., 

CONCR~TE CHJl.R}~CT"ERISTICS SCALING DATA 
1940--1941 1941~1942 

Cement ACl.mi:-cture· Finish Curing Cycles % Scale Cycle::=. % Scale 

Bra~YJ No. l Plc.stiment Bttrlap Wetted Straw 53 22 61 56 

Brand No. 1 2% CaC12 Burlap See .fi.d.Jllis:t ure 28 17 61 73 
Inter;nixec1 

Brand Ko. 1 None · Bm'lap Wetted StravJ 28 19 

Erc~nd No~ 1 Silica Dust Burlap Wetted Earth 35 70 

Brand No .. 1 None Broom Cut B2LCk Asp .. 53 83 

Br2.nd No~· 1 None B11rlap .Asp .. Emu~Lsion 28 61 47 100 

Brand No. 1 Nm1e Bur1Ep Paper Initial 47 100 
CuTing 

Brand Noe 1 None Burlap Wetted Straw 33 61 41 100 

Brs.nd No. 1 Silice. Dust Bu.rlap Wetted Stre.w 33 100 

., 
(~~ Brand 

,~) 
No. 2 None Eu:rlB-p lNott8d StrEw 21 100 32 100 

Brand No. 1 .None B=lap Wetted Straw 33 94.5 23 100 

Brand NoB 1 Modi.fied Scu1d B1.u•Ie~p Wetted Straw 21 100 12 100 

Brand No, 2 None Bu.rlc1p Wetted Strc..vtT 27 58 9 100 

Brand No .. 0 None B1.-1rle..p Wetted 2-tr&'JT 13 100, 9 100 ,o 

Brs"nd No~. .? None Bnrlai) \'Yet ted StraY{ 29 9'' ~ 9 100 

Br:;~n1 No~ 1 Limestone Dust Bm:1ap Wetted s·tra\:-J 33 94.4 8 100 

Dl"s_nd No .. 2 Lime!:.tone Dust Burlap Wetted Stra.Yr 7 100 

Brand No. 1 None Broom Asp.Emulsion 28 92 

Brand No. 1 Limestone Dust Broom AGp~Emul.::-ion 13 100 6 100 
i;1us Limestone 
Ags., 

Br.:;~n.-:1 NoB 1 None Broont Asp., Emu.J.sio~ 22 100 6 100 

~i'l ~~~ Note 11 19~2 t:r.eB.tments continu·::::d on 19<11 Pccnel i'J 
·~:.> \~ () Accu.rim.l.9J,.sd Cycles nt end of 19·t? Tests .. 



PART. TWO 

OTHER CONCRETE 2CALIJIJG STUDIES 

In addition to the scc..ling studies conducted on the Dm~e~bilit:y 

Project of the Michigan Test Fi.oad, ·three other specie.l supplementary seal-

ing studies have been made on selected pavement projects~ Thez.e p:coj ects 

are located in the Upper Peninm.lla. The scaling studies were supervised 

and reported by W., 1, ~ Keranen 1v-ho at that time was in che,rge of the co--

operativ-e research acti'\rities at Houghton, Michlgc.nq. The ~Eaintenance Divi~ 

sion furnished men and materials with ;rrbi.ch to carry out the work., Part 

Tvm presents the resu~ts of these scaling s-tudies., 

~rhe field ,s.ctiling 'projects include e. comparative study of calci1..1m 

,. .. ' 
chloride salt vei'SUS :n<-l.tt~recl freezing; and t.h'3.Wing, the effect of calcium 

chloride on concrete contB.ining stcunp sand, and the effect of calcium chlo~ 

ride on concrete consisting of limestone aggregates, including stone sand, 

vdth and vdthont silica dust B,nd containing orvus, 

CALCIUM CHWHIDE VEHSUfi NATURAL F.F!l':l':ZIEG A~Jn THAWTNG 

In connection with the concrete drrcability studies nov1 in progrez.s 

it 1Nas believed desirable to obtain more pertinent data relativ-e to certain 

fe_ctorr::: wbich are };::rw~rn to cause sce,,le such as cb.loJ.:'ide saltc c:.nd ne.tural 

freez:lng and thawing.. Consequently, the purpose of this particular study v1as 

to coriduct comparB.tive scaling studies on a concrete slab not previously 

treated vdth calci11m. chloriC_e to determine in what degTee calcil.ml chloride or 

natural freezing E·nd the,\ving are inducive to scaling of concrete surfaces .. 

For the study a pavement hrtif t during the 1941 construction season 

;::;elected .. 



Location and Character of' Test Pavement: 

A .section of concrete pavement was selected on Project 2N-FAP. 3 

(10) on US-41 North of the Village of L'Anse, in Baraga Co=ty. The test 

section:J were located on the left edge of the pavement at ~station 54+00 ,. 

The concrete pavement was constructed l-t.nder standard procedure uc,ing Champion 

natural aggregat~s, Dttluth Un.iversal ~~ Portland Cement v.rithout e.dmiA.--ttrres .. 

Finishing .,:;;r.nd curing consisted of bull float, burlap drag, wet burlap and 

earth curing respectively. After preliminary instructions, the actual test 

procedm"e was conducted by the Highway Department MaintenEnce Division at 

L t l..nse 1mder the direction of Mr ~ George Forrest, :MainteneJlCe Superintendent~ 

Two EB}Xi.::."ate test panels were eDtablished by secux-ing wooding stTips 

l/2 inches thick to the paVement Ydth bitvminous m'3.teTial to form dykes~ The 

two panels were 12 feet long and 3 feet wide and separEted from each·other by 

a distance of 3 feet~ See Fig1...1re 15 ~ 

l\~ethod of Test: 

In both prs.nels water vvar::~ applied to_ a. depth of l/4 inch and permitted 

to freeze ov.ernicht~ The following morning calcium chloride' flaker:. vrere ap~ 

plied to one panel at the r;;r_te of 10 percent of the ice formed~ This wov~d 

haYe Emounted to 5 pmJnd2 of calci1:1In ch1oriC.e, but it vras fo-rmd in every case 

that when the panels ·were solidly frozen more than one application. was neces~ 

,sa:ry ~ A~-Gually it required from 7 to 10 pounds for complete decomposition .. 

The chloride was evenly distributed over the entire SliTface of the ice~ Im-

medie.tely follovting decomposition of the ice, the pa.nel was clea.ned, flu2hed, 

an.d freeh water again ;;;.pplied foi' the next freezing and thavdng cycle.. This 

test procedure wa~: cJ.esignat~: .. d as 11 i":Tethod A'1 ... 

33 



A. Panel Layout, Baraga, Project US-41 

ts) '.\'dt. 

----·-· --·---·----

B. General View Showing Metal Hood used in 11 Method B n, Baraga Project US-41 

Figure 13 
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The ice in the other panel v•.ras the.wed, ths followiEg norning, by 

applying heat from an ordinary 4 inch kerosene torch placed m1d.er a metal 

hood unti1 water we.s formed, See FigLLre 15. After tbawing, the •nater vras 

then permitted to freez;e for the successive cycle9 Replacement of the water 

was made twice weekly. The heat application Vias mac;1e under e. hood construe-

ted of galvanized sheet metal, the top of vvhich was approximately t;r,;o feet 

above the surfc...ce o·P th.s pavement.. Ina.smuch as the intent v.ras to simulate 

ne.t·ural thavdng, the flame of the torch vras directed upwards so as to prevent 

concentrated heat c~.pplication to the S1JJ."'face of the pavement.. The torch- was 

alternated from one end of the hood to the other during the thavdng operation 

in order to obtain an uniform heat distribution over the entire stu .. face of 

the pane.l~ It was fm.xnd, by using this pi'oceduT'e, that vrhen thawing wa,s com-

plete the :resultant -v:ater was Dt.ill cool.. Tl'J.s test pTocedtl.re v;as designated 

Obsey·vati ons an.d 13&.rorti n:; of Hesu1ts: Following the decomposition of t,he ice 

by eithe:c method "A" or nBn any scale aTea v:as accurs.tely mea81.u:·ed daily and 

the result recorded on a specially prepared form., The scale wao designated 

at light (thin mortar scale), medium (sl.rrface scale exposing coarse ag·g:re-

gate), o:c heaVy (cli;:integration of the concrete b;l the reL:J.ove.1 of c.oar,se ag~ 

greg&.te) Q The tects were continued for the duration of the freezing tempera-

ture.3 in thf:',t pe-rticuJ.ar locality .. 

Protection to the rr'ro.veling P~1blic: The test areas were adequatel~l si.zned 

and lighted for the e.afety of the driving public both day and night~ 
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Obsm:>v&t ions; 

This project was e.tarted at a. time when the snow anc1 ice cove:red 

the pavement and considero"ble diffictJlty was encou~1tered in making the:.::e 

panals watertight, It was necesecc:cy to melt the snov1 and ice and dry the 

pavement vdth a torch be.forc:: ap_plying the rai-sec.l. Even though ce.re Y•iELB 

tak:en in drying, the pa;'iJ8IEent may y._,EV\1e been heated enough to affect the 

reEult of the test~ 

Test Procedure .A:~Fine sa.nd and fine mortar started to come off the nAn 

panel after the 12th cycle, but there >ovaz no change in the appearance of 

the S1Jrface un.til after the 31st cycle B At this time a 1 sq.~ ft, arec .. in 

' 
the l\TW corneT of the panel shov:ed n:ediurn sce.1ing, vd th no cha_hge in the re-

m.ainder of the panel.. :rTo change was noticed in this :tlW earner previov.sly, 

1.1nless it was & slight roughening of the fllLrface in this spot.. This pe_nel 

remained i:n the f:ame con6ition until the 40th cycle at wbich time 25% of the 

SL1Tfe_ce of the pecnel appeccred speckled -- light sca.le,. .After 62 cycles the 

light sc2,J..e increc.r::ed to 30% 2nd the medium to 10% .. 

It ~1ee1il.S tl-JE.:.t there lYHS a.n inherent vrea.k spot :ln the :t>.'fl2,f corner or 

the pc.vement was overhee.tt=.'d at this ;::iJot v,rhon clr:ving to ple_ce the C.yl-:e ~ This 

v.ras ctlso the deepest section of the pane1 2.nd the co:-Lner from which the de-

co.t2posed ice VTas broomed .. We think this·spot. should b8 eliminated from the 

f'inal results~ Consequently, 9% medium ecaling anO. 50% light ,c:.caling after 

65 cyclez is a .fcdr resuJ.t for this te~~t ~ 

Test Procedure B: On test "B 11 difficuJ.ty t~as ex:perier1cec1 in keeping the 

Thi::J panel sho-wed 50% light sc;3.ling e_fter tb.e 42nd cycle and re-

meJ.ned tLYJ.Chf),nged during the remainder of' the test., The south one-Jo..c"lf of 

the panel s-caled c_nd the north oue-P...alf' did not.. This scaling has been 



·, .. 

attributed to the overheating of the pEL"\•ement 'Nhen replacing strips, but 

upon, clo:;w scrutiny after the test was completed, and upon B, perfectly dry 

uavement, it 17as noticed that there IYCLS a defil:1ite line of demarcation clear 
~ . 

across the pavement Ht this point, south of which the ·sln'fE~ce of the pave-

ment had an entirely different texture. South of this line the full Bidth 

of the pavement :b£d scaled to the same degree as the section l.:tnd.e:r· test~ 

This line of demarcation was slightly curved and loo1ced as though it hac1 

operations.. Similar lines. were noticed throughout the entire projsct upon 

inve~3tigation~ Therefore, it is believed th:~t this light scaling on the nB 11 

pecneJ. shoulc3. not be attri1n1ted to our test, as it is believed it .Ymu1d h:tve 

scaled to the same degree 1Jl1c1er normc~l. freezing t-~nc1 thavdtig :l~J.e to nm:.'Bal 

vTeathET conditions* This condition is illustrat.ed ill Figu:ce 1€,. 

A b:r·icf SlliJTill·::O.I':;r of eomparati'vo datE, is presented belm;;., The con~ 

dition of the SiJ.rfe.ce e.fter treatment is illu;strcd~ed i:n Fig-ures 14, 15 and 

16., 

Cycle Light l\lledi urn HeaY-y 

1941-1942 CAC:l2 (A) 63 50 9 0 

1941~1942 NatlJX'al Freezing and Thawing (B) 63 50 0 0 

ResultS of Tests: 

The GJJovc re::,ults ;:.ho~tY the.t scaling of concrete surfe_ces may be 

cHused by the nature_l freezing and thawing of water on tho pavement elU'"'fe.ce 

or ··Hhen the surfe.ce i;:, highly satLD."'a~t.ed ·with moisture.. This :JEme phenomenon 
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:!.",!.. 0 Pavement Before Test Method "A11

, Baraga Project - US-41 

B. Pavement After Test Hethod 11A11
, Baraga Project - US-41 

Figure 14 
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A •. Pavement Bf?fore Test Method 11 B", Baraga Project US-41 

B. North Half Panel After Test Method 11 B11
, Baraga Project US-41 

C. Smrth Half Panel After Test Method 11 B 11
, Baraga Project US-41 

Figure 15 



A. Line Through Pencil Separates Scaled from Unsealed Portion Test Panel 
"Method B", Baraga Project 

US-41 

B. Same Condition as in A Except an Untrea·bed 
Portion of Pavement 

G. View Showing Line of' Demarcation on Edge of Pavement 
Opposite from Test Panel 

Figure 16 



has been lmown -t.o occur on other pavsmen't surfe.,ceE: which }>_,ave not received 

calcivJn chloride treatments for ice removal. The E:caling process is usual-

ly more severe when calcium chloride is pre::;;ent .. 
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EFFECT OF CJLT_JCI1JT,II CHLOHIDE ON PAVEr.rENTS CONTAINING ST_AJilP SAND 

A separa.te study v:as rr:e.de to determine the relative resistance 

to ;-:;caling of concrete pavements cont&ining stamp sc.ncl_ &~~ CJ. f.ine aggregate~ 

The f,tuCly Y>"as made on a pavcrJ.ent consti·ucted during 1938, Thi,c:, ps.rticular 

project 1;ras the :most I'ecen.tly constructed pavement contc.ining st0.mp sand~ 

I,occ:tion of Test Area~ 

The sect-lOTI of concrete ehoE:en .for the test area lies on US=41 

approxims.tely 8 miles North of the City of Hancock in Houghton Cm.mty,. It 

is further identified as being a.t Station 440+00 right side of pavement 

Construction Project FA 175, 8ectiou J. The particul2.r ;:-:ection did not 

have any previous r3cale development~ 

Size 9f Test Area: Only one- test area was established 3 feet by 12 feet 

constructed in the mo.Tl.J.1er described in report of Be.rD.gc,_ Project" 

Method of Test: 11MGthod _11fl consisting of freezing water e.~d thawing with 

caJ.ci.lJEl chloride was used in this test~~ t!Method A" has been e::pls.ined pre-

vj4ously under Baragc~ Project. The tests were continued unti1 100% sca.ling 

of the S1Jl"fc.ce h3.d been obt.s:.ined .. 

Scaling started after the second cycle and proceeded to 100% medium 

scale at the end of the 25th cycle,. Scaling started in a strip acro,s,s the 

cent·er of the panel, progressing to the deepest end of the pe.nel first and 

then bacl;: to the other end"' TI:t~ fact that the pa.vem~nt .,hHS llnevcn e.t ttdz 

particu_lo..I" location Eccounted foi' one portion of the pe.rcel bei:ng deeper than 

the oth8rq There we.s also a dep:res~don in the center of the panel., The final 

reeults from scaling study o .. re summarized as follows: 
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'}', Scale 

Cycle Light Medium Hee:v-y 

l9·H-1942 Method A 35· 100% 

Pictures in Figurez-_17 and 18 illustrate conditio~ of surface 

after 55 cycles. 
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A. Inste,lling Dykes - Hough-ton Project 

B. Scaling of' Sur f'ace af't er 35 Cycles - Rought on 
Project 

Figure 17 
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A. View of Pavement Surface Before Test - Houghton Project 

B. Condition of Surface After Scaling - Houghton Project 

. I Figure 18 
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EFFECT OF Cl\_LCIUM CHLORIDE ON CONCRETE CONTADTING ,Q,TONE SAND, 
WITH A~ID WITHOUT SILICA DUST AND CONTAINING ORVUS 

On the basis of results obtcdned front scaling studies conducted 

on the dLrrabili"t:f 2e~-tio:o. of the ~H.chigan Test Iio.Hd during the winter of 

1940~1£:41, relative to the .twe of admixtm .. es to improve the physicc,l cha~ 

rs.cteristics of ,stone sand concrete and it,s abillty to rerdst ;3caling, it 

w8 s lJ~'OPOSGcl to experiment further vrith the use of admix-tLtres in the stone 
• J.:- .., 

sa.nd conerete mixbxres~ Consequently,. Construction Projec·b 1!~75~28 1 C2 lo~· 

cated on M-94 in the City of' ~r~nistique, Schoolcraft CoLmty, vras chosen for 

conducting the experiments on stone sand .. 

The plJrpoGe of this work rrc~s an att·empt at improving the ol!j ect.-

ionable characteristics of stone sa!ld in concrete, zucp HS 1Jleec1ing, poor 

"orkabi.lity, difficllit fini.shing and excessive scaling by the· addition of 

wetting agents aDd addition of fines~ 

The project v;as constructed vrith li:mestone aggrege.tes obtained 

from the Inl~,nd Lime end Stone Compa:r~r qt1.arries located at Me.nistique, 1\iiichi-

gan
0 

Qrvus, wetting agent paste admixture, waG added in specified amounts 

approximately .,05 lb"' per barrel of cement throughout the entire project.. In 

the north half of the pavement only, silica dust was added in 'addition to 

"Orvus': at the re..te of 11 .. 81 pounds per sack of cem~nt., Tho silica dust was 

obtEi.ned through the Garco Products Inc~, Co,., Butler, P;s,,.. from thei:~ .. Ottawa 1 

Illinois solJrce~ The grading characteristics of the aggrege.tes will be fo"Lmd 

in Tc_ble :XI . · 

The :i."'Gsults of the Manistique stone s.::tnd studies will be discussed 

from t'i7o different stc:.ndpoints, fi .. rst, undoT construction obser-vations as 

~ ~ bv v..,;·~ S., Andei'con, ProJ' ect E1w::Lneer in charge of the ProJ' ect, also p:re;:.enveu v '-' ~ ~ 

F J · n Enbsrineer on S_•·•eci3.l. Assio.o·11...11ent nnd tmder special scaling studies by Hoy .-u _T,o~-, "' 
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ccJ.rried out by the Maintenance DiViGion a.t ~/fsnistique, Mr. Fran1c Peake, 

Mai::_~tenance· Superintendent in coope:-ation with Mr, Ksrenan, repi·esentative 

of the Research Le.borc.toTy .. 

Construction Observations: 

The south h~1.lf of the pavenGnt YIHB constructed vlith Orvuc. only Q 

The noi'th half contained both 0Tvus and Silic&. Dust~ 

It TILlS observed thn.t Orvus alone :reduced considerably the bleed-

I 
ing so typical of stone sand projects c.nd slightly improved the workability 

of the concrete oveJ_" til& t of vntrecCed stone s.s.nc1 projects 6 With the use of 

fines (Silica Dust) in addition to the Orvuz, there seemed to be a complete 

lac1;: of bleeding and the workability of the mixture Yl8.S materially improved ... 

Dea.m teste.· on both areas indic8.te that the concrete i11 both cases 

was up to specification requirements both for 7 day and 28 day periods .. 

The pid:.lu·es in FiguTe 19 il1ust:rc::te tl-.. e ch:.::.re.cte~r of the concrete 

containing .Silica Dust and Orvus.. No pictures are av~.d.lable shmYing the con-

crete mi:t:tttre Hith Orvus G.lone .. 

Accelerat,cd Scaling Studies: 

The test p2nels for scD.ling study were 3 feet by 12 feet so con-

structed to hold a layer of vrater 1/4 inch deep ovKc the surface of the con-

crete.. One pe.nel 'Nas loce..tsd at E'-tELtion 53+00 on the north side of pavement 

consi:::ting of Oryus and 2-ilic£:. Dust. v;hile the second panel was located at 

Station 54+15 on the south side o.f pavelil8l1t cqnto.ining the Orvus only .. 

~~ 
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SILICA DUST IN STOCK PILE 

... 
VIEW SHO','/ING PLASTICITY OF CONCRETE 
MIXTl)RE 

SCALING PANEL 

TYPICAL VIEW OF CONCRETE 

COATING OF STONE PARTICLES WITH MORTAR 
PASTE 

. -
LIMESTONE AGGREGATE CONCRETE WITH SILICA DUST AND ORVUS 

FIGURE 19 



Test Method "A" wa.s performed on euch p2.nel~ The test procedure 

consisting of :freezing of wB:ter at, night 2nd tl1B.rdng chu .. ing the day with an 

application of ce.lcium chloride as fully exp1ained";unde1" the BarE,ga County 

tects.. As previously mentioned the actl.1Hl work of conducting the tests was 

performed by the Maintenance Division at Manistique~ 

At the completion of sixty~six. cycles of free~in.s and tha.vrir'tg there 

Vil?~,s no indication of -sccJ,ing either in th~; f:'ection containing orvus or the 

sectiOn cont.e"in:Lng both orvus anc~ silica du;:d~" 

TEST lVIETHOD A 

1~}±1=1942 

Limestone .A:ggregntes vrltb_ O:r·tTU.i:.l 66 0 

6G 0 

4? 
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TJ\J3LE XI 

TYPICAL GRJ\DING ANALYSIS OF LTiiiESTONE AGGREGATES 

Passing % 
By Weight 4A lOA 2SS 

2 Inch 100 

1 1/2 Inch 80 100 -, 

1 Inch 28 98 

1/2 Inch 36 

3/8 Inch 2 .. 0 19 

No. 4 Sieve 1&7 100 

No~ 8 82 

No, 16 43 

No .. 30 26 

No. 50 12 

No .. GO 

No. 100 5~3 

No. 140 

No. 200 

No. 270 

Loss'by Washing 0.4 0,.7 '7 ~ 
,J~<:; 

Silica. Dust 
3MF 

100 

99 

98 

95 



CONCLTJSION,S 

As merrtioned in the introduction of this report the primary 

objective of thG concrete rJurability study i,s to determine methods for im-~ 

p:roving the constituent,s of concrete and cdnstruction practiceS in such a 

manner as to eventU2.lly develop a concTete pavement surface tot~lly resis

tant to scaling.. To acco_mplish this objective, the research .project was 

divided into th_res phases o.f study, :nam,2l?; Sl1I'VB~/ of' exist in~; concrete 

pavements, lo.boratory st.u0.ies on concT·ete duJ."'apility, and field studi~2s on 

sp:::cially cons-tructed concTete po;v-e:(a.ents ~ 

This study of the results of the acceleTated scaling studies 

made in conjt1JI.ctio_n rrith the field obsex-·.rations on SjJecially constructed . 

concrete pavements, ove:L' a tl<m year pei"iod, justi.fie,s the following con

clusions w.l.-Gh refe:renoe to the extent to Vlhich the various factors studied 

affect the scala Tesist.-:nt propsrtiss of the concrete surface and the q_uE-

lifications of the accelerated scaling tests .. 

1.. The admi:.x:tuTe Orvus and the grindi:ng aids Vinsol Hesin in 

Portland cement and beef tallov;r in natu_-ral cement produced a concT·ete stu"

face 8ntiraly free fron f3Cal8 • 

2. Of the tvro proprietar-.r admiz.:tures, Pozzolith anc~ Ple,stirn.ent 

which rn:~re incluc1ec1 in the study, Pozzolith was considera"bly the better of 

the ·Gvm products, producing a concrete highl;y resistant to scaling .. 

3 ~ The blending of natural cement without grincl.ing aid with 

Po:r·tland cement decreased scaling considerably hut not totally.. Howe trer, 

when g-.rinc1ing aid (beef tallo~·r) was used vrith the natn.rc>.l cement complete 

scale resistant co:rJ.cTste 'vas obtained.. T.herefore, it I1JB.Y be ac.sumed. ths.t 
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the g:l"ind:i.ng aid is the desirable eleme:nt in such :udztux-es for produ_cing 

scale resi,st£ont concrete. 

4, The addition of fines to the fine aggregate, while they im-

proved workabilit;y, had no bene.ficia.l effect c::~s far c.s reducing scale is 

concerned~ 

5.. Concrete containing both COB.rse and fine crushed lime;:.tone 

aggregates shov;red very definitely to have the 1m:uest scale :resisting pro-

perties of any concre·Ge ~ 

6 ~ Of the ·i(,.arious curing methods studied those methods ·which 

ten.c1 to restrict moistv.:ce loss c~.t the early stageG of cvTing shov7ed up the 

best cluri11g the scaling studie13 a For example, the membrane Clll"ing material 

tJ.nd paper applied without .initial cu:cing seeEled to impart durabilit-,Jr to the 

concrete surface~ 

7., The type of finishing netl-wd or the use of bi-b. .. uninous mem,~ 

brane Clll"ing agents shmr,·ed no advantcqs;e over standard construction prc.ctice" 

8,. The use of OrvUs in liillesto:u.(. aggrega:Ge mixtUJ.~e3 improYes 
• 

the workability of the mixtuT·e, practically e1l.illJ.nE~-ces the chax·e-.cteristic 

bleeding of such mixtm"eS and prod.uces a limestone aggregate concrete en-

tirely free from scalinga 

9.. The~ce YJ<lS a mE:cked difference in scaling characteristics of 

the concrete from the stanO.point of brands of cements used., Those sections 

containing B.1:•and No<j 2 cement bE.c1 a higher rate of scaling tha.n t~1e sections 

of concrete containing Brand No. 1 cemen-t ... 

10.. No defil.1ite conclusion, relative t.o the effect of age on 

scaling, can be dr.e.1m from the .results obtained so far. This is believed 

due mainly to two rea\30ns, fix·st the time element of one year is too short 
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to bring in the age factor, second the te:?t p:rocechn·e as conducted cluring 

the ·1941--1942 per~od was believed 2uperior ·to that of the 1940-19-41 series 

and consequ.ently the final results are not ideal for comparing the age 

factor" 

11. A graphical presentation illustrates the facts set forth 

above will be_fou:nd in Figures 20, 21 and 22 .. These gTaphs illustrate the 

relationship between degree of scaling and fs.ctors-studied as well as the 

effeet of age on degTee of scaling .. 

In conjun.ction :rdth the field obsGrv<.:-t-Cions, le .. bora:toT'Y studies 

.E;.re in progress pertaining to the dm"ability of ·the va~cious concrete mix-

·t.ures under a.cceleT·ated freezing an1 thsJ"Iing conditions.. The results from 

these labor2:tory ::::tudies must be Correlated <rrith the field ::·.tucliec: before 

definite and final statements can be lilt:~de ~ 

The results from the J.aboratory freezing and the:ning studies 

1vill be prer.:ented in a separate pi,ogress Teport .. 



RELATIONSHIP BETWEEN FACTOR STUDIED 
AND DEGREE OF SCALING 

MICHIGAN TEST ROAD 
1940-41. 1941-42 

FACTORS STUD! ED 
ADMIXTURES AND AGGREGATES 

Orvus 
Brand I and 2 

Vinsol Resin 
Brand I and 2 

Natural Cement 
With Beef Tallow 

Rain Marked 
Surface 

Pozzolith 
Admixture 

Plostiment 
Admixture 

Natural Cement 
No Grinding Aid 

Standard Construction 
Brand No I Cement 

Silica Dust 
Admixture 

Modified Sand 
Admixture 

Limestone Dust 
Admixture 

Standard Construction 
Brand No2 

Limestone Aggregates 

Limestone· Aggregates 
With Limestone Du.st 

CURING METHODS 

Paper 
No Initial Curing 

Membrane Curing 
With Initial Curing 

Double Burlap 

Wetted Strow 
With Initial· Curing 

2% CaCiz 
I ntegiol Mixed 

Pending 

Wetted Earth 
With Initial Curing 

Paper 
With Initial Curing 

Asphalt Emulsion 
With Initial Curing 

FINISHING AND CURING 

Broom Finish 
Cut Bock Curing 

Broom Finish 
·Asphalt Emulsion Curing 

0 

0 

0 

--Degree of Scaling based on 

average of two Winter Season Field 

Observations, Durability Project, 

Michigan Test Rood. 

% SCALE 
DEGREE OF SCALING • NO. CYCLES 

;.·[I':. I!~ 1:" "" 
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RELATIONSHIP BETWEEN FACTOR STUDIED 
AND DEGREE OF SCALING 

SPECIAL STUOI ES 
1941-1942 

Limestone Aggregates 
wrih Orvus 

limestone Aggregates 
with Silica Dust and Orvus 

Freezing and Thawing 
with Co Ci2 

Natura! Freezing and Thawing 
without Co Clz 

Concret 
Containing Stamp Sand 

DEGREE OF SCALING= 

--~--·- -------

• 

0 

0 

0 

%SCALE 
NO. CYCLES 

2 3 4 

FI(,URE. 2 
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RELATIONSHIP BETWEEN DEGREE OF SCA.LING 
AND AGE OF CO~~CRETE 

MICHIGAN TEST ROAD 
1940~41 1941·42 

Orvus ·· /ins~~: Resin- Natura: Cement with Beef Tallow 

Pozzolilh 

• I 

! Plas!imert 

N:Jtu~al Ceme'lt- No Grinding Aid 

Silica Dust 

Standard Construction- Brand No I Cement 

i-. ·--. ----------·· -~---------·---

1941 

1942 

1941 

Standard Construction- Brand No2 Cement 

i I I 

:::~ = ! "':;::'' ., 1 

Modified Sand Admixture 

Limestone Dust Admixture ., ,,, Iii,,,. 1942 

1941 ~================= .. Lr Jthst + Limestone A 1942. ' 
___ L_·~---- -+ 

1941 

"""~"" .. ~.;;-~oo..-o:"::£'=~-

% SCA l~E 
DEGREE OF SCALINGo NO~CYCl..ES 

···--·· ~----·····-·-· ----~--- ·-·-·--- ----
""'"'~~"""=-------==•'--""'~- -~--~---- ----~ -·- --- ---·-----·-·--·-----

FIGUR:: 22 
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Degree of Scaling 

0 

0 

0 

.06 

.09 

.79 

1.84 

2.51. 

2,61 

6.50 

7.65 

-s.25 

10.62 

12.20 

.17 

.. 29 

.so 

.67 

0.90 

1.00 

1.10 

1.95 

2.19 

SCALING STUDY 

Record of Degree of Scale . 

Factor Studied 

Orvt.lS 

Vinsol Resin 

Natural Cement with Beef Tallow 

Rain Marked Surface 

Pozzolith 

Plastiment 

Natural Cement - No Grinding Aid 

Standard Construction - Brand 1 

Silica Dust 

Modified Sand 

Limest0ne Dust 

Standard Construction - Brand 2 

Limestone Aggregates 

Limestone Aggregates with Limestone Dust 

Paper - No Initial Curing 

Membrane Curing - Initial Curing 

Double Burlap 

Wetted Straw 

2% CaC12 Integral Mixed 

Ponding 

Wetted Earth - Initial Curing 

Paper with Initial Curing 

Asphalt Emulsion - Initial Curing 



Degree of Scaline; 

2.5 

5.28 

0.62 

0.79 

2.85 

o.o 

o.o 

Factor Studied 

Broom Finish - Cutback Curing 

Broom Finish - Asphalt Emulsion 

Freezing and Thawing with CaC12 

· Natural Freezing and Thawing without CaC12 

Concrete with Stamp Sand 

Limestone Aggregates with Orvus 

Limestone Aggregates with Orvus and Silica 
Dust 
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RELATIONSHIP BETWEEN AGE AND SCALING 

Factor Studied 

Orvus 

Vinsol Resin 

Natural Cement with Beef Tallow 

Pozzolith 

Plastiment 

Natural Cement - No Grinding Aid 

Silica Dust 

Standard Construction Brand 1 

Standard Construction Brand 2 

Modified Sand 

Limestone Dust 

Limestone Dust with Limestone Aggregates 
\ 

Limestone Aggregates 

1941 

0 

0 

0 

.04 

.66 

o.o 

2.12 

2.86 

4.42 

4.76 

2.86 

7.7 

4.54 

1942 

0 

0 

0 

.15 

.92 

5.2 

5,1 

5.1 

9.0 

8.5 

12.5 

16.7 

16.7 


