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SHRINKAGE REDUCTION CEMlgrl' COMPOSITION 

This application is a continuation-in-part of our 
copending application USSN 08/295.975 filed August 25, 
1994 for "SlU.:inkage Reduction Cement Composition" 

5 Backaround of the Invention 

The present invention is directed to a method of 
inhibiting drying shrinkage of aAd cracking with 
respect to structural concrete formations and to 
com.positiona capable of providing said inhibition 

10 without imparting significant set retardation to the 
treated ccmarete. 

One of th.e major disadvantages of conventional 
concrete comppsitions is that they tend to shrink 
during dryi:a.9' of the composition. 'l'his shrinkage 

15 results in c~acks and other defects in the resultant 
structure. .'?be cracks cause both appearance and 
physical defects to the structure.. Although the 
magnitude of .the shrinkage is nonially small, it is of 
extreme importance. Such shrinkages give rise to 

20 internal and external stresses which cause formation 
of cracks. The largest changes normally take place 
during the e,rly life of the strq.oture. 

The resultant cracks provide means of seepage of 
water in and through the structure. Water entry 

25 further deteriorates the structure through freeze-thaw 
pressures exerted by the water o~ the cement 
composition and by corrosion of Jaetal reinforcing 
elements within the structure. 

Various attempts have been made without success 
30 to vary cement-based compositions, per se, to overcome 
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the shrinkage problem. These attempts included 
varying the properties of the cement, varying the 
methods of manufacture of a concrete mix and varying 
the ballast material used to form the resultant 

5 concrete composition. None of these attempts have 
resulted in a satisfactory solution. 

10 

Various admixtures have been proposed as useful 
in reducing shrinkage and the resultant cracking. l'or 
example Japanese Laid-Open Applications 81/37259 and 
87/10947 disclose the use of alcohol-alkylene oxide 
and alkylphenol-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 provicla the desired result. 

15 Lower alcohols as c.-c, alkyl alcohols (See u. s. 
Patent 5,181,961) have also 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. Par example, 
Japanese Laid-Open Application 55-027819 discloses 
primary dial compounds of the for.mula RC (ClliOB) ,CB3 • 

25 such as neopentylglycol, as being useful to inhibit 
shrinkage; BPA 308,950 discloses terminal hydroxyl 
containing compounds of the foJ:mUla c.s2• (OB) 2 with the 
value of n being S-10 as suitable for reduction of 
shrinkage; Japanese Laid-Open Application 06·072749 

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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It is highly desired to provide a method and an 
admixture for use therein which is c•pable of reducing 
shrinkage and resultant cracking of the cast concrete 
composition structure to high degrees. 

5 Summarv of the Invention 

The present invention is directed to a method of 
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. 
' I 

R' - C - (CB2)• - C - R' (I) 
' OJI OB 

15 wherein each R independently represents hydrogen or 
C1 - C2 alkyl1 each ll' independently represents a 
C1 - C2 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 w~thout causing 
significant set retardation to the treated 
composition. 

2 5 . Detailed Description 
It has been presently unexpectedly found that 

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

30 encountered in structural concrete compositions. 
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Concrete compositions 'Undergo a sequence of 
stages during its complete·curing prpcess. From the 
initial hydration until set, the mass undergoes 
certain dimensional changes including plastic 

5 shrinkage. The mass, however, may overcome and 
correct for the stresses which oc~ur 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 result in 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. 

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 f oxmula 

R R . , 
R' - C - . (CBi') n - C - R' (I) 

t ' OB OH 

25 wherein each R independently represents hydrogen atom 
or a C1-C2 alkyl group1 each R' independently 
represents a C1 -C2 alkyl group; and n represents an 
integer of 1 or 2. Preferably, :one or both R groups 
are selected from c1~c2 alkyl and n is 1. 

30 Bach C1 -C2 alkyl group, i.e. methyl or ethyl, may 
be common to all the groups or may be-different. 
Higher alkyl shOu.ld not be used as· such diols are not 
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water soluble and, therefore, readily dispersible in 
the hydration. water used in formingcthe cement 
structure.· The preferred compound of Formula I is 2-
methyl-2,4-pentanediol. 

5 The present secondary/tertiary polyols 
represented by Formula I can be readily dispersed in 
aqueous media or formed into aqueous solutions. The 
polyols can be used as an admixture which is 
introduced into the concrete composition at the job 

10 site as part of the water of hydration or at the 
ready-mix batching 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 polyol 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 5 
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·isi.Yention, 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 S, 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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such product should l:)e a subst~tially uniform (as 
uniforJll as practical using conventional processing) 
admixture haviJl,g a .. -weight ratio of from 9 5 : 5 to 
99.2:0.8. 

5 The __ presently descr,iped dio:Ls have __ been found to 

10 

inhibit dry sl:lrinkage tc;> a }ligh_degree in a variety of 
structural concrete compositiQnl!h _Such compositions 
are concretes form41d from.a mixture of a hydraulic 
cement; small aggregate such as .sand; lar:geaggregate 
such as gravel and stone; and sma:Ll amounts of water. 
The hydraulic -cements found s:ui table ar_e ordinary 
portland cements (e.g. ASTM_Type I), special portland 
cements (e.g. high early strength port:l_and cements and 
moderate beat portl~d cement),.):)last furnace slag 

15 cement, por:tland fly- as;b; Cllml8Jlt as well a_s high 
alumina cement-, blended .:c.-~ts - '(J:Lydraulic_ cement 
containingS - 80% fillers or c1iJ3,ker substitutes 

20 

which do not provide enhancement of 28 day compressive 
strength values) and the like. 

'l'he presently required diol provides a method of 
forming structural cement comp~siti.ons such as 
structural concrete formations which have reduced dry 
shrinkage -and r_esul tant cracking. In addition, while 
provid.ing the enhanced result it has been found that 

25 the presently required cliols do not cause excessive 
set retardation as is attributab:Le to polyols having 
primary or greater than two hydroxyl groups. 

In the method of preparation of ~e structural 
cement composition of t:tie invention, aggre_gates such 

30 as coarse aggregate (e.g. gravel), fine aggregate 
(e.g. sand), pumice and burnedper:lite may be used in 
known manners according to the sp•cific application. 
Further, conventional water-J;educing agents, air-
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entraining agents, expansive agents, shrinkage­
reducing agents other than the present invention, and 
other known admixtures for mortar or concrete may be 
jointly used. 

5 Examples of known additives for concrete include 
set accelerators, such as metal chlorides (e.g. 
calcium chloride); hardening retarders such as 
saccharides, starches, hydroxy carboxylic acids and 
glycerol1 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 S wt % 

based on the weight of the cement. 
The amount of water added to the structural 

15 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 o.s. 
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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provides a method for inh~piti~g ~he formation of 

cracks and the like defe~ts d~e to ~inkage-. -- This 

_method requires the for1,11ation of .a s~stantially 
uniform mixture of C9Jnent, sand, gravel and 'Water in 

5 conventional wt. ratios, such as-20-25: 35-45: 80-55: . .. . ... . .. . .. . . . 

5-1? with at 11aast one compo~d of l'or:mula I.-_ The 

cement to l'OJ:11l1.lla I ratio. ):)e~ng from 95:5 to 99.2:0.8 

p:re~e~ably -9 5 :_ !) to. 99:1. The. mi2Cture preferably 
contains a c<?mbination of l'OZ11111la I CODIJ;)Ound a:a,d a 

10 water-reducing agent. The re!ultant mixture is cast 

into a sh-.~ed form and_permi;ted to cure to result in 

a desired shaped articl~. _ 

The drying shrink11ge ~nhibiting agent of Formula 

I can be.added either.~o a- dry_CeJllent or to a mixture 

1.5 of concrete and other approprillte c~onents forming 
the desired concrete composit;on. ~ec11use the present 
admixture polyols are l~ vapor pressure, high boiling 

liquid, they can be readily l::LaJ,1dled and stored without 

concern of evaporation,anci '.1-ac::k: ~f potence at time of 

20 use. Thus; the present-poly9l shriJ;L]tage reducing 

ag~t can be either dry mix•ci with the cement powder, 
or spray applj.ed tc:> th~ ceme:nt powder with further 
mixin9'· Alternately, a ~~o-.ition of the shrinkage 
reducing agent in an ~queous solutic:>n, emulsion or 

25 dispersion. may be first prep~red and_then mixed with 

cement and aggregate.as part of the water of 
hydration, or a given amount of the shrinkage-reducing 

agent can be_ added to a mixt~e of cement, water, and 

aggregate while. th~ are being stirre~ • 

30 . _ The concre.te compC)Si tio~ may be cur_ed using any 

of the atmospheric, wet a_ir, w.ater, and/or heat­
accelerated (steam, .autoclave, etc.) curing 
techniques. :Cf desired, two or mor_e such techniques 
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may be combined. The curing conditions may be the 

same as conventionally used. 
The following examples are given for 1llustrative 

purposes only and are not meant to be a limitation on 
S the claims appended hereto. All parts and percentages 

are by weight unless otherwise indicated. The 
examples given below utilize a micro-concrete mix 
formed from a mixture of aggregate sands having a 
particle size distribution which is proportional to 

10 and reflects that of standard concrete aggregate mix 
(sand and gravel) • 

Example 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 mixtture of the following ASTM graded 
aggregatest 1069 parts of P-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-m.ethyl-2,4-pentanediol had been previously 
dissolved. The blend was mixec:l in the Hobart mixer 
for approximately nine additional minutes to form a 
micro-concrete. (A hyci%'aulic cement/aggregate mix 
which uses smaller proportioned aggregates to simulate 

30 concrete.) 
Each of the foxmed 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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surface of each mold was pr•treateci to provide non­

stick surfaces. Each pris:m,.~s ev~y filled using a 

vibrating table and by scre49d~ng off (leveling off 

with a knife blade) -~Y ex~e•• mix from the surface. 

5 Each series of molds was tran•f erreci to a fog chamber 

which was maintained at room t;:emperature and 100'6 

relative humidity.to permit the sample to be initially 

moist .cured foJ; ·,twenty-four h,o.urs. The samples were 

10 

then removed .. from the fog ~hamPer, demolded and placed 

i~ an enviroD3'Lental chamber maintained at 50'6 relative 

humidity and 22°C to proceed l(ith dry curing. The 

length of each P.rism was periodically measured using a 

length comparator according to ASTM C-490-89 test 

procedure. 

15 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 shown in Table I pelow show that a 

substantial reduction in shrinkage (4L/LJ was attained 

20 when the .subject polyol was present in dosages of the 

present invention (Samples 4, 5 and 6). 

'l'aJ?le :I 

Sample I Dosage AL/L x 106 % I.eduction 
(wt. '6) (i:a./i:a.) i:a. Shrinkage 

l 0 669 0 

25 2 0.1 732 -9 

3 o.s 648 4 

4 l.O 444 34 

s 2.0 340 49 

6 4.0 210 69 
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Example II 

A second series of experiments were conducted to 
compare, on a back-to-back basis, the effectiveness of 
a subject secondary/tertiary polyol (exemplified by 2-

5 methyl-2,4-pentanediol) to that of various primary 
dials. Each of the series of samples were formed in 
the same manner as described above in Example I. In 
addition, a second series was formed in the same manner 
except that the samples were pexmitted 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 diol of the present 
invention provides consistently enhanced shrinkage 

15 reduction over various primary/terminal diols of 
similar molecular weights. 
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Alaknediol Dose (wt. %) 

2-metbyl-2,4- 1 
pentanediol 

2 

2-methyl-1,3- 1 
propanediol 

2 

1,5 Pentanediol 2 

1,4 Butanediol 2 

Table II 

% Redii in Shrinkage 
.(Dry cure) 

32 

·45 

16 

23 

18 

-e.o 

-

% Rean in·Shrinkage 
· (Moist Cure) 

33 

·46 .· 

16 ... 

36 

46 

15 

-N 

~ 

I 

.,. 
~ 
i 
$t! 

i .... 
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Example II:I 
A series of samples were prepared of a concrete 

having a cement factor of 611 pounds per cubic yard. 
The concrete was formed from 611 parts portland cement, 

S 1270 parts sand, 1750 parts aggregate and water at a 
water to cement ratio of 0.51. The concrete was 
partitioned into samples to which 2-methyl-2,4-
pentanediol (MPD) was added as part of the mix in 
amounts as shown in Table l:II below. I:n addition, a 

10 concrete of the same formulation as above was prepared 
except that the MPD was added in combination with 
naphthalene aulfonate-formaldehyde condensate water 
reducing agent and the water to cement ratio was 
reduced to 0.41 to obtain the same 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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T&ble III 
. ! 

Additiv Do sag Slum AL/L x " Reduction 
e e W/C p 10' in 

Shrinkage 

l 7 1 Day 7 
Day Days Days 

None 0 0.5 7.5 ,$_55 815 --- ---
1 

5 MPD* 2\ o.s 9 640 590 25 28 
.. i·· 

MPD* l\ o.s 9 780 765 9 6 
1 

MPD*· 2/0.S 0.4· 9 550 510 36 37 
10 + 1 

NS!'C** 
* 2-meth ·1-2~4;;. entanedi.ol y P ... -. 

** Naphthalene sulfonate_-forma.ldehyde aondensate 

gAMPLE l:V 

15 Micro.concrete ~11mp1es were formed accQrding to 
the procedure descr;ibed in Example I above. The sand 
to cement ratio was 2.7 and the water to cement ratio 
was 0.42. 2-methyl-2,4-pentanediol was added as 
described above in Example I. Bach mix was cast into 

20 a stainless steel O ring mold with a 12" outer ring 
and an e• inner ring formed from O.S• thiak Schedule 
80 carbon steel. The samples were aured for six hours 
at 100% relative humidit~ and then demolded from the 
outer ring while retaining the inner ring of the mold 

25 in place. The samples were dried at SO'o relative 
humidity until aracking occurred. The time (days) for 
the restrained sample to crack was observed and 
reported in Table l:V below • 
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TPLE l:V 

Restrained Shrinkage 

Restra~ned Shrinkage 
Additive Dosage Days to Crack 

--- --- 10 

5 MPD 0.1 11 

MPD o.s 11 

MPD 1 20 

MPD 2 28 

MPD 4 >28 

• 
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EXAMPLE v 
A series of micro concrete samples were formed 

according to the proce.dq.re of -Example 1 above, to 
observe the shrinkage reduction and set times for 

5 ·samples having equal molar amounts of·various·polyols 

10 

which have primary/terminal diols or triol compounds 
and compare them.to 2-methyl-2,4 pentanediol, a 

. . 

seconf!ary diol according to the present inven.tion. 
The results of Table V below show that the diol of the 
present invention proyicies consistently enhanced 
shrinkage reduction and does not cause significant set 
retardation (as measured by standard penetrom.eter 
test) while the other polyols caused m.Uch higher 
degree of shrinkage (lower percent reduction in 

15 shrinkage) or inhibition of set. 

20 

TABLI V 

% Reduction 
Compound Dosage in Shrink 

2-methyl-2,4-pentanediol 1.s 30 

1,4-butanediol 1.5 13 

1,S-pentanediol 1.s 19 

glycerol 1.s no set 

trim.ethyol propane 1.s 0 

From. the data of Table V above, it is seen that 
2-methyl-2,4 pentanediol, a secondary diol 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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I lllllll llllll lllll lllll ll llll 
* C L M S * 

1. An improved cement composition comprising a 
mixture of a hydraulic cement powder selected from 

portland cem.e11t, blended cement or alumina cement and 
5 having uniformly dispersed therein from 0.8 to 5 

weight percent based on the cement of at least one 
polyol compound represented by formula: 

10 

R 

' R' c 
• 

OH 

R , 
C R' 

' OH 

(I:) 

wherein each R is independently selected from hydrogen 

atom or a C1 - C2 alkyl; each R' independently selected 

from a C1 - C2 alkyl and n is an integer of l or 2. 

2. The cement composition of Claim l wherein 
15 the polyol compound is present in from l 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. 
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s. The cement composition of Claim l wherein 
the cement is further mixed with fine particulate and 
course aggregate _to provide a cone.rate composition. 

6 • _The cem41nt composi-tion of Claim 2 wherein 
. ' -

5 the cement is further ~xed 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 

15 

20 

25 

capable of inhibiting 'drying shrinkage and cracking 
resulting therefrom comprising 

. a) forming a mixture of a hydraulic cemen.1;:., fine 

aggregate~ course aggregate, water and from about-

b) 

0.8 to 5 .weigJlt_percent based on the weight of 
the hydraulic cement qf at least one polyol 
compound of th.e forJD11la: 

R R -· 

' 
, 

R' c (Cllz)n c - R' 

' ' OH OH 

. wherein each R is independently selected 

from hydrog~ atom -.or a C1 -- C2 alkyl; each 
R' is _ independently selected,. -~rom c1 - C2 

alkyls and n is an integ11r of l·Or 2; 

casting the mixture into a mold; and 
c) curing the mixture to provide a shaped structure, 

which structure exhibits reduced shrinkage, and 

cracks resulting therefrom.. 
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* C L H S * 

9. The method of Claim 6 wherein the cement, 
fine aggregate, and coarse aggregate are present in a 
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. 

-------- --· 

SUBSTITUTE SHEET (RULE 26) 


