alho

Sla yiingj
wuilpac Sl dsbwyj

1€ = | glinuli g jla | ojlaiis aiha Juw aalilndgs

Ly 3 Cullawl aulblyi alyj palda sgla a5 allawl slahglaa dagaily sy&lac p wdaid a8l wlyjyl
wilia slaa ja (scB) sloplaau yitas yiulajl Al
ulpac aljindi wlc g viaypSansa anaag gliaws Lysgasa
slaj)l §)1a8 ) 4l ani wiraj slailgiul $a¥ga Jjaa wiliilas jlia)
witua al)ay g glaw atew aana
Envisioncigayla slita ) il y3 wislunyj slaajgpy §)laily wulyj)l wgayla ail)l g sjlwnagy
aljygd wigua Juus apu g glyalh o))Us
WS1iSigij slawnglwlidi )3 ajV dac jlada p laail jb pili vy
Cuplas §ama g wiilaido guus
aag)l gis sla ks sl adp )lia) p Laygila)l wisajga il
vuwlas sama g ailaaly §alie sama saaal agaua
wiian giyl)l U §aiy)lma glé ja jayi @il g 3Vga b oaill aisl wdal wslshnl Jalua gaac aellha
Sladja slayly &g
wugda) juiph g vuulic s (salil alhi sjgus a0 Spwaisjals sew
Al j3 03)g3d)i pasdlheil sjlug) 3j&lac ja wiakuw wdinguli Glniiia 3gana Jlall §jlwawd
t-l'l&l.l:lh,p S JI:S J1I
aJ.n §)94< aymjg. .s,.qa,sm aana wulhe Juunaiiag
ﬁjllllg_,mﬁ.llé Ul wSiilso un;&»g;gw.sg Iloj p Jlagdd sjla Glll wiass anjs g;hnﬁl uuuu:
Jlalil ablSaaaa g J94))ali ;
ugulSll pJLn NLTETT ] mﬂ.l.ﬁ.l.l ajlw J;,.sﬂii"d)lnuul -

'gIJJ:An.u.u.n.lg.lh.l:d.ﬁ uq.lhp»mmﬂl_;hlp J!J—.ulmsu.mt*
weiln wuiha g wiaiw) aasa eithlw ply ‘.sam‘l.n;.sm

i §ps ki b gl n.u,.mumﬂldg:n uum.ﬂp 3 .sl.n.,j:n :

S-C-

CI-ME

Po-09

-1

Vv-q90

qV-I1E

1Ho-1¥ -

FYAY X : Sy st LU

e

gy

wilpac sla sl j sla

Jlw aalilnaga

-k

1€« | Yliunli g jlos | ojloils







& 5 5% ol

$OL 5yl (o po iSO

St oEEIS (e swskiges 05,5 el
Lisly (o dll g9 S 535S

8 olRlS lyae (puigen 09,5 jLedils
ol ol all il 5o

Cow g las g0y

o8 oBLSls (yl jas g 09,5 ol

<l ol 5o

08 oRaSls oyl jas swidige 09,5 ol

@) Mool yiSo

Ol oIS (i (alidiine 09,8 jledls
S e 5o

oilg> oIS (ol yae (cmiige 09,5 ol
Gy g B

S5 oIS (ol yae (ot 09,5 ol

Modf oo 41 9 25 Old

Janusz Wasowski
Professor, National Research Council, Roma, Italy

Hakim S. Abdelgader

Professor, Department of Civil Engineering, Faculty of
Engineering, University of Tripoli, Tripoli, Libyan Arab
Jamahiriya

isc|

5

Google Scholar

[KCS pb 4

s ool y ) sy
ol dlos

Je‘ D)Lo.«j) c‘m' 5 JL»
W bl g )l

ool colo
mé oKisls

H [ VWY
(s (gmlid ey 09,5 QLIS (o) Sz e 5SS
Ol o&isls

Ly g
oBzils ¢l ymas mwdigs 05,3 wlicul g i e S
ol

50D 5 pw
(e 09,5 ¢ lzils daely s Al zg, S 1SS
o8 oRails oyl jes

Hlwlpg

5575 eyl ymas osiige 0l ol 5 wool; Byle o al L

PER G KRN SOV IR

Liely cs Sl ez s il (59, 25k
ooly & le o,mll 1 g1 yT axiuo

YYAYZVE X 1 oSy sl L

Sl SbiSlon) slagiagy e 183 (lree (cwiiges 09,5 (ot 5 (5 0SS (8 RIS (el a8 oolr o 1SS
ARATANTZARIENEIWRTy
YO-YYV YDA 1 yals
YO-YYALFYYA : plos
http://cer.qom.ac.ir/ :csbw Slis
CEr@QoM.aC.ir :Sodg yiSI! Sy

Jby)






AR

Yo

£y

\A

ay

ARIA

AR

AR

AR

N

YAD

D)w &" oY

S Al cIliwl ably b polie salo o5 cdliwl Globalis aoails 8 5hes p (S il b5,
Sheo slod 43 (SCB) lo plopw o i lo 3T
Olyes 1B (e g (oo S deme dezme ik I Lo y05000

Glojy @ SHb Hl e (Lo glailgiunl oY g8 (50 (LileS HLS) (o)
RSO PRV E SURIR VPO )

ENViSion gz ke sbaw g ol 2! 50 5o 5 so3gp 65l b3y os2 ke &1y 9 §5le sog
3359 (> e S 5 ol 0 DS

ST 935 g bl )0 p3Y G e y ylxdil Hb Sl oy

an)l i slo 4l gl 45,2 5ld, p b ygilo,l (0,595 i1
‘S.ALAS CM2 9 Sl sole SN e Sgrmo

i gt Gl b gaia sl Sl )0 oy il g 9V gl b o ais b Bl Shuol (5o (gous axdllne
sl sz syl
@585 b 5 sbe e os0bl Pl (539 o po 1Syt LS s

&IOS ,L 5150 00,955 5 wayBllasil g3lwgy o Slac o b (Kicwgu b Wlasin dgumo olod! g 5lwands

3,8 (6,988 0,8 § (S yum> (SN dee ¢ plhae (pw0dls

Gilwgy (Sl (i (SHBw Gluogas 9 269 Gloj p I 38 SUI coxe wo s g 5had FT (o)
Oyl el aesme 5 550,00 Guam 0b)ly Glo

09l b @B (S (il 03l 0 (65 5l SDgiw! (B BsLo3T b3,
03138l Seze 5 (985 o e (Jol Guzle G 3081 g,

a2 )0 VA (owgd JUIS G a5 WYe drgly 50 A ol (gl anls (ilo gy e Sl 4o JY 50T (Sl
Hlo (sizme § (o) dezme ¢ Sllalo pl> (saiex Gage

LS Caoglio Ol s (6 35 i 50 b (i asmasiw¥ ] Jguo oyt (510 o (sl Joe
ol bgs g il Lons

TADAS owki 5318 55110 31 0oliiw! b dd pouiy 4o, s s glo ) & Sloe oawy
Sl b Jeelonsl (e 5 (0055 600l pualpl (oL 0 e






4 i 0,50

—sole lad jsliws o)l sl €l pos S by 5 GG Dlsis b o8 olRasls Glyes (cwiige 09,5 (sole 4525
Slroe slacdlon; b b e glaaie; jo JWd plide 5 o Raagh )Ll )s latwls g0 1) 525 (lidre (o9
J975 Jl 5o Glajls b oS a3 (8 5 cale Slalllas I slod S acgacme (sl 1) (Slaime) 351 (oo 4525 (nl s 18
led S |y plyes (puiige glacslo ;059> 5

el 3li )l g Kim 3 & l5s VWWAYVYS £00 AFNITAN 0,leds igan ol VYWAY Lo jo ale 45,5 opl Ll jome
sleslo )y gl iogi?» 4 VA Jlo jo 4y id ol aalol o ol jolo «wn s g lee Glaiogi» lae oo
Ok & 455 nl 55 obsS 5 (69,0 (etpgly SVUe ol ool pb i (oDl ola )l g &)l VI o)lad 59200 b €l pee
Sl & g0 (6 gl anl,d Cos @ pis ol 40 0l yiiie SYlhe celed w0 Sl A anliladgs & ygods g ow)lB
S e 5 558 e Slitplive aliwgay OVl (pl ()l ol e (ooled (izren Wla3 S 18 e iy S
by )0 ailazd S 15 ) 950 clalllas cpl (j0g 8,84 pamic jsliie 4y ITheNtiCAE Lbquliv alawga Ll oaS>
Gilbiel colo 4 VYY) olais ] o les i b (DON) dlis Jluzws awliss 7,0 ( Mol molaw 4 oliiws Gios
BSpdyee Oge O Oyged w pi5 nl Ho eud yiiie SV a5 (gl B oRAl

i3 oGl 5o el Cud et (gl p e (Banis i csan o Sy 5 sl plasl oVl s )0 Jiged jskaie 4
&S wied poas Sles Gacdle ng ot 4 ya 4, Ol glashanle Jlo )l alebs G,k 5l 055 DY
prome OB dig @Bl 4y o b gl 0 A g 9SOy Ses Gloj o elisS o SVlEe (gl 5 DLl bl
e

lyosrse B L5 CJlas wilgs o (CCBY 4.0) ¥/v (g s 0jlarl 5 (Mol (e Lzl 3> joome o a5 cnl Glible

(Open AcCess) el Kol) a5l OVl a4y caw yiwsd Guizrad iled 23595 5 (5,0 paseus

S a5 2853 (sl zp B aim s 3l Wi by 5 (650l (Sl sTn Sree oSl slagiags 45



i 50 Hlid ) sgu F10Lao g 4 pld (SHS g0l

5 (COPE) ;i3 | Mollin aeS Jgol ool «(Gilpoe gredlo ) sbipghy i (IS glacelw
Ol 5 Oyl (O i 5 (GBS 125 13 pe a7 WSl e (59l 5 Slindod ple &l Db A5 (DU Hpiie cule
S5 0,50 0,led pad G Mo o Jlo )l Vs glgil (gl ks BB jaiine cpl wlaly oiies sgaie ol 4 ole
sccsloy) gy 4m b o)les pllin judim 5 (ale ghas gl Glilie wdleas S)ls 1) Sl sl
» (COPE) o bl Mllpn aeS Jool zopie w5 cule, |, (BB Jsol al wil «ilee

b oo o s B http://publicationethics.org . ,s!

tsoke ol 9 pmd pw Gl ghummo g Ly lbg

—

DS o0 oy |y e 0, b Joud Cdgtns g adilg @255 nl (sele (s g e

iyl oS5 il e o lasl plS B 1) ooy Loyl slaciiigigy aub ay s el code )l 100 g jad

S oo SBSI) Sebgig) G lasl pae b jLasil b adal) 5o 5l 900 (oled Slowead ol (s 9 o0

S B 1) olygls (ool ol aaly a5 cl (cale ()10 g a0 e

S (S sl @il ()l 5l i Gl ale (s g e e

i 395 GBalss cale lajls &) sl M g oole Silio Cale; & pike 405 (nl pele Gl 9 0
b )lee 0 9 wS lbid 1) (Jlial lagg)lo,adS 5 i g (ool S 4285 (nl (ool s 5 o
s 11 o alss e 5 s o8 puals 5 clonndss ool

< v & v 1 =

.

Al dgase g 35 peie o e Lipgh Sleore A b a sl sede les g s e
0Ll 5 Jgtms osinn g (B s 5l e ol slp 1) bcidsiy) Sledlbl wls a0 (nl (oole Olms 9 s
aalesn 1,8 solaiul 050 sased dolis gl Ko slacl g sode 1500 ¢ 500 s langd oais jiiie glacligis, V-

109l e g 9 g

BiS 6K
oles o gy, jlal sae L Lasil b alaly )0 (6 S pweal gl (sode )10 g pod s 4y 1) 095 Sl las Wl gl LY
s &l a5y
Ayl sage w1y oad o)l slaciiong, (yidls 455 dile yore Cudgiun ds i () 4 oals ged ylygls Y
el Jolis gl p QL;T Sledbl 51 eolainl pac g oud Jlu )l slacilisiy, yibls a5 aile ,ome Cole ) @ p3lo ol gl .F
Al gaast g 8 wboad Jloyl glaciisig, balaly jo olgls Slplai 0
Syald 1y 000 39y Sluwge b dacS 1o () Bains 5l (o b 3dle o, Ll jo a5 slacigs, wls olygls



LS g S sl T oz, 5ls o 1) @dlie (2)l5 il plpgls Y
(B ¢ el ghumo 9 a9

D5 Jlo )l cwlio SloMasl b g s (5K L g gw)8 by 4 Jadd Wl laciligis, )

oads ol (Abpbly b g5 allie ¢ Gl it SO 5l cidu b saSe B 0 20) 6,500 slr 0wl el Y
il gy S5 (650 485 by Gloj o b sl

il oo B g5 S a0l 4 Jldg g 009 Relas e llge ;00 Culd) Sl Jotaw sdiwny Y

@ by oad Jlo,l Clligig) a5 Gl dnge o)l S 5 liebl Joas (Bain s sbagins 51 Ko (S5 F

FOWRN|

ey b 2Ulss Sl sl |y O Gl ojlerl Qe o8 cenil clgis) Sl bl 5l (S

WISl 4od5 (sl &y i gy (sjlweslel 5 12l (gl 1) (o ol b og ) s il G i |

558 4l 5 Lol Ve ey 5| 8 ol bssd o Calso 20 5> 5 IS ag o 3

5 ol wglils ojll ol 3l paos a4y 1 LS o Ll wiylo 1y 095 allas oSl 3> lse 3l o yiws sloay s )0

> <X v b

DB o jud ) g5 Allde ay5es

9w5.59) JLa)‘ )‘ U”’") GO Lg)is)b LQLQMT)S Jjﬁ.w.o Os.\m».is.i &u‘yﬁwb@ wys)&suw%w R
ST Blg5 05 oaee p Sl il G (2l b

1) a5 sole 0 by ol p3¥ wiaus oLa)5 0 1) cogee slhas gy, (Baiausi b sdiungs a5 olKin ) -
'Méih‘“g:)]@t-""sd‘ﬁ
Q)..f)bﬁd...lauQ)ﬁao@\)‘uﬁ).w‘sb)‘)ﬁ‘raf.'a.wyw‘uiwbwu;‘ﬂowblbjébwyﬁ)

DS adllas a5 ool o 1) Caigig, SO eyl anl g el a3V Baiis g 4 Y

S S g5 Sanogi LA SIS Sl (5 310Lan

shosliul s cwl 09 pl 4y S0 ezl ol b OYe 5l (gaas colaiwl gl 4y ool g0l Cd s
@ od Jlo)l slaciliniy, (ooled 098 o0 Cgmze S8 pw e I3 (e 093 (S OMexr L K00 (et aber S
D5 o0 )18 il 090 @0l S slaliBle 5 lag o i

Wl 6 S Az g ool Lol oolas plxil |y (glasdlas ¢ Jos ;o aoxe a5 el oo (g3lwosls 1y i g (gjlwosls ¥
B2 ooy 1y ol bl g ool Lol eols ploxil 1) b aS a0 oo &) (oolK b iy o0 020 o0

g g Jlusyl a5 90 4y Sulighy, SO A Sl ol rlojen Loyl

Aid GlaSs il g bools (ol )8 sl alas i U g0 a5 wes oo ) (K (el glaseud g0 JLu)l ¥

Al oo sl Jlo )l g samie @Y 4 asdllas O s Jre 45 :((BLSD (6,1,50 Jlo)l o

il e ) Ll o el oo e jo 0l Cencd B s 5 Ao 500 ol g Cowyob (50,5 g F

Sl j0 a4 Jlo )0 0ed g0 )53 (goaxin mlie Clisig; SO Sl Ceond jo A ol K bl 5,00y

! 00 00 LQ‘)—l )‘ ‘sala u,..a



- RV-Y

Slnl Ghareiils 5 pladige o jo (oole Dlidod 0l Cogls

Olres (gwiigee Mallim 5 (o aalsz jo Dlidod culopad ols S8 o yiws jo e Sl i gLl e

Slree beslo bl e Liagh slbaie) o0 S5 0

Sl yne 4 2bwws 13 ()I5,30 5 Vb sl 25 Lol jen a8l mels 5 YL coteS b Olidos lassl e

Caio b Lo

B3l p e (sole Ve pi5 4 Glres (pwdiges 059> )0 &S el (sale 4,00 K4 (e ot e slajiagh 4 i
Sz 1) Slres slacslo s b bad e sladis) 15 955 (09 5 (oole Sliniod @l wiilgs oo p e o Kigh 5 ol
bl Jloyl a5 4y (T ailels G5k 51 ol 5 651 )2

A g (AR S 9o

bz ¢ guw)p) ol g cole ( SaSSg5 slaosle (J&5 5 Jo i do s doows Jols Slee sbbesle

el 25z 4 Gl lacslo p; glajimgh dre togh Gla)gme (p yiege

G801l g ejen JyuS S slocslen; aielsn slapiusw
Sob; giloJoe Sy S pie g lomedol bl o

Pl g sose lagiy, aatits

by byl e G 3BT e

e glocsloy; lul anng loginw Slree gl o Sledlbl gla sld
e Sl slme glagsesl o

SN g eend (gl logs il o Syl g eSle Copae
o pd slaggesl e Silwaing 0

Slee glocslo p; ;0 Sl g Hgemlegsl 0



SVl i yrdy 9y 3

S pdyse Syge ps el Shosl Jlogai b Gl ol ola b Jlo)l 54 pas ol o dllie o pdy anl
O dgi basg lygls S 4y (555sly 5 55l S Sl o yizme (gl Tasg 5yl e @ ] cnl ooy oo

..>)|~> gsi"w

ool allis 5,135 ,L g <ol

s ¢ biwgd aloro ailoli 50 allis (g 35 ,L g cud

Y
Ap
.,s:u_.mu
wiljac sla ailwyyj sla yiimgjy

lials s Fels ol od ds aads
o Ad - E P oo -

B g b almo dilobs jo

T B

@

Q
)

Sl Cge allis Loyl

paad ik Laea? allie adal e, I"S allie & ods sne IVI
5 b et ¥ T e ] — ST |’\'
ohgls & allio Jlul <:|

@4

A4

ol gi (55910 Ao (s 1

E9

Ao bpdy pas

<
oA

dlie Hpdy
aloms Lol g s allie Loyl

V4
A4

almo Ll g baawgi allio (Ll yig g (ASD (s

A4

\\NE

alio Ll

e o bwgd il pas

@

— ol

ot | 2 s g 4 Alis oMol J! | [a= |
Y T O==
ol | Sl ng 3 0550 3050 Jloyl g sl | |22







(Voo VE ) il gl o) oylads oiid Jlo gilpoe slacdlu sl ings,

S bglio Doy 8 5Shos ) (Tl gt il S
U b ST 4l i ol y wolio ol p 5 CIlawT

o sbod 49 (SCB) (slo plopm ywod wlo 3T

s ds (RAP) cllanl asly g9l bolse gl claw] e 2ol58l 4 a>g b
slobslin 5 s Gl 5 (S b fal3 b Ul sl iy BB oS L
She sles 5 Gl sles jo (59,555 5 el MU (lawl a8l YL slans s 5l
)“"l‘ (hegh ol 0 08 e S Baeail (0 ((S9,5 S5 plp 0 Cuglie RalS)
asly Vb soye gyl WMA) 65 ] slabgle cuss o,Skee p (Sad
3,90 «sloploes ied iolejl 5l soliiwl L o(YOO) Sle sles o Sawasds yo cdlaw]
Voo g VO B yao) cllaw] adly 5l il polie 5 Gubios sl sl 8,5 )18 Jbs)|
g il bolse Sog38l plsie 4 psSl; Gludlez ele lsie 4 ol (g, (2o
Laiga o Sobpm @lizs Fohw Jlocl gl ol oolaiul wyos 3 olgie 4 AON - 3
W (5,55 ailre 550 ADC glod 10959, 3 5 Y B F Do i Slalllae b illes
Soy SSTa dadigel (Sod s gl iolpdl g cdlaw] asly lade il Lol glas b
8l el U (o2555 6550 Js Gl Kie (s ads Gl cu o g oS sl p3Y
e oo o> Hlawl slabgle Gowaly o Slee annlic jslate 4y (puizen
W 5 et (S () esd il by ()5 655 (v iy e (il adl
w0 Gaien Cwglae sy OF 5 YF A cdlaw] adly oo sladiges a5 ol a8 S
olid 0gx 5l cdlaw!l adly wo s Ver g VO B gol> lodiges 4 Cod (S5 S 5

.,\.:.masa

(Slo gl i iulesl o o o cenSl (il 4l )5 cllanl i gands (F5lg

VT Slye LSl lod G Bpan symes
Sood I 5 g gl ] Glabglie o
5 cdliw] 5l oslatwl conl suis el (yloz j0 CS g
S9U8 098 509, 63b Jldinl b gilug, cais o
a3l 5l o3l Caro 0 6,5 cdlaw] I eslatul

IR RUCPWAALLE

o e $5H g plas w8 il o5l

"R S L ygane

B_zils o) mas 09,5 o Ll

Jled =015 595 el

1S Sl Sy
mrkeymanesh@pnu.ac.ir

Hw IR s)Ll.)L'l_w‘

oo Sy

mohammad.karimi@modares.ac.ir

ol yoe SIFH e

)l ot oo 0aS—iils
o -8 558 ol oKl
1Sy Sl ey
aliomran@student.pnu.ac.ir

doddo -

sl Sl 5l Gl 1) Hlawl slabglre

ey Julse b bLs)l 1o 05250 sla SIS 0905

sl olsie 4 (RAPY) cdlawl asly ;i ool

Jytos sy

NEe V1oV Gopdy VE L AUYA S50 A F e AN 2dl s s b

L. Reclaimed Asphalt Pavement

VF) il 5l o) o)led it Jlo

Jlezes awls (DOI: 10.22091/cer.2021.7526.1320

Sres glacslo p; slajiagh



p 5 cdlanl slabsls cosatly s Slos p (Faim 3l 3

Do L}iu"Lo)'T i al p SJlaw] asly ol polae
Oliize 0d pwyp Sl gled (o (SCB") &lo ploeus
f(;..\.w).u @ 6‘); (UV/)AJB uﬁOLo )‘ oolaw!
3O (S [\‘] 20,5 oolatwl (g5lug, aeasds
Jlesl (g, 51 (o 0as 15T,k sladised (59, 4,5
ol el Coeaddy o ‘_,;.Jla..ﬂ bolss Sod
Slediges pgas pl o aridS Sliass alice (Guass
ax,0 AD o 40 59, 4 9V WO Y Sue 4 SCB
bolore Sab,m gileans ke a4 ol 5 ool
)Q ‘6)'L~)9) )AC )‘ JL.» \K 9 YO N D )O gsJLO.wT

[V 58 0] o 6l 4l 5

Lol adsi ol itz slaghs; ol Sangn
aw 5o 1y Ll olgs o a5 Wlonges Slprian p,5 claw]
Dlis S pg, 4 o0d alys bslis IS aius
L ooad ady bole 5 JI glabogidl b oads aJgs
TA] oges ot oloord slagog3dl I oolinal
o938l 5l eolaiul pgas o Al lias
Sools b goSles 5 a5l abend
WS o Syl )5 il (gileg, po (Saboleas
Gl slado s 5l Slidos ol o sl ond ol
odls oolaiwl 18 Sig duoyd oIV JI /Y o 85Ol
[ve ga] el
51 ool ogilly Jouily 5 (BT 0d ple 0595l
Saeatl o Slee byl wsilug, yo cdlawl asly
sy kil lawl 4l gl (awl slagslos,
Al 50 oddym ;8 S92y duyoe Sl 4 Sl i
Sy lae ol 5 yeS esliial Lol Lo el

Ml g S (Sodm el wax slagiles, csle

3. Semi- Circular Bend
“. Aging

VF) il 5l o) o)led it Jlo

Globsle agi o waxr ;8 5 (S glas oy
oolicial a5 ol las ey Sl el ons i
wlaw] asly (o0 V0 5l ieS) b sles o
S e ol cliw] bl 0 g b b
Syse (doyd Yool YL ;YL glaas s (nlpby
il ax 51 ol W55 1 oSk
(lin] slabglie adsi o cdliw] asls 5l o5 s
Ll wyls o 50 Slolyd a5 olaidl sblse
ao o b ] slabogles 5l osliiul ;s aile (ot
labglse 45 ol o 5l oo cthw cdliwl asl s YL
B G o o malS wad a |, o] S5 s el
O FediiS g pldrw el il adls [0 09> ge
e S Coglie RS s amel o g bl
st llyr slite ik Sgdice (F3,55 5 5
51 oolitul b 0,05 oo 3 ooliial 390 coaiS M
slabglie o Sloe 5 (Sl ls> 59, 2 sy
5 o 950 935 LRamgsy g byl 5 (e
2l a2 g b 5l Sl s 5 4S8 )
LY 5 Y] oyls cllanT asly gol> law] slalglse
£S5 il byl I il glaasiz o590l
Al 5o Ceaglin (s yos i (il 4315 g5l
it glabes jo S5 5 alS ogen g Sab )l
asly jloolaiwl a4y azgi bl a8 5 )18 U510 50
sbls; olizen doil ;o 95250 18 Sliogas 5 (]
3 fee il Sl g 65050 8B )50 50 Sle
dgzry cdlaw] asly gyl 0,8 law] byl 3
b el ansls o1 1 o Kigh fadge cnl 45 ol
prlle oopn Glp byl Aise slagl,
il bolse o Shee 5 cdlawl asls 138,56
550 Cllae 4 az g5 b Badzd ol [0 ailed colaiul 6,8
wlawl asl s 5 0,5 cllaw] Slasin jogas 10 ool

2. Rejuvenator

Sres glacslo p; slajiagh



S S S pln 3 Swglie b)) Gl b Aidew
L ocdlaw] asly plas gl il clabslbe
aS axdl o sloploes Lied byl 5l eolanul
Ml bglies 288 nglio clan sl 5l oolic
5% Swglie 5 (g)lhly AalS el (g was oo Gl )
hSen 5 TS [IA] spdie (S35l
5 cdlan] asly ool aul clobylie 5,Slos
et ialesT 5l eslitad by gl g3
ey ot (s3laln; (25,5 (6531 dnalona 5 slo ploed
Ll s Bl sols 1,8 addllae 5)90 Sle sles ;o
Dolie yiny i sl il 4l aos Ll
WLl g 0s abglie ks Casglio Sgugy 5 (olins]
h cass plp 5o Cwglie (alierd (5398 9,5
lobglse ush) Cumala e 3l 5 0ol tals
o Ko oladss 5l S e V] el aal
Sroglie duslio g (o) & Oen 5 Siw GBS
Slao,s ol o5 5 €l (il glabglie oS
L (oo Foog Ve Ve Ve an) adlawl asly Vb
Sl ooy loplons e iulesl 5l eslanul
P eaisS sl ol las Ll cldlas ol as axsls
slebslre ;5 (Jo) oo silule, (25,5 6550 5 (U)
wsly a3l cdlanT asl il b a8 5 Elo dla]
Db on CeSd Ceoglin Sge I plas a5 cl
il sl gl gl lanl globslie pizan
Sbylre 4 Cond VL CeSs Caglia il
o Y] aale il asly sl o8 cdlind
JRRS e P RPN FER R S P RV SR I
asly doy 00 5 YO gol> 0,5 dlaw] slabglse
Sinlesl 5l eolazwl L -10°C 4 YO°C sl o cdlanl

W PR =\..:>|\>f I 6)‘..\§)la Sgo 4O 6‘0,:‘\)@...: U’““"}

5. Singh
’_ Strain Energy Release
8. Strain Energy

VE) il gl o) o)led it Jlo

Oyt S5 5 oot 5 Same s S

5 Gilws,y ploo uals cel a5 cwl pilcws
Caled )0 5 IS 5 end glaanze aldl el
oolitol L VY g V] 09800 sileg, Pored] g
Ofy (Sle s fs) szer lailulsr
Oyt ope g petsn slaggs, ol
Slasie oy o lwl slabslis gloniS ol
Soete ) Silwgy )0 ol B alend 5 (Sl
ooy 5leolatnl b pimghy j0 VNP Jlo jo anisy
slabslie 5 Slae wiliie Sl g5 5 5 Y
S8 oy 0z cdliwl Al s ooy B (gel> il
slobglis 15, 55,0 5| Sl 285 ool ulis 1285
Al myn D] 02 ekt 5 (S il o (28050
38les 5 plys il bylre 5 8 (Sudym
972 O 3l Gyl yoe Jsb )0 silwg, Dasail,
&S cwl ools ol b oldlas [VF]
9y watlsmsl bulyd 4 Wlg po Saeadly (Sud
sBinlejl jo Fadm leo 5 oKiulesl jo Sy
[0 55wl s (3l calieis 5 3 g5
CwSh g SHad, el byl ol
slimlesl 5l eBalsl e awl  slabglie
5 Ghaloj] ppitine b (225 Galoj] (pzmen (il
GiS Gtalesl s lepldesd (e alel (pies
sloiole;l Gl 5l 0gd o soliiwl | Suws 00,88
Solw cde a4 gloplopss e ialejl o o)Ll
Slotlel 5l (S ptalesl il Ssees 5 aisai Sl
CaSs Caglie byl G e ead wslis
ol sladlo o [VY 9 V8] el dlaw] slabgle
CaSs L, egar e il slaiagy
ool b i asl s gyl 0,5 i clabglie
(Y0 C) Sl sbos 4o lopbps e Liubesl
9 ohKen 5 g (b Glsie 4 senl oad alxl

°. Song

Sres glacslo p; slajiagh



p 5 cdlanl slabsls cosatly s Slos p (Faim 3l 3

0,5 cdlawl Sogidl g4 SO dABY ¢ - B) was L3
Sy (55 LS 089y slailsr g8 o e 5sSel))
(Ve VO b yao) law] adly b polie

o] o0 oolaiwl
Sadlyi 50 29290 B g9 g oMo e )-Y

dlaw!

5 ailaSin g5lolaz sl e mle Gilesl |

o ooliiwl dlaw] ail 5 Zlas 18 doys yutd § 8
Al 0 dgge b Aoy Lol plowl 51 o aS
Cawddy (gl Crizmad 0wl Cawddy o yd O/ ¥ ¢ ]
e ok taleg] ] (slacdl 5 a5 5 0,91
30 ol Glasin g sl ASTM-D1856 sl giws

[YY] casloass 6l ))Y Jgax
‘;Q.u CJLM -y-y

Jolss iz ol j0 eolaul 890 (Kiw zlas

slediged cole gl colainl 550 s> S las
S S g5 5l g Sl udizs ol jo slaw]
5l law] bglse sladises cole gl .l 255
V4 alaXw (50'“‘ o)l..b‘ ).S‘..\} la 9 4......45...: 6..\..;4)‘&
ol Bus aSo) 4y dx i b sl ool oolaiul e Lo
2 il glaasl s Gl laas s 15t Guiss o)
ol 0,5 law] slabgle Bowady o Slkes (53,
5 &lwloz 5 ) cdlaw] slaasl 5 goails (ol plo
e 00gume 40 WS astie (gl iolesl sl
b obesl Gan ganaly glee a4 (Gl asbip]
il asly s sloos,s o il sladiges
Sy aails hls (aoyo Ver g YO B (ao)
L olae Gudod opl jo oolatuwl 0)50 gamasly ol
ol (ASTM D3515-01 s lsilewl) ol 5l sleol,

VF) il 5l o) o)led it Jlo

slabsliee (a3 L (Gl 5 b slos 99 50
s bglse  SaisSs (cllaw] anl s og58) odlawl
Gl (S35 plp o Caglie a0 5 Al
sy 50 Cwglae ludlex I eolanl L Jy aidly
b S0 Geios 5o [T] 2l s (Sopsrs
bolows g9 aw st (Sejiz Glea y Ghug
5 o5 odlin] belre gls cdlin] Lglie) e
5 (] asly wo s YO g5l )5 lanT Ll
Ui islesl 5l solaiwl L -10%C 4 YO°C sleo
5,90 (5l oS 5 g 11 ) (6,038, 590 aws )0 g 0 ploews
e plas il Gk @l <S5 8 b))
ail sl a5 clawl 5 aF cllawl slabglse
AVl CanSs (Sojhzr 5 cenSl 55l gyl el
G Cad (GRS 050 aw o5 Lo g0 e )
IV ] axen glo e slabgle
eyas ;o (b (¢St Sul 4wy b
doys sl )5 Hlaw] glabslie Sasail 5,Sles
SRl ol 50 el 48,55 & jp0 il aSly YL
slabsliee (nl (50,955 5 5 St plp )3 Cunglie
N I R e
o,fles bl 4 b ool ad s 13 Sl 0,40
g 5 03,5 SaS anl glabslie ol oty
Jsb 55 s sbwl b ols ppilSe 5l o S0
5 soxi plxl lp bl Gl gl s
ol 5o 008 laul glabsle g5l ()&
5 VO B+) cdlawl asls oYL sboas,s b L,
o oS aul labslis sy s, L (Ve
Jold Saenily (Sads) ilesy yee alite sloo g0
2l ololy YO°C glos 4o (Jlo Yo 510 V-

ol 418,518 ) 0,90 (Sloplops s ioles]
LY 7,k g (b pao mlao ¥
Sialeyl plil 5 ] slabgliee el gl

Sres glacslo p; slajiagh



0 Olyes S5 g (02,5 dorme (ke S

PRV | a5 Beio ol 5 eoliial 3,90 8 Slasie 5 ganals Glgl @b [YY] col sus
g8 Olasivs .ol MDY+ o g5 5l conls angd 05 50 oad ool LIS Y Jgam 5 VO SS 0 (S las
el 00l 00)3] Y J3&> ) )Ja.u Sy90 ]

Gz p] jo oolaiwl 050 8 Y-V

[ e )

[ daz 5 ] [ 3 plyr ][uu...i A.LI);J [ ss*—'c"m] [ £ sl Sog33l I
(ADIY - +) (35 29 EYRES (pressly)

kol slo wiges il g dige 58 o0 Cpnd
Sl 435 e slane ;s gol>

[CEUSITEn] (4815 2y 84) (4315 a0 YO) (adl5 doyo Vo)
RO R50 R75 R100

\ £

[):.....L..T.‘\,\"Y.\’t)\_‘c,.a:md;al.:;u|w»,SCB\_chem,,duJ,.,x.:,dlqﬁ,:_..l‘_gL»mwj,a—}

4

‘ (ilien zlan) B Gigad b oy gl -]

(AD OC wilsua B 2 cpola 13 )

[ (9, MIAS J [ Go,MAIL0 J [ Ga,NALS ][ Gs,VA20 }

{ Y8 0Csles ;5 gl o pls @i e ulaj] plaxil ’

)
&
<
&
T

—

{ GO Gl e e 1[ 55 85 sibolay 5 ]
[ Se aily o Slee b3l ’

bl ol Jolye ) U

claw] 4515 ) 39790 b Slasie-) Jgur

oolesl olailisl | Gielejl b oo plmil Lialesl
ASTM D5 Yo 1) MM) 3685 az o
ASTM D2398 5 (C) ooy abais
ASTM D113 0 €M) (oSl Capols
ASTM D-88 YYD (Pa.s (C) 1YD ;5 aje8us

VF- OL..HJIJSJLQ_» A o)Lo..i’; ‘M JL..... cs"f"'c LgL‘b‘*""L"“J'l) 6"‘3&"“5}'



o Sl glabslie Baeasly o Slae 5 Sy il b)) r

100

80

60

40

Sl )5 9o

20

0

0.01 0.1 1 10 100
()Lo GL:A) S ajbﬂ
(RAP) cJlaw] asly g9l dliw] slabglie cilo o soliiwl 050 (gouails jloges =Y JSo

o pllas Slasin -V Jgoo

iabeyT s fastu oialesl @l o ol o]
ASTM RAP 5 S pllas
C131 (2020) YO vy (0,9) ol oyl 39, 4 ol yiSTas
BS812 VY 1 (30,3) 3,95 sy yiSlax
D5821 (2017) ¥l S W S Sl 5, a2 99 55 (FSs wo s Jilos
C127 (2015) - \ (@l o wlas) Ol Gis aoys Sl
C128 (2015 - VY (@loy, glas) ol iz as s iSlas
MO ++ 1 Slasie -Y Jsos
ialesT o laskl oialejl mlis ooy plsl tolesl
ASTM D-70 (2021) Ve KgIM®) pgasns i35
ASTM D-5 (2013) ) CIMM) 395 4>,
ASTM D-36 (2020) A (C) ooy abais
ASTM D-113 (2017) >y CM) oSl Conols
ASTM D-92 (2012) YEA (C) Jlsl alais
ASTM D-88 (2019) -IV0 (Pa.g (C) \Y0 ;o 4 jsSnss

055 sl bolsa gl 539330 05ko ~F- ¥

ol aseioo ¥ S 50 o] pgal a5 0555005

QO5JB| \)5.»»60 aslsl ).._9 L LR g_;’%)-"‘ ools &»
Slabslie axt 5 5 ;8 elst 90 w295
prsSls 5l ookl Gllze 5l (S 008 po Hlind

(S My Ngy Oged WS (Sl ye ad ke

" e e Japjwsm (539’45]'03;““})"‘)" 5o waLM
(0555315 o8 cllinsl Sng33l oole - IS s

VF- OL..HJIJSJLQ_» A o)Lo..i’; ‘M JL..... cs"f"'c LQLQC“'"L"“J'U &L‘bu”-“j)-'



a0 Ve o b ,3 0 a 0o )8 ol geo
D ooyl peile ¥ Y Gee a4y b T (ol
Ve bl @ eyl S S L 23505 ¢ e
SSan bole U ool adlsl 3 4 daads o oyl
CEle glp &S 0500 (LS Slasie oyl Casn
F gz 50wl ool oolaiwl 0,5 law] slalgle

sl 00l oaly ylis

Olyes Sl 5 (00,5 dae (a5

3938 Olore 4 73 50 p 39Sl Sl gl cnl 5o

lallae ololy o ool ond solitl o8 cdlin
39 Moy /) lade coniile S b olpiin g eiten
L sl 5l L8 el 4 p5sS0ly s 5 Sl 8
@ U oad )5 b lanl 09l o0 03938l (S las
prosely BWS Cuz g 9 905 hoss ol Sl

Ol ey g 0 solitul (B red SO 5l Lals B0

pisSal; 5953 onle Slaseina —F Jsoxr

prgSol) wlaseia

=b

SypS 3)5

)

X s

>

oy p Sk Y-

ol F bl a0 A

J> Je

g_j ) M:J)L)

ERIA

(8 4 o) 590

4 drdiges cSle byl il g i Olllas 4 axg5 L

bl law] asls jo 04mge B sy Vol
el 0o 110 Jgaz jo o] Slasie a5 w5

(55 (2l (89)) jluilyz Slasin -0 Jgoxr
Oy Slasine Slakie go
53] =9
oais B %
Al (il 4815 5 & Cenmd ) 390

Aoty g8 Aoy i —F-Y

lotales] ol 5 ol slasipes el 3| 3

oobl ) YS! o a8 as 0 (Sl 4 bgsye
Sul 4 ar5 b o e (hoy T JB sl
sloasl s it glaoso,s gl lawl slabglse
il gl bl #,b Ly, 5l s o]
Sy [YF] 00,5 coliiu] dige 1B o )0 (sl S
Verg VO b ao (gsl> slabgle (ol a5
O/Fg DIYD DN FIV e a4 el asly s,

Al Ly, @las dige 8 doy el Cawsdy dwo o

VEY Gl sl o) oyled oiia Jlu

lasilg osko ~A-Y

Gl e, Oluls 4 ol lis Sl

saiiS e Jale g oSt ST G lare 4 Wlgs oo
B B IR RRYIPUE IR S (VP RV JUPIP- PSP 9
o ools las FOUSs yo ol pgal a5 JHS o8,
oas oolaiwl lawl slaasl s jluilg> laie 4wl

(55 489, jludlez oole -F S

Sype shadlsz loml ( law] bslre el gl
A 005380 law] slaasl 5 4 ubitue ok 4y eolazul
£S5 il slabgle 4y ol Bran ol

See slacslop; sl iagh



p 5 cdlanl slabsls cosatly s Slos p (Faim 3l 3

YOC sles g ooy ¥ I (slad aoyo L (1515 o29))
4 bgipe Jol G bl oo pends JB A0 oz 4
Jols pes A w6)9ln) Slalyial ladige o le
Sml 5 sied Gloploes 4 allgiul slaaiges by
G093 ey il Jeld pse o dadiged o S5
Cuaglia Ghalojl plmil Jolis pilez (i 5 baaiges
03,9 S5 (she> opldes sladigel 55, p eSS
LYW glos .aisl oo YOOC (gloo 1o ouiii g 00y
ol o sasasly laul clabslre glgl o515
el 0399 VVOC 5 VYO OC Ll 5y a0 Gudos
30 bl 8,90 sladiges Slaxs g cuS 5 5l glaods

! 00 43‘)| i Jﬁ"\}

4 gy cdlan] gl LS b uloly o

asl )0 39290 B g Wiz 3) byl ;3 IS 50
axg5 b5l 0,90 o b Jlade ol ol conl (Claul

Ol 5 0gmge 8 jlade g clawl asly lade

25,5 Lo o bglses
Sl el o Lol sbaige cole —F
= S &

u‘)s‘.\.@)\)\” 3\(0 ‘O' s)Mk)AL»sksLa‘éLQC\)’j.‘oj

Shdlyz g5 S g (pigely) )5 cdlawl Sag3dl gy

il ploul sladiges slaws g oS 5 -F Joao

Sley o
Slows ° ), . . odle M‘).;)‘MA
s AT sl )2 S Ges & ool 5958l o &
SRS gl | wileS o | Greske) e |l & L
s | o T s | e -
Gs)
1,55 aw »
o IS | B Gho | Ges d S5 aw A - - ) s, all s g cJln]
FEF v | vAsTIA Y L e o5
>
|5 ]
P) 5 dw
O Yo ol 4 Sy dw YO - b o5
YO sl e | GeE Loy AD/Y -« - LS s, o isSal; 9 S o5
T,V | YASTVA YD oy ol
cJ> '
|

2 IY- 0] was )l Al o wgilug, e
ol 00 o0l QL....Q L@:\;}u 6)La.._‘>| cadle VY J5..\>

S SigloT Y- F

byle slaaigai 55, oplopsd e Shalsj]
ASTM  slutial b gllae YOOC sloo 5o lli]
[¥0] ws sl D8044-16
O USs o a5 jshiles wyluilisl oyl b gilhae
T sladigas wenl oads ools oylas Ssleds sboay

VF) il 5l o) o)led it Jlo

‘SM QJ‘ ) solaiw! 0)9‘0 ‘;M}H ..\Jui)é —\-¥

9y Som Jleel Gragh pl Gl Boe

Sy e e b o STy sladige
lnls sl gilog) jee Jlo Yo ok )3 il
595 il slabslie Sudyy Gl osbw b
@285 IR ser s Silugy Dueaid o Sles
Ohles g (Sll (Sadm (B, b Gillas ¢ pglaie (on
¥ Soe a4 Ll jo S5 ol 5l e o ploew sladiges

Silwdcds jelaie 4 AD °C slos 10 35, 2 5V O

Sres glacslo p; slajiagh



Ve e a - .
e Syl )l 5l (o S Dal Sl o
4 00l s (:313 45 00g Olge oSl Hlid, s o
oaolad adly jo gl Dol Glew oo
o o] S 9 Q;QJPJJ.T ﬁ‘ﬁ )0 O‘yo MSL&M
L Gilhe cwiid oo 4 bae polie (Guiss oyl
o Q] olio .[Y?] Gl o0l oolatuwl pdan Guios
Sl ey e Gilpls 09 5 oo csalie A Jour

sl oo oy (V) alal, 5l 25 ol

K= I;(r:trYI\/rra o)

Vo o Kig) i oo (Slow co o ol joas
t M) asges gl 1(N) L iSTa> P (RNPS)
oo Y g (M) S, 5 5o A(M) dges Culs s
Lol g
Ol Gialel 50 pwdincgpo 4 bgye polie A Jgax
[Y7] Sl slos 1o (sloplopeas

YA | oYY | Yo (loskes) S5 3oc

YAE BN | IOFE | ) s 5 S s

(Qe) JI,%6l = ) oads g3lwlay (i S (6551 -Y-Y-F

Glp 1y diged 1o ol 0,53 (65,50 el oyl

Olie YL JC aS (5 jsbay S (oo hrogi S5 ,Liall
6‘).3 AR 0 dj‘)‘ |) 6).“_:91.‘44 oS ﬁ‘ﬁ o WSLOA
abamd (o 0l (il b, (23,5 (65, Jlade jglaie (n
et olrale -5 ol eolatul b (U) cansls
sy —5y Jlogel nj ol SCB ialejl jo 0
el clss 5 1 b e e S e
el Sae S, e VO USE (e plgre a)

1 s (323 oo ylid ) Sl sles ;o SCB islejl

°. Critical Stress Intensity Factor

VEY bl sl o) oyl qoiia Jlu

Olyes Sl 5 (00,5 dae (a5

YA 5 YVA YO S5 Ges aw 5 OV Culs sl

ldiges 5 laiz] cadle =Y Jguz

RO Hanl sl g byl

R50 ST sl a0 00 g9l byl
R75 Alewl a5 oo 0 YO g5l byl
R100 ST sl 5 a0 -+ (g4l bgls
AD S e byle

AS Goy V) (Sl Jo 0 Jolas bl
Al0 Gy O) (S 5 JLoV o Jolre bglses
ALS | G, V) (Sob ym Sl 10 Jolas byl
A20 Gay 1) S0l g Jlo Yo Jolae bglse

3SCB (o algai &g b5 3 o aiga 24

Sl ot Wgied sl g Ll 5 5 sl

)

-« >
150mm

SCB slediges s J>le -0 JSo

160mm
—>
57mm
<+
38mm 31.8mm 25mm

S50 Geios o eolitul 8590 (6515, 5o

e 2 3l NS0 ol o a8 (Sadil g b gl 0ge
adyl S5 Cusdee (Sl Sgee S ol axmio
Sygbas )l 1,8 SCB aiges lo ad lawg ,o s
Ll 03] S (6,135 L oFASS g0 5l ] alols as
CHlpSs Sygen F S8 @lhe G )IE0L g
oo Jlasl adds p flordee </ Za o b 5 (Sigigige)

RO

Loading

-

150mm

==

SCB sladiges (5,135 ,L og -F S

Displacement

» Roller Support

Kic il o il cu pb -)-Y-F

See slacslop; sl iagh




oSl clabylie casaily s Slhos s Sdym o6 b))

5 S0y plg 3l a5 C8by e ol pl soanl
Oliee 635 Azs BB Hsb 4 cdlasl asly g3l
Olgie 40,08 o 3l ceSls 40 beaiges Caaglie
Jsb s i bylse slodisni mlio b (Jlto
Jlo 10 Jolee (S g b 5 iaskeo Y8 55
s VO Br g3l L as 55 alisde s e ((AL5)
@ bdige CanSd (595w wlaw] asly awye Ve
Ohle ol @Bl il s ,e AY 5 VY VY Cuo s
@ ladiged (Sudoy plime a5 05 (ledl plg oo K00
O Sledigel 4 Cud wojs AT 5 VY VY
il azily alE (A15- 0% RAP) cllaw] adls
sl aul Glabglis Giase RV Jsoz olulys
Colw it Aj g claw] asly bt gloos,s

dboe (Jlo ololp (s5lag; yoe) (Sl pn alise
A las p cdliw] adly dlise gas o il -Y-0
dliso gobw 0 baged (Po) sl (5950

ools lis 4 JSs o o5 alols gl Lululy
woles 1 45 5,5 led] lgige S ooty cansl o
s il b Giaddo YA 5 YT Y0) oS5 Jsb
Gl adiges 55 Jood LB (59508 2SI o Sad
slaaises 13 (Po) 5,0 Sl (Jle flee @ aboe
b owcdlin] asly asys B¢ sl> lin] belke
, AL5 AL0 A5 4 AD 5 Faiyn mhw il
lo ialidl sy FY 5 YO YA 00 w5 & A20
iy Gl laaoys aled )0 Wy, aad S
e plgiee alply 005 e sdalin 5 el
il Globglie (Sodyy g (il o5 285
czge (30,5 oo Hawl slabyle hw corge o)
335 o0 S8 sl p3Y (950 S0 I
b5 2gmy 45 25,5 o ssalive copl » opdle
oy il e 4y p,8 i) bl o cdlin
labsliee St slp oY 6oy Sl il

VFe ulMAJUS)LQJ A o)Lo..:: ‘M" W JL.:

Ssloley 25 S Jlaie bl (0) aiges culis
ools Las (V) alaly )0 a5 0gd so iy yo5 25 )S (65,

I W

SCB test
Temperature

A
—
2
o

10.0 y=-Y,Yarvx + \F,Y4¢
R+,%4% =2

8.0

6.0

4.0 Notch length= 25 mm

Notch length= 31.8 mm
2.0 Notch length= 38 mm

(J95) Sl alixd ;0 00l Ls, ‘;.LSJS S5

0.0
25 318 38
(ackea) 55 Gae
S Ges plp 0 0ad oy 25,5 (6550 -V S
3 = _i[di) )
¢ b\ da

& Julxi -0

CSh B, ewyn Bae agh opl o

Wl @Y glasys syl o8 (lawl slabgle
e Lialej] gl 5l ealital b Sueaid o el
pll b ol pls sl 004 YO°C slos jo opls o
—gm g dadiges g3, g cwSs sl
ol sl eolatel b e wlods] Cewsds slral>

LR
Oyl — g (oo —1-0

argi L) bases 5l (B e smdd —g s (Sxie

oals ool Hlas A IS o (st S olaws yog ol
bl oads ools las A IS o a5 jshailes ol
(il clobslie o cdlin] adly ol Ll
Jlie jo Lol (ilidl casls sy 3 (g9 STa>
labslie 55 rimean o il alS S,
FSlas ( Sadm mhw Goli8l b cdlaw] adls gol>
R e L It S ST
bbsle (ol Cbw 5l LaS 358 550 90 0 a5 23l

Sree slocslo p; slaiagh



AR

b oo (Rl (6 eS Cuns

= 1.2 4 25 mm
2 i e 32 mm
£
— — 38 mm
£ 0.8
0.6
0.4 R
P ey
0.2 4 7 e
1] ™ . - T
L] 1 2 3 4
Displacement (mm)
L8
iz A0-50% RAP
141 Notch length
-~ 129 25 mm
é 1 9 e, 0N, === 32 mm
- Ca “.,
E 0s 4 ¢ Sy — =38 mm
= [~ T
0.6 4 J ~ Suy,
}/ e .
0.4 4 ~ ‘*..\\
0.2 e M
.. 1 — e -
0
0 1 2 3 4
Displacement (mm)
1.8
- A0-75% RAP
149 Notch length
= 21 25 mm
‘-:- 11 s % e 32 mm
£ g
S 0.8 \ = — 38 mm
= ; S
i i
064 /] 7 b
if 7 kb
0.4 '.' 7 ‘\\
i =
0.2 4
0
o 1 2 3 4
Displacement (mm)
1.8
ezl A0-100% RAP

Force (kN)

Noich length

25 mm

Displacement (mm)

S8 5 ol 2315 e laso)s sl baigal (55 ol i =5 (e -A JS

aslie) ol oo (a5l aoys Y dlin] slaboslis

B+ sl g il il (g0 gladigel 59y ST

VF- QL.......JL?S)LQJ ) o)Lo..i’; ‘M“ W JL.....

Dl SI56E 5 gor,5 same s a5

L ooylgen g ools Lialidl Sl sles yo 1, cdlaw]

& 12 25 mm
é ----- 32 mm
E 1 — —38 mm
s -———
_ 0.8 ’,"
0.6 ) —
0.4 '."/ v
g ~ i)
0.2 y e e
0
L] 1 3 4
Displacement (mm)
18
i A20-50% RAP
Notch length
— 25 mm
;_E, ----- 32 mm
E — —38 mm
s
=
3 1
Displacement (mm)
1.8
g A20-75% RAP
1.4 I Notch length
= 12 i} 25 mm
é : \ A 32 mm
g 1 J \'.‘ — — 38 mm
= esdff \
I
0.6 ‘ 5‘
0.4 ‘ \-i
0.2 ,
0
o 1 3 -
Displacement (mm)
1.8
i A20-100% RAP
1.4 1 Notch length
& 124 25 mm
é 77777 32 mm
§ 11 — —38 mm
s
=08 4
0.6 1
0.4 4
0.2
(]
0 1 3 4

Displacement (mm)

59958 L (AD) vals sladiges ;o Jlie oleie 4

S 6l Y (Sg g Slos claw] asl s aws o 0

Slros slacslay) slaiags



p S edlin slabylse masail 8 ,Shee p (Sodm b obj)

b eSS Gl p3Y o ST Gl e cnl b
el 03505 Toy (6 B s Sl alil 5 ol
Soye Al Jlade (S5 Ges lBIL uizmon
SalS a8 il clebglie cuSs gy e
oles 50 5 S5 slages (sled )0 g9dse (nl wbios
Jlse Glaie 4 000 5 snalice Sod @l sl
S las cdlaw] asly as,0 0 gyl AD sladiges yo
SYY X0 S5 Ga b lotiges ca sl oY (535
I8%e </ ANE L o plpy oy a4 edde YA

3.00

Sldiges 10 aS Cool Jb> o cpl d(cdlaw] all s oo,
Sl cdlaw] asly oo, YO o458l L (AD) vals
ao,0 0 (lawl glabsls cass ly p3¥ (595
3l glaisal sy Sl anglie) w8
O oy YOS g cdlaw] adls so,e YO O
51 oolizal o jladlsz 5 ealizal (el ol LYo 5l «(les
elsr il b sllsr ol )5 i (555les
0030, il slobglice oy el oy (sloyed
5 0550 yeS glod) o5 Clins] (g5esiSS 3l ealiil
0l (So iy Bgy G e (o515 5 LW (6l

3.00

Notch length 32 mm  ----- 0% RAP
50% RAP
75% RAP
— -+ 100% RAP
2.00
-
s 5
=
o
ﬂ. -
1.00
> Y
-  acaall '
o===""" ®
0.00
AD AS Al AlS A20
Aging level
(<)
3.00
2.00 1
z
o
=
<
1.00 4
0.00

Notch length 38 mm

Notch length25mm  ----- 0% RAP
50% RAP
75% RAP
= 200 — -+ 100% RAP
g* .
e o —
Ay
-8
1.00 -
_____ -
SRR =
P
0.00
A0 AS Alo AlS A20
Aging level
(«ah
----- 0% RAP
50% RAP
75% RAP

— -+ 100% RAP

AD

AlD AlS A20
Aging level

@

Siondis YA (2) 5 yiondio YV (0) itandia YO () S5 Gos 10 (Pop) S (gl p3Y g9 ST -4 S

Ol b gl co alaxde a5 jshilen 0yl o Cewoas
badigas (25,5 5551 (Hlawl bglio (S
ST sz ye a5 Canl o] el ol s sl e ralS
i) o o] i glralr Jy 28l Gl (Sadyy
A 53 (oo S s ) wboo palS CenSa
dsle )0 ial)l g0 opl pls b 585 Sk s L

S G5pl S CE S A Gl e (5,5 (655

VEY Gl 5l o) oyled oia Jlu

6551 3 il 4l dlise glaso,s 5T -¥-0

5y, iliio zgbns 50 Waigas (U) iy

Al labsle (25,5 (555 4 by pe mli

Vo IS0 Sl sles jo o pl )0 adlas 950
b il slabgle 25,5 655 onl 0ads 03,4
gl dslone b g 00 glrals e 5 sk oud)b

w03y Jb Sl b e puss — )b sl loges iomie 5

See slacslop; sl iagh



'Y

G Jd @ ceSs a0 plealy e
ol il rals daw] asls sol slabslie
gy Al adly (WlBl b (20,5655l ggeme 5
Gy als gy ol el asls sals
O Cons il aslp s, 00 gl sladiges
ladisel b anylio o cliwl aily geu sladiges
O Cowd dlaw] ally sy Ver g VO ool
ol ol s el a8 wdlaw] il a0y sladiges
75 (SN Ssete 50 Jldler Fhe A w2 lise |,
3eslainl a5 C8F A olg oo pl e aals
OF sl 5 00d 53 S50 w0 IS (85, Sl
slobslre sly ofb 8 aline il & Gaww) s

YL slass o a4 Canns Claw] asl s oo, 0 ol

~ 500.0 {

Olyes Sl 5 (00,5 oo (a5

Jle plgie 4 aboe palS Cash alizd o ladiges
SiP w@0,5 oo odmline o -V S 0 a5 jghailes
alizee zohw ;0 (RAP 74) sals sbhaises i S
oy sy 4 A20 5 A15 AL0 A5 AD _Sus,e
sy 5 Js5 FOOID 5 OVA DAYV FYA YA L
Cldiges 155 50 a5 cwl Jbyo ol el
AD  _Suiy dilize mohw 0 RAP 11 -+ s
YEAY L ol cws 4 A20 5 AL5 ALD A5

o qayoyie 55 VEVIE o VASIS YYY YESIY
ably o9l &5 was e plis @l (nl p oegdle
ke GmalS carge (Sadym iz ol o cla]
Gl sl s 05 el sladiged (23,5 55
@y b CwSS Glp e o Sl S Sl
Dlio yo Jg ol olii 1y Lialsdl wcdliw] adls sgmg

1000.0

Notch length 25 mm 0% RAP
----- 50% RAP
fffff 75% RAP

——100% RAP

750.0 A

Dgad ol
1000.0 T—
Notch length 32 mm 0% RAP
----- 50% RAP
%04 000 ==-e- 75% RAP
= 100% RAR
= 5000 1
=
250.0 4 S
0.0
A0 AS AlD AlS A20
Aging level
(<)
1000.0

750.0 4

500.0 4

U@

0.0

Notch length 38 mm

250.0
0.0
A0 AS A0 AI5 A0
Aging level
(alh
0% RAP
----- 50% RAP
————— 75% RAP
~——100% RAP|

A0

AlD AlS A20
Aging level
@

Sosdia YA () 9 yiodn YV () cyiandin YO () S5 Goe o (U) 25,5 5,50 -V Ui

5 SLSLL cnl laml o oS jshilen (giod ol b
3l eolaiul 4 cewl gobg0 ol odimolii wyo S by

Slp e o wizye cdliwl asly YU we)e

VEY bl sl o) oyl qoiia Jlu

asly Gl eads ploul i sla ieghy o
oolawl cdlaw] asly ey 00 b sSlas) SJlas]

Aolie jo a5 wl 23,5 (65,80 Gl el ((oge ous

See slacslop; sl iagh



p 5 cdlanl slabsls cosatly s Slos p (Faim 3l 3

S5 595 $976 4 Sapp S Ges g jlalsz wdlanl
3wl g aes 56 ] belke 25,8
B 4z 8,50 (liwl bylse aesily o Shee )|
5o Cuglie [LB, ol lis s cpl mls aldl w8
cdlawl asly o0 00 ol slabgle cuusls plp
il asly oo slabslie L, alie s> b
5 S coge (il asly s Gl cwl

Ll 0 0,5 lawl slabglse yas 55,5
Gpily cdlw] adly Gl gaaws,s il —F-0

‘;M)*’ oo c,.b.w J° (Je) ool LS)L'“ L“) W;

bslie glaaises (L) oud gilule, 25,5 (55,

WSS 5 Sy Gl gshn o o5 i
@yt 550 alimdo a5 jshailen el o0 ool Lt
cdliw! asl s il sy b cdlaw] slodiges olos
SMpm e 4z (aeyd Ve 5 VO B o)
Sille, (255 (6550 b Gl (Hlawl byl
Jo &Sl 4 azxg bk SolS badiges (J) oud
GBS 5 pln 0 aiges Vb Cuwglie oasmsplas YL
Olpse el (Gl slos sloS 5 sl (Sus
@l slbas o b ondi slodiges a5 8,8 ass
S GBS 5l 50 (6 i Canglie cllaw] asl
33,5 o0 abh>Mo (Jlo plyie 4 aims oo (LAS 355 ]
Slawl glaasl s a8l law] sladiges Jo jloke oS
A10 A5 _Sui . wiliss rshe o (0% RAP)
5 S 0o ys OY o ¥V WYF O F 5 4 A20 3 ALS
&S cwl J 0 ol cl (AD) saisn sladiges
sloasl s oo, Voo ol dlawl sladiges o jlade
SAbp dilise zghw o (100% RAB ]
DA 5 5 XV FA s 4 A20 5 A5 A10 A5
zobhw il (AD) ouiiym slediges 5l eS woyo
ldise ko jlaie o palS coge Sad g alise
b S i e orimen S5be o i
O S crgo Sl bl 09381 o (Sl plss

VF) il 5l o) o)led it Jlo

V¥

oeals cely blie jo Ll awo oo moldl 1) cuss
38 dgdee CaSt diad o plrals ugess
5 Vol il oas o555 550 GRalS cge ggome
[rv
S8l Gl o g AV o Ss anlie b
lbaiges (25,5 54l ke S5 Gee MIPFIL &S
Slides 50) whes el glaa>de BB jsba
YV 5 Vo] el oo oamlice adly pl 5 atddS
HB 5B S5 Bae o5 285 an Gl cnlply
43,00 (59,655 5 plp )0 diged Cuglie 55, (kS
2555 &5A e AD sladigas jo (Jle (lyie
ks YA 9 YV 4 YO 5l S5 e Ll b baaiges
(ol g ogdle b RalS w0 O) 5 VP S
SRl g (Fady plys oSl 4 85 anii s
=5 A Gay ks JB gk 4 S Gee
Goe SRl L Jle lsie 800 b Leiges
RO lasises 25,8 (5351 csimckes TY 470 51 55
oS el J> jo el il oo (ialS as )0 VGl 4
Ab oo 2alS oo YA e 0 A20 sladiges jo
S My g l Bl a5 85w g oe eonl e
i bgliee sladiges (25,5 6351 53, shie 3L
Sy sl slaaiged gl ezl res Sl 05
o Jle laie 45005 LS5 5 cdli] adly calises
Sl b cdlaw] asls as,e 00 gyl AD sladiges
@ baiged (25,5 (6550 Sarkes TV 4 VO 51 S5 Gos
2 Cwl J o il o grelS wsm Vo lie
S b oo ol wo s FA e 4 A20 sladiges
5,8 bl olgioe b ol 5 a5 6,500 s LB
Sl sadiges slp a5 Gl (ol &5 cul
ol i asl 5 a8l sladiges 1 o clawl asl s
2 oy 8 sz A Gl |y el cnl BYs 1 (S
dlas 5 28 Ole (Soirer (2l 5 il asly
28,5 s IS b 4 ple e il plis oedls (Ko
W ol Al bglhe Sabu ghe &

Sres glacslo p; slajiagh



VO
4.00 ¥~ 0.0475x" + 0.4039% - 1.3951x + 4.4859
¥ = 0.0598x - 0.5956%* + 1.6441x + 1.6047
2.2183x + 4.634
300 )26x* 2.8014x 3.766
o
£ 2.00
=
2
~y 0% RAP
1.00 . 50% RAP
----- 75% RAP
———100% RAP
0.00

A0 A5 Al0 AlS A20
Aging level

baiges (k) 25,5 5551 lola, 5 V) S
gy g il Al ilizo gladus o w3l -0-0

£S5 il slbgle Ko a4 bype polie
g VO B¢ o) cdlawl asly dilise glavs,s sol>
A5 AD) Sob,m alide gohw 1o (aoy V-
a0 o &l Lalg, 5l solaxul b (A20 4 A15 A0
ools les VY USs jo o] mls g eswl cawsas Y-F
L LS yeb 4 05 oo aaxde a5 jshailen .l 00l
Sl aaigas Kic oliss (Faby gl il
G Y UKD 0 o8 psbiles Jlie plyie 4 e
L ocdlin] asly wBl glaaigas ;5 3,5 oo >
Ol @ Kic A20 4 AO 5l (Sudye gl (il
oled yo amas pl ol e Gl as e VY
canlice Gilire slad Job b il slabslns
Glabslie a5 85 ami Ol eonlply oS
g 03¢ 0diSd g 05 Cawold glyls oy claul
Kic Gl & e a8 i)l gytdn M alple
Ol lawg oads plnil slajiaghy ;o 090 ]
Kic wdlaw! asly aol8l b Sl sles o 56 S
LYY o ¥Y Y] ol assly a3l
JSC5 o35 4 VY USE s snd a8l s ullys
@iz Fobaw 4 Cad Kig s ool (o 5 A
oo alie g3bj sgax U labslie den sy (Sad
lbegxe Kic jo s ool 5l o (S)ke a0 el

Kic s &5 exdlinn] asly Gl bl s ol

VF- ulMAJUS)LQJ A o)Lo..:: ‘M" W JL.:

Olyes Sl 5 (00,5 oo (a5

Grge w50 wad (lawl gladigel ;5 S5z g0 58
P ead (Saw gllas 5 18 G (Swin alS
slabyle ladiges Cuwglia fall & =i Coled
Cowdty Jo 098 oo (S oS 5 ply e sl
Sxbyy yoe o abslie gly Geios (nl o ool
B e 2 JoiskS YIFY JI-IVE o5l o alizes
50 odd 53 la PBlas L oawslie o a5 il
oy 2 Josohs +1P0 10 ) LS olides
Slidos 5l By, [V 5 VA] aiiee Js 6
a0 s Uil RAP 58 b I Jlake ansis
[¥e g1a] cosl adly rals Koo

aasde V) USE 5o a5 jshailen ol opdle
law] slabglsne sla,loges blis oo 0 005 o
Tob 5o claw] sl dilise sladws,s sol> o5
Jla plgie 40057 (BN K0aS b (Sad iy alise
rohe o cdlin] asly oy O sl slaaises
J jlais A20 5 A15 AL0 A5 _Sui,. ki
5l cdlaw] asls Bl sladiges b awlie jo (g i
OE9) Fhe M 5 Saend (pl 50 i oe (liS 095
50 ol all Slusy wiles ludlex leie a 13LS
I dol @l ol sl sgpeie (L2557 655 2
Er al p ol Slubre o5 & b (oo ol
im0 lralr o)k gt ) gl Old
le sl @lize S 5 Job a4 Cans cunsl
SIS Swglie bl ly el
sanlice a5 jshailen 15 il oo law] slabsls
cdlin] asly (a5l s (Sod Lhol Jele g0 w5
Czge a0 g (Hawl Glabsbre jiw g
4 9y Crlply a3 )8 CnSE 6l oY (595 S
Ar e Swlie Gl (2Ll e Wlgioes ke
il (59,5 5

Sree slocslo p; slaiagh



p S edlin slabylse masail 8 ,Shee p (Sodm b obj)

Qoo Wl Coad oo Slade pedee YY @
S Job plidl b as” cal Jlsjo ol aassly ol

& G5 S g e Sarlea YA & Siaclea YO

Ao Gialdl a0 ¥ Gl
& CEF ami (L5 ek 4 olgiee nlply
wdlin] asls oliee o odlin] bglre Soi o o
SAd e S5y S8 A S Ll b g jlule
RS I PRI g (Gt [ES I ANESRER

DS B axg 0550 law] bglse caeails 8 Sles

00 Notch length 32 mm  ~ % RAP
50% RAP

—— 75% RAP
— - - 100% RAP

30.00 . >
. S L ]

40.00

-
<
]
g 2000 . i
< "
o Ty
= R
10.00 .-
0.00
AD AS Al0 Als A20
Aging level
(<)
50.00 4
40.00 A
30.00 A
o
ﬁ_.
3
£ 20,00 4
3
W~
]
10.00 4
0.00

Notch length 38 mm

\#

oSy goga b labglie asa sl ooy Jsb o
S35 g sllsz Sl Glagen osliiul (nlply sadl oo
Jyone e yuais pas ;5 Cuta 13l Wil oo 0,5 clau]
il gl il slabglre ¢y oy Jsb 5o Kic
Al ansls wedlaw]
wge dadiges )3 S5 Gee Sl inl 2 ogdle
ool &l doles ululpy Kig) 00,5 o0 Kic o33!
a (Sl L SSTam 5 55 Ges b peitins alal, (6l
VO sl (AD) soiin slbaises jo (Jle e

Faaken YO 31 L Jabo talsil b il 4315 00

50.00 "
Notch length 25mm  ~~°°° 0% RAP
50% RAP
40.00 75% RAP
=« + 100% RAP

a
S
£ 30.00
<
-M
<
& 20.00
B

10.00

0.00
A0 AS Al0 AlS A20
Aging level
(alh
----- 0% RAP
50% RAP
75% RAP

— -+ 100% RAP

A0

Al0 AlS A20
Aging level
@

foskis YA () 5 ytonkas Y (0) pankis YO () o5 5 Gae 50 (Kie) (25 o Sz iy VY S

ol 4S8 easline Jo g U wyp jo Ll cudl
il asly oogil 5 cllawl bybre Saig
g oad asl slebgle 8, 0 0 corge
R L L g oy 0 a4 bla S 0 by gie
anlio jshaie 4 (@udiod (pl ,0 AU e 093
wily Gl glas,s o> Sliwl slabglse
odds siluls, 255 655l (Gmie ) e ]

Cdiges Al 4 azg Lol s Sad,e -(JO

VEY Gl 5l o) oyled oia Jlu

Hlmw] sbalse oo sy & ySlos duwslio —F-0
S SF i eS

s U Kic Por ooy & J5 oo o

5 o) cdlin] asl5 oo 4 az g b ik 4l

S el & diges dae Sadyn g (0adywm

arg ) Kic 5 Por Gl 33l 0o 5 oo (sl slabogls

039 (St JB (g ST b pdiiee b3, &

See slacslop; sl iagh



\Y

cxse o8 Slinl 6599955 g slaile Sl eslitul Jg
S le g asS (Salpn gy a8 g 8 ole> dgap
sl ;0 (58,6585 plp ;0 Cwglie obj L &4l

Aol Sl

b et
(=, o o h
1 L 1 L

Area under J-Aging level
W

(—]
I

% « %o+ %Yd  %N\es
RAP content

Jc-Aging level lsges sovie ) Corlawe - VY S

(530S g in) g 4 30 -5

@by e sleal; lacisn 5o clliw anse
b ol sy a5 sagise ol | S aizsa
clawt 5l e g alie cuiS Gl a5 wos Slasiv
Ol by BB 5 ol adg anse 5 eag Jglate ¢l
o L) HedS Sl pj Sdpdn 0 ke Wil
Foe OpS e )R Sde S8 (st gl (et
clew] g3leg, >l an e dulio jalate & ail o
O P R B e
WY Culns 5 e ok 3 aie 4 a2y L
(u.ll&w—l uc}.am )9 o‘).o.b 4.:) oolaiul S)90 u.ll&w]
dnlie 5 prond BB anje col wgilnly 039 2 0
il glabsle adgi anze 1 Jgar o il
sl oo &S| o lie Cg
Sly a8 wo o (G ol wls elulp
M‘f M)\) \” 9 V(B ‘O' s)M 63[} 6L®b9l5ta
oSl a3 OIF 5 BIYD DN IV oy clin]
(O£ 5 202) 8 ke cla il 0925 4 azg5 |
Ll Jzy0 < /OA 9 VIOA XD FIY 5 4 5Ls 0,50

1315 €9, ylo8a g 18 S (59 doyo /) 0595005 Hlade

VF- ulMAJUS)LQJ A o)Lo..:: ‘M" W JL.:

Olyes Sl 5 (00,5 oo (a5

o Sles ol (Sew ol o dilisee (law] Lol
Sogkie) (S oS 5l jo K0S 5l Sl
(! YO°C Sl slod S 5 ((Sws slas
Shelse S50 Glapose sk po Ll wims las
i slo gl 55, ool (e Sy 5t
sSbee ) il 5h iz IS &
S 3l ot Jobo 55 i (sloboshin Coanil
Sy g 5 Colas VWSS el (59,5
Iy ool Cowsds 4 JSi 51 a8 5,85 dlaw] slabglse
£S5 lawl slabglse Gasaids o,Slee duslio cyg>
oS jghilen oo oo i gl by 0 S5 o ply o
0%) cllaw! slaail s ygas slaaises ol oo ala>dlo
Gillae 2o o &l 1) e ) e (o iy (RAP
—JC (e n) gl &5 358 e ovaline S5 cnl b
4 (0% RAP cllaw] asly e slodiges (Sob
D golo rdiged 3l i w0 OF g VY A Co
Sl ol plo ol ] ally asye Ver 5 VO
g VP A il sl oo sladiges a5 28,5 ass
e S 5 ply e (g Cwglie oy OY
asly do Ver g YO B ol sladiges & Cond
5l olis 4l yaed Lol aies o plas 0g5 5l claw]
Ol sasmsylis a5 0,ls RB0 § RO (s o5 SOl
oS claw] bl jo yuiun cdlawl asly 5l solaxul
s R75 L RO o aslio fpimen «unl Sowadls o
Saedils jo ju bbglse cpl a5 wes o lis R100
g Lo yial )l ol Caslco g auil s ol BB 6l b
Loy 2k GrSeeal Swx goladl awlic
5 cdlawl asls ol Jlade 5 eolatwl cax o SKlew
o @l plpls ogd plnl 5 clliw] slabgle
R8lie 50933l 5 (S plys Sl 4 ol (las Gedow
5 28 Oom (Soz) Jlail n cdliwl adly oV
30 Caaglie mals el (JS j0 g 009 5o baailaSiw

W 8 Saealy o Sl sl jo (S0, S5 il

Sree slocslo p; slaiagh



p 5 il slabgline Saessly s Slae (S 23l b))

Syge 2 504 (55 ol b el il e wedlan]
S Jds a) el cudlo cJlas] asly Gl oo
W) Jcl.?d ‘(o)_..c 9 0)9)_» Ja.‘> &lﬁ.:)‘ w‘)ﬁ‘ l) LS)L“’ﬁ)
05 sl adsi 6l oml gles 4 azg b ool
Oz g OdgS )0 (Bpas Lo g )0 p9xddio dlje
iz plgie 4 wanVT Ghals 5l 56 g ad e ange
b 055 5 20 4 Jo aije) cdlawl abl s 50
ol o5 il (ol cute iz Glsie 4 (S

YA

Slp el bGpae cdlaw] asly 3 59 dope Y
ol 00 5,8 o0 O+ g b lade (Elo claw]
o o Jby e A IS 89, okS e ceed

cllas &5 2 Sed by Ogelee VO 0 5S0l5 5LS 50
Voo 3 sk e Ced b gk O o (S
aax  Sow pdlas anje o el sal bl L e
Son S o L e YL ) wax 23
s b Jo aupp (Jpame S poogdle (jlunl,
092 S0y 4 az gt Lol 3850 w0 Condge @

asly anye 0 .l )‘df).ul) Yo S8 p 5505

la jo dslie g cdlin] (5 SG odgs anye -1 Joux

ap J5 gex
(Jb) Oskes)
(Jb) Oskes)
(p S 5k5)
(Jb) Osles)
(pS5k5)

Doz pb A e

(Jbs ookes)

S ey, anye
IS s, sl
Py 4z
35Sl sl

(Jb, ol
(555

SR PEIRINIvR

(Jb) ookes)

e sl 4
Spdr (S gllao jlade
@5
Lyl g9

1KY o o -IVO o/ fay | FUY. o o 0 Voo RO |
VI VIEY VYA IAN [-0f | YIfA | YFAY o o A O RsO |
NN \A \iiax IA$ I+ oY VYE | WSy o Yo AR R75 \:i
A7AR! Y/A ¥/ IAQ 1+ 08 Iy \OR o Veoo | yao o R100 |
\RVAtS oo o oo o WAtd oY/FY oo oo I ) Els elan]

UG g ploel (6591555 g0 oyl 5l oolaul cgm soladl

ged oolitl g3lualy Caio o bl 5l iy s
S 325 Az -V

Yo g 10 Ve ) Sowasds o Shas (Budios ol o

Y laso,s ol o5 (Hlawl slabgle (Jlo
50 (015 Ble az 50 YO) Sl sles jo lawl aslys
ol 00l gy (SAD i ey bdiged b aslis
S938l €55 S Jolis oy () (] (slaboglore
SEs) sz asle g5 Sy sl o i
Ay o Ve g VO B o Jels 5 (155 alS

el (SCB) lo pls o (e ialel aings sdlaw]

VF) il 5l o) o)led it Jlo

ol bld alis,s wlely 9 9 Jooz Gillase

£S5 law] a4 caws Jolate gl clawl adg anje
il 4 il sl laie Sal3sl b Jg sl jiaS
oels Jolaie gl cllawl 4 Cud laanie )8
Sl jo Wiz e G (pl @S peloly b e
GIFIL (Sl slos 0 (59,6555 pln 50 Sueglis
o yla ool Ll b o rals cllawl asl s
JUCRINGA I R W S P Y E R RV
o 83 (gblie plo s azgi b (nlply coanl iy
Syt dind ails 5 o8 cdlin] solizul _pguas
S beisy o Logas gilual; slaogsn ;o 955 oo

Slee slacsloy; slajiagh



Ogmed  (elge S0 lopese b U Kic Por dhex 5l ala il )by olal pp oS jli3,
i slaboglicn |15, Conl San S
0 8bee b3l eoplpl gl s jlo IS @

e Jsb o aul glabslie musjlys

@S 85 )18 avuloe g (ouyp yge ) e 3 de

wosly las Lm&bﬂ

slabslie jo laul asls Jaie Sl L -

@ Bz Gl j el (65900 el (g5l
ol Hliw]  glabglie amlie gkt
ool o sl asly ke laas o
o g ) gl (Sadm Gl
Olse 4 dlize glabsle ol (St
el o, 8lee byl Com ol sl

235 byre i gl bglrs

Pde U mls gw)p g Sawatd bl mbs -#

CuSs o, Slas a5 olo gl Gudms oyl
cdlawl asly gyl o5 el slabglse
ConSls 0,Sles g bl alilas g BB 3l
asly YL Gleas,s 5l ool mile cawacly
Ll s 0,5 liwl slabglse ,o cdlaw]

25,5 bl 5 el )l ple el o

8l il dadiges

obslie yo aul asls Jaie Ligldl L -Y

2Bl gals U dadiges o, b g dlaw]

Ky, dwaiges Jo S ol 4 ddiges o o L =Y

cdlaw! asly ol Jg sl el aals
Lol col gy ol o slediges o

ROWI VS RN COps L3

L owedlaw] asly gl oods o sloaiges Jo -F

s 5 il33l ol s a3 lade a3l

<dl rals

law! bols lrdiges a0l @ a>g5 L -0
S P AN ¥ =

Sl 5Sen gyl oy slaml o calise
sl s ply o Koy 5l Sl o Slee

5o Ll s plas 0er 5l Gl g Ss
&=y

[1] Yang, S., Lee, J., Hwang, S., Kwon, S., & Baek, C. (2012). “Development of warm-mix asphalt additive and
evaluation of performanceTransportation research record, 2294(1), 89-97.

[2] Guo, M., Liu, H., Jiao, Y., Mo, L., Tan, Y., Wang, D., & Liang, M. (2020). “Effect of WMA-RAP technolo-

gy on pavement performance of asphalt mixture: A state-of-the-art reviewhal of Cleaner Production,

266, 121704.

[3] Pirmohammad, S., Sobhi, S., & yusefi, A. (2021). “Study on the effect of reclaimed asphalt pavement and
rejuvenator on fracture behavior of WMABmirkabir Journal of Civil Engineering, 53(10), 18-18.

[4] Sirin, O., Paul, D. K., & Kassem, E. (2018). “State of the art study on aging of asphalt mixtures and use of
antioxidant additives"Advancesin Civil Engineering, 2018.

[5] Amani, S., Kavussi, A., & Karimi, M. M. (2020). “Effects of aging level on induced heating-healing proper-
ties of asphalt mixes'Construction and Building Materials, 263, 120105.

[6] Amani, S., Kavussi, A., & M.karimi, M. (2020). “Evaluation the effects of activated carbon on induced heal-
ing of laboratory aged mixes under microwave radiati@arterly Journal of Transportation Engineering,

11(3), 773-792.

[7] Amani, S., Kavussi, A., & Karimi, M. M. (2020). “Application of Activated Carbon on Induced Heating-
Healing Characteristics of Aged Mixes”, RILEM International Symposium on Bituminous Materials, 271-

278.

[8] Kavussi, A., & Motevalizadeh, S. (2019). “Determination of Fracture Properties of Warm Mix Asphalt at
Low Temperatures Based on SCB Resulistirnal of Transportation Infrastructure Engineering, 5(2), 1-16.

[9] Ameri, M., Amiri Hormozaki, M., Vamegh, M., & Khabiri, M. (2019). “Effect of Organic and Chemical
warm additive on WMA performanceQuarterly Journal of Transportation Engineering, 10(4), 987-1002.

VP plal g 5len ) ojleds oz JLo s scslo,; sl ingh



p Sl glabglie caeail 5 Slas p (Sadym b 25 Y-

[10] Fakhri, M., Shahebrahimi, E., & Khodadadi, M. (2020). “Evaluation of the Effect of Zycotherm on Mois-
ture Susceptibility of Warm Mix Asphalt Containing Crumb RubbArfjrkabir Journal of Civil Engineering,

52(3), 641-654

[11] Bell, C. A., Wieder, A. J., & Fellin, M. J. (1994)aboratory aging of asphalt-aggregate mixtures. Field
validation (No. SHRP-A-390).

[12] Saleh, N. F., Keshavarzi, B., Rad, F. Y., Mocelin, D., Elwardany, M., Castorena, C., ... & Kim, Y. R.
(2020). “Effects of aging on asphalt mixture and pavement performaBoestruction and Building Materials,

258, 120309.

[13] Haghshenas, H., Nabizadeh, H., Kim, Y. R., & Santosh, K. (2016). “Research on high-RAP asphalt mix-
tures with rejuvenators and WMA additivedebraska Department of Transportation, Research Report. No.
SPRP1 (15), M016.

[14] Amani, S., Kavussi, A., & Karimi, M. (2020). “Evaluation of Induced Healing of Laboratory Aged Mixes
Based on Semi-Circular Bending Test Result&dares Civil Engineering, 20(3), 129-145.

[15] Wu, S., Zhao, Z., Xiao, Y., Yi, M., Chen, Z., & Li, M. (2017). “Evaluation of mechanical properties and
aging index of 10-year field aged asphalt materidshstruction and Building Materials, 155, 1158-1167.

[16] Pirmohammad, S., Majd Shokorlou, Y., & Amani, B. (2020). “Laboratory investigations on fracture tough-
ness of asphalt concretes reinforced with carbon and kenaf fibEngineering Fracture Mechanics,
226(2020), 106875.

[17] Aliha, M. R. M., Razmi, A., & Mansourian, A. (2017). “The influence of natural and synthetic fibers on
low temperature mixed mode | + Il fracture behavior of warm mix asphalt (WMA) materaigiheering
Fracture Mechanics, 182(2017), 322-336.

[18] Song, W., Huang, B., & Shu, X. (2018). “Influence of warm-mix asphalt technology and rejuvenator on
performance of asphalt mixtures containing 50% reclaimed asphalt pavedoentigl of Cleaner Production,
192(2018), 191-198.

[19] Singh, D., Ashish, P. K., & Hitragar, S. F. (2018). “Laboratory performance of recycled asphalt mixes con-
taining wax and chemical based warm mix additives using semi circular bending and tensile strength ratio tests”,
Construction and Building Materials, 158, 1003-1014.

[20] Singh, D., Chitragar, S. F., & Ashish, P. K. (2017). “Comparison of moisture and fracture damage re-
sistance of hot and warm asphalt mixes containing reclaimed pavement mat€oas’yction and Building
Materials, 157(2017), 1145-1153.

[21] Yousefi, A., Pirmohammad, S., & Sobhi, S. (2020). “Fracture toughness of warm mix asphalt containing
reclaimed asphalt pavemenfiurnal of Sress Analysis Bu-Ali Sna University, 65(1), 85-98.

[22] ASTM. American society for testing and materials. (2088ad and Paving Material, vol 04.03.

[23] The Ministry of Roads and Urban Development. (20IlrBn Highway Asphalt Paving Code No. 234, 1st
Edition, Office of Deputy for Strategic Supervision, Bureau of Technical Execution System, Tehran, Iran.

[24] Asphalt Institute. (1986)Asphalt hot-mix recycling, The asphalt institute manual, Series No. 20 (MS-20),
2nd ed., College Park, Maryland, p. 46.

[25] ASTM. American society for testing and materials. (208&ndard test method for evaluation of asphalt

mixture cracking resistance using the semi-circular bend test (SCB) at intermediate temperatures, Des D8044 —

16 2016:1-7.

[26] Karimi, M. M., Dehaghi, E. A., & Behnood, A. (2020). “A Fracture-Based Approach to Characterize Long-
Term Performance of Asphalt Mixes under Moisture and Freeze-Thaw Conditmgsigering Fracture Me-

chanics, 241, 107418.

[27] Yousefi, A., Behnood, A., Nowruzi, A., & Haghshenas, H. (2021). “Performance evaluation of asphalt mix-
tures containing warm mix asphalt (WMA) additives and reclaimed asphalt pavement (Bad®juction and
Building Materials, (268), 121200.

[28] Mogawer, W., Austerman, A., Mohammad, L., & Kutay, M. E. (2013). “Evaluation of high RAP-WMA
asphalt rubber mixturesRoad Materials and Pavement Design, 14(sup2), 129-147.

[29] Mohammad, L. N., Elseifi, M. A., Cooper lll, S. B., Challa, H., & Naidoo, P. (2013). “Laboratory evalua-
tion of asphalt mixtures that contain biobinder technologiBsihsportation research record, 2371(1), 58-65.

[30] Cao, W., Barghabany, P., Mohammad, L., Cooper Ill, S. B., & Balamurugan, S. (2019). “Chemical and
rheological evaluation of asphalts incorporating RAP/RAS binders and warm-mix technologies in relation to
crack resistance’Construction and Building Materials, 198, 256-268.

[31] Yousefi, A., Sobhi, S., Aliha, M. R. MBirmohammad, S., & Haghshenas, H. (2021). “Cracking Properties
of Warm Mix Asphalts Containing Reclaimed AsphaltPavement and Recycling Agents under Different Loading
Modes”, Construction and Building Materials, 300, 12430.

[32] LU, D. X., Saleh, M., & Nguyen, N. H. T. (2020). “Evaluation of Fracture and Fatigue Cracking Character-
ization Ability of Nonstandardized Semicircular-Bending Test for Asphalt Concrédainal of Materials in

Civil Engineering, 32(8), 3292.

VP plal g 5len ) ojleds oiia JLo s scslo,; sl ingh



(FFY1) VPN il gl ) o)les piin Jlo e Slpoe oS lo ) sloiagy,

o ) (1 gawl (53Y 99 (9 3o (wiloS’ LS 5 (ow y 3
S1o) 7 &1 b Sl e

Wl 0525 o (slelyinl 595 y3e (Saalis LS 5 sloj ) Gl <Ry ol 52
ooy axlllas caolidl (Selns Judow sl eolasnl b al3l; 28l slvaalhe 5| slacgomms Jil o
oobolyy ofFe el byl cond b gy Yo Jhal 4y ay e Jlew 0038 55 SOl
aS s 0,65, Can gl siulBl (Sels slo Julos il ouls 21, AP 6500 skl
6‘/.: G 00 rnl?u‘ 0L u.:l.uu 0509 [ 0059 )‘ alise LS‘LQPGA L;‘)’ 0)95) R
=l b sgase izl Judow gl (Jlow =550 pivamm d900m0 $liz! g5leJoe (rmwiors
5 Sbyo Slooge 0 polie el oo auglie ¢ 8 Dluol ;0 9290 (goas s g Lo
Soslaiwt boyls goue gl o Ldow i b ooy @l o Jloge Judow 51 Jol> glusss
S S 5wl Gy 25l Jals e sl sl e 05 o Sale Jao
aas ol olis gl ol ond annlie  Solns slo Jdow b b g ool 00 (s 5559
1 Lagie 5 oy it 551 Langie 0200 s3bes 555 PGAL il 55 sl
Sl oS g 285 oz Joe @l 1 it Sgazme sl Jelo 5l (A6 e (G555l L5
sl Hlas it (Sl glo o ol .l 15 0.50g6 0.30g sl 25,5 PGA
Onzeed (ol 0as dloul (¢35 S SV e YIA glas )l (o) o o glas )l ol jo iileS S
U"’)” ng).u ‘]a...:}a..a 9 o) (5“'9‘ h_)l.-d )AS‘J} h.ud?_hﬁ “_,’Sa.acl.ub uMJLAS )L:.M )‘ oolaiwl l;

sl 00 00 M A Q)ZA 4.4...:5; UMJLQS &935 u.cl.a as ‘5‘).7!.: é..acl.ub AJL

OleS o3l ~Jlar S a0« i3l (Saalins Lo o s0¥sd (yye  sgundS o5l
gy WleS ¢ hdly (leS” ¢ (Srslizs

Sl 55 0329 42 55TUsS @lie o (slos S & 50

5 S Gl 5 Ay geds 51,0 GoVsd (yle

ol . .
uu)yoi ;).A ‘(S‘AW adimu‘o
.Qlﬁ] «DMors (Mo ‘_,’Jl.c
1S Sl Sy
sobhan@mahallat.ac.ir

e oy

s digen 038 ils Lol

e e Sieel 5550

Ol ) «More

e
p.hosseini@mabhallat.ac.ir

doddo -

Aand @Lo LS{LDO}LMJ (s Loy oV¥ed o5

] ) Wos 51,8 i oo a5 SVl (g3l 0,053 (gl aS

as culs ol g1y udise Sl bk ol 51 (56 Jb
Y8 (e sloj ) o Shae g (Scalins L8 ate; jo
e bl glos pS ld b

0, Slos o)L, Sl laaussl 5l Lol claslis

L 6‘4-.“3;;““ 6&Y9§ Q)'Léu gl o0 oolazwl T

oz 5 ol bl g cale (b Sspe Jds

as ol plas w@nds gledll; bl slojle 4 el (Sbslyyaee T OO

5 | dmise (S 3B 3l s goYsd (e

conl g ol dlie Glosge [V] s s

Jyts i

R SRVI SRR ARY VIRV AP AT SRRV VIT A R

Ol ol cansdS sladljl; ,o o¥ss oy5ls glos,) Jomss aulis (DOI: 10.22091/cer.2021.7560.1324

VF) il 5l o) o)led it Jlo

Sres glacslo p; slajiagh



Slos 60556 Sl cod sy slaslgnl soYed 35ve ctileS JL8; w)p Yy

sl 5 ooz 3 o (25 b ol 0,055 3l
Sl 00 rﬂl.‘?u‘ u.l..a 05.“4‘..\)53 aQ u):;u )lb)..f

ool (Joe ¢ oy g, SOl eolatul VJJ)'ij
o pie Ko o Jlo (Saalis Sl e sl
=\3|)‘ 6‘0))[ @3‘ uL..w Cod GL.LL..N.A la 9 ‘5‘44‘5....»‘
s 5 g0 4 |yl Soaludg e Lad sl oges
e 1 aa B T S ST,
b Glyo jLad 0,8 el " Gl Jlad 5 Sy
Sal g% oyl b b I pi5e Sales o5 >
2 b R it &8l Slug jlad g 0sd s
Joe o a8l b o ] o0 3529 4 o] ol31 e
Gl By e Soge @ ol ar 50 Sl
GRS 0 b mle e pes (Senlindgyue
TA 5 V] o5 Gl vmle Slogi 950 5 Slpo 090
as ol ULM: oy Y- Y Jaa»}'i 03 laL?u‘ uLa.:.m @Lu
JB 3P (Seolias JL3; 59 o)l s piyllasl
O oyl (6 pdy Sllasil [VY -] cas Lbgy i
wle Sbyo Jidn Cll a5 09l cel cul S
T USS s D] 055 ey Sl B ) 5
ools plas alydy Sl cod it Solayl sleoge S
Y] el o

oolaial g3V (5le sloj)) el (o)l sl
b1y oo B @ (55900 @30 s sba s,
gl cds g o anie b plgioe Il Gul 5l el
Gl )3 05 Gilwad 1) (5 (as e sl )Ls,
Ay oibre los) )8, (omyp lp lagiagy
edbw 5 o3P piylasl o las  Swlus jus jul
ol s 50 el ead oolawl vgame gliz! g,
5 ol Gilw de oud e Dgo 4 i (Dlalllase
oo,S S o pda gleansS solw Slus,d b b Lo
] 00 ﬁl:;u‘ (57d4“’ C‘5"°‘ g.;‘).a‘ )|

5. Housner
“ Impulsive
5. Convective

VF- OL..HJL'»'SJLQ_» A o)Lo..i’; RSV W JL.....

3 ol (e B (T ol (5500 Ay
el oo Joo (KBS g e A5 (Sadaids
@l Gl dox 550 oz (Sialis (il
OiBe gy juileS el (goVed 3 o SUyas g
LS Ly 'l LS Sjge 4 Ygens oV
[¥ Y] el osls &, 7 st ol
—s¥l bl e (LBl leST o
4 Saaly Spe 4 a5 cul e olaz Sdly
& O IS (P 50 (P ojla g)lE S
SRR RS LN PO IL s DX ety
Olidod s oo &) (o5 ks 4 gl Cos L)
aS ol plas cpdbize lawg ead plxl ol
o5 9> 5l a8 (@B) )97 5Ld Sl i oS S
4 S0y ol LS A L il el (e
€589 1 50 V58 P ojlaz (LSl les ) S

el 00 o0ls lis iyl

[0] (s3¥58 (5 Aty Sedly e ) IS
OB (Seelus LS, g9, » adgl Glidss
(_,,_i.,.aL;,goj)..\:,.a J‘..;S)..\sl )..l o3l ‘_glﬁ (Jlws 0,33
Jhw =550 s (Seolad ol (555 05l — b
Sameline L8, 55050 adsl Ldow Dlalas [?] Sg

L. Elephant foot buckling
2. Diamond shape buckling

Slros slacslay) slaiags



Yy

(s 5 s

I
| I
I .
' I
1
1 3
' I

:

1

(A

Y] Glugi 250 () 5 by 090 () i) Sl co (350 (Lbla] (sladge JS& Y IS

slaol ol (gloj)) lulgs b odal cuvs 40 (soae gl
S,50 0bgS yilxe slp slojy) lales aS wisle lid
DIV] 5l ool a5l il o5 sl (I conl als
g gl oSles (o LKes g balS
5 i 53 L, sl sV e 6 e dyer]
bl O BASS (6 pdBlasil e ¢ (g 10,5
Silwdoe a5 ol ol Ll wlidss mls wis,S
u)m as °9“"’<5‘° u.cl) u)m olfA..Sa 6)a..\.t Gllass!
Wik Ppdycan] o)l (Sl lS 4 e
@losd gl 0y50 50 ()5 5 ayd [VA]
EEC IORRLIW PN WA T-E iy DUSVIIIE GO XN LI Y
slojle L8, a4 axg L lad 5l Souss
QLAMJ o..\.A—‘ Cowd G‘Lu el 00l u,....u uﬁw‘..bﬁﬁ
slagls 5l G (SOl gl slagl s o ol
Slosf LB, » oSl g W £ Gaewliigd ole
b ooV il (LS 5 loj)) )13, (o)
Sealns slo Jdms 5 olfisle;] Glidss i eolatul
pY sy g Sl Az g poles sy (b e
Ol 5o 09 plodl iy cal )0 (5t Ol ol
e o (Seals QLS 5 sloi) dal ia
oo (Jhw opmd Jpey slailginl goYed
Sl sl oolanl b alyly @l sloadlie 5l (slacgoms
ol 0als aslllae ooyl Saliss

O350 o0l (g jlwoslw Sl Joo -Y

VFe ulMﬁJUj)l.e‘J A O)LA.'::J ‘M" W JL.:

.. . . - ? ..
oyed i el sl 6005 (o3, 7 s
sy é)s 9 adw so)‘».\? ‘L;Jg) U”‘ ) .O; djb‘ ésLo
ey & mle bame 5 ey ol L35
O oyl 4 a5 ksl b slaglel!
Slasiin Q‘ M/ 3)4 [\f] el 0l 6)L...:J..\.A
plml b1y ead b (5L lojy) s, g (Seelins
A5 L Ll oS e dgame izl sladelos
090 &l mle — 3% gl Glyo 090 LS (285
6LQQL0.” l) 9 o\)j)’é‘ ;)M 6L®‘B).‘> U"ﬁ) lJ ‘) u)m
Ja.wy ‘) u)m o)‘..\? 9 Ogdome LS‘)}‘ M}TI
5 " enyl [10] wis,S gleoe diws slalol
8y sy Glp gogazme izl Gladud o) S
O S o b eaislee g 0adlee (5B (o))
Qsls plxil o3l — S yizren g 05l - Jlow 23S )Wl
[V#]
. . . A
@V (j3lre (Saliys (laS (o) San 5 7Y g
I oadlge 5 (ogyie ol i b i (slaslgial
@ A0Sy Ay sladlily Bl adlie g0 o
9 3l bl (5SS Sladeos og 2 oley Lo
ol Famgs pl BGuas .l sk ol S Ll
E9dg el aS Jlymo B8l Olis piSTas 0,6] Caws &
0351 33,5 oo slailgiil aingy oYL jo Syl uiles
o Ve .
Seolios (mleS ()en 5 e, g0 [F] el
Lulgs 5 eolimul L 1, oadjlpe goVsd 5bke

6. El-Zeiny

- Ozdemir

8 virella

°. Aboveground steel tank
1. Djermane

Sree slocslo p; slaiagh



Slos 60556 Sl cod sy slaslgnl soYed 35ve ctileS JL8; w)p Yf

390 3523 9 Timp «Sbyd 90 gy Jigede Jow jo

u—*—‘-"—‘ (Y) 9 (\) J":“?) )" V‘-‘-’)-’ L ‘Tcon ‘@Lwy

D9 50

T :c_i QD)
me 'VhIRVE

Teon = C VR ™)

h () o gles R (o) Jhw glis,) H a5
B P (o) Hpw ojlas ol Sy culbs
Sl Jsve B o5 (ceSoyie o555k S 00
HCes G culpe il (oo (JSub) G35 las
.MTGA Cewd a3 ) Jao
@ Mo (Sl F3e oz g M Gbps S5e oy
e eizmed 9 M Jlow IS )2 5l (Snd &)90
Vidsez o he s i (Gleg s e sleez He
doles (V) adaoly 51 y55ee IS asly (0 ossl oalls olo
I[V’] Ow@
Qz(mi+mfv+mr)SA(-l:np) (\“)
+mcSA(Tcon)
Oy aw ey My 5w o)‘..\? ey My FLY
Eoly ikl ol (Jbye b ot SA(Tin)
Ohrt 9 Y58 (b Gl oo ¥ ale b S
9 “5...) u)l?bo 6‘1.1 ..\..0)\) a ‘:‘)...A L| 9 o..\.:.;.'{
gl b ) ol (Sleg ik olis SA(Teon)
() abaly 51 M7 (550 S 559 205 S5 5l S
M =(mh+m b+ mhb) SAE,) )
+mcthA( -Iz:on)
a5 oyl J& 35,0 lagl,l i 4 P g By
Cawd ) Jgoz 5l e g Ny slagles )| aien o5

VF- Ul*“"t;s)l'ef‘ A o)Lo..:: ‘M" W JL.:

o)lyer e Lk g es sbeop)5 ln
aS sgazme izl sla s 5 gileoe 5l le e
Sheslainl el by 0,8 solaswl e pile; g aisje
el pibolizl wad gilwoste g (00,8 slahy,
w2 0s g jlosls SlSe slo o 42538 lidos 4
ol o3 sl MSM™) 133 5 0o Jae &9
el 00l (B e 00 )lgw (3B (o)
el oS Glp File adyl Slades o
oyl b S8 (el b 5 slailgial (55 (Sl
Sl Jae ey M Sl S ces Glo
30 0,8 &l 8 g e Joe Shgo a4 0nd (glwosle
330 lp Jolae 135 p2 50 gl (SilSe Jos
el ok w88 50 Jlw Slugi 390 9 (Sbpo
O o laz (6 s Bllasil a5 ol lis gow Slids
Dl b Sn Jhe gloj) b 5o g JB U
Soge @ 635 (SHs Jae g ool o, T sele
Wy Jlow 0235 G3lre sl ) Sl sl 285 0>
Sogs 050 5 (Lo d50 digele (S Jae o 0l
odds ai8 )5 Hlas 1o i%e ooz (g pdydllasl il g Jlw
Jbw 055 gl gl disede (b9, 5o ool
ey eSS sl Glegi oge 5 (Gbyo 05 50
2oz o2 b el ok 4 Dluye foee i
o9y 0 5 g ey 0dd (silwesles Jao [V ] wigd oo
el 00l ools L VIS o J Saele

e):.}-é O AS‘)?);-éS Py o0 ‘5)'L.uool~u J;Lof\” J.i.u
[V-]15seke o9y o Jlns

L. Mass Spring Model
2. Malhotra

See slacslop; sl iagh



A > 5 Ol
[Y -1 1sede Joan 55 Slogi 5 Slips sloose sl oleiion polio =) Jgor
H/R (0 Cec m;/m, mJ/m, h/H h/H
AN /YA Y/-Q <\YF <IAYY SARR </OY
LN YIVE VIVY AR AR SARR <[OFY
A #1aY \ViE DARRS QNN AR INA
/. 7IYE VoY </OFA AT AR i AVd
VD #le 5 V/FA 44 DARA ARN /7.
Y/ AR V/FA < JYEY <IYYY </TYA < /YO

055 s 8la3)] sl 050 (gl oy ¥ ol e
&Y e sl b celite L) @lee (b
sloddos o [10 5 £] cosl ons aB S s o
hosloes (loj g 30 20l 6l o Soolias oz é
g5 Sl oal (giluoe Jlw —3P s Sl god
s (8 Ao )0 )8 4 basye (550 dasly

Lol ol a8 57,15 5o Jlews - (550

dguzo g3l Gilw oo (xuwioo —1-Y

Sz wede lizl Jao oo olp
Bt e —0 e pie L)) Slasge (anibs
Spp slp g Ly 5l Jol> mls b Jloge o
OIS gode @l peized 5 AL slasge (ol
V0 5 7] conl oot aslin o)) 5an 5 Y g Jawgs oo
@ ooad 48,5 IS 4 Vg Gudss 0 a5 A5 ol
U sl 53055 o ol 0 00 o>y (35 ol
el ool o0l L S 0 A 55 Sgame (gl
Sbulygaas lad g 353 i Sl cod e o
—O5Pe s JI0ge Jelo G g 48,5 5108 s
plxl LANCZ0Ses s polie J> o5, 5l eolaiwl b Jlow
3 onliul wgazme slizl 53l oy slotal, ;5 onl ods
oxd drogi lojle Jlus sl Jloge Jolov (29, o0
[7] el
o)lax bolyen Jlw ol Coond ( Glys 090 50
Vb u (Glog dge jo Lol aiS (o0 35,1 (555
Sgo S| b 35 p el Bl e L

VF) il gl o) o)led it Jlo

— O350 e S9dx0 gl (g jlw oo Y

b

Seels (s sla s
Sgasre slizl 158l o 5 5l eolanwl b aule -y 35ve pimns
Syl Jae yo [YYV] cwl sas plxl ABAQUS
R P AU N [ e
oalawl u)m S L.B)ﬁ 9 o)‘..\? 6)L...:J..\.A 6‘)4 S4R

5 Sl

ey g Jol A weg Ol pl ol oad
el oas ool T gl T anil pals (g, 1,5l
Az 0 A g Jla] sol3T ax o 4w Wewgy Hlell 0,5 12
T SiST el ) eslial b Jlew s)ls g0 (g0
ol el 0t (g5l Jos ACBDBR 6l L o5 i
xSl gy 5l s Jsl A SetessT ol
Ll o5 o el oad olil o] gl axily jials
ol Hlad g 5l ol ax e SOl ST
ool B (50,5 Gy b 55 5 Sl G S,
s 8 8l zokw oo Tie constraintt b Jb
o ;5 Sl ol (g3ludnnd (35 o)l b Jlow
b re 5 dlas (htpe Pl g Sl
R R S
Voo g JSullEe YO+ o3 4y 0V aleniul] Jooke
Sz Lol 5l ol ead (58 JSLLISS

Camd 2P L el odds 5y CaSyin jp,SelS Ve

3. Reduced integration
4. Acoustic
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19. Budiansky-Roth criterion

VF- ulMAJUS)LQJ A o)Lo..:: ‘M" W JL.:

O Sl d (s s Sl —F

gy oud plxil Olagow alice (Gudow ol o

Vo k8 b (e ggn) (ape o35 (OLlSed 9 Yy
0 ¥ ks a b)) G e VY gy gl e
O b so¥ed ile [VO 9 F] sl oo 48,5 s
Ctrmier a5 Ll 5o s glio )3 (gamsy 0 )18 (sola
e el ooy onnlie wa ObBe 5o slos ) |
[F] ceol sninpy ST Jlow b o5 J31s o 20
Bl Sd B8 L il dlug Culis Guizes
b Sl Gelolys 5 0.350L il cpme; 1Sl
IYY] ceol oad 1l APl 650 o Jailial (s}

Sl ol ools Hlas £ S jo A e P Slasie

- 1, =8mm

t, = 8 mm T
E f, = 8mm £ -
ol w % ‘:':I
= f, = 8mm S —
L =]

1, = 8 mm

1, = 10 mm

—

—

L 30m
O 0,z Caalies 5 olal -F IS

L oo¥sd (i g LS g sloj)) LS,

IDA™ (il Seels Jlos by, 5l eoli
9y S el (Seslns Jolow el ol (o)
GLols e glp S cwl (Sl il
Ly islos) s ilise slasls 5 baojlu 7 slos )
ol odles Ly iy slassS, Sl s Sl ool
Sl eos ojle csialibl (Seolis Jlos s [YY] ol
oailidl Glie slacal b aljly slasysS) g S
¥ b 4 s cdl lejle (U8, s S 13
G5l 5o b walss B 9,3 sl pll e g 038
Seps Sl oo ppe Gl (Selns sle s
@ a8 iy slas s, Sl ool bl (sladlge S

5. Incremental dynamic analysis (IDA)
6. Seismic demand
7. Seismic intensity
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I nvestigation of Seismic Perfor mance of
High-rise Reinfor ced Concrete Frames Using
TADAS Metallic Yielding Dampers

Past seismic experience shows that many existing mid to high-rise
reinforced concrete (RC) moment frame structures require seismic
evaluation and possibly retrofitting. In this study, TADAS metallic
yielding dampers were used for seismic retrofitting of reinforced
concrete moment frames. For this purpose, three high-rise
reinforced concrete frames of 12, 15 and 20 stories were designed
using the old version of the Iranian seismic code and concrete
regulations. Control of structures showed the need for seismic
improvement in these structural models. Therefore, to satisfy the
basic and enhanced performance objectives, metallic dampers
were added to the structures and were designed using
performance-based plastic design method. Validation was
performed by selecting a valid experimental model and simulating
the experiment with an accurate behavioral model of the TADAS
damper in OpenSees software. Then, by performing nonlinear
dynamic and static analyzes, the seismic behavior of the
retrofitted structures was evaluated at two performance levels of
life safety (LS) and collapse prevention (CP). The results show
that TADAS metallic yielding dampers can increase the strength
and lateral stiffness of RC frames by 30 to 60% with the least
number of bracing bays. Also, in addition to uniformizing the
digribution of maximum inter-story drift over the height, it
reduces drift by more than 60%. Moreover, due to the
improvement of structures, the ratio of plastic rotation angle
(6/6,) in the critical beam and column of the frames for different
earthquake hazard levelsis reduced by about 70%.

Keywords: Reinforced Concrete Frame, Nonlinear Analyss,
Performance Levels, Seismic Retrofitting, Metallic Yielding Damper.
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New Modelsfor Determining Concrete Elastic
Modulus Considering Variation in Values of
Compressive Strength

Modulus of easticity has played an essential role in the analysis
and design of reinforced concrete structures and is a fundamental
property required to calculate the lateral deformation of
structures. This study proposes new models for predicting the
elagtic modulus of normal - and high-strength concrete using a
hybrid polynomial neural network-invasive weed optimization
algorithm (PNN-1WO). This paper attempts to estimate the elastic
modulus concrete in terms of compressive strength in compliance
with conventional building codes. To examine the validity of the
proposed model's, a comprehensive evaluation has been performed
between the eastic modulus results predicted by PNN-IWO,
experimental data, and those determined using buildings codes
and various models. The assessment is performed in terms of
coefficient of determination, root mean square error, and mean
absolute error. It should be noted that the mean absolute error of
the proposed model for normal- and high-strength concrete were
calculated as 9.02%, 3.8%, respectively. The results demonstrate
that the proposed models have a very strong potential to predict
the eagtic modulus of both normal- and high-strength concrete
within the range of the considered compressive strength.

Keywords. Concrete; Elastic modulus; Compressive  strength;
Polynomial neural network; Invasive weed optimization algorithm
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Clear Water Scour around at a Piano Key Side
Weir of the Type A at 120 Section of a 180°
Curved Channel

A side weir is a hydraulic control structure used in irrigation and
drainage systems and combined sewer systéhes Piano Key
Weir (PKW) is anew type of long crest weirs that have a
relatively simple structure and high economiefficiency
structures. Due to the advantages of this weirs, it is necessary to
study and investigate th®cour around of these structures as a
side-weir. The present study focuses on investigate the scouring
around the piano key Side weirs of the Type A at &86tion of a

180 Alluvial curved channel for clear water conditions. The
results showed that at the end of the Side weir, longitudinal bar in
the middle of the main channel and a scour hole close to the outer
bank are formed because of the changes in shear stress field. The
depth of clear-water scour increases by time and approaches the
equilibrium state asymptotically depending on approach flow
velocity. The equilibrium depth of scour depends on the
dimensionless parameters of flow intensity, flow shallowness, weir
crest height, side weir length and the maximum value of scour
depth occurs at a depth when the approach flow intensity is equal
to 1.0. Also, the scour equilibrium depth in the dimensionless ratio
increased L/i= 0.175 compared to L 0.125 in different flow
velocity of 12 to 35%, 10 to 39% and 18 to 26%, respectively.

Keywords:  Scour, Side Weir, Piano Key Side Weir, clear water,
Curved Channel.
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Laboratory Evaluation of Energy Dissipation in
the Combined Structure of the Vertical Drop
with Gabion

Today, the use of stone materials, especially gabions, for easy
access and abundance for the construction of rockfill dams,
filtration, and stilling basin is increasing. In this study, first, the
hydraulic flow by combining the gabion structure with a vertical
drop and then the effect of porosity and length of the gabion
structure on the energy dissipation values were investigated. For
two modes of simple vertical drop and gabion, a total of 260
experiments including two heights of 15 and 20 cm drop, three
porosities of 40, 45, and 50 percent, and eight different gabion
lengths with a flow range of 150 to 800 liters per minute were
performed. The results showed that in all the studied models, with
increasing the relative critical depth parameter of the flow, the
energy dissipation decreases and the downstream relative depth
increases. The integration of the gabion structure caused the
energy dissipation and the downstream Froude number to
increase and decrease, respectively. On average, in all models,
the use of gabions increased 57% of the energy dissipation of the
current compared to the simple vertical drop and reduced the
range of the Froude number from 3.5-8.7 to 0.52-2.5. The flow
regime passing through the vertical drop gabion physical models
includes inflow, transient, and overflow, of which the Inflow
regime plays a Major contribution in energy dissipation. For a
constant relative length, increasing the porosity of the gabion
structure increases the volume of water passing through the
porous medium and the energy dissipation of the flow, in contrast
for a congtant porosity, increasing the relative length of the
gabion structure has little effect on the energy dissipation. On
average, in vertical drop gabion with 50% porosity compared to
40% por osity, the downstream relative depth increased by 15%.

Keywords:  Vertical drop, Gabion, Additional Structures, Energy
dissipator, Flow Regime, Froude Number
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Assessing the Effects of Volume Fraction and
Diameter of Hooked-End Steel Fiber on Vebe
Time and Mechanical Properties of RCCP

Using Roller Compacted Concrete Pavement (RCCP) is
expanding all around the world and it shows the importance of
accurate experimental assessment of this kind of concrete. In this
research, in order to investigate the influence of volume fraction
and diameter of hooked-end stedl fiber on Vebe time, compressive
strength, splitting tensile strength, flexural strength, and
toughness of RCCP, ten mixtures were used. One control mixture
and nine fibrous mixtures contain volume fraction of 0.25-0.75
and diameter of 0.38-0.7 mm fiber were constructed. Results
showed that increment of fiber volume fraction and decrease of
fiber diameter led to increase of mechanical properties and Vebe
time of RCCP. Due to experiments, the factor of volume fraction
was more determinative than diameter. By adding hooked-end
steel fiber, load-deflection curve and toughness demonstrate
sensible improvement. Some of mixtures showed softening
behavior and other showed hardening behavior. Mixtures which
contain higher fiber volume fraction and lesser fiber diameter
showed hardening behavior. Mixture with volume fraction of 0.75
and diameter of 0.38 mm recorded the most appropriate
mechanical strength and toughness, and the results of splitting
tensile and flexural strength indicated increment more than about
100%.

Keywords: Roller compacted concrete pavement, Steel fiber,
Mechanical properties, Vebe time, Toughness.
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Numerical Study of Surface Discontinuity
Characteristicsin the Perfor mance of Flexible
Cracked Pavement Dueto Dynamic L oad

The presence of cracks on asphalt is one of the most significant and
common causes of failure in asphalt pavements; Therefore, modeling
and studying the factors affecting it, as well as examining the effect of
sealing on asphalt improvement can be as effective as possible in
managing financial resources and efficiency of asphalt pavement. The
purpose of this study was to numerically investigate the characteristics
of surface discontinuity in the performance of cracked asphalt
pavement due to dynamic load. In this research, first asphalt samples
with repaired discontinuity and samples with unrepaired discontinuity
were modeled in ABAQUS software and then dynamic creep and
fatigue tests were simulated in this software. Then, to validate the
simulation, laboratory asphalt samples were made and tested for
dynamic creep and fatigue, and the results were compared with the
software simulation results. The results of this study show that the
simulation of dynamic creep tests has given greater results than the
experiments in reality, and the simulation results of simulated
unrepaired samples are more different from the test results than the
repaired samples, due to the complexity of the geometry. Examples.
Also, in the smulation results of the fatigue test, it is observed. The
advantage of modeling is that it is possible to study the number of
different scenarios of factors affecting the pavement performance
without making laboratory samples and conducting experiments,
Because, with the help of fashion, approximate results can be achieved.
In addition, the results show that crack sealing reduces the resistance
of asphalt concrete to grooving and reduces fatigue performance.

Keywords: Dynamic loading, Flexible pavement, Cracked pavement,
Numerical modeling, Surface discontinuity.
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Numerical Study of Horizontal Friction
Dampers Made of Steel and Brake Padsin
Chevron frame under Cyclic Loads

Observations of damage to buildings in recent earthquakes
indicate that some of the damage was in the area of welded joints.
Due to the weakness in the joints, the idea of using a horizontal
friction damper using brake pads in bracing openings, especially
the chevron frame in steel structures has been proposed Which
can be easily replaced after an earthquake.. The purpose of this
study is to introduce a new friction damper with low
manufacturing and installation costs and high efficiency. This
friction device consumes vibrational energy with the help of
friction caused by slipping of brake pads on steel surfaces, Inthis
research, the numerical study of the friction damper of the brake
pad and also the laboratory study of the materials used in this
damper have been done. For this purpose, first a validation based
on a laboratory model has been performed in ABAQUS software.
In the following, 9 models are numerically studied in ABAQUS
software and at the end, the optimal model of selective damping
on a braced frame with porch decoration is analyzed. The results
show that very high stress concentration occurs in the damping
area of the brake pad after the load is applied to the bracing
frame and due to the presence of dampers in other elements,
including beams and columns, less stress is created than in the
case without dampers. Also, among the studied models, the 10
screw model has the highest amount of ener gy absor ption.

Keywords. Damper, Friction Damper, Chevron FrameBrake Pad,
Cyclic Loading.
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Effect of Sted Reinforcement Corrosion on
Cyclic Behavior of Bridge Piers

Bridges in transportation networks are susceptible to damage
from the aggressive environment. Steel reinforcement corrosion is
one of the main causes of deficient behavior in the reinforced
concrete (RC) bridge. The corrosion of steel rebar negatively
affects the serviceability and seismic performance of many RC
bridges. Climate change accel erates steel reinforcement corrosion
and more severe damage is expected to occur in a short period of
time in the future. When these bridges are located in high seismic
regions, they may experience severe earthquake events along their
service life. Therefore, their seismic performance must be
carefully evaluated. In this study, an efficient three-dimensional
nonlinear finite element analysis based on the explicit dynamic
method for sound and corroded bridge piers was established to
study the effect of corrosion levels of 10, 20, and 30% on the
cyclic behavior of bridge piers. The used model considers the loss
of bond strength and damaged material properties of concrete and
stedl for compression and tension response under cyclic loading.
The model is validated through a comparison with the results of
the experimental test. The results revealed that the proposed
method provides a good estimate of the load-carrying capacity of
bridge piers. Furthermore, the used nonlinear finite eement
model will help identify the bridges with the highest priority for
retrofitting by examining all existing bridges.

Keywords: Corrosion, Bridge Pier, Cyclic Loading, Ductility, Energy
Dissipation.
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Effect of Explosive L oad on the Depth Required
for Geotechnical |dentification

The depths required for drilling in different types of soil vary
according to the type of load applied. The possibility of dynamic
loading from a blast during a military or terrorist attack or by
exploding gas pipelines. along with other types of loading, is
essential for the construction of safe structures. It is necessary to
consider dynamic loading from a possible explosion when
determining the depth of the boreholes. The present study
numerically model ed sandy and clay soils under dry and saturated
conditions that experience 50 to 300 kg of TNT explosive loading
on the surface and at a depth of four meters from the soil surface.
For this purpose, Abacus software, Eulerian-Lagrangian
coupling, and three-dimensional nonlinear dynamic analysis
using the finite element method have been used. Case studies were
examined by initially determining the net vertical stress created in
the soil under the blast load then, after obtaining the range of
impact of the blast for each case, the percentage of increasein the
borehole depth was calculated by considering the effect of the
blast load. The values calculated for sandy soil was 5% to 92.5%,
for clay soil was 7.5% to 185%, for saturated sandy soil was 2.5%
to 179% and for saturated clay soil was 4.5% to 113%.

Keywords: Blast, Vertical stress, Borehole depth, Coupled eulerian-
lagrangian approach
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Customizing a Sustainability Assessment
Framework for Infrastructure Projectsin Iran
Based on Envision

Civil infrastructures as the foundation of social, environmental,
and economic development are facing many challenges, such as
the optimal use of natural resources as a result of population
growth and climate change. Therefore, previous standards and
methods of development are not capable of meeting future needs
and the sustainability of infrastructure projects has become a
fundamental issue for developing countries like Iran. To address
the need of enhancing the infrastructure's performance, this
research aimed at introducing an appropriate tool for
sustainability assessment by customizing an infrastructure
sustainability rating system (Envision) according to Iran's
conditions. Accordingly, the credits’ list was firstly investigated
through in-depth interviews with experts. Then, the validity for
each credit’s existence was assessed through the Likert spectrum.
Finally, the weights were revised based on the context-specific
circumstances using the paired comparison technique. Alongside
the five newly added credits, the research’s findings regarding the
main groups’ weights including the Quality of Life, Natural
Environment, Resource Allocation, Climate and Resilience, and
Leadership highlight the significance of paying more attention to
the social aspect of sustainability. The results were structured in a
framework consisting of five main groups, 14 subgroups, and 69
credits with new points. The results of this research can be useful
in not only the infrastructure’s performance improvement but also
enhancing the decision-making process for infrastructure
development. Accordingly, investigating the implementation of the
proposed framework in Iran’s infrastructure projects, and its
application by policymakers and planners is highly recommended
for future studies

Keywords: Sustainability Assessment, Customized Framework, Iran’s
Infrastructure Projects, Developing Countries, Envision.
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A Study of the Buckling Behavior of
Aboveground Cylindrical Steel Tank under
Seismic Loading

In this study, the seismic response and buckling of aboveground
cylindrical steel liquid storage tanks subjected to horizontal
components of earthquake ground motions is investigated using
incremental dynamic analyses (IDA). A broad steel tank with
diameter of 30 m and height to diameter (H/D) ratio of 0.40 was
designed using APl 650 standard. The incremental dynamic
analyses of liquid storage tank were performed for seven real
seismic ground motions, which were scaled for PGAs of 0.05g to
0.50g. To verify the accuracy of the propose finite element model
of the tank-liquid system, natural periods of the tank-liquid system
vibration modes computed from finite element analysis compared
to those obtained by analytical solutions and other numerical
study. Small difference between natural periods indicates the
acceptance accuracy of the finite element model. The mean peak
base shear and overturning moment of the steel tank are estimated
using mass spring model and compared with those obtained by
finite element model. The mean peak base shear and overturning
moment from finite element model greater than those obtained by
mass spring model for PGA less equal 0.20g and vice versa for
PGA from 0.30g to 0.50g. The incremental dynamic analysis
results show that buckling of tank shell occurred at a height of 2.8
m above the tank base. Also mean critical horizontal peak ground
acceleration (critical PGA) and mean critical dynamic base shear
force, which induces buckling at the bottom of the cylindrical
shell, are estimated.

Keywords: Steel Tank, Incremental Dynamic Buckling, Fluid-
Structure Interaction, Dynamic Buckling, Elephant Foot Buckling, Shell
Buckling.
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Evaluation of the Effect of Aging on the Long-
Term Performance of WMA Containing High
Per centage of RAP Based on the Results of SCB
Test at Intermediate Temperature

With regards to the increase in stiffness for the asphalt mixture
containing RAP, the improvement of rutting is predictable, but
with increasing aging level and increasing stiffness in mixtures
containing high percentages of RAP, problems such as cracking at
low and intermediate temperatures is formed in the long-term. In
this study, the long-term fracture performance of WMA mixtures
containing high percentage of RAP at 25% was evaluated using a
CB test. To conduct the research, different amounts of RAP (0,
50, 75, and 100%), a rejuvenator, Zycotherm as WMA additive
and 85/100 asphalt binder were used. To apply different levels of
aging, the samples were kept in the oven for 3, 5, 7 and 9 days at
85° C. The results showed that with increasing the amount of RAP
and the aging level of the samples, the P, and the K¢ increased,
but the U decreased. Also, in order to compare the long-term
performance of asphalt mixtures containing different percentages
of RAP, the area under the J. - aging is determined and it was
concluded that in the long-term, samples without RAP show 8, 34,
and 52% more resistance to cracks than samples containing 50,
75, and 100% RAP.

Keywords: WMA, RAP, Failure, Aging, SCB test.
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