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5 Background of the Invention The present invention is
directed to a nethod of I nhibiting erying shrinkage of and cracking
W th respect to structural concrete formations and to

conposi tions capable of providing said inhibition 10 Wi t hout inparting
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Background of the Invention

The present invention is directed to a method of
inhibiting drying shrinkage of and cracking with
respect to structural concrete formations and to
compositions capable of providing said inhibition
without imparting significant set retardation to the
treated concrete.

One of the major disadvantages of conventional
concrete compositions is that they tend to shrink
during drying of the composition. This shrinkage
results in cracks and other defects in the resultant
structure. The cracks cause both appearance and
physical defects to the structure., Although the
magnitude of the shrinkage is normally small, it is of
extreme importance. Such shrinkages give rise to
internal and external stresses which cause formation
of cracks. The largest changes normally take place
during the early life of the strugture.

The resultant cracks provide means of seepage of
water in and through the structurs. Water entry
further deteriorates the structure through freeze-thaw
pressures exerted by the water on the cement
composition and by corrosion of metal reinforcing
elements within the structure. _

Various attempts have been made without success
to vary cement-based compositions, per se, to overcome
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water in and through the structure. Water entry 25 further deteriorates

the structure through freeze-thaw pressures exerted by the water on
t he cenent wo9¢mesosgconpositi on and by corrosion of netal reinperaispgiosst .
el ements within the structure. Various attenpts have been nade
W t hout success 30 to vary cenent-based conpositions, per se, to
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- 2- t he shrinkage problem These attenpts included

varying the properties of the cement, varying the met hods of

manuf acture of a concrete m x and varyi ng the ballast material used
to formthe reshet ahrinkage porohlsme cdheoes tdthemptdnnafudédse attenpts
have re ' | { | Qe | ous

adm xt ures havgu%%g%d b pgsﬁﬁise )&écﬂgg | r??'ec}ﬁacﬁjgn%h%%\kage and

n-propose !
the resultant @p&m%.oﬁgaanufactur@(%pe CrARRRte RiX BHAIYIRI cat | ons

81/ 37259 and 1@he badiak¥d4h b 0smddad/HoR e FGuptdat ene oxi de

?tndv\g!sk?‘/ 523”?%&?" kyl ene oxi d%aq%g’cajnitstsk‘m%se uosfefttﬂesfeorattenpts tlmgepur pose.

resulted in a satisfactory solution.

Various admixtures have been proposed as useful
in reducing shrinkage and the resultant cracking. For
example Japanese Laid-Open Applications 81/37259 and ‘

10 87/10947 disclose the use of alcohol-alkylene oxide
and alkylphencl-alkylene oxide adducts as useful for
this purpose. It was found that these materials must
be used in large dosages which cause their usage to be
expensive in order to provide the desired result.

15 Lower alcochols as C,-C; alkyl alcohols (See U. S.
Patent 5,181,861) have alsoc been suggested but these
materials tend to be readily leached out by wet
conditions which may be encountered. Further, such
lower alcohols have high vapor pressures at ambient

20 conditions and, therefore, are difficult to handle.

Further, various primary polyols have been
suggested as a crack control agent. For example,
Japanese Laid-Open Application 55-027819 discloses
primary diol compounds of the formula RC{CH,0H).CH,,

25 such as neopentylglycol, as being useful to inhibit
shrinkage; EPA 308,950 discloses terminal hydroxyl
containing compounds of the formula C.H, (OH), with the
value of n being 5-10 as suitable for reduction of
shrinkage; Japanese Laid-Open Application 06-072748

30 discloses 1,6 hexanediols for the desired purpose; and
Japanese Laid Open Application 06-072748 disclose
2,2,-dimethyl-1,3-propanediol (neopentylglycol) for
the desired purpose.
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be used in | arge dosages which cause their usage to be expensive in
order to provide the desired result. 15 Lower alcohols as CJerr]-err]
al kyl al cohWOo60eRse U, S, Patent 5,181, 961) have al so ROXAISISHUOASESt ed
but these materials tend to be readily | eached out by wet

conditions which may be encountered. Further, such | ower al cohol s
have hi gh vapor pressures at ambient 20 - 3 eonditions and, therefore, are
difficult to handle. Further, various primary polyols have been
suggested as a crack control agent. For exanple, Japanese Lai d- Open
Application 55-027819 di scl oses primary diol conmpounds of the

formula RC(CH err] Q2)[err] CE r],. 25 such as .neopentyl gl ycql, as being
useful to inhibit 28 lasggbﬁixggPsEFRdSGQ,95@”39§b?0§@§¥98rﬁPﬁaPnhydroxyl
contai ni ng conpadmixtatet forf assuithededns Jhieh ieOdnpable Wift Relieing

val ue of n bein P it abl e r..reducti.on of hri nka
Japanese Laid-nggligﬁg?cg Fb%g58}33254§r§6 Rg 8FS5PSS§§S%,§°HE§§§8dioIs
for the desiredepmppsitioanétructure] spahdgh Bagte@sen Application

06- 072748 di scl ose 2,2, -di net hyl -1, 3- propanedi ol (neopentyl glycol)
for - the desired purgose. . WD 96/ 06059

PCT/ US95/ 20881 Suwmmary of the Invention - 3- It is
hi ghly desired to provide a nethod and an - adm xture for use therein

whi ch i s capabl e of &Sducin shri nkage and resul t ant crackin% of the

cast concrete SnﬁﬁggﬁpﬁniQPPﬂﬁéﬁpe1FodﬁF§ﬁtﬁégF9e§.mﬁth°d o
inhibiting drying shrinkage in concrete structural

formations which requires the addition of a cement
admixture composed of at least one secondary/tertiary

10 hydroxyl group containing compound represented by the
Formula I:
R R
R - C - (CH), - c: - R (1)
OH OH
15 wherein each R independently represents hydrogen or

C, - C; alkyl; each R’ independently represents a
C, - C, alkyl and n is an integer of 1 - 2.

The inclusion of from about 0.8 to 4 weight
percent of the subject compounds based on the cement

20 content of the treated composition unexpectedly

provides an enhanced degree of reduction of shrinkage
and inhibition of resultant cracking without causing
significant set retardation to the treated
composition. '

25 _ Detailed Description
It has been presently unexpectedly found that

compounds of Formula I, as fully disclosed below, are
capable of providing enhanced iphibition of drying
shrinkage and resultant stress cracks normally

30 encountered in structural concrete compositions.
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5 Summary of the Invention The present invention is

directed to a nethod of i nhi biting drying shrinkage in concrete

st ruct ur al WO 96/0605% or mat i ons whi ch requires the addition of PCIUSasnDss1

adm xture conposed of at |east one secondary/tertiary 10 hydroxyl group
cont ai ni ng conpound represented by the Formula 1: [err]

wherei n each R i ndependently represents-hydsogen or Cerr] - C[err]
al kyl ; each R independently represents a Cerr] - (Jerr] alkyl and
nis an integer of 1 - 2. The inclusion of fromabout 0.8 to 4
wei ght percent of the subject conpounds based on the cenent 20
content of the treated conposition unexpectedly provi des an enhanced

degree of reductionCeRCIRERNREGROSItions yndenaphat Fequenceeofl t ant

cracking wt hoyeagaysaﬂsmg its ébﬂanétsaeﬁriﬁg bféééﬂat I OPrBﬂ the treated
conposition Scrl ption has been

presently unexﬁ%gF%ﬂ}y Yéﬁﬁas?ﬁaPntll 53“c0ﬁBﬁuﬂﬁ§’o¥”#ﬁFﬁﬂPa I, as fully
di scl osed bel oversatn dimensienabl ehahgesoshdluadirghprastienhi bi tion of

gaggﬂgte?ed inég%%ﬁgsggaﬁnc%ncﬁg?éa ﬁ%%gg??dﬁégcgéeggagglLXd
correct for the stresses which occur at this stage.
However, subsequent to set, the mass undergoes further
" dimensional changes which are called dry changes
including dry shrinkages. Although such dry shrinkage '-
10  is small in magnitude, it gives rise to internal and
external stresses which resﬁltxin:permanent cracks and
deformations to the mass. Such cracks provide the
means for seepage of water through the mass and for
deterioration of the formed structure from forces
15 encountered during freeze-thaw cycling of the
entrapped water. ' o
‘It has been unexpectedly found that shrinkage of
structural concrete formations can be substantially
inhibited by introducing an admixture composed of at

20 least one diol having secondary and/or tertiary
hydroxyl groups and represented by the formula
R’ =~ ?*-'(CEQ), - q - R/ - A(T)
O OH '
25 wherein each R independently represents hydrogen atom

or a C,-C, alkyl group; each R’ independently
represents a C;~-C, alkyl group; and n represents_ an
integer of 1 or 2. Preferably,'ons or both R groups.
_ are selected from C,-C, alkyl and n is 1.
30 Each C,-C, alkyl group, i.e. methyl or ethyl. may_
be common to all the groups or may be different.
Higher alkyl should not be used as such diols are not
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-4- Concrete conpositions undergo a sequence of st ages
during its cwopmeesssecuri ng process. Fromthe initial hypdrasososaht i
set, the mass undergoes . certain dinmensional changes including plastic
5 shrinkage. The nmass, however, nmay overcone and correct for the
stresses which occur at this stage. -Hewever, subsequent to set, the
mass under goes further di mensi onal changes which are called dry
changes i ncluding dry shrinkages. Although such dry shrinkage 10

is small in magnitude, it dgives rise to internal and ext erna

stresses which result in permanent cracks and deformations to the

mass. Such crackwapedvisgduble and, thezefore, readidy dismsrsiblier dogh t he
mass and for thed ﬁ?&'&h@i@h‘ Q‘Qt@fr U&%df Q’h”%@rﬁﬁhﬁc tt'.!iree cmf orces 15

encount ered during freeze-thaw c ra wat er

It has been unexﬁg€P€&PfeﬁouF&°t§§Pf %FPﬂk&Q@PGPn §F§@3FuFaPsc3ﬁcrete
formati ons can bﬁe@upakanuh@hhxanealol|nhlblted by |ntrodu0|ng an adm xture
conposed of at 20 st _one di al haV| econdary _and/qr_ tertiary

hydr oxyl g%oups and rkﬁfb?@ﬁ??& Eggaryyp°ayaas R

R [err] 25 representedadly Rou:mé.pemdeahl per cpadidyt dilspéraedn iat om
or a Jerr]- qer%ﬁu Aoy m&’éﬂpo %I}mlgd | gi%pi%‘i%sy solutioi%pre&%’éts a

Cerr]-Cerr] group; and resen er of 1°or

Preferably, one PpPlyods Ragrbepysed as ane adoixture Mhéﬁh}Mﬂr] C[erﬂ
alkyl and n is ljptroduced into the concrete composition at the job

10 site as part of the water of hydration or at the
ready-mix bateching plant. Alternately, the diol can
be substantially uniformly mixed with a dry
particulate hydraulic cement contemplated for use in
forming a structural concrete composition. The

15 mixture can be formed in known manners, such as by
spraying the neat polyol or concentrated aqueous
solution of the polyocl onto a hydratable cement to
provide a powdery solid product which can be used at a
later time to form a structural concrete composition.

20 The present polyol should be used in at least
about 0.8 percent, such as from about 0.8 to S
percent, preferably from 1 to 3 percent, by weight
based on the weight of hydraulic cement component of
the concrete composition. Thus, under the process of

25 the present -ivivention, when the subject polyol is
introduced into a hydraulic cement composition as part
of the water component, it should be introduced in
sufficient amount to provide at least 0.8 weight
percent, such as 0.8 to 5, preferably from 1 to 5

30 weight percent and most preferably from 1 to 3 weight
percent based on the hydraulic cement component of the
structural concrete composition., When made part of a
powder solid particulate hydraulic cement product,
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30 Each (ferr]-Clerr] alkyl group, i.e. methyl or ethyl, may

be common to all the groups or may be different. H gher al kyl should
not be use®@96/6608N di al s are not - PCI/BYBITOESIE
SHEET (RULE 26) WD 96/ 06059 '

PCT/ US95/ 10881 - 5- wat er sol ubl e
and, therefore, readily dispersible in - ¢ - the hydration water used in
form ng, the cenent structure. The preferred.conpound of Formula | is
2- met hyl - 2, 4- pentanediol . 5 : ‘The present secondary/tertiary
pol yol s represented by Formula | can be readily dispersed in

aqueous nedia or formed into aqueous sol utions. The pol yol s can be
used as an adnfich PTRFUSE ishould be jamubatantialkly t‘-ﬁ'é'-f@@ﬂbrétﬂe

C(r)]rrposi tion at a-lh'ﬂ.dﬂzgajﬂo _fgct%.:ctﬂ a,s‘sAﬂIQ@ tcdi{vélﬂlﬁdﬁ'%ler_ _,glf“rm@t,i on Ol‘b at
tsugst anti al Irsaﬁ‘ﬁf"rﬁ'néﬁ)él'ﬂ:;a?t %ﬁa;?’g'g’qaﬁanl’f'te&'%t (_arrar}:aitoe gfpa%ﬁng Isgéec'%/ndr aulic ©
cement cont enplat.@d of.@. use in ~formng a structural concrete -
oD S0 1. 15, Bl A I B AL TR U 25 O
inhibit dry shrinkage to a high degree in a variety of
structural coné:ete.campositions. . Such compositions
are concretes formed from a mixture of a hydraulic
cement; amall aggregate such as sand; large aggregate ‘
10 such as gravel and stone; and small amounts of water.
The hydraulic cements found suitable are ordinary
portland cements_(e.g,-ASTM Type:I); special portland
cemsnts_(e;g. high early strength,portland cements and
_ - moderate heat portland cement), blast furnace slag
15 . cement, ﬁo:tland fly ash cement aé_welliaa_high
alumina.cement,-blended@cgmgnts-(hydréulic:cemsnt
containing 5 - 80% fillers or clinker substitutes
. which do not provide enhancement of 28 day compressive
strength values) and the like.
20 . The presently required diol provides a method of
forming structural cement compositions such as
. structural concrete formations which have reduced dry
shrinkage -and resultant cracking. 1In addition, while
providing the enhanced result it has been found that
25 " the preséntly required diola~do not cause exgessive
set reta:dation;as is attributable to polyols having
primary or greater than twb:hyd:cxyl groups.
In the method of preparation of the structural
cement composition of the invention, aggregates such
30 - as coarse aggregate (e.g. gravel), fine aggfegate
(e.g. sand), pumice and burned perlite may be used in
known manners according to the specific application.
Further,.convéntional water-reducing agents, air-
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solution of the polyol onto a hydratable cenent to provi de a powdery
solid product which can be used at a later time to forma structura
concrete composshénsy. 20 = The present polyol shoul d bpcesmsssiossit

| east about 0.8 percent, such as fromabout 0.8 to 5 per cent,
preferably from1l to 3 percent, by weight based on the wei ght of
hydraul i ¢ cenent conponent of the_cgncrete conposition. Thus, under
t he process of 25 the present ivention, when the subject polyol is

i ntroduced into a hydraulic cenment conposition as part of the water
conponent, it should be introduced in sufficient anount to provide
at | east 0.8 weight percent, such as 0.8 to 5, preferably from1l to

5 30 vei ght serteaviming agssiter expaaiyve agents,0 shrimigiye-
percent based oR.ddifs ‘:?ﬁgp agvu[}e ral
concrete conposition lbﬁen rra‘g?e part %@&”@‘s nwﬂntd' pdr %?Ic&lul ate

hydraul i ¢ cementtthes derown adm:.xtu% ST ePFEar 'or concrete may be
PCT/ US95/ 10881 jointly used. - 6- such

L o o MR A Yl S o ARG i 1
from95:5 to set aXelerators, such as Hetall Q!&ﬂJH:*:.}ddES(f‘d ighed di ol s have
Structural concFAAE i ARtGridel © Harsttihg, Sabarifhs’ SUET o % 00 C L
formed from a nmisacshamifdes hyahaxdhes, hydroxyemmarboxyidld axgdgiscgatd such as
sand; large agyifiQ¥erol; and corrosion inhibitors for reinforcing
10 steel, such as sodium nitrite and calcium nitrite.
The amount of such an optional additive are
conventionally added to cement in from 0.01 to 5§ wt %
based on the weight of the cement. '
The amount of water added to the structural
i5 concrete according to the invention should be at a low
water to cement ratio provided it is sufficient to
effect hydration. The water/cement ratio is usually
about 0.25 to 0.6, and preferably from 0.25 to 0.5.
Concrete compositions having this water/cement ratio
20 are usually a semi-granular form which can be made
more fluid by the addition of conventional water-
reducing and/or superplasticizer agents for cements.
The water-reducing agent can be added to the cement
composition in ordinary manners, as part of any other
25 admixture or with the present drying shrinkage control
agent when added to the mixture of hydraulic, cement,
sand, gravel and water.
It has been found that when the present
secondary/tertiary polyol compound is made a part of
30 the initial mixture of the structural concrete
composition, the formed structure exhibits a decrease
in shrinkage and corresponding stress cracks over
untreated compositions. Thus, the present invention
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10 such as gravel and stone; and small anmunts of water. The

hydraul i ¢ cenents found suitable are ordinary portland cenents (e.g.
ASTM Type WO 9agsess al portl and cenments (e.g. high earlpcrUsssngssh
portland cenents and noder at e heat portland cenent), blast furnace

- slag 15 cenent, portland fly ash cement as well as high al um na
cenent, blended cenents (hydraulic cenentg - containing 5 - 80%fillers
or clinker substitutes - which do not provide enhancenent of 28 day
conpressi ve strength values) and the like. 20 The presently
required diol provides a nethod of form ng structural cenent
conposi ti ons such as structural concrete formations which have

reduced dry Providpsi akmgthaddfprsanhibd tingckbeg formagdont pdn, while

providing the eeaansednae&nbt likeNaacaees aaun@ot BRriARage. ! BBipRresently
required diols cause excessive - retardafion_as is

attributable tBe§BP§0F§qH&€Pﬁgthe f°’“ﬂFFH&r?f0P QPD&FGP“?H&AYtMD hydr oxyl

groups. uniforhnm&heu&etbadcaheatepaaﬁalogxaheuhanﬂiﬁueburah
cenent c ITpOSIt

‘aggregat® (e.g° 53?89&% eg%aggagagg tese§u8g 3gﬁdf5'agﬁ1g§rand

burned perlite5rdf béthsau lnast one bnnppundnnérroamndading Thet he
fi I h d
specific appl i 6ahbfR to Formuld' %BE%PT%EBEHEE% 18 3podusl.aq0neen S

96/ 06059 . preferably 95:5 to..99:1. The mixpg:ﬁusgsﬁsssbiy
~ contains a. c?mbznation _of Formula I compound and a {
10 wate:-reducing agent. The :égultant mixture is cast

into a shaped form and permi;éed to cure to result in
a desired shaped article._
The drying shrinkage inhibit;ng agent of Formula
I can be added githe;,;o_q_d;y_cemant_qr_tp a mixture
15 . of concrete and other ipp:ap;igte-cqmponents-forming
the desired concrete.ggnpositign. Because the present
admixtdre.pclyols are low vapor pressure, high boiling
liquid, they can be readily hagdied.and~stored-without
concern of evaporation. and lack: of potence at time of
20 - use. Thus, the present polycl shrinkage reducing
agent can be either dry niqu_wiﬁh the cement powdér,
or spray applied to the cement powder with further
mixing. Alternately, a gompoéition"of thg.shrinkage
reducing agent in an agueous sclution, emulsion or
25 dispersion may be first prepared and ‘then mixed with
cement and aggregate as part of the water of '
hydration, or a given amount of the shrinkage- reduczng
agent can be added to a mixture of cement, water, and
aggregate while. they are being stirred.
30 .. The concrete camposition may be cured using any
- of the atmospheric, wet air, wate:, and/or heat-
accelerated (steam, autoclave, etc.) curing |
. techniques. If desired, two or more such techniques

SUBSTITUTE SHEET (RULE 26)
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-7- entraining agents, expansive agents, shrinkage-

reduci ng agents other than the present invention, and ot her known
adni xt ures fWO960H05%r or concrete may be jointly used. PCHUSS/10881
Exanpl es of known additives for concrete include. . - set accel erators,
such as netal chlorides (e.g. cal cium chloride); hardening retarders
such as sacchari des, starches, hydr ey carboxylic acids and

gl ycerol; and corrosion inhibitors for reinforcing 10 steel, such as
sodiumnitrite and calcidgmnitrite. - The anmount of such an optional
additive are conventlonally added to cenent in fromO0.01 to 5w %
based on the weight of the cenent. The anpunt of water added to
the structural T®Y e&ﬁﬂh’é!@acc@ﬁh%#&ﬂt%#%ﬂ?@#&%l@%e at a

| ow wat elggnts GRITRIYnveHtody 0 Afskd! s sufficient to ef f ect
hydration. The water/gene atjo is usyally 5to 6 and
preferably from O. 25%(#1%1i° i ’@ﬁéﬁ?ﬁé%rﬁo‘ﬁqlﬁ?ﬁ%
wat er/ cenent r atpurpiibes o:m}e arsdledi-q ztbis&maxﬂf ol e d(ﬂmmm&m be

I.0n conyventi o

made nor g, ad I er.
reduci ng Znd/ or super%asﬁ %‘}g"a‘%éﬁ% dr ¢ %as i pegcentages
wat er - r educi ng mtblcammiadlm'khsw Qmmmtindxcated:ormﬂsst ion in

ordinary manner s g Mryeweﬁvﬁﬁ d%la%g et thyf he present

dryi ng shrinkage contyrol ent e mxture of
hydraul i c, cenerfiormed fz‘“%aﬂnd“’@‘?%l"%rﬁ!%@#“ s'mds havingia has been

found that when paic iU NS lize distr BRI WHIEK i prdpdylogdleaind is
made a part of 30 %Pe i nitial xture of .t he structural concrefe

conposi t it¥n, t h&a% ‘T“hc“ttlﬁ'% Handazd fenerRte agsredate Mk nkage
and correspondi nigsaaid el afrakeal Oy er untreated conpositions. Thus,

the present invention E le 1 |
A series of micro-concrete samples were formed
according to the following procedure:

15 1800 parts of Type I portland cement was blended
with a mixture of the following ASTM graded
aggregates: 1069 parts of F-95 sand, 972 parts of C-
109 sand, 972 parts of C-185 sand and 1847 parts of
15-S sand. The dry blending was conducted in a Hobart

20 mixer for approximately five (5) minutes to attain a
uniform blend having an aggregate to cement weight
ratio of 2.7. To the blend was added 756 parts of
deionized water {water to cement weight ratio of 0.42)
into which an appropriate amount (See Table I below)

25 of 2-methyl-2,4-pentanediocl had been previously
dissolved. The blend was mixed in the Hobart mixer
for approximately nine additional minutes to form a
micro-concrete. (A hydraulic cement/aggregate mix
which uses smaller proporticned aggregates to simulate

30 concrete.)
Each of the formed micro-concrete compositions
were poured into four to five prism molds with a
square (1 inch by 1 inch) cross-section. The inner
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- 8- provides a nethod for inhibiting the formation of
cracks andwows/deds9e defects due to shrinkage. This MERCEAISISHORSL r eS
the formation of a substantially uni form m xture of cenent, sand,
gravel and water in 5 conventional w. ratios, such as 20-25: 35-45:
80- 55: 5-15 with at |east one conpound of Formula |I. The
cement to Formula | ratio being from95:5 to 99.2:0.8 preferably
95:5 to 99:1. The mxture preferably contains a conbi nation of

- Formula | conpound and a 10 wat er -reduci ng agent. The resultant m xture’
I S cast Into a shaped _formand permtted to cure to result I n

a desired shap@®rfaqe|qf each mold wasrprefmmated it MeayddeMaR1ing agent

0; For mul a dst:.drllc Gt faeilde®aRid i s vﬁs?@(reﬁﬂ@rﬂ;mre& QsAng 8 urg 15

of concrete and .ot her, i a nponen or . esire

concrete ‘conposi |’% ﬁqﬁfg&? ﬁ@%ﬁe?@ﬁt r?:fg?ﬁ%&vtﬁ‘]é‘ e are | ow

vapor pressur ew:lulgh tkaiilfiendplade) -anyi qsxcxdgs& Ina.y: (ﬁ:tonbd:heaaajm@admndl ed and

st ored wgt hout v qQf time of
5 Each geriyl g uﬂ:flcfs %{A‘H Q:t:laq%age e d% Y sl

20 ude. Thus e present p shri ucl ng agent can
be either dry qumwt@ém& afomeem temperatyiresand, 144% i ed to the

cement powder WgiheiWd Mimidity . tdlperifit A daigile/ t&wm%itam, of the
shrinkage [reduci ng a% nt in an aqueous sol uti on, enuIS|on or

di spersi on may Mg cured RouEs - (The samples waxe and

aggregat e as. paberdfrduitfrethiftondfthe fog dwaims:l LOdenilded) i) pliaued of |

the shri Iakage redu0| ne%v:.ronmental chamber ma:.ntazned at 50% relative
hunu.d:.ty and 22°C to proceed with dry curing. The
length of each prisni was periodically measured using a
length comparator according to ASTM C-490-89 test
procedure. :
15 o The above was repeated using varying amounts of
the secondary/tertiary polyol, 2-methyl-2,4-

pentanediol. Each series was run for twenty-eight

days. The results showri in Table I below show that a

substantial reduction in shfin,ka_ge (AL/L) was attained
20 - when the subject polyol was present in dosages of the
' present invention (Samples 4, 5 and 6) .

Dosage AL/L x 106 % Reduction
{wt. %) _{in/in) in Shrinkage
1 0. | s69 0
25 2 0.1 732 . s J
T 0.5 | eas ' 4
' “ 4 1.0 ' 444 _ T |
5 2.0 340 1 49 1
6 4.0
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agent can be added to a m xture of cenent, water, and aggregat e

while they are being stirred. 30 The concrete conposition may be
eur ed usi NgW096/06059 of ‘the atnospheric, wet air, water, anBCDUSIAs81
accel erated (steam autoclave, etc.) curing techniques. [|f desired,
two or nore such techni ques SUBSTI TUTE SHEET
(RULE 26) WO 96/ 06059 - 11 -

PCT/ US95/ 10881 - 9- may be
conbi ned. The curing conditions may be the sanme as conventionally
used. The fol lowi ng exanples are given for illustrative
purposes only and are not neant to be a limtation on 5 the cl ai ns
appended hereto. Al parts and percenta@ﬂﬁ!&LﬁL__.are by wei ght unl ess
ot herw se indicated. The exanpl es given below utilize a

Darti ol 6 st g di st ri BuiARPh RAF 445 0 SAREIRAn S, VTS SOTARFUR |Wots 0
t hat of standar dompaxrest @mg)bagik-torback basid stk aéﬁeg:ctzmﬁéﬁess of
Exanple 1 a subjé%é*ﬁdé%%éﬁr}?égéE£§¥¥"5§f&éf”?%féhﬂf?fiéé”ﬂ?“&-
5 methyl-2,4-pentanediol) to that of various primary
diols. Each of the series of samples were formed in
the same manner as described above in Example I. 1In
addition, a second series was formed in the same manner
except that the samples were permitted to remain under
10 moist cure conditions for seven (7) days prior to
demolding and dry curing.

The resultant data given in Table II below shows
that the secondary/tertiary diocl of the present
invention provides consistently enhanced shrinkage

15 reduction over various primary/terminal diols of
similar molecular weights.
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according to the follow ng procedure: 15 1800 parts of Type

portland cenment was bl ended with a mxture of the follow ng ASTM
graded - WO9sOsgs®Egat es: 1069 parts of F-95 sand, 972 part spOf/UsdSs10881

109 sand, 972 parts of C 15 sand and 1847 parts of 15-S sand. The
dry bl ending was conducted in a Hobkart2 20 m xer for approximately five
(5 mnutes to attain a uni form bl end having an aggregate to cenent
wei ght ratio of 2.7. To the blend was added 756 parts of

dei oni zed water (water to cenent weight ratio of 0.42) into which an
appropriate anmount (See Table | bel ow) 25 of 2- nethyl 2, 4- pent anedi ol
had been previously di ssol ved. Ihe bl end was 0 xed t he Hobart

m xer for approxi mately nine addig i ' tg fprma

m cro-concrete. (A hydraulic cenent/a-oﬁﬁgﬁ ch uses small er

PCT/ US95/ 10881 -

of each nold was pretreated to provid
prismwas evenly filled using a .
(leveling off with a knife blad
Each series of nolds was transferred tjo a

proportioned aggregates to sinmulate 3] ¥ @ Each of
the formed m cro-concrete conpositiong .ﬁg to four to five
prismnolds with a square (1 i @‘H‘. gction. The
i nner WD 96/ 06059 w4y

' g

surface
faces. -Each
y screeding off
the surface. 5

(

o

L

32
45
16
23
18

iable:II

% Redn ih'Shrinkage
A{Dry Cure)

%)

- 12 -
Dose (wt.

2-methyl-1,3-

2-methyl-2,4-
propanediol

pentanediol

4
0
s |
o
)
k-
o
]
<

1,5 Pentanediol
1,4 Butanediol

mn
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whi ch was mai ntai ned at room t enper at ure and 100% relative humdity

to permt the sanple to be initially . noi st cured for twenty-four
hours. ThewapsHeosy wer e ., then renoved fromthe fog champernwsesacsiided
and placed 10 in an environnental chanber maintained at 50%rel ative
hum dity and 22[err]C to proceed with dry curing. The | engt h of
each prismwas periodically measured using# - | engt h conpar at or
according to ASTM C-490-89 test procedure. 15 The above was
repeat ed using varying amounts of t he secondary/tertiary polyol,
2-met hyl - 2, 4- pent anedi ol .~ Each series was run for twenty-eight
days. The results shown in Table I bel ow show that a subst anti al

reduction in shrinkage ([err]L/L) was Exdmple dr D when the subj ect

pol,yol ves present |, Gasde of shilples wapeRupired (" W3y o5 4. O

Dosage [ er HRVARG 2 gement Sfpcter @f §11 pounds peg cubpic Ya(rﬁhll n)
|2n Shri nkage The concrkte yas formed) from 611 part@ﬁ%ortlagd cement 25
0.5 5 | 63‘@70 parts sand2,4 1750 parts aggregate and water at a
444 water to cement Tatio of 0.51.2. The concretel4dfas
49 .0 2 6 WO
96/ 06059 %artitioned inA(:o samples to "’th"’lbc‘?/'w%ﬁﬁgg%’
- 11 - pentanediol (MPD) was added as part of the mix in

amounts as shown in Table III below. In addition, a

10 concrete of the same formulation as above was prepared

except that the MPD was added in combination with
naphthalene sulfonate—formaidehyde condensate water
reducing agent and the water to cement ratio was
reduced to 0.41 to obtain the game slump as developed

15 by the above samples. The results are shown in Table
III below.

Cast samples were cured at 100 percent relative
humidity for one or seven days. Shrinkage was measured
on the samples according to ASTM-C-490-89 test

20 procedures.
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ExanDl e 11 A second series of experinments were conducted to

conpare, on a back-to-back basis, the effectiveness of . a subject
secondary/ twnt%msquol yol (exenplified by 2- 5 met hyl - 2, 4-peanisssreusso! )
to that of various primry ~ diols. Each of the series of sanples were
formed in t he same manner as descri bed above in Exanple I. In
addition, a second series was fornmed in.thg same manner ~except that
the sanples were permtted to remai n under 10 noi st cure conditions for
seven (7) days prior to denol ding and dry curing. The
resultant data given in Table Il bel ow shows that the
secondary/tertiary diol of the present I nvention provides

consi stently enhanced shrinkage 15  DaddieciliIIn over various
primary/ter f—th=a=t—gi= e T

96/ 06059 dditi ' | stum | aL/L x % Reduction
PCT/ US95/ 1081 | w12 108 | im
. P L Shrinkage
“ None o |o0.5 | 7.5 | 855 | 815 cee | ---
1
5 " meD* | 2% (0.5 | 9 |[e40 | 590 25 28 "
“ MpD* | 1% [0.5 | 9 |780 | 765 9 6 ll
1 o
MPD* - 2/0.5[ 0.4 | 9 550 | 510 36 37
10 * _ 1

yl-2, 4-pentane;
** Naphthalene sulfonateé-formaldehyde condensate

E IV

15 _ Micro concrete samples were formed according to
the procedure deecr:bed in Example I above. The sand
to cement ratio was 2.7 and the water to cement ratio
was 0.42. 2-methy1-2,4-pehtanediol was added as
described above in Example I. Each mix was cast into

20 a stainless steel O ring mold with a 12" outer ring
and an 8" inner ring'formed from 0.5" thick Schedule
80 carbon steel. The samples ﬁere cured for six hoﬁrs
at 100% relative humidity and then demolded from the
outer ring while retaining the inner ring of the mold

25 in place. The samples were dried at 50% relative
humidity until cracking occurred. The time (days) for
the restrained sample to.crack was observed and
reported in Table IV below. ' n
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lerr] WO 96/ 06059

PCT/ US95/ 10881 ' - 13 -
Exanpl e || | wo 966059 - A series of sanples were prepared of BCETUSISN0E%
having a cenent factor of 611 pounds per cubic yard. The concrete was
formed from611 parts portland cenent, 5 1270 parts sand, 1750 parts
aggregate and water at a water tocemwent ratio of 0.51. The concrete
was partitioned into sanples to which 2-nethyl -2, 4- pent anedi ol
(MPD) was added as part of the mx in anounts as shown in Table I11
below. In addition, a 10 concrete of the sane fornul ation as above was
pr epar ed except that the MPD was added in conbination with
napht hal ene sul f onat e-f or mal dehyde con@ABLE &Wwat er reduci ng agent
and the water to cenent ratio was reduced to, 0.41 to obtain the sane
sl unp as devel oped 15 by the above sanpl es. The results are shown in
Tabl e 111 bel ow. Restradned, Bhridnkage cured at 100 percent
relative hum dity for one or seven days Shri nkage was neasured
on the sanpl es agccq . lur o
Restrained Shrinkage
Dosage Days to Crack
I TR
5 " MPD 0.1 11 Jl
| MPD 0.5 11
“ MPD 1 20
MPD 2 28
MPD 4 >28
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WO 96/ 06059 ' : | PCT/ US95/ 10881

- 14 - . - Table |11 Addi tiv Dosag
Slum' [ er WQ96/06059 % Reducti on ~ PCT/US95/10881

Shri nkage 1 7 1 Day 7

Day Days Days ' None 0 0.5 7.5 855 815

--- --- 5 MPD* 2% 0.5 9 16 640 590 25 - 28
MPD* 1% 0.5 9 780 = 765 9 6 MPD*  2/0.5 O.
4 9 550 510 : 36 37 10 NSFC* *

2- met hyl - 2, 4- pent anedi ol ** Napht hal ene sul fonat e-fornal dehyde |
condensat e EXAMPLE |V 15 Mcro

concrete sanples were forned accordi nEXAMPLE V  t he procedure described in

Exanpl e | above. The s%akricas of mé:‘b Q.Qm‘ateiétda&nﬂ?és e ihiiliy Vater to
cenent ratio | -2, 4-pent anedi ol was added as

descri bed abov@‘ﬁcr?ré\g%lté’ ItheEzRﬁ?‘?ﬁ %?%zﬁﬁ%%l above, to

observe the shrinkage reduction and set times for
5 -samples having equal molar amounts of various polyols
' 'whzch have primary/terminal diols or t:101 compounds
and compare them to 2-methyl-2,4 pentanedlol, a
secondary dzcl according to the present inventzon.
| The results of Table V below show that the diol of the ‘—
10 present invention prqvi¢el cons;sten;ly enhanced
shrinkage reductioh'ahd does not cause significant set
‘retardation (as measured by standard pénetrameter
test) while the other ﬁolyols-cauéed much higher
_ degree of shrinkage (lower percent reduction in
15 shrinkage) or inhibition of set. '

% Reduction
in Shrink

2-methyl-2,4-pentanediol | 30

l1l,4-butanediol
20 1,5-ggntanediol

1 trimethyol propane

From the data of Table V above, it is seen that
2-methyl-2,4 pentanediol, a secondary dicl of the
25 present invention provides a substantial increase in
shrinkage reduction over the reduction attainable from
the various primary diols and triols tested for
comparative purposes.
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20 a stainless steel 0 ring nold w tha—12%—ott-er—+hng and an 8"
inner ring formed from 0.5" thick Sched{|T&iS SHEET HAS®EEMr{bon steel . The

sanpl es wer we u6/6gdss or si x hours at 108%AREPat i vg huni pctpsesmessihen
denol ded fromthe outer ring whil € Terarntmg—Thei hhnér Ting of the
mol d 25 in place. The sanples were dried at 50%rel ati

hum dity until cracking occurred. The timnej@days) for ‘ui H#“ IHM“HI“HN
sanple to crack was observed and reported in Table @ oW, #

WD 96/ 06059 PCT/ US95/ 10881

- 15 - TABLE 1V

Restrai ned Shri nkage Rest r ai ned

Shri nkage What dsdClaimed: Dosage Days to Crack

10 10 5 MPD 11 MPD

0.5 11 MPD 1 20

1. An improved cement composition comprising a
mixture of a hydraulic cement powder selected from
portland cement, blended cement or alumina cement and

5 having uniformly dispersed therein from 0.8 to §
weight percent based on the cement of at least one
polyol compound represented by formula:

R F
R ¢ (cR), C ® (1)
10 O

H OH

wherein each R is independently selected from hydrogen
atom or a C;, - C, alkyl; each R’ independently selected
from a C; - C, alkyl and n is an integer of 1 or 2.

2. The cement composition of Claim 1 wherein
15 the polyol compound is present in from 1 to 3 weight
percent based on the weight of the hydraulic cement.

3. The cement composition of Claim 2 wherein
the compound of Formula I is 2-methyl-2,4-pentanediol.

4. The cement composition of Claim 2 which
20 further contains from 0.05 to 5 weight percent based
on the cement of a water reducing agent selected from
the group consisting of naphthalene sulfonate-
formaldehyde condensates, lignin sulfonates, melamine
sulfonate-formaldehyde condensates, polyacrylates and

25 copolymers of maleic anhydride and alkenyl ether
alcohols.
This Sheet Has Been Reilaced
MDA e e e



MPD 2 N— 28

>28 WO 96/ 060 OrHis SHEET-HASBEEN |
PCT/ US95/ %06 94/06059 _ REPL"ACED _ - 16 - PCT/US95/10881
EXANPLt v A=ser+es—of—TTTT0 concrete sanples were forned

acc cedure of . Exanpl e 1 above, to observe the .
shr and set tinmes for -53g8 - sanples having equal nolar
sco Lvaw QUS* oly

ol s which have primary/term nal diols or

trlol conpounds and conpare themto 2-nmethyl-2,4 pentanediol, a
secondary di ol according to the present invention. The results of
Tabl e V bel ow show that the diol of the 10 present invention provides

consi stently enhanc®d The ceskent kxmposihixn mf Llhiwcs wheretuse

significant s r ( égg%g gmeter
test) while t%h%t%ﬁe%%e{/%lé?%%%dﬁﬁ‘é%qﬁiﬁﬁdfme% etglr'gggo shri nkage
(1 ower per centCIHRRR 13IFFeIRYES to pw#c}m@amremww CRet

TABLE V _ - % Reduction
Conmpound _ %ﬁg é%ment compositi%n of CIa;m 2 wherein
5 the cament_is further mixed with fine particulate and

course aggregate to provide a concrete composition.

7. The cement composition of Claim 3 wherein _"
the cement is further mixed with fine particulate and
course aggregate to provide a concrete composition.

10 8. A method of forming'a.structural concrete
capable of inhibiting drying shrinkage and cracking
resulting therefrom ccmpr;sing .

. a) forming a mixture of a hydraulic cement, fine
aggregate, course aggregate, water and from about-

15 0.8 to 5 weight percent based on the weight of

the hydraulic cement of at least one polyol
campound of-the formula:

| R R
| R C  (CH), C R
]
20 OH OH

.. wherein each R is independently selected .
from hydrogen atom or a C, - C; alkyl; each
R’ is independently selected from C, - C,
alkyls and n is an integer of 1l .or 2;
25 b) casting the mixture into a mold; and
c) curing the mixture to provide a shaped structure,
which structure exhihits reduced shrinkage, and
cracks resulting therefrom.

This Sheet Has Been Rep l'u.ed
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2- met hyl - 2, 4- pent anedi ol 1.5 30 1, 4- but anedi ol

1.5 13 20 1, 5- pent anedi ol | g " 1.5 19
gl ycerol WO 96/06059 1.5 %@E §é’cAS BEEN tripoefUsysiesst
pr opane 1.5 : 0 r om tihe oraTa of "Tablre~Vv

above, it is seen that 2-met hyl -2, 4 pent aneo —~ta se
the 25 present invention provides a subsltgan.t ial increase | "ml 'ﬂ llﬂ lm
shrinkage reduction over the reduction attainable from

primary diols and triols tested for conparative pur poses.
- 17 - What is C ai ned: 1. An inproved particul ate
cenent conposition conprising a mxture of a hydraulic cenent powder

sel ected from portl an8.cenfhe, mpkbadedfcCiBin 6rthaﬁinathe cemeahent and
having uniform yfgh§p§§§§dghhgr eqbpaf EP%P %% Sgate Sapei gﬁgcggt abased
y

on the cenent of at |eaSt One g \3/ repres nte ormul a:
[err] weight ratio of 20-25/35 45/80 55; water to cement
ratio is 0.25 to 0.6 and the weight ratio of cement to

5 polyol compound is from 95:5 to 99.2:0.8.

10. The method of Claim 9 wherein the mixture
further contains cement admixtures selected from the
group consisting of air-entraining agents, expansive
agents, set accelerators, set retarders, corrosion

10 inhibitors or additional shrinkage reducing agents and
mixtures thereof.

This Sheet Has Been Re laced

lIIIlIHIIIll | IIII

SUBSTITUTE SHEET (RULE 26)



V\,herial n each Ri.s i ndependent I §é~el ecﬂ‘ed’&f no%ﬁ)édrog%

1

%Jp@m i

Clerr]-derr] Jg each R85 v YRAREZERME .
‘Jerr]- C[err]Pgll: | and n |s an |ntlsg@non®§&t&uor 2. 15 -
C e ment ngAERRQATIONAL. APPLICATONIPYRIASHED UNDER THE PRPENP CODPERATION mamﬁg
hydr‘éﬂll?'ﬁmww g 6 él a mmmwmwm on of WOHMG0S9
whet ei ICO4BRA/00, 24/02; 2406, 2185, 2438 nu I EE E’ pant anedi ol .
4. | The cenent COITDOSLL[ on of Cajl \ﬁimé con?’gl oay rg‘,b()lag
to ht d on t P ) Ugedt! W%&@UCWG&&G‘Q% ~Conn.,
sel a@Wf gﬁ'ﬂ'&' ‘Q-ﬁ"{s%i“f’?%g Of  Napioicids Bive, Columbis, MD 21044-4098 us),
sul | @ akiend ude 23 AugRges ke | i gnin sul fonates, nel am ne
sul f onat e- f or mal dehyde condensat e$, pol yacrglltgt mfpiucggo%yg{eg C(}:‘CH
.30 | ei.c_anhydride and al kenyl ether W%
( Data GE, HU, IS, IP, KE,
- L ogeors  Sus alBodi 3By COMREYI L 0Tk Sk i, k&
cenent is furt her m xed with fine part | c at evva MKk, SHOANZ €L, PT, RO, mgb&maﬁsx SK,
5 The cenment conposition of CI alm%%%ﬁf'qg g:hg%.\él: ?E,l'l‘ . Mc(g'f
furf 68 emw fte particulate and Coar%SE):OA&"Ipament’(BF,’BI,’CF.'CG,CI,'CM’,GA,’GN:
08/295,975 (CIP) ML, MR, NE, SN, TD, TG), ARIPO patent (KE, MW, SD,
Fﬂed on 25 August 1994 (25.08.94) SZ, UG).
(71) Applicant (for all designated States except US): WR. GRACE | Published
& CO.-CONN. [US/US); 1114 Avenus of the Americas, With international search report.
New York, NY 10036 (US).
{72) Inventors; and
(75) Inventors/Applicants {for US onily): BERKE, Neal, Steven
[US/US); 39 Charlemont Street, Chelmsford, MA 01863
(US). DALLAIRE, Michael, Paul [US/US]; 103 Henry
Law Avenue, Dover, NH 03820 (US). KERKAR, Awdhoot,
'ﬁ Vasant [US/US]; 7042 Ivory Hand Place, Columbia, MD
21045 (US).

(57) Abstract

admixture composed of at least one secondary/tertiary alkanediol.

(54) Title: SHRINKAGE REDUCTION CEMENT COMPOSITION

A concrete composition capable of inhibiting shrinkage of structural concrets structures is disclosed. The concrete is formed witht in




‘aggregate. 7. The cenent Jﬂj@ﬁﬂuumluws? nle n"ZEG—U—G~$;9§

cenent is further mxed with fine par aggr egat e.

8. A nethod of formng a concrete structure capabl e of inhibiting
dryi ng shrinkage and cracking 15 resulting therefrom conprising

a) formng a mxture of from20 to 25 parts by _ wei ght of a
hydraulic cenent, from35 to 45 parts by weight of fine
aggregate, from55 to 80 parts by wei ght of coarse

aggregat e, Whan £ 201 aimed: to 15 parts by weight of water, wherein

t he m xture has a water to cenent ratio of from

about 0.25 to 0.6 and fromabout 0.8 to 5 wei ght per cent

based on the weijht ointimproved particulatydrendntc cempositfomt | east one
pol yol 25 co¥?rising &QHPQQ&QeQ$ft§eh§§F§%%§E d&hddt powder

wherei n each I S 1 ndependent]y sel ect’e hydr ogen at om
or a Jerr]SEered Fx9m Peykeland ¢ement, blended cement or alumina
cement and having uniformly dispersed therein from 0.8 to
5 5 weight percent based on the cement of at least one

polyol compound represented by formula:

| i
R'— C —(CH,) — C — R!' (1)
- 10
> OH OH
wherein each R is independently selected from hydrogen
atom or a C,-C, alkyl; each R' independently selected from
a C,-C, alkyl and n is an integer of 1 or 2.
15 '
2. The cement composition of Claim 1 wherein the
polyol compound is present in an amount of from 1 to 3
weight percent based on the weight of the hydraulic
cement.
20
3. The cement composition of Claim 2 wherein the
— compound of Formula I is 2-methyl-2,4-pentanediol.
4. The cement composition of Claim 2 which further
25 contains from 0.05 to 5 weight percent based on the
cement of a water reducing agent selected from the group
consisting of naphthalene sulfonate-formaldehyde
condensates, lignin sulfonates, melamine sulfonate-
formaldehyde condensates, polyacrylates and copolymers of
30 maleic anhydride and alkenyl ether alcohols.
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and n is an integer

the mxture into a nold; and 5 curing the mxture to
provi de a shaped structure whi ch structure exhibits
reduced dryi ng shrinkage,. and cracks resulting

therefrom 10

5. The cement composition of Claim 1 wherein the
cement is further mixed with fine particulate and coarse
aggregate.

5 6. The cement composition of Claim 2 wherein the
cement is further mixed with fine particulate and coarse
aggregate.

7. The cement composition of Claim 3 wherein the
10 cement is further mixed with fine particulate and coarse
aggregate.

- 8. A method of forming a concrete structure
' capable of inhibiting drying shrinkage and cracking
15 resulting therefrom comprising
a) forming a mixture of from 20 to 25 parts by
weight of a hydraulic cement, from 35 to 45
parts by weight of fine aggregate, from 55 to
80 parts by weight of coarse aggregate, from 5
20 to 15 parts by weight of water, wherein the
mixture has a water to cement ratio of from
about 0.25 to 0.6 and from about 0.8 to 5
weight percent based on the weight of the
hydraulic cement of at least one polyol
25 compound of the formula:

R R
| I
R'— C —(CH,)— C — R’
30 OH OH

wherein each R is independently selected from
hydrogen atom or a C,-C, alkyl; each R' is
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Pi Xt ure further contains cenent adm xtures selected fromthe 5
group consisting of air-entraining agents, expansive agents, set

accel erators, set retarders, corrosigp,. i nhi bitors or additional

shri nkage reduci ng agents and m Xt ures t hereof. 10 11. The
nmet hod of Clainms 8 or 10 wherein the polyol

independently selected from C,-C, alkyls and n
is an integer of 1 or 2;

b) casting the mixture into a mold; and
5
c) curing the mixture to provide a shaped
structure, which structure exhibits reduced
drying shrinkage, and cracks resulting
therefrom.
10
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i)s 2-met hyl - 2, 4- pent anedi ol . “wlm”ﬁmmngﬁ!»od mi; &5;0@'[;'95

t he pol yol conpound i s present roml to 3 weight 15
percent based on the hydraulic cement. 13. A structural
concrete conposition capabl e of i nhi biting drying shrinkage
conprising the hydraulic cement ebgposition of Caims 1, 2, 3, or 4,
fine 20 particul ate, coarse aggregate, and water, wherein the
conposition has a water to cenent ratio of from about 0.25 to 0.6.
14. The cenment c8nposilErBrediediains 5, 6, or 7 25 wherein the nixture
conprises from 20-25 wei ght percent hydraulic cenent, 35-45 weight
I ne partjcul ate, and 55-80 wej ght percent coarse aggregate.
ggrcent i P ib. %ﬁe method of Claim 8 whgrelg the mixture
further contains cement admixtures selected from the
5 group consisting of air-entraining agents, expansive
agents, set accelerators, set retarders, corrosion
innibitors or additional shrinkage reducing agents and
mixtures thereof. -
10 11. The method of Claims 8 or 10 wherein the polyol
is 2-methyl-2, 4-pentanediol.
- 12. The method of Claim 8 wherein the polyol

compound is present in an amount of from 1 to 3 weight
15 percent based on the hydraulic cement.

13. A structural concrete composition capable of
inhibiting drying shrinkage comprising the hydraulic
cement composition of Claims 1, 2, 3, or 4, fine

20 particulate, coarse aggregate, and water, wherein the
composition has a water to cement ratio of from about
0.25 to 0.6.

14. The cement composition of Claims 5, 6, or 7
25 wherein the mixture comprises from 20-25 weight percent

hydraulic cement, 35-45 weight percent fine particulate,
and 55-80 weight percent coarse aggregate.

30
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