[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

J. of Marine Eng. Vol. 21, Iss. 45, 2025. (57-66)

Journal of Marine Engineering

Journal homepage: marine-eng.ir

Designing a Machine Learning Model to Predict the Characteristics of
Rocks Used in the Construction of Rock Mass Breakwaters

Ehsan Sheikh Samad?

, Mariam Ameli 2" | Ashkan Mozdgir 3

! Master's student in Industrial Engineering - Faculty of Engineering and Technology, Kharazmi University - Tehran - Iran;

Ehsan_sheikhsamad@yahoo.com

2 Corresponding Author: PhD in Industrial Engineering - Assistant Professor, Department of Industrial Engineering - Faculty
of Engineering and Technology, Kharazmi University - Tehran - Iran; m.ameli@khu.ac.ir

8 PhD in Industrial Engineering - Assistant Professor, Department of Industrial Engineering - Faculty of Engineering and
Technology, Kharazmi University - Tehran - Iran; a.mozdgir@khu.ac.ir

ARTICLE INFO

Article History:

Received: 18 Feb 2025

Last modification: 21 Mar 2025
Accepted: 28 Mar 2025
Available online: 30 Mar 2025

Article type:
Research paper

Keywords:

Rock mass breakwaters
decision tree algorithm
random forest algorithm
nearest neighbor algorithm
machine learning

ISSN: 2645-8136

ABSTRACT

Selection of quarries and quality stones by design standards has always been one of
the most important challenges in the location of breakwaters and the commencement
of executive activities of rock mass breakwater construction projects. This research
proposes using machine learning approaches to predict the result of the acceptance or
rejection of quarry stones with the minimum possible tests based on the algorithm's
output. The method used in this thesis is to provide a framework including complete
and accurate data preprocessing and the use of machine learning algorithms such as
decision tree, random forest, nearest neighbor, and the use of available data from the
results of rock tests in the last ten years obtained in the construction of rock mass
breakwaters in the coastal strip of the Sea of Oman. In this method, the available data
is classified into two parts: main data and test data, and the algorithm is implemented
on the main data and then the output of the algorithm is evaluated using the test data.
The algorithm output is confirmed with an accuracy of 96%. The results obtained
from this framework emphasize the importance of using existing data in the marine
construction industry and the effectiveness of using machine learning algorithms in
analyzing and interpreting existing data. The output of the results of this thesis reduces
the time of experiments, reduces project costs, and reduces the duration of the project.
The insight obtained from this research can help companies active in the field of
marine construction and also specifically the Ports and Maritime Organization as the
custodian of the construction and maintenance of marine structures in the country to
locate breakwaters, optimize resource allocation, reduce the implementation time and
operation of projects.

DOI: http://dx.doi.org/10.61186/marineenq.21.45.57

Copyright: © 2025 by the authors. Submitted for possible open access publication under
the terms and conditions of the Creative Commons Attribution (CC BY) license
[https://creativecommons.org/licenses/by/4.0/]


https://marine-eng.ir/
mailto:Ehsan_sheikhsamad@yahoo.com
mailto:m.ameli@khu.ac.ir
mailto:a.mozdgir@khu.ac.ir
https://orcid.org/0009-0003-5378-7353
https://orcid.org/0000-0001-7334-0186
https://orcid.org/0000-0002-0226-5411
http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/
http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

(AV—??) a‘f’f sfa O)Lmﬁb J’\ QJ? 6[{)0 ww 4%)*“

b 40 (wigo 4 g

marine-eng.ir :a ,is Lol axio

83Lkul3 90 (S S Sig (ot 1 ol 5k e So (2sb
(o 8393 s Sz g0 Calw 43

rﬂf))ﬂd&w“ Y‘:LOEM).DG

\M@&&M‘

Ehsan_sheikhsamad@yah00.Com « ;) - o5 = (soj)lss ol odie 5 (536 0055 - gyl suwigeo 15yl swlid S gometils
mM.ameli@KhU.ac.ir. |yl - ;a5 = o)yl olKisly wdige g (8 00l - poluo awdige 09,5 Jbsbil - poluo awitige (618"
a.mozdgir@KhU.ac.ir )l ul - o) - o0led oRisly Lwdipe g (6 008> - mlio (i 09,5 Hlobil - mlio wiige glySs "

PR

o gl e 3 s (b las laslinl b gllae coa ST S iz g olre Sl
039 (S 0055 slaSigse colo glaoiyy ol 2l Glacled LT (izman 5 Lo Sigse (aloilr
L Gbndy 4 b o2 oedle 650k sleo Sog) 5l oolitul sl hgi cnl ol
el o Slgiy i, 2 el s (sl aleg] s L ol (slacSins i
S iSer 5 Wodls (5288 5 JalS il s Sl sl 1) sy cnl 55 o ooliial g,
ol s PS5 5 B S et S8 Ggmad eile 650k a5
3 a5 Sl 3 Jlo oo S ol gl Jolds ioshy ol o oo colatwl glaosls yuiren
sleosls Jigy cpl jo cwl oals solannl fles by Jdole g (Saw eog slo Sizge ool
ol sloosls (55) 5 p,s8l 5 eadgandinl Cus glaosls 5 (Lol slaosls (3w 90 4 95250
oy A8 CBol 4 s 5 bl e glaesls 1 eslatnl b o ol 39,5 o1 5l e g (5lwesly
slrools 5l oslannl cowal i ol cpl 5l osslowwsn gls .28 3 )18 0l o900 pi )68l 25,
Ol (6550l sl )Xl 5l oslainl pisu 5l azmen 5 ol j0 laojle CEle Cais 15 09240
plosl oy 2alS el jole gy @l (29,5 )l ST 35250 slaosls ol g 5T 5o
OhRghy 5l edeliamsdy Giin 00,5 o 05g plal Gloj Sae (1alS g efg anse SRl de il
4 el jeb 4 Huoren 5 ol Glaojle Slugasle ais) jo Jkd eSS b 4 wilg o ol
@l Soz 4,335 )0 by sbeosle ()l g el e (lsie 4 60,9k 50 5 ol Glesle

e S5 aogg p sl po e 9 22T Gley SRl cplie Laras gileange daSag e

DOI: http://dx.doi.org/10.61186/marineeng.21.45.57

alio oledMb|

lldo dzesty b
VECY/N VA allie b, b
VE-E/V /) tallie ol g )b
VE-F/N A i (50 )b
VEY/AN - allie Ll g b

lio £4

edds olals

S 0355 SlaSigge
ool S 50 o 95
iokes S o )
Wl 0 T S555 0,55l
Oedle (650,

9o Jalgs g Loyl i o lj] s b Ll gl 1 opl ot g by YoYO © 1pid 3>
el 00 Jl,l (CC BY)

ISSN: 2645-8136


https://marine-eng.ir/
mailto:Ehsan_sheikhsamad@yahoo.com
mailto:m.ameli@khu.ac.ir
mailto:a.mozdgir@khu.ac.ir
https://orcid.org/0009-0003-5378-7353
https://orcid.org/0000-0001-7334-0186
https://orcid.org/0000-0002-0226-5411
http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/
http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

QY-£8) N F (FO) YV al> b )o gwdige 45,85 1 o)) Se2 g davo gl oyl

Gxiay)l (3l slayimghy ax 3T .ol bl 1l 0gally 3Lail
Ao SO (59, o addlhae jo Lol el ouls ploxil Lisly cpl )0
S rdnpeess 9 95 (o0 35505 (p9 adlate )5 B Lo
slael sl Si zge ;o oolaiuwls g0 slaSiw plas ) s
o35 Sl asaxgil S e dgase g9 Jole b
) 5 (S gl <o 55 5 plgs (Dbl 4 (go e LS 0
drwgs ol , 55T Conl duazgil ogan ol cblas o
oolae ozl gl adlygles sla ol glosl wams jo .05l
Bl b S sla Sy (i 5 ovon GRo5 onl Soe
W PPN S PPE YN NS GOV S-S A g Sliole;l slows
slwgcale jo cod cnis sl by, sl colewl b anlllas
Sloosss slo S izge SYLaaily Jxd aie) 10 0ga ¢ b0
sleslaiul (g3lwdigs 5 059, Sy SalS Jlso 4 o S
S50l b L ag sl ool glayl 5 aS ol o baosls

Bgbse 05T 0jgn ooz ly )0 S

W gy glge - ¥
3, » 48,5 el Glajiolejl glaosls lie y cpol> imgly
Sloyo oje> j0 oa s aislu lo o Siizge ;o (3 pae pdlas
JuST l58le 5y Laosls ol a S el a8 $& g0 las
S5l slagbsy sl esliil b (s s Ll 5 5 5l0e
el 00 plomil (55Lw Joe (PYthON) Jl58le 5 g cpiile
L oold Cwogs —V-Y
slaiole;] 5l cimgh adlas ol o ooliiwls g ooloac gaze
\YAQ Jl_w )‘ L)L“JC}A o] «5L°’°)9)-’ o 04 rbl?u‘ S
sl Vo0 el Eg—ome ;o 45 Zwload ayd eSS
7l il slKiw o ialesl ol (V Jgoz) slo prie .ol oo
o=l ol (Bles 6l j0) o e Jolguw calizrs yolee 5l ouis
5 p = o> (L)) 5 1 1nd) slal Sledlbl yululy b yxite
(Sl inlajl g (6, id Cnglin ialosl coms an sl
REREE RN

o33 LB ki ) it y3p0 =) Jgu

2o Sloensgs ools 5 dials 43
2 6L o les VoA ol (goue Bols
Bgad o,lels S S 0les 51 S g
A gl YOV -FA JIya..-
D s (F.9) goac ools
L el olal g clasine | €CMAY JI9) oae ool
A gl SIY0-NF) goue ools
il (@r ¥aa.vy

doddo — )

(dolo @bl sl cbliz 5o Lol sleosle plarcas lapSozge
&5 5l 65 slz 5 Jolal B ol 2l jo Jolom 5l cdadlons
o odle Wyl 18 ol Lads gl edilog, diles [0 g,
3959 PSR 53yt (el (e 50 (olisl (225 Loy (]
3 bl G (S las aisS (o Wl b0 sla s
SBoSimgse ohgas (ol (el ilize glaojln colu
5 plod ot daSis (it Sla Sy wiS oo Ll (S
slalo )0 @l)odiys> 9 (i polie plp yo iyl
odliinl 3,50 wlas sl p3¥ Sb> Gl Shs Olyed (2b)s
S Sy 90 2 do ples aenl ol leojle cole o
P ORI P ORI N - BEN ISP S PUC IR P [P <O
039>y oS dzge (ol sl air olatdl (b Sy @
Ol 5o el o)l ool Cual ugilidl 5 Jolges (owaige
e oLl 38,86 Jelse ciaitn 5 i 4 G093
S5 ok sl ozse slaosls (rm Ly, aiS &b 5l (S
boosls pon> 5| 5o ooliiwl g 09 laaze (]330
SSizse pyata 2b,s laojle Cle ojs> )3 S92 ge
bl 5o edle (650l sl Il (65,5 Ly (S 008
GelS 9 83 g S e SRl (sl By G e 4 s
il s ATB1 63 Sy g Az

rlie dlan Sl (Gl (i 0055 lapSiazge il o
olaidl g5 o5l Slaxl g 009 L yiws BB aS 5l oolaiul
PRURSVIRNPE PRE.IPERTIN JUTS TS GUIEIVPREE R
Soglie g plgs 10T sams ail)l 993 wade joe jo 1) 3Y (s)luky
slalume o (o Slo prlies 5 oo Jolss 2l jo S
9425 350 Smmbige & Wi ola T alex 5ol
(S S ge (nl 5o (Ko gllas )3, 8igh &ly (b))
5 e bl b dlae ool (Sl 5 (So5d Sloogas o
D9 e SIS (Sdzee o3l (59) i (LS CaBge
@l sleoslw o Lagl plss 5 (8 a0 (Ko lae cobis
3 sladasMo b slass cw 98 4 a5 005 0 (astine Sl
5 298 e (S gl (65 e wond o 55 slaojl
] Sgds dz g5 plgo o

o Ol sl )3 So0ite (g sLa B 5 Slallls
YL 6,50k b 5 g pdyllas 5 cuslie S (yolre Sl
S S sz asllas o Ban wlaisls oo sbalaswe (o olge
5 YL caSL wlas solial 5l coles b 5 i3 le ol
15 ol oy Sae azil, sl il ol glao IS L ansliie
Slomg T a5 Il ) il ool L olomge caliseo Lyl
5 @Al () p an s )9S (o9 Sl ool ye g 08


http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

lwools 8g,9 o le (6 Foslasl oo >lb asle (§ubou
JRCH RPN &
Gl 5 conls Bl b oads glulis Lale 5 ) 55Lub slaosls
plSe ools o )5 B )b 5l leools 59,9 Slaloal s 4
Soleslw (om 45 )lss Ly (g5lme 35 Ly onig U]
5 Laosls (5wcsy I¥] sy last comul oglane calise
slwools o> aijloye5 1 oYL Cool 5l ools Jdowgds jo
Ol 38l et wlgi oo (6,555 g i ol clale e ol
Szl o) aeis jo g cwyol R e ools osls
Ol gt e ey LSl sdod 0005 bl Sleeas
ili8l g Laools 14050 Sy Cs 4 3, gl ools
F3 05la0 b (g3lwShy al> o aix ools 4y IG1 o8 o oS
W pdy &)

o8 bools Vo> -
oles plosl jo ais gl a5 Slaole;l mls a0 ool o
laaiged 53, 2 58 Y & lagialojl (5 5 wloog: Lo talojl
33,8 Bl o9y aid yds el

HE L ool Gis> -
St o Ghpdn St (ol oS plaesls S Al e ol o
A8 ,8 Bl oy Llo 1) Sledbl 5955 j0 Sl Jole slas

Gy grosls bi -
9 Lo (sloslooll 5l ool wl Jdo anals o ol o
duslio b bools pl «5,1,55 (sbrosls 594 9 calizee slacs i
Lf] w3 G 5 ololis XSS
&S 9 olsl-r-f
Sl emlo 5550l o Sl wnlp ST Sy bl
Sl Le Sy st e Slsedl s ool ol a5
= 3 e Ll Joe 0, Slae 1581 (6l oolodcgomme
A3y Al &4 bgyye jiinn & 2o S 5l lacgera
35 ol Al lslone s Sy eils e izt
s5b d Sl S odloacgame S Lo S il 5ol
35 oyl GBI 0SS SaS 5 S0l anl s 4 g5 LB
Lo Sy olaws (aals 05l Joe o Shoe S92 2 e Wilos o0
aSL sl ) oo Plom a1 5lss g0 (Slwbre (los e
@l oml modle aad oo a8 5 | soladl slaas o
Spd oo e a1y (gt e B sloJe (S Sl
plLi2sg) olwliss s oo ojlal (g ymsly o i 4 a5
poe s OBl Glem b lad e Ol 3" L Sen gla Sy
DS oo e ) 98 S 5wl e S1alS ) el
5523 P g oS el (55,5 455 ) 55 Ll
Lol Syl (Kiws 059 Blanl 5 ol slvosls 4y abay

& ysie Slorsgs ools g asaels £
SN0 -Y) oae ools
e (Cm3 vfa.as
dls Y.0 «5” V) goos oals
i @gr/icm3
o) ,5 s8ly b TEAE JIVPY ) oae ool
Bgod CanSl Canglia iolos] kg
Bged (5)Lad Cuaglie ©oled Yoo JIAY) soue ool
el Jlosl 51 3 kglcm2
Bgai (5,Lad Cuglin YV JIAY) gouc ools
calyo Jleel 5 an (vkg/cm
i g prgats ()3 FAY JIV-NY) goae eols
s oL o @rlcm3
Pz 5 Py 9 OFFY JINVAIY) soue ool
3ly Ol @r/cm3
Cdz g yegate ()9 VAN JIF.20) goae ools
ol vl o (3o
Py ye Sy <l (SilSe iales] e JIT) goue ool
ol NS (228
S eodhs (o, Ve ) goue ools
SIFPO) g ools
plgs paslo (oo
b Cugh (ao,0 0 JIY) goae ools
o YO JIY) goae ols
S @r/cm3

osls (5310 g s —V-Y
oslsdcgome dg—py Lol 8 gaul)d daosls (o3le 5w
PURRUES] JE BN R PPN U SR EEN IR WES FP VRS S g W
shls (JolSU slaosls Bim> alS 5 s Jolds Joono job
Loools pan 10 yuored el 1S5 5 bgs el s ,oli Cw )3
Lo Sy >kl 5 goue nolie 4 g ools hos 4 5L
O ok Wosls il s Yw ool Juloi o 09 oo
ol iz (o Wosls (b3le iy bl o alise oy
(A glaosls Bi s Jolis Jolpe ol a5 8l &g
walizre slaogs p 0olool ol paz slesl ibgs 1wl g (g)|,SS
J=lre =l plosl b oge ools b 5 s 1ol sla Shg Sd>

I¥] wlooss solel w53 dawgs Julosigts 125 (sl Wnosls
Losld g)lwsSL-Y-Y

Loools Jlaix! slallaz 23, 5 olulils Jols Wosls o5lusST
L el slaools il b ol jo cculy] ks sS4 sl
L 20,8 o0 Si> b ol (Julovigan 120 (o) 0 lolid
= d bad el slmesls 05,5 (65Lu S| oslsdcgons
Sl i el aily e aS wiies lalkhs 4 b Sialeals



http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 ]

QY-£8) N F (FO) YV al> b )o gwdige 45,85 1 o)) Se2 g davo gl oyl

1l og (Glel Vo inl) S c8l 5 S :
b Sdzge sl (i Bl g loansly JSi Ly slass
28 (oo Sbml S (s 6150 I s sl
s o Gl sl g5lak g

il b5 (Glsiel Vo i panl) (il Ceaglia .
5ol oS 5l (3l Gl b il 5o S il Cuglie
Los Angeles ) ol Lo Giolo;l ol e 3lae @l)3
Dgd oo oolitwl Lasle pl o)l sl (Abrasion Test

1l S8 (Gl Vo i al) (sl o e aglie :
5 gl 2,55 5l (b lads o ol 50 S csglin
IMpact) a,o il b el ol ol ppe 500 slacKins
Sgb oo b, (Test

5 b 5o Wil (o Sl Galisl bl 5 o el (]
ol sloojyy (sl wlad Sl ( Siw slapSazgs 12!
5 e bl it bl lajletel cnl hosd 4y 5l col (S
O sleosls ana>e L sdod opl o .adloo,ly slayl g4
Lo Sy bl wead e gonliel 4 colie b g (uyiss

el 03] Y Sloges 4o osls

b cosh,

S Ceodhs

ol Gde

ol pgaa (i3

s Jlesl 1 S diges (g ,Lid Cglas

A55(8

£

i
0 0.02 0.04 0.06 0.08 0.1

W osls by (Shg 2L - Hloges

ool 2b 3yl syl V-0
Jawgi ool ploel lo cimion jloolaiunl b g b)) e o
e glojlns yge5lacgorme (59, Geile SOl Joo
U oo awlxe FL jLitel § il (288 oo ygomed
Lo e sl e S 5 8l 0355 51 s 0 5

e -

25 Ly, 5l S 4 paad Ll g, 5l pole b ye
ijsc )‘)3 0 u)Ua.v Awd g.,JLC B 6)LJ‘J> u.us) AL gomo
] o0 oolaiwl

et Olaise ol Gkl 48 cl (g, b 5Ll
S gyl S lag ) wws Loy S e sla S
W)ls 65 0ly anl )3 a5 Seal Glie bl 2 b S5
Ol el i (Shy o skl 4z e g 35800 00l Ll
L eoslsacgomme 0,50 1,8 d>gi 0 50 i b oS Cewl e
=9 3l Jrole Shiltel g 2355 513 b5l 0550 B985
Sl ) loged Z0 4 by,

0095 sla S izge ;o oalaiwl BB sl saos, sl
oo ltiul ale Lo g (el slos st ;o Vaons
St o ot 1) [A] BS 5 [V] ISRM [#] ASTM
51 eolaiul L) Lyl oo ol ol pan 4y @l s S
lods 00)51 (PG)‘ ) slael

Gl Yoo onl) 0,950 S (g,Lid S wglae *
L.: L_,’_:LQ&»_MJ R o»))‘j LQLQ)L’ Jo.?u B Soew G:Uy u.u.s.:
Sl (Ul Ve e 5l i Voane) YU (5, Caglie
WOloobgi (Gl Ve o onl) miiiS csglie i
5 ool 5l il miiS lag i plp j0 S (kS Canglie
Sl T L Yoane (aslis ol o)l Coenl Sealiys sl
90 § S o3ll (b

S0l g (SR sl S sl lame Jalse ply jo
o—te b (Weathering) Ss;ls—» o (Freeze-Thaw)
oolii_ul plgs oloj)l sl,— (Sulfate Soundness Test
At

o ol Gz 1lbresgr ((Gliel 10 iivesl) Of G .
5 Sled ol o0 Kiw pion Cnglian g o515 odimolis
Voore V4 5 eSOl i U olbecSw aoul ol 3
oS YO 5l i Yo exe) Yo JE> b slacSin b

e sn glaal plp j0 e syl el i



http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

i 45 Sl S 5ol s Sy sl S
B S oo S (Gt S8 Bl Gl ) peal 250
dsgemon) S (59) 1 (Sobal S S0 50 peeal S50
Lo ,d g Lo Sho g —jgel gloosls 5l onds sl Solas
gz by Bolai iz ol (295 pdisn 00l (bj90]
ol go Cwd 4 8,000 peaal oS 10 den jl o o i
558 o iokas Ko o5 ol ) 503, 0l 526lS e
2 el St S oS ol Bl G JSe plp 50 polie
=390l glaosls jo Jaw G ol jo aF conl il (6,500
el s a0 sloosls o Lol 1S o Jas g

wluod oy 53035 K o981 -
553l sl ool 1 s e o KNN 550
5 soaaib glailly Jo 0 a8 col o)l o (ntlo
Olg—e dy del a KN o128 o 1,8 ooliinls 5o (y50m )5
S 5 e 8000l S Ly g s e e
slmosls 51 late ol L 5 85k L5 Joo Sy w05 e
1y sbisel sloassad (Bge p0 aiS ad glmil (Ljse]
25 S g0 Bk ey il e gl TR 55 lsie
elolid | baglass 0 505 K o o0l (samail il
(IS sloalawa ool s o 1T o ST bl g A8 o
s5b 4 K g ) Bl (6l S oo (i | oz diges
dle L g 08 (oo a1 Lot Lo 0 5 S0 ilie
LS o (e Iy Baw Jlade dedslues cpl polie Sl
eilisee LYo s gty ool o eoch ool (gl s
N NP WPV SV N BCHNE RN PO
Bkl colld 5 S5 soosls S3l0 5 50 LS «(s pdypass
il lil 35,5 (glaools sl |

b sl -v

lo oL ) (5 oS oS bl laasls pgas o
S JYL CeaS oaolis ing polae a5 s slaseSa
s 0 &S J s (plgs Lasls 5 g,lad Cuglie wile) !
aile) ol Ko gy CuS saipolis eS polie (S0
aelol 55 cggdge ol ;i ol gl (S8 5 Ol Lis
g oo A3l,1 LSS a4y b el gassaiws

S YL CalS oo lis piin polie a5 slaasls -)
]

7Y

e ftle ol Jae o ool sl e ey
Sy |y LT oS 0,631 S sl ol g e ol e
sl 08,5 (ganaiis oo atws 31, sl g 00,8 i
ol -
Cre gloasgal ooy Cnyd St sladiged Cos
T S e I ey L
ol oslodcgazo ;0 D920 lodiges soled gl Joo Cuin
g Ald o 45 oldaiged) Couwyd Sl sladiges o
soleian (Sl a3 S 105 50 Colle |y Loyl s 0 0,651
DS 2bsb e |y e Cute Cdds 0 a5 olaaiged
odlddsgerne ;3 Cute Gladiges (slod goz lxe (nl )0 £ 5
]
F1 Ll -
aS ol el Colis 5 80 jlas 90 5l oS 5 FL 5Ll
Wyl i FL el a0 cawlus g &8s Jlxe g0 ,o
o Gliee 3l Sl yige o Ses oasasylis YL F1 5Ll
H95 b FL 5Ll 05 ainls ob3b b <o sla b |
el il (5ol Joa S FL el a3 395 o
5 039 Cdte b Sl )0 0dd (i Cude sladiged S
L8] sl oais oyt site olitilay s diged zud

ST Gy sl ysSII-Y-
Jol— gy () eolit ol 3550 slap )5Sl
il 2 slapt 5]

POV T ST I
x50k sbapi o8l Sl 5l (e preal S5 o )5l
w5 s e s Sy i3l a0l o 45 el il
Jome S 0y cpemal S0 o pe8l Lol a0l oo
599,95 SLaS Ry bl 1wl 45 Conl 0uisS iy
C50 S S bty 5y 120 050 ) (Fvyo Glaprea
45 L S oles 50 g WS (o0 ple |y Ol Sy e
L oys5 - (o0 oz a8 5 3k O] 50 onmline e (p i
IS an 1y soomn Pl s oo omo—al & 50 3l oolasul
Bl Al matine OYI5 w5 00,5 (3l Joe (5 Feslw
Sl S pledn preal E3 50 w0l S5 slacehl aazr gl
Sty «g)len pards aile lidee glaoje> 3 il )08
e bt slanigm Al s elai] ol (5 eSpmsi
L] 5 5 o )13 ooliial


http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

QY-£8) N F (FO) YV al> b )o gwdige 45,85 1 o)) Se2 g davo gl oyl

o Lo Shy ol Wlosgy JH55 5 (ab Cush) plys (asLs
ailen b Wloads ool pdile (6,50 slo Jow 4 (639,5 (laae
Losls 5yl -Y Jgus

o, Slass o3l axlg
Sl O Cn S N .
Sle ) ) Js &xS ool g i,
Slhre Slade Slaie
ools
2 Sl b
OFYNY  YBAY.F  YFAF VBV V%8 Ke )
Coglin
¥a.) VEe ¥ Y. A VoFs | Kg/Cm? | JdS el Y
el Jlo
Coglin
YaYs  AYEeY M- oy VFS Kg/Cm?  lamilis Y
il Jloe
CA¥ Y40 £44v Yoy VEs | gr/omd | TP
sl
-¥a YOV OFSY VA Vefs gr/om? T 97 s
Hly
vay Vexy V.44 0 Vo¥8 . O i 3
S Sy
VEYA BOFA a- e V-0 7 Pty v
ol Rl
YAy Yy ¥ \ Vo¥8 n v A
ABA AYXY foo 50 V-¥8 . flas asls 4
YAy £ a \ V-fo . S Ve
oA \YEA o \ V-F6 gr/Cm? el %)

755U iz ks y5 Sl A 0,Shos dumlio —¥-Y
Colo

L e el e slos i 5 2, ool
0895 sl S bzae Claw ;o oolaiwls jge s Sw cuaSL
ol 5 904lge Jolis o laslin] cpl sl oo solawl S

ol is sla bl 6l ASTM CI7 & laske .
JHS

Cnglie Linlasl sl ASTM C170 s skl .
& Lz

ISRM (International Society for s last_ul .
e pla g plss axls s ol :ROCK Mechanics)
K (Sl

polie JBlas ns sl ol e slas st .

(2ly® sleoggn 5o eoliials g slocSiw (B pd S

(S digad Vo0 Joli) mgh ol j0 oolaiwl 5,50 slrools
glie S iz (bl o A pdn BB polie Jlao L
g oad alodl bosls oilop s Jole jo auslie ol slons
BA> oolddcgame jlailatila |y bayls J8las a5 ladiges
sl lgreds asloas

i B g Led Caglin Bl o Sal slacKin .
ASTM C170 s Juteasl ool JISlylSe ¥

;“‘5‘5 OMQQLM..J ua.‘>L...v U"‘ )..YL' )JJL‘LO :‘a‘ﬁo ua.‘>L...' .

Ygane Y (ogase (35 b lofin i pogaree ()9 :
IS (6 s Ceoglie 5 (JB>

Wil YL S Codles oLl a1 S Cedlws .
el 510593 32 (6 eSS 5| S

S YL oS saipolis yieS olie a5 Llaasls -Y
|

R IUPSNESR U PR W S VL SEP DU W .
Slg 5 il b Jelse 1l 0 (5t Ceaglin Ypane
e e plas

5 SpSTrte Vgane yiaS b5 b slocKaw : Joudss ‘
i fipglie

Wl ;a8 (Gig Sl az e i ol plp po (S5 28 ‘
Syl ol ply 50 (6w Caglie S

oS s Csb, L plaSin ol Cagh °
s pslie 5 5l Ygens

taylpd 4 aly b (o5 glagasls Y

P Ll Vs ans b as s ol sglis | 5 ,had .
S CeS 390 50 (5 jeboas Dl o0 5w dinly 039
D,5 Diglad

Sy ol 4 i i lagasls cnlie s g pn> ‘
A Ko S S o0yl Lagy) g g o gy yo i
SHSa o sl Gieiy ol g0 0t Gl el e ez
o o8l slaasbin] as g o Jaibinl ol o 3sd sla_asLs
ol 00l s s Olallas 5 Sxiio slas lastew! ulul
sk an b ls Gl daools (35l Gy w1 50 (nizpen
5 B v San 58U L wload (s3laleyi 5 oy 0 8Tz
el g3lwJae 595 2 (U 5 ol i aiile) b asls
&b

Oetle 6 50k sla e )3 (398 (Ganaiud & 4z g5 b (rizmen
oud a8 S L o Cdows b el o Solas (pl caidlidswgs
Hob 4 ailgn A Wleads eols bjgel sligS s Lo Jowe g ol
CpnS i y g 0ol a1 |y Lasglas ol S0
bl g cBs ilidl cely 0, S, oyl oS Ll Ko
RUIVW [P W PO SERP-I V-3 KV BN

L sols A5 Lof - Y-

saal ¥ Jgam ,0 Lidgh ool o oolatwls ge (slaosls &S Ll
oz | S slaaised | iz slo Siug Jolss a5 ol
039« i Snglie (gabdils qpox> o gLis )l ¢ Lad
S Cedws (ol ol o Sig Cdl (Ol Lds (pgate


http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

il 25 2t AT Joux 5l Jol @l jonds
iyl 50 ol Bolal | Ko g ppo—al S5y -
Sho ccBol wlawilgy g wilails 1) o Sloae oy g0
olid =l aasS o ) S s YL
O iledae 4 0B S peal slocs s 5 S
3 plaas 031'.)3—{‘” ol o Slas isluen o 5SS -
J_:]\b 4 Sl uS-QuQ U”‘ o 009y QSLJ p.u)jf-” 9o
Lol g Laools olode 4y o ;6! ol Colis

b K byl
S0 A4S Ao oo Gl KB 0,0 le o pile dnlis
Gowai oloilay 1) glasges o polas Kz g poonas
alarils olodl oS olasi o ;o1 plu a5 Jbo o caslos S5
WS “}é :JM C’J.):-Q-‘? &,’M' —‘“—‘“
Lopi ;650 51 Sy 0 Shae Judow g s G388 oy 5

ChS (gt Sl 2l p, N plgie s el o0
Ol paeal S350 Sl LYo dalsl o 09l oo ol S

el 0030
‘_g)L'Z_'}L...; 6‘)‘° (roo—as C,\_$)é Lg)JAJHo.: 9 L;al_w A
O baly) GloS e (i 5 Sl S 3 BB g (5 pealdes

Gl )Lad Cuglie Jilao 2l S sla S .
ISy -

Sl Gopdn B ol ol Sl > ol i .
8 ikl bl 1 Y/ Lo Sz 50 oolitul 3,50 (slacKin
ASTM C97

Ol i B plgs sasls JBlas spls sasls .
ISRM 5 lastent ol

Al asedoe o pdy BB polde JBlas b beools aslae 1
S gl als |y o5Y Ll 5 JBla > e Sges 51457 oS
sy Ll a5 aaiges 1 £/ 5 wlosile Bl sles solsac goe
Sl e ol o aileais Bi> solsacgame ;I wslailas
s SO Glee 4 S pd BB polie Jlas rBle 6250k
S35 2 W adlanas b Joe coad Finlay il Jlosl 4t
| S Lyl JBla> a8 wiloard eols ijemal olbdSges
el C Ll g cBy al5dl Eeel 0, S, ol sl
aS Sl oals &l Jgaz 5 30 cenl ouls s sion slo S
s oo lid 1) S iz bl o 5 & BB polie JElas

S i bl 2 2y BB polie Jolas Y Jgur

O

oM

el (S (nl 0,8 ealine ()l jo ) Boe e 5 b S
S o Jolel 1) e Gl g lolid 5 b

obal | g pao—al CB 0 calllas ol o YL s Y
b s Sola et gl s (5 055 5] g5 e 3 ke
S (o slie Sl e les Joe Ol O Gl e
5 o Sl Jae S

L ol oo (2954 el S50 1 olaal glaosls o oo Y
30 ldsgad olasy a5 g0, y0 5 by LS Jolaial slaosls
Syl JeB3 B o Slos (! Gglate alizes sla S

Jgore s3bo ay ol S50 s 9 Gisel Sy F
YL (ot 9 Gl S s ot oS0l b 4y S

RPN

L wilgs oo pemal S50 s00ls aliBrs glgil o paw oLlgs O
S S (e 5 e gom] cg02) o0ly alizee gl

OYls )0 pao—ai TS50 i 598! 0 o o Lo -Y-F
3 el S oy S oy Shos () d i (a0
Ll 9 o aiged e L 5 Gopios s s
3 el oy Shes jplate (il (sl 09l e il alisee

4

S

V.0 A ik

o=l 5o eolaiul 0 sa (slosls coais alouil auslie 45 azgi b
S iz oll B3 BB ol Jlas b gl
5 ool sty gl el Lialidl cely ol el 5o aisllas
i Jlael §l ol s sl ot cyeile (6,50l (slo e
302l & bgrpe (slaosls (55, 2 hlise able (55,50 o5
D ctmlio ] ) o sl o0 A lie St S
sl Fhs ool S Sl i 6l Joe 2
sl O (Sl 5 (S5
53 o3liuld g0 edle (5550 ;s Joe a2l s
Lol 00l ¥ Jgaz jo gl oyl
b Joo (2l gl -F Jgoar
conls F1 5Ll
Voo Ve Ve .
Voo Ve Ve Ve
CAFCAA S “AD

55!
fraonal S0
Gluod (3 SGO 35



http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 ]

@V-FF) VF-F ((F0) YV alo o wnige 4,25 ] o Sed g das oo Lo

Ol 38l Joe Cds (aoy0 e il Pl L aS wes o lis ol
Slaas 5 Sl as o 2015 Jao slollss 5 ot
9 Bl Al 4 4 on Iy el il e s YL
Ded o e calie glo el )b Sl

ol &350 3 Shos gl gahages -Y-F

BRSPS RS IPCIRPE  PUSR XA R R S W ES g 3 e
asigel slagile] @l (pdaeas Ly g Ghnday saiobe
e sl il g o s U5 55 g5 8 Ska oS
Olas oo Sy 2 50 baiged slaws J8las g C )0 Ges wiibs
Sy Vb GlaGee b mls (e )5 age |y Joe 230
5° 00 dgd (A Gloaalipn ] aaz il o0l o
Bl ol oo o Ko 0355 sla (Sibse Sl Ll oy
Csgh,y 5 ol Gz (Saw cadles iolej] aw plosl b a8 il
Lo ialogl ol sl 51 s oo 7Y (Vb cdoly 5 ons
o (S SeeS aie g oy alS (red g 00ged HlaS 0
S N R O PRI S ReT

G5 Az ¥

oo slopi ol o g aBldrwgi yudile (5 ,50L slo Jos
Slys CheS (i slp Wl o Solal Sz g e
ol iz Jlael ol (Sl 5 (Se5d ol bl 5 lishs
oS 2l ol ppe Sl slusele asle (b )0 18l 5
e @S g lge Sl 4 e Wl (oo 350 b (i
ot 0 AL sl Sy Coeal padllas (nl o9l 039
b Cagb 5 Ol Lia (S cldle aiile (S CoaS
w3l (5310 e (sl 4l sl 8,505, 08 o oS
Wlg e gl (nl 5o oo Al Jaw (2l g (S Sl
dos oaiyl reile (6,050 slo oo slp sz )lr Olsiea
a8

15 Olssice |y ol (6,5l (gla Ju o5 sms o oLt laazdly
) Slapts aiile ((2Bly sLss 500,15 slaasl
plesl (ol 0,5 sleol Glugesle slaosgy jo ,Bog> coaS
Lo gloaijo 5 oS 0ol 1) (6 S mrenal sloaty 1,8 Wilgi
anlllas opl 5l sanlicwsdy slo s ams jmals | slge o5 L
LagSll coliss jo 1) (estan Sigh Glapiumms (3590l Wl oo
o=l s lis o ) slaesls 1 e sl cio i s
Sl it Glaaie; )3 1) (eoias oo lacell Wiy o
A (ialidl e Co pas 5 G jlass o O lLlaS alos
bl 5ol $,plS iy s i () slaily oIS sbo
ool p 5 08 oSS los laclais o (esran (iom
a1 eols 5 i g Sael S (6 S puenal

Gos abe ] godS sla el )b &l s U o lisee YL
Ll CS 0
ool S 30 v 5ol (255 -~V -0

slojlre muiles (oo ) UKD 5o 020,55 (29 5 canline oo
PRV IR |) L QT G9u Ay g > u«.’Lc)] e “@u u")-“-b

ool S 55 o yo8 1 (o295 - ) S
S0 i esdl sl el P 5l (S S5 e Sl
5 9,10 o)Ll sy slaa slasi 4 C5 )8 es Lol peal

51 sl anils Jow s pdupmens 5 <85 ool b Wig o

WS Bl i el e w3l 5 it 0 o

35Skae Jae Sl (5 SKam il o5 it 253 e ST

)3 iyl o Shes @l 5 Joua jo ik 4l (055

el oaoslo Ll § Jaao 10 CB )0 Gos S b penad
CS 50 G Ol s diolo- O Jous

<A AY AV - AY )
AV A ‘A A
=y -av ~AY - AY
-A0 .aF - AF - AF
“AA “AA “AA “AA
% % .24 -4

< v & 4 -t =


http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html

[ Downloaded from marine-eng.ir on 2026-05-27 ]

[ DOI: 10.61186/marineeng.21.45.57 |

55

&lp-F
1- B. M. Talkhablou, N. Hafezimoghaddas, M. Nikodel,
and A. Uromeihy, “Evaluation of engineering properties of
rocks and proposal of criteria for selection of rock
materials for construction of rock mass breakwaters on the
southern coasts of Iran,” Earth Sciences, vol. 17, no. 66,
pp. 86-107, 1386. (In Persian)
2- 0. FY, AL JET, A. O, H. J. O, 0. O, and A. J,
“Supervised Machine Learning Algorithms: Classification
and Comparison,” Int. J. Comput. Trends Technol., vol.
48, no. 3, pp. 128-138, Jun. 2017.

3- I. D. Mienye, Y. Sun, and Z. Wang, “Prediction
performance of improved decision tree-based algorithms:
A review,” Procedia Manuf., vol. 35, pp. 698—703, 2019,
doi: 10.1016/j.promfg.2019.06.011.

4- K. P. Murphy, Machine learning: a probabilistic
perspective. MIT press, 2012.

5- S. Garcia, S. Ramirez-Gallego, J. Luengo, J. M.
Benitez, and F. Herrera, “Big data preprocessing: methods
and prospects,” Big Data Anal., vol. 1, no. 1, pp. 1-22,
2016, doi: 10.1186/s41044-016-0014-0.

6- M. Ensafi, (2024).“Predicting patient absences using
machine learning algorithms,” 2024. (In Persian)

7- ASTM International

8- ISRM Suggested Methods

9- British Standards (BS)


http://dx.doi.org/10.61186/marineeng.21.45.57
https://marine-eng.ir/article-1-1146-en.html
http://www.tcpdf.org

