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DUP~BILITY srUDY 

A survey of concrete pavements in Michigan sho~fs that app:roxi-

ten percent of the surface is scaled in varying degreea. 

ConEequentl:y, in 1959, a study of nc<l.ling, its em uses and 

for prevention has been incorporated L"lto the plll.ns of the 

Research Division of the Michigan State Highway Departri\ent M a definite 

project under the title ~Durebili;·by Stuey of Concrete•. 

The inventigation has been divided inl;o two sepanrte Ftwlies. 
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the. con1ltruction 'of a special prwement for field obfervations, and second, 

a laboratory study on concrete durability. The investigation will attempt 

to establish cortl!\in fundamentsJ. prind.ples in concrete construction and 

to co1·rels.te certaitl laboratory ?>tudies with construction methods in order 

to develop more durabla concrate paver:vmts. 

l"mbodied in these corwiderv.tionl! are ·t.ha ne¥Jcr concepts of con-

crete fi\1x design as regards pr(.)portioning t'.nd grl'lding of aggregates rlth 

definit,~ recognition of the materir~le pasrJing 200 nu:mh; the comp<s.rative 

effect of various types of additiven, cement blends a."ld cements produced 

"<ti'th gri)1ding e.id~. tl.lso, the evaluation of the affect of variations in 

construction factors. Gonsideration bas b;)en given to crushed limestone 

agtz}'egates with eopecial attention to the finer fraetions.. The effect of 

various curing methods and the membrane curing agents are included, 

nald Stud:yt The field surv'el con:'listed of a v:hw1 examwtion 

of all concrete pavements con11tructed on the lUchigen State trun.ldine system. 

-1-

,~:; r.:;.:, 
~L3 'l..} 



Numerous factors incidental to pavement construction which may 

effect surface conditions and their relationship to scaling will be 

studies, To supplement the field study, corea >Till be taken from selected 

Michigan Test Road - Durability Section 

The performance of concrete under severity of servlc;, cannot be 

nred.icated upon laboratory studies. In order to make ob8ervations. under 

~ervice conditions on controlled factors, a concrete pavement r~s been 

built, The purpose of this pavement was not only to make observations 

under service conditions but to afford a field laboratory to obtain accel-

erl>tod action of chloride salt~ or ice on concrete p:avemerrts and to study 

the resultant action. This pavement w~Hl constructed in conjunction nth a 

complil'Jlentar,y pavement project for the study of pavement design. Both 

roads are constructed on M-115 in the north central ps.rt of Michigan'!l lower 

peninsula. The durability study projact is 7. 7 miles in lenf,-th with a 22 

foot concrete surface. 

Complete obsel:'V<'.tions were made during the construction of the 

pavement on all factors incidental to constru.etion practice. Subsequen·~ 

observatioilS will be made periodically on the finiehed pavement. 

Tlw oe!nents used included two br~omds of re~;ular Portland cement 

all norma],ly used :l.n the C<)nstruction of concrete pavements in rilichigan. 

Admixtures included the use of cel-tain proprietary nmter:l.a.ls lr..nown as PJ.as

timent, P(>llzolith1 Orvus and Vin$ol Resin. Natural cement was also included 

'i'ihich was ground with and without the use of calcium stearate. Mb: designs 

include regclar proportioning by the mortar void design method as well as 

the addit-ion of fines ru;Jplementing the fine aggregates. Short test 
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sections were included ·to determine the relation of scaling to methods 

of curing. 

A ooraparative study of brooming V(?rsua burlap drag as a final 

finishing operation has been considered. 

Subsequent studies to be condttcted on the durability section 

will pertain to l!lcaling as affected by com;truction methods, curing 

methods and the application of controUed calcium chloride treatments. 

The latter study wlll continue over a period of 5 to 5 years starting thls 

winter. 

Laboratory Stud:vt As ptJ.rt of the general investigation of the 

durability of concrete pavements in Michigtm, laboratol--y studies have been 

1mdertalcen to supplement thll field survey a:nd the durability field study 

of the Michigan Test Road. 

The laboratory program is divided into three lll<tin divi;;im1s1 

namely-

1. Prelimimtry work incidental to construction of durability section of 

test road. 

2. The ceuses of scaling. 

r,. Methods of preventing scale. 

Incidental to the construction of the durability section of the 

test road a preliminary laboratory inveatigation Wnfl neoes;Yary in order to 

evaluate the various ntaterials involved, and to determine what effect "these 

materials would have upon th<l design and physical characteristics of their 

respective concrete mixtures. 

The study of ceuses of seale divides itself' n&.turall(r into three 

phnses; chemical and physical and mechanical causes. Under chemical causes 
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are included such subjects as -

1. Comui.lation of' ciP.ta pertinent tq salt solutions,. Involving a bibli

o1ogical study and a field study to determine the probable concentra

t.lon of salt solutions. 

2. Sca.le formation on concrete as ef'fecteqby chloride salte.t. Involving 

such studies as the chemical re;;>.ction of chloride salts on constituents 

of concrete and the formation and distribution of chemical end products 

eonduci ve to I!Cilli.ng. 

B. The cheDlical action of chloride salts. on set noat cements. Mortars and 

concreto under d:Lff'er•ll~t test conditions. 

The physiC<'>l phsse invol vas two main ~ubj ects -

1. The sagreg<\tion !'.nd variation of ccnt1'bituents of' concrete, Such as 

bleeding when asBociatedwith mix design, physical characteristics of 

the constituents, working of the concreto surfecll and in'l>erftJCial re

lationships. 

2. Variation in phYsical characteriat1CB of concrete fl"'m top to bottom. 

l:nvolving gr<tding, aLlount of cement, demoity, absorption, porosit-y and 

coeff:l.c:l.en't nf expansion. 

h!echanical factors will be considered to include; frost action, 

freezing and thawing and traffic conditions. 

Scale prevention studies will include 

1. Improvemen·l; of characteristics of constituents of concrete. 

2. Improvem·)lnt of construction p:ractive inYolving mix de~ign, const:ruc'tion 

operation and ~uring methods. 

s. The ur,e of acb:dxtures or grinding aids 

4. The u~a of surface sealers. 
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Conclusions 

To date, the investigation has concerned itself with a'tudiee 

incidental to the oomrt:ructiort of the test :road and certain e;tperimmrt.al 

however, a few significant observations will be mentioned. 

1. Microscopic analyses of SC<\le and parent concrete show an e.bunda:uce of 

calciu.u eydro::dde crystals deposited throughout. the scale and on the 

surl'aca of t.he parent oonc:rete. rn the case of unsealed pavements, 

the denosit oi' calcium hydroxide YW.a o.onfinoo entirely to the Hurface. 

2. Microt;copic Ullf<lyses of ne.~t cem{ilnt specimens show that when they are 

rm'bj acted t.o calcium chloride traatmentrJ there is 1:', depodt of' large 

calcium hydro::d.,le cr.rstals on t.he surface of the specimens, Also 

;:;. Construct.lon o'b~Jervntions reveal that the concrete is overworked anrl 

4. The addition of special fines to fill the gre;ding g<cG> betwe•m 50 and 

improves the worlcabllity of the concrete with consequent water ra-

duction. 

s. Controlled calciu.'ll cbJ.orids treatwente to remove ice from panel!! on 

of concrete mixturer• with the exception of' those containing Orvus or 

Vinsol Rarin. 


