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Abstract

Pervious concrete has the unique characteristiallmfwing water to pass through its porous matriXRervious concrete pavement
systems usually have three main layers, pervionsrete on the top, a subbase layer of aggregatevider storage in the middle and
the subgrade (soil) layer below. Finite element sliog) of this novel material is challenging due its complex porous
characteristics. In this paper, a method has besmpased to model pervious concrete pavement usiitg Element methods, which
includes a modified approach to capture the unigedical porosity distribution in the pervious coate layer by averaging the
distribution in three distinct vertical sectionshd mechanical properties of the pervious concrayer are assumed to vary along its
depth since the porosity of the pervious concréte garies with depth. ABAQUS, a general-purpositefielement software package
was used to develop the model and perform the sisalyhe model was validated through a convergshegy, and in comparison
with the analytical theory of tensile stress andletgion for traditional concrete pavement. In ailoh, the significance of the
porosity distribution model was validated by compgrthe results from EverFE — a specific softwamegdavement structure analysis.
It was found that there is significant differenceténsile stress if modeled using the modifiedicadrporosity distribution in the
previous concrete layer to more fully capture igstical porosity distribution, as compared to aneaaged porosity model in the
previous concrete layer. It was also noted that p@ssive stress demand may have increased imperfangervious concrete, but
only for highly porous applications which are noihemonly used.
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and deflection demand in pervious concrete pavensetiie
application of finite element (FE) methods. The KiEthod
includes modeling and analysis through discretizatf field
problems, and it has advantages over most otherercah

1. INTRODUCTION

Pervious concrete is a cementitious material thagjdining
popularity and acceptance in the construction itrgudue to

its contribution to sustainable designs. It is rdgd as one of
the stormwater best management practices with lopact

design attributes, and its use has numerous emuental

benefits including improved water quality, bettesimienance
of water levels, and improved land utilization P, Other

benefits include reduced hydroplaning and glare, rduced
road noise compared to traditional pavements [3, 4]

Pervious concrete was first reported to be usedthim

residential walls in Europe in 1852 [2]. In the U.Bervious
concrete is generally used in residential strektseways and
paths, sidewalks, and parking lots for stormwatanagement
[5]. It has also been used in low volume highwapli@ations

in Minnesota and in Europe, Australia, and Japar6]50ne
reason for its limited use is the ambiguity in awerizing the
strength and performance of pervious concrete While

these characteristics can be evaluated by expetargtady of
field applications, another approach for evaluatihg stress

analysis methods because of its physical appealarsatility
[8]. A finite element model simulates the stressd an
deformation behavior of a structure or structuranmber for
variable geometry, boundary conditions, materiapprties
and intensity of loading. Thus, a structure camroeleled and
analyzed for preliminary performance evaluationoprio
building or constructing an actual prototype.

Different FE modeling techniques have been consitidor
rigid and flexible pavements. For example, whileeistigating
the response of rigid concrete pavement to statdihg and
various environmental conditions, thin interfacene¢nts were
used to model the behavior of the top layer ofgbié under
the slab, and concrete joints were representednterface
elements [9]. In another study, the rigid pavemsntcture
was modeled with multi-layer elastic materials dimear
elastic joint behavior was assumed along the lemdtithe
joint in the connected slabs [10]. For flexible pments,
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models have included a three layer pavement sygiem
asphalt concrete layer, base layer, and subbase) laith
linear elastic, nonlinear elastic, and viscoelastaterials [11]
and a pavement system with semi-infinite solid maketo
obtain guidelines for model size and mesh finerj@8k To
develop a three-dimensional (3-D) FE based pavehesign
procedure for airport rigid pavements, two types of
foundations were considered to represent the tefidepth in
the subgrade layer [13]. One approach for modeling
subgrade layer was by using a Winkler foundationsigiing
of discrete springs at the nodal points beneathsthmrade
layer, while the other approach was to considémneal elastic
foundation with given modulus of elasticity and $&min’s
ratio.

While traditional rigid or flexible pavement hascamplex
structure, pervious concrete has additional conifyledue to
its porous matrix, which varies with depth, and utsique
properties in the subbase and subgrade. Pervionsrate
pavement systems usually have three main layersjops
concrete on the top, a subbase layer of aggregatevdter
storage in the middle and the subgrade (soil) ldyeow,
which usually has less compaction for improvedltirsiion
than under traditional pavement systems. Micrastings in
the pervious concrete layer have been modeled wsiBeD
reconstruction algorithm to determine the linkadeetween
microstructure, percolation, and permeability prtips [14].
However, modeling and analysis of this novel mateusing
FE methods to evaluate the structural performarase been
limited and there needs to be further validationdefining a
modeling procedure [15]. The objective of the warkthis
paper was to develop a 3-D FE modeling procedure to
evaluate the stresses and displacements in percimusrete
pavement systems. The modeling procedure inclueéédiadg
a modified vertical porosity distribution in perui® concrete
[16], from which elastic material properties werbtained
from the investigation of pervious concrete sampiesn
other studies [17]. The analysis results were thenbe
validated through convergence theory for FE formioites,
and also compared with classical analytical thedoy
traditional rigid concrete pavement. This convergetheory
states that FE formulations converge toward exact
mathematical solutions with mesh refinement [8].eTh
analytical theory for traditional rigid concrete veaent is
based on a plate on an elastic foundation and raddier
edge, center and corner loading. It states thatrrthgimum
flexural stress will be obtained for wheels posigd at the
edge of the pavement, and that wheels positiongeeatorner
of the pavement will provide maximum displacemei@]|

2. FE FORMULATION OF PAVEMENT SYSTEMS

The FE formulation methods for modeling pavemestesys
are divided into three categories: plane straifsyaxmetric,
and 3-D [19 - 23]. Plane strain models (Fig-1) &b
formulations and they are often chosen by analystsodel

pavement since they require minimal computer menzsory
relatively short computational time [19, 20]. Howeyplane
strain modeling has the limitation of being unatdesimulate
the traffic load accurately [24].

Tire Pressure Tire Pressure

Fig-1: Plane strain model of the pavement

The axisymmetric modeling (Fig-2) approach takeghdly
more computational time compared to the plane rstrai
modeling approach. This approach has the advantdge
modeling an actual 3-D pavement in cylindrical choates,
and constant material properties are assumed ihdhzontal
planes. The limitations of this model include impeo
simplified representation of traffic loading sinaely a single
circular load can be modeled, and the inabilityitolude
pavement discontinuities and the shoulder.

@)
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Tire Pressure 3. CHARACTERISTICS OF PERVIOUS
CONCRETE

The defining material characteristics of perviousnarete
(Fig-4) are unit weight, tensile and compressive strer
moduli of elasticity, porosity, infiltration rateand hydraulic
A conductivity. It has been found t unit weight, strength,
elasticity, infiltration rate, hydraulic conductlyj and
structural performance of pervious concrete arefuaittions
of its porosity [5, 25 -32]. The porosity varies with many
variables such as compactive effort and water toecd ratic
in the concrete mix design. Although the infiltoatirate ant
\ hydraulic conductivity increase with increased s[5, 29,
31], unit weight, flexural and conressive strength, and
7 moduli of elasticity tend to decrease with increbperosity
g [5, 26 — 29, 32]Thus, porosity may be used as the gover
(b) characteristic of pervious concrete, from which mother
properties may be define

Line of Symmetry

Fig-2: (a) Top view of axisymmetric model of a pavemen},
Section XX of the pavement for FE formulati

A 3-D formulation (Fig-3)is the most computational
demanding and labor intensive way to model the ipeeve
system or any other pg of structural system. This appro:
can represent the pavement configuration accuratedy car
include different loading patterns and types, pasmt
discontinuity, and the shoulder in the paven

In this paper, a  FE formulation has been appl to model
a pervious concrete pavement system to more aety
represent the pavement configuration and diffeleatling
patterns for critical wheel positions at the edgenter, ant
corner of the pavement.

Fig-4: Pervious Correte

> > Tire Pressure i In relating the material properties of pervious a@ate with its

“:”"; e Contact Are porosit;;], it is hoften assumed that porosrity tins tant

2 N <\ everywhere in the cross section. However, it hahlveporte(
«i"it'»'%/;%//?"’\i\\\\\:\\\‘?i"ﬁf’/// that mle porosity in a pervious concrete layer srszctior

S e ies from top to bottom along its depth with the lst
\".::;% \:\‘:(‘&0&3:‘»: \\\\,\:"‘ varies from top to bottom along its depth wi els

% ////% &\\\\\\S@% ‘\\\\\\\\\ porosities on the top due to surface compac16]. A series
i “===<//"‘\\;\$:\§2\\:ﬂui»i/{//,ﬁl“‘>\ﬁ“‘ of expressions hatlve bleen d_(jr.?velé)petcti1 tc])c simulatpctfcrfity&ijr;

S COSSHHHE TS z pervious concrete along its depth for varying lev

%%//}?‘ii\\it\i\?é i compactive effort. & simplify the analyses, instead
Hiiiiiiiiiwgﬁﬁﬁii ‘ defining the porosity distribution continuously terms of
.liiillﬁis\\\\v////?ihlﬁiil' ’ depth, the pervious concrete slab was divided iee

Ill |||I|.v’|||| III vertical sections i.e. the top quarter, the midutdf, and the

||||||I.v’||||||| ’ bottom quarter, and it was assumect the porosity in each

|||||||| ‘ |||||||| vertical section remains constant. Two sets of esgions

llI III were developed for each of these vertical sectiomtetermine

their porosities: one set uses percent volumewimpaction

while the other set represents the solution he common
Fig-3: 3-D model of paveme range of volumetric compaction between 9 to 1
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4. ASSUMPTIONS
CONCRETE

Pervious concrete pavement systems usually hawee tbr
more different material layers, including the cater top
layer, an aggregate subbase layer, and the sgjtatb below.
In modeling pervious concrete pavement systemsgubia
methods, the pervious concrete layer at the topthef
pavement was represented by three vertical sectlmosigh
the depth as defined by the averaged vertical pgros
distribution, and each of those sections were cansd to be
composed of linearly elastic material. The subbase
(aggregate/gravel) layer and subgrade (soil) layere also
considered as linearly elastic. Additional assuomsi that
have been considered in modeling the pervious etacr
pavement system are listed below:

e« The modulus of elasticity of pervious concrete is a
function of the porosity, and the porosity variestze
top quarter, the middle half, and the bottom quarte
along the depth of the pervious concrete layer.

e The Poisson’s ratio is constant along the deptinef
pervious concrete cross section.

IN MODELING PERVIOUS

e The porosity distribution is constant in the
longitudinal and transverse directions of the
pavement. Thus, the modulus of elasticity and

Poisson’s ratio are the same in all of the material
directions for each layer considered.

* Westergaard’'s assumption that the slab is perfectly
bonded with the subbase as well as that the sulidbase
perfectly bonded with the subgrade has been applied
(Huang 2004).

5. FE FORMULATION
PAVEMENT SYSTEMS
The ABAQUS general

OF PERVIOUS

purpose finite element software

package was used to model and analyze the pervious

pavement systems. In this research, a linear arabfsa
section of the pervious pavement system was pegdrfor
static loading conditions.

5.1 Pervious Pavement Configuration

As previously noted, a pervious pavement systemallysu
consists of a pervious concrete layer, a gravebasd layer,
and a natural soil subgrade layer (Fig-5). The agbbayer in
a pervious concrete pavement system serves to ealthe
structural performance of the pavement system ditiad to
its use for stormwater storage.

\ N o N = N . \ \ % Pervious Concrete
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Fig — 5: Typical Pervious concrete pavement system

J

Typically, in a pervious concrete pavement systdra,depth
of the subbase layer is comparatively higher tiensubbase
depth used for traditional concrete pavement system
Although the panels in the pervious pavement sysésen
commonly jointed together at the bottom one-thilmhg the
depth of the pavement in the longitudinal directitdmey are
not commonly jointed together in the transversedion. In
this research an isolated pervious pavement parst w
modeled which represents a single lane of a higfstet
(not jointed in the transverse direction), but alet jointed in
the longitudinal direction as a simplification. Theanel
dimension was 6.0 m in the direction of traffic @166 m in
the transverse direction, and it had a total deftB00 mm
divided into three layers: the top quarter (50 ming middle
half (100 mm), and the bottom quarter (50 mm). $hebase
layer had a depth of 250 mm and it was extended 360
beyond the outside edge of the pavement to mimiacinal
pavement configuration (Fig-6).

Pervious Concrete (Top Quarter)
Pervious Concrete (Middle Half)
Pervioug Concrefe (Boftom Quarter)

@)
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4

A

(b)

Fig-6: (a) Layer by layer representation of pervious paset
system for FE formulation, (b) 3-D view of the penent
model from ADINA

5.2 Material Properties

The essential material properties for linear etastiaterials
within the FE method are the modulus of elasticiyd
Poisson’s ratio. As stated in the assumption, tlelutus of
elasticity for pervious concrete may be expressea fainction
of porosity where the porosity varies along thetdepf the
pervious concrete layer cross section [16]. Thati@hship
between the modulus of elasticity and the porositgs
obtained from previous experimental investigatiohsamples
prepared in the laboratory [17]. Subbase and sdegnaaterial
properties were obtained from previous studies{38].

5.2.1 Pervious Concrete

In the previous study, pervious concrete samplesewe
extracted from a field placement and specimens wexpared
in the laboratory to evaluate their structural parfance [17].
Unit weight, compressive strength, porosity andileafion
rate were determined for the core extracted samplde, for
laboratory prepared samples, unit weight, compvessi
strength, modulus of elasticity, Poisson’s ratiorgsity and
exfiltration rate were determined. For the pervipasement
field placement, undisclosed admixtures were used t
strengthen the pervious concrete. For this reasothe FE
formulation, the moduli of elasticity of the labtoey prepared
samples were used.

The relationships between the compressive streagththe
porosity and between the modulus of elasticity ahe
compressive strength for the laboratory preparegptes may
be expressed by Egs. (1, 2), respectively [17]:

f, =43.8- 114
° @)

E =50.6x 10° WS\ £, @)

Where fe is the compressive strength in MP& is the

porosity in percentE is the modulus of elasticity in GPa, and

Wee i the unit weight of pervious concrete in kg/m3.

Egs. (3, 4, 5), respectively [16], express the pityan the top
quarter, middle half, and bottom quarter of a pmusiconcrete
layer. It should be noted that the percent compactialues
used in deriving these porosity distribution equdi were
between 9 and 10%.

Py =1.07R ..~ 7 3)
Fria = Feen 4)
R otom = 0.9, ...t 7 )
Where Pmeaﬂis the average porosity of the pervious concrete

layer in percent andR"P, Pmid, and Pborlomare the percent

porosity values at the top quarter, middle halfd dottom
quarter, respectively.

Thus, if the average porosity of a pervious corctayer is
known, then the corresponding porosity at the torggr,
middle half, and bottom quarter of that layer cam b
determined through Equations 3, 4, and 5. For tipesesity
values, compressive strength and the correspomdouyli of
elasticity in the three vertical sections of thevjpus concrete
layer can be evaluated from Equations 1 and 2 fen@wvn
unit weight of pervious concrete.

The average unit weight of the pervious concretapses
considered in the previous laboratory experimerds W858
kg/m3 and the mean porosity was 27% [17]. The weight
and porosity of pervious concrete have also beported to
be between 1570 kg/m3 and 1938 kg/m3 and betwe#ntt0
29%, respectively [25]. To determine the moduluslagticity
for the FE formulation, the unit weight and averggeosity
considered were 1850 kg/m3 and 25%, respectivelthe FE
formulation of pervious concrete, the Poisson'soratas kept
constant in all three sections through the depthe T
mechanical properties of pervious concrete that ewer
considered in the FE formulation are listed in Eabl
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Table-1: Mechanical properties of pervious concrete for FE

formulation
Unit Weight 1850 kg/m3
Mean Porosity 25%
Modulus of Elasticity | Top Quarter 18.55 GP4
Middle Half 15.70 GPa
Bottom Quarter | 12.97 GPa
Poisson’s ratio 0.22

5.2.2 Subbase and Subgrade

The modulus of elasticity of the subbase, typicatiynposed
of unbounded aggregate, depends on the type okgatyr
[35] and, for the subgrade or soil; the dominatifagtor
affecting the modulus of elasticity is the effeetistress,
which is a function of the water level in the daiyer [33]. In
analyzing pavement, the modulus of elasticity & fubbase
layer has been reported to range from 96 MPa to NbP@,
and for the subgrade layer, the modulus of elagtics varied
between 24 MPa and 100 MPa [34, 36 — 38]. While the
Poisson’s ratio of the subbase was reported to has@anstant
value of 0.35 for all analyses [34, 36 — 38], tlwésBon’s ratio

of the subgrade was reported to vary from 0.3545.0The
properties of the subbase and subgrade materiatsdaved in
the FE analysis of pervious concrete pavement amngn
Table-2. Average values were chosen for the agtgega
subbase and conservatively low values for clayels seere
chosen for the subgrade.

Table-2: Mechanical properties of subbase and subgrade

Subbase| Subgrade
Unit Weight (kg/m3) 1800 1800
Modulus of Elasticity (MPa) 400 50
Poisson'’s ratio 0.35 0.40

5.3 Loading on the Pavement

The applied tire pressure on the pavement represant
equivalent 160-kN tandem axle load and the tireetyp
corresponds to dual wheel tires (Fig-7a). Tire gues with an
equivalent 160-kN single axle load is a widely ated
approach to represent different axle load groupd &m
calculate load repetitions in pavement [18]. A d&d
semitrailer wheel configuration (Fig-7b) for tandexie dual
wheel tires was used to represent the tire pressorghe
pavement.

@)
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‘ 1219

(b)
Fig-7: a) Tandem axle dual wheel tire, b) Wheel confijara

Whether from closed-form formulas, influence chaotsfinite

element methods, it was found that, for traditionahcrete
pavement, the critical location of the wheel faxflire is at the
edge of the pavement (Fig-8a) and the critical tiooaof the

wheel for deflection is at the corner of the pavetr(€ig-8b).

The pervious concrete pavement in this study watyaed for

these wheel positions to validate the FE model.addition,

wheel placement at the center of the pavement wasidered
to identify any unique mechanistic response (eesile stress,
compressive stress, or deflection) of pervious wetecthat
might occur for this loading condition.

Tandem axle load [~—Transverse Joint
putiNSidy

Traffic lane

Concrete Shouldef—;——
(if used)
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Transverse Joint

Traffic lane

Tandem axle Io{d

Tandem axle Toad ]
@ e =—Transverse Joint

Traffic lane

Concrete ShouldeH——
(if used)

(©

Fig-8: Wheel position at a) Edge, b) Corner, and c¢) Geofte
the pavement

6. FE ANALYSIS

3-D models of the pervious concrete pavement repiesy

the coarsest and finest meshes used are showrgifi fer
wheels positioned at the edge of the pavement.riéghing
pattern, which includes finer meshes in and arothed tire
location and coarser meshes away from the tireacbrarea,
was selected for a uniform distribution of tire gsere in the
pavement around the tire contact area and to reduce
computational time.

@)

(b)

Fig-9: Pervious pavement system with (a) Coarsest meshing
and (b) Finest meshing

In the ABAQUS element library, there are a numbiesaid

or continuum elements that can be used for line@r BE
analysis. The solid element library includes bdtist forder
(linear interpolation) and second order (quadratic
interpolation) elements. Second order elementsimedpgher
memory storage and computation time, thus firseotihear
interpolation brick elements (8-node) were usethia study.

In addition, the elements were enhanced by using
incompatible modes to improve their bending behasince

for rectangular shape elements the incompatible emod
elements perform similar to the second-order elésnerhe
incompatible mode adds additional internal degreds
freedom and is significantly more economical tHaa second-
order elements.

The FE modeling of the subgrade in the pavemerttsyss
important due to its infiniteness and it is alsgoortant to
apply appropriate boundary condition. A dense tqui
foundation or an elastic solid foundation are uguated to
model the subgrade. However, a dense liquid foumalat
hinders the use of contact or friction betweenléyers [39]
and thus, was not chosen for the analysis. To mdtuel
subgrade as an elastic solid foundation, the lagetke brick
element should have to be extended to a depth &hwhe
mechanistic response of the pavement system isgitggl
compared to the previous depth. A parametric stucs
performed to determine the depth for an elasticidsol
foundation and it was found that at a depth of &7the
mechanistic response of the pavement system is salmo
identical to the previous analyzed depth at 2.4Tm.mimic
the infiniteness of the subgrade layer in the ool
direction, it was extended to 2.7 m in longitudirahd
transverse direction of the pavement system.
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6.1 Convergence Study for the Pervious Pavement
Model

A convergence study was performed for the casbefitheel
position at the corner of the pavement system. magimum
tensile stress, compressive stress, and deflestabmes are
plotted against the number of elements in Fig The plot
shows that the stresses and deflection in the pawegystem
increase with an increase in the number of elementhe
model. While the deflection and compressive stoesserged
for the same number of elements in the pavemertersys

tensile stress required much finer mesh to reach th

convergence.
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Fig — 10: Convergence of a) Deflection, b) Tensile stresd, a

¢) Compressive stress for different mesh size énpdvement
system

Compressive Stress
(MPa)

6.2 Evaluation of Stress and Deflection

To evaluate the stress and deflection in the pasvimncrete
pavement system, the loading conditions considevede
wheels at the edge, corner, and center of the panverithe
finest meshing criterion from the convergence stways
adopted to mesh the pavement system for edge amerce
loading on the slab. Bar charts have been usetkiptevious
studies to compare stresses and deflection in #werpent
[15] and the maximum tensile stress, compressinesst and
deflection obtained for the three loading condiidrave been
similarly plotted (Fig-11) to determine the criticlading
conditions for tensile and compressive stress, d&od
deflection in the pervious concrete pavement. Fragnll, the
wheel position at the corner of the pavement issshto yield
the maximum deflection as well as the maximum casgirve
stress in the pavement system. The maximum tesiséss in
the pavement system was obtained for edge loadlimgs, the
critical loading conditions for pervious concretavpment
system is the same as the analytical theory ofitivadl
concrete pavement with maximum tensile stress figee
loading and with maximum deflection for corner loay

3.0
2.5

2.0
15
1.0
0.5
0.0

Edge Corner  Center
Wheel Position in the Pavement

Deflcetion (mm)

System
(a)

1.50

1.45

1.40

Tensile Stress (MPa)

1.35
1.30
1.25 I
1.20

Edge Corner Center
Wheel Position in the Pavement
System

(b)
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Wheel Position in the Pavement

System

Compressive Stress (MPa)

(©

Fig — 11: Comparison of maximum a) Deflection, b) Tensile
stress, and ¢) Compressive stress for differentihga
condition in the pavement system

While tensile stress is assumed to be responsiette
initiation of cracks in traditional concrete pavartse [40],
compressive stress in the pavement is typicallymaonitored
in the published literature [18, 40]. The relativehigh
compressive stress in the pervious concrete refieciporous
matrix and it occurs for the wheel positioned & torner of
the pavement. The higher compressive stress fonecor
loading could be attributed to the confinementi pressure
at the corner of the pavement due to corner posdfovheels
whereas for edge loading, the tire pressure cadidtebuted
on both sides of the wheel position. However, th@gressive
stresses found are still much lower than the typica
compressive strengths of most pervious concretesnix

6.3 Evaluation of Stresses for a Rigid Pavement
Model using EverFE

The significance of using the vertical porosity tdizition
approach to capture the unique porosity distritbutio the
pervious concrete pavement system by dividing timase
into three layers with three different moduli ofsticity has
been validated here by analyzing the pervious ®&tacr
pavement system using a conventional pavement sisaly
software named EverFE with only one modulus of tilihg
value in the pervious concrete layer [40]. EverERi3-D FE
analysis tool to simulate the mechanistic respafigavement
system for different axle loads and environmenffdots. In
EverFE, four layers can be defined with only oneetan the
surface. In the EverFE analysis, the modulus ddtieiay and
Poisson’s ratio of the surface layer was givensiume values
as the middle layer in the vertical porosity dlstition

approach, representing a simpler average modulakasficity
approach.

The critical stresses and deflections from thisergmplified

approach are listed in Table-3, in addition to trestical

porosity distribution model previously discusseithwarying

characteristics in the pervious concrete layerTable-3, the
maximum deflection and compressive stress werecdoner

loading, and the maximum tensile stress was foe ddgding

in the simpler model, as was also found previoluslythe

modified vertical porosity distribution model. lac be seen
that the simpler average modulus of elasticity epph gives
much higher tensile stress compared to the modalipgoach
which captures the vertical porosity distributiomhich

eventually will lead to a more conservative desigpart from

the average modulus of elasticity and three vdrtegtion

approach, the over prediction of tensile stresddcba due to
the incapability of EverFE to consider a widenedgade
layer in the longitudinal and transverse directioh the

pavement system.

Table-3: Comparison of the modified vertical porosity veysu
average porosity in the pervious concrete layeretiog

approaches
Modified | EverFE | %
Vertical Analysis | Difference
Porosity
Approach
Deflection (mm) | 2.59 - --
Tensile Stress 1.47 2.28 55.1
(MPa)
Compressive 8.29 2.48 233.3
Stress (MPa)

CONCLUSIONS

A 3-D FE model of pervious concrete pavement wadyaed
incorporating a modified vertical porosity distrttmn in the
pervious concrete to simulate the effect of itsopsr matrix.
The validation criteria were convergence theory &hd
analytical theory of stresses and deflection ofitranal
concrete pavement. The model was also compared avith
simplified average porosity modeling approach tnaalitional
pavement analysis software. The pervious pavemertem
with the modified vertical porosity distribution @hed
consistent convergence with mesh refinement. Inpasison
with the analytical theory for traditional concrgtavement, it
was found that the behavior of pervious concreteepent
dictates that the compressive stress demand inioperv
concrete pavement may be critical under conditisitl very
high porosities, but these conditions are typicathy found in
current practice. While tensile stress demandighdr for
edge loading compared to, corner loading, compresstress
demand is clearly highest for corner loading. 4ngficant
finding is that the three vertical section modeliagproach
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approximating the vertical porosity distribution pervious
concrete has significantly less critical tensileess and higher
compressive stress compared to the simplified geera
pervious concrete layer modeling approach.

Limitations of the proposed FE modeling techniqnelude
the assumption of perfect bonding between the pesvi
concrete and subbase, and subbase and subgrad¢herFu
mesh refinement is also needed for the true coevesy of
deflections and stresses. The modeling proceduzsepted
here is for macro-scale modeling of pervious caecre
pavement systems, and does not consider the effeahdom
zero porosity phase inside the pervious concratehd case of
pervious concrete, there may be potential stressestration
at a paste-aggregate or a paste-aggregate-portageteSuch
modeling requires micro-scale modeling and was not
considered in the full-scale modeling of a pervieasicrete
pavement systems presented here.

Future studies may include other types of tire igumhtions
(i.e. single axle and tridem axle), cyclic loadignsideration
of nonlinear elements in the pavement system, aoldision
of the friction coefficient between the perviousncrete and
subbase, and subbase and subgrade. To imitate the m
random porous matrix of the pervious concrete lagegso-
scale modeling could be used. Despite these liimitat it can
be concluded that this newly developed modifiedtiealr
porosity distribution approach for simulating thengous
concrete layer in a pervious concrete system veitlilitate
pervious concrete research using FE formulatiosttoly the
numerous structural and environment effects on tiusel
material. This might be the basis for future dymarand
nonlinear analysis of pervious concrete pavemestegys.
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