CEMENT CONCRETE PAVEMENT The present invention relates to a cenment concrete
pavenent havi ng good water-perneability characteristics. One consequence of
I ncreasing urbanization is 5 that rain water, which'previousty.could = ¢ -
readily permeate into the ground as it fel], i.s now increasingly prévented
fromdoing so by the spread of asphalt pavenents, concrete pavenents,
bui | di ngs, and so on. As a result of this decrease of the ground surface
into which rain 10 water can-perneate, underground. water levels in the
surroundi ng area al so decrease, leading to the risk of ground subsidence,

and adversely affecting the GEMENT ZONCRERE BAVEMENEco| ogy of ground
or gani sns. Furthernore, this decrease of water-perneable ground surface

area 15 results in a crease in. the water-holding capabilities of the

ground in the vicinity'dF BEeRePhpnYERtIons 78 &Ry, 2i semeRtequence, an
i ncreased r icsinaxeté quavementchakdagy goaidn watldrssperdmedbibityr oduce

unnecessary .l égg@ : all kinds, including 20 interruption of
ﬁg#éé#ge c.§¢%8%T

traffic net ew of the above-nentioned problens caused by
“the decrease of wat er -§Re neenpseguence, ofndnaneasing|urbappzabbeni és of

urban ar @as tHde Oy waeer pf wﬁi&ﬁ”?%v&@ﬁﬂﬁ'&&!@/i Féad 1Ty O¥Efmeate
mater-perneablllté and 25 mateu-h% sou

i.ng .propert,jes has, been ht
Vat or - Prer i, thd i eond Bnoih Sedane o Y (INFReRSRITY eeReBEedn
its wat er - pfromaldding swdbyathe- spréadg off @spHalds paeementas good as

boul 9 Do deudrthedl bAVLAGHEL, ' BE1IMINEL. iy T ol NoksEALERIEO cause

30 | oadi ng, eases | er-p
Ly of this decrease of the ground surface into which rain

10 water can permeate, underground water levels in the
»surrounding area also decrease; leading to the risk of
ground subsidence, and adversely affecting the growth of
trees and the ecology of ground organisms. Furthermore,
this decrease of water-permeable ground surface area

15 results in a decrease in the water-holding capabilities
of the ground in the vicinity of such impermeable
surfaces and, in consequence, an increased risk of
flooding when heavy rain falls, which may produce
unnecessary disturbances of all kinds, including

20 interruption of traffic networks, etc.

In view of the above-mentioned problems caused
by the decrease of water-permeability in, and water-
holdihg properties of, urban areas, the provision of
pavement materials having improved water-permeability and

25 water-holding properties has been sought. ' Water-
permeable asphalt has been developed to try to meet this
need, but its water-permeability and water-holding
properties are not as good as would be desired, and
moreover the asphalt can melt in hot weather to cause

30 loading, which decreases its water-permeabiiity

" characteristics still further. Moreover, the strength
of the asphalt decreases quite rapidly with age.

The present invention seeks to provide a cement
concrete pavement which has good water-permeability and

35 water-holding properties.




characterlstlcs still further. Moreover, the strength of the asphalt
‘decreases quite rapidly with age. The present I nvention seeks to prOV|de a
cenennzponcrete ‘pavenent which has .good water-perneability and 35

o]

wat er | di'rng properties. - Mre particularly,.the present invention
provi des a concrete pavenent which is forged froma hardened cenent
concrete mxture of: 300 - 400 kg of portland cement, 5 0.008 - 0.04

part by weight of binder per part by weight of the cenent 0.3 - 0.45 part
by wei ght of water per jparl By MELGIL Pl t@ﬁecsgsgantaﬂgvggt@gar egat e

formi ng the bal ance of 't aré and and and No. 7
crushed st onePXAsidRs e nepneretief paceent vhiwhghs farmgdmtrnmnathe range

of from 5: 95 Rorddhéd), cetdst aBbhetéye URLkeaPEYogL StTi buted per [err], and
the wear surface of the hardened cenent concrete mixture having 15 been

treated to renove cenent ‘nortar adhering to aggregate at said surface. By

the term"No. 7 criched $00nkg of SpSEBDANnGr vémedtst one whose particle size
is from5 to 2.5 mm - see JIS Handbook, Engi neering and Construction, 1978,
20 Table 1 on page ‘661. It is partlcularly preferred that the melght ratio
of sand t& No.. 7 cO@0Rd-s0odk partHeyceebghtnoftbirdes perhparthe range of

from10:90 to 15 %Y weight of the cement,

_ 0.3 - 0.45 part by weight of water per part by
/ .- weight of the cement, and

an aggregate forming the balance of the mixture and

10 . composed of sand and No. 7 crushed stone (as
hereinafter defined) in a weight ratio within the
range of from 5:95 to 20:80,

“substantially uniformly distributed per m®, and the wear
surface of the hardened eement concrete_mixture_having

15 been treated to remove cement mortar adhering to
aggregate at said surface.

_ By the'term "No. 7 crushed stone" is meant
J crushed stone whose particle size is from 5 to 2.5 mm =~
i _ see JIS Handbook, Engineering and Construction, 1978,
20 Table 1 on page 661. .
. . It is particularly preferred that the weight
ratio of sand to No. 7 crushed stone in the cement '
‘mixture is within the.range of from 10:90 to 15:85,
.because with ratios in this range, the resulting strength
25 of the hardened pavement is suitable for vehicular
trafflc pavement whilst the water-permeability remains
satisfactory. _ . _ - .
Further,-it is.preferable that_the binder be
present in~émount of from 0.015 to,0.03_part by weight
30 per part by weight of the cement. In this



because with ratios in this range, the resulting strength 25 of the
hardened pavenent is suitable for vehicular traffic pavement whilst the

wat er-perneability remai ns satisfactory. Further, it is preferable that: the
bi nder be present in anount of .from0.015 to O. 03 part by weight 30 pefs
part by weight of the cenent. In this , 3 specificatiorn, the quantity of
the binder refers to the quantity of solid resin present. As the binder,
it is possible to use any binder which is knﬁmm as abgener?I additlre IgBR
cement nortar.. hat nt heti ¢ rubber or exanpl e, :
NBR, acryl ri§Gt ?ﬁ&§°?ESEhe gﬁﬂnFHEylP%ethﬁaylﬁéeESEGf&§stﬁ@ iiheder .
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10 0.45%) is used in an amount within the ﬁoregoing range, .

the flexural'strength can'be'improved'bi-abOutrlo to 60%. \\)

If, however, the quantity of the binder exceeds 0.03 part
by weight per”part'byfweigﬁt of the Gement, the water-
permeability of the resulting hardened cement concrete is
15 undesirably reduced. ' s :
The quantity of water is'preferably~from 0.35
- to 0.40 part by welght per part by weight of the cement.
" The. water-permeablllty decreases undeslrably if the
quantity of water exceeds the upper 11mit~of-the-range,
20 while kneading"of the cement mixture cannot be ‘performed -
readily to obtain a substantially-uniformjdistribution of
the components of the mixture if-the quantity of water is
decreased beyond the lower limit of the ‘range.
e Further, in order to achleve a‘‘good balance
25 between strength and permeabllity, it is preferable to
use the cement in an amount w1th1n the range of from 320
to 370 kg per m® of the whole cement concrete mixture
1nc1ud1ng water. ' o ' : T
~ In the aggregate used accordlng to the- present
30 invention, it is necessary that the weight ratio of the
sand to the No. 7 crushed stone is within the range of
from 5:95 to 20:80. - A ratio of 5:95 is suitable to
produce a concrete pavement for use as a”sidewaik,-while
a ratio of more than 10:90 is suitable to produce a ,
35 concrete pavement'for light traffi¢. ° In-"a modification
of the invention, a part of the aggregate, preferably 10
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‘readily to obtain a substantially uniformdistribution of the conponents of
the mxture if the quantity of water i's decreased beyond the lower limt of
the rghge. Further, in-.order to achieve a good bal ance 25 between strength
and péfneablllty, it is preferable to use the cenent in an anount wthin
the range of from 320 to 370 kg per nB8 of he whol e cenent concrete nixture
including water. In the aggregate used according to the present 30
invention, it is necessary that the weight ratio of .the sand to the No. 7
crushed stone is within the range of -from5:95 to: 120: 80. Aratio of 5:95

I's suitable {9 :Péoﬁ'é'f&hé ﬁQPEéﬁEeoPaEEEEQégi-eéaﬁé(? Asyabel davatitued e a
ratio of nore than 10790 Js-.suitable,to produ g ﬁS ncr.ete pavenent for
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5 co-exists wth the smaller-sized No. 7 crushed stone .(particle size of 5
to 2.5 mm), although on the other hand there is an advantage in that the
strength of the concrete pavenent is increased to a certain extent. 5
After the cenent concrete m xture has hardened, the wear surface is tredted
. SO as to renove cenent nortar which is adhePing to aggregate at that
surface. This treatment is preferably effected by using a grinding/
sweepi ng machi ne (commonly called a shot-blasting 10. nmachi ne). As the
shot-blasting material to be used for grinding/sweeping, for exanple,
spherical iron (having a dianeter. not |arger than about-2 mm or sand (such
as silica sapo-exishe wikb thei spadleérasdzed Not. 7Tacgushedstdme m) is
advant ageoustyapesdie 168 880G BLASLENtn)S Eiefiudn Ioh GHE Whiidy cOI |1 de
with the cenent concrete surface %¥ using-a_grin sweepi ng machine to

e
thereby reni@ndchhRrends: an pvantageadhethad the RErangtdyafe theerent
-concr et e paveshetetécpatengnto ishdnerebeedetoc@bedirtain &dtdrts present

i nvention_exhibits 20 _substanptiall he  sane ,wat er-hol di_ng property. as
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pavenent accbreatgent imeppeferablyneffectsd by using A wrindingtain a
rate of watesw@epiRg! m@Bhehet feonmdtlyotaided al enbt-b1a¥tsery and
typi cally,of Lhe, orfer of [ere] 10,1073 0Te*%atilial to be usdd™r
concrete %aV@ﬁ% tP&tcor ditfig '8 £RC g me
-grinding/sweeping, for example, spherical iron (having a
diameter not larger than about 2 mm) or sand (such as
silica sand or the like havinq a diameter not larger than
0.6 mm) is advantageously used. The shothlasting

15 material is caused to collide with the cement concrete
surface by using a grinder/sweeping machine to thereby .
remove cement mortar portions adhering to the aggregate.

Cement concrete pavement according to the
preferred embodiments of the present invention exhibits

20 éubstantially the same water-holding property as that
exhibited by ordinary soil when rain falls, and _
furthermore achieves a rate of water-permeation which is
much more rapid than that of conventional asphalt
pavement or conventional cement concrete pavement, while

25 still possessing sufficient strength for practical use.
With cement concrete pavement according to the present
invention, it is possible to obtain a rate of water
permeation of the order of 10”1 to 104 cm/sec, and
typically of the order of 10~1 to 103 cm/sec. '

30 Cement-conCrete'pavement'according to the
present invention alsoc has the advantages, as compared
with conventional water-pérmeable asphalt pavement, in
that no loading is generated, its strengthzdetériorates-
only slowly with age, and no melting occurs in hot

35 weather. |



:present I nvention al so has the advantages, as conpared wi th conventi onal
_wat er - per neabl e asphalt pavenent, in that no |loading is generated, its
.strength deteriorates only slowy with age, and no nelting occurs in hot 35

‘weat hef . 6 Moreover, cenent concrete pavenent according to the present
i nvention generally ‘has high voids, typicaldy of 10 to 30%in spite of its
st rengt h. As a result, even if fine earth and sand or the |ike accunul ate

on the 5 surface of the concrete paverment, the earth and sand pass through
the voids when rain falls, so that the pavement is cleaned without causing
any | oading, i.e. bl ockbopgovobr! heemehtscbyiceatehpavenentr ackeriikeg. tas

' I 1 d t
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of nore attrthei veidppbyr earthi, haandhetr thecddkenti onal cement concrete or
_ | As previously noted, cement_conérete pavement
_ 10 according to the present invention has strength which is
W sufficient for practlcal use. Typically, the
compression strength of the concrete pavement is 200 to
300 kg/cm2 (the strength after 4 weeks curing in
constant-temperature water of 20°C), and the flexural
15 strength thereof is 20 to 3O_kg/cm2:(the strength after 4
' . weeks curing in constant-temperature water of 20°C).
. Another feature of cement concrete pavement
- according to this invention is that its wear surface
exhibits.the natural colour of the aggregate which is
'20 exposed by the treatment to remove adherent cement
mertar; Thus the pavement is of more attractive
appearanee than that of conventional cement concrete or
asphalt pavenment, and even as compared'with conventional
N concrete and asphalt materials which have been mixed with.
. 25 or Sprayed with various pigments to give them an '
' artificial colour. _ ,
Concrete pavement of the present invention is
thus especxally suitable for. formlng 51de—walks, public
squares, and the like.



asphalt pavenent, and even as conpared with conventional concrete and

asphal t nateLLaLs—Mh+eh—have—been m xed with 25 or sprayed with various

pi gnent's to grve the |C|aI col our.. Concrete pavenent of the .

pr esent |nven & cially suitable for form ng side-wal ks, et
public square " CLAI M5: ‘1, A cenment concrete pavenent
conposed of a hardened cenent concrete m xture of: 300 - 400 kg of portland
cenment; 0.008 - 0.04 part by weight of binder per part by weight of said
cenent; 0.03 - 0.45 part by weight of water per part by weight of said
cenment; and apagmghegate form ng the bal ance of the m xture and conposed of
sand and No—7—crustred stone (as hereinbefore defined) in a weight ratio
within the range of from5:95 to 20:80, substantially uniformy distributed

per [err], and the wean.sunf aemelit H&xdﬁﬁ@mmtcmﬂ%ﬁlétufe .
havi ng been % eéted tQ remve ceneH nortar adhering to .aggregate at said
surface. at ﬁgﬁp &6 |9Erto Caiml, in which said

rati o of sard sand to sai d hb 7 crushed stone is within the range of from

10: 90 to 15: 85. 34 cq r cording to Caim1l or
Caim2, in V\hrchthe quﬁ??‘fi% sar [Féﬁrﬁg

0 008 - 0.04 part by weight of blnder per part by
welght of said- cement,

0.03 - 0.45 part by weight of water per part by
weight of said cement, and

an aggregate formlng the balance of ‘the mixture’ and _
composed of sand and No. 7 crushed stone (as
herelnbefore defined) in a welght_ratlo within the
range of from 5:95 to 20:80,

substantially uniformly distributed per m’, and'the wear
surface of the hardened cement concrete mixture having
been treated to remove cement mortar adherlng to
aggregate at sald surface.

_ 2. A cement concrete pavement according to
Claim 1, in which said ratio 6f said sand to said No. 7
crushed stone is within the range of from 10:90 to 15:85.

3. A cement concrete pavement accordlng to
Claim 1 or Claim 2, in which the gquantity of said binder
is from 0.015 to 0.03 part by welght per part by weight
of said cement.

4. A cement concrete pavement according to any
preceding claim, in which the quantity of said water is
from 0.35 to 0.40 part by weight per part by weight of
said cement.



.'"i s from0.015 to 0.03 part by wei ght per parf by wei ght of said cenent. 4.
“A cement concret e—pavenent according t'o any preceding claim in which the
;quanLL}y of said water is fromO0.35 to 0.40 part by wei ght per part by

wei ght~, of said cenﬂmm(m" t concrete .pavenent -according to any
-~ preceding claim in' c’ !’ u"ﬂmﬂmﬂt i s gused in an anount of from 320 kg
to 370 kg per [err] of sard terment* concrete mixture. 6. A cenent concrete

pavenment according to any preceding claim in which the surface of the
har dened cenment concrete m xture has been treated by shot-blasting to

remove cenent nortar gdhen kR@nehtAGPmEHte Pavelchts Hdanling %o any

nodi fication of the inyention defi.ned in an recedi ng . claim_wherein said
bal ance of BRPGeIRG: &L& 1 Akt é"qlsc%f(ﬁ’ﬂé’g%gyp d"sad%ree‘%alt%-%d No.. 6
crushed stoamofiat lodr ¢rome B3@0e kipficmad)o kK pererenf sendr cemepdvenent
according tgo Clalm.7 werein from10 -to 30% by wei ght of said bal ance of

said concrefe mxture is fornmed by said No. 6 crushed stone. 9. A cenent
concrete pavement, according to daim1l and substantially as hereinbefore

descri bed. 6. A cement concrete pavement according to any
preceding claim, in which the surface of the hardened
cement concrete mixture has been treated by shot-blasting
to remove cement mortar adhering to aggregate at said

‘surface. !

7. A modification of the invention defined in
any preceding claim, wherein said balance of said
concrete mixture is formed by said aggregate and No. 6
crushed stone (as hereinbefore defined).

_Claim'7, wherein from 10 to 30% by weight of said balance
of said concrete mixture is formed by said No. 6 crushed

8. A cement concrete pavement according to

stone.

9. A cement concrete pavement,-aqcording to
. Claim 1 and substantially as hereinbefore described.
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