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ABSTRACT:  The  effects  ofmix  proponions on  the properties ofporous  concrete,  roferred to

herein as POC,  and  its coexistence  with plants are  discussed in this paper. The use  of  available

volcanic  ooarse  aggregatc  with high water  absorption  for greening POC  products  is evaluated,
Moreover. the influence of  the thickness of  both greening concrete  blocks and  topsoil on  plants
growth was  explored.  Aooording to this investigation, it is recommended  for greening POC

products' to use:  al aggregates  with higher water  absorption;  and  b) a  mix  proponions  with aggre-

gate-cement ratio  by volume  eclual to 8 and  water-cement  ratio  of  al)out 35%.

KEYWORDS:  mix  proportions, greening perous concrete,  water  absorption,  strength,  perme-

ability, bl'ocks thickness, topsoil thickness, plarrts

1. INTRODUCTION

    For the last two  deeades, the use  of  porous concrete  (POC) was  introdnced into Japan as an

ecological  rnaterial.  All over  the country,  effbrts  are  increasingly intensified to evaluate  POC

with the aim  of  estal)lishing  design specifications and  developing pertinent design methodologies,
compatible  with climatic  conditions  and  rnaterialg  availability.  POC  is diversely used  as  perme-
ahle concrete  material,  greening concrete  material,  and  so  on.

    Scrveral methods  for producing POC  have been reported.  In one  method,  lightweighi aggre-

gate is used  fll, In another  one,  air bubbles are  introduced into the fiesh concrete  or  mortar  mass

to produce amateria1  with  a  cellu!ar'structure  f2, 31. In one  rnore,  the fine aggregmes  are  omitted

from the mixture so  that a  1arge nllmber  of  interstitial voids  are  present f4-81. In this case  POC

is known  as  no-fines  concrete  and  contains  pores of  large size. The narrow  range  of  aggregate

particle sizes  ensures  a  high interstitial void  content  that approaches  50%  in the 1oose state. The
last method  ig mostly  used  to produce greening POC  T6, 71 because of  the ease  with which                                                                   a  POC
can  be finished. However,  up  to date the influence of  mix  proportions upon  porous concrete

properties and  its coexisterice  with plants is not  fully understood.  For such  a  reason,  the present
study was  caniedout  to develop and  produce ari 

"adequate"

 greening POC  for road  and  riverbapk

sides.  The  efficicncy  ofthe  use  ofhigh-waber  absorbing  volcanic  coarse  aggregate  for greenmg
POC  products is evaluated.  The  effi:cts of  void  content,  aggregate  types, gradation as  well  as  wa-

ter-cement  ratio  on  the properties ofPOC  are  discussed. The study wasextended  to exarnine  the

influence of  the thickness of  plairting POC  blocks and  topsoil on  the growth of  plants,

2. EXIERIMEMab  WORK

2.1 MAERIALS

    Ordmary portland cement  (specMc gravity of  3.15 and  blaine of  3290 crn2ig)  was  used  to

                                                                   physi-bind the coarse  aggregates  that are  purnice (P), scoria  (S) and  crushed  limestone (CL). The
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cal properties of  coarse  aggrqgates  were  measured  aecording  to the relevant  Japanese Industrial
Standard. The  volcanic  coarse  aggrngates,  pumice and  scorieg  have very  high water  absorption

that varies  bctwoen g7-JI09% and  35--40% respectively,

2.2 MIX  PROPORTIONS  A)(D  PRO  CEDURES

     The  rnix  proportions prerequisite was  set to a  minimum  void  content  of  20%  and  a  mini-

mum  corrrpressive  strength  of  3 MPa  [61. Exarnple of  mix  proponions with a constant  water-

cement  ratie  of  25%  is given in Table 1. The  mixing  procedure, workability  inspection and

specimens  casting were  the same  as  that in our  previous work  f81. Briefly, the aggregate  content
was  maintained  constant  to that of  its saturated  surface  dry bulk density and  the cernent  content

was  changed.  Example, for CL5-10, the aggregate  content  was  1647 kg/rf and  the cement  con-

tents were  323, 242  and  161 kglm3 for aggregate-cemerrt  ratio  by volume,  A/C=6, 8 and  12 re-
spectively.  The  water-cement  ratio  ranged  between 25%  artd  55%.  POC  was  mixed  in a  pan-type
forced circulating  50 liters' mixer operated  at 75%  capacity  for nearly  3 minutes.  The  workabil-

ity of  ftesh POC  was  visuaily inspected to insure that cement  paste coats  the aggregates,  without

bcing too dry to form the nocessary  fi11et nor  being so  wet  as  to produce drip off  It was  con-

firrned using  abucket  with holes in the bottom described elsewhere  f51, The concrete  was  placed
inthe molds  in layers of  about  10 cm.  POC  was  carefu11y light hand rammed  to ensure  its uni-
form distribution and  to avoid  aggrQgate  fracture. Rectarigular wooden  tamper was  used  to pro-
vide for uniform  compaction  in the corners  of  greening concrete  blocks. Exposed surfboes were
finished with trowel. After demolding, specimens  were  cured  in water  at  20 ±  2eC, POC  blocks
were  cured  on  open-air  without any  special  precantions for al)out 2 months  to carbonize  theirs
exposed  surface  area.

2.3 TllSTING  METHODS

(1) Test for porous concrete
     Vbid content  that accouiTts  for the total volume  through which  grass's roots  can  reach  the

patural soil under  the concrete  and  water  can  flow inside the sample,  was  assumed  to be a  very
lmportant  content  m  the experiments.                                Its                                   yalues  were  calculated  fo11owiirg the procedure  pro-
posed by eeo £ oncrete  research  committee  [91.
     Cornpressive strength  tests were  performed accorcling  to the llS A  1108 on  cylindrical
specimens  of  1O x  20 cm.  Double face capping  with sulfur  was  used.

     Coefficient of  permeability was  measured  by using  a  constant  head permeameter at head
loss of  12 cm.  Cylindrical specimens  of  10 x  10 cm  were  used  for POC  with maximum  coarse
aggrngate  size  of25  mrn  or  finer, and  cyiindrical  specimens  of  15 x  15 cm  were  used  for POC
with maximum  coarse  aggregate  size  exceeding  25 mm,

     Capillary rise tests were  c(mducted  at 20 ± 20C and  80%  (RH) on  specimens  previously
tested for perrneability. The specimens  were  oven  dried and  immersed to a  depth of  al)out 2 cm
m  water.

     Water al)sorption tests were  carriod  out  on  specimens  previously tested for permeability
and  oven  (lried, The specimens  were  weighed  before and  after  immersion in water  for 24 hours.

(2) Vegetation
     [[he vegetation  study  was  canied  ont  in two  steps: a)  First, the coexistence  of  commer-

cially  available  turfgrasswith POC  was  im,estigated. POC  blocks were  rnade  fibm several  mixes
ofdiffbrent  crushed  limcstone gradations and  constant  water-cernent  ratio  of  25%.  POC  blocks
were  covered  with  a  loam  of  3 cm  of  thickness. The preserrt loam  is the usda11y  used  soil ･for

roadsides'  vegetation  beoause of  its satisfactory  moisture  conterrt  and  permeability qualities, The
POC  blocAcs had 33 cm  of  width, 38 cm  of  1erigth and  5 cm  of  thickness. b) Second, the thick-
nesses  of  plarrting concrete  blocks and  topsoil were  varied.  Planting ･concrete -blocks had 5, 1O,
15 and  20 cm  of  thidkness and  the thin cover  of  topsoil had 3, 6 and  10 cm  of  thickness. The
pores in POC  were  filled with  mixture  ofpeat  moss,  soil, fertilizer and  water. The ffesh concrete
hadapH  of  aboirt  12 and  the mixture had pH･of4'.75.･' ･ ''
                              tt tt t t/t t/ t. t                                     tt.  t                                     '
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    Tal1 fescue (Iilestuca arundinacea  L,, Schreb) and  perennial ryegrass (lolium perenne L.,
Manhattan ID were  used  as  plants. Suchplants were  most  frequently used  for roadsides to be aes-
thetically acceptable  beeauseof increased public awareness  ofenvironment  quality dictation.

    In this study,  the growth ofthe  plants was  evaluated  by measuring  the length ofplants  in 5

predetemined locaticms on  the top ofeach  block. It was  confirtned  by measuring  the density of
the plants in terrn of  their weight.

3. RESULTS  AND  DISCUSSION

3.1 MECHAIvrCAL  PROPERTIESOF  POC

    The largc pores in POC  tire among  the most  important factors that affi:ct its propcrties
[5] and  applications I7]. To understand  the influence of  this factor, quarrtitative estimation  of

pores' diameter was  done by circular  transformation from photos of  cut  concrete  cross-section.

Table 1 srms  the properties of  POC  using  crushed  1imestone with various  gradations, and
with difl7erent crment  contents.  These results  clearly  show  that the  number  of  pores decreases
with an  increase in aggrcgatq  gradation. The thickness of  cement  paste coating  the aggregate  is
inversely proportional tq the aggrogate-cerpent  ratio. wnen  the thickness of  cement  paste de-
crcases,  the dmeter  of  pore is increased and  the POC  becomes. weaker  and  more  .permeable.. For

agiven  aggregate-cemerrt  ratio,  permeability increment with an  increase in aggregate  gradation is

recorded.

    The maximimi  compressive  strength  of  POC  made  with volcanic  aggregate  did not  exceed

3 MPa. It was  comparatively  lower than  that of  POC  made  with  crushed  limestone.
  Fig,1 preserrts a relationship between capillary  rise and  equi"alent spherical diarrxeter of  aggre-

                                                                 fot                                                                    threegate used  for various  POCs  of  the sarne  A/C and  WtC. Capillary rise, mean  for the rise
                                                         for                                                            POC                                                                made  withspecimens,  increases with a  decrease in aggregate  diarneter. Capillary rise
                                                      of                                                        the same  equivalentvolcanic  aggregates  is higher than that made  with crushed  limestone
spherical diameter. That ofPOC  rnade  with crushed  1irnestone varies  between 30 and  56 rnm.

  The  water-absorptio4  reported  to be lower for POC  made  with conventional  aggregate  r21, is
about 3%, 22%  and  50%  for that made  with crushed  1imestone, scoria  and  pumice respectively.

Table1MixroonionsandrortiesofPOCusincrushedlimestone
MixtureRa.sNCcWICd N ¢ tVcPc28k

No,mm k/m3o/omm mm o/oMPacrnls

1 6323 1001,6829327.1010.551.48
25-108242 8.981031.7322033.005.622.37
3 12161 1131.7014635.103.302.60
4 6310 ' 692.3251429.5010.87･1.56
510-158233 15.54582.6438734.905.062.89
6 12155 652.8525735.004.263.80

7 63OS, 4532667329.2011.152.45
815-208231 20.00433.4450534.605.683.75
9 12'15425 473.6033636.703.774.85
10 6309 304.5980129.8011.051.30
1120-258232 23.3633,5.0660234.604.103.21
12 12154 335.3139937.803.633.51
13 6318 402.7546025.8012.481.22
145-208239 15.27453.0234633.806212.70
15 12159 473.1723035.504.193.58
16 6311 539.2895729.376.724.98
1720-408233 29.703910.6171734.684.338.26
18 12156 529.7748030.382.836.65

R.a,s: Range  of  aggrngate  size, A/C: aggregatetement  ratio  by volume,  C: cement  content,

WIC: water-cement  ratio,  d: equivalent spherical  diarneter of  aggregate,  N: Number  of  pores
pcr 100 cm2,  ¢ :･ Average diameter of  pore, t: Average thickness of  cement  paste as  binder,
Vc: experimerrtal void  content, fc28: compressive  strength  (28 days) and  k: permeability,
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3.2 COEXIS[[ENCE  OF  POROUS  CONCRET!EeMIITH･ ?LANTS

    The smal1est  mean･pore  dmeter  (1･!68 mm)  of  POC  shown in Tahle 1 cncceeds  sufficiently

the maximum  root  diameter (O.72 mm)  measured  for roots  from-several ,carefully erushed,blocks.

    Fig.2 sliows turf grass length and  weiglrt  versus  aggregate-cerrient  ratio. Up  to 5 months  the
growth of  grass is almost indistinguishable for al1 aggregate-cement  ratios. However, after  that
time  the grass growih  decreases significantly  for any  aggregate  gradation  in the  case  of  NC=6.
Therefore, the clecrease  ofgrassgrowth  could  be dueto the higher pH  of  the surfiice  of  POC  and

very  low capillary  rise for POC  made  with higher cement  content.  Morcover, as  sliown in Table
1, for an  aggregate-cement  ratio  equal to 8, compressive  strength and  total void  content  of  al1
POCs  fu1fl1 the required  conditions  of  greening concrete.  For such  a reason, a medium  cement

content  is adopted. Also an  increasc in water-cement  ratio  and  an  in.iection of  a mixture of  peat
moss,  soil and  fertilizer to reduce  thc pH  at the surface  of  POC  and  to improve' its capillary  rise
was  done.

    Fig.3 shows  a  relationship  between water-cement  ratio  (WIC) and  compressive  strength of
POC  using erushed  1imestone with the size range  of  5 to 20 mm.  As illugtrated graphically, an
increment in WIC  by 10%  increases the compressive  strength  sigtiificantly. An  incrcase in W/C
by 10%  reduces  the void  conterrt  of  about  2.5%  and  slightiy  the pH  uf  the fresh conerete  to
11.6. No  significant  effect  on  the continuity  of  voids  was  noticed.  Comsequently, on  the fo11ow-
ing part of  vegetation,  a  W7C  of  35%  is adopted  for all mixtures.

    Fig.4 depicts the effbcts  of  aggregate  type, aggrQgate  graclation and  POC  thickness on  tall
fbscue growth at 23 weeks  after  plarrting. Herein POC  is covered  with a  topsoil of  6 cm  of  thick-
ness.  Rcgardless of  the aggregate  type, the

 thickness of  POC  blocks infltiences the growth
 of  plants. The  thinner blocks give the better
 growih ef  grass.
     Fig. 5 depicts the influence of  aggregate

 gradation on  POC  texture and  tall fescue growth
 in POC  using  crushod  limestone. This influence
/ is expressed  in term  of  POC  average  pore di-/
 ameter  and  variation  of  grass weight  and  length.

 Fig. 5 was  plotted using  the results  presented in
,
 Table 1 since  an  increase in WIC  by IO%  does

 not  reduoe  the average  pore  size  significantly.

 The  use  of  bigger coarse  aggrQgates  gives the

 1arger pores and  the better grass growth. H(}w-
 ever by increasing,the average  pore  diameter
 from 5 to, 10 mm.  no  significant amelioration

 in the growth of  grass is noticed.
/
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     Equivalent spherical  diameter, d (mm)
Fig,1 Relationship between capillary  rise  and

    equivalent  spherical  diameter of  aggre-

    gate used  for POC  with A/C =  8.
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Fig,2 Effect of  aggregate-eemerrt  ratio  an  di. ,grass  gowth  in POC.psing cvushed  limestope.
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    Fig.6 reports the effbcts of  POC  and  topsoil thicknesses on  Manhanan II growth. Herein,
typical results  of  plant growth for 3 different POCs  at  23 weeks  after  planting are  plotted,
Clearly for comparal)le  topsoil thickness, the coexistence  of  Manhattan  II with POC  rnade  with

volcanic  aggregates  is better than that with POC  rnade  with crushed  limestone of  identical aggre-

gate gradaticm. This could be a  result  of  the high water  absorption  and  capillary  rise for POC
rnade  with volcanic  aggregates.  Funhermore,  for POC  blocks of  the same  thickness, the grass
growth is better for blocks covered  with thicker layer of  soil.

    
'

 Fig.7 skows arelationship  between Manhattan II growth at  23 weeks  after  planting and  ag-

     15 15
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gregate gradation of  POC  made  with cruslied
1imestone and  covered  with soil of  different
thickn.esses. As Mustrated here, the effect  of

topsoil thickness  on  Manhattan  II growth is
significant only  for srnaller  aggregate  gradation.
An  increase in topsoil thickness  does not  lead
to a  better gtowth of  plants for POC  made  with
1arger aggregate  gradation.In addition for 6 crn

oftopsoil,  no  considerable  diffbrence on  plants
growth is noticed.  Further, it is of  interest to
notice  that color  chango  tendeney  of  plants
ffom green to yellow is depended on  aggregate

type, POC  thickness  andtopsoil  thickness. It is
faster for POC  made  with cruslied  1imestone. It
is increased with an  increase in POC  thickness
and  a decrease in topsoil thickness.

4. CONCLUSIONS

    The present study investigating the ef-

fect of  mix  proportions on  properties of  POC
and  its coexistence  with plants is extended  to
thicknesses  on  the plant growth,  and  1ed to the
1. The strength  o

   tent. For identical cement  content  and

   made  with volcanic  aggregate  is very  lower th
2. Perrneabilityis increasedwith any  increment

   ment  paste content.
3, Aggrogategradation,cement
   concrete  and  hence
   8 and  water-cement  ratio

4. Capillary rise is proportional to the

   creases  with a  decrease in aggrpgate  size. Th
   with water  retention

5. Aggregates of  higher water  absorption are

   they can  fulfill the condition  of  strength

6. The thicknesses  of  concretc

Ag

 4oos--ge

 3oo2=

  200g'

 100fi-Eo

Fig.7

 CL5-10 CL15-20 CL20-40
       CLIO-15  CL20-25

  Crushed limestone gradatibn (mm)
Relationship between Manhattan ll
growth at 23 wecks  after  planting
and  aggregate  gradation efPOC  using

crushed  limestone.

                    evaluate  the efTect  of  concrete  blocks and  topsoil

                     following collclusions:

f POC  is goyerned simultaneously  by the water-cement  ratio and  cement  c(m-

                   water-cement  ratio, compressivc  strength  of  POC
                      an  that of  POC  with crushed  limestone.
                       in aggregate  gradation and  any  decrease in ce-

       conteng  and  water-cemerrt  rado  influence the texture of  porous
significantly  its caexistence  with plants. Aggregate-eernerrt ratio  equal to
    of  about  35%  are  recommended  for greening POC  pToducts.
            equivalent  spherical  diarrteter of  the  various  POC. It in-
                 us  voids  within  the body of  POC  should be fiiled
ma ±eria1  to cnsure  better growth  of  plants.
                 highly recommended  to produce grceriing POC, if
                requlrcment,

      blocks and  topsoil aflect the growth of  piairts,
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