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1. Introduction

l1.Qonccempgos te structure

Concrete is a complex inhomecyeseous ematagmgir &lg a
di spersed in a matri x, . e. cement past e. To
heterogeneous, due to the existence of two pft
t he aggregate particles.

Additionally, as concrete is mixed, mor e wat e
composite structure of cement in the vicinity
than the other areas. Theset aewefakc iaale atsr armrsei tcio
Despite its insigln EBm[didntt b ihsacrk niemspsdyrats@bnotuhte f f e
concmetcmani cal behavior. Tth et heef fleTZ @i dihfef epr
properties has been investigatddi Iblyustamgt a etshe
| TZ | avyaesri ghas$i cant effect on better esti mat
compaesi Akes ce[b]sdlowwhat the propertiaenaj off fploiss t
on tensile strength and fracture properties o
a tpbhaese systemacacamse sapgggegdt e, mortar ma t
di sgdolimeit, and the interfacial transition zo

Modul es of elasticity, ther mal coefficient, a
over the aggregate and matri x phases. As conc
| osses wlctcaime osusm y. As a result, due to the

aggregate and matrix phasése, | dZackprmagntdeveh
|l ocation for such cracks, since iidali spltahcce wesa
stresses due to these effects are concerned.

[7,].8 Tehestence of di frhaetremitalp hlae the t dcgaeunpeei stsi eensc
i nterfaci al haas ahnisgihoinomiplazome @nmeadtildani c a[9]. behavi o

This i s 3Moe a&r ¢ ;h aveccrhcarnd tceail 8 rbdeird f ieare n t l oadi ng
has beeprpstigatesed udnescoamWihiekn@ geni aatciepinmbkbke
enginpar pdgeéesijnifeodd mati on f or mes osocfalteh emondaetl @ rr

becomretsé @blnad eyv e afndsri daluahicoesi spatliyal and stres
ti me vaseqti ofends tiam cstehuedfy | oc al dtamehqudok agn d er
i mpact | oads. Mabkbenaf ecimaldheicthaat echgi mgf ectin

behavimat eimnif adli Ftfreg enntd@dndwikihawms nf h@mke heeconcr et
behaatlwmeacr o Thecvelhheder debacmiesdred sutrreud so nkeeded

Si mulraetaeldi sti cally shaodl dnhadley za me hadsitaes e composi
mat er.Madelavmag ous | evels

As mentioned, to scrutinize concrete behavior
i nhomobgenef 1its composite dXIlrpuotpwrsee.d Achcroerediln
model ing concrete, namel y: ma t hneal cervod le,v erhe s ocl oer

i's consi dereende caus anah emo @ | whil e at mesol evel
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amal gamati on of a coarse aggregat e, mortar ma
't attdhi s | evel t hat the geometry and dihetri bt
mi crol evel, however, the mortar matrix of the

aggregate and hardened c ecmeanctk sp aesnibee dwietdh i pasri e
el emeenstoscal e modelmiakg s d e\ e $poypsdhecdtt eb @isde a |l e
behavi odri fu nedeerdsitt mgneds char act eroifz et hteh eq uvaanrtii attaitc

1D

For ame®oscopideg t esssefhiorisgtlener ate the mesostr
materi al at thicenk ewgekflsatzieo nawnhdi cdhi stthret buti on o
mat ch comtcueaelse ait est leake

Vari ous methods for simulating the distribut:i
original concrete specimens have been[liBntrodu
Bazant [18t Saclh.l angen [lafhadn dv awla n g1 kert wiatth a degr ¢
sophi s,useadt tammgul tackee met hod for generating r anct
particle volume fractions. In this method, ag
curveeangl abhed within the concrete speci men i
the already placed particles.

DeSchutter @lnpdi s &aheer wa mfei | | met hod for generati
structumnethis simulation mehdhduwldd ediamdzidflfgde r & mte
parts,. epacem sholul ddbwitht matgr@asinepagnadilreg cu
gravelisoneeahed

Folrarvgpd ypme tafonssggregates, WYapgpkler enkamaodMo nt avin
wheneweire pl ac, ngvendifzegiswgist irglvepdhlaegpddt i cl e i
moved hreioni rdu mtperrcreibtett v en t he rpiadtthoec |loevse rtl a p g e
probl ekmee.epByng thisedihset paowitcaloen diosml tfhiennd a sui
situatitdhre rovend apping particl deurmstaitli sdlyli ntghe

Chen PBtbyalpresenting uaidmnggw ttad c hinmaggueea ptthoec e d s i
concgedtei oanpin edwlwr ed &p b aceokn cmiedreost ructur e.

I n the present study, I n  aadngulil taic@en mted hadgeaemar &
proposed by WrhilgfjgeasnawdalMgd1itiat hm for gener at
concrete following a given grading curve has
random selection of a valwue as the position
optifooors its position wil.l be reached and exa

accelerate the process of generating random
al so open up an opportunity for geomrer anidn g
comparabl e with real concrete specimens.

Finally, the efficiency wdibhwhil si mgt sode wislplec
compari son -awmtl hacteh anett @loel and t he method sugge

17
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2. Generatingmesostucture of concrete

It is necessary to generate a random struct
mesol evel. Generating this random structure i
filling the spa&adcmyrbtearwemat rtihxeem Si nce the gen

compl etely depends on how the aggregates are
not necessary.

Thi s strucdntraag,grselgiadles wi t hamdndliosnt rsthiagptei, 0 sy1i 2

as possible resemble the real Foornctrheits® hmyprera s

Monte Carl obds simul ati ometmedddds ainsp | u snegd .a gTghries

from a source aofhotbeidi ssrtz@d@ ut spo taacicror. giiTahde nn g

pl acing the awiglrle glbotneed ghaye toincel eisepecicmem cbhat e
[

t here S no overalrafd@Bilres with placed

As mentioned before, var i ouac cmoenpiladshi mgvea hh &
expected that two of most frequently used me"
met hod suggested in the current study.

Since aggregate particles have an indispensab
foll ows some gener al points regarding their s
suggested method wil|l be explained.

2 .Aggr epghaatsee gener ati on

Aggregat e6Q @dpnesrtcietnutt eof concrete vol uimes aaardd e x
the mix design of concrete speci mens. Gr avel
used in concrete. Aggregates can be <classifi
coarse aggregates. Those pharst. inthh esr ewi d ahl lae dd ic
aggregates. Coarsedagpgpegacmrts a@afccobert cbacr et
concrete specimens. Mor eover, in a gener al c
divided into rounded Mampestamdi eg usdhea shaper
the various feat (lr2esl]j50,fl18ggregate shapes

Wang Elthaad. Wi tt nihigre netrgadale/.a | aggregamesphiaol oagi
| atwh atd ewaesl oped by B[@ffdow and Mel oy

To simplify the process, ot her researcher s, h
[I111 B time current stsuidngpb @ wmi ntg et hsaatk et hoef aggr e
Al sof or classifying aggregates bad$moh par i spe:

fall within the range of cement paste.

To gener ate 28iamuloant agmrefgaa e model 8Do nepaasteisbh| e
aggregate distri b3Dt itbns st aaims fgd r[2n@miplodtri mi@rft ttho p
art,because the main goal i s to presenting a |

with the other met hods, this transformati on h
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2. 1Grladianggg roefgat e

The gradiveg used for dceitetrmi hutnigompaofti &d er esg @
on cumul ative percentage passing through a se
demonsugsiatgaor mul a, table -enognaghadOng obtr véae
by Ful |l erwivwhhiicnh tlhiee srzardd3 agf cuoOMvEeBUulAl er cur ve
il lustrated by the foll owing equation:

0OA pnmr— @)

Whe®Astands for the accumul ative perceAtage p
A is the maxi mum ssiize aofvad@ed Blgpartwe ean d

| mconcrete miXx, the total amount of coarse adg
unit volume of concrete. Therefore, the volum
dividing the weight of <coar stkee adggm ®igtayt esf ptelre
Thi s r atO.-04.fbosr anboosutil fc oncr et e

Due to the border nefcfoercet ,c |tohsaetr ntoo ptahret iccol nec rceat
equal to the pasmatlerradpbusit lcdoeamg et @dhaue f ae
I n case that the selected section for genera
pl aced at the proper di stance to the surface
negl ected and t he sareegau arlattioo tohfe avgogl ruengea tfer act i

|l DAis the cumulative percentageA pdhsinng ha sire
aggregate within each $dffegmentanobethbal gubdioed

I $ % ) ! )

Whete $I8% is the area of aggregabti® wéthisn the
the maxi mum si$z e soft haeg gmiengiamuemm si 2ei sftheanse
ratio of coafrsesagbeeganea ahdconcrete.

2. 1TaX pngcess

Upon dividing theeygysreaglmegt survédei ha&king proc
grading segment containing t he rhaxiemema tsii re g
aggregates in each grading segment are as fol

St &fgal cul ating the area of aggregat® within e
St é&p Generating random numbers defining the si
sighas a uniform &iasn®r i, ba hir o gl eftolweneufil cal:1 owi ng
$ $ s $ $ ©)

I n wdiischa random number wunGafn@r mly distributed

St &p Cal cul ating the area of the generated ag
rel ated segment.
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Stelp Repeatdamd8usnttepsesa hef aaggregate | eft I n
t hathjt. Since this area is not enough for gene
aggregate to be generated is then transferred

St &p Repeating aslfohet peenéewusgsaepng segment
smal |l est size has been generated.

2. 1P 13 pirmg ess

I n the placing process, which starts with tak
into their propemcpesetitbomought eaathef ying a

conditions can be expressed in terms of the 1
mu st be wholly within the boundary of the ¢

overl|l appengt bet wl aced particle with the alrea

I n addition to the aforementioned conditions,

separatel y: Each particle must be coated all
Sshowi the distance of the particle boundaries
bet ween the particle and the ones in its adja
For the minimum gap wid$Sbhlbengerndlddf ape s ®demr
t heue apf ——wheA@andl are the sizes of the two a
same | ine of r ed[2phracvhe, rWiatcthneadh nt heet concl usi on
average mortar film changes as a response to
small er when the aggregate content-sedcstihingh eaf

har denetde ,c oWaciigphatv ealal so focused on this topi
for the minimum thickness of tHWMantothar bbuhuma
of concretefAfond tthree mialiumum thickness of mor
particlhAiss, twheerse ze of tihe disheelrli dutpamnt ifalé oan
dependent upon the aggregate volume fraction.
conditions on the concrete hbmoAgsenedn ybed ase én
figur e, sati sfgpoged hby c[wWalga dsdntappra more ho
di stribution of aggregate particles.

r
r

{3 ‘o’b.

(b)

Fig8The i mpact of satisfyi Wangéetalld bari S dnhu na nggaepn wainddt hv
Mi élrlion t he homogeneity of concrete.
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Thei sd ri butrihaars faacstiogni f i ceangp aitnfallu edicset ranb utt h

particles. That i s, hda hlearmpeare walide ring tgt ti mi
aggregate particles wild.l be rrceoaud hde dp o sAstitbrliyb u
di fficultieemough ®Hpadendo place particles. On
val urewooufl d all ow easier placing process, t he
would be | ess homogenous. At theriositdet eromi e
according to the aggregate volume OfB8axt ben,;
attribunedhte process. I f any difficulties du
to the | ack ofrcapadbed rarndde cterad uveh oolfe pl aci ng pi
facing such difficulties, the process is iter
particles in the concrete is accomplished.
A case in point at this jiurctcwrnaiits otnh atant tbe
checking the first two conditions. To do so,
p r while checking the first condition and th
concrete shouyl dt hhee arud wvea pflacetdorb whi |l e checki ng
2. 1. 3EqQuspakental gorithm
The concrete section, whose configuration 1is
circul ar or any other arbitraryhoweapea., Tle |9
pl acing aggregate -sphaapeaed |seectiindams.rectangul ar
Having selected tHhéedegromette i satt ishmpeplodci ng
wi || be adagnéoatcbter dioll owing procedur es:
First, f oart eedv edriya ngeetneerr i n the taking process,
should be duplicated. This equivalent space v
size completely conforms to the oriAgismal ngo®ac
Cartesian co®r9wineat & lheey sofnemgfi nr st aggre8gate wi
andon its center is placed 8 mnBlhha ee il vwalt eerdt
range that no space iselwifth foohe ptamengi aeaot
aggregate and the axes that conf oRdiepgioc ttsh et hse
appropriate position for selectindanhie4gentier
defines this position.
O rA 8 00 c¢rA
O rA 9 00 c¢rA

‘ (4)
@ O rA U O rA cO rA
From placing the first particle wuntil fillin
satisfying the placing conditions, ar® .sudces
goes without saying that as a result of the r
the otrlegrategg wi | | be random as wel |
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o

Equi val
Spac

FigaAppropriate positionhhtofiseteagpgpnggahe wehil

Fi 8eEqui val ent space, filled with the same
Having done all the aforementioned steps for
requi red amgumbeegrat @efs wi th different Ssizes are

concrete speci men.

Her e, ,iami teiqaulilvyadlheast fspdeaed with the | abrygest a
generating a series of randomnumbees ofnagbee
within the equivalent space, the desired numb
is removed. Maintaining their | ocation, the t
speci men.

Il n the nexitv asiteenpt tshpeaceequ s generated by small
the boundaries of these spaces with boundar.
partict bppweifgwsn st ep, the aggregates whiahedo
cleared from equivalent space. Afterward, thr
range with the maxi mum number of the remaini
aggregate particles is takgnegatetpartieshtes sw
within the original specimen while maintainin
the other aggregate particles until the pl aci
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the placi mguapreocsesasceadeor some aggregates of &
for this size iIis recreated by a random sel ec
through matching the boundaries of ®hatétemptva
for placing the remaining aggregates 1S resul
space for alll the aggregate particles is pro
particles within the cowmicded ea fstpeerc i rmeme athiorud dt
step, the next placing process rwould be resta
Finally, the placing procedure of particles
summari zed as foll ows:

St &p Genem a¢ gquwigval ent space for each size (die
center for the fiirnstr asnger adgedtdm eah dtyh setqubat w

Fi2g

St &fenerate a virtual sample (spedbiememevawowdsp
and generate and place particles with simi
3an@hecking whether al/l the placing condi't
space are completely satisdfiethiastepaomat w
boundaries of the original speci men.

St &p A required numbe(rg eorfe raagtdertehgpasit eSIdeapy ttihcel epsl
condisthioounsd be chosen paadench wi amdnshbel @rk
whil eimaingt a heir | ocati on.

St g&p Stopping the placing process and ké earin
dome particle does not satisfy the requirec
number of repetitiondghiesafleciededtbypnetdepus
restarted afterr.reducing the value of

St &p Repeating all tfhreons ttelpes ldeersgea s thiekdi zabblotvpea s
are successfully placed into the concrete

3. Results anddiscussion

To evaluate the efficiency of the suggested
contrasted-awpgt hce hmettlakee and the method propc
[V Since these three methedardi hget henpyatchnhni
better comparison of t heir efficiency, for e
particles are generated with a consideration
the gener atelda ead twictl lreisn atrlee speci men accordir

A comparison of the number of generated rand
particles within the concrletEhispetameae Hdamombhe
ifnror mati on about t he gener ated mesoscopic st
fraction, number raimdaddree qqaitmb ep a rotf i cgleense,r at ed
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for generating the mesoscopi pongepoamegar gs Ahd
al |l cases, the minimum and mabYiamdBimsi Sese of
examples of geneatbtedsrandopresenhigdrin Fig.

(b) The met ho
Wriggers [@Afd

A m@@hr ™ @i T® A mhr ™

(a) Equival en (c) Take and

00°®
(c) Take and

. (b) The met ho
(e&E)qui val ent s Wriggers MEifd

A T@Fr T@T A -na)ﬁ- T[@T A T[@Ff T@p

. (b) The metho
(a) Eqspaatem Wriggers [@Afd

A T T @ » R @ o A mhr ™™o

Fi4Some examples of generated random co

i



