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CHAPTER |

INTRODUCTION
1.1 General

Nowadays, our world is facing various environmental problems. These
environmental problems are caused by increasing world pollution, increasing production
and consumption of material goods and widening of the income gap between very rich
and very poor countries. Some of these envitenmental problems are air pollution, water
pollution, noise and rising temperature. ﬁtese problems have serious consequences for
the health of human beings and also affect severely the natural ecosystems. It is the
responsibility of everybedy {6 sfeduce lthese problems for the sustainable future.
“Sustainability” is the ability of the eenh’e;\;'erious natural systems and human cultural
systems and economies ta supvive and adépt:to changing environmental conditions [1].
To lessen these environmental _,ptoblem'fsj‘j‘as: a civil engineer, some construction
materials could be developed because cort‘ét’ruction sector play an important role in the
development of high-performance ~and @ nable buildings. Among construction

materials, one of the most popular materials té : ncrete that is needed to be “green” for
buildings. The green burtdmgs—fﬁ&eate—the—e#ﬁefeﬂeyef bUJIdIngS in their use of energy,
water, and materials used during construction and reduce the building’s impact on the
human health and enV|ronment. In order to obtain a certn‘lcatlon for a “green buildings”,
Leadership in Energy and ‘Environmental Design (LLEED) pointsymust be earned for an
individual proje¢t. It means that construction materials in the project that meet a
requirement of* LEED ,points €an:.possibly ificrease overall [LEER. points of the whole

project.

Pervious or porous concrete is a special type of concrete with
continuous voids which are interconnected into concrete mass. Pervious concrete is not
a new technology because it has been used for over 30 years in England and United
States and also widely in Europe and Japan as a road surface. This concrete is an

innovative material that has environmental, economic, and structural advantages. This



type of concrete is a mixture of coarse aggregate, water, Portland cement, and often
contains admixture and little to no sand. Compared with conventional concrete, it has
high porosity that allows water from precipitation and can cumulate heat and sound [2].
These pores could support the trees to grow normally and also reduce the runoff from a
site and recharge ground water levels and aquifers. The shade of the trees is needed to
lessen the effects of heat and also reduces the heat island effects in the urban areas [3].
Then, the trees produce a cooling: effect for the paving. Therefore, pervious concrete
pavement is suitable to protect trees in apaved environment. Pervious concrete has
light color that resists heat-absorption se'that-it-can-reduce the heat reflected back into
the environment and help toslower the|heat island effects [3]. To sum up, pervious
concrete can be used for.many types of"LappIications such as permeable concrete for
pavements, concrete bed" for vegetation and living organisms, noise absorbing
concrete, and thermal insulting (;_onfcretgn‘ L{l]. Though, it is used primarily for the
pavements. For these sUsages, pervioust_concrete is an important application for
sustainable construction and onéh:‘tdechniqg?;ihat protect water quality. From these
properties, pervious concreté has a possibility’_'t@fbecome a useful material to earn LEED

Green Building Rating System credits.

In th.[s_;'study, the possibility of éé_rriing_f‘;L_IéED points from pervious
concrete will be systemétically discussed. Then, the repla?ement of fly ash and recycled
aggregate for the cementiand aggregate with yvarious mix proportion based on possible
LEED points will [be ‘proposed. ;Next, ' properties | of | pefvious concrete such as
permeability, porosity, void content,thermal conductivity, compressive strength and
splittingutensile strength willibeldetermined. /Finally, the appropriate’ mix proportion and
the calculation of LEED points that can possibly earn from the proposed mix proportion

will be presented.



1.2 Objectives of Study

1. To know the possibility of achieving of LEED points using

pervious concrete with various mix proportion.

2. To evaluate the mechanical properties such as compressive and
splitting tensile strength and physical properties such as permeability, porosity, void

content and thermal conductivity fron

\ € ,/773ed mix proportion for this research.

the a mlx proportion that can get the

3.
highest possible LEED the sufficient strength, void

content, and permeabili

1.3 Scope of Thesis

and No.4 coarse aggregate. Lime st S t’ of coarse aggregate.

mwe replacement amount of fly ash'is 20-60% of Portland cement.

e aﬂ 13N (121 1N 11

The coefficient of permeability is determinedyusing a falling head

permeanmaamm UR1INY1AY

5. The compressive strength and splitting tensile strength

according with ASTM-C 39 and ASTM-C 496, respectively.

6. The thermal conductivity of pervious concrete is measured using

hot disk thermal constant analyzer.



7. The pervious concrete in this study is used for the application of

pavements.

1.4 Expected Outcomes

2. oroportion of pervious concrete
and concrete properties s , abil o ent, porosity, and compressive
" . Ny
and splitting tensile stren ! R /ity ~\‘ seen.
3. _ iate_mix proportion with sufficient strength, void
content and permeabili ' e i \ ossible LEED credit points can be

proposed.

AULINENINYINT
PRIANTUAMINYAE



CHAPTER I

LITERATURE REVIEW

Many researchers and developers have studied and written about the
pervious concrete. This type of concrete has many advantages on the application of the
construction. The pervious concrete can contribute to earn the credits offered by the
Leadership in Energy and Environmeéntal Design (LEED). In this section, there may be
divided into four main parts. In the first part#itds introduced about the LEED credits.
Second, the pervious concrete, its benefits, and the applications of pervious concrete
and how LEED points can be_earned using pervious concrete are explained. Then, fly
ash and recycled aggregatesare presente’fj in the third and forth parts.

=t

.-‘ ";‘ d
2.1 Leadership in Energy and Environmental Design (LEED)

LEED is a rating system dé'\fﬁéloped by the U.S Green Building Council
(USGBC) to evaluate the envirohmental periéif&i%nce of a building [4]. This is also the
voluntary rating system for ’de's‘ig‘hing anic‘ﬂ'""'}.jﬁ‘il‘ding high—performance, sustainable
buildings. LEED rating=system allows the projects to- earn LEED points during
construction and use ;Jf'a building. LEED is required to ge'ti“green buildings” that result
in energy and cost savijngs over the life of a_structure. Th;e developers may choose the
LEED rating system for! designing- and | constructing the" buildings to minimize the
negative environmental impacts and,improve the health of human beings. The LEED
Green ‘Building' Rating.System-for-New Construction|promates’ the sustainable buildings
to improve outdoor and indoor building quality, the conservation of resources, and the

reduction of waste during the building process.

Therefore, some companies try to build new headquarters using LEED
certification. The projects that satisfied the LEED certification may get many advantages.

Some of these advantages are as follows:

L4 It provides the healthier and comfortable living environment.



o It reduces the heat island effects of the urban development.
L4 It reduces the polluting.

L4 It creates the sustainable and low maintenance projects.

o It reduces the energy cost.

LEED provides a framework o evaluate the building performance and
meet sustainability goals through -many credit categories such as sustainable site, water
efficiency, energy and atmosphere, mat;ial and resources, indoor environmental quality
and regional priority [2]if"0rdeér to obtain a certification for a “green buildings”, LEED
points must be earned for"éhd individual project. The credit categories and the possible

-
4

LEED points are shown i{p"li‘able 2.1 [le

: \ &
.. W,
Tablef2.1 Potential LEED Credits [4]
f ) nnan 26 Possible
Sustainable Sites e — 3
Vi e d Points
Prerequisite 1 Construction, A__ct/?\//ty Po/@?grj, Prevention Required
Credit 1 Sité Selection £ ) 1
Credit 2 D‘ew")f'e_/opment Density and Community Cﬁhnectiv/z‘y 5
Credit 3 Brownfield Redevelopment - 1
Alternative transportation-Public [dransportation
Credit 4.1 6

Access

Alternative transportation-Bicycle*Storage.and
Credit.4.2 1
Chanhging Rooms

Alternative transportation-Low-Emitting and Fuel-
Credit 4.3 3
Efficient Vehicles

Credit 4.4 Alternative transportation-Parking Capacity 2
Credit 5.1 Site Development-Protect or Restore Habitat 1
Credit 5.2 Site Development-Maximize Open Space 1

Credit 6.1 Storm water Design-Quantity Control 1




Credit 6.2 Storm water Design-Quality Control 1
Credit 7.1 Heat Island Effect-Non roof 1
Credit 7.2 Heat Island Effect-Roof 1
Credit 8 Light Pollution Reduction 1
10 Possible
Water Efficiency
Points
Prerequisite 1 Water Use Reduction Required
Credit 1 Water Efficient Landscaping 2-4
Credit 2 Innovative-Wastewater Technologies 2
Credit 3 Water UsesRedtiction 2-4
o \ 35 Possible
Energy and Atmosphere” ’
3 4% Points
Fundamental Comr‘niss‘/ién/ng of Building Energy
Prerequisite 1 3 Required
Systems F i
Prerequisite 2 Minimum Eneféy‘:'/?erforéb:é:nge Required
Prerequisite 3 Fundamenta[--j?e}frigerant _Méquagement Required
Credit 1 Optimize Epp(gyjPerfor@gg__ 1-19
Credit 2 Qh§/te Renewable Energy : 1-7
Credit 3 E‘hﬁfanced Commissioning -_"‘-"" 2
Credit 4 Enhanced Refrigerant Management 2
Credit 5 Measurementrand,Verification 3
Credit 6 Green Power 2
14 Possible
Materials 2nd ‘Reseurces
points
Prerequisite 1 Storage and Collection of Recyclables Required
Building Reuse-Maintain Existing Walls, Floors and
Credit 1.1 1-3
Roof
Building Reuse- Maintain Existing Interior
Credit 1.2 1-2
Nonstructural Elements
Credit 2 Construction Waste Management 1-2




Credit 3 Materials Reuse 1-2
Credit 4 Recycled Content 1-2
Credit 5 Regional Materials 1-2
Credit 6 Rapidly Renewable Materials 1
Credit 7 Certified Wood 1

As shown in Table 2.1, there are seven main areas such as sustainable
sites, water efficiency, energy and atmosphere, materials and resources, indoor
environment quality, innovation-and degjgn proeess and regional priority. In each of
these areas, the useful.infermation.is presented for the designer and the contractor in
achieving LEED points#LEED certificatid{w can be achieved at 4 levels based on how

many of the 110 possiblé LEED credits aré awarded. The LEED rating system offers four

=

certification levels for new gonstructien such as certified (40-49 points), silver (50-59

i
\ #*

points), gold (60-79 paints), and platiritirh' (80 points and above). The level of

environment performance of a bui[dihg may be quantified using LEED certification.
b F
idd > ol ol

=37
a2 A4
J.l'

4.2
J A e

e E sl S

2.2 Pervious Concretejand its péséible relation with LEED points

Pervio--Js ‘concrete is a special type of oonCFéEe to address environmental
impacts and support 'Eé'.ustainable growth. This is also “known as no-fines concrete,
porous concrete; permeable; concrete, lgap-graded concrete~and enhanced porosity
concrete. Pervious concrete is a mixture of coarse aggregate, cementitious materials,
carefullyscontroltedramaunts, ofiwatern, andoftenicontains little/to noysand that creates a
substantial void content. It is a high porosity concrete that allows rainwater to seep into
the ground. Thus, pervious concrete can reduce the runoff from a site and recharge
ground water levels. Then, snow-covered pervious concrete clears more quickly than
other pavements because its voids allow for more rapid thawing. This ability reduces the

environmental problems.



Pervious concrete can be used for a number of applications but it is
primarily used for pavements. The majority of pavement applications for porous
concrete are low volume road surfacing, parking lots and pavement edge drains. Other
applications are drainage media for hydraulic structures, parking lots, tennis courts,
greenhouses, and pervious base layers under heavy-duty pavements. The following

shows the applications of pervious concrete.

/) Concrete
o;&iﬁi!&ﬁﬁbmzauOn

® | ow-volume pave

® Residential roads

driveways

® Sidewalks and p jrates in sidewalks

SN
Ny e ‘ ol s / floors for greenhouses, fish
® Parking areas 4 (42 ¢ hatcheries, aquatic amusement centers,

and z00s

® | ow water crossings -lydraulic structures

® Tennis courts 500l decks
® Subbase for Cornye >
l[ - Jve entﬁjge drains
concrete pavements

o 1 AN NS WEFIITT

® Artificial teefs ® Noise barriers

MIAINTUNN NS Y
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Wout the pervious concrete

d for roadway. The authors concluded that strength of the
_ - LY , . .
pervious conc uﬂv’j;cp«rg%mrﬂﬂrnﬁ proportion of mixture

‘ |
ids. The 0 i ’

because of its VOl strength of pervious concrete can be improved greatly using
¢
compr:ii tre ﬁa d'the fle ‘ of t e s ials'could reach 50

MPa and 6 MPa, respectively. The authors also stated that water penetration, abrasion

pavement material us

resistance, and freezing and thawing durability of the materials were high. Then, it also

stated that this concrete could be applied to both the footpaths and the vehicle roads.

In 2005, Park et al. [2] studied an evaluation of the physical and

mechanical properties and sound characteristics of porous concrete. The results
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demonstrated that the difference between the designed void ratio and the measured
void ratio was less than 1.7%. The compressive strength of the sound absorbing
pervious concrete using recycled aggregate reduced as the target void ratio and
recycled aggregate content increased. It also stated that the sound absorption area
ratio (SAA) increased as the target void ratio increased. The optimum void ratio was
25% and the recycled aggregate content was 50% for the sound absorption

characteristics of the pervious concrete using the recycled waste concrete aggregate.

In 2006, Wang. €t al. [6] proposed.the development of mix proportion for
"
functional and durable peivious .concrete. In thiswpaper, Portland cement pervious

concrete (PCPC) mixes™ made ~with v,grious types ‘and amounts of aggregates,

|
cementitious materials #fibers, and .chemical admixtures were evaluated. The results

indicated that the PCPCimade with single:—.sized coarse aggregates generally had high

permeability, though not adequate"‘strength ‘Using a small amount of fine sand to the

mixes enhanced the concrete: strength'.i.-'and freezing-thawing resistance while
, )

maintaining adequate water permeability. Ahﬁ_falqo, addition of a small amount of fiber to

the mixes increased the concrete strengfhffreezing—thawing resistance and void

content. This study soncluded thaf properiil'aééfgned apd constructed PCPC could

have an excellent sefvieeability under cold weather Conditio'[]s.

Propertiés of pervious concrete strongly depend on the mix proportion.
In 2008, Chareeratietialy [7 Jindicatedithat cement paste“characteristics depends on the
water to cementgration (w/c) or water to binder ratio (w/b), amount and type of admixture
and mixingstimes Geod caoncrete with relatively high,strength, were-produced using high
flow cement paste with [ow void ratio. Top surface vibration-of 10 seconds with vibrating
energy of 90 kN m/m? was effective in compacting pervious concrete. Finally, it is
concluded that the characteristics of compressive strength of pervious concrete could

be expressed by the equation of strength and void ratio of pervious brittle material.

In 2009, Chareerat et al. [8] presented the influence of binder strength

and aggregate size on the compressive strength and void ratio of pervious concrete.
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The results indicated that for the same aggregate, the rates of strength reduction due to
the increases in void ratio were the same for binders with different strengths. The rate of
reduction in compressive strength with small aggregate size was higher than that with
larger aggregate size. The developed general equation for pervious concrete was useful
in relating the compressive strength and void ratio for different binder strength and

aggregate sizes.

Pervious concrete has many.sbenefits and can earn many LEED
categories. This type of conerete can filteJr storm Water and help to control the amount of
pollutants in the waterways«This_ability _can contribute to LEED Credit 6 (Table 2.1) in
the sustainable sites seetion..Pemvious gongcrete has light color so that it reduces the
heat island effect in umpan areas. This p%o}perty is not clearly approved for achieving
LEED Credit 7 (Table 2:1).41n the‘maté}jalls and resources section, supplementary
cementitious materials cafl bg sdbstituted ‘;péﬁially for cement and recycled aggregate
can replace for newly mined gravel. Recyd:éd ‘content can contribute to LEED Credit 4
(Table 2.1). LEED points relating=with thé‘j"'pervious concrete are discussed in the

¥
4
e it Sd

following sections: . =

2.2.1 Sustainable Site
Credit 6.1: Stormwater Design-QuantitysControl1;possible.point]
Credit 6.2: Stormwater Management-Quality Control [1 possible point]

Thetintent ofi these' credits is to limit disruption and: pellution of natural
water flows by managing the storm water runoff, increasing on-site infiltration and
eliminating contaminants. The pervious concrete has high porosity and interconnected
voids so that the storm water flow percolates into the ground water. For this property,

using the pervious concrete contributes to achieve this credit points.
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2.2.2 Materials and Resources
Credit 4: Recycled Content [2 possible points]

The intent of this credit is to increase demand for building products that
incorporate recycled content material, thereby reducing impacts resulting from
extraction and processing of virgin materials. The use of fly ash and recycled aggregate
into the mix proportion of pervious concrete can contribute to this Recycled Content

Credit.
Credit 5: Regional Materials [2.possible boints]

The intent of this credit'is tefingrease demand for building materials and products that
are extracted, harvested opfecovered and manufactured within 500 miles of the project
sites, thereby supporting the use of_‘ resour""ce§ and reducing the environmental impacts

¢
resulting from transportation.

2.2.3 Innovation and Design Process: ';J'-;,_

A4

Credit 1: Innovation in Design [5 possible po_i.r,.TT§]'! 2

4

The intent-of-this-credit-is-to-provide-deSign teams and projects the
opportunity to be avvérded points for exceptional performance above the requirements
set by the LEED Green Building Rating System and/or innovative performance in green

building categories not'specifically addressed by LEED:

2.3 Fly ash in Concrete

Today, the supplementary cementitious materials (SCMs) have become
common materials in concrete production. Among these materials, fly ash is the most
common SCMs used in this region. Fly ash is widely used as a constituent of cement for
making concrete. It can partially replace in various percentages of the Portland cement

content of concrete. Fly ash is the fine residue powder byproduct from coal-fired electric
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generating plants as shown in Figure 2.2. It is the best known and one of the most

commonly used pozzolans in the world.

Fly ash typically decreases the permeability of the concrete and allows
lower water contents. The use of fly ash replacing into cement reduces the production of
carbon dioxide. Thus, fly ash may reduce the emission of carbon dioxide and
greenhouse gas related to climate r? ge Next, fly ash may improve concrete
performance and quality, and make ¢ /oﬁé tronger, more durable, and more
resistant to chemical attack;—E.Ly_ash that has reﬁd content can directly contribute in

-———-—-—

the achievement of the LEED*Credit MR-C 4.1 and.MR-C 4.2 (Table 2.1). There are
some benefits of usingéﬁ’/wx

longer concrete life

C ment in concrete such as lower life cycle costs,

alnte‘hance costs, and encourage sustainable

R
development, etc. Fly tQ_CQ,gprete to increase the overall strength and is

J +#
a;"ako create the environment benefits. The
s

reactivity, lower heat of

Figure 2.2 Fly ash particles [www.fhwa.dot.gov]

In 1995, Naik et al. [9] undertook this research to determine the

engineering properties of high-lime (ASTM Class C) fly ash concretes. The results of this
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study showed that high-performance concrete incorporating Class C fly ash at 30%
cement replacement was proportioned for high-strength applications. Generally,
concrete mixtures up to 50% cement replacement with fly ash offered sufficient
performance with appropriate strength and physical durability properties for structural
applications. Up to 70% cement replacement with fly ash, abrasion resistance of
concrete decreased. And then, shrinkage of concrete decreased slightly with increasing
amounts of fly ash. Finally, this study concluded that the mixtures, up to 50% cement

replacements with the fly ash, can be used for sirtictural applications.

-’
In 1999, Themas et-al. [10] showed that combinations of relatively small

levels of silica fume (ege8t0.6%)and mederate levels of high CaO fly ash (20 to 30%)
i
were very effective in_ggducing expansion due to alkal"silica reactivity (ASR) and also

produced a high levelf of ssulphate. reélstance. Thus, concrete made with these

proportions showed excellent fresh"‘and ha;tdened properties due to the combination of

silica fume and fly ash. The researchers concluded that ternary cementitious blends of

Portland cement, silica fume, and ﬁy ash dfrered significant advantages and greater
,u

enhancements over plain Portland Cement bfsmg the silica fume improved the early age

performance of concrete and also ﬂy ash reﬂned the propertles of hardened concrete as

it matures. And then thls paper described to determine whether the improvements were

maintained in the long term

In’ 2003 Siddigue| 1 liinvestigated the effects af-replacement of cement
with three percentages of fly ash and the effect of addition of natural fibers on the slump,
compressivessstrenath, ssplitting tensile jstrength,~flexural, strength. sThe test results
indicated that the replacement of'cement with three percentages ‘of fly-ash (35%, 45%,
and 55%) increased the workability (slump), decreased compressive strength, splitting
tensile strength and flexural strength. The addition of fibers reduced the workability, did
not affect the compressive strength, and increased the splitting tensile strength and

flexural strength as the percentage of fibers increased.



16

In 2009, Barbhuiya et al. [12] presented that the addition of hydrated
lime and silica fume improved the early age compressive strength of fly ash concrete.
This paper also indicated that silica fume was added to increase the 28 days strength
significantly. Concrete containing lime and silica fume decreased the permeability
compared to the concrete without them. The addition of hydrated lime and silica fume

lowered the total porosity of fly ash cement pastes.

In 2010, Chalee et al. [13] presented the performance of 7-year fly ash
concrete exposure in marine Conditionsjhis papei-also concluded that the increase of
fly ash replacement in conereté reduced the chloride penetration, chloride penetration
coefficient and steel comrosionin concretfa. Concrete made with 25-50% of fly ash as a
cement replacement and having'a'w/b ralﬁio"of 0.65 have equivalent or better resistance
of steel corrosion thangthatsof oerﬁent &ancrete with-a w/b ratio of 0.45 at 7-year

exposure in sea water. ‘ J

2.4 Recycled Aggregate in Concrete T :

Recycléd aggregates are the aggregates _dlerived from the construction
and demolition wastes 4a construction. To get these aggregéfes, the existing concrete is
required to do breakifig, removing, and crushing. ReCycled aggregate consists of
original aggregatesiandiadhered'mortan Recyeled aggregatestare needed to use more
than before dug;to the shortage of natural aggregates resources [2]. The use of
recycled,aggregate-reduces bending between aggregate and.cementpaste. Therefore,
recycled.aggregates'must be clean that could protect the alteration of'the hydration and

bond of the cement paste.

Recycled aggregate has higher absorption than the conventional
aggregate. The use of recycled aggregates can save money for local governments and

other purchasers, conserve diminishing aggregate resource, and save energy when
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recycling is done on site. Although, an adequate compressive strength can be obtained

by using recycled aggregate into concrete, it reduces rapidly if exceeded 50% [2].

The LEED rating system recognizes recycled aggregates in its point
system. Using recycled aggregates contributes to earn LEED Credits MR-C 4.1 and MR-
C 4.2 [2], [4]. Recycled aggregate can be divided into three kinds based on JIS [14] as

follows: ,

Japan IndustrE' ‘

ycled Aggregate

the specified values of

Qregate respectively.

and applications of recycled a

ﬁ%&*ﬂ%ﬁﬁiﬂiﬂﬂ i i

Class —H Class - M Class - L
.
| ise | rse Fine
AN IOV NY
Oven-dfy
Not less Not less Not less Not less
density - -
than 2.5 than 2.5 than 2.3 than 2.2
(g/cm?)
Water Not more
Not more Not more Not more Not more Not more
Absorption than
than 3.0 than 3.5 than 5.0 than 7.0 than 7.0
(%) 13.0
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Material
Not more
Passing 75 | Not more Not more Not more Not more | Not more
than
um than 1.0 than 7.0 than 1.5 than 7.0 than 2.0
10.0
sieve (%)

Table 2.3 Application of Reeycled Aggregate [14]

Scope _ofApplication

No limitations are put on thetyperand segment for concrete and
Class — H
structureswithra nominal strength of 456MPa or less

Members not subiectéd to_drying or freezing-and-thawing action,

Class - M y-wv
such as piles, underground beam, concrete filled in steel tubes

—_ e

Class — L Backfill concrete, b’lindirﬁg concrete and leveling concrete

a4

,.I_.‘ o
In 2002, Gomez-Seberron [15“..151}roduoed the experimental analysis of

samples of recycled concrete with replao@sr_.n'ent of natural aggregate by recycled

- J =i

aggregate produced form the Concfete. The results of the ftests showed some variation

in the properties of '-ta“é_ recycled concrete with respect fb-'ordinary concrete. Natural
aggregate was replaced by recycled concrete aggregate to increase the porosity. The
mechanical properties of #he recycled concrete reduced compared with ordinary
concrete when porosity. increased. Einally, the [authar| concluded that correlation

between the properties of recycled concrete and total porosity was difficult to determine.

In 2004, Levy et al. [16] concluded that concrete with recycled
aggregates (20%, 50%, and 100% replacement) from old concrete could achieve the
same fresh workability and compressive strength of concrete made by natural
aggregates. Water absorption and total pore volume for the recycled aggregates
concrete were minimized at 20% replacement. And also, the carbonation depth
decreased when the replacement was 20% or 50%. When the aggregate was replaced

by 20% of the recycled aggregates form old concrete, the resulting recycled concrete
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can achieve the same and sometimes better behavior than the reference concrete made

with natural aggregates

In 2004, Nelson, S. C. [17] carried out to determine and compare the
high strength concrete by using different percentages of recycled aggregates. This
study showed that the compressive strength could reach 48 MPa when the
water/cement ratio was decreased. The workability of concrete for this research reduced
as the amount of recycled aggregate increased. The results also showed that
compressive strength, tensile.strength agd modtlus.ef elasticity decreased gradually as

the percentage of recycled.aggregate used in the specimens increased.

In 2007, Etxéberfia et'al. [18] observed that the influence of amount of
recycled coarse aggregate /and/ production process on properties of recycled
aggregate concrete. Concrete made with TOO% of recycled coarse aggregates had less
compressive strength (20-25%) than con\;eqtignal concrete at 28 days but the same
effective w/c ratio (w/c = 0:50)'and jo_ément 'e:jé_elr;tity (325 kg of cement/ms). And also, the

high amount of cement was requiired to-achieve 'a high compressive strength. The mix

proportion of four concretes (made with O%',,*‘j_z’Z-’S,%, 50% and 100% of recycled coarse

aggregates) were desg'qned in order to obtain the same oqrf]p-ressive strengths.

In 2010, ’Malesev et al. [19] presented that).a comparative analysis of test
results of the basic properties of concrete with three different percentages of coarse
recycled aggregate.content-(0%, 50%, and 100%). Recycled ;aggregate for concrete
mixtures influences the concrete workability. Bulk density of fresh goncrete was slightly
decreased with increasing quantity of recycled aggregate. Compressive strength of the
concrete ‘depended on the quality of recycled aggregate. Water absorption depended
on the porosity of cement matrix of the recycled concrete. Then, the modulus of

elasticity of concrete also decreased with increasing recycled aggregate content.



CHAPTER Il

METHODOLOGY

The flow chart of the research methodology is shown in Figure 3.1.

Calculating mix proportion

Physical Properties

Void content
Thermal conductivity
Permeability

(Falling Head

Permeameter method)

Calculation of

Possible LEED . |

Mechanical Properties

Compressive Strength

(ASTM-C-39)

Splitting Tensile

Vl r]@s gth

-C 496)

Conclusions

Figure 3.1 Process of the flow path of the research methodology
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3.1 Materials

In the mix proportion of the sample, ordinary Portland cement Type |,
water, coarse aggregate, and admixtures were used. The proportions of mixes used to
investigate the properties of pervious concrete are summarized in Table 3.1. In addition
this constituents, recycled aggregate and fly ash were used in the mixture of pervious

roportioned using a blend of No.4 (passing

.
f/// ;nd No.8 (passing 4.75 mm [0.19 in],

concrete for this study. All mixtures wi

9.5 mm [0.38 in], retained on a :
retained on a 2.36 mm [ ieve) . in Figure 3.2. Class L recycled
aggregate and superplastici | /el sed in this study. Recycled
aggregates used in thi : uced by erushing the old concrete and then the

crushed aggregates w

dosage of 1% were the admixtlre used. -
1z

Figure 3.2 Coarse aggregate No.4 and No.8
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Recycled Fly Ash
Mixes Aggregate (%)
(%)
C2 -
C3 B3 | 186 | | -
F20 20
F40 325 ‘;P 8.1 %iﬁ‘%j 40
3 “ %] “ ' | “ | d
F60 1832114 5.4 66.9 ; 60
¢ P2 QJ

R50

2931.6 8.1 30.5

50

R100

2794.3 54 -

100
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3.2 Sample Preparation

The mixture proportions were mixed in a pan mixer (30 Liter/batch)
[Figure 3.4]. All mixtures were prepared to perform the physical properties of pervious
concrete such as void content, permeability and thermal conductivity and the
mechanical properties such as compressive strength and splitting tensile strength.
Portland cement Type |, water, fly ash ( ) and admixture were mixed first for 270
seconds. After mixing the Cemen\t\x\!j;[ 0 sizes of coarse aggregate and
recycled aggregate (if any ded anﬁﬁor next 120 seconds. Then, the

mixtures were placed into mm X OO mm eylindrical molds and 10 x 10 x 10 cm

cube molds. Cube mol

The specimens were a A 0 seconds in each layer using a vibrator

70, st'the mux‘i/'e strength and void content.

[Figure 3.5]. The speci hqurs ind kept into the curing room

until testing age.

Figure 3.4 A Pan mixer used in the study
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N

o Vibrator

<«— Specimen

re expressed to characterize
eability, porosity, void content,

thermal conductivity, compressive stren litting tensile strength.

Void ratlo*s required to obtabsufﬂmently in order to acquire adequate

strength and ﬂeujﬁq %t&rj Qﬂ‘ﬁ Wﬁ’q ﬂeﬁervlous concrete was

measured usmgin x 10 x 10 cm rec}angular samples by taking the difference between

" RRININTURUNA MENHIA Y

A= {1 (uﬂ x100(%) (3.1)
WV1
Where: A = Total void ratio of the pervious concrete, (%)

W, = Weight of specimen dried in an oven for 2 days (kg)
W, = Weight of specimen under water (kg)
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P, = Density of water (kg/cm?)

V, = Volume of specimen (cm?)

The specimens were measured the weight under water as illustrated in Figure 3.6 and
kept into the oven for two days. Void content was tested at 7 days and 28 days. The

result for void content was an average of three tests.

Zi'f_: : » '
Figure 3. c#c?"‘pg gt ht under water

3.3.2 Permeability .~

Permeaﬂity [ WS ﬁ ability of a porous media to
allow the passage of a ﬂ-u& A falling heavermeablhty test apparatus was used to

measure the rﬂnu E;J\ ’Jh%%:l ﬁ@%ﬁjwﬂ ﬁ @ure 3.7]. @ 150 mm x

300 mm cyhndrﬂal specimens were‘used Before domg the permeablhty test, the top

s QA ARIAGRAIT P G n o o

around the top perimeter of the sample to prevent water leakage along the sides of the
sample. Water was allowed to pass through the specimens and the time (t) required for
water to fall from a head h, to h, was measured. The permeability coefficient (K in cm/s)

was determined by the following equation [16].

K =a—LIn(iJ (3.2)
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Where; K = Coefficient of permeability (cm/s)
a = Cross sectional area of the standpipe (cm?)
A = Cross sectional area of the specimen (cm?)
L = Length of the specimen (cm)

t = Time required for water to fall from h, to h, (seconds)

h, = Initial water level (cm); h, = Final water level (cm)

Permeability test was done at 3 k\vy/ ays and 28 days. The results were

from an average of three te&ii‘_; ___l-"

ﬂUEJ’MEJWﬁW&J’]ﬂ‘ﬁ

%! Figure 3.7 Water permeab|l|ty test apparatus set up

awwmmm URNINYAY

3.3.3 Compressive Strength

Compressive strength is a very important parameter for judging concrete
quality and performance as shown in Figure 3.8. The compressive strength of the
pervious concrete is less than the conventional concrete for its low cement paste

content and high porosity. The strengths of the paste and aggregates, and void ratio
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influence on the compressive strength of the pervious concrete. In this study, the
compressive strength was measured in accordance with ASTM-C 39, Standard Test
Method for Compressive Strength of Cylindrical Concrete Specimens. This strength test

was measured at 28 days. The results were reported from an average of three tests.

F1

3.3.4 Splitting Tensile Strgngt.h Y,

AL B BRI D v s e

For this_test, three specime S Werg teste ndqhe results wer%-’rzejorted from an

average ‘of e’;]tﬁ.\ﬂh plitti e rength:w :-Ilt@u

ing the following

q
equation;
2P
T=—- (3.3)
dLz
Where; T = Splitting Tensile Strength, (kPa)

P = Maximum applied load indicated by the testing machine, (kN)
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d = Diameter, (m)

L = Length, (m)

- )
ng tensrre sé@ngth test of pervious concrete

Gfete reflecting its ability to

"J: P
conduct heat. It can prﬁict the rate of energy | ug-h; a piece of concrete. Thermal

conductivity can be measured by “Thermal constant analyzers (TCA)” apparatus as

shown in F|gurﬁ ﬂTEj gjﬂﬂwﬁw ElavTrﬁﬁtwo tests.

Figure 3.10 Apparatus for testing the thermal conductivity
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The mix proportion of pervious concrete in this study will vary based on

the previous research and possible LEED points. The mechanical and physical

properties of all proposal mix proportion will be tested with methods in section 3.3.

Table 3.2 Test Parameters

3.5 Data Analysis

oo HE T RN UEAR T

Series Specimens Cylinder Rectangular

Cc2 7 3

C
C3 7 3
F20 7 3
F F40 7 3
F60 7 3
R20 7 3
R R50 7 3
R100 7 3
56 24

1. Fly Ash content

1. Permeability

2. Recycled Aggregate content

2. Void Content

3. w/c ratio

3. Compressive Strength

4. Splitting Tensile Strength

5. Thermal Conductivity




CHAPTER IV

RESULTS AND DISCUSSION

4.1 Fresh Concrete Test (Slump Test)

A standard slump cone test (ASTM C 143) was used to determine the

workability of the fresh concrete. Table 4.1 shows the results of workability of all mix

proportions of the pervious concrete (C2s hosen as the control mix for having zero
slump. Series F and R have Jher v [ : mpared to the control mix (Mix C2).
The relationship between workabi series k. and R is illustrated in Figure 4.1. As

seen in this figure, the wa W/ of seriés F and | 1as no significant difference. Figure

F2

A Ineningng
RN UM Ngaa e
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25
20 T -
— :ﬁ.."-.'. T ’
3 3 .
3 10 # ---4l--- SeriesF
(V)] ('
. = & = SeriesR

4.2 Permeability Test

Table 4.2 presents the properties of the pervious concrete mixes, where

different replacement of fly ash and recycled aggregate were used for making the
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pervious concrete. The coefficient of permeability was measured at 3 days, 7 days, 14
days and 28 days. Figure 4.3 provides the relationship between coefficient of
permeability and water-to-cement ratio (w/c). As seen in this figure, the difference
between the values of permeability for all testing ages is not significant in each mix
proportion. The effects of fly ash and recycled aggregate on the pervious concrete are

plotted in Figure 4.4-4.5. Figure 4.4 illustrates the relationship between the coefficient of

figure, the mix proportions with fly ash
has lower coefficient of perm [ ith 0.25% of w/c and without fly ash).
The coefficient of permeability-lowered v:len @ed replacement of fly ash (20%,
40% and 60%). In Mix - sfiici f [ |‘y is high at the early age and is
lowered after 28 days. ThewWalués icient of permeability in Mix F40 and F60 are

2.5

0
S~
£
2
=
=
o)
® 15
£ 4 3-day
= ,
: |
- i | . 14'da
3 0.5 iljid LLL '
£ 0. ! - m 28-d
' / ] Il &
“ G] <l L . .";/%%nn .,-""Illu:'
4 .
q

w/c(%)

Figure 4.3 Relationship between coefficient of permeability and w/c
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14-day
28-day

3-day
7-day

C2

L
~

(o] LN

(s/wod) Aujiqeawsad jo uaniyao0d

Figure 4.4 Relationshi

7-day
14-day
28-day

>
(3]
?
o
|

\\\\&\§§

(s/wd) Aujigeawsad jo uaniyyao0)

20% 50% 100%

0%

Replacement of Recycled Aggregate (%)

Figure 4.5 Relationship between coefficient of permeability and recycled aggregate

content
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Table 4.2 Results for all tests for each type of pervious concrete

Coefficient of Permeability o
Splitting
Void Compressive
(cm/s) Tensile Thermal
Mixes | Content Strength
Strength | Conductivity
(%) 3- 7- 14- 28- (ksc)
(ksc)
C2 31.1 24 1.2322
C3 251 27 1.4883
F20 20.8 32 1.3093
F40 23.2 25 1.3729
F60 21.4 24 1.3196
R20 49.3 26 1.2918
R50 46.9 21 1.1460
R100 64.4 11 -

D Iy
Figure 4.5 siows the relation8hip between the coefficient of permeability
and replacemE1g %

A blidod Wbl BN SEL Gt oo repcemen o

recycled aggregate is increased, thefcoefficient ofgpermeability is alse increased. In Mix

50 (h $00 lobISh bodela). dik Kielrged sifle Japbarar cosfiient o

permeabﬂity in all ages are not too much. However, in Mix R100 (with 100% recycled

aggregate) has significant difference of coefficient of permeability for every age.
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4.3 Void Content Test

The results of void content of the pervious concrete using various water-
to-cement ratio (w/c) are described in Table 4.3 and 4.4. Generally, the void content for
series C is constant at any age of testing. Figures 4.6 and 4.7 show the void content of
different replacement of pervious concrete using fly ash and recycled aggregate

respectively. As seen in the Figure 4.6

void content of pervious concrete with the

replacement of fly ash is lower thal > 3y concrete without fly ash. Figure 4.7

results show that the pervi with additi ecycled aggregate has higher
void content than the p ithout re ycled aggregate. The values of void
content of pervious co ) ‘ast cement at the age of 7 days and 28 days

are not much different. Ho ‘ with recycled aggregate has

significantly different valu

........ 7day
o/
d""i a E]- ¢ - 28day

Void Content (%)

Replacement of Fly Ash (%)

Figure 4.6 Results of void content using various replacement of fly ash
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Figure 4.8 illustrates the relationship between compressive strength and
void content of pervious concrete. As illustrated in this figure, the compressive strength
of pervious concrete is related to void content. Due to the property of increasing
concrete density, fly ash yields concrete of low permeability with low void contents. As
the void content of Series F and R become larger, the compressive strength tends to

decrease. When the replacement of fly ash was increased, the desired void content (=

15%) was easily achieved. In Mix 0% of recycled aggregate content) has

the lowest compressive stre t is the highest. It is observed that

ce@he&ement of recycled aggregate

the compressive strengt

exceeded 50%.

7 AN
/2= N\

70 A

60 -

50 -

40

30
=0==7 day

Void Content (%)

20

10

ﬂ%(ﬁ]’&ﬂ&lﬂ‘ﬁ%ﬂ’]ﬂ‘i

Replacement ofoRecycIed Agg agate (%)

Figureq4.7 Results of void Conternt Using various replacement of récycled aggregate

According to the data from Table 4.2, the fly ash and recycled aggregate
affect on the coefficient of permeability. Replacing the fly ash to the cement can fill into

the void so that the values of permeability of series F are lower than that of pervious
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concrete without fly ash. However, in series R has different mechanism compared to
series F. As seen in the Table 4.2, the value of permeability is low although the void
content is high in some mix proportions of pervious concrete with the replacement of
recycled aggregate. The reason is that though using recycled aggregate can get higher
void content, these increased voids cannot be interconnected into the concrete mass.

Therefore, the values of permeability lowered in some mix proportions.

The following T lw escribe the values of void content at 7-
day and 28-day for all mix of pe rete.
/ | _

160 ~

140 -

120

100 -

80 -

-~ SeriesF
60 -
= ® = SeriesR

40
R100 (75.5%)
20 € o 'Y b

0 i 20 ¢ 40 0 80u
18 A 11 8

Figure 4.8 Relationship between 28-day compressive strength and 28-day void content

28-day Compressive Strength (ksc)
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Table 4.3 Results of void content for all mix proportions of pervious concrete (7-day)

Dimensions Weight
Oven dry Void
_ under .
Mixes Width Length Height wator weight Content
%

(cm) (cm) (cm) () @ %)

C2 1802.0 31.8

C3 1855.0 241

F20 1976.8 26.9

F40 1936.2 22.4

F60 1974.3 20.1

R20 1840.2 30.6

R50 1772.7 32.7

R100 1408.1 45.6

}I ﬁnﬁous concrete (28-day)

o v
1 1!I ‘ | -

Dimensionsg |, Weight 'Y

AWTANTTI TN W%I’]ajﬁ
Mixesy | \width Length Height water ight | Content

(9) (%)

(cm) (cm) (cm) Q)

C2 10.0 10.0 10.1 1111.4 1807.0 31.1
C3 10.0 9.9 10.0 1112.4 1854.1 25.1
F20 10.0 10.0 10.0 1184.8 1976.7 20.8
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4.4 Compressive Stre

F40 10.0 10.2 9.8 1172.4 1939.9 23.2
F60 10.0 9.8 10.1 1182.8 1960.5 21.4
R20 10.1 10.2 10.0 1230.0 1752.4 49.3
R50 10.1 10.1 | 9.9 1242.2 1778.8 46.9
R100 9.1

without fly ash. TheBo

aggregate is lower than tr&at of pervious Concrete without recycled aggregate.

rae i mﬂm WLEL TLid s poporion

iﬁs concrete using recycled

N )
o 'Hﬁ;ﬂ iQJ & Vindvdi] B) FEpprerssive
nit g
Mixe§ s Strength

(cm (kg/m”)

(ksc)

C2 15 30 1846 102

C3 15 30 1883 130

F20 15 30 1940 150
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F40 15 30 1927 103
F60 15 30 1959 104
R20 15 30 1921 109
R50 15 30 1833 97
R100 15 -
— | "‘N
160 LN N
o | ST 3 NN
2 0 ﬂ/ﬂ A\\\\\
% 100 i f" by \\\\\
§ 80
% 60 - SeriesF
5 — & —SeriesR
8 40
S 20
= =)
.
(o]

20| 4

Replacementb)

¢ a
. |\

Fﬂure 4.9 28-day Corg,pressive stregth for series F @d R

ARIANNIUARIINE IR Y

4.5 Splitting Tensile Strength Test

According the data from Table 4.2, the results of splitting tensile strength
are related to the compressive strength. The results of the 28-day splitting tensile
strength tests for series F and R are presented in Figure 4.10. The trend lines of splitting

tensile strength for both series are almost the same as that of the compressive strength.
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As shown in Figure 4.10, the trend lines are similar as the trend lines of the compressive

strength.

35
33 3%

30
8 3%

(@)
N

~4.2%

-

25 '.’

20

15 - 4--- SeriesF

= & - SeriesR

10

28-day Splitting Tensile Strength (ksc)

120

TRl

Figure 4.10 28-da #g;,v litting ~- ength for series F and R
e -t

R

[

4.6 Thermal Conductivm Test

ﬁaﬁ Ejv‘ﬁsﬂﬂvﬂtﬂ %’Lw ETJ‘ fr]emconductivity with the

replacement of fly ash and recycled s}ggregate The results are compared to the thermal
condua w@fﬂwﬂ Tm ﬂmt}fw Elaﬂ]aaoﬂotmty for both
series are under the values of conventional concrete. Figure 4.12 and 4.13 describe the
relationships between the thermal conductivity and void content using fly ash and
recycled aggregate. The results of thermal conductivity for all mixes of pervious

concrete are shown in Table 4.6.
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43

1.8
— 1.6
<
§ 14 ( )
C2 R20(4.8%
s 1 R50 (7.0%)
k5]
=]
2 038
o .
‘2‘ 0.6 —&—SeriesR
£
5 0.4
=
F 0.2
0 -
0 80
Figure 4.13 Relationshipfe érma \. d void content for series R
Table 4.6 Re nal conduct _:vo pervious concrete
X
ductiv (W/mK)
jt
Mixes
~ ﬂ%':: Average
iil K
cc W 1.2443 1.2322
=1 QJ
IR PABTINEIANY e
F20 1.3158 1.3044 1.3076 1.3093
F40 1.3749 1.3773 1.3664 1.3729
F60 1.3167 1.3197 1.3222 1.3196
R20 1.3000 1.2994 1.2761 1.2918
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R50 1.1422 1.1453 1.1504 1.1460

R100 N/A N/A N/A N/A

4.7 Calculation of Possible LEED Points

In this part, how many possible LEED points can be earned from the
proposed mix proportions of-pervious cj}oncrete aife presented. This study considers
only for the pavement as.thewhole: project to calculate the possible LEED points. As
explained before, the miX proporiion of pervious concrete in this research are different,

thus the possible LEED#OInts infeach mix proportion may.be different.

-

— il

y

4.7.1 Storm water Design: Quantity Control" =
Aa Jf-;!

If the concrefe is pervious and contains no fine aggregates or little, this

type of concrete can percolate:-the stormi;u\“;v’aielr_ runoff. This concrete is known as

“Pervious concrete™, _L}Jsinq the pervious concrete Daver-jjents reduces the rate and

quantity of stormwafe?u runoff because this type of paver’-ﬁ'élnts increases infiltration of
strormwater. Pervious concrete contains sufficient cement paste to bind the aggregate
and provides interconnéctedwaids betweenttheicoarse aggregate. If the concrete with a
high void content; (15% to 25%) and high permeability that allows water to flow through
easily, ;thisyconerete, isyidentified-as a strategy 1o, achieve thisscredit. The pervious
concrete-has 'morethan 15% of void content, the concrete™Can ‘achieve this credit. The
coefficient of permeability and void content of pervious concrete are expressed in the
following Table 4.7. According the data from Table 4.7, the void content for all mixes in
this study is higher than 15%. Therefore, using the mix proportions in this research can

earn this credit by one point.
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Table 4.7 Void content and coefficient of permeability of pervious concrete

Void Content 28-day Coefficient of Permeability
Mixes
(%) (cm/sec)
c2 31.1 1.24
3 0.649

F20 0.637
F40 o | _ 0.649
F60 ; / ) \\ 0.34
R20 | g '*..W \\\ 0.569
R50 ' 5 -y \ 0.959

4.7.2 Recycled Cont‘j’t.

/m pre-consumer) (Material &
Resources Credit 4.1) -
Recycled Contﬂ

Credit 4.2) @ w&'f} ﬂ"%e”a' & Resources
ARVRINTEHIRTINY TR = ==

aggregate are used to the mix proportion of pervious concrete. Supplementary

cementitious materials, such as fly ash, silica fume, and slag cement are considered as
pre-consumer recycled content. Using recycled aggregate instead of virgin aggregate
are considered post-consumer recycled content. The following Tables 4.8-4.15 present
the recycled content calculation for each series of pervious concrete. In Series C, the
two sizes of coarse aggregates were only used in the mix proportion of pervious

concrete. Therefore, both of the post-consumer recycled content and pre-consumer are
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0% for all mix proportions of Series C and thereby recycled content are also 0%. In
Series F and R, the different percent amounts of fly ash and recycled aggregate were
used to replace cement and coarse aggregate, respectively. When the amount of fly ash

and recycled aggregate were increased, the recycled content was also increased.

AULINENINYINT
ARIAATAUNINGIA Y



Table 4.8 Recycled Content Calculation of C2
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C2

Method Applicable to all Construction Products

Virgin Recycled Materials
Total
Materials Pre-consumer Post-consumer
Weight, Weight, Weight,
Component % %
kg

Sand and

0 0 0
gravel
Other

0 69.6 80

aggregate

Recycled
0 0 0

aggregate

Portland
0 13.9 16

cement

Recycled

0 0 0
cementitious

Water 0 3.3403 3.8
Superplasticizer 0 0.1392 0.2
Total 86.9795 100




Table 4.9 Recycled Content Calculation of C3

48

C3

Method Applicable to all Construction Products

Virgin Recycled Materials
Total
Materials Pre-consumer Post-consumer
Weight, Weight,
Component % %
kg
Sand and
0 0 0
gravel
Other
0 68.2 79.4
aggregate
Recycled
0 0 0
aggregate
Portland
0 13.6 15.8
cement
Recycled
0 0 0
cementitious
Water 0 3.9563 4.6
Superplasticizer 0 0.1364 0.2
Total 85.8927 | 100
Y :
Pre-consumer | 0.0 Post-consumer 0.0%

P1i’}!

!

R

Hdehuid)

EJ 0.0%
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Table 4.10 Recycled Content Calculation of F20

F20

Method Applicable to all Construction Products

Virgin Recycled Materials
Total
Materials Pre-consumer Post-consumer
Weight, Weight, Weight,
Component ‘ % %
kg
Sand and
0 0 0
gravel
Other
0 68.7 80
aggregate
Recycled
0 0 0
aggregate
Portland
0 11 12.8
cement
Recycled
0 2.7 3.1
cementitious
Water 0 3.2961 3.8
Superplasticizer 0 0.1374 0.2
Total 85.8335 100

Y
ARANT TReREIba E] 1o

Pre-consumer | 3.1%, | Post-consumer 0.0%
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F20

Alternative Method for Concrete Products

Virgin

Materials

Recycled Materials

Pre-consumer

Component

Weight
(kg)

Portland

cement

Recycled

cementitious

Total

Total
Post-consumer

Weight

% %
(kg)

11 80
2.7 20
13.7 100

consumer 0.0%

10%

AUt INENINeINg

ARIANTUNIINGIAE




Table 4.11 Recycled Content Calculation of F40
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F40

Method Applicable to all Construction Products

Virgin Recycled Materials
Total
Materials Pre-consumer Post-consumer
Weight, Weight,
Component % %
kg
Sand and
0 0 0
gravel
Other
0 67.8 80.1
aggregate
Recycled
0 0 0
aggregate
Portland
0 8.1 9.6
cement
Recycled
0 5.4 6.4
cementitious
Water 0 3.2532 3.8
Superplasticizer 0 0.1356 0.2
Total 84.6888 100
w (o) 0]
Pre-consumer | 6.4%. | Post- consurry 0.0%
ARV RTINS TR 1 o
q
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F40

Alternative Method for Concrete Products

Virgin

Recycled Materials

Materials

Pre-consumer

Component

Weight
(kg)

\!

Portland

cement

Recycled

cementitious

Total

Y

Total
Post-consumer
Weight
% %
(k@)
8.1 60
5.4 40
13.5 100
0.0%
20%

AU INENTNEINS

ARIANTUNIINGIAE




Table 4.12 Recycled Content Calculation of F60
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F60

Method Applicable to all Construction Products

Virgin Regional Materials
Total
Materials Pre-consumer Post-consumer
Weight, , Weight,
Component % %
kg
Sand and
0 0 0
gravel
Other
0 66.9 80
aggregate
Recycled
0 0 0
aggregate
Portland
0 54 6.5
cement
Recycled
0 8 9.6
cementitious
Water 0 3.2114 3.8
Superplasticizer 0 0.1338 0.2
Total 83.6452 100

RN R U P B

Recycled content 4.8%
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F60

Alternative Method for Concrete Products

Recycled Materials

Virgin
Total
Materials
Pre-consumer Post-consumer
Weight Weight
Component % %
(kg) (kg)
Portland
54 0 54 40.3
cement
Recycled
0 0 8 0
cementitious
Total 13.4 100
d' umer | 0.0%
,.t_
ecycled ¢ ‘.,« ntent 29.9%

ﬂﬂﬂ?ﬂﬂﬂ‘ﬁwmﬂi

QW]@\M?MNMTN]EI’]MI




Table 4.13 Recycled Content Calculation of R20
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R20

Method Applicable to all Construction Products

Virgin Regional Materials
Total
Materials Pre-consumer Post-consumer
Weight, | Weight, Weight, Weight,
Component )| % %
kg kg
Sand and
0 0 0
gravel
Other
0 54.5 64
aggregate
Recycled
16 13.6 16
aggregate
Portland
0 13.6 16
cement
Recycled
0 0 0
cementitious '

Water o 32726 | 3.8
Superplasticizer 0 0.1364 0.2
Total ¢ o / 85.109 100

Q ;
| ¢ e Y
QR A TR IREERReE] o
9 Recycled content 16%




Table 4.14 Recycled Content Calculation of R50
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R50

Method Applicable to all Construction Products

Virgin Regional Materials
Total
Materials Pre-consumer Post-consumer
Weight, | Weight, Weight, Weight,
Component \ % %
kg kg kg
Sand and
0 0 0 0
gravel
Other
5 i 0 30.5 40
aggregate i
Recycled =
N7 40 30.5 40
&
aggregate e
Portland :fﬁ.ég(:
12. EMF 0 12.2 16
cement ' ) =
Recycled — !
0 B 0 0 0 0
cementitious '

Water 0 2.9316 3.8
Superplasticizer | 0.1222 - 0 0 0.1222 0.2
Total 76.2538 100

F i WWWW
U
2% 5 N N . e Fw i '}
Q W AN Tre SRk Tio ‘Hsﬂonluﬂe ) 0%
Recycled content 40%
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Table 4.15 Recycled Content Calculation of R100

R100

Method Applicable to all Construction Products

Virgin Regional Materials
Total
Materials Pre-consumer Post-consumer
Weight, Weight, Weight,
Component ‘ % %
kg
Sand and
0 0 0
gravel
Other
0 0 0
aggregate
Recycled
80 58.2 80
aggregate
Portland
0 11.6 16
cement
Recycled
0 0 0
cementitious
Water 0 2.7943 3.8
Superplasticizer 0 0.1164 0.2
Total 72.7107 100

QRININIAUUMINIAY

Pre-consumer | 0.0% Post-consumer 80%

Recycled content 80%
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4.7.3 Regional Materials

If the building materials used in the construction projects are extracted,
harvested and manufactured within 500 miles of the project sites, this credit point can
be achieved. The materials used in this study are manufactured in Thailand, especially
the fly ash is used from Lam pang province, in the north of Thailand that is the province

mainly produces fly ash in Thailand and locates within 500 miles of the project site.

pned by using these local materials in this

Thus, two possible LEED points ca

study.
g‘
Table 4.16 Relationship r» 0 .;f s concrete and possible LEED
oz " | \\
' 28-day
Possible
Coefficient
LEED
Mixes of
Credit
Permeability
Points
(cm/s)
C2 . N ——_____ VY
f.‘..-——::!-—?" 1.24 3
}\1'
C3 2@1 130 27 m 0.649 3

20 ﬁ;ugf‘jmgm{wgqf Foor )

Fio 1“, A 23 | } qo_ﬁfﬂ 5
F60 21.4 104 24 0.340 5
R20 49.3 109 26 0.569 4
RS0 46.9 97 21 0.959 5
R100 64.4 25 11 1.498 5
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Table 4.16 presents the properties of pervious concrete such as void
content, thermal conductivity, and coefficient of permeability, compressive strength,
splitting tensile strength and the possible LEED points that can earn from the proposed

mix proportions of pervious concrete in this research.

4.8 Discussion of Possible LEED Points

In this study, the mix proportions of the pervious concrete are different.
Therefore, the possible LEED points of each mix proportion of pervious concrete are
also different. In this research, there are threesSegries of pervious concrete such as Series
C, Series F and Series R. =

In Series C, the"two values of water-to-cement ratios are 0.25 and 0.3.
The two mix proportions of Serigs € are dl2 and C3. Among these proportions, Mix C2 is
chosen as the control mix propertion for other two series according to the data. In Series
F, the variations are the replacemen_t of. ﬂy?sh_by 20%, 40% and 60%. F20, F40 and F60
are the mix proportions of Series F 0:25% gf water binder ratio is used for Series F and
Series R. In Series R, the replacement of recycled aggregate is the variation of this
series. Three recycled aggregatecontents betwe’en 20%-100% are used in this series.

When the possible LEED pornts are calculated, three types of possible

LEED points can be drvrded in the following.

1. Three possrble EEED points g
- Storm water Design- Quantity Control (1 possible point)
- Recycled Content«(Q-possible-point)

- Regional*Materials' (2-possible point)

Mixes'C2 and C3 are-the*mix proportions'that have'three possible LEED
points. Mix C2 has the highest void content and coefficient of permeability but the lowest
compressive and splitting tensile strength. Mix C3 has the highest compressive strength
and lowest coefficient of permeability. According to these facts, Mix C2 is the best mix

proportion in this type.
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2. Four possible LEED points
- Storm water Design- Quantity Control (1 possible point)
- Recycled Content (1 possible point)

- Regional Materials (2 possible point)

The mix proportions that have four possible LEED points are Mix F20 and

R20. The compressive and splitting tensile strengths of Mix F20 are higher than that of

Mix R20. But the void content an
that of Mix R20. From these
for the second type. 9

—

3. Five possible LE

tof permeability of Mix F20 are lower than

as the appropriate mix proportion

- Quantity Control (1 possible point)

\

d 100 are the mix proportions that

have five possible I__EED points--Mix F40 has her void content and coefficient of

e

permeability that :*’1:4--m--:---'g—---=------=--=----=---====;‘:J" and splitting tensile

strength in Mix F40 *u tme, F40 is the appropriate mix

proportion according to these properties.
L7

=9
€1 i the appropriate mix
proportion amﬂysgi:? ﬂ SWTWETW] TT

mix proportions. This proportion (Mix F40) has the highest

RRTATT TINR



CHAPTER V

CONCLUSIONS

From this study, the following conclusions can be made.

1. The mix proportion of pervious concrete in this research can earn the Storm

respectively.

2. The mechanic

conclude as the followi

2.1 i i -t € N get additional strength as

2.2 ) ‘instead of virgin aggregate can
increase the coef;_ meability and void content but the
compressiye - ength are the lowest.

= — \‘

2.3 The pervic i due to its high void content but

sufficient sgn_gth for many applications can be achieved.

3. Mix F4ﬂFu Ejo"jnm& n{m&ﬂhﬁle‘; possible LEED credit

points. Among these mixes, Mix F40 is thesappropriate mix proportion that can

Wb ikt L] 6 £
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