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EL =Elika formation
LA =Lar formation

DL =Dalichai formation
TZ =Tizkuh formation
ZT =Ziarat formation

KO=Kond formation

50°30° 52'30°

S ol 053 wle S Gladisle 514 sad Cuils 5 andlae b ge N JSS

Formation . Components .

Name Lithology Skeletal, Non-skeletal Coordinate

Elika Limestone (Mudstone) Micrite, Quartz N 36°09'13" E 51°2426"

Lar Dolostone Dolomite mineral N 35°48'47" E 52°01'55"

Dalichai Limestone (Bioclast Pelagic bivalves and sponge needles N 35°48'43" E 52°01'49"
packstone)

Tizkuh Limestone (Bioclast Crinoids, intraclasts, foraminifera, N 35°52"21" E 52°00'39”
packstone) Orbitulina fossils

Ziarat Packstone-Wackestone Nummulite, Algae fragments N 35°34'59" E 51°41'34"

Kond Limestone (Bioclastic Foraminifera, bivalvia, Ostracod N 35°52'47" E 51°39'04"

Grainstone)
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Sieve size (mm) % Passing % Retained Coarse - Fine size
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Specification

Property (unit) Standard Analysis (value) Min. X
Density at 15 °C (kg/m3) ASTM D70 1.018 - -
Penetration at 25 °C (100 g, 5 s) (dmm) ASTM D5 60 60 70
Flash point (COC) (°C) ASTM D92 250 232 -
Softening point (°C) ASTM D36 52 49 56
Ductility at 25 °C (5 cm/min) (cm) ASTM D113 100 100 -
Solubility in trichloroethylene (%) ASTM D2042 99.6 99.5 -
Absolute viscosity at 60 °C (Pas) ASTM D2171 336 - -
RTFO mass loss (%) ASTM D1754 -0.03 - 0.8
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Load (kN)

P= Max Load
m= Inflection point
Wf = Area under curve

Displacement (mm)
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Formation XRD XRF

Name CaO Co MgO SiO2 Al203;  Fe0s KO  NaO MnO
Elika Ca,DI,Qz 4159  41.80 6.58 4.75 1.47 2.97 0.30 - 0.26
Lar DI, Ca, Qz 37.94 46.35 11.89 1.46 0.52 1.50 - 0.13 0.12
Dalichai Ca, Qz 35.08 27.02 1.03 29.02 4.17 141 0.91 0.25 0.10
Tizkuh Cal 5552  43.14 031 0.47 0.22 0.10 - - 0.08
Ziarat Ca, Qz 5335  41.30 0.35 4.08 0.26 0.18 0.05 0.10 0.18
Kond Ca, Qz 4881  36.16 0.52 10.26 1.87 1.26 0.08 0.46 0.22

Qz = Quartz; DI=Dolomite; Ca = Calcite
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Formation Name E%Z?Jéc_?:';ﬁ:'ty \é\g?g;b;?gsmn Elongation % Flakiness %
Elika 2.67-2.69 0.32-0.28 9.72 20.08
Lar 2.63-2.64 1.28-1.27 16.93 12.16
Dalichai 2.64-2.65 0.46-0.44 7.38 25.99
Tizkuh 2.68-2.70 0.52-0.51 11.91 15.71
Ziarat 2.49-251 1.50-1.46 23.77 12.09
Kond 2.61-2.62 0.36-0.33 26.57 24.75
bl el s (S sl fpamen (VY JSC5) N o llas P

LiJﬁf&j\dﬁdb}@)\&}ﬁ)ﬁ(g?v&g)
b5 g1 0y 5 (Al Lglsa oS15 31 55 e sl
ool 3 g g sl Jilb 3l (GV Ji,,d) 3

Wl (g Sy S

sasOlas O sl sladgas 53 o sKuy Ko Dlallae
Wl e Sl 5 035 5 5 b wliSas (505 w5l
on b Lol byl 5 alscys 5wy, CotlpSs S 5
O sl 5 Al SLBL > 8l I s

Lk o waie s Oy 3 5 g Okl b 4 5 wlals

Y ")u“:’)-’[sﬁj*‘a;(c‘\ n)w)égﬁf@‘<u‘w‘k)b&j§*ﬂj&dabﬁyé(;LHVJm



Vool ‘V.A.:j-.}L.':J.l;.-‘\\"Y Sle

Ol pdigr ol (a3 ool sy = sade dloma / V0 Y

e L I R
bj}f&)‘&j}ﬁfdblﬁ)ﬂ.bﬁJ}})_}(u/\‘_}gﬁ)
L3l ST 5ed 55 sdaline JB 5 lee s 5l (z A K9

sl )Y

o5 5 Juslas ez Olis JY Wsler g 5K S sblia

PHELCI T el 65 Wi (ol asly oyl
st Lol bli,l 5 a5 alp, ool oK oS 5
(A JS8) ol Glu& GIb1 3 ol 15 5505

YeJLAAZ)JLgﬁM(C‘\ OJLM:JJJSJ._{‘)‘A;(UL‘)YJJ_;L&&j&)&édﬁsﬁﬁj«éj(gﬁj‘/\JS.:l

Slad i ool sdaline LB 514 sl (C 4 )
Go5 5 Josk ekasOll 58 05855 Ll g S Soe
C""‘j‘gf, %SJS PR B3 C_,.ld.—n B d)b 44“5‘) ‘u:'lk:’
Sl e - Lol bl 5 wlscdys THESYS
Q1 R - ) B W (KU COME % R SOV
CondS S5 lassh e S 55 S s aames
el odalie LB 5515 sl (C\~ J8) SIS e

-5 g el el LB (Ll Q) K2 51 S 46 ,Soles

Cuy edkaasllld Sy S 3 Lo lds Lol b
Glo s pohe e i ool sl daaliSn
S0l Bl 5 il 5wl ool 555 oS 5 il
- Ol Glbl s 3 b Slg s s oo bl
bodsrse J3 51 S5 Gasdome SlaS 3 pomen AL
by T 0y 5 (Al bylsee (S15 51 s e sl
O3l alil s by (Seaslasbul 5 (04 S 3



Vv G55 5 0y bl S e 5s il glab s Koo 6l S oS i 36

Y e)w)bgﬂj@'(cc\ OJL«JJJSJijﬁGS(&JCGJSJ:SJJJLJw&wJJ&JdGJAﬂ}JJ(A_Q.H\' ‘_}S.:,

5l 0ss 0 LB s s O e s S5 5
b Gl 5l goldas 53 b Jd Bl 0553 4 (pumen
Siales] elil 3l 55 S5 s 5 bl 5 (o)) IS2)

Ak (7)) )

G 5 sk edaasolis ool Ksle o Sy Se clauv"
mlin Sl sy WK 25 sk 5 sl sl ol
5 Al s Ay, G K CS S Wl Gl bl LS
33t 385 gy (WY ISD) oa L Wl bl



Vol e pld A OFHY g Olpl e ool e pammil b sy — pade e / V0¥

Y e)kmijbgﬁfﬁj(C‘\ o)kA.J)JlSﬁf,aJ(U¢QJQ)&)u&j§.~jﬁﬂdauﬂfﬁj(uﬂ\\ JS...Z

Lﬁdﬁﬁjd}jﬁ:ﬂdéjwb‘y\x}‘:j}j‘(@‘\Y jdi‘)hj oMbdmﬁJﬂSL)b gﬁjg"’"ﬁjg‘.‘"“ Sladlas
S alas xe D53 4 53 S gdeea 358 5 (VY JKS) 3 ﬁjlx.:mjcjhw HELC O S s L G5
(C\Y Jﬁ.&) .L.Zb& PPt LLJJ‘ B 4.3‘.);',\...'::).) 9 AJ‘JJ'_;) C,r‘yg.; ;,\154,5 LM‘J\KM»

JS) e Gl Glbl 3 e 15 s oa b O

Y eslod 53l s gl (i ) eslod ol el (0 oS W5l g5y Koo sl sl (L1 NY IS



V00 / G55 5 0y bl S e 5s il glab s Koo 6l S oS i 36

el 5 pbelrs e ey Cwnd ibe

2350 S & g pdylasl
o2l g b g Sl p“}? SiA sl bl bl
OLEN0 S5 s wly S sladisle aan sl 6 pdyillanl]
e 55 MEe o at (ells IS 3l ol 03 o3l
O S8 s b B 53 Wl e a5 bk sl LSS 6l
e SlS Gl K il Sl S slesliSe
G5 S b slie bl Sslite oS 5 il
b j3 el el il e bl s S gl p"ﬁl
S Ulps w4 S bl s goe ps0 S il
awls S5 Ll b gf (Sees bl o bl
o T4 s Gl gl 03 551 Db Lol e 503 e
Ar 03 sl @ Wsed fenily iSOl LS4k
S5 s g pdyoillan et dang (Sa, S S
“r A s slezel BBl ol S5 (sla el 03 5

Jas

A;JJ‘}?;JJJ“‘}L}.{:«} r-r
Sl sl szl BB sy logls o e Silesl]
Ghls 5 o5y Al glab e S3,58 5 5 Saus
035 Olael s gas Ol L (g3lweslel O gaman oLl5e
Al @l GRS 5l bl s T el
Sl Gl oy p sl o S Sl
-l gl 5 OF (IK8) s S el anllas 55
sl ol 0L VF S s bl 5l Jols bl
oske 4 Oy ey ClSa akd s plulr slie ol
S 5l s el b s Slas pat O30l
shls @by Wl VK gla poee il sy S 4
Gl Ko kS e S s ST L lde o 5V
Gl I 3l s (g pm Sl 0deSis L, Kls a5
SVl s S, i 5 o2 SO uid Hldde o iy
les Lo bbb Gla o das o0 DL 5 2

aht 5y Cud bl el S gl (a)'\l S sl sl

SCB iulesl (sbadi sl 51 (galind peas NV IS



Vol e pld A OFHY g Ol pl ptige oolid (o ol b s — ok aloma /115

5 -
45 A
4 A
3.5 1
3 —ea— Elika
g ——Lar
o 2.5 1 —— Dalichai
L 5 ——Tizkuh
= Ziarat
15 Kond
1 u
0.5 1
0 1 2 3 4 5 6 7 8
Displacement (mm)
SCB _ile3l 51 Jol bl L slalspes N K2
uGf mFl
6000 A 45
- 40
5000 -
& 35
E
54000 E L 30 é
3 L 25 =
2 3000 - 2
E F 20 &
2 3
S 2000 - |5 8
C
- 10
1000 A
F5
0- Lo
Elika Dalichai Tizkuh Ziarat Kond
Formations

Gl S gbadisle g pdhaillan) axls 5 b &gl CnSo Gl 2 oY 6550 sle bl zk N Jse

23 okd s W 4 by Bl e sl S il e (F/7) K Wl w0 laze Jlin] glabs o
Al e SV Sy 5l lyls bl Gl b Y 5 b eSS by S glaisle of 51 e

Is g gleds 5 A8 sladisle (g pdicilansl axtls e L g pdoilas! jastls jlaie cp S U oo niy o



olisle S e g 5 gy Vsl (SOl 5 (S gla S5 s

L3le) QS5m0 35Sy 5 (55505 5 lamds szl
i XRE bl ol 5 s S s (b
D) oSy Wil 4 Gl o5 & 3 CaCor ulis
1) gty Wil 4 Glae OF pgeS 5 e (AP
TSF 0 e i e ASL e (PF/0)
O /YF 1) S 5 (YY) slamds slalisle ulis IS
RGSUUH %S W- R UOH L ¢

Lo sl 15l AT slabsle o Sy Seo ablis
o ok ol L3 3 s WK Olastie s 3
S glaizle s sdalie LB dalgd RS sl
Srp W ools asls (G5 s bk Jls adles
5wy g by, S5 BHES Wi sl
WA BIbI 5 15 sy s er b 0T bl
o 3 (GBSl auld) Sl e 4 8 558
el bl 3 ed sl b g ge 3 51 S 55 S
s ol ods bl (g pbolan] jastls i s s
s 15 ol Sl bl SIS S 5 53 SIO2 ds s
bl ] Sa¥lSKn s 5 Sl [l oS s
Gl Ll Sl dulp L e il
IS R BT ITSIN N g WS VRIS PES TS
P S S N IS P IV U PUR B
aze O Slie oy 2eS 5 K W5l 0 Ghate (6 pdbsllanl
el HY W5l @

“ S ol adllas sy Slu S S saueid
e ) s el b e 5 Ses 5l
K3l) ol Ko Joli s Sae o Jdas S 43 3 Shas
CMS b (1S W5l O S S al (S
(655 50) U5y CadS a0 (lmds W3l) 05
OY k) Cangdss 5 (Gl Lsle) OS50 5
il e

s a8 o K G5l g pdbillandl Lo li lide Caal
Si02 dwys 5 of Gl el VL Ao sy el ol
oo SI02 (VL Aoy il o uls S5 S5 s
Flae nl OF a8 4 oS 3580 S Caglio L5
S, Llaie s oesls ola s 1 SaaN s,
4 ooSis Lsle s b el LI SV S
(Sl e S S5 0a05 4 3 3l sl 358 s
SV Sy 58, 5 Al SUbI 3 b sl
L oLl W3 oS 6 Klen b e RS It bl
Sl Qs e i bl SY 5 sk sladle
S dor e bole pl &S a3y LSl Lo 4 s
53 gde Pl Ol Aol b b g Dl e 0550 4
oS|Gl Sl 0555 53 b lad sSse ol p oyl
5 Oisre a Oisen Db 5l Alas 8 o S 0l
Blas Sl wle s el SO Slo sy ok
Lue and) s5i 0 SaeVlsins wllae o Kol
-J S50 4 3 8w Olg o Jl=,aa (Lytton, 2013
L dle 3 gmman Slanl JD 5L 51 558 631l b sla
Sl Ll aol b s Ol Ol 055 4 b 5
0500 oallinl dles 585 ad S 5 odd ol
(Lee et al. 1990, Curtis et al. 1993) a1l o 3L 3
b ek Dls a5 skl 5o Ol bl Bl e
(SFS S ol 2 e s s OAE eSS
Ssde S A S

& S womi ¥

Lol S pa g Soe SOU blis addllae bl
bl 0T b 5 Gl S sl 655 3 anlllae 5, 40
Coagdss Jold (plgls 5 U)Wl S gl sues;
(s W) Open S cnS oL (Y K3l
05Ss CudS ol (K wsl) O sl ool S



FSICRPNSHICRTEN] 23 gPF Ol pelige ol s ool in sy — ke alos /1 0A

Il e ) 5iS (g4l 5 S e Slesle AR (OYF 0 25) Ol slamtely Blinl (g5lusy 4ol oyl

AASHTO TP 124-20 (2020) Provisional Standard Method of Test for Determining the Fracture Potential of

Asphalt Mixtures Using Semicircular Bend Geometry (SCB) at Intermediate Temperature, American
Association of State and Highway Transportation Officials .

Arabani, M., Ferdowsi, B. 2009. Evaluating the semi-circular bending test for HMA mixtures. International
Journal of Engineering, 22(1): 47-58.

ASTM C127-15 (2015) Standard Test Method for Relative Density (Specific Gravity) and Absorption of
Coarse Aggregate, ASTM International, West Conshohocken, PA .

ASTM C128-15 (2015) Standard Test Method for Relative Density (Specific Gravity) and Absorption of
Fine Aggregate, ASTM International, West Conshohocken, PA.

ASTM(American society for testing and materials), 2017. Standard Test Method for Density of Hydraulic
Cement, ASTM International, West Conshohocken, PA, C188-17.

ASTM(American society for testing and materials), 2019. Standard Test Method for Flat Particles, Elongated
Particles, or Flat and Elongated Particles in Coarse Aggregate, ASTM International, West Conshohocken,
PA, D4791-19.

Behbahani, H., MohammadAliha, M.R., Fazaeli, H., Rezaifar, M.H. 2013. Effect of characteristic
specifications on fracture toughness of asphalt concrete materials. In: Proceedings of the 13th
International Conference on fracture, China, Beijing, 16-21.

Biligiri, K. P., Said, S., Hakim, H. 2012. Asphalt mixtures’ crack propagation assessment using semi-circular
bending tests. International Journal of Pavement Research and Technology, 5(4), 209-217.

Birgisson, B., Rogue, R., Page, G.C. 2003. Evaluation of Water Damage Using Hot Mix Asphalt Fracture
Mechanics. Proc. AAPT

Chong, K.P., Kuruppu, M.D. 1984. New specimen for fracture toughness determination for rock and other
materials. International Journal of Fracture, 26, 59-62.

Cong, L., Peng, J., Guo, Z., Wang, Q. 2017. “Evaluation of fatigue cracking in asphalt mixtures based on
surface energy”, Journal of Materials in Civil Engineering, 29(3), D4015003.

Curtis, C.W., Ensley, K., Epps, J. 1993. Fundamental properties of asphalt aggregate interactions including
adhesion and absorption. National Research Council. Strategic Highway Research Program.

Elseifi, M.A., Mohammad, L.N., Ying, H., Cooper Ill, S. 2012. Modeling and evaluation of the cracking
resistance of asphalt mixtures using the semi-circular bending test at intermediate temperatures. Road
Materials and Pavement Design, 13:sup1, 124-139.

Fan, S., Wang, H., Zhu, H., Sun, W. 2018. Evaluation of Self-Healing Performance of Asphalt Concrete for
Low-Temperature Fracture Using Semicircular Bending Test, J. Mater. Civ. Eng. 30.3)

Ferjani, A., Carter, A., Vaillancourt, M., Dardeau, A., Gandi, A. 2019. Effect of cement content on cracking
resistance of full-depth reclamation materials using the semicircular bending test, Adv. Civ. Eng. Mater. 8
(1), 411-422.

Ghuzlan, K.A. 2001. Fatigue damage analysis in asphalt concrete mixtures based upon dissipated energy
concepts. Doctoral dissertation, University of Illinois at Urbana- Champaign .

Kavussi, A., Naderi, B. 2020. Application of SCB Test and Surface Free Energy Method in Evaluating Crack
Resistance of SBS Modified Asphalt Mixes, Civil Engineering Infrastructures Journal, 53(1), 103 — 114 .

Lee, D.Y., Guinn, J.A., Khandhal, P.S., Dunning, R.L. 1990. Absorption of asphalt into porous aggregates.
Strategic Highway Research Program (SHRP) Rep. No. SHRP-A/UIR-90-009, National Research
Council, Washington, DC.



Vea oliile 5 el s G ey Vsl SOl 5 (Sosd g Sy o n

Lue, R., Lytton, R.L., 2013. Selective Absorption of Asphalt Binder by Limestone Aggregates in Asphalt
Mixtures. Journal of Materials in Civil Engineering, 25 (2), 219-226.

Mohammad Aliha, M.R., Behbahani, H., Fazaeli, H., Rezaifar, M.H. 2014. Study of characteristic
specification on mixed mode fracture toughness of asphalt mixtures. Construction and Building Materials,
54:623-635.

Pirmohammad, S., Ayatollahi, M. R. 2015. Asphalt concrete resistance against fracture at low temperatures
under different modes of loading. Cold Regions Science and Technology, 110, 149-159.

Saadeh, S., Eljairi, O. 2018. Comparison of Fracture Properties of Asphalt Concrete in Semicircular Bend
Test Using Noncontact Camera and Crosshead Movement, J. Mater. Civ. Eng. 30.¢%)

Sadeghi, E., Nikudel, M.R., Khamehchiyan, M., Kavussi, A. 2022. Evaluation of different types of carbonate
aggregate  performance in  asphalt mixtures. Bull Eng Geol Environ 81, 329.
https://doi.org/10.1007/s10064-022-02815-8

Taherkhani, H. 2016. Investigation of asphalt concrete containing glass fibers and nanoclay, Journal of Civil
Engineering Infrastructures, 49(1), 45-58.

Tan, Y. Guo, M. 2013. Using surface free energy method to study the cohesion and adhesion of asphalt
mastic, Construction and Building Materials, 47, 254-260.

Wang, H., Zhang, C., Yang, L., and You, Z. 2013. Study on the rubber-modified asphalt mixtures’ cracking
propagation using the extended finite element method. Construction and Building Materials, 47, 223-230.

Xiaoge, T., Zhang, R., Yang, Z., Chu, Y., Zhen, S., Xv, Y. 2018. Simulation of Bending Fracture Process of
Asphalt Mixture Semicircular Specimen with Extended Finite Element Method, Adv. Mater. Sci. Eng. 1—
8.

Zhang, J., Sakhaeifar, M., Little, D.N., Bhasin, A., Kim, Y.-R. 2018. Characterization of Crack Growth Rate
of Sulfur-Extended Asphalt Mixtures Using Cyclic Semicircular Bending Test, J. Mater. Civ. Eng. 30
(12).



