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PAVI NG IVETHCD OF WATER- PERVEABLE CONCRETE POS copPy
BAOKGRQJND OF THE | NVENTI ON Field of the Invention The present
invéntion relates to a paving nethod of water-perneabl e concdaét’é‘“z"n 6
particularly to a paving nethod of water-perneable concrete which can be

used for

expressways, hi ghways, roadways, sidewal ks, bikeways, parking

| ots, public squares, etc. wth snoothjroad surfaces to which various
colors and patter nLANGVEIHODIOFEWAEER-PERMEARLD I CONURETBt h with

m ni mum surface porosity. Description of the Prior Art In the
present invention, the neaning of water-perneabl e pavenent is

wat er - drai ni ng pavenent which lets water such as rainwater flow in the
pavenent itself through small spaces formed between the particles of the
pavenent material and |ets Ehe-xEROENS GK THE INVRRITIORUN. Such

wat er - per neabl e pavenent isTvery effective 1or the protection of
ecol ogi cal system of underground nature, for the prevention of

Field of the Invention

The present invention relates to a paving method of water-permeable concrete,
particularly to a paving method of water-permeable concrete which can be used for
expressways, highways, roadways, sidewalks, bikeways, parking lots, public squares, etc.
with smooth road surfaces to which various colors and patterns can be applied, as well

as with high-strength with minimum surface porosity.

Description of the Prior Art

In the present invention, the meaxﬁng of water-permeable pavement is
water-draining fJavement which lets water such as rainwater flow in the pavement itself
through small spaces formed between the particles of the pavement material and lets the
water sink into the ground. Such water-permeable pavement is very effective for the
protection of ecological system of underground nature, for the prevention of
hydroplanning, and for the reduction of noise due to friction between wheels and road
surfaces, etc.

In this cdmecﬁon, many inventions have been made and introduced in this
field. For example, Korean Patent No. 36,315 (registered September 27, 1990, published
June 23, 1990 under Publication No. 90-4390) as well as water-permeable asphait
concrete and water—permeable ceramic are related to water-permeable pavement material.
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hydroplannlng, and for the reduction of noise due to friction between
whéel s and road surfaces, etc. In this connection, many

i nvéntions have been made and introduced in this field. For exanple,
Korean Patent No. 36,315 (regi stered Septenber 27, 1990, published June
23, 1990 under Publication No. 90-4390) as well as water-permeabl e asphalt
concrete and water-pernmeabl e ceramc aré related to water-perneabl e

pavenent a g 2
%iﬁ&/g ér |these nvent1 nal water xmeabl avement ma{enﬁlgt hearveat}ag tﬂave had t he

However , E e OnNentT Onar el er - per Reab pavenen
foll ow ngﬁﬁrobl ens. Firstly, as seen In a sieve analysis curve in
FIG 3, opig pwblenpass rates of aggregate having the maxi num particle

size of 13mmused for the invention of Korean Patent No. 36, 315 were

95- 100% neasur efrshy, & scenm §istve, andly4id%udye & BU® Nothe phriicle pas¥Mates of27% by
Si eve No. 8 (2 5 , O- 14%by Sieve No. 30 (0.6m), 0-2% by Sieve No. 100
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concrete had the probl ens that the surface of the concrete was rather rough
due to hiBdtents Né.ade TSr weiet §3-1026t inedsoredvinyudl3emsi bipve) S-#0%6 kisn SewenylNo.and
the strength of the concrete would easily be | owered by water penetrated

into the paygnsfin)Biogvs 8l Sidhe e & €.5hR§ 0-14% by Sieve No. 30 (0.6mm), 0-2%
by Sieve No. 100 (0.15mm), and 0-1% by Sieve No. 200(0.074 mm). Since the range
of the particle size is relatively narrow (13mm to 4.76mm), this water-permeable
concrete had the problems that the surface of the concrete was rather rough due to high
surface porosity, particles would easily be broken away, and the strength of the concrete
would easily be lowered by water penetrated into the pavement material. Therefore, the
water-permeable concrete of Korean Patent No.36315 was not proper for the pavement
of general roadways, but for that of lightly used sidewalks, public squares, parking lots,
and roadways for small-sized automobiles.

Secondly, the pavement process of conventional water-permeable asphalt concrete
includes mixing asphalt, aggregate of 13mm size, and CaCO; at 140-180°C, spreading,
and finishing by roller pounding. For roadway pavement, the strength, i. e, the stability
of asphalt concrete should be more than 500 kg, however, this asphalt concrete has a
stability of less than 300kg, and therefore, a. further strengthening process is necessary
for roadway pavement. Furthermore, this asphalt concrete is soft, and therefore, its water
permeability would be rapidly lowered. Especially during summer time, minute materials
such as dust tend to be attached to the asphalt to fill up the pores formed on the

surfaces of road.



wat er - per mreabl e concrete of Korean Patent No. 36315 was not proper for the
pavenent” of general roadways, but for that of lightly used sidewal ks,
publ’i ¢ squares, parking lots, and roadways for snall-sized autonobil es.
Secondl y, the pavenent process of conventional water-pernmeabl e asphalt
concrete includes m xing asphalt, aggregate of 13mm size, and [err] at
140-180[err] C, spreading, and finishing by roller pounding. For roadway

pavenent, the sTriedigt B, cohverionalt WiteSpatRichblb Yeeraic 3aPEA HABE g5 e shoul d be
nore than 500 kg; however, this asphalt concrete has a stability of |ess

t han 300k apd therefore, a.furiher strengthening process i s necessa
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therefore, its water perneability would be rapidly |owered. Especially
duri ng sufests fer penstruetmg: thisrwater-parmseableyedramic paysmetteisdmprs fevengiveathnd to
the asphalt to fill up the pores formed on the surfaces of road.
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is manufactured by mxing artificial aggregate wifh various colors and an
epoxy resin. Th costs for constructing this water-pernmeable ceram c
pavenent sﬁB?%“@Qﬂ%ﬁ??%%?ﬁﬁﬁﬁ“ngthers because the prices of artificia
aggregate and epoxy are very high and further this construction requires
pl ast eri ng.

SUMMARY OF THE INVENTION

Kt is an object of the present invention to provide a paving method of
water-permeable concrete which can be used for heavy traffic roads as well as highways
by increasing fineness and strength of surface particles.

It is another object of the present invention to provide a paving method of
water-permeable concrete of which the thickness is relatively thin with high density of
particles, which has fast construction speed, low production cost, lasting various colors
and superior strength by using glass powder, sand, cement, pigment, etc.

The paving method of water-permeable concrete to achieve the first object of
the present invention comprises of the steps of:

i) spreading and pounding of a sand filter layer having a coefficient of water
permeability of more than 10 x 10™ cm/sec and a rubble layer having a coefficient of
water permeability of more than 10 x 10 cm/sec on the consolidated ground;

ii) mixing crude aggregate (for base layer), cement of 250 to 500 kg/m’, and
water at a water-cement ratio of 25-40%, spreading the mixture on the rubble base
layer, and pounding the materials;

iii) mixing crude aggregate (for surface layer), cement of 250 to 500 kg/m’,



SUNNARY OF THE | NVENTI ON It is an object of the present invention
to provide a paving method of water-perneabl e concrete which can be used
for heavy traffic roads as well as highways by increasing fineness and
strength of surface particles. It is another object of the present
invention to provide a paving nethod of wat er - per reabl e concrete of which
the thickness is relatively thin with# hi gh density of particles, which has
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superior strength by using gl ass powder sand, cenent, pignment, etc.
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and pounding of a sand filter |ayer haV| ng a coefficient of water
per meabi | fessy thain 2096 eoft thariweightxof] tieeserient pfesde speeading theimbkierd agdhe hasd ng a
coefficient of water perneability of nore than 10 x 10[err] cm sec on the

consol i daltag& H&énﬁl'ater-penneable dondref® %h&‘q;aﬁ'hgdtﬁe aganeony e of efe base |ayer),
cenment of 250 to 500 kg/[err], and water a vvater-cerrent rati o of

25-40% s readlm%alglhe m Xt uy e on(il bbl e.base

0 d ng the
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of 250 to 500 kg/[err],

water-permeable concrete with vinyl or the like and aging for more than one day; and

iv) mixing at least one polymer selected from a group consisting of an
emulsion-type acrylic resin, an epoxy resin, urethane, emulsified asphalt and latex, with
water, spreading the mixture on the base layer of the water-permeable concrete, and
aging the concrete.

The above aggregate for the base layer has the maximum particle size of
40mm, and has the particle pass rates in weight % of 100% measured by a 50-mm
sieve, 95-100% by a 40-mm steve, 75-95% by a 25-mm sieve, 15-55% by a 10-mm
sieve, 0-2% by Sieve No.4, 0-10% by Sieve No.10, and 0-5% by Sieve No.40. |

The above agéegate é‘or the surface layer has the maximum size of 19mm, and
has the particle pass rates in weight % of 100% measured by a 25-mm sieve, 95-100%
by a 19-mm sieve, 20-60% by a 10-mm sieve, 0-20% by Sieve No.4, 0-10% bye Sieve
No.10, and 0-5% by Sieve No. 40.

The paving method of water-permeable concrete to achieve the second object of
the present invention comprises of the steps of:

i) spreading and pounding of a sand filter layer having a coefficient of water

~ permeability of more fhan‘ 10 x 10" cm/sec and a rubble layer having a coefficient of

water permeability of more than 10 x 107 cm/sec;



4 water, at a water-cenment ratio of 25-40% and at |east one pol yner
selected froma group consisting of an emul sion-type acrylic resin,
emul’sified asphalt, and SBR | atex of |ess than 20% of the wei ght of the
cenent used, spreading the m xture on the base |ayer of the

wat er - per neabl e concrete, and paving the surface |ayer of the

wat er - per neabl e concrete by poundi ng, and covering the paved surface | ayer
of the water- péyr niddhg eneiengggedgateniceitenti andl water e projer muid @Ohave Jarbsityor e
t han one day; and iv) mxing at |east one polyner selected froma

group con i n i ON: . i@ 2 r ,
ur et hane, ggﬁubligig‘f ;Ré%aaag%eﬁgﬂarﬁa%w%éf 2’%‘?&%&]{"??? oﬁderg ,th@pr1 gg(g;iﬁg ct%ﬁl%&m xture
on the base | ayer of .the water-perneable concrete, and aging the concrete.
The abovespgiflieg)shemigare pe th sebblebase laver, ard pavdng fhenbpie taver of $hee of
40mm and has the particle pass rates in weight % of 100% neasured by a
50-mm  si euRr-pSmekbR%ditrete B9-poundingve, 75- 95% by a 25-nm si eve, 15-55% by
a 10-mm sieve, 0-2%by Sieve No.4, 0-10% by Sieve No.10, and 0-5% by Sieve

No. 40. -khe .abov r for.th rf | gy. 8 maxi nmym
size of 19mm a"r%g m’?@% %H%’%gar%?éc%leas%a%nf ﬁlabﬁféscigﬁg%(?g 0’%%0%&%ﬁur ed

by a 25-mm si eve, 95-100% by a 19-mm sieve, 20-60% by a 10-nm si eve, 0-20%
by Sieve ovater-@nienbrafice o5i28+8%, Nad 18, leash dno -ipmer ®lested fiom a1 @roup
The pavi ng nmet hod of water-pernmeabl e concrete to achi eve the second object

of the pPr&RRRhg IdVANEMARIAATHE a89hc bsid, NEmAHAEP aQfhalt, and SBR ldtex 8pr eadi ng
and pounding of "a sand filter |ayéer having a coefficient of water
10-50% of the weight of the cement used with respect to 50% of solid material,
spreading the mixture on the base layer of the water-permeable concrete within an hour
after its paving, and paving the surface layer of the fine water-permeable concrete by
pounding, and covering the paved surface layer of the water-permeable concrete with
vinyl or the like and aging for more than one day; and
iv) mixing at least one polymer selected from a group consisting of an
emulsion-type acrylic resin, an epoxy resin, urethane, emulsified asphalt and latex, with
water, spreading the mixture on the base layer of the water-permeable concrete, and
aging the concrete.
The above waste glass powder and fine rubble have particle pass rates in

weight % of 80-100% measured by a 3-mm sieve, and less than 10% by a 1-mm

sieve.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of this invention, and many of the attendant

ad\}antages thereof, will be readily apparent as the same becomes better understood by



pernmeability of nore than 10 x 10[err] cmisec and a rubble |ayer having a
coeffici'ent of water perneability of nore than 10 x 10[err] cnifsec; -
ii) mxing crude aggregate, cenent and water in a proper ratio to have
porosity of 10-20% and a coefficient of water perneability of nore than 10
x 10[err] cmsec, spreading the mxtuge on the rubble base |ayer, and

pavi ng the base | ayer of the water-pefneable concrete by poundi ng;

i) mXingferentes ke thenpsfetred| astsodithenme of ubd irventidnwhén odnsitefedSO0cdigbrddtibh] |
water at a water-cenent ratio of 25-40% and at |east one polynmer selected

froma gr ONShSh : Al Shan-type acrylic resin, emulsified
asphal t, g’r@ @%ﬁglgééd}gﬁ&f%%oﬁhgﬁe wei ght of the cenent used with

respect to 50% of solid material, spreading the m xture on the base |ayer
of the water-peflkabl & &sakanatic wpssriestional disgmem of & cgenerak pavement, a and
paving the surface |layer of the fine water-perneable concrete by pounding,

and cover pageridiining iRdesistt] ace al witer-p@ineithe pavdnint B SoaafkiSogoncrete with

vinyl or the like and aging for nore than one day; and - iv) mxing

at | east one p selected.from roup_consi.sting of. an | si on-type
Hes GE

acrylic resin, “poly? PEKdiagiamy B RASTREAMN T o B’ﬁ%?f'?e'gfe?gﬁfat ex, Wth
wat er, spreading the m xture on the base | ayer of the water-perneable
concr et e, pawethent according to the present invention;

FIG. 3 is a sieve analysis graph of conventional water-permeable concrete
having the maximum particle size of 13mm;

FIG. 4 is a sieve analysis graph of water-permeable concrete for a base layer
having the maximum particle size of 40mm according to the present invention;

FIG. 5 is a sieve analysis graph of water-permeable concrete for middle and
surface layers having the maximum particle size of 25mm according to the present
invention;

FIG. 6 is'a sieve analysis graph of water-permeable concrete having the
maximum particle size of 19mm according to the present invention;

FIG. 7 is a cross-sectional view of a water permeability detector used in the
present invention;

FIG. 8 1is a cross-sectional view of a pavement constructed according to the
first preferred embodiment of the present invention; and

FIG. 9 1is a schematic cross-sectional view of fine water-permeable concrete

constructed according to the second preferred embodiment of the present invention.
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agi ng the concrete. The above waste gl ass powder and fine rubble

have parfticle pass rates in weight % of 80-100% neasured by a 3-nmm si eve,
and |l ess than 10% by a 1-mm si eve. BRI EF

DESCRI PTI ON OF THE DRAW NGS A nore conpl ete appreciation of this
I nvention, and many of the attendant advantages thereof, will be readily
apparent as the sane becones better upderstood by

6 reference to the prscrR@PdIENDOH THE! BREFERKED FMBODIMENYWSen consi der ed

in conjunction wth the acconmpanying draw ngs in which: FIG 1is
a schematic cr -S | | di agr p t . .

wat er - dr ai ni ngO%%\%lgré%{t Sggerﬁg aea}%a({%émrl ?I{)me%ﬁgg‘gﬁéeg%)né\}g@%'p%er 3%58%%‘3& b n;

FIG 2 is a block diagramof construction order for a water-perneable
pavement. teferenati togtheoacchmppyirg: drawingsent i on; FIG 3 is a sieve

anal ysi s graph of conventional water-perneable concrete having the maxi num

particle size offGL3Mis a schematicddmpatativeé RossisedtRnaNdibtamSofOs gpmersll
wat er - per neabl e concrete for a base | ayer

pavement A, a water-draining pavement B, and a water-permeable pavement C. In this
figure, arrows show the passage of water.

A general pavement A is comprised of the consolidated ground 1, a bass layer
and its auxiliary 2, and an asphalt or cement concrete layer 3 accumulated in order as
well as watér drain outlets 4 formed at one edge, through which rain water outflows to
watercourses, public sewage disposal plants, rivers, etc.

A water-draining pavement B is comprised of the consolidated ground 1, a
water-impermeable cement stabilization treatment layer 5, a drainage layer 6 made. of
granular materials, a water-permeable concrete layer 7 for a base layer, and a
water-permeable concrete layef for a roadway pavement accumulated in order. If water
such as rain water is flowed into the water-draining pavement B, it move through a
water—pennéable concrete layer' 8 for a roadway pavement, a water-permeable concrete
layer 7 as a base layer, and a drainage layer 6 made of granular materials, and a
portion of water is evaporated into air according to capillary phenomenon.

Lastly, a water-permeable pavement C is comprised of the consolidated ground
1, a filter layer 9, a granular material layer 10, a water-permeable concrete layer 11 for
a base layer and a thin water-permeable concrete layer 12 for a surface layer
accumulated in order. If water such as rainwater is flowed into a water-permeable

pavement C, it moves to the ground 1 through a thin water-permeable concrete layer 12



havi ng .t he maxi num particle size of 40nm according to the present

i nvention; FIG 5 1is a sieve analysis graph of water-perneable
concrete for mddle and surface |layers having the nmaxi mum particle size of
25mm according to the present invention; FIG 6 1is a sieve

anal ysi s graph of water-perneable concrete having the maxinmum particle
size of 19mm according to the present ignvention; FIG 7 is a
Cross- SeCfdrOeD%herdeebé?:&f aawx!ef_ﬁém@@dl@%mrhﬂet Myétel B §b04 uageeqiayw 4 BRnulaf esent

i nvention is acr oss secti onal VI ew of a paverrent
construct ed ac rd| f rst ferred e of th resent

i nvent i on™& af? anqzlacflteé layer 9 S e?ré’Pftlf’ P §v§ egéﬁtevgt?%zfteqslugwadrf fine
wat er - per meabl e concrete constructed according to the second preferred
enbodi nent of tHE. @ eisembldckvdiagraronof construction order for a water-permeable

7 DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS

Her ei naf t | cribed
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conparati ve cross-sectional diagramof a general pavenent A a

wat er - drai ni ng pavenent B, and a water-perneabl e pavenent C. In this

Process No. 1

Construction of a water-permeable concrete pavement is planned to achieve
water permeability, and to maintain flatness, stréngth, porosity, color, etc. According to
the construction planning, the ground is consolidated and pounded as in a conventional
water-permeable paving method.

A filter layer is then spread on the ground. For a filter layer, sands having a
coefficient of water permeability of more than 10 x 10* cm/sec are used. A filter layer
is to prevent mixing of earth with an upper base layer as well as to purify
contamiﬁated water. |

On the filter layer, a rubble base layer is spread in order to distribute an upper
load and to store a constant amount of water for a certain period of time. The rubble
base layer has a coefficient of water permeability of more than 10 x 107 cm/sec, and
is pounded sufficiently to obtain the maximum density at the optimum functional rate

after being spread.

Process No. 2
The aggregate for water-permeable concrete for a base layer or for a roadway

pavement should have the maximum dimensions of 40mm, 25mm and 19mm. To the
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figure, arrows show the passage of water. A general pavenment Ais
conprlsed of the consolidated ground 1, a bass layer and its auxiliary 2,
and an asphalt or cenment concrete |ayer 3 accumulated in order as well as
water drain outlets 4 formed at one edge, through which rain water outflows

to watercourses, public sewage disposal plants, rivers, etc. A
wat er - dr ai ni ng paverrent B is conprised of the consolidated ground 1, a
wat er - i | t . d | ayer
o made of SERERn, paf SOE e/, BE chefl, Malhr of BLERLEer B Hhid of BN A0S 2

base | ayer, and a_ water- erneable concrete |layer for a roadmay pavenent
acounl atcemeRndgRYiaE sepRt Ghiest thas ks Wi ramctyiar be Weighl ol SUMe! (hed
wat er -drai ni ng pavenent B, it nove through a water-perneable concrete

| ayer 8 fapd nixédadway pavenent, a water-perneable concrete layer 7 as a
base | ayer, and a drainage | ayer 6 made of granular materials, and a

Cactly, o war of BSEHEARCH RL TG, Mt of Sl hdeiGRd iinkeel 1A ™

ground 1, a filter Jayer 9, a granular_nmaterial |ayer 10, a
wat er - perclassifipd acenrdingtte itnyies and shape. FIG.nhshows paricknsize diswibution of
wat er - per neabl e concrete |layer 12 for a surface |layer accumulated in

order. |fonnRt Sforsghed h@sﬁn% Fhd WakBiurh SitbR¥Rdof BbAmS A& mepmfabl ﬁae
pavenment C, |t nnves to the ground | through a thin water-permeabl e
concrete plart%?e pass rates in weight % were 100% measured by a 50-mm sieve, 95-100% by a
40-mm sieve, 75-95% by a 25-mm sieve, 15-55% by a 10-mm sieve, 0-2% by Sieve
No. 4, 0—i0°A by Sieve N<.>. 10, and 0-5% by Sieve No. 40.
FIG. 5 shows particle size distribution of crude aggregate having the maximum
dimension of 25mm. As seen in FIG. 5, the particle pass rates in weight % were 100%
measured by a 40-mm sieve, 95-100% by a 25-mm sieve, 65-90% by a 19-mm sieve,
40-80% by a 13-mm sieve, 0-10% by Sieve No. 10, and 0-10% by Sieve No. 40.
Further, FIG. 6 shows particle size distribution of crude aggregate having the
maximum dimension of 19mm. As seen in FIG. 6, the particle pass rates in weight %
were 100% measured by a 25-mm sieve, 95-100% by a 19-mm sieve, 20-60% by a
10-mm sieve, 0-20% by Sieve No. 4, 0-10% by Sieve No. 10, and 0-5% by Sieve No.
40.
The above three kinds of aggregates are to be used selectively according to the
needs of specific occasions.
Water-permeable concrete for a roadway pavement should have a compression

strength of more than 260 kg/ecm® or a bending strength of more than 40 kg/cmz;

however, in the present invention, the compression strength is determined to be more
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for a surface layer, a water-perneable concrete |ayer 11 for a base | ayer,
a granular “material layer 10, and a filter layer 9, and a portion of water

is evaporated into air. FIG 2 is a block diagram of construction
order for a water-perneable pavenent according to the present invention.
Each process is depicted as follows: Process No. | Construction

of a water-perneabl e concrete pavenent 149 pl anned to achi eve water

per meabi | iHay, 200NRe/bR” AR nﬁabandtt%atsﬁaﬁg% t bé Qe RharP 30 AFYdny ffz the'sak 18-

According to the construction anning, the ground is consolidated and

pounded as_in ventJ onal water-perrreabl e pavi ng net hod. A
filter Iay@}e"]e§ Oﬁ){-ﬁ cﬁ”gﬁd on the ground. For a filter layer, sands having

a coefficient of water perneability of nore than 10 x 10[err] cnisec are
used. A filter Cenest can Detuseprbetmesen the sscopg off 2%htd KONikiglems ntoubp dittel e
| ayer as well as to purify contam nated water. On the filter

| ayer, 2 HdbbhaiRR%R WiSlenieht Pio°RUkdmild % BL28lul laDbiBsigMaBRer | 0ad

and to store a constant amount of water for a certain’ pe lod of tine. The
rubbl e Jay has coefficient of ter of nor.e than 10
x 10[err] ?(iﬁ?é’e f?‘se‘ﬁo?ffn\fféﬁr ?ﬁ‘f“?‘ial&’ ¥ni9 9ge1 35 % TR TR
density at the opt| mum functional rate after being spread.
consideration of the quality of the aggregate, planned strength, a coefficient of water
permeability, etc.
The amount of the aggregate included in water-permeable concrete is computed

according to the followirig equation assuming that the amount of the cement used and

the water-cement ratio are determined based on the strength.

Amount of aggregate to be used

= [880 - (weight of water + (amount of cement/gravity of cement)]

x gravity of aggregate

In the above formula, the figure 880 is the volume of water-permeable concrete
for a roadway pavement per 1 m® , which means there is 12% of pores in 1 m’ of
pavement.

In water-permeable concrete for a surface layer, a polymer is mixed into to
control the strength and durability. Such polymer includes emulsion-type acrylic resins,
emulsified asphalt, SBR latex, etc. The amount of the polymer to ba used is within the
range of 20% of the weight of the cement. In economical aspect, it is desirable to use

emulsified asphalt. In water-permeable concrete for a surface layer, a pigment is mixed
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Process No. 2 The aggregate for water-perneable concrete for a
base | ayer or for a roadway pavenment shoul d have the maxi mum di mensi ons of
40mm 25mm and 19nm To the

9 aggregate, 250-500 kg/[err] of cement, water at a water-cenent ratio of
25-40% and a cenent del aying agent of |less than 1% wth respect to the
wei ght of the cenent used are mxed. 11 Aggregate has significant

i nfluence. (%nrf/vat ef .ggrmabi lity and strength, and is classified according
to its usf™Q 8r§ﬂ85 > FIG 4 shows particle size distribution of crude
aggregat e having the maxi num di nensi on of 40mm As seen in FIG 4, the
particle pass réndsorenioupiginent oiiin el 00 osugeecfstnecucight of G@nennuse@viesy be
95-100% by a 40-nmm sieve, 75-95% by a 25-nm si eve, 15-55% by a 10-nm

si eve, 0- 8%&!;%1 SrBM4permablé coflrdi@ HoP Y SIAYE 1Ry, Mout ABdkPmB%fby Sieve No.

40. G 5 shows particle size distribution of crude aggregate
ot oo n (EABHERGPIEt 8005 WAAr BB YTRCTARIAm s f ARdRE ol BYS 267
sieve, 65-90% by a 19-mm sieve, 40-80%by a 13-mm sieve, 0-10% by Sieve
No. 10, arsinforce@®atoggedt éncbudds.politpropylene fibergupdlyathylerel fiber§ adooasbemfibers| e
size distribution of crude aggregate having the
and in some case, iron fibers can also be used. For a cement delaying agent, KSF
2560 (chemical admixture for concrete, JIS standard A 6204) or ASTM C 494
(chemical admixture for concrete, standard specification) can be used within the range of
1% of the amount of cement used. SiO,, Fly ash, and mic.ro silica fume can also be
used.
Each of the above-described materials are measured, mixed together, transported
to the working site by a dump truck. And, the mixed concrete is spreaded by using a
finisher for asphalt concrete, and is pounded by a tandem roller, a tire roller, etc.
Water-permeable concrete has to be pounded sufficiently to achieve the density
of more than that of standard. The standard of pounding differs according to the
aggregate used, conditions of working sites, heaviness of equipments used, etc., and
therefore, is determined in accordance with the specific situation of each construction.

However, generally, 8-12 pounding by a 8-ton tandem roller or 4 pounding by a 12-ton

tire roller are regarded to be proper for 15 cm-thick pavements.

"Process No. 2-1

The water-permeable concrete prepared in Process No. 2 can be used for a base

layer of a thin fine water-permeable concrete layer, not for a surface layer of roadways.
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maxi mum di mension of |9nm As seen in FIG 6, the particle pass rates in
wei ght % were 100% neasured by a 25-nmm si eve, 95-100% by a 19-nm si eve,
20-60% by a 10-nm sieve, 0-20% by Sieve No. 4, 0-10% by Sieve No. 10, and
0-5% by Sieve No. 40. The above three kinds of aggregates are to
be used selectively according to the needs of specific occasions.

Wat er - per neabl e concrete for a roadwaylgavenent shoul d have a conpression

ol onfer FB R GAEE, o SRS broBho DR, B e e GRineel ofRie MG <

deternmned to be nore- ) . L . 10
t han 200 t& §ecipreadreferadutfres moidirags sivepaTatedl arowiskinnan bowhafter 3@niglgton] err |
for the sake of varieties of the products. Cement " can be used

bet ween LhaosAERE KPIPra@Ss b, T0fh bEHeF b QpkoveCbiR@ink| dfeRigtnt © t he i tuati on.

A water-cenent ratia is determned to be 2540% a poroSity to be 10-20%
and a coefficignt of water perneahili to be 1 10[err] .cm sec taken
Tt consi der it aRpTRRTERLIR, SPTSE offie sty GHE: Ve, BFAPSY OF KB A o
coefficient of water perneability, etc. The Lanount of the
aggr egat %, rc coefBdentnofwevater -peanenbiity ef cvorer thae 1i0sx cldiponsser. In order to
meet these requirements, cement of 250-500 kg/m3 is used, a water-cement ratio is
determined within the range of 25-40% taking into consideration of a coefficient of

water permeability, and the amounts of crushed waste glass and fine rubble are

calculated according to the following ecjuation:

Amount of aggregate to be used
= [930 - (weight of water + (amount of cement/gravity of cement)]

x gravity of aggregate to be used

In the above formula, the figure 930 is the volume of fine water-permeable
concrete for a roadway pavement per I m® , which means there is 7% of pores in 1

m® of pavement. Accordingly,

Gaax = [930 - ((250 x 0.25) + 250/3.15)] x 2.70

2129 kg/m’

]

Gmin

i

[930 - ((500 x 0.40) + 500/3.15)] x 2.50

i

1428 kg/m’



-

according to the follow ng equation assum ng that the anount of the cenent
used and the water-cement ratio are deternmined based on the strength.
Anmount of aggregate to be used = [880 - (weight of water + (anount
of cenment/gravity of cenent)] X gravity of aggregate

In the above fornula, the figure 880 is the volune of water-perneable
concrete for a roadway pavenent per 11 err] , which neans there is 12% of

' - ; le. .
o Tace 1 ayer, eRbronBF TR ofns apgerle Bk pBE FraMado kBR A" ©

durability. Such polymer includes enmul sion-type acrylic resins, enulsified
asphal t, 8ER PAtled0 efd 00 kagtmamndnthe simaunts poleusbed gstselasseand Bnenrubhlen t he
range of 20% of the weight of the cenment. In econom cal aspect, it is

desi rabl et Qhéis BeteiiHES labdRdinggphal t. I n water-permeabl e concrete for a
surface | ayer, a pignent is m xed

\:/L\éi Igm ° o; OL eﬁg ‘reibfg'tgs&zeﬁirTﬁasbeeglasAsntoi be W&’ 'sﬁ:oxﬂé TN ;%sg hriaf?e i]no%%irggtn%op f the
80-100% measured by a 3-mm sieve and of less than 10% by a l-mm sieve, an;i its
amount to be used is 10-50% of the total weight of fine rubble to be used. The fine
rubble to be used should have a pass rate in weight % of 80-100% measured by a
3-mm sieve and of less than 10% by a I-mm sieve, and their used amount is 50-90%
of the total weight of the aggregate used.

In case of using crushed waste glass, the foams within the concrete is increased
five times to ten times comparing to when using a general rubble aggregate, which
contributes to water permeability. If glass is no.t used, in order to obtain the same
degree of water permeability, a water-cement rate should be lowered by more than 5%.
In this case, however, evaporation of moisture during construction creates difficulties in
achieving such water-permeability.

For more strong binding of this thin fine layer with the base layer
(water-permeable concrete layer) and for improving the strength of this thin lﬁne
water-permeable concrete, an emulsion-type polymer is used, which includes epoxy
resins, acrylic resins, asphalt, latex, etc. The polymer should have superior durability
against weather. The amount of the polymer (50% of the solid material) to be used is
10-50% of the weight of cement to be used. The amount of a cement delaying agent to
be used should be less than 2% of the weight of cement t be used taking into

consideration of transportation, spreading, pounding time, etc., and for coloring, an
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used. In water-perneable concrete for a surface layer, about 1.5 kg/[err]
of a réinforcenent agent can be used for the conpensation of a bending
strength. Such reinforcenent agent includes pol ypropyl ene fibers,

pol yet hyl ene fibers, and carbon fibers, and in sone case, iron fibers can
al so be used. For a cenent del aying agegnt, KSF 2560 (chemi cal adm xture
for concrete, JIS standard A 6204) or ASTM C 494 (chem cal adm xture for

concrete, ; n i : f

the amun?ﬁ?&“é%%ﬂ%?"%‘%ﬁ*ﬁﬁk‘s% opsh ATHRGL AL hlIRF 8 R0E 18 an sl

be used. f the aboye- descrl bed naterial s are neasured, m xed
t oget her, Ofllﬁﬁsﬂﬂﬂ'?%é fg‘etWS‘ pkcemmentitobgrysed. dunp truck. And, the mixed
concrete is spreaded by using a finisher for asphalt concrete, and is

pounded by a t afteenateriblseselecdt dandemebtedr as @éstribed above ardémbled 18 aAE@Xet -
concrete has to be pounded suffici ently to achieve the density of nore

than that, ﬁqghg%e § e%l%l@n& |ng 3 ?&H%”Q keS¢ %f%é‘soﬁﬁh”.agc{n oh e

aggregate us heavi ness of nments used,
etc., and_ therefore, is determ ned in _accordance with the speC|f|c

si t uat i onthef base dayes divatarwermeshle cangiets, &r roadwer aRYemeny)- by usngndlithig-laxer a
8-ton tandemroller or 4 pounding by a 12-ton tire roller are regarded to

be proper sgredded or Giarublile KAfiay spreqfing, the chlivetess pY¥anded- fwice to five tirhB€ using
wat er - per neabl e concrete prepared in Process No. 2 can be used for a base

aver of & thlf LISHBSY 19SHARRR! ok R B Bltnilfthg' flnhes " 20¢

| ayer . of

Process No. 3

After completion of Processl 2 or 2-1, the concrete is aged for more than one
day covered by vinyl or the like. After aging, a polymer is spread to be absorbed, and
small pores of water-permeable concrete are filled with the polymer. By the spread of
polymer, the sﬁeném of the concrete can be enforced, because the polymer covering the
inside of each pores improves the strength of the concrete and prevents the corrosion
due to moisture.

Examples of a polymer for adsorption process include emulsion-type acrylic
resins, epoxy resins, urethane, emulsified asphalt, latex, etc. It is desired to mix an
emulsion-type acrylic resin which has superior durability with water, at a resin to water
ratio of 1:5 to 1:10, and to spread the mixture more than twice for sufficient adsorption
into water-permeable concrete.

After spreading, in accordance with conventional (general) way, vertical and
horizontal lines are impressed generally at intervals of 3-10m for contraction hoﬁzogtal

lines, of 30-100m for expansion horizontal lines, and of 2.5-5m for vertical lines.



12 For this purpose, after conpletion of Process No. 2, fine

wat er - pér neabl e concrete has to be spread before surface noisture is
evaporated or within an hour after conpletion of pounding of Process No. 2
in order to inprove binding strength. Fi ne wat er - per neabl e
concrete, after aging, should have a porosity of nore than 7% a
coefficient of water perneability of h®re than 10 x 10[err] cm sec. In

order to neet these requirenments, cengnt of 250-5 kag/ [ er s used, a
wat er - cement r d’tCICBrdf@liy s %@f‘?ﬁ&?ﬁn‘é@a \ﬁﬁ‘t"ﬂﬁ?\e t"f?éer'rpﬁﬁ‘beé&gf c‘g’§£eﬁ%57@bﬁ%l%‘ﬂag it o
consideration of a coefficient of water perneability, and the anmobunts of
crushed wesimesgioassreagdi ¢f hE0-AQ0 gemdy e paresity udfament thas 0f%j aryl & ocoeffecient
fol |l ow ng equati on: Anmount of aggregate to be used

[930 - (W5 fler SermtBbitty e (RO 9 £AECHUCAN Sotyie errent) ]

X gravity of aggregate to be use th ove formula, the
figure 930 is the volune of fine water-peyneable concrete for a roadway
pavenent per | B8 watgihpesmeshle, cenqrefe for jrea d;avgtgfzrgscqnﬁtrqwte({@s GIPS%‘E nent .
Accordi ngly,

above is subject to testing of compression strength, functional rate, and porosity; and

further after completion of paving, density, pounding rate, coefficient of water
permeability, and color.

For testing of compression strength, water-permeable concrete for roadway
pavement is pounded 50 times each for three separate layers by using a 2.5 kg
pounding road on a SOmm circular pounding plate from a height of 300mm in case of
using a 10-20 cm sampling mold. A sample is manufactured by filling the cylinder with
water-permeable concrete and pressing its surface sufficiently by a triangular rod. At
this time, the bottom and upper portion of the sample should be covered by cement
powders and should hot show any pores on their surfaces. After two days, molding is
released, and a sample is immersed into a r;lixmré of an acrylic resin and water at a

" resin to water ratio of 1:5 to 1:10 based on 50% of solid material under the same
conditions as actual conditions.

A sample for testing bending strength is constructed by pounding the concrete
in two layers by using a 4.5 kg pounding rod on a 50mm circular pounding plate from
a height of 450mm. The number of pounding is determined from the area of a testing
mold, and finishing is the same as for a sample for compression testing.

The strength of fine water-permeable concrete is tested according to KSL 5105

(testing method of compression strength of hydraulic cement mortar, cement testing
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[err] =930 - ((250 x 0.25) + 250/3.15)] x 2.70 _ = 2129

kg/ [err]” [err] =930 - ((500 x 0.40) + 500/3.15)] x 2.50

= 1428 kg/[err] 13
Therefore, the amount of the aggregate to be used is determned within the
range of 1,430 - 2,100 kg/[err], and the anobunts of crushed waste glass and
fine rubble are then determ ned accongingly. The crushed waste

glass to be,u ss rate | % of 80-100% neasur ed
by a 3- Mﬂ‘@@?‘gigg ﬁ{jaln@g eél%ﬁllwergen? r\ﬁrﬁb&ﬁwe and its anount to be
used is 10-50% of the total WEI ght of fine rubble to be used. The fine
rubbl e to be usie ethiodérdthhefemzedpisstestedit28 daysvasteq theing aded 3gy- 200%phesiasur ed
by a 3-mmsieve and of less than 10% by a 1-nmm si eve, and their used

amount i smafin$d%er %mbﬂ%%xéxpﬁt?éng’ﬂ? lélhﬁg Q&etﬁdangggﬁtﬂﬁa{c@n&%%m pression | N

case of usi ng crushed waste gl ass, foams with he concrete is
|ncreased five tines to,t t S.C rin ene ral rubble
aggr egat &5 C festing fetho Su?%g 4%%%?@%3 g%?)l I‘%i\g%’%c#f gcgggd%}gs %ot used,
in order to obtain the sane

compression strength, ISO 4012 standard concrete - compression strength measurement

method of reagent), KSF 2408 (testing method for bending strength of concrete, ISO
4013 standard concrete -~ measurement method of bending strength of reagent), and KSL
5105 (testing method of compression strength for hydraulic cement mortar).
A functional rate is for maintaining a constant water-cement ratio for
water-permeable concrete which is difficult in slumping test. It is computed according to
. the following equation from the weights of water-permeable concrete in wet and dry

states:

Functional rate = [(weight in wet state - weight in dry state)/

weight in wet state] x 100

Porosity of water-permeable concrete is computed from a ratio of theoretical unit
volume weight of absolute unit volume weight of wet water-permeable concrete and
actual unit volume test employs unit volume for the manufacturing method of a sample
for compression strength measurement.

The unit volume weight is the weight of concrete per | m’> when packed
without air and pores, and its unit is kg/m’.

Therefore, porosity is computed according to the following equation:



degree of water perneability, a water-cenent rate should be |owered by nore
than 5% In this case, however, evaporation of noisture during
construction creates difficulties in achieving such water-perneability.

For nore strong binding of this thin fine |ayer with the base | ayer

(wat er - pernmeabl e concrete layer) and for inproving the strength of this
thin fine water-perneable concrete, gp enul sion-type polynmer is used,

whi ch i ncl udes zepo nLesi ..ac | ¢ fesins I I etc. The

pol ymer shoul dpﬁg({%ysﬁr}g?i'gﬁméuvrog#‘% ﬁeiﬁ%?é)ga‘%tgrt%}per\%@g% I%rogﬁ%g anount of the
pol ymer (50% of the solid materjial) to be used is 10-50% of the weight of
cement to be used. Tt Apymet weihta fareshspluted unis Wohuneagsight)t» 108k used shoul d
be | ess than 2% of the weight of cenment t be used taking into
consideration of transportation, spreading, pounding tine, etc., and for
coloring, an 14 inorganic

col ori ng agent - havin upei or durabi ity against ther.is.used Ln an
anount of les Frﬂﬂ%/gtoﬁ]etme \/Vgi cé’ﬂfmgﬁo%%ﬁ%ﬁfas?@g@@“ﬂ%ﬁg to pounchng The
materials selected and neasured as described above are m xed by a m xer,
and t hi n rhfeneoeffitient pf vt peameability card icelos pTeagounding rit¢ cleprads onf ddnsigs
than 3 cmon the base |layer (water-pernmeable concrete for roadway
pavenment )anRYisUsintifhitdd FBinNele@deRkity of the sample for compression strength test as well

as that of the core product at working sites.

Pounding rate = {density of core product at working sites/density of sample)

x 100

A more accurate pounding rate can be obtained by sampling the core product
from a mold for strength testing.
The density of water-permeable conctete is computed using a paraffin as it has

a large number of pores.
Density = A/D - E (D - A)YF))

where A is the weight of sample in air, D is the weight of covered sample in air, E is
the weight of covered sample in water, and F is gravity of a paraffin.

A coefficient of water permeability depends on the water permeability testing
method at working sites by a detector shown in FIG. 7, and is computed according to

the following equation:



spreader or manually. After spreading, the concrete is pounded twice to
five tirmes using a roller or a conpactor to obtain a density required for
mai nt ai ni ng fl at ness. Process No. 3 After conpletion of Process
2 or 2-1, the concrete is aged for nore than one day covered by vinyl or
the like. After aging, a polyner is spread to be absorbed, and small pores
of mater-perneable concrete are filled with the polyner. By the spread of
pol ymer, the s d&ﬂ t.h on gg enforced, because the polyner
covering the eédﬁ(%b 3@f %3 %the strength of the concrete
and prevents the corrosion due to nnlsture. Exanpl es of a pol yner

for adsorption process include enul sion-type acrylic resins, epoxy resins,
urethane, emulsified asphalt, latex, etc. It is desired to mx an

enul si on-fRe 1aGS el Kelgtﬁsdf”% gthaleeﬁt SYIRER] &assds%@&tat lakeh B bMconBlmRE, A2t 2

resin to water ratio oOf 0, ‘and to spread the m xture nore than
tw ce for, sufficient asorptlon ntovva -per abl e cgncrete.
After spreddVAgrH-Pees cﬁrﬂséh%’%“%al %80 fv o?F&I Ltfgfé‘?i’eP [WatefeRermeation; &y
and horizontal lines are inpressed generall intervals of 3-10mfor
contractiipn Wwaer iomrt at thd begsning fof 3Bstig) and d} iexap svaterr davéh aut i the rbmblekiomess,
and of 2.5-5mfor vertical |ines.

of testing.

Color of the concrete is determined by consulting the user, and its samples are
made and compared with the products.

Hereinafter examples of the present invention are illustrated.

Example 1:

Red-colored water-permeable pavement having compression strength of 240
- kgfem® was planned to be constructed for a traffic paving material for Traffic B
roadway of 10 m width and 10 km length. Here, Traffic B roadway refers to a
roadways of which the volume of traffic would be 250-1000 large-sized automobiles per
day after five years.
FIG. 8 is a standard cross-sectional diagram of water-permeable concrete for

roadway pavement constructed by this example 1.

Process No. 1

The ground was consolidated and sufficiently pounded, and sands of 5,000 m’



15, Accordingly, spreading of a thin fine water-perneable concrete
| ayer hdving a conpression strength of 150-400 kg/cnferr], a porosity of
nore than 7% and a coefficient of water perneability of nore than 10 x
10[err] cmisec is conpl eted. The wat er - per neabl e concrete for

roadway pavenent constructed as described above is subject to testing of
conpression strength, functional rate,1@&and porosity; and further after

conpl etiq f i itV PO i coef.fi ci ent, of ter

per meabi 17, PR 8oh SN T ® RO} Hecs o B i EBignend Paiges, by

wat er - permeabl e concrete for roadway pavenent is pounded 50 tines each for
three separdlee Aaspbble base dayen By of 39,008 mpowvasdspiepdr bia@ grader sdmgnnebibiecof ar

poundi ng plate froma height of 300mmin case of wusing a 10-20 cm sanpling

ol d. A seifph whfer WH3 WpRded! Al Pounided.! ADehis RRn&G Vd uMBRY bi¥et Ryer has to be
wat er - per neabl e concrete"and pressing its surface suff|0|en¥ly by a
triangular_red. ,At this tjme e pbottom and u oftion of t S | e
shoul d bePEad g Ppdch o, e dﬁS’\Lﬁé&Pg OF e B @n b, 75 t&‘ﬂ’r 26 S0P
surfaces. After two days, nolding is released, and a sanple is inmersed
into a mom/sace of an acrylic resin and water at a resin to water ratio of
1:5 to 1:10 based on 50% of solid material under the sane conditions as
actual conditions. A sanple for testing bending strength is
constructed by pounding the concrete in two |layers by using a 4.5 kg
poundi ng .rod on_a 50nm circul ar pounding plate from a height of 450mm The
nunber o#ﬁ&ﬁﬁiﬁgﬂiis determined fromthe area of a testing

A water-permeable concrete base layer CB in a thickness of 40mm was spread
as follows:

General Portland cement was used in an amount of 350 kg/m’. A water-cement
ratio was determined to be 35% taking into consideration of the functional rate, and the
unit weight of water 122 kg/m® was determined accordingly.

The amount of the aggregate used was 1,714 kg/m® according to the equation,
and 1.75 kg/m® of a cement delaying agent was used. These materials were mixed by a
mixer, transported to working sites by a dump truck. The total 20,000 m® of asphalt
was spread by a finisher, and pounded 10 times by a tandem roller.

Table 1 and Table 2 below show particle size distribution and mixing rate,

respectively, of the above water-permeable concrete of 40mm.



-

mol d, and finishing is the same as for a sanple for conpression testing.
The strength of fine water-perneable concrete is tested according to KSL
5105 (testing nmethod of conpression strength of hydraulic cenment nortar,
cenent testing 16 net hod
| SO 699 standard, strength neasurenent nethod). The cylinder thus
formed is tested 28 days after being aged by atnospheric noisture for
conpressi on st rﬁ@%tlil testing nethod KSF 2485 (concrete conpression
strength testing nmethod, |SO 3893 standard concrete - classification
according_to_ _conpression strength, 1S0O 4012 standard concrete -
conpression strength neasurenent nethod of reagent), KSF 2408 (testing
nmet hod for bendi ng strergtdf afgrepgetetmmsdedOth406t8hsSnerdar d concrete -
measur enent _net hod of bending strength of reagent), and KSL 5105 (testing
net hod of sgeimr essi ons@ignenglh-har Bysdiaul | Lo GRENE i 8Pt aldieve Sievé
functionakikate is farid¥ad Nt gis89 FieARsSt adfewilt er -yrement giat i 0 f@Lo

wat er - per i i T i i : i

conput ed igg to e f i ng ati romitse wei ghtss of 5

wat er-per%%({:9 : igoncr e‘lféé@i n %‘g‘gnd ‘fti:i%@/'léj stg’?‘ég‘: b g;Etj,:ncti 02a rate
= [(weight in wet state - weight in dry state)/

Expected % 100 95-100 75-95 15-55 0-20 0-10 0-5

Table 2
o Weight of Components (kg/m’)
Mixing
Rates )
water cement aggregate delaying agent
40-240 122 350 1,714 1.75

(Compression strength 240 kg/m®)

On the base layer of water-permeable concrete, a surface layer CS of
water-permeable concrete, i.e., a water-permeable concrete layer of 19mm, was spread.

General Portland cement was used in an amount of 360 kg/m’, and a
water-cement ratio was determined to be 36% taking into consideration of the functional
rate to have a unit weight of water 130 kg/m’ The amount of the aggregate used was
1,685 kg/m® according to the equation, and an emulsion-type acrylic resin of 10 kg/m’
based on 50% solid material was used taking into consideration of durabilities against
weather and shocks. 0.9 kg/m® of reinforcement fibers of 12mm length, 1.8 kg/m’ of a

delaying agent, and 18 kg/m’ of a red inorganic coloring agent were used.



wei ght in wet state] x 100 Porosity of water-perneable concrete
is conputed froma ratio of theoretical unit volunme weight of absolute
unit vol une wei ght of wet water-perneable concrete and actual unit vol une
test enploys unit volunme for the manufacturing nmethod of a sanple for
conpressi on strength neasurenent. The unit volunme weight is the
wei ght of concrete per 1 [err] whengpacked wi thout air and pores, and its
fol fo'vfngg’efqﬁ;{r}‘%;ﬁ: materials wert tnixed By aPmixes tahsported 10 Workig Sies by & Jugp M
Porosity 100 -[(unit volume wei ght of water-perneable concrete/

unit vol umekwdhelivtaf 36,060 301 of @sphaitt weolspread bpiafinisher, pOGided eight times Hhe
products at the tine of construction are classified according to pounding
rate, cogfLhgisNonaf iR 66 IERRE i ¥med D | @fier. The pounding rate
depends on density ,gﬁ@a%gl cgrrput edtlo ro%et hg {ggns{%ry of the sanple for

conpr essi on strerlgth test . as ] gs that of the core product at working
sites. Table 3 and Table 4 below show particle size distmbution’ and mixing rate,

respectively, of the above water-permeable concrete of 19mm.

Table 3
% of Aggregate passed through Sieve

Sieve 25 -mm 19 - mm 10 -mm Sieve Sieve Sieve
Size Sieve Sieve Sieve #4 #10 #40
Actual % 100 100 40.5 16.4 7.2 3.0
Expected % 100 95-100 20-60 0-20 0-10 g-5

Table 4

o Weight of Components (kg/m’)
Mixing olavi >
Rates aggrega delaying . reinf . .
water cement te agent resin oo pigment

19-240 122 360 1,685 1.8 10 0.9 18

(compression strength 240 kg/m?)

Process No. 3
The surface layer of the concrete was pounded, covered by vinyl, and aged for

three days.  After aging, vinyl was uncovered, 300 kg of an emulsion-type acrylic



Pounding rate = (density of core product at working sites/density of

sampl e) * x 100 A nore accurate poundi ng

rate can be obtained by sanpling the core product froma nold for strength
testing. The density of water-perneable concrete is conmputed using
a paraffin as it has a |large nunber of pores. Density = A (D - E

((D- A/F)) where A is the weightef sanple in air, Dis the weight of
covered sanpl,e in _ai E | t he ,wei,ght covered sanmple in water, and F
i's gravi trffs‘ f"a&e‘gg? a#oi?/f ﬁ?ﬁé material angg%‘o%(ﬁ %(gi nt'2&F %é?él?f%‘{e]%%bi lity
depends on the water perneability testing nethod at working sites by a
det ect or compN@ssion lmes were impiessesd slonpur ddtesaborpi tagoneothird rpertfap| fromi the
equati on: ' 18
KP = [ (L surfade layéy, (Meftical and [1RFizdntdl 1if@ ®edel Rfigredsed at S0 m intervals cutting
through more than 7 mm, and filled with a back-up agent and silicon. After 14 days,
the construction was completed and ready to be used.

The result of a quality test for water-permeable concrete thus constructed is

shown in Table S5 below.

Table 5
i Coefficient
COSIT\th:IeenSStJ.; o Porosity Pounding of Water Color
(k /ciz) (%) Rate{&) Permeability
g {cm/sec)
-1
Actual 40m 265 l.’%.? 101.4 4.1 x 10 '
Values good
1 {compar -
19mm 271 12.6 102.5 5.5 x 10 ing with
sample)
Standard >240 >10 5100 510 x 1072 sample
Example 2:

In this example 2, construction of a parking lot of 100 m” by using a green

fine water-permeable concrete layer was planned to be constructed. For this purpose,



where L is the height of paving material, a is a cross-sectional area of a
container, A is a water-perneated cross-sectional area, [err] and [err]
are duration of water perneation, [err] is a water |evel at the beginning
of testing, and [err] is a water level at the conpletion of testing.

Col or of the concrete is determ ned by consulting the user, and its sanpl es
are nmade and conpared with the produ . Her ei nafter exanpl es of

t he present jnvent.i are illystrated Exampl.e 1.

Red- col or B et o BeClasr of &viheha hile bage SR TS 6 2% ER s s
kg/cnferr] was planned to be constructed for a traffic paving nmaterial for
Traffic Bf wolgtrmernegble 1@nprets af A emdaymskeampspyion. steagl, ofrﬂétg fketen prshdway
refers to a roadways of which the volume of traffic would be 250-1000

| ar ge- si zfah ¥dtcMphinieable Rdhcre@ayf af dnkhalingcongitéssion strength of Bi(GkgRni’S amd
standard cross-sectional diagram of water-perneable concrete for roadway

pavement atter Sz;[gfnlfg(,:t éj ch}/crétg Ivgaseéa%leea %befﬁcient of water permeability of more than

10 x 10° cm/sec and porosity of more than 7%. -
FIG. 9 shows a standard cross-sectional view of fine water-permeable concrete

constructed according to this embodiment of the present invention.

Process No. 1

The ground was consolidated, and a sand filter layer F of 5 m® having a
coefficient of water permeability of 10 x 10” cm/sec was spread and pounded by a
roller. Then a rubble base layer RB of 15 m’® having a coefficient of water
permeability of more than 10 x 107 cm/sec was spread to have the maximum density

which is dependent on the maximum functional rate.

Process no. 2

Water-permeable concrete of 9 m® for a base layer CB was prepared by mixing
120 kg/m’ of water, 320 kg/m’ of cement, 1,712 kg/m® of aggregate and 0.96 kg/m’ of
a delaying agent to have a coefficient of water permeability of 10 x 107 cm/sec, a
porosity of more than 10%, and a strength of more than 210 kg/cm®. The concrete

was then spread and pounded.



Process No. 1 The ground was consolidated and sufficiently
pounded, and sands of 5,000 [err] .
19 were spread as a filter layer Fin a thickness of 5 cmusing a grader
and pounded by a roller. A rubble base |ayer RB of 30,000 [err] was spread
by a grader using rubble of 40mm water was sprayed, and pounded. At this
time, a rubble base |ayer has to be spread and pounded for the coefficient

of wat er pPReLIe L1ity to be nore than ¥ x 10[err] cm sec. Process No.
2 L ~fer neabl e concrete base layer CB in a thickness of 40mm
was spread as follows: General Portland cenent was used in an

anount of 350 RKéief epmpletign it paundiageaitthe base tayem £Bdef evatdrmennqablenecREgs,
taking into consideration of the functional rate, and the wunit weight of

vater 122 Kgfakb&Nijer VRS AR WaRktdemreabletongielé: was spread wAthéh aHTHORE 2@y t he
aggregate used was 1,714 kg/[err] according to the equation, and 1.75

kg/[err] of cenent .del ayin ent .was§ us se material.g were xed by
2 et pouRdinE ot et 1 SRR M S Taip ol kR e REA 6 2nes: 000
[err] of asphal}

150 kg,/m3 of water, 370 kg/m3 of white cement, and waste glass and fine rubble which

have pass rates in weight % of 80-100% measured by a 3-mm sieve and of less than

10% by a 1-mm sieve were mixed. The proportion between the amount of waste glass

and that of fine rubble was 30:70. As the amount of the aggregate (waste glass and

fine rubble) G is computed according to an equation:
G = [930 - (150+ (370/3.15))] x 2.60 = 1,723 kg/m’

According to the above equation, the amount of waste glass to be used is 517
kg/m® (1,723 kg/m® x 0.3), and that of fine rubble is 1,206 kg/m® (1,723kg/m’ x 0.7)

As a polymer, an acrylic resin of 50% solid material in an amount of 20% of
the weight of cement, namely 370 kg/m* x 0.2 = 74 kg/m’ was used. A delaying
agent in an amount of 0.3% of the weight of cement, namely 370kg/m® x 0.03 = 11.1
kg/m® was used. As a coloring agent, chromium oxide, which is a green inorganic
compound, was used in an amount of 3% of the weight of cement, namely 370 kg/m’
x 0.03 = 11.1 kg/m®. 1 m® of the raw materials was mixed sufficiently by a mixer.

The mixed fine water-permeable concrete was spread manually on the base layer
CB of water-permeable concrete prepared in process No. 2, and pounded compactly to

have a sufficient strength, a porosity of more than 7%, a coefficient of water



was spread by a finisher,

and pounded 10 tinmes by a tandemroller.

Tabl.e 1 -and Table 2 bel ow show particle size distribution and m xing rate,
respectlvel y, of the above water-perneable concrete of 40mm

20 Table 1

% of Aggregate passed through Sieve

Si eve 50-mm 40-mm 25-mm 10-mm  Si eve Si eve Si eve Size
Si eve Si eve Si eve Si eve 25 #4 10 #40 Actual %
%88 efgxsabﬂ}tg'o élo X é@' 3 %m/s 0%5% a sufﬁcxent de§3161 After p%ugdmg,Eﬁl@eéan@Qte%
Tabl e 2 M X t of Componen err
Rat es was covergd by vinylgtooprevent evaporation: X}é m%?sugggwgsggé) gy Wa(t?fg Fé&}' , n!g)
agent 40- 240 122 350 1,714

1.75 one day, and way Ghepra@ssiwa days.ength 240 kg/[err])

Process No. 3

After the surface of the concrete was dried, an epoxy primer based on 50%

solid material was sprayed on the surface of fine water-permeable concrete by a

sprayer. 30kg of the compound was used in order to reach the base layer of

water-permeable concrete. The concrete was aged in air for more than 7 hours, after

which walking thereon was allowed, lines were impressed at Sm intervals, and traffic

was allowed after 14 days. The test result of a thin pavement layer of fine

water-permeable concrete is shown is Table 6.

Table 6
coefficient
Ciﬂgi;i;;$n Porosity of Water
(kg/cm®) (%) Permeability
(%)
Actual .
Water -permeable value 264 17 5.1 x 10-1
concrete
base layer "
Standard >210 >10 >10 x 19
Fine
water -permeable ﬁf%?i} 247 11 9.7 + 10 °
concrete aiu
surface )
layer Standard >210 >7 >10 x 10°°




Oy the base | ayer of water-perneable concrete, a surface |layer CS of
wat'er - per neabl e concrete, i.e., a water-perneable concrete |ayer of 19mm
was spread. General Portland cenment was used in an anount of 360
kg/[err], and a water-cenent ratio was determned to be 36%taking into
consideration of the functional rate to have a unit weight of water 130
kg/[err]. The anpunt of the aggregate &48ed was 1,685 kg/[err] according to
t he equat+en—and—an—erm-sten—type—aetyHe—+resta—ef—10—kgH-errf—based—on
50% solid material was used taking into consideration of durabilt;;es

agai nst weat her and shocks. 0.9 kg/[e of reigpaf nt fiBewsdigig 12nm
|l ength, 1.8 kg/[err] of a delaying agg%%?rand 1§ﬂf§%%%%$] of a Ralkk

i norgani ¢ col ori ng agent were used.

21 These materials were ed by a mxer, transported to worKi ng

m
sites by a dunp truck. The fﬁtﬁfglo,ooo-[err] of asphalt was spnead by a
fini sher, wapoemndeskesagilte t | Wﬁﬂi@wﬂmur -

ti mes by ¢omereiod| er. Tabl e 3 and Tabl e 4 bel ow show particl e size
di stri buthase drayeri xi ng rat @ynresRECti vel y, of witiimbbimmwat er - pgyareabl e
concrete of 19mm measured by 3-m
: straight ruler
Actual
Fine value sane 2 102
water -permeable
congrete compar-  within -+3mm
iur ace Standard ing measured by 3-m >100
ayer _ with straight ruler
sample

While the present invention has been described in terms of examples, those
skilled in the art will recognize that the invention can be practiced with modification

within the spirit and scope of the appended claims.
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Tabl e 3, % of Aggregate passed through Sieve Sieve

25-mm - 19- mm 10- nm Si eve Si eve Sieve Size

Si eve Si eve Si eve #4 #10 #40 © Actual %
100 100 40.5 16. 4

100 95-100 20- 60 0- 20 0 10 ”mm ”’ﬂllp "q’ li
Tabl e 4 M xi ng é//\%éi ght of Conponents (kg/

Rat es r ggrega del aging resin reinf. pignment

te gWHAvlatlg CLA §pl grrent 19- 240 122 360 1, 685
1.8 10 ression s rength

240 kg/[err]) L prare@sglert@d %f water-permegplg %oapqeg?c@omayggg dhe stps eﬁncr et e

was pounded, covered by vinyl, and aged for three days. After aging, vinyl
was uncovered, spoédiog aid pm:ﬁmg 8isand tfilee [aer \Having a coefficient of water

permeability of more than 10 x 10-4 cm/sec and a rubble base layer having a
coefficient of water permeability of more than 10 x 10? cm/sec on consolidated ground;
paving a base layer of water-permeable concrete by mixing crude aggregate for
said base layer, 250-500 kg/m’ of cement, and water at a water-cement ratio of 25-40%
by site standard, spraying a mixture of said crude aggregate, said cement and said
- water, and pounding said mixture;
paving a surface layer of water-permeable concrete by mixing crude aggregﬁte
for said surface layer, 250-500 kg/m® of cement, water at a water at a water-cement
ratio of 25-40% by site standard, and at least one polymer selected from a group
consisting of an emulsion-type acrylic resin, emulsified asphalt, and SBR latex in an
amount of less than 20% of a weight of cement used, spreading a mixture of said
crude aggregate, said cement, said water, and said polymer on said base layer of
water-permeable concrete, and pounding said mixture, and aging said surface layer of
water-permeable concrete for more than one day after covering said surface layer with
vinyl; and
mixing at least one polymer selected from a group consisting of an
emulsion-type acrylic resin, an epoxy resin, urethane, emulsified asphalt, and latex, with
water, spreading the mixture on said base layer of water-permeable concrete, and aging

saild water-permeable concrete.



&

22, resin based on 50%solid naterial and 2, 000 kg of water were spread
twi'ce, ‘conpression |ines were inpressed at 5 minterval

portion fromthe surface |ayer, vertical and horizontal mmH ﬁm g"lﬂr iﬂ
i npressed at 50 mintervals cutting through nore thani7 fmme¢ an

wi th a back-up agent and silicon. After 14 days, the construction was
conpl eted and ready to be used. 28 The result of a quality test for

wat er - per meabl § ¢RNCI&he hiHSd P Wobtiehihble® contftdds | dnd Pl c?au%oi

Table 5 sf fi ci ent
Conpr essi on Porosity Poundi ng of Water Strength

(% Reteedi®) Perneability Col or (kg/cnmferr])

(cn sec) Actual 40m 265 13.7 101. 4 4.1 x
10[err]  ValddRS crude aggregate for said base layer has a maximum particle size of 40

good Tomm o577 2.6 102 pam .5 X ld[err]
i(ﬁgn\?f{ h and has particle pass rates in weight % of 100% measured by a 50-mm sieve, 95-100%
sanple)  Standard >240 ' >10 >100 >10 X

10[ err] bysadPirem sieve, 75-95% by a 25-mm sieve, 15-55% by a 10-mm sieve, 0-2% by
sieve No. 4, 0-10% by sieve No. 10, and 0-5% by sieve No. 40; and
said crude aggregate for said surface layer has a maximum particle size of 19
mm, and has particle pass rates in weight % of 100% measured by a 25-mm sieve,
95-100% by a 19-mm sieve, 20-60% by a 10-mm sieve, 0-20% by sieve No. 4; 0-10%

by sieve No. 10 and 0-5% by sieve No. 40.

3. The paving method of water-permeable concrete as defined in claim 1,
further comprising the step, after paving said base layer, of:

paving a middle layer of water-permeable concrete by mixing crude aggregate
for said middle layer, 250-500 kg/m3 of cement, and water at a water-cement ratio of
25-40% by site standard, spraying a mixture of said crude aggregate, said cement, and

said water on said rubble base layer, and pounding said mixture.

4. The paving method of water-permeable concrete as defined in claim 3,
wherein 3, wherein said crude aggregate for said middle layer has a maximum particle
size of 25mm, and has particle pass rates in weight % of 100% measured by a 40-mm
sieve, 95-100% by a 25-mm sieve, 65-90% by a 19-mm sieve, 40-80% by a 13-mm

sieve, 0-10% by Sieve No. 10, and 0-5% by Sieve No. 40.
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Exanpl e 2: In this exanple 2, construction of ‘a parking.!|ot of

100 [err] by using a green fine water-perneable concr r was pl anned
to be constructed. For this purpose, T[’ﬂ”ﬁ]fﬂ" w,g
23 paved were a filter layer of 5 cm a rubble base |ayer ’BS nm
base | ayer of water-perneable concrete of 9 cm havi ng conpressi "on *sttength

of 210 kg/cnferr], and fine water- geabl e concrete of 1 cm having

conpr essi on St iy er?m,,gzmthm/&%w%aﬁnl i cplags A edageamn?rete was

to have a coef wat er pernea nor e t X 10[err]

cm sec and por05| re than % FI G sho a st

cross- secVhess a’\/r"lé‘\??}”é)tfgip apd sad water-cepIeat Gato an Wﬁi@ ‘?%28&
according to this enbodi nent of the present invention. Process No. 1
The gr oungbundingCroniei shabsitst, ofah@li20%%sandda fcobffiereni aff evatdr mEmbatiiletyr of hawe ng a

than 10 x 107 cm/fsec.

6. The paving method of water-permeable concrete as defined in claim 1,
wherein an amount of aggregate used is computed, after an amount of cement used and

said water-cement ratio are determined, according to an equation:

Amount of aggregate to be used = [880 - (weight of water + (amount of

cement/gravity of cement)] x gravity of aggregate to be used

where 880 is a volume of 1 m’ of water-permeable concrete for a roadway pavement

excluding porosity of 12%.

7. The paving method of water-permeable concrete as defined in claim 1,
further comprising the step, at a step of mixing raw materials for said surface layer of
water-permeable concrete, of mixing additionally an tnorganic pigment for coloring said

surface layer in an amount of less than 10% of a weight of cement used.

8. The paving method of water-permeable concrete as defined in claim 1,
further comprising the step, at a step of mixing raw materials for said surface layer of

water-permeable concrete, of mixing additionally, for reinforcement of a bending strength



coefficient of water perneability of 10 x 10[err] cnmisec was spread and
pounded by a roller. Then a rubble base layer RB of IS [&érr] TTaV| ng a

coefficient of water perneability of nore than 10 x 1

spread to have the maxi num density which is dependent (u@("’ MWI
functional rate. Process no. 2 Wat er - per neabl @ conca et Gr 9
[err] for.-a base |layer CB was prepared;py m xing 120 kg/[err] of water,

del ay ng Bt SpERRaRer bt La B Le‘*’éf%f‘%‘ SRRl ol °

cmsec, a_ porosity of nore than 10% and a strength of nore than 210

kgl [ er r] of pedynsepdenst ﬁbersmgolyep@de@pf cngqpnﬁggs is mixed in an amount of

24 Process NO. 2-1 After conpletion of pounding of the base |ayer
CB of waties k@eﬁheabl e concrete, a surface |ayer TC of fine water-perneable
concrete was spread within an hour after pounding. In order to spread the
surface |layer TC of fine water-perneable concrete, 150 kg/[err] of water,
370 kg/[err] of white cenent, and waste gl ass and fine rubbl e which

9. A paving method of water-permeable concrete, comprising the steps of:

spreading and pounding a sand filter layer having a coefficient of water
permeability of more than 10 x 10" cm/sec and a rubble base layer having a
coefficient of water permeability of more than 10 x 107 cm/sec on consolidated ground;

paving a base layer of water-permeable concrete by mixing crude aggregate in a
predetermined amount, cement, and water to have porosity after pounding of 10-20%
and a coefficient of water permeability of more than 10 x 107 cmy/sec, spraying a
mixture of said crude aggregate, said cement, and said water on said rubble base layer,
and pounding said mixture; |

paving a surface layer of fine water-permeable concrete by mixing crushed
waste glass, fine rubble, 250-500 kg/m3 of cement, water at a water-cement r_atio of
25-40% by site standard, and at least one polymer selected from a group consisting of
an emulsion-type acrylic resin, emulsified asphalt, and SBR latex in an amount of
10-50% of a weight of cement used based on 50% solid material, spreading a mixture
of said crushed waste glass, said fine rubble, said cement, said water, and said polymer
on said base layer of water-permeable concrete within an hour after paving said base
layer of water-permeable concrete, and pounding said mixture, and aging said surface
layer of fine water-permeable concrete for more than one day after covering said

surface layer with vinyl; and



have, pass rates in weight % of 80-100% nmeasured by a 3-nmm si eve and--of Tess
than 10% by a 1-nm sieve were m xed. The proportion betweén the anp of
waste glass and that of fine rubble was 30:70. As the ma‘“\g\‘\gﬁ“‘\‘
aggregate (waste glass and fine rubble) Gis conputed g ! *
equati on: G =[930 - (150+ (370/3.15))] x 2.60x= 4, 723 'kg/[err]
According to the above equation, the anpunt of waste glass to be used is

gl [orr] (1, rodiias flay e pltyReLeloE ohCh B SRR ", 017

50% solid material in an anmount of 20% of the weight of cenent, nanely 370
kg/ [err] smolspn-type apgylit desi), b Speryetesina ugrthang, emuisidigé resphalt, and datexnwitbf
0.3% of the weight of cement, nanely 370kg/[err] x 0.03 = 11.1 kg/[err]
was used. whterasproddg B Ao nhiRdbdse Fh?brde? Wil pBrmieabld @n6RfR, 'aﬂ@ré}ﬁ%c
compound, was used in an anmount of 3% of the weight of cenent, nanely 0
kg/[err} x,0.03 = 11. lég/Jrerr]. 1 [err] of the raw materials was m xed
suf fi ci entdld Rferpeppgable concrete. The mi xed fine water-permeabl e concrete
was spread nmanually on the base |ayer CB of water-perneable concrete
prepared in process No. 2, and pounded conpactly to have a sufficient
strength, a porosity of nore than 7% a coefficient of water
10. The paving method of water-permeable concrete as defined in claim 9,
wherein said crushed waste glass and fine rubble have particle pass rates in weight %

of 80-100% measured by a 3-mm sieve, and less than 10% by a 1-mm sieve.

11. The paving method of water-permeable concrete as defined in claim 9,
wherein an amount of cement used and said water-cement ratio are determined after
aging to have porosity of more than 75, a coefficient of water permeability of 10 x

10 cm/sec, and compression strength of 150-400 kg/cm’.

12. The paving method of water-permeable concrete as defined in claim 9,
wherein an amount of aggregate used is computed, after an amount of cement used and

said water-cement ratio are determined, according to an equation:

Amount of aggregate to be used = [930 - (weight of water + (amount of

cement/gravity of cement)] x gravity of aggregate to be used

where 930 is a volume of 1m® of fine water-permeable concrete excluding porosity of

7%.



25, perpeability of 10 x 10[err] cm see, and a sufficient density. After..
poundi ng, the concrete was covered by vinyl to prevent evaporation of

moi sture, was sprayed by water after one day, and was dr‘mtﬂlwull‘w“"lm
days. Process No. 3 After the surface of the I WIS 1t 13
dried, an epoxy priner based on 50% :Zfl id material was sprayed‘on’the
surface of fine water-perneable concrete by a sprayer. 30kg of the

Concrete. The LonipCpRiRgandfid SF RubermRbfe bdfe B pelffiFla BEATE Ui o

wal ki ng thereon was allowed, lines were inpressed at Smintervals, and
traffic wheseial | owed after 14 days. The test result of a thin pavenent

| ayer of fine water-perneable concrete is shown is Table 6. Table 6
Coefficient  an amount of said fine rubble used is determined GNBY SRGIPR rally 661 LY
of Water (kg/cnferr]) (%
Per meabi It 17

.- , | S 264
5.1 X 101 % & B FREYH of said crude agg(?§?t§g&sgg’nﬁl?det e base | ayer

an amount of said crushed waste glass used is determined to be within a range

of 10-50% of an amount of said fine rubble used.

14. The paving method of water-permeable concrete as defined in claim 9,
further comprising the step, at a step of mixing raw materials for said surface layer of
fine water-permeable concrete, of mixing additionally an inorganic pigment for coloring

said surface layer in an amount of less than 20% of a weight of cement used.



St andar d >210 >10 >10 x 10[err] Fine

Act-yal wat er-perneabl e val ue 247 9
.7 10 concrete surface | ayer St andar d >210

>7 >10 x 10 26

Col or Fl at ness Poundi ng Act ual

3 103 Wat er - per neabl e vagde concrete base | ayer

St andard wi thin 5mm ABSTRAEFP

measured by 3-m straight ruler
Act ual sane 2 _Fine val ue
wat er - per meabl e conPcArveItb{eG MEZFHOD OF WATER—PJE%MEAB&gn.BQN_CRETWthi n 3mm
surface St andar d i ng nmeasured by 3-m >100 | ayer

Wi th strai gies¢rie@ris a paving method of fine water-permeable conci@@PhiEch can be
Whil e the present invention has been described in ternms of exanples, those

ki 11ed i 0ok e Bl | s dSAR bAGwhPR pahle HOY PR hRs PECP KB e
of water-permeable concrete is paved by spreading and pounding a sand filter layer and
a rubble base layer on the consolidated ground to have porosity after pounding of
10-20% and a coefficient of water permeability of more than 10 x 102 cm/sec. A
mixture of crushed waste glass, fine rubble, 250-500 kg/m3 of cement, water at a
water-cement ratio of 25-40%, and a polymer in an amount of 10-50% of the weight of
cement used based on 50% solid material is spread on the base layer and pounded. The
concrete is aged for more than one day, a mixture of a polymer and water was sprayed

on the base layer to be absorbed, after which aging is done to complete the

construction.

FIGURE 2



within the spirit and scope of the appended cl ai ns. VWHAT | S

CLAI MED | S: 27 1. A paving nethod of

wat er - per neabl e concrete, conprising the steps of: spreadi ng and
pounding a sand filter |layer having a coefficient of water perneability of
nore than 10 x 10-4 cm sec and a rubble base |ayer having a coefficient of
wat er perneability of nore than 10 x 10[err] cm sec on consolidated ground,
pavi ng a base | ayer of mater-perneabﬂé' oncrete by m xi ng crude aggregate
for said base layer, 250-500 kg/[err] of cenent, and water at a

wat er-cenent ratio of 2540% Hy § Fstajdar.d;. - spayi ng::a
crude aggregate, said cenent gnd | dEat er - and o
paving a surface |ayer of wat@qr-pe :
aggregate for said surface |gye
water at a water-cenent ratiq of it
pol ynmer selected froma group| consi pu ﬁe*ﬁ rylic
resin, emulsified asphalt, and SBR | I'n_ah | -aiin (L s§ ffhan 20% of
a wei ght of cenent used, spreadf1g a pre~pt S'HNa |E: Yadgl egat e, said
cenent, said water, and said gol ai'd. base}fonyé r- per neabl e
concrete, and poundi ng said mixture ;‘”;agrﬁgysaf B r of

1
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wat er - per neabl e concrete for nore than one day after covering said surface
| ayer wsth vinyl; and m xi ng at | east one polyner selected froma
group consisting of an enulsion-type acrylic resin, an epoxy resin,

uret hane, enmulsified asphalt, and |l a with water, spreading the mxture
on said base |ayer of [Wwateriper neabl €, , and agi Ngr—&
wat er - per neabl e concrdte. = 28
2. The paving nethod af wat@r-perneable cancriet define® En fcl aim 1,

wher ei n: said crude ggqregate fqj sa§ se..l pyer haswg‘ Xi mum
0

particle size of 40 nme egic has#particl e2pas r%t bs i n werght % of 100%
measured by a 50-mm sileve, <95- 100% by & shele, 75-P8% byl a 25-mm
si eve, 15-55% by a 10-|fs i Ng.| 4, 0-1p%By [si eve No.
10, and 0-5% by sieve I\@)ﬁ cguje aggrEgdfe ffor said

surface | ayer ha 005 Ny: O—mm and hasz=pdarticl e pass
rates in wei ght %cfl 104 sidve, 95- LGQGH a 19-mm
si eve, 20-60% by [d&10- m NY—4—0-—-2DDZE B sieve No.
10 and 0-5% by si% N m=g
B fe ©
5 = ©noo
= E o s
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3. The paving nethod of water-perneable concrete as defined in claim 1,
further «conprising the step, after paving said base |ayer, of:

paving a mddle | ayer of water-pernmeable concrete by m xing crude aggregate
for said mddle |ayer, 250-500 kg/[err] of cement, and water at a

wat er-cenment ratio of 25-40% by site standard, spraying a m xture of said
crude aggregate, said cenent, and s&/8@ water on said rubble base | ayer,
and poundi ng said m xture. 4. The pavi ng met hod of

wat er - per neabl e concrete as defined in claim3, wherein 3, wherein said

crude aggregate for said greehrertayerh u’ﬁ%*’“”ﬂw erfri-ire size of 25mm
and has particle pass ragd L 96 pfi 1004 nj aclrgd by 40-mm si eve,
95-100% by a 25-nm si ev 65- 90% pyl 4 L9 nm|sijeve| {40-§0% byila 13- mm
sieve, 0-10% by Sieve 10, land] O- 3% by {Sijeye .| 40.]
29 5. The pavi ng ethedlof i re nrnﬁath cqngr defined in
claim1, wherein an am@mi jof| ¢epent ised dnd $al d g?ter- gngnt ratio are
determ ned after poundhm o evE P PSSty (o t0F 20 cn6*7 ef ficient of
wat er perneability of mor & t hap 10f &rd] cpd sele
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6. The paving nethod of water-perneable concrete as defined in claima1,
wher.ei n an anount of aggregate used is conputed, after an anount of cenent
used and said water-cenent ratio are determ ned, according to an equati on:
Anmount of aggregate to be used = [880 - (weight of water + (anount of

cenent/gravity of cenment)] x gravity of aggregate to be used where 880
Is a volune of 1 [err] of water-perneable concrete for a roadway pavenent
excl udi ng porosity of 12% 4/8. The pavi ng net hod of
wat er - per nreabl e concrete as defined in claim1, further conprising the
step, at a step of m xing3S mptety-ap et rSp-psarage ey of
wat er - per meabl e concr et g, JpH-Hixi ddigitonal |l iy ingr dgani £ 4pi gment for
coloring said surface kaygr| iin{an fagolu offl |eps| tlhan {19% of {a wei ght of
cenment used. .{ Tihe pajiing Hod of{ wat|er{- gefmtapl}e concrete as
defined in claim1, furtﬁg¥4r0 - Hsifng- It step 1 dt faistiep pfi m xi ng raw
materials for said surf&® llayet pfl [watler{- pe n@aple cqngr ¢te, | of m xing
additional ly, for reinfewSEﬂE’t of Jatbemdiing—$tTengtt
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30 of said surface |ayer, at |east one reinforcenent agent selected froma
grodp consisting of polypropylene fibers, polyethylene fibers, and carbon
fibers is mxed in an amount of 1.5 kg/[err]. 9. A paving

met hod of water-perneable concrete, conprising the steps of:

spreadi ng and pounding a sand filter |layer having a coefficient of water
perneability of nore than 10 x 10[err})sgni sec and a rubbl e base | ayer
having a coefficient of water perneability of nore than 10 x 10[err]

cm sec on consol i dated ground; pavi ng a base | ayer of

wat er - per neabl e concrete 5 T XTIy ;{ deEgpTEyate T D term ned
amount, cenent, and wat gy Gf-4—hak4—p sHty—aitar 1o u{éiné bH-10- 20% and a
coefficient of water pecmealility of] nofdejth 14 ¥ 10fiedqr] icdf sec,
spraying a mxture of said]|crude aggrlegate} sai d gerent, and|said water on
sai d rubbl e base | ayer, A6 ‘eprd‘ﬂg Sa-g—r-eue; gavi ng a
surface layer of fine w@®r-iperpgabl e |con¢rgtle by ri i ngjctusied waste
gl ass, fine rubble, 25055[9&7J 7T ar ]| gf {Cemgny, ffer at ja]watler - cenent
rati o of 25-40% by sit e otgdhiard—angattHpastl-gnra—gehyAetisgql ected from a
group consi sting of ancehulisiop-it ype aqril c| riesli n, lerulis figd asphal t,
and SBR | atex in an ano@nt[df G=—$0poiof g%t fcamgn Jed based on
50% solid nmateri al, spreaﬁirg al m xt urle of shid crlughdd mm#te gl ass, said
fine rubble, said cenent = gre—pateri—fandyswi -y /
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on said base | ayer of water-perneable concrete wthin an hour after paving
sai.d base |ayer of water-perneable concrete, and pounding said m xture,
and aging said surface |layer of fine water-perneable concrete for nore
than one day after covering said surface layer with vinyl; and

31 m xing at | east one polyner selected froma group consisting of
an enul sion-type acrylic resin, an epoxy resin, urethane, emulsified
asphalt, and latex, with water, spgrdhading the mxture on said base |ayer
of wat er-perneabl e concrete, and aging said water-perneable concrete.

10. The pavi ng net hod of Smeer-perrgaipte T RST A ef §n claim9,
wherein said crushed HHagst-ahd—iH-hetroiblrethave ti¢te pass rates
in weight % of 80-100%neasured|bl la|3inmisijevel an el An 10% by a
1- mm si eve. 41.! The [pav| ngmet hod [off Watlef - per me@b] e concrete as
defined in claim9, whergi-h—pR—arpUntt—eH-ecefAentrupet—angisarfl wat er - cenent
ratio are determned af@ét |apiin g have| ppriogi ttyjot pore thpn 75, a
coefficient of water perngabi{T|ry 0 10X grr] icnl §ef,| anfl conpression
strength of 150-400 kg/[ efij]
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12.:The pavi ng nmet hod of water-perneable concrete as defined in claim?9,
wher.ei n-an anount of aggregate used is conputed, after an anount of cenent
used and said water-cenent ratio are determ ned, according to an equati on:
Amount of aggregate to be used = [930 - (weight of water + (anount of

cement/gravity of cenment)] x gravity of aggregate to be used where 930
is a volunme of 1nferr] of flne wat er7 pgr neabl e concrete excluding porosity
of 7% 32 13. The

pavi ng net hod of mater-perneable concrete as defined in claim12, wherein:
an anount of said fine rubble used is determned to be within a range of
50-90% of an anobunt of said crude a re ate used; and an anount of
sai d crushed waste glass used is ddtlér-m/ned to be within a range of 10-50%
of an amount of said fine rubble used.

h2 | hl
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FIG. 8

CS ‘l 10 cm

_____________________ “"ﬂ}““
CB 20 cm

-1
RB 30 cm

_*4

r-—_5 cm
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14.: The pavi ng nmet hod of water-perneable concrete as defined in claim?9,
further ~-conprising the step, at a step of mxing raw nmaterials for said
surface |l ayer of fine water-perneable concrete, of mxing additionally an
i norganic pignent for coloring said surface layer in an anount of |ess
than 20% of a wei ght of cenment usedg/sg
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