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High Dimensional Space
RBF

(References) @l:..n

. Valkaniotis, S., Ganas, A., Papathanassiou, G. and Pa-

panikolaou, M., 2014. Field observations of geological ef-
fects triggered by the January-February 2014 Cephalonia
(Tonian Sea, Greece) earthquakes. Tectonophysics, 630,
pp-150-157. DOl.org/10.1016/j.tecto.2014.05.012.

. Stembrugge, K. and Clough, R.W.; 1960. Chilean Earth-

quakes of May, 1960: A Brief Trip Report. In Proceedings
of the 2nd World Conference on FEarthquake engineering,
Tokyo and Kyoto, Japan (1960).

. Zeng, X. and Steedman, R.S. 1993. On the behaviour of

quay walls in earthquakes. Geotechnique, 43(3), pp.417-
431. DOlLorg/10.1680/geot.1993.43.3.417.

M., Rouainia, M. and Wilkinson, S.M.
Numerical analysis of deformation behaviour of
quay walls under earthquake loading. Soil Dynamics
and Farthquake Engineering, 29(3), pp.525-536.
DOl.org/10.1016/j.s0ildyn.2008.06.004.

. Scawthorn, C. and Yanev, P.I.; 1995. Hyogo-ken Nambu,

Japanese earthquake. FEngineering Structures, 17(3),
pp-146-157. DOLorg/10.1016/0141-0296(95)00041-5.

. Ebrahimian, B.; 2009. Seismic performance of anchored

quay walls and numerical simulation techniques. Pro-
ceeding of Performance based Design in Farthquake
Geotechnical Engineering, pp.721-729.

. Ebrahimian, B., 2013. Numerical modelling of the seis-

mic behaviour of gravity-type quay walls. Engineering
sewsmology, geotechnical and structural earthquake engi-
neering, 257.

Moghadam, A., Ghalandarzadeh, A.,
Towhata, 1., Moradi, M., Ebrahimian, B. and Hajia-
likhani, P., 2009. Studying the effects of deformable
panels on seismic displacement of gravity quay
walls. Ocean Engineering, 36(15-16), pp.1129-1148.
DOl.org/10.1016 /j.oceaneng.2009.08.006.

. Ebrahimian, B. and Farboud, M., 2019. Seismic effective-

stress analysis of caisson quay wall with liquefiable back-
fill. In 8th international conference on seismology &
FEarthquake Engineering.

Dakoulas, P., Vazouras, P.; Kallioglou, P. and
Gazetas, G., 2018. Effective-stress seismic analysis
of a gravity multi-block quay wall. Soil Dynam-
ics and Farthquake FEngineering, 115, pp.378-393.
DOlorg/10.1016/j.s0ildyn.2018.08.032.

Ebrahimian, B., Farahani, A.R.Z. and Noorzad, A.,
2018. Seismic behavior of hunchbacked block-type grav-
ity quay wall. International Conference on Coasts, Ports

and Marine Structures(JICOPMAS 2018).

Ebrahimian, B., Farahani, A.R.Z. and Noorzad, A.,
2019. Effect of applied surcharge length on seismic
behavior of broken-back wall. 8th International Con-
ferences of Seismology and FEarthquake FEngineering

(SEES).

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ebrahimian, B. and Farboud, M., 2019. Seismic effective-
stress analysis of caisson quay wall with liquefiable back-
fill. 8th International Conferences of Seismology and
FEarthquake Engineering (SEES).

Ebrahimian, B. and Zarnousheh Farahani, A.R., 2022.
Seismic vulnerability analysis of caisson-type gravity
quay walls with improved backfill using fragility curves.

Journal of Structural and Construction Engineering.
DOl.org/10.1016/B978-0-323-88530-0.00001-5.

Liu, H., Zhang, J.M., Zhang, X. and Wang, R.,
2020. Seismic performance of block-type quay walls
with liquefiable calcareous sand backfill. Soil Dy-
namics and FEarthquake Engineering, 132, pp.106092.
DOT.org/10.1016/j.s0ildyn.2020.106092.

Liu, H., Wang, R., Zhang, J.M. and Zhu, T., 2012. Seis-
mic performance of a block-type quay wall with lique-
fiable backfill: Comparison between centrifuge test, de-
sign code, and high-fidelity numerical modeling. In In-
ternational Conference of the International Association
for Computer Methods and Advances in Geomechan-
ics, pp.629-636. Springer, Cham. DOIL.org/10.1007/978-
3-030-64518-2-74.

Kim, Y.S., Lee, M.G., Cho, G.C. and Ko, K.W.
2022. Inertial behavior of gravity-type quay wall: A
case study using dynamic centrifuge test. Soil Dy-
namics and FEarthquake Engineering, 155, pp.107196.
DOl.org/10.1016/j.s0ildyn.2022.107196.

Zarnousheh Farahani, A.R.; Ebrahimian, B., Noorzad,
A., 2018. Considering the geometry effect on the seismic
behavior of block type gravity quay walls. 3rd Iranian
Conference on Geotechnical Engineering.

Pasquali, R., Lai, C.G. and Corigliano, M., 2009. Some
issues in seismic analysis and design of blockwork
wharves. Journal of Farthquake FEngineering, 14(1),
pp-102-130. DOTLorg/10.1080/13632460902988992.

De Gijt, J.G., and Broeken, M.L., 2013. Quay walls.
SBRCURnet municipality rotterdam port of rotterdam
SBRCURnet”, Rotterdam, The Netherlands, an Imprint
of the Taylor & Francis Group.

Sadrekarimi, A.; 2011. Seismic displacement of broken-
back gravity quay walls. Journal of Waterway, Port,
Coastal, and Ocean FEngineering. 137(2), pp.75-84.
DOl.org/10.1061/(ASCE)WW.1943-5460.0000066.

Coulomb, C.A., 1776. Essai sur une application des re-
gles des maximis et minimis a quelquels problemesde sta-
tique relatifs, a la architecture. Mem. Acad. Roy. Div.
Sav, 7, pp-343-387.

Okabe, S., 1924. General theory on earth pressure and
seismic stability of retaining wall and dam. Proc. Civil
Engrg. Soc., Japan. 10(6), pp.1277-1323.

Mononobe, N. and Matsuo, M., 1929. On the determina-
tion of earth pressures during earthquakes. In Proceed-
ings of the World Engineering Congress, Tokyo, Japan.
International Association for Earthquake Engineering,
Japan. Vol. 9. pp.177-185.

Itasca Consulting Group, Inc., 2019. FLAC version 8.1:
Fast lagrangian analysis of continua. User’s guide. Min-
neapolis: Itasca Consulting Group.

Yo

Sen 5 el ek [ Sk 55 ol Sl 4 (551t



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

A

Sadrekarimi, A., Ghalandarzadeh, A. and Sadrekarimi,
J., 2008. Static and dynamic behavior of hunch-
backed  gravity quay = walls. Soil  Dynamics
and  Farthquake  Fngineering, 28(2), pp.99-117.
DOTl.org/10.1016/j.s0ildyn.2007.05.004.

Eberly, L.E.; 2007. Multiple linear regression. Top-
ics in Biostatistics. pp.165-187. DOlL.org/10.1007/978-1-
59745-530-5-9.

Pedregosa, F., Varoquaux, G., Gramfort, A., Michel, V.,
Thirion, B., Grisel, O. and Duchesnay, E. Scikit-learn:
Machine learning in Python., 2011. The Journal of ma-
chine Learning research, 12, pp. 2825-2830.

Van Rossum, G. and Drake, F.L., 2009. Python 3 Ref-
erence Manual. Scotts Valley, CA: CreateSpace.

Jalili, M., Sadaee, H. and Bargi, K., 2008. Knap-
sack Placing of Blocks Assess on Wall Stability in
Seismic Regions and Proper Section Recommendation.
In Solutions to Coastal Disasters 2008, pp. 939-951.
DOT.org/10.1061/40968(312)84.

Sadrekarimi, A., 2013. Dynamic behavior of granular
soils at shallow depths from 1 g shaking table tests.
Journal of Earthquake Engineering, 17(2), pp.227-252.
DOl.org/10.1080/13632469.2012.691616.

Kanatani, M., Nishi, K., Touma, J.I., Ohnami. M. and
Namita, H., 1991. Numerical simulation of shaking ta-
ble test by nonlinear response analysis method. Interna-
tional Conference on Recent Advances in Geotechnical
Earthquake Engineering and Soil Dynamics, Rolla, Mis-
souri.

Jamiolkowski, M., Leroueil, S. and Lo Presti, D.C., 1991.
Design parameters from theory to practice. In Int. Conf.
on Geotechnical Engineering for coastal development, 2,
pp-877-917. Port & Harbour Research Institute.

Seed, H.B., Wong, R.T., Tdriss, .M. and Toki-
matsu, K., 1986.Moduli and damping factors for
dynamic analyses of cohesionless soils. Journal of
Geotechnical ~ Engineering, 112(11), pp.1016-1032.
DOl.org/10.1061/(ASCE)0733-9410(1986)112:11(1016).

Pestana, J.M. and Salvati, L.A., 2006. Small-strain be-
havior of granular soils. I: Model for cemented and un-
cemented sands and gravels. Journal of geotechnical and

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

geoenvironmental engineering, 132(8),. pp.1071-1081.
DOLorg/10.1061/(ASCE)1090-0241(2006)132:8(1071).

Asche, H.R., 2020. The choice of mesh size for accuracy
in elastoplastic tunnel FLAC analyses. In FLAC and Nu-
merical Modeling in Geomechanics. CRC Press, pp.293-
299.

OCDI., 2009. Technical standards and commentaries for
port and harbour facilities in Japan. OCDI, Japan.

Besharat, V. and Bolouri-Bazaz, J., 2014. Dynamic anal-
ysis of urban circular tunnels and the effect of envi-
ronmental factors on the different behavior of these
structures. Tunneling & Underground Space Engineering

(TUSE), 3(2), pp.173-182 (In Persian).

Freedman, D.A.,; 2009. Statistical models: Theory and
practice. Cambridge University Press.

Rencher, A.C.; 2012. Methods of Multivariate Analysis,
3rd Edition. John Wiley & Sons, Inc. Publication, 727.

Hyndman, R.J. and Koehler, A.B., 2006. Another
look at measures of forecast accuracy. Interna-
tional Journal of Forecasting, 22(4), pp.679-688.

DOl.org/10.1016/j.ijforecast.2006.03.001.

Hastie, T., Tibshirani, R., Friedman, J.H. and Friedman,
J. H., 2009. The elements of statistical learning: Data
mining, inference, and prediction. Vol. 2. New York:
springer, pp.1-758.

Wu, T.F.| Lin, C.J. and Weng, R., 2003. Probability esti-
mates for multi-class classification by pairwise coupling.
Advances in Neural Information Processing Systems, 16.

Piryonesi, S.M. and El-Diraby, T.E., 2020. Role of data
analytics in infrastructure asset management: Over-
coming data size and quality problems. Journal of
Transportation Engineering, Part B: Pavements, 146(2),
pp.04020022. DOI.org/10.1061/JPEODX.0000175.

Zhang, T.; 2001. An introduction to support
vector machines and other kernel-based learn-
ing methods. A7 Magazine, 22(2), pp.103-103.

DOl.org/10.1609/aimag.v22i2.1566.






oV L) (b ples guwdige

(Ltags) FAFY o ) e)let o s

ali.hemmati@semnaniau.ac.ir
davoudnazari7073@gmail.com
alireza.mo5515@gmail.com

b, ol plmil )bl lays gy e sibian (bl Sl
BBy ol s LB b cSs il s O s S wlal &
Lj;.:......'z- CMS M.JJ\.\S L}‘:" 6&&)& G;L......ISJ_,.\AJ L5_)L‘:‘é k:M}L’:MJ; (5.é>)a
(\/O_, \ “’/()) > GLAMJ) ua_,..a:'vb L(T"\V) (5&.:; L5_>l> E)
(AS\...: 3 B.)L..u) g_sl:.” Ls..q.;\:..h LSLAJS“:‘ k) ():.AL;l:.A Qe 3 Yo x\‘\) ULAJ)E
SHOU Job bl o Sy an cal & Saglin 3 eyl sk
abSan 5 T T Mol wals o cnSis y (Sulle Slania ;s ot
5 omibsl b OS5 L WSlise S gm0 s padlas (VoY)
ot Caaglin | G g3 S5 L aS sl s 5 Lsls Pl b (o3¥s
5 Te Ml BBl (S5 BN L 6se & Cond oy s (Sjin
ks UL Ly o LS:““‘:’JL;;J Saelin (59, L;i‘“nh‘ {YoNY) gLl
.ALLQL:J.)) Lsls rl’.:l ():.AOJ:.A Yo E) \Q/O «\Yl) ki LSLAJ)L lg (}.:SJ:
(et Al o 3 ) e 5 Shes ik banga sladob L GUI S
S b S0, S5 8, 5 Sajin i 5 obS S5 slaoUl Sl ealinal

33 S S 5 Job 430
u.n.’ ‘;A.m“ 5-_9 L;'JL«.J dLbCAAJL:M

Original Article

(;lg.:l:..:l) *th e
(st owliio 7 Sgamiita) (S 3918

(.\.ﬁgl@l&ég(d,@ﬁl.}) gs.:leTc,e;.n Logle
Ol a9 ¢ oMt 35T olCiI clyes wigo o9y

el S5 300 e b i b g S bl Gas b el GLII T eslind
axle ies 5 ldd caglia (ol el sl o DT b VO i gl s
(o/FF /Y0 /TF) Glow & O o T s plse o Dl b W0l
bbb Sead il e o phyanih Sl Gl Job YL GUITL 5 LI g
'\-—-"ijlf G A Ghanch s s Sl S L (545‘.’.5 QL’ sk ol
2oy A/VY S ay S5 G Ghls sl se 4 by e g)lid cuglin o YL

b ot Canglin o 0l (538 LI lls diges uls (Rbil e digel 4 S
Ohbdl b ol | calin Sl as s £o G Gyl dsed 4 Sl 422D
Gy JS Ll il tals o )les canlie 5 GBS Gy b UL D

sl Gl i gad (5 pd JS2 5 e caglie y s (L1 sladige

L\Ajun u)L:.‘.é k:Mju.A ‘L;ﬁ)é u\:.j| ‘L‘)l‘:',‘.)),‘,ul.' AJL_JI ‘_;.A..lf Qlf)b

a

Iy (.Sd\"f‘-."‘-ﬂjl:j PRV

Jors 936 &Sl 228 Gl poga ) age Cird bl Sy bl o
@ Gy ey cl il LS Cuslie 4 Gden Sl e 0L OBS
By b e 3 Do g it )L Cunglis
S 88 & aal S S S s SUI Sl eslizal ol Guaa
wils ) it s 5 S8t Jar obl5 S5 sl S5 5 ey s
WS poe )3 5 3585 1205 O Lglss 593 (95U @ SUILSL
S oo S T gy a5 S| T S e 5 e
4 S G Sl (S8 il a8 SIS ol s
LS 5l Sk 5 S5, ey SUI 00 HS o ey S5 osalas
Mssdin on sl ode bl 5 adidSs bl el Sy oS
0l 3 sated y bl GUILET aaly (stagsy 3 (Y0 V) SO
LSy 5 St (3l 55 catSaia SRS T 5V /Y 0 /0 lacans b

B
PSR Joudy VPt 1 PF aadlal (VFo VA PA cils i

s oyl 4 sl

FANYY e {V)fe W, olee (R G (> wlas slacuslis s oLl A_,\,SJ:) J}EJ::E AYe¥ s e ALS.}L:T"-’ASAJ gls L(})E on.c (sep

DOI:10.24200/J30.2023.61231.3159




Isb & b sk SUIshte ns & ey o i pdibolinl 5285 oLl
iy ol sl e Fo ik o 533 Gy s VA VY 5 5o
Gladsb b oz GUI 3,0 Gsle ks s lesd bl ol
Y5 UL oS5, 55 5 olam & O o an 8.8 5 s L olis

ol 80y g e 5 LS Dlania ) Cys

Uhuf&‘” 9 b'}d .Y
Sl sl b plas (el ) hras a1 B e G’L.a.n -
ol 00 4 o ks YO santy sojll b PYASTM_CYY 5kl
AV US8) el o3y T/ VE T L Jyiae oS

DUASTM_CYY 5,15kl jlra sanals Gilas 5 bae ails,
Gl 0o ot F/V Gl s)liibind Gb ol ) Jode & el odd ag
(Y Js)

s oslizal 1O ASTM_CN 00 5 Lt b Gylhas TT oo sy (ylogms
ol 0wl Y Sy 5 ol sla Sy oS
2 o sl o icmta 5l Sy (SF-MIX) ey Ses 5 -
Sldgu 5 S o5 oy PR U2 ) by bus ST Ll ghla
sbcwylie 5 Sl Gubsl pedle (Ngjm Sp rab Lsa S el

bl Sl 55 5 ek by Of Ll 55 b3 cam o S5l

— Y 1
— G L2 32

— s O

V# v¥# I vt #

vinH# F#

o gdedls laged N S

VY.
Yus
A
— \JL:()Q;
7
L ke 3
—— | P
- YOS
L

Hrn Hy #.’\I#\f‘ v, #Hee A

cawle audls Hlsge Y IS

s3¥p AUl S5 e b Y2IY) GISn 5 ol SL i
5 S bl LT oS5 S s8I s b ek sk
03958 J::E AY=0T) oLSen fJL"_aS sl she & [ o2 i)l ol
SIS Ksls bS5 3 S adlhs |, o slacsilag, 53 husnh U
G SosSs Sl stle gl 3 3k b b
S Gyl slags sadlas b (Yo To) ghlsan 5 058 Mis)ls slay,
Slamin @]y e Slphonn b SIS, B 5l ol Jhog, b
ooy 3 Lalayls (yem T ufm@.g. sl ol gl o Sl
Tom Mol ons 8 8aSu b ylen (285 58655 b e, Lis oyl
K3l S s dgmge 3V GU 5,8 s LYo Ye) (S
o iS5 bl s by b T slal o 5 o3¥5 O JSs S
slaculs o 1o /YO ohes a4 3V SUIloge Jiubsl b osjls
el sl o 5 @l S amS B sbe Sealns 5 Sobal )les
Sk G sl s b dYoTT) phSen 5 KU Ml ose,
slacaaglio ;3 (g g BB 3 GT o390 4 233k 53 phyg ok S & s
Caslin Sl 53 o6 Job b GUl .l aals S aisy g les
ol D sleng 5350 o 51 Gmy o ilogdhom L3 2 GUIL 5 4l
S e mhe 3 88 e bl oloa 53 550 sadlhs 55 imen
oS 2l ys Sldge alas Ll 5 jie ha 00 5 VA Gladsh 4 plosn b
sl Ml s e il ity GBI o oS SUI 35my
S slas 2,18, gy 6% sadlas s 0 (Yo YY) ol
Gadsl (s Gl el plognsh 5 Y8 oWl oS5 oS sl ol
5 e Dol esz LT o caglie y sk S SRl She slays
b S by 3 Sdas b i (Sl ol Y2 VA) 15 5 s
DL s 5o | g s seseas aSb SULy Dhospk Sl 4 eal
w38 b s oo oz [N]0 Poles badiges saen 3 SUI S e sl
Cnslis a SUI El5l 4 00l mhos slaaign olsd sy of Kby b a2
s 3 O FAA) L8 5 s T e sy SIS A Sl 2 e
5 Bk sbabSin dher & phuanh 5 63¥s ol oS5
(o) oL 5 As Misy bage calb il aals (o Cuylie
by 5 S adlhs |y (BLsk o sl cuglis > GUT olasis
ol 5 3Lk e Sl cuslis hos e b SUI Job (bl b oS
SUI Jsb pubsl o8 sls ol 5 (Yo XY) gl 5 le Mol wsl
oblSanr 5 s Msga o SUI g ladipes Sl 53l Qlabil cm
in gl & 2zailg sl s JSI sk GUIL sy asdllas b (Yo Yo)
Saily slagiy sl ysSa SUI Gsangy Jsb o sha Vo 64 b oS i,
anish SUI b S sadlhs LYo ¥Y) Vol 5 (bldgy Mo
Gl S o Slasia 3 e VY 5 8T Gladsh o UL Jals
Oheansh S Jsb Jbsl b oo cies s )l slacuglis & szl s
M s5s 0 0ls
55 Ol Olasia 5y date Sldlan 352 o sdalin & 4,5 Lea
2 obipty Llewl oz ol g sla S 5o Wl 315 K L gl oS5
05 Bl Sate (e b L5k s GUIL Lol 5 als sl )
st s 4 Comd st U sl 2 (5L Canglin Yguns o o

oered 3 b Cand S & ol Sl eslinal &5, Ll o)l Sl b3l

v

ohs 5 s e/ sl ;s GUI oS5 5 Job 35



Vo oyled Fo(so)n x(\\"\’ﬂ.@,) l hes (g

o 8 S5 N Jsur

TL g by plosm (S5 s S

ISIRIYA4 & ASTM C — \o°

S

YAoo Jilis (25 5 (L) ok - posaine sl
o /A Sl (e yn) S5 Llus]
O Jslo~ (4235) adyl B
- - W .L‘.
$ Sl (cels) w gl S ol
Yoo l3las IRl &l Caglia
WO Lilas e ¥ 2 p59S)
¥AO 3l 535, YA (s 2o Sl

I g iy flones (Sloond sl S,

ISIRI¥AY & ASTM C — \&e ey S
Yo Jilis YAV e S|
$ Sl F/EA pozasl] JpuS]
§ 2Slim ¥/ ol 28]
0 Sl \/vY (2 eS|
- sY/vE (eSS
o /YO Sl - bl eile3l
¥ Sl - o e F 3 03y S
¥ iShie Y/0 388 08T s
A iSlis 0/ Slagl el e

s San J5 (et 5 (Su e Claiin Y g

SF — MIX _yusowss Sens J3 s St S5 9
wlals os‘if-“’ e
pS 5
\/Y £ /20 (gr/em") UPreFe )y
5l Ao
Vo [0 4 PH
ASTM CYAf&CAYo Y 51kl
Olame Gy empn Ve 10 Spma ol

obs] priones SRl L;U el s clia sl s Jl S 6

@ Lty ol

.a.\;.'osobj 0‘93 @Lo.«.u.’aj g;i"ﬂ Sl ¥ Jj.b

PX — MIX 02258 o5, Gob g
@LA (;S‘i}:-:’ e
PR S5
Vv £ o/oN (gr/emT) PETLUSY
0 PH

ISIRI Y4¥> — Y & ASTM CYAY TYPE F 3 lxkal

aalizal e e Foo Job b bod oY SUI I ol kg s
el 52 &l O Jydo s gl Slasza 4 (8 IS2)

el 832 4 Gl g 0, d Ol Sl Gl Hhag s ead esloal O
el 03y 3250 oS i 1 S

Yo

¥V s )3 res Sens (ol 5 (Seied Slamia al dals o oles
ol el A§|J|
e o GBerS5 b sk s ((PX-MIX) 023l 356 -
e 5l sy Uols samp o> (gedee i &Sl SISy Sk
SoSpior ssbar 5 315 asge (S3358 S olyea plys 5 5)Les Cunylin (Sl
a3 e Gl Gle & Of cd il K el L gy S LS
31 sl 5 e mlal b & 8 5 ol S g 86 Gl Jyama
Gl edl I Y Jade 53 s 2S0lyy g8 (sl 5 S Slamis
JlJC}d L;)ﬁ db‘y)éj Olﬁ:’)Ji(jli g_aL“JI U,.A>JL:..:_,3J.> ol enlanal g_al:.H
oS el oo o3l e ha VA 5 VY P sl Job s ho g b OUT el
F s 5o 5w of Slasie pozen 358 0 edalin O JI Y sl JSs s
ol edg UL..«S\: O‘l:‘.));‘ulf. uLJ\ Lgc.f\‘:;.é J}E A B lejf) [ Aﬁ’bl



L}l“fﬁj\’(_;f uLJI Oleatiis ¥ J)J:-

/Ao Jsb 3L35l ws s S sl K,

ol 0 Y s )y by ° /8N (gr/em") UosaRa )y
AL'gu:‘SL‘“ 4>, VO y}l\ 839 dma [)_’JS\:A Yy Jkﬁ

- - Yoo Mpa (;‘:AA:AS‘:AA)LL

S (o3 O wlasin .0 Join

e 205 5 ¢SS s o B
ey GRS S5,
V/AE /N (gr/emT)  Losare )
ro— ¢ (rmm) m

/A= ¥(mm) e

Yoo — VYoo (Mpa)
VAo — Y\e (Mpa)

(;‘:AA:AS‘:AA)LL

had syl

s> aaplan iolajl YLY
oBs sty & ASTM CYAY s bl olily e Caaglin 2ol
ealest pbsil abian Jies &) gon s SANTAM Jlo ) gin S Shei

%AA»I &LUT yy

el 02z plnil (TLASTM — CAFY il bl oaidlad (2]
G 038 Lol 3 sl g s qudlal (bl el ceasay b
b s o /T Gl & Of ol 3 OUIly akons Sa J5 03280l
ula:.u 4 UTL:M«JJ)_’J:A(;J\:J Yo ()‘H \e Sod9h=a 43 .L)k.’:-‘ CJL ki
5 Fasha YO JI Yo (gosgioa 55 LMl pb aliza slagb 55 o/ Y4
b e b s ead ol el @ /YF Gl 4 O o o
ol 035 o shs 00 SIVO (se35dma s L

‘SJ_,’I'JQ.G \9\'
s Ol o o LSlAr‘_}” Soley b oJB Sl laagas "JJ‘,SCJB. 5l S
38 51 i gad s 238 031 JU5] O Gams g 4 baige lasla

KA Jtalesl o Ol amssm jl 59, YA Y

sur o Bl b s o Bl b Sea pa sl Il o
Fasbe (VO X V0 X V0) slal & (ooSe o 890 ¥ b 2 sl
bl eloly )L gl G2olasl ol 5 ol fos Sl g 22 5L
beb ol s ¥ cuslis (S S Sl eslical b [MLISTRI £ FA
IR /Y e YY) Gl plaw & O lacand il 002 )
c,‘.a_,l.h LS N WA £l (5= LSLEAS_,&J ula:.:l (°/\~A_, °/\"0 |°/Y‘Y
oS3 3,00 ool Sl adsl o plyea JSLbBa 00 30 ()Lis
(T_MY) CJL’ rl.} 4 CJL’ S iad dmlis S ola LM LSLﬁc)L’ Sl
S g il ()8 Cunylin a2 Sl e LS| b plsiesy

S g ok Ul s IS

b talol pa ¥

‘5_)l.:.§ C,\Ajli.c &Lﬁ_}i‘ ALY

slel 4 aSe sladse 5l lts caglin Shlol Gly ol iy s
MIISIRI £2 FA) gl ka3 1okl jl ien 5 o oo 102 X V00 x V02

ol 00 ea ]

Yy

DhiSan 5 e e/ slacaslia s GUI oS5 5 Jib L6



\ AﬁvL“-: fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

o Bl sbpb 5 s

¥
b s pllae deg/m’ )z W’ Masoind | ke il
e — o = 2 g i L [aLLYPE  og = cosli i
o s i . L = = .
b deg/m L AT darm®s | dearm® u-vi-—w-’:-" 6-*—-‘3 u\’:v;.v: dealm®)
ol ot dg/m’ ) dg/m’y | (eg/m”)
25mm 12/5mm
T-M2 Y% £ FYVAA véaa/a FEYIAY VEAIY fale Xia - -
MO Y% P FYAVIAA voa/a FYYIAY Vevia ol v - -
MI va% PO Y VIAA yaa/4 FEVIAY AF-IF Yoo e - -
M2 % PO TYVAA Yoa/a FEYIAY VYA o/ b 7 - -
PO Y% E - TYAVIAA o FEVIAY Vevia A1 74 an -
Pr Y% P EYAIAA raa/e FPEVIAY AE-/F o v U =
P2 % FO- TYVAA voa/4 FEYIAY A\YYM Tol Y U -
Fi Y% Fo- TYVAA Yaa/4 FEVIAY AE-IF ol Y79 - VAL
Hi Ya% Fo- YV AA Toa/d FEVIAY AT-F Tolo Ak U YAIS

%Wll;llll&l
}/HN\/H”H

oW w5,

oL)f._’Lﬂ‘JJJJ..

s -ff;uaj)

Y

Y

Al Uioag b
oS ey

o s wslime ladsb b S s Shee S58% Y S

S 3 S SIS 5 T s 2 4l K b
bl basd o c3lb 5 caglin (L1 e S5 Ll ol S
by Bsdige dae 3l 2h Job b SUIN G s S 5 Sk

Plsgd ot nhdSd Ghubil & e Blg oa oS S o ahlia gl 25

Cou c“:l.u .Y
olis cunglae u..:ulAJT C._:L..J A¥
Sy s (oS on Sa) Uil oBaws Sl sl cawsay b Sl esliall
L (HY) oS5 O L U1 g DSl b oS etls bl plse ol
sk VY sb 4 phy s b S el o Jsb 4, 1s0M (3 GUI
2l gy o BT Glagb ol o 5o ] on) YA )Lt Canglin ¢ g
ol

ol (VOX V0% 10) slal 4 3kl oaSer (slokiyns eS| e

G5 LUl A as ssalin 5855 bS5 sabuly 4 o Gos 5o, 82T,

S S Saelpony b S o o S35 5 e en Fo Ush 4,

Yy

b 03 Ol & O i 5 JSLbBa 0V /AD Ll (T-MY) Lol 2 b
sl 5l el )ls Cuglin 0 L 4 e &Sl 03y o /TF ]
Ll Slasis o wias il 2l Slags s QL: VE 5L, ee cslaiales
Sl 02l &)1 # Jods o

L yons w38 ks el dagall als (T-MY) L3kesl b s
4 ol cwi | o g 5 edd (2 ke larm & O S 2abl
slel s (MY MY (Me) L;Lmrlj 4o (o/VF /Y8 0 /YY) L
3138 4 5Lt Cunglin GhalajT plil sl el (V0 X VO X V0) aSis
Caglin Sl ol ly agsle (V0 X N0 X 72) slul 55 5 S VA
o ol glacuws ol Obsl cde Kud axle o sase 4 0lis 4 des
iledd i Sk 55 0 /TF e o 510 /00 2alS slap L S ilerm
Ol G 2L g ey )l slacaglin 2 GBI GGl (o)
el 239 gl &

anih ol ol o slbdsai: bla BMs slap b ylu Slants
olesw & Ol Sl lacns 5 ok VA 5 VY & il lash L
Jsb 4 SO @3V GUI ol 2 sladipes o /FF 5 0 /Y4 o /Y
4 ol Condan oSl S /T plan 4 O Cod b ke o
Uy e s Fo b ¥ OUI S5 50y Canl unl pleew
o2 bl # Jyde 5 o /YA gl 4 ST e b stk VY Shasnh
ol

YA 5V (Lt Cunlin Silojl @ S5 sbdisns alss ol fae Sl g
sy YA Les caoglio Ghlajl 5 PVASTM — CFY 5 likal 5b o),
wosaia 35 oobs bas .08 8ol ASTM — CYAY 55kl b
YYA® Shannish UL (ST oo toaSista s p SIS YYA o o sl
SUIL 2y Sty o ShS YFOA (53958 SUII L s eonaSin a0 S5kS
el 80 (S5 Sy ¢ SRS YYEY S5

S5 (g 5 Fsoro obsS Gl 352 o cdalin ¥ S35 S 6550



b oS Lo a5l 035 Bl & i 3 Shes S S5 5 S,
i e LS 3 035 Sl ko SUIS 288 cuglis cle
255

Lgr o ein YA o)lts canglin o i (M) gy o BT slaib s
)L Canglin s LI s o O o Secaal o3y (M) o L3kl b o
e & Of Cnd sy e S el ils | JELLBa Yo (3L o5, YA
sy o22S0ls, G 03981 ol sl 45 (M) g el DMl b 3 (/YY)
St bl s ek Ses I3 039l o 5 o b8 SRubs]
Sla gl Sl eslizal ad oad il b 55 i ey TA (lts canglin
4 e Lol il osls (sl |y ()Les gl an 8 o il s wad S5
o (M) b ladpe usls 5 eadi pd S Ll 5l oo ) g
2y A8 4 35 WS 2y (52 3 Ser) el oz Lo Stalos]
el el b o 5l S 1 ey g S
o Dl bbb o)l cuslia oSoles -
sdalin o Bl glagh ols (5l caplio o S0ka Jlages 4 JS2 55
b SUl s g o Bl slagh ol o 3 @ Gillae 358 e
ot Y Slosm & Of cond b g Bl b sy S
/YA Gl 4 Of Cons bodd anle cbagn 4 ced | (lid caglin
i Sanish S Gl L Canglio Sl o Slartls o /YF
53 klaealy caaglia S2alS (Gl plaw 4 O ol b OUI oty o 4
Ssdsn sdalin Cuglio Ll 2S5 5 63V SUIL o 3,503 & s
2l (S Caplin v Vsans ik S ol o Sraglin 2alS
ol & (s3dsa C>|f 23 &Sl 63¥p OUIL acslie )3 hoy, b LI
oSibs 0 W ok sk UL SUT Gl g s Wl el saz oLl
JEbBu #Y/A8 ()lis cunslin L P — o8 Lol o b o by o cunylis
Lo GLACJE b o sdal Cawdey =B i Ssba Ll esy
el 02l sdalie (HY FY Me) DYl slapb 55 jols jtagy «
Lial bl ey JSabBa Vo (3L T o)lis cuglis S5k o
oSl 4 & el o3y 2 /TF ol gl 4 O G 5 GUI 5 22 Mo
SUIL g FY DYl bl oy JEBa VY /Y8 (5)L25 canylis
oeSiba 5035 o /T Gl s O o 5 o shon Fo Usb a0 (3l6
LYeal b s grizan ol o, JSbBl Vo /FY 4 ol ()L cunglis
Fodsb a o b UL T cale js oS5 SUIL g HY
4 ol G 5 00t sl e hao VY b a sk OUL 5 e e
JBalEe VY/OF (5)lid Cunplin Siln & tcanl o3y o /T8 T plage
el sdmy sl 03 ol Ragy 3 (LS Canglin (Sl o VL S
sy JEwlBa VE/VE 4 HY b g, YA (o)Lt cunglin S e
Orzed ol 03,5 390 ol 51 ol (g 53 )lis Caaslie o YL
22ls 22, TVF/E MY gy b 4 cnnd HY b ()15 gl ¢ 590

ol

(o CMJGA u:.:‘ln_)i C..’_Ln.) v.Y
o 3 ddbsn o) Galel elams 5l enl Cansay s 5l eslinl |
W sl dS2) bases plagl gamba 5 (Vo JS2) ead plhiial gl

S S 35 hranch Sz 585 (bSs 4 b, GiaeS
o s GSH 3 LOUIy 22l | S, 1S s plssmye |
ol cose 5 3 Sl | B 0 g @0 SLS s 3 SUL 53 sy Siles;
el ed o 5 b et by S

VY 8) pheapib OUI Gl sladsb b (P) D3kl sbasb o
(o /¥F 5 /T8 e /YF) flaw & Of Gl acens 5 (rahes VA
CIYE plam a Ol i b base 350 53 )l uglie (ke
s 3 el 035 Sl FY/A fhs & P — 08 (saigel 4 by
LYenl b 4 by e )l cnplin 0S5k W /Y8 Gl & O
CITE Sl & O cd 3y JBkBa Fo/YF gha 4 PY =Y
e L PY =Y Dl 2b o by e o)lis caglin S0l sant
G bl 352 e edalin & 685k ol o3g JSLlBs 0V/TY
b Sl Ghyanh SUI Ghls sbaases @l cuglie plom & O
b Glbil ol odl wly i ol 4 xS SUL Jb Ll el
Ol G 53 5 S b b Sl S plee & O s s Gl
O Gl L Caglie ot e 58y SUI b it ol &
353 e

Geanlin 5 09 YA Lt Canglin L2lT sl kgl St I e
e VA Db b e b OUI S cetls Bl bl m s S5 Gae
o > Fagkes VY5 sladsb Lk k Sl e el | sip 0
Cuaglin sabaly & Lol il esy o) ob badised oS 5 atls bS5,
3l i dSlln 5 i Slainia 5 o Bl &) ohyseish S b
sas Sk phynh S 035 S slacSs 4 S, 1S
Gl el b GU a2 o)l 4 s

o0 3 s VY Jsb L GUI ik GUIL BT bab s
(P) Laf slapb SUI sladsh le & s |y 5128 canglin (S50
(A JS2) el esls plias sss 5l

il b b ks SUIL (2 sbaaisns (65125 Canlin ks
ol 3 acha VY Job o GUI ol Gillaa & 0350 0 edalina A S5 s
2 o b b olsd cuglin g mtn 08be sba olam & O Glacas

D)0 93 B ) L5J:"‘L51‘:" VY g_BL_.” ASJ-.JJL;aJL.\ @ e I3 slasls e

ER
oA

oF

of

oy

&+
FA

(MPa) sl o ylis

f5
FF

Y

Po-Py-Pr-¢

Po-Py-Provy |[Po-Py-Pyoaa

B oY oolts caglie (5L
B oojs) YA 5l e glie o L

8V/FL &+ /88 FANY

oFIVY OY/VA SO/FA

S b SSE 4 P slapb ol culie 0 Sls A JS2

YA

ohs 5 s e/ sl ;s GUI oS5 5 Job 35



\ 5nJL...2 o S0 ,95 x(\f"\"JLQ,:) i "J\J.c (e

(MFPa) 3| - e glas

M. My My | Pios | Pacg | Py—s | Pooay | Py | Pryaar [ Pocan | Pacwa [ Pyasn | Ry Hy
W oeios Y 6olis Cunslie o 50ka | prna | 5508 | o | oAy | orve | ere | saa | seas | vver | avivv | aviee | Rovy | avier | soaa
B oA sl calie oSl [ vers | see | prve | sraa | asar | samy | svae | osore | avury [ evas | ovva | ovav | vessr | vrer

Lapb ol (o)l cunslis (SSlee lge 4SS

P (& mm) P (vy mm) P (\a mm)
(BOVMPa) s i S Vit virr NYF
|l mm)_gloyls 5t A \liad VY

Job S 4y bl 5 Silee 5 oad caeslie o Sils shulio NF S
Sl

SUIL (FY) SUI g o sl Slbl ols e ol Shagy 55 (VI
JELBa VY /AD Lt cnglin :Kila b o ghoo o Job 4 ls M5 (g3l
e oS ol w2l LQQL rLJ O b o YA Lles caglie o na
Jsb 5 cheanih Sl & ces (s U L p2nS culin de e
SLSH Gy i 035 LS w3 SIS el sl o LT S
o ol a3l JUs 4 50 | s Caaglia Qb3 oS sl asls Sy

¥4

Fosns

HY (P(5 = VY — \A) Glapb samslio 580 i - 50 5503 No S
S sy gl FY

W/ie =2/%F jlosw & o s b ladiga gl sannli M Ss

W/e = /% ylaw & o cand U sbaige plogl Chuolae NY S



M. My | My | Peg | Pros

Pr—g [Pooar [Pyoay | Proyy | Pocya [ Pacan | Praa | By Hy

= (MPa) tos caglie 580l | ARY | van | #AY | VAR | wiYe

FINF | VAA viYY FIVV 4/Fy YIAF Yo YA | asaY

5] mm) gl oSk | vva | ws | va | AR | vy

YiFA Y/#F YIvE Yio¥ Y/A Yi#F TIAA FiAY A

brb sl abulr -0l 5 (pied cuylio (Kl Jl3g05 N0 JS2

ea Lol aonls GRbal ) e canglin am S cailu s il sla gagisl 5
dx e b Gadpe CuSil el o pd S i 51 n B8, g o
52855 039 35 MlS &y pmy (Yl sy S oy Lo S2lol 5

Gl 0dd 05 5 WalS St 5l ey el &S

o DNl b ol i cunslin (Sl Y. E
ol pbals oSile 5 ey YA Sies caglio ke N0 S o
O 02 (QT deLLA ASf)}.:LSA ooalin J.oL> (.)“:‘Aj}" B (J:" .L>t>| QSLACJL
Cunglie it 0 /YF Gl & Ol o b DT slap b b ls
50 /Y Gl 4 Ol s b oad anle 2 ladisel 4 Cond |, sden
ol 15 o /YF

oA hesnh SUNL SUNGlags gm 3 el lasel 4 a5 b
e Canglis ke L Pe = VA b by et cusli Sl
o & b sl cnay b5 0 L S 5ba il esy JELLBa 4/ FY
el o3y JELLBa VY/AD Lias caslia o Sila L FY

L;; a0
Bedise i SShes o SUI 1 eslinal 58 0l ol S sba
g w0 Lol G2l o2 (b S BUI b 23l L ook SUI o )
O e S by e d IS S, g T 035k bl gz (S
Comd b sladigad ol ,ltg DT slapb ol o 5o el sl Sl
b banlio ) tas 5 )las slacaglio g W o /YF plm & O
33 ok OUL s s GUI S5 1 oslizal lesls plts 355 51 4l
b i o Sn slalSi 5 L, Gy g 03 ekl SF g 4 o

ol 00l G55 phas Sub)b S SRl

£5 n 9 rasle (VO X N0 X o) slal b 2 lays 4y S 5
Jasha oo dsb a Lo b GUI &S Al saalin wal sbal oSy
i 5 b, S Sl Sl s 035 b S G o S o
Syman Sk S e phuanch SUI el aad 58 b e
B o LSS o s LOUIL @l | LS, 1Sy ol
Klos;

4 & SUl 53 3525l 02y (5285 OUl g5 51 3L S HN CJLJ;
s Ss Gl comsa y 0 Sl |y 25 0 s o2 JLS 55 caml 0dd o L300
Caaglio o 2y FY b sladisai 5lam HY b o sladigas 5 o0 o )3
b o8 es g sl liss 4 g by el b ol g o ) e
Ldesl slapb sle & o | s o3l S HY b Lk
ot ok UL g (P) Bl glapb o s canl @il o2
Canslin :Siba b Po = VA DY b b 4 s ] s gl
Glp Btiges S I G el 030y ol 35 51 JISLLBL 4/ FY i
b S oalin g bl elBans Lin g oy, YA Lt canglin 2ol
S5 e e VA Usb U g b SIS ctls lghl 5 o cnSit S
€215 S 3 e sk VY 5 ladsb b kg sk Sl i | s 24
SUI b Cunglio sabaaly @ Lol teal o Wndigni )3 Sp 5 (S & e
Lol 5z ok & e OUI 35 5 S, (22851 b ok
hsrisk GUIL Ut slapb o ps Po — VA LSkl b ol s
OVF JS2) el esls glas sgs Sl ps eslallgg (St 5 gy snbi S

oja) YA e Canslio 0 g (M) e o Bl sl o 5o
ol & Ol o b SUI o b S el o3y Mo b o Ly
012508y 58 0395951 plagw & ol o 53,36 Gl & Secalong o /YF
o rechesn Sicn J5 039381 eipad sl 022 enlizad s (b8 SLb31 sl

szl ol oa Mo b )5 o (sogny YA (ous Canglin St bl

fo

DhiSan 5 e e/ slacaslia s GUI oS5 5 Jib L6



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

me,u:a,sli

. polyolefin
. Alberti
. Yoo

. Kumar

. Bentegri

. Liang
. Deng
. Ding
0. Pehlivanli & Uzun

fA

1
2
3
4
5
6. Chen
7
8
9
1

(References) tgl;n
Daneti, S.B., Wee, T.H. and Thangayah, T., 2011.

Fffect of polypropylene fibers on the shrinkage
cracking behavior of lightweightconcrete. Maga-
zine of Concrete Research, 63(11), pp.871-881.

DOI:10.1680/macr.2011.63.11.871.

Emin Arsalan, M., 2016. Effects of basalt and glass
chopped fibers addition on fracture energy and mechan-
ical properties of ordinary concrete: CMOD measure-
ment. Construction and Building Materials, 114, pp.383-
391. DOI:10.1016/j.conbuildmat.2016.03.176.

. Haji Karimi, P. and Fallah Hosseini, S., 2017. Investigat-

ing the effect of volume percentage, length and geometric
shape of polyolefin fibers on the mechanical character-
istics and fracture characteristics of high strength con-
crete. Concrete Research, 12(1), pp.59-70 [In Persian].
DOI:10.22124/JCR.2018.10946.1307.

Alberti, M., Enfedaque, A. and Galvez, J., 2017. Fibre
reinforced concrete with a combination of polyolefin and
steel-hooked fibres. Composite Structures, 171, pp.317-
325. DOI:10.1016/j.compstruct.2017.03.033.

Yoo, D.Y., Kim, SSW. and Park, J.J., 2017. Com-
parative flexural behavior of ultra-high-performance
concrete reinforced with hybrid straight steel fibers.
Construction and Building Materials, 132, pp.219-229.
DOI:10.1016/j.conbuildmat.2016.11.104.

Pakravn, H.; Latifi, M. and Jamshidi, M., 2017. Hybrid
short fiber reinforcement system in concrete: A review.
Construction and Building Materials, 142, pp.280-294.
DOI:10.1016/j.conbuildmat.2017.03.059.

Kumar, R., Goel, P. and Mathur, R., 2013. Suitability
of concrete reinforced with synthetic fiber for the con-
struction of pavements. 3rd International Conference on
Sustainable Construction Materials and Technologies.

Bentegri, 1., Boukendakdji, O., Kadri, E.H., Ngo,
T.T. and Soualhi, H., 2020. Rheological and tri-
bological behaviors of polypropylene fiberre inforced
Concrete. Construction and Building Materials, 261.
DOI:10.1016/j.conbuildmat.2020.119962.

Chen, M., Si, H., Fan, X., Xuan, Y. and Zhang, M., 2022.
Dynamic compressive behaviour of recycled tyre steel fi-
bre reinforced concrete. Construction and Building Ma-
terials, 316, DOI:10.1016/j.conbuildmat.2021.125896.

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

Liang, N., You, X., Yan, R., Miao, O. and Liu, X., 2022.
Experimental investigation on the mechanical prop-
erties of polypropylene hybrid fiber-reinforced roller-
compacted concrete pavements. International Jour-
nal of Concrete Structures and Materials, 16(1),
DOI:10.1186/s40069-021-00493-6.

Liang, N.; Mao, J., Yan, R., Liu, X. and Zhou, X.,
2022. Corrosion resistance of multiscale polypropy-
lene fiber-reinforced concrete under sulfate attack.
Case  Studies in  Construction  Materials, 16,

DOI:10.1016 /j.cscm.2022.e01065.

Shankar, S.,
M., 2021.

Vidhya,
The steel

beams:

Rajeev Kumar, P.; Balaji
K., Sawant, R.S. and Arun,
and  polypropylene  reinforced  concrete
Shear  behavior.  Materials  Today:  Proceedings.
DOI:10.1016/j.matpr.2021.07.181.

Bahmani, H. and Mostufinejad, D., 2018. Investigation
of mechanical properties of concrete with very high per-
formance reinforced with polypropylene fibers and syn-
thetic macro fibers. Concrete Research, 12(1), pp.15-26
[In Persian]. DOT:10.14359/51724596.

Ghasemi, S., Shafaei, J. and Jalali, M., 2022. Ex-
perimental evaluation of the effect of steel and
polypropylene fibers and recycled aggregates on the
mechanical properties of concrete. Sharif Journal of
Civil Engineering, 38-2(3-2), pp.21-32. [In Persian].
DOI:10.24200/J30.2022.56347.3074.

. Deng, Q., Zhang, R., Liu, C., Duan, Z. and
Xiao, J., 2023. Influence of fiber properties on
abrasion resistance of recycled aggregate con-
crete.  Construction and Building Materials, 362.

DOI:10.1016/j.conbuildmat.2022.129750.

Ali, AY.F., El-Emam, H.M., Seleem, M.H., Sallam,
H.E.M. and Moawad, M., 2022. Effect of crack and fiber
length on mode 1 fracture toughness of matrix-cracked
FRC beams. Construction and Building Materials, 341,
DOI:10.1016/j.conbuildmat.2022.127924.

Ding, C., Guo, L. and Chen, B., 2020. An optimum
Polyvinyl alcohol fiber length for reinforced high duc-
tility cementitious composites based on theoretical and
experimental analyses. Construction and Building Mate-

rials, 259, DOI1:10.1016/j.conbuildmat.2020.119824.

Pehlivanli, 7Z.0. and Uzun, I., 2022. Effect of
polypropylene fiber length on mechanical and
thermal properties of autoclaved aerated con-
crete.  Construction and Building Materials, 322,

DOI:10.1016/j.conbuildmat.2022.126506.

ASTM (C33., 2016. Standard specification for concrete
aggregates.

ASTM C150., 2015. Standard specification for portland
cement.

ISIRI 6048., 2017. Determination of compressive
strength of cylindrical specimens-Test methods.

ASTM (C293., 2016. Standard test method for flexural
strength of concrete (Using Simple Beam With Center-
Point Loading).

ASTM C143., 2015. Standard test method for slump of
hydraulic-cement concrete.






VoV L) (i, ples ouwdige

(tags) OF-FF pas \ o)lot o cupns

azadehdadfarin@gmail.com
y.shamsmaleki@kut.ac.ir
esna-ashari@basu.ac.ir

el gl glelg S50 i b &) gt GUIT 5L @LAA,\;;SCL..A) Olosa
il ool a b hme OUI 1 eslin] oS das o lis Glidss >, =
333 Dssticn o (gmaslin S, 35 & e 5 Jadge QR | 45
ol e hogph SUIL S C:l“—;J'I U S NS uzjbf oblSer
gt sdims S (b SE b (L caglie )3 g s b
Sl Sl b, bl s calid 3,50 5 o e Sligos Ml
& Olins 4 ol e &S Canl 0 dd rl;;;l ol 5l eslial pemen 5 GLI 4 o
L:A,d"u.d Soi _;ol AAIAJOL.ZJ GLJ [Dir].bjs "JL:‘I g_i..:)ﬁ Lf':‘hl-"-’ dﬁ}ﬁle}
gJL:.H ol &I}alj:.:t Q}A‘):J' ki bu:l?-d .L...«}; L5>Lij Slelha aj')).d‘

Sligios oyl ey ool 238 050 LS L plgl gilaphn 53 0T 3,8
Esan 5 5l i 5o eslial 5)50 OUl 5 03y slanls S ),

cwsle o 2ol SUI S oLl

Jeljf Jb Otw le OM . “‘...u ANLQ

Original Article

R IEE] Y ca L;Uu\’:.ﬁ-

(231 ulidyE) pBota salsT
L oo olCiity COIRE gwNige 55;
(sbateut) *‘5&0 oo a3
olisloy” sxio LIS cslyes cwigo o5y

(Shabwt) Sy S Gogo
b Slogy o213 Ohos guige o9

2 ST T ek 5 o b slanle Sl e plasen 31 (s & G ol

L umli:ﬂbﬂ Sladllas 35lap 0 g0s Ol 5 035 sl s Sk cuslis
Sl ool Ciliien SLS5 (s9y p o Spdma (55L85 Canplin eyl 5l esliz]
Sl 5 eslisal 350 Sl 01 olsl (slanle Sty SU gl L3ES]
Gl Voo /0 5 olem sl # 5 TV Glass)s ol 16 7 gl I8 S nms
b slalgnl slasses .l ssd ealizel e sl V/0 5 V0 /0 lagsb o Gl
spm 008 Ol 53y m ¥y VOV i el sy YA Y sl Joe slaples
4ol o bl 5 Olagm b S conli &S s ol gl Xlas S s bl
Sl 035 o slbas oz el 5l dn 5 5 Sle canslin 5 cmge Glajps b

'3}“20“ R

Gt ol 035 e UL hed Gl b oo i glS 583l

6l dgdma (g,lls Caaglie (slawls S

FURYVIA

b Olus ).JL i oy Job )3 phes swdiga s sl s,5e bl
Glaas o 4 e Sl ol ..\SJS(;.«JI} b du(j;}f)fg SET P v
_|) Sl C,wju.a ‘J;Als_, r_)j s Dyt L}LL'.,«J.\ AS.)".:J(_;A u.‘\...z ui} ‘_;)JG
5 Sl ol Sl gl 5 ST sleasy ol s Som ol Jlise
Bhs ol b (ST 4 4 b s e it 4 b S S5
Sl slgaaol <;§3JG 3PS FOR SO IV { FE S N N I
6),,?\.:.:3 sy Bal slestowl g eddy cpl 51 26 Ohls & an g "\3J:§(;‘“J| 3
B u.\l;SC,‘:.::.: "I.?‘“ .L:...;_,: Sk (_5JLM~GJ o o9 OLLA Oﬂl BEl WL;A
Szl - (S Sl L ablie Aol sl iy, Sl eaSeles wllas b
le plhesSents 8000 (sl gy 4 da3 a ol Sliis .Canl

J}im ol o %
NFe¥, ¥, re u.‘/jf.i;“r;" v, Y4 49)4.4/1”% 1/“’/”&5(3JJ CJLI

s ol o sl

g ood ol 0y o isle s im s ol bedd eul anle cnglin , (h5L S byl NFo¥ waga s itie (25 ol ((Shagmasd w3hl oy 33l

DOI1:10.24200/J30.2023.61722.3192 .0Y-FY . o (V)Fe b ,d lee




Shlu s sbagslag, tale s 037 ek Sl o 0l sbnl e o)
sbawsia , pas ol - 03572 6 (s 4 0 OS[VC]..\::_;I.\J'. 3y
bbby Ss osaba (i )0 Slest 5 225, by S oo
T sls 13 andlan 350 |y (oasSod Gl 5Lt5 aglia
dsly Gl (Shees 2l Ky s e Ly Ao e Sk
ol - 03w b S ohBen 5 oIl S i aslsl S s ls SELs|
g e Cad Gl 5 3l S L oS anb Y Sb sy ]y 02
obbs My S 5ams M(UCS) samab (s5Ls cunplin Lulal Sl eslizad
bl S lasil daas o slas Shbsl b oS el s G318 Gaaos ol o
S

sobeY adl i SB gl glaaanis a3 Sby S
0L 3 9ha (5_)[..:.5 CAA_,LZA LrSl); J“.,.EJI uﬂ.l.)..n 6&&..:[.4_)’[ mS\_,.,...JY uLtL:.E
C,\A)LL: JJL‘-LS“ L)L.Q\S gS\:.:..JY ;_)LxLz; L):“.‘.IJBI L Sis ‘)o)..a?_« OJd LLAQT
Ul Y b Gtabal b bl aib o sl Ly ol LoaS s g lis
S 5 ad dbe (el 228 caslia (Saa¥ liia G2l L 5 bl e
Sl b3 adlas 3y | ool Of Jo s S jgamal (g)l26 canglin
U:.«_,LZ.AJEAJ_, (J:‘;Js— ():“: dug;)‘:“jf):_;" JA'}.C ij.Q,A xLA[JT GL.: (.)"‘L“
Vs 02 Ty 035 e sbes 5 adl b dss iz Ol Sl s S
bl ikt griime bug LS 4 SUI ooyl Sl el gy
b5 Mol 5 56 MLk 5 S cldlas 4 plga ol oa
By g 58 )00 el ol Glhe 55 6Ll LS
By 008 Ol 035 sy OBl 55 Sl 4 ams b il ey
L5)IASL5LA(;..,JJe m_éLﬂnbl CL“A |:|_,3 O jge 4 9 Sleww b aA.ZC,‘:.;JGLAJl:'-
01y Spps dns oal 53 it Sligios slnil alaly y cal @88 0 pe
Jbs Jtagy kol gssse oo [ 503 (i e B G cal (g
oz Sl Jeole (2L 5L slhe sl eslial G j s Lais 4y S8 oSS 0
Oloea o3 gm Sl Cilizma shal 5l eslital .ol 635w 3 (sla StV 640l
ol @ 515 s Sledlas 1S, s 53 Ak a5 home ca oY S
g JJI}:GA [’I"\SJA Ls)‘,w):! ;SX;M'Y J>|J QL“.H} o “S\.::...JY b.\J'> uLxh.E
axlllan plodue S5 485,513 salizal 3,50 S (il 5 st slaesy
ol b 7 Slels o3l

ui}.:gl.o)'i Guu‘?‘ﬁjﬁ bb.o Y

o3kl 3,90 pdlecs 5 3150 N.Y

Ol 5 plew cslanls Sl Slojle G ol 3 eslial 550 pllas
d anle g5 5l eslital 5,50 S b B S Slels I Jols ek
Gl 022 g Glher g8 aage g Sdee 5l Sl ol sdl duails
el led 88 Glar 41, 8Y G sy Glam < e Glage
(e god pzSdud SLIINNY

olsea o b = 46,8 Slols jl Jols SUI o5 51 Glagsy eal 5o
4 ol SUI el ol Gl Shy 5l ol 00 esliial anls siShens

Ol s lanle Sl 18, oo 51 1350 Slellas ol 5 > ol
4 CLM.A sl (5..:4).\ CA@LL G2 L[i]g_gtﬁﬁ) (}5\..4}“7}:4 .L.w‘}: LS.A:AT (_;‘4'
MG 5 5kl (e B s Oy Gl SWSL hysn b U
s b e sk OU e mhs slansla 5, S Sy b cud)b o)
CBR aalojl 5l oalial bl €350 053 ) 436 59y 2 & (3l
anh SUl e mhas ) anls Jld) () obiSan 5 s, (2 b
Sl oS B d 5 Sbe s, o addla y M5 whal bos
Slellas gl e 51 MTobSen 5 pladipny bog ol 00 o ok
sl AJ.SJ')|

ssbie & plase - anle Gl 5 (Sabial pols addllaa b S 5 ook
sala Lloie sl L oS sls gl S0l Jhs 5l Olzal 5 anle gjlag
XJ:J.' UL“""“ BW-PH o] O})}é') é}.zu.a z))}.s‘ Sk ufg\m«.\% > AALZSUJLQ:..W
SIS Vsl e 3smst slanls S s Sis JSUbglS Yoo Yoo
53838 mpp Ll 3 |y b 5 esme (a8 il Sl pLSea
ax)5 Grbsl by ol Gbsl gad Sle b s ol cuaslas Gass ol
,hw gjd%}s(;l.huf;};najk.ajs 2 rg\;ajs s L}J“i|)9| e (;Lm:.w
0 s

slaiagy 53 GUIL ess clw slab S Laspe sbaaxis
LAUT A:)LIJLL.A sl Als)fjbi et [\f]ublS\AAj &S\:.:.A_’ [\r]_)‘,gj J)),a
c‘l..a.a (5)1..\:&5\.15 C,w}u.,a &ljal 90 g_sl.:” ug)f wlosl AS.;\AJLfa uL.‘..v
bl Dlam b o coti anle Canplin y Gl 5 NS IS s e
b U PSS ) eadisgima (L8 caslia latolojl 5l ealinal
SacIB 3 0dd ot Gl laY g o ool sba | (PVA) ISU1 Loy
Sy US55 SLS SUI L laa azils sl gl b S wlaf slalsnl
53 SUlaY 6 bl hsal 4 o SUI @Y g shbdsal 53 ©is
g_al:.jlj:.:sb u_l)lS\.mA E) uj}.‘.ls..\ﬁ.)@ L)L“‘" .)J.> _)l d}}be \/O 0;.45\14 l_k_d)
osliiwl L|J (sE5mn J}L’ @ oA (;Lm:.w ala C«Ajunj UL.‘...:.S LS'."L:‘J-JJ:UJﬁ
071 558 o o 28 5 Ikl (s pmadn s bl agsaza S 5
Shalay ols ¢l5 Dok GBIy Glesw 53 Saslsl aSsls L @tl
Lo oaall el oS e sbnl anle s |y s 01/0 I FF iy sl
alol @l edle .l olgsa SUI S5 Gl edal caday polia alis
ol 1w ol adsl s s (im0 dl Sl rass s GUI s S
ol ils P18 5 S Lag o0 sdnlie b, L alin

Sk s 05/;‘,"@ ooy aluaj > ki (ki uAli..LﬂLAjTQL:JLLLA 0556
S 9 bl B8 el e bng SS , oo
038 ep b S 03) )5 ek & Loy ki odsl YANA L s
MLss S 18l bl ssba b 035 7l (26 o5 sy Sllhs elal
ans cpl ol ol SB s 005 5l (220 05 3058 5o ) Slaa
Sl =035 sl 26 s sbul Gy 008 Ol 5 535 e S S de
Sb a5 sbed ol 4 B s pozen i s S6 pas
380 5 .\;S[,A\)é b e le e 02y bls Sil5 e oS 035 ol
DN el 5L

6'4....4[.4) P} le.AgSl;» Lf:f (5[.&4..4)...'.‘..4} ;.)j\:.;a L):“‘:J::t u}m.ﬂlj\:
S o v A5 lin o sy @l elal 2 38 (e | 0350

4 53Shl 5 migee Mg o GlS cut b Sobal (25 4 s

1

ohSen 5 g ssls el /.

o b o anbe Cuglie Lk SIS oLl



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

2 sl U 7 SU wlaiin N o

5 gosre gy e D U bl g gl B e e
(mm) (gr/em") (N/mm") (N) olg cuyli VARIPY ol
. Jor 7Y V0¥ /44 YA Tv/ad \F/AY

bl 30 (slawle S Slaaiin ¥ Jou

—yd(gr/cmr) Gs C.
Y/88 o /AY

wopt(z)
\e \/Y

Cu 150
Y/0 SP

s sl ¥ S s ol gl g 1 Sl IS olaxda ¥ Jyis
sea g als S8 e 1kl ST ol Gillas das g L5 can
V/f0gr/em” Sk Sis S JBs ASTM D FYOT-0£Y o)
“ “/BJ'I.\QI \/Végr/cmr S Yamar S i ujg‘?ﬁ (Yamin yl45e)
3 deo b Slaia b S5l eygnil cpl cnale )5 Sl 35y e 4 oS sl 00
by el s lxbal 558y, Sl
=¥ bl bl Gy ey JBa oms GalT ol Sl
el Cena /58 1 ki s 0 S ey J&s liie ASTMD A0F
¥ oyled sylibal b et S ol SBLsl 4yl s sl
A2 eslil it Gy Bl 5SS GRS Uley 4 SASTMD Yo Ae
Sl Csy a3 YV Poles 0 S ls SSLsl a4l «oles] 5,50 anls sl

s 3game (gl canglie Siulajl . YLY
ssba S cl Llagzlel 5l (S (UCS) eaiingima (s)lid canglin 2ol
Sialesl ol slagssin Sl a8 e walial Sl a5 giluy, 4o 03,28
el oizen 5 (S 5 U185 CalySy Jleel (et (1 Ol 4 s
JES SN U1 RN EPCHN I TUCRCIUUN: SN S-SPSO I U PR CO W
kB B 55 oBins ol saz pLRIASTMD YA#F-00 skl
sgos Canl Ll (I8l Calize sl b ]y asskS 00 G LL Jlsl
drg bl JES S Sppen oBaas gl 5l eslinad b il sl
oS Jlel e (ypmecSs Silsl GBI 5 (5 pmacSs asal slal 4
s Ul ab3s L, eghe ) eddi spime g)l8 caglie (bl s
Data L3l | dsei 5 eddfleel o 5 plal cili Cynr ol
By 00d e (S B 4 s SalS sy, & Logger
ol G5 absl Loy & il abl Ll b8l a8 esliza
sad ols L ¥ USs s UCS ulol bl Jls s s Sy

W]

o ol - 35 & ol EY
S Gl 0dd rw oSl 2 b i ST - 035 7 sl o Jlesl
Ul 3y 3, 5Lal ol Ly 352 63, L ASTM D 00 -0 ¥ o les s, Ikl
4y 002 o3l (518l o 6) &l oS canl S5 oLl 52w uls |y i5mi 5
el ol s baiges g Sl 5 9l 53 (a8l sl 3y (Sl o ggie

4 sl sl ojlubal sl Gb Jls plie 4 ol Gasosd - 03

fo

.lhd\}}.{) C..l«."; [LRVES o3l 396 00 oiwli J.J.U c: s_9l..” A Ji&

Yon
4.
D =ymm
£ XL t
Y D_=«fs mm
Y v "
i D, = /yo mm
3
™ o-l
3 e
3 v - Al aele
Yo
Ve o
i\ N \ \D
(MM @il 51 5 avhe 25 (5l 4l o jl0

L ialejl s eslinl 350 Sl iyl o Y S

)Ll oS Sy a2 il 3 polle o Ses 5 (S)l Canylie 3Ly oS
g3y (il 22 oS s e ot bl Sz plie 3 GUI ool 38
S o o3l gy 0dd Cu g S (S Al S 5
4 0 0y 3l g 4 ol Todd 00l 551 G el 3 o3l 5,90 U
G D3 V5 2[00 sladsys a4y el V05N 0 /0 sladsb
S Ol g N S 3 @5 8 15 eslinal 3,50 Sbe S (5 &
ozt Gl pdalin LB Kilod ok (e o VO 5 Vo O slash s

o] 8IS BJJ)T g_sl:.” Ui‘ l,.@.e ul:..cj..a_s U.’Jf \ J).\> DL

Uh&l.oji AR

ASTMYY Y=o ¥ o les s Il Gub oSz 2y, 4 SUIL samails S2bl
1S oo waliial 55 anle dudls gmie 4 ang Lo rl).u“D
rtic s ol y 03y o = /AF il cy o 5 Oy = 1/0
-l SP S g5 ASTM DYFAV-20 il 515kl USCS colysy
s e ol | Gaes ol 5o eslinal 500 SLe ganals e VS



a3 S g3 I (|
oM g (B

(_‘)_Pdg:drj.J;JJTe,ﬁlkg'—ﬂacﬁ:J
6

ged cil adyl oo F S

G 08 OT Jlo 53 sla G J2E s (o
gy Lai

.LﬁAS}QB gjlwaélnr aliswe J:L,A .0 J&.z

taslize! ESr Jﬁ) (c

W (5_,|.\.G§u’ cell YF o w Bl L )5 oS0 S o
2 03yl G S hawg LB s Sl base loy Sde ol 23Sl w
033 3l G50 0yl 0y S el 5 sk (SIS aba 5 1S TS
Sl 0 ol Gl B

L’;[E.A [337) TA) \4 (5_)}'&-&‘ GLAQJA (5‘)1 ul g_e)é 09 me_,m (e
S &L,.t\ CAS}A Sy » LAA}}«; ‘UTJI U RSV JJA.L’}.C.'- Al s 0 JS\.':
S ehad igad calsl 5 (0 cwnd O ISE) Kilodds osls 13 s S s
TP ose g :\qu:.:l..‘ a3 V8 5l pS Glas jy o ogaie jh 8 00
™ '(C Caand O IS3) 2 enls L3 535 = Jsl ¢ csla
LS .(J Caons O LJS“:) )}.:L;a a)J_,T U}J:"JXJAJ‘ Syeen BLMQ LﬂA.\).u «Oda
YY Sde g skl anS 53 O i 5l Sk g iy O (ol
Crond 0 S8 Gillas ool O Lab Jleel Gl oBilojl Lama s cele
7o uld LAl el L3 Ol ys caele ¥ o w aalsl s 5 50 esls 15 s
038 ol 035 Sy legera (O GI2) §aSe Ol 5 632 Ol 5 03
..;\;.h.}u,a LLS\.:.:J)

680 13 UCS Sl cos baiges 5l s3liss sz a Jlae! 5l oo
23 KB I LE ey 250 T VOV o glads o o badiped (lagy ol 2
UCS o s )3 slalal gy o2y cnsi 5l e £ IS

gl ga e

UCS 23l geams (5SS u:..{LAJ’T [alaﬂ oS ¥ IS

53 8 el 022 45 5038y Sl o & slaaksls b g e oo ¥ Gas 5 o5 ,e
osliiul 3550 555 (ommen 355 bl 535 jsb 4 slal ol conl Seas Jee
RORIRN AR INPRGIES 4 g1 QUIN Sy PP DR S PP (Y
sedle Caledd ad a3 =YY 5 5 sl ey ST o) lsilial b &S S s
Lo S Jlo s el 00 aSE aspn Voo b, b bl GUT slas oyl
2218 3y Sy sh) Sl oo cal b sba s Sl el s Gl pSs o8l
Sl S lawsel e sylabial cpl &S el S5 olle szl

O N G B R T1T Y C S P H P Rco] el W

B gos S lw 2920 Y
5 il ¥/ baasas ol Jbi a2 esline] PVC dyf 5l agai acgs sl
oY b gy il dadge cale cge cd g mle A by gl
(= 3y paRie 5 dele pogaie (jy 03 paide L B e Gl
Sts Sbw g0 n sly B 30 pler Ghos o A2 Al G
Sr & gy 6 0lse gl 5 A2 Ll sudls 4 ang b S g S5
4 oS A g Cushy i TSl ey a2 Do O S0 L LS
e g2 a b 4 S0aSs Loy 5 bl Sy by b
o Cashy doyn Vo paema 1 bdse il Gl 5L 25 4 cush,
Cawd & oy 0° Gloww 4 O Cndd sl rj}? ol ldie 5 Sk f'SIJ' sly
G585 SSen & o b e b Gsly 5 0dd Lol GUI (g
L ..\3>)§6J'_,3 oola Sl s SUIG 0 433,8 bolon st ioshba
¥ a5 e e Yo gl gyl Y L o clalgal B s ks 6
S Vo Olelg)l s oS ok a5 ASs SuS 4 Caand p Al ay
5 baY e i S 5 JLal Gl ad ed Sl 0ad (s, 18w
b 0ol ils s ans Slris 4 Y pla Aol L 51 5ol
03 dges a o3yl Sleds paile, Lilie 4 Cyga (riman A2 rl.g-.&\):.; PRI
S0 obily Lt b PVC Glacdl ol oS s 53,51 g oS
ol 00

5 S g ol 5 ol 0d 3 Gyt Las i3 (sl G

P . . ) .
D5l el Bage Cusb, 5, Sd 1Sl 4 el 0dd el

\t4

0dd S anwle Cunglie  (bsL SIS Lyl

oh a5 cussls el /.



\ ‘5nJL~..‘, o S0 ,95 x(\f"\"ﬂ.&) i ;J\f.c (e

B8 —m1C oF
. —o— fC.F
—— 7 C o F

PUCS (kPa)
—b

L] L] L]
8 A Vi Y
F eny

0 /0 5 flom do ;3 F 5 ¥ Y i e b ged cunglie aniy Y S

sl m o3y e m ol ais Y ssldes sl ot U as s

To. - = =
—mm— YC . F
T —e— ¥C.nF
Yo = —h— 7C .0 F
=
o
Eé V0.
Yoo
B0 o
/a \ Vo Y
Fiemy

°/OJ L',Laa..w S 3 fjf‘\' lJ bl S L;lhﬂ:!}.«.’) LAA}LB-AM'JA JS‘:‘

o ol 2 g8 7w 4 e Sl e 2js Y sl des ol cod GUI o

2 /0 Gl sss 2[00 (sl sladigel > Canglie bl cpl bbige LA
Wl ol )3 GUE s S alal b cuslin Glsl ol 358 o 0dsd e gl
G905l Cuglin S (gy0ba .l i gl do)d F ol sladge s
PAN e b el 2 /0 GUIdzys 2 /0 & pehons o 33 £ (sl
SUIL wlis dsa ply V/YA 5 GUI God aliss daai Ll V/V0 SISl LS
el o il V0 Jsb 4 GUI L wlis Gsa L V/PY 5 e ile )
23 pamda jsba GUL Gl pasin gl cwo y ladga Calie iolsl oyl
Ses bl el [y amb s OUIL 228 Gy a8 e b BLS)|
S slans slag «SUI b Salsl bl ol GUI 55 dem )3 4SSk
Dbl b 88 350 (6Sem Dl b R ey 3 34
o Sanslia pralS e 5 wbga bl SBhsl lag,s s lom Gl
Sl b SUI 6,85 sbwl sly 5 plam 355 OUI I pmitie fls S
Jsb o 53 Slsse Ghloil g5 5 Lol s slel bl a2l S5 e
slel 51 S b SUI Job 281 aas o oLt lts 5 2l 108,50 GUIl g,
bl OUl am)s N 4 b ali sladsad )5 353 OLl Dolajl Gges
ass 55 5 358 0 0k Glew oy £l a3 S cuglis
lejlsl o s G oz s Vs Saslal b glon sz )y F 5 Y Lods o
ol sl ralS Caaglia
oY wls slads plis cuslae ale Ohos A S s
o g il V05 Y 0 /0 Glagilsl js Gl as)s © /0 5 pleww s

fv

.L;J}zn& ali';mbjé Aigad (o Cwss LF JS\J

oiwlosl 390 (X ges S5 Y

il slads)s I ik sldsel edlisgime gyl Cuslie (lojl o
305 YAV Gpldes g 5l g s be UL gl L S byl
slac,s 28,5 Gl 5,5 00 Ol g 035 e as 2 Yo Y ) @ Jlesl
St Sbe sy do)d £ 5 T Gaios l )3 sl 3550 ploc Lol
b b slasslsl js ssyn V50 /0 50 lads,s b SUIL S pimen .l
arg b b .l 0id o3lic Lages cole ly i mle V05V 0 /0
<y 03 e slas o Jlel [Sy) s ) n\:_;)fb_)}.p slales 5w s
53 laesls gf.\:S\J” B3y 5 515 bas o Co &S bl cunlis (as
Bl ol S sy ol & b8 s LSS el Sl 5
8505 Gl 350 5 (505 ¥FP Lyl leas) 03 i le Sgmi e JI 5o
JAS sl oo ot g akised ol G3ail 5 cal il Je 2 e
syt il gy G50 @l (bl 5 (o) adoSS 5 adslezel
Ll o dalzmil Joba ola \F

Sl slagileil ek s @51 . f
bl S YAA Jilas shis UCS Gl tlel mbs abl 5 Ll ey
Jsb et A ¥y fols ¥l ol s w § ki s Cakine
ol ¥ 5 (gl ilizma asn ¥ s ¥) GUI ss s s 5 (el V)
Sl - S wm Jlel Al ¥y a0, YA 5V Gl )l s

9t sn bl Il YAA Bl Ly byl frame

(e, V cladigad)
Aoy £y TV ols sladse lis cuslis Sl Sles ¥ SE s
Cod e sl V0 5 N e [0 Glaeslul s SUI sy 0 /00 5 gl
L. ol 00 Aﬁ_l)‘ LJ"\‘:‘ uT_ 03 @ 4’)% BS\_J'JI U \ GJ)TJ.mG GLEL)LGJ
slds,s Gl sbagel ;3 GUI sl b aS 558 o sdalin ol 4 axg

. . . . ¢ e
U 9 L;._;_I)S‘ |.¢\:.|| GJL.:& ‘;\A}Lu as >~ ASU_ L:An:l-ASJl S uLA.:_...« Lok



Gl sy bl b aS as o ol bl gai el 00 il ey, ¥ (sl s
Olesw 223 # (ol sl gad 5 fa Sl 0 Q0515055 45 2 /O L 40 5
Sl o,y VB OUI asyy ot 2o Loy cl asl sl cuglis
2 VY GUNass 0 /0 ol plas 2y £ Ghls dse Bl e a8
3ses Grlas il GUII o dged s V/ V8 5 OLIasoys VLl 45
L;..ALS dju CAA)LZ.A uL.N u})ﬁl L; KQ\A:M PW-P \GJ Y 6}L> dLAA:\}A; BLl
b
o3 S el b lsd mdd a5l V/0 5V SUIL oS plagye o
LI s a4 s raiged Cunplin Jjy 2oy © /0L 2o SUI
Lf uiLhA})A.; BE gJL:.jI A.:.GJJI.,\:M twljl.u JJLiu.d u:.hls A>J.'7 9 JL;&CIJ‘ U=
L5|)f ULA:.M« EW=PE 9J| ool ol 04l JL&C‘ LQUT)J A'>f'7 93 dSeJ‘)_) \s O

ol el 0 /0 GUI ssys 2 /0 5 bidge s

<ol Ul J,L: SRR | RRVO= T CH VOUS G v IRV X ¢
(oja) V cladigad)
don P Y ol sladse lis cuslae Sls ol VY IS s
sbgly oo e mle 2 /0 Glagjlil js GUI Gl lass ;s 5 ploew
El el el 4l Al N EENY 7o a Sl g ey ¥ sl fes
[0 ejlnl 3 as)s 2 /OB L SUN sy Gl b oS s e L
S9dma (sl cuglin Gubsl (pla 2m )y £ ol ladgel jy e Tl
Ul Cuglie dmyn VB GU as)s gl iy by 558 e edalin s0lS
dyai by VY GUNas)s 2 /0 (sl ol dm)s # bls 45ai - bbs0
5 e Gillae ol SUI G5 di5ms by V/VF 5 SULas s N L sl
ol (lis i BUI 5395l b ol dmyd F s ¥ oo cladise
b

038 6l b losd mded a5l V05V SUIL S pladses o
UL ok slaaisel a4 Cond diges Cunglin (59 doyd ° /0L > SLI
S| gy i S Gl5m iy A Gl 4w Jlesl 5 e
5 eslial el 0ad Jleel gl asjz 4w S ojg, ¥ e b cladiga o
Faile 2 [0 Jsb 4 Ul so)s 0 /0 5 badges co sl plasw dmys &

]

T -
Forel
Yo -
S
= L
8
2 e
B —m—C a0m
Vov ol -
——FC acm
o - —a— #C pcm
L] L
s \ Vo
Feo

Uul a4 C-Luﬁ) QLoa.w R ) ;J ? A lg @Lbé}}o} CAAJ&A Ma.j AN JSJ
oM e 03 e b a5 0jsy ¥ sldes ooy b e Ble 0 /0

ahl oz ST = 5 oy aw Jlsl o 5, ¥ wsldes slagls;
FlLeds cu Gladiged jo S 253 0 sdalia Jlsss 4 amg b ocanl sl
L) lis caglin GUI G2l b e an a2 38 5l oy plogm dmys
/0 ol slaaiss 5> Caglia GLIS1 cal hbige GRS e 5 SRb3]
G0 lts Cuplin & (5ysba 358 e 0dd e Sl 0 /0 GUI us)s
YAY ia b il © /0 Gl smys 2 /0 & b glanm demys # (55l
SUIL alie dsm ly V/YY 5 SUI g b dsai L V/FF JSLL LS
S s ol il e Sl V0 GUIL alis gs0 uly V/FP 5 el )
2, G gl (plaw do)s g VL ead s slads jo o5 cdl
Gladiges ;3 Ky, cped .ssjfo.« i gos Canglin LS v (sds)d 5 o5l
(.‘:.':au_):.‘.g_'al?il.,w);\QCL“‘A);,L\:“.,\,.@;?)KYLB.\J‘;‘:;:

.QJ);(;A

(055, V) ol SUI Job s Bl as 3 Sl jl o) Y. F
5 T ol ladsed 00l sgdme ()lis Cunylin ais Olax 4 IS s
Cod g Sl 0 /0 Glaglal s GUI Gl slass)s 5 gl 2m)s
el 01 a0, ¥ syl fae slaole;
s 5 F oY gl slatiges ()Lt Canplin ats Skt Vo JS 5

sl cos rmsle /0 Glagslal s OUI Glie lads)s 5 plo

PUCS (kPa)
*
LAl

LIS —m—YC pcm
‘”.-___._._-—-—.—-\- —...’.—FC-;.-)CI'I'I
= —— #C pCm
] \ i

F

CJ....AJQL.;:.«JJJ: ¥ YL ous el g cuslie MAJQJS\.Z
-03 e Sl o s ¥ osldes 3l 4o o ile 0 /0 ST &

R gi
iy —mm—C .acm
r.“/"—\_‘ +FC eI
. —— #C cacm

PUCS (kPa)
1é

150 -
Ve ‘.\-\-
& =
L] L] L]
/s \ /8
F )

&.‘BL” ﬁfcl-.«aj OL».«J E= ) ;fov LJ ‘}JLA‘\J}QJ CAA)LB.A ‘\L:..:«:{.\° JS-:A

08 o 035 1w e 53 5l e s Y Gasldes plaj b el 0 /0

fA

oh a5 cussls el /.

o b Cof anbe Cunglie L5k SIS Ll



\ 5ij~.2 fe $o)9 x(\\"\"ﬂ.ﬁ) Ll QL»A: (e

-

qa o
Avo -

= LY

_::'2’ Fus

o e

g o]

B R
" - tC oF
Y. —— fC .nF
Ve —— #C o F

-8 ] Vo Y
F icm)

gﬁkJ| A CELuA 5 Olosns duo g3 F ¥y b LsﬂLﬁdQ,aﬁ S glan didis \Y JSLJ
NN BN 7 Sl g oiay YA osldes alej b as,s 0 /0

ot o
Av v o
LT
= faod
Z .4
o
O ¥red
= = -
Foom —— 7C .aF
Yoo .-""‘-‘-“"1I[—-.________l.____________I. —o— YC o F
Yoo —a— #C .2 F
L] L] L] L
b \ A1 Y
Fcm)

/0 4 e 5 plogw 2o )3 F 5 VL pladised oyl anty NV S

S Y R D T RS TV VAREIT (N 30 PSRV W /[y

Sosldas 0)93 53 Glom 323 ¥ 5 ¥ (sl sladisms 3 SUI sl b o
s ol 5wl (2l ()l Canglie i au 22385l ey 5659, YA
ol o Ol = s ~ fl.i;z 05 b Caglin ,d BUI ag38] it
2105\ GUII i el 1/0 GUI sl sbsisns ;> Canglio ,alS
Vg ple Gl lads )y ol ladised o pimen ol )ma Sle
Ol gl ity SUI Qbal b ey YA sl bos ooy s 5o ST as)s

gl om0k Caaglin Ll (sloslnl o s BUI sy Sulsl b e b o

b SLI Jsb 3 Gl sas s Ol 1 oy 0.F

(o0, YA ladse)

4 B 5 Hlesw sl Gladge ()lis Canglin atn Sles VS s
Gosldae clagle; o V05 Vo [0 5 sladss 55 e il = /0 Job
Jsb oo Ul ass Slsl oS das e olis jlssel .ol 002 &l 05y, YA
Gl Sal b el Cuglie sl das oy cos e sle 0 /0 el
sl I il 3 ol ol L gl sladoys ol s canglin
SUI G Glal 5 Sb oy ST oba oY (Shies sbul cger (1S 05150,
56 Gymssle V05 Y Jb 4 GUIL sdd ke sladiges 55 )0 352y
3 9 palie Gl L bylasel 4 ang boplaly 350 00 e s alie sy,
@gai sl y Jsb 4 s o300 51 G Shabsl s & GUI b bl L
Sl 4l oS cwglas

f4

el BLl so s 3 SLI Jsb ol I w0 F.F
(o9, YA laws)
5 P Y ool sbdse )l Culis dnt il Slais VY JSE s
Susle V0 5 ) /0 sbaslal s GUI ss)ys 2 /0 5 plas ds)s 7
S sms o ol bylages el sl whl ey, YA (5l des gl e
235 Fagsle o /0 oIkl 5 ae)s 2 /0L b SU as)s Sbsl L
039 hb oo Gabil eal sama (55l Cuglin lop e laas)s
Sk oyl Jlosa | g culan Jobal Lo 4 as)s © /0 51 L U
bl Gse Caglia & (55ba 335 4 5 Canglie anty SRl Cel
Ol aoys VL alie ages phy V/VY O ss)s 2 /0 ol plev dus)ys
gl okd asal Cuslie jn L0 Gagl i Sl cpl 4 el
S el o5 55 5 Sl sk (e e S canl Gl ul il e
635 oo Skl €90 555 ealel 5l dm o L5 seme sbapldl S L
S plgn nbly ol 02l bigisal 3 Canglie SEAlS Camge 5 355 e
odd Jlosl gl a e Sy Sy Ve b pbaased )y SUI g luaa
4 Ol asys /0 5 kgl s Gly Glesw doys £l eslial
VOUIL &S Lladge o oS el Jb s ol ol ol o /0 Jsb
Gy 2 [0 L g SUI g3 S bl b kiledd s (s sl V/0
oialS s a S Jlesl 5l am GUI foay ladises 4 s bdigsd Cuylia
I slas,s s & canl ol el s Sb 5 b3, ol e
b phndipn Cuglin SB2bd slra OUI K L SU
Sons b, 022828 LU ol 5 el @58 15 SLe s 35050 slacsUl
e S iS5l o Ol dmy3 £ s daylass @ g b SB
33 S8 Oyleas o)ls Caslia L s mt J:SL. ol S sladses alea
Shor 3T b scabely 35 e 55050 e GU Genbis e 3
5wl e Jleel gl g ol - o3; 7 ay S pbdss 5o plew
LS bl [ (S8hal by g 53 3 025 SUI 5 ol &
Sz Syl e Caslie op i ejy) YA Gladisd o 3 Jlage 4 ang
ol Sl oS AFF G511 L edipens slas 32> 8 3 4 Loy e
# sbls dges 4 by o Canslin o it 5 OUl a4 s sladisad pls o
JSLlshS AYY 5lnl 4 s il 2 /0 GUI sy 2 /0 5 plesw dm)s
Canl

il slado)s b pladge ;o SUIGRBIL Glases 4 amg b cplly
Dlsni 25 )LES Canplio sz Sl 5 050y YA ppldas o plam
ol - 03 (’g‘;‘“ﬁ o gai Caaglin 53 SUII 3938] ita Sl ediasylis
S el V0 GUI il ladiged s Caplin (talS ol Lol o
Gl bias,s b sbase 53 (rgen ol il 0 /0 5 GUI
et UGB L iy YA psldee ol 53 33 L dmys \  plone
b palS il calin

75 ¥ Y ole ladse (o)lis Cuglin ain polie Sl VY S s
o a5l V05 ) /0 lagslsl s GLIl asys /0 5 sl ds s
st whl 502 ST - 53 iz a Jleel 5l s iy YA plas slaple;
Gaus a by o a o a1 o Gl o it cey) YA ladiges ol d .l
JELl kS VEO o5l b s sl = /0 GUI ssys = /0 5 plores ss s § L



Verrm
4.
Avied
_ Voo
iz siid
s Qored
O
= Fooul
\-..= :
—— Y
LR
vai —— s YA
L] L] L] Ll Ll L
: 3 T ¥ & # ¥
Cy

i

PUCS (kPa)
- < 4 B v < > &

—m—YC acm
—o—fC .aom
—— #C cacm

&

Feo

L}
o

0 Sl 035 a3 5l e aiay VALY

PUCS (kPa)
-

Yo —— Y
5 r/’/‘————A g
L] L] L] L}
¥ & g v

& s 5 Glogu deo 25 YL add ol bl canslae N S
SN o Sl e 09, YA Szl Jes ooy s g gl 0 /0 LI

Sl U sl daod £ 5 Y L oad el (b gad canslie aniny N S

R gf-;,:)'@&ﬁ EWEITY) \'AJVLgJ)U..\;

oS 33 o ol lses -l 0dt sl i an b5 e eiy YA (yldas
wing YA Gpsldae 053 b ale 2 /0 <l Jsb 55 SUIL ssys bl L
58 Gracssle V[0 5N GUIL o s sladisnd 3 bl ga pralS gl

D5l g0 e alle Xy,

Ol g bage cugls o, p 5.F
el Cas (sladiges 0l 39dma (5)lls Caaglie iy Sles VY S s
Sl 03 o am 55 Jlel 5l e G Gk plam dsps 75 F T
Dbl (S jsboa o 358 00 0dd Jlaged 4 amg Ll sy SRl 4 a2
g sz Jlael by pole ppldas 5l 6 s plam 4o e
038 e b cplam poles 4o)d 6 3 iz 358 0 Caaplia SRl
b S e oS Canglin iy o lsie sbas o Jlsl by (spsldae ol
O 3 Oleam J)3 F digad 4 gy o Cunglin o i pliged 4z 53 Jlas
Gy § ol sladigal o (gpsba canl JSwl kS AAS Caglia by 59, YA
Fagel by VY0 Canglin i 53 5l g 0iny ¥ psldes 0o b Glam
b el CuS sladiges Cunglin e Dl [, Aoy ¥ wgad ol Y/¥ 5 an)s
/YA 5 amyn ¥ dsmd sl V/0 5 ai) YA pslas g b o dmys £
ol dm)s Y el

T bl cul sl s Caplie at Olaw VA IS s

Sl s 05 moem 4w Jlsl 5l SUL Gsb gl dsps £ 5 F

R

Ve
4
A o

~ Yiro

.:‘2 Foooof

o3 e

3 [

=

B Foom
Yoo —a—YC acm
il ——*C acm
e —al— 7 C acm

b A [
F¢n

s ol 2 gsj T gm0 5 05a YA Cosldes lej L o olw 0 /0

{ T
Av o
LY

E-: T

B ol

2 53

5 | T
T —a—C ocm
Yoo ——rC .oem
Y vl —— 7#C jacm
' oo \ Y .

E¢n)

Ol ey s 5 plos deo 3 £ 5 ¥V L olbdiged cwylas ads NP S
s ol 2 g8; o 4z dw Sl pw 2jay YA sl ot b giila 0 /0

Sl lem sl sladiges ()las canglin iy Sl VO JS2 s
Gosldee slapley cos V[0 5\ o /0 lads,s 3 sl < /0 Jsb 4
Jsb 3 GUl as)s alsl boaS das e olis jlssed .ol 002 i)l 0jy, YA
L5LAA:\3A.; BEl "bl"-Lj“ u,uAlS C_,w}u.,a GJjTJ“C 2,93 s J:AL;.SL./ °/C) C,\JL:
.)}.dL;a ek AJL:.A LSJ“))):-' LSJ:“(;'”-'L“ \/O) \ ng:..H L; n..\.fzcl...,d
UL":‘*“ BW-R] ‘/.’) f.Y 6)[.'» (_sl.ﬁ‘\a}u CAA)UM Lol ulj::.v.; \# JS\..:J.)
slaply <o V0 5 Vo /0 slass,s 5o s sl o /0 Job 4 GUI

Qe

o b Cof anbe Cunglie L5k SIS Ll

oh a5 cussls el /.



Fooso)ss x(\\‘“\"ﬂ.ﬁ) l hes (g

a—

\ ol

Youvm 4o F
3 Aw l—— s F-ipom
=4 Avs
3 Voo b = fraF-vcm
1
- #
U Y /4 S o, PP L Foypem
a3 (-]
i Tes iy Fosom
. o
= Y. WSS 4 1 25 e 4
=
Yos
_____ A Foyvsem
-
(1) Spma S5
bas o ¥ e ey YA cObee YF (I
Yo . e s F
: s F-rjacm
'?i\ !
: — — v Fayem
9
3
- I U - S " Lo F-ypem
-2
i |\ Foppom
_\!r-: — — YA Fyem
e Ay F-yviaem
L]
v
() s 555
s Y oeeias YA cObecs 1Y (o

et o 93 5 5 ¥ 5 e (5la 905 (5 nn i dulin YO St

08 o 03) e 53 Jesl 5 (psldes sy YA

GRS e i plil iy ot oS il edle 4 nb o S2alS
L):':' li JS\..:):.’; J).;\A) U_C\?.:JI J}JA J)Lv.d Yo E) V4 Ls\.hJS\.:f dLhJIJ)»J
dezyd 5 Job Sl b aS 358 s salin ] S lass (B 55 -
354 b iy V adsl sl dee i 53 gl Sioe ot SUI
PA‘).L" &sz' Jj.a\A u:.AlSJu}) L(n_)'_’_) TA) J:.YL.\ O:.'.Mz_)) Lol (el ‘C.sL‘“ u:.AlS
PWZRR) 4 Lc 317) YA LsLAAJ‘,AJJ: P .C,\../‘J:)_,.\z,a UTJ:)LEA Lal LJJ‘: S99
((;.\._'5\...‘4) (5.3}: ul)ﬁz';) U.Cl?;_)l J).-\.d ‘;;.Als.\.\)_) x():.:;:a b..\..:l.u..._'r) ul.o:...u
(6139 V) e 2y 8 b a1 g2l 3 e S b o

Cawl 033 e

S 0

Gl Caglin oA Ol - 3 il slaas 5 b adlls ol o
2l 0 Ol & esd s 5 plesn b odd e lanks SB ladige
@ltd cuglin oz byl ABaLT ladae B s 8L sas
ol 002 (5, 805181 St slalsinl bsges cile b bage o0 3ydme
Cuslin 2alS g of - g o Az A g 93 oSy o 38 J...L
o)y 85 B gl dan b badges ccanl 008 s3405] slailgial sladge
ol s Goldas Gy YA 5 ¥ 26 el sdle el cns fla
Hledd ol Glope b &S Hladsel Gl 0dd oy bidsed ol Cuslin
sl o Jole aw plosen 2B Slodt e 55 6 7 L5L G by

o\

o Fospacm
f— — Y8 F-yem
BR— Y .5 AR T T 11

i A F-aem

e e PN TN

(kPa) | yuaseali 55185 Syl

£y F-yviacm

L]
A r

L) gy 55
tast o ¥ cajay Y cObaaw UF (LA

fee '+ F
R—— Y7 STV
— — e Frem
...... Yo Foypem

1 F-vaem

Mt T W AR T

(kPa) aamali 5 l0h T glaa

..... i Foysem

Y

() Sapms S5

s o ¥ ooy Y Ol LY (o

et s 03 5 5 ¥ L 5 el slaiged (5 nn i duglin N 4 St

08 2le 03 o a9 Jlesl 5 sl des sy V)

By i e edalie BUSE adS 55 amls cwl sl (Ll 4 pas
sbpley ol 53 5 pla Gl lads,s b bidged [y cuplie oS
Gladse Ll g8 e 0dd Lloga 3 &S sboler 1305 s (sl das
PO S5 INURCHR S I Wy 90 5 S Con S Sk 5 Sis
ol sy 5l Sl gl lin pols (] Jee ol shy 4 m
Sbse b3l cuslaa o)y B LY I pla Gl GBI L 5
0> Canslin Sl ey YA BV 1 Gl dee ol cddS L ppeman

-

..)}«.duﬂ

b gad (5] Jok oy b S gas £l
LAA.\)AJ JJ..AP.AL'\ GJJP.AAS: GJL:.A CAA}UUA UM Yo k) ' 4 GLAJS\J BE)
Sl J}E 5o 5 Sy pla 2o L‘:L‘L sl opme claiiS blas s
shl s Gillas ol el sl Soa0l o (Sojm a ¥ s Gl il
Lages albas o 3 Olowm doyd Silisl 398 co ednline (L JSE 3 00
ﬁg““‘:"‘, L):.ALS_’ Lﬁdura LSJL:"-; CAA)LE.A L5J'|j‘ Y L}‘H Y dgh> L)":"f‘-‘)g‘ [ ]
Jsb b3l st o (635 Shb3N) aages (ool abis [255) cwss (58
x;tiﬁ L;Qs U"‘iljﬁ‘ 9 Lhdl‘,& u.g.\..._g\.: u:@lf [ERveen an;;sCL...A g_sl:.” Aoy
Job 5 amyn (bl bopmiman 358 so )] S abam) 3 (gy5me (2S
L) bages hawg 00 o il ks &S Wylsges ) amb Camlows (S

gl Sz s b gl ()l IS a2 Sl (L 3L



Gliags e GUILy S g5ma oly o5 ke &l SUI el

3, 350y GUI s

ol 555 0l G Sambio plasw 2o pn LS S s UL L8

(iS5 S SralS iyl e St GBI e ge plem 03958

BE™ PO Jgs.:) UL:‘ a9 )}.:L;a C”...AA cslb 9 a..\:uojh CMJL}.A
3 03 pb slacans 3500 b ilg g0 U 03538] o5 00l Lassal

.MA 5 ~:\

Canglin 2l cal 2338 on Camglin il & e gl bes ooy bl

Sls aalsl s slaas > Jlosl 51 a5 L3

S ax xua..z:ua g_al:.” Ao)d 9 oy ‘S‘i (5b| 4 LS_))TJ'“-C st Lde&:J) .

I3 Gl ot OT2 03 7 slaas 2 Jleell oy a5y Sts Sl
e Bl (SienS (NS Sl Caglas (bl cege plem
..mjfu.a adyl

Slpote s ¥ ssldes o Cuglin (bl s GUI Lisy Sl gl

ol 839 8j9, YA O

1. Unconfined Compressive Strength (UCS)
2. Dipped Tire Yarn (DTY)

sldi B s O L mdas 5 gl b cats it Ol - 03

)an C,.':AJ azfllaa oﬂj‘ J..cl.‘> @ta (R pEIes ol s0 addllas (5|AS}.¢J'T

1wl

by of Jsb slal 5 Gy doys 51 G age ohes wasllln ul 3
L;LAAAJ:T J;LL: 53 Slesa b ool e lanls (5LAAS_,°3 Olaxls S gn
&Li.ﬁ.ﬂlﬁ)‘[ LgLﬁJJA ufjl%‘;.} 6JL.:J CAA)L:L« CAS‘) REM uT_ 03 G
ol A OJL:JJI

Jhsl 5l o ax 5 Sis Al s an paxde She U GUI oyl LY
K] u:‘i‘ﬁl (A.....L:J) [N TR djw CAA)LL: ‘y}.‘) - ula\M;-...:_ LSLAMJ:J:
A g

ssb 4 Ol Ledd e Sk caglie (b3l s BUI 2 Sl oles Y
Ul 5l eslinal Cdls sy canl pla Sy 2oys Ol @ il

V-%) L;,i‘)sl (SH>~ G IJ CAA}LEA .JJI‘,:UA Lt

Glaas,s 5l a8 (OUIL YL slass,s s canglin Lbsl s GUI LG F

6. Michalowski, R.L. and  Cermak, ., 2002.
Strength  anisotropy  of  fiber-reinforced  sand.
Computers and  Geotechnics, 29(4), pp.279-299.

https://doi.org/10.1016 /S0266-352X(01)00032-5.

7. Yetimoglu, T. and Salbas, O., 2003. A study on shear
strength of sands reinforced with randomly distributed
discrete  fibers.  Geotertiles and Geomembranes,

21(2), pp.103-110.  https://doi.org/10.1016/S0266-

(References) tglu

. Kaufmann, J., Winnefeld, F. and Hesselbarth, D., 2004.
Fffect of the addition of ultrafine cement and short
fiber reinforcement on shrinkage, rheological and me-
chanical properties of Portland cement pastes. Ce-
ment and Concrete Composites, 26(5), pp.541-549.
https://doi.org/10.1016 /S0958-9465(03)00070-2.

. Liu, J.K., and Peng, L.Y., 2009. Experimental study
on the unconfined compression of a thawing soil. Cold
Regions Science and Technology, 58(1-2), pp.92-96.
https://doi.org/10.1016/j.coldregions.2009.03.008.

3. Lee, K.L., Adams, B.D. and Vagneron, J.M.J., 1973. Re-

inforced earth retaining walls. Journal of the Soil Me-
chanics and Foundations Division, 99(10), pp.745-T64.
https://doi.org/10.1061/ISFEAQ.0001931.

. Gray, D.H. and Ohashi, H., 1983. Mechan-
ics of fiber reinforcement in sand. Journal
of  Geotechnical  Engineering,  109(3),  pp.335-
353. https://doi.org/10.1061/(ASCE)0733-

410(1983)109:3(335).

. Freitag, D.R., 1986. Soil randomly reinforced with
fibers. Journal of Geotechnical Engineering, 112(8),
pp-823-826. https://doi.org/10.1061/(ASCE)0733-
410(1986)112:8(823).

10.

11.

12.

. Yetimoglu, T., Inanir, M.

1144(03)00003-7.

and Inanir, O.E.; 2005.
A study on bearing capacity of randomly dis-
tributed fiber-reinforced sand fills overlying soft clay.
Geotextiles and Geomembranes, 23(2), pp.174-183.
https://doi.org/10.1016/j.geotexmem.2004.09.004.

Ibraim, E., Fourmont, S., 2007. Behaviour of sand rein-
forced with fibres, In: Ling, H.I., Callisto, L., Leshchin-
sky, D., Koseki, J. (eds) Soil Stress-Strain Behavior:
Measurement, Modeling and Analysis. Solid Mechanics
and Its Applications, 146, pp.807-818. Springer, Dor-
drecht, Netherland. https://doi.org/10.1007/978-1-4020-
6146-2-60.

Viswanadham, B.V.S., Phanikumar,
Mukherjee, R.V. 2009. Swelling
of a geofiber-reinforced  expansive soil.  Geo-
textiles and  Geomembranes,  27(1),  pp.73-T6.
https://doi.org/10.1016/]j.geotexmem.2008.06.002.

J.M., Pecker, A., 1979. Static
properties  of  sand-cement.
Geotechnical — Engineering, 105(3),
https://doi.org/10.1061/AJGEB6.0000778.
Clough, G.W., Sitar, N.; Bachus, R.C. and Rad, N.S.,

1981. Cemented sands under static loading, Journal of

B.R. and

behaviour

and dy-
Journal  of

pp.419-436.

Dupas,

namic

oy

o b Cof anbe Cunglie L5k SIS Ll

oh a5 cussls el /.



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll ;JL»A: (e

13.

14.

15.

16.

17.

18.

19.

20.

oy

the Geotechnical Engineering Division, 107(6), pp.799-
817. https://doi.org/10.1061/AJGEB6.0001152.

Morel, J.C. and Gourc, J.P., 1997. Mechanical
behavior of sand reinforced with mesh elements.
Geosynthetics  International, 4(5), pp-481-508.

https://doi.org/10.1680/gein.4.0103.
Heineck, K.S., Coop, M.R. and Consoli, N.C., 2005.

Effect of microreinforcement of soils from very
small to large shear strains. Journal of Geotech-
nical and Geoenvironmental FEngineering, 131(8),
pp.1024-1033.  https://doi.org/10.1061/(ASCE)1090-
0241(2005)131:8(1024).

Park, S.S., 2009. Effect
and  distribution  on
strength of fiber-reinforced cemented sand. Geo-
textiles and  Geomembranes, 27(2), pp.162-166.
https://doi.org/10.1016/j.geotexmem.2008.09.001.

Consoli, N.C., Vendruscolo, M.A., Fonini, A.
Dalla Rosa, F., 2009. Fiber
on sand considering a wide cementation range.
Geotestiles and Geomembranes, 27(3), pp.196-203.
https://doi.org/10.1016/j.geotexmem.2008.11.005.

Taber, S.; 1929. Frost Heaving. The Journal of Geology,
37(5), pp. 428-461. https://doi.org/10.1086/623637.

Penner, K., 1961. Alternate freezing and thaw-
ing not a requirement for frost heaving in soils.
Canadaian Journal of Soil Science, 41(2), pp.160-163.
https://doi.org/10.4141/cjss61-021.

of fiber

unconfined

reinforcement
compressive

and

reinforcement  effects

Parameswaran, V.R., 1985. Effect of alternating
stress on the «creep of frozen soils. Mechanics
of Materials, North-Holland, 4(2), pp.109-119.

https://doi.org/10.1016,/0167-6636(85)90010-9.

1999. Thaw weak-
Cold

Simonsen, E., and Isacsson, U.
ening of pavement structures in cold regions.

21.

22.

23.

24.

25.

26.

27.

Regions Science and Technology, 29(2), pp.135-151.
https://doi.org/10.1016/S0165-232X (99)00020-8.

Qi, J., Ma, W., and Song, C., 2008.
freeze-thaw on engineering properties of a silty soil.
Cold Regions Science and Technology, 53(3), pp.397-404.
https://doi.org/10.1016/j.coldregions.2007.05.010.

Altun, S., Sezer, A., and Erol, A., 2009. The Ef-
fects of additives curing conditions on the
mechanical behavior of a silty soil. Cold Regions
Science  and  Technology,  56(2-3),  pp.135-140.
https://doi.org/10.1016/j.coldregions.2008.11.007.

Christ, M., Park, J.B., 2010. Laboratory determination
of strength properties of frozen rubber-sand mixtures.
Cold Regions Science and Technology, 60(2), pp.169-175.
https://doi.org/10.1016/j.coldregions.2009.08.013.

Liu, J. K., and Peng, L.Y., 2009. Experimental study
on the unconfined compression of a thawing soil. Cold
Regions Science and Technology, 58(1-2), pp.92-96.
https://doi.org/10.1016/j.coldregions.2009.03.008.

Li, F., Chen, D., Lu, Y., Zhang, H. and Li,
S., 2022. Influence of mixed fibers on fly ash
based geopolymer resistance against freeze-thaw
cycles.  Journal of Non-Crystalline Solids, 584.
https://doi.org/10.1016/j.jnoncrysol.2022.121517.

Tao, 7., Zhang, Y., Chen, X., Gu, X., 2022.
Effects of freeze-thaw cycles on the mechanical
properties of cement-fiber composite treated silty
clay. Construction and Building Materials, 316.
https://doi.org/10.1016/j.conbuildmat.2021.125867.

Xiao, X., Li, J.; Cai, D.; Lou, L., Shi Y. and Xiao, F.,
2022. Evolution evaluation of high-speed railway asphalt
concrete waterproofing layer during laboratory freeze-
thaw cycles. Construction and Building Materials, 324.
https://doi.org/10.1016/j.conbuildmat.2021.126258

Influence of

and






VoV L) (i, ples ouwdige

(tags) ST-00 pas N o)led o s

profmahmoodnaderi@eng.ikiu.ac.ir
ali.saberi@edu.ikiu.ac.ir
walidin@edu.ikiu.ac.ir

(_')KIJA GAAAJLKQMLL.A) £ils LSJL......J gy (.5)1').‘;‘,5_9‘&';} L5,)L:~.5 CAA_,LZ.A
[r_\]..\”u)b ng.ﬂ P gl
Ol a5l (bl laysS 5 i pbdeii luaa (6,051 sl
.)).L; d&& (55_}'..\}' (e3P l.« L}a}.:.A uLa_) BL) UL;‘.A Sl uT 6)5..\:.3)4.: L;iiLd_)T
.L.‘.d):ﬁ) J_L.S/(;AJLE (;:.uju.s Cod (550 Sa g0 AQT)) ASMSJ)JUA rL?.S| "
53 358 Ga (5,505180 sly (55l plsisa Bye iS5l de O 358 Gas
U3 ol les e ,b 0 o (sdiges 5 (Ll o) l8lul 5o g e 58
G s o0 SRl Ol 358 Ges sty @issd eSS Sl dey 53,5 o

le]

b csndidons s,e518 sly Oas n molinel iy (5pdbdsii s sl 555

. . T . ., = .
ol cunglin 5 x4 Ol 398 o (650101
Lg 4 go u..w.i...« c\gJ’L.,': 9N uﬁLo.b s ‘E.Ab.w o

Original Article

s sbys syl Sl ezl

(stst) ™ 5330 sgazn

298 o(03) e plol Mo oLCLIS  qurigo g B SoAKLls
(655) i Splo L

Ol 6 b Filgw Gouidgy

(555 Saidly) (o I slapw

295 ((03) o plol o3l iy oKL ¢ gukigo § O Souiils

5 e 3 o 0151 e A G b 5 Salie it 505180 sl
Ls i b 5xS15] sl S alasl e sl b o]
Slob Lol pimer 58 ol 15 53 45 CwSE ] ol ose ey ikl
35 i BT S50 355 n 3rsy o b 5Easb ) o o las sloai o dla
=) lagsail leslimal b gols (tagy s 10 0l aal o olaxis

8 o e (5 b 1) Sl JU5T (o pen ) pblin] (sabaions
03 o ilayd caglin 5 st pn (e m VFo 5 VYo Ao Fo) Ll laas o
a5 ae o Lt Calin 5 O 34 Ges (5505150 & P8l ke i
slaylagai jleslizal b o tagy claasl glas ol ead S 5 ol crass
G ks Caslin 5 O 358 Gas s §l5 e ol sty sldsles 5 o pnl I
osas 3] st A5 I (Ster cus by o oSS 450 e b
Slis 4 (pdidghi Glal Sl axm VP 5 VYo Ao Fo slag aS L el
el 232 4y V80 5 TN ALY F))

Sy Jedo (5 sk aaslie (Sl (slen 5 O 1S G651

FURYVIA

s s s Sulsp ol bt sladben > Conslin il o3 615
3 e dalos S5l S5 0 pbplys s L;-\:)g:,\:«j g &S sAuls 2
S s slagl ¢lss KSsba .l s slaejle dde jae sl sl S5
o silby Sl el S S JbLs a4 el oolasl (4o ks
el (Sl Slanta 5 ans ol g anl sdd (2 Lb ol Gl &
3 8ee Gy Jalse 503l slajl bl 3 b asl sl S ¢l

. .
Ot 4 oSda Jalse Gl )3 oylsen olSlags das ol 2 5l s

e oty 5
NFTENN S VFo 188 el NP VNN il s i b

allie ol 4 bzl

o3l b diged 1S 4 50 Gy led nle Lyl o g, l8 gl 5 on 4 O 38 = Godeslnl AFer s WA 9 e s sale dseme syl
DOIL:10.24200/730.2023.62007.3202 F¥-00 .o d Ve iy ok ot -5 sl L3 slaiysel ]




ke 5l ogd e St Sl o] Sl GlaeSs 5 Sos bl oo
o S sbnl b, (Al 3l s GolEl Glas jped §3d gl
5o oo b slabes Mgl Sen Jolal 5 blal 5 o C‘l"‘“ 3
Gl 5 ki GUbl an 3y (S5 il inS el
(5 S slaejle S35 b G0 ool S sl gn ojla plss
Sl (Yo T) SblSn s oS sastil o amg b Ml (s oo
Ao o) W lales oy 53 dbSm 3 73815 Sl oy S 3l s
o ‘(>|J§L,33\~ Yoo , Qoo (Yoo Yoo
ey ol s 5l b el SSls

(himms g & Cund &b S

oAl il o S
%] |

56 ISl sanys £ 3pae) Gl sl a ol (PINPE

- ool 3 i 56 Sl e

A6 Gl Sl5e S Syl gn J5I s G S, sbal Sl Gl

Sl esliad L (Y2 ) L2l s

Glaas o eman Ml wal oz Sl

un..a

YSGI_,A [M].sj.i om Slaxis s
oS disls pls ol sl am,s YO B YO odgdme 45 S slaes 2
W5 YA Ll cis & s BB sba o (s s slacalis

G ol Ol e 5 o ples Caliza slaas 2 s (M Slasl SialS do)s

TPl ods s gy SRS 5 (g sSenSemn a5 5 3 Jil sbnl Easl,
e 1S bl o saan o &S sl plas (Yo ¥ LulSen 5 "6
sbage el Sealos Jode o 5 2255 ()l lacuglie oS 552 o
Rl b e o (SSla ol 5 s ol (;—'—‘-ﬁls-\w Ssba
Mkl G2alS Sl Jghoe ke
by 13 g addi y Cuglie 3 (5 4L>)L1 L6 fL 2 g
oS Silesls ples PO VY 5 Yo ) nlSan 5 obgle Slals e
s Cuslia Lol 35 Sl 3 UL poelsdnSliss 5 5l eslin
= o S5 plineSls 5L i 5 258050 o s
el Sl S350 bba 5l il 5,50 S S, | el Juagl slal 53 &S
slacuslin Glbl @ 55 5 lar ez 5 S 55 568l )bl syl
SelSe
abimay 5 (S8l Jshy slagsal 5l eslinl b gols [iag, 5o

.J}:a (5_,:)4.)}4.: L):ALSJ LSJL‘:"A CAA_,U.A A})éu

\9"5 VYo (A xf“) Lﬁl‘"’ Calisa L5LAA>J:7J_~LT J‘Jﬁfﬂ}y‘c ‘«Lsﬂd"‘):"“
r'.ﬁ' jo \Ye 3 YA Y L.)’:.““‘J') L):" (5[_'_>J.> k:M)l:Ld) (5):.‘&:..})}.3_)) (bﬁ
S s

[ u| S O9N e GJL.J k:AA)u-d) uT 5}.&3 G (_5):5/5)'|.¢\3| 4

ol

ARl sl 5.¥

b ran pllecs Y

Bl K uals .anl 50 o3kl TT s 22 ¢y lagen 1 & 905 i bew 51,y
als g 2 S8 Tl @i pdy plnil ASTM — C VPP bl b 5
S fta s p SRS TONe S YYYe Ly i o Sas mho Lplal s s
(U] ol el st doys Y78 5 Y0Y Ll cuif 4 5 bapl O Gl
e eaalia N ISE 5 5l (gedgdona olen 4 balsSn ganals e
5 Il el 3\;)6.«}1;» e a bl s esd eslia] o

v

OV o) el 3 (Sl

Joa pizer ol Gl Sl 5l j by Gy 4 5L pom sl
bl sl 5o gl plasl ey i S5 clagtalojl pbxil 5oy ol
g Jlel L6 a8alol Luls s L e e sbatolail 2t (50
B St |y digmd el oLl 5l bl 310 ] Ly o plail ks
oty glalasl 1Y S Sl e s 4 ST 3085 e I s

mar b ol ol Caslie 5 (pddois jldie (o S opd Jilsn oS
VLY

L5JJ L.u AS Lfd"l-"“l 64L:.W U"}" L)‘“ﬁ) JI LJ.a L)‘“’AJJ‘ J)

L5AJ_,A.: BEl ul )_,.b R > (_5):SEJ‘|.4\J‘ LSLJ el 8l &"‘\f Y" \")
LG8y ey pdlsil abime 2y, Plead sus sslioal o

uaL«.".sL.« c”..an )_J‘Lw 5 o= (5)3.,\:\'5}.3.3 L.’l}:‘ O S ml;.wf
(}_.\‘Aal}:‘wl LSAE.L?'-A U}‘“.)T @ta L;AM.;_LBA J‘

L:?-A 23 4=
[V]CAMI njLw J?J 03 b _5_)[5
gty o W e e S A2 ante Lk, slubal |
M el bl gabina eail YL s Sl oS oyls sy G
Dy i josan s (YoY0) ka5 (ool adlhs j3 omen
S (BSENNVYYAe — A) Lk, s lsbeal b (;4;|):~| (542;.&24 Ll
[‘] -

salia ol slaiy, sl deols b o o /80 ot 2
W
J‘:J. lq-JJ 3 ['.:.L......d u_)}..éd.c ‘_.):'f L;JLL% CAA}UUA 6“1)".).3‘ LP)"A> BE)

[\B]A((Cku_)'lb‘\:.:.sby_}]’))u\;:vl.o}_ébfyGLQLPJJ.)JIJJij(jéL_J‘LSLhu:)J
OdesS ogy oS dmd oo ol et Slalllas el Q;.A:.EL',I‘S::@:.A: uhls
] wlls gl S wsle dome 3 o Cunglin 2bl sl e |
(Yooo) (5ol bwg oS ks 5 ons slagsejl 51 SBhasl JUl sl

]
loma (5 b L) i aes slaosal o950 5 M sas gles
o y3 a5 3lpe 5L Canslin s sl 0151 Bl5 a5 Al 50
osil (2 &lel Lyl edle rman .S eslizal baejla 5 plezsla 5 el
Gl e, Jma s S8l JUl
e a1l (SGIS US2 a edlesliza] bl suls SELol ) osajl
ol s @25 S ol e Ll g5 2 5 exlal LB s

AL

BE k:Mlj‘-):rL’ﬂ‘J:.J Lhej'L«) Lﬁutw\w

L5)‘ SxL:..a' Jl.a...‘\ u_}"JI J‘ (5>.A!~A )JI}A L)"“‘"‘" uL&!LL.A Lf>j L

LAAJ\A) O L;M u"‘“"“th>|) e o (5_)L...3 WJLM J_)J‘
JL&L| 094) j| oalal ua}..a;sjj 4(T°°V) (_5j>a t)L.d ol 0 el
780 YL Sar o b (Lt o Caglie byl sy SSL|
ozl mhcimlie b prizes Msls 3gmy 3)lalal osasl b o =B o
(Jool> c~l5 Sz panta g SU LS s sl dis b S8l Jl
JGst ggesl 51 58 L)JS“‘“AJJ‘ 5l S s el el
05.,\;?...% W] (SU e 5 b )lis w)u,, bl sl SEhasl

JLL...;I 499 1 LﬁkS\.«.«bJ?-..o w)LlA

wils b cés

GJM (_SLhAJY)L’yJwJ
wals (b c8s ol el 5l Jols =l ool ol 3 oS (Kiles S enliza
ol
J.A‘_,L 4 (s sles UI)‘""' lekbﬁ Ja‘j BL O"‘ W5Lu Ulj‘"" ‘w’*‘*“
L}t.‘»‘ CJL (Al rJS) 3y CAL juw ‘usf'a“ C.H.AA QL:_.AJ..4> sl xd)[ﬁj
BE) L;L:A:J LgLAu;))}él &I}a‘ E) Las L}:‘.‘.‘JB‘ .C); Las (54;:.«:53 Lol (o

Dbl b oS U3 Lo Sl uly s o o (35 (sl

0%

Ohan 5 ()50 sgama/ e Canglia 5 o 4 O 34 = o3l



\ ‘5=JL~.‘, fe $o)9 x(\f“\"ﬂ.ﬁ) Ll ;J\f.c (e

oSl i Slaniio N\ Jyi

5 E s
S Jode sgay Vol caoglie oy cnylie it
PledS s STYRGTIL- RV iR Sy YooC  Y00C
JSLBa VYvae JsLLKs ve JELLBa N0 el o oceell Vo
VYo7
Yk
e Ul el
,\ A=

5! 4 gl s o8 (i

-l salaine (ygeiT .Y IS

i e 1
w03,8 355 T iyl 6,8 o5l (o
el ekl Y JSKG

[0 S PN B

23,8 aloa ¥ sl Gollas pl5 oo b o2 5850 Sy @ O 35 75 Ol 350

V=hxA (V)
\%4

Q=" (™

Cthx(mm)):.a})S\:aJl.\L ho(ml) &ge5 a0 03,8358 “"Tf'}"> Vgl s S

Aiea (8) plysda t g (ml)s) ol 34 = Q (mm") Lz Jlel CE.L

o3 & dged LY USE Gl Ll 4 O 348 G (oS5l sl

a

39 s o ol Hloie 555 o jgots 5 ued 88 Sl o3l b s 395 50 e
{o 2V Us2)

ov

e
- =
AN

B

(mmy s

saila gy (Ll

Y.

\»
|

| Y /4
"’ /]

. Y ¥ 4 A Ve 1Y ¥ # VA Y.

g8 A2y
~

\

N

(mmy st

EH PSP

Ll & gamals Y S

Lhd_,AJT ‘;éjz.c Yy
‘;_]d.il}';..ul (5‘\-2-&’-‘ ey AYLY
b 3 35mse sla STy S2s )L,lSw b il bl ol sl
CLM Go) 2 =Sul s b 3l Sy Dadsh 0393)
s i g Sl e (2 Y SE) 352 e skl o
oK e o = ¥ ISD) 358 e ol (30 e sy, Cahdei
Sy ympe Jlial sl gz g 5 o b alial sabio
et elBis sl el sad am oy o I gadss L2
B ol OF a0 jLa (s ol gBlbn by iy 32 sakis
ol oo sy a4 S Sl elinal b ol i o 55 Jles!
Gkl Olge b oo g3 O s ke e (2 ¥ JS2) 553
b Gk slapley 5oy oBiws UL Caend s el e ey Ses
S5

cpodeole bl b ki clagley 5o o ) 00 S 350 ol >l
Lg oy 3l o 4 ,lis & abis CLMP g Sl edd &3 luke

olej g s 85 S 3w Ol o Sleslial b pizen 258 g0 dla ) dslea



BS EN \Y¥40 — A Ikl b slolgnl sadaiome §aejT (sbendsl (saumlie ¥ Joio

BS EN \¥Y¥de — A oows 3 BS (55, ool sabaione iy by cyg05f o ye
g o By ] By s BS ] S X Vv il s sl s ol
3l UJ\)? Slygzs BS gysnj] X V4 NICHERE SH YT
L}u:l}' LY S “\ili 4 ged - B
o ) . x v a5l 03,8 1S5 s eghls
258 (50l BS fgasl Gelaly 358
s Jom B8y Sl Sy sl BS g0l Slinges x v O3 Jom LB 5 009 Sem
Ovlely 35t e B 0sd 1S Bk aigal X N4 e o
Y szzfuj]-\ﬂ BS ;,_,aﬂ T e
BS {gail ool &b o
X 2 saees Sl 3 Cusgima poe
98 el 13 Gasia slel L AIB S s v ol > ? e
S byl s Haeil all ekl
P - . [T AalS) PR LV s
Gl S5 b BS G505l Sl X v g
s S0t (5,58 903
. . 2y sl plsil ghls
el S by BS a5l Ol X v ’

J|.\7.:.2 Ch.w

£ gad (535 85 4o (I

=5

T

105 18! Jlizil olSais (z

S8l JES yeesl F S

lont el za k107 slall by VYo zle Sragy s IS (JSa b
20 e3linl S 551 badigni 59y (2lod Sl sbbassz Jles! sl rizpen

am,5 0° sles 3 cele A S sl Osr_,fjg o sbase cuss cal

bl sl AV A) Juhen 5 ol et slajiagy 5o <l
shalense @l b ol | ool pslia o paliind sabiios gpal oloslnl,
@L:.: LY Jsae) el eos aslie BS EN A — \YY4e LSk, o, luleal
(_5)_‘.&35}3.; dj:.fnj'LuJJ 285l sabrima b}-‘_}T &Yl cés JguL:.\ wdal sy
Ml
Sl Jliil 2y, Y.X.Y
oo S (s pSeme o Sl eslinal b e wSShsl Jlisly (gesl 5o
(¥ US2) 352 o 4 o2 b 9 0 ks YO G 5 00 L3 L (5
JUsl o Bis 35 = F UK 3 5 eadis,Sepan 5850 haw o - B US2 )
Sl Juml oaws o o F IS Gilhs e 358 00 saalin SBLo
23 355 o CaS e3me 51y (LS sl Sl eslial by 3,8 g LS 50 (s
syea 6355 00 )y st S 0T 4 peen iz S st sl
o 2 F IS2) 550 Sl s

Gilbe Gl Sl ot saabnl 2 (A5 Gt [ lEe Sl gl s

:J}":GA A.....«l;-..a Y gé\hb

Tr wr’ YT
J=— = TE—max

=77 = (")

el i sl Oles T 5 (o opme pla ol s S

cale g r\..\§| Sl JGzl D) QJ_ASBI.J LS‘\L-A’-“ L;LAUL_‘L«JT rLz.;\ sl
VYo 3 VALY i )3 ladsed ccanl e dl a ho V00 slal b oS Glaaipel
LJ‘:.: Lhu:.‘:LA_)T @t.v J) &LAJ (5[.&4»)% _)::t s L5|j‘ 5] N ‘_;:\AJ'T BJ'_’J
S P AR S PR LAY ERVEIN CP PR IV

Vo olis cuglin) cunl odl sl ¥ Jodo 3 ol Giags 5o eddeslioul

OA

Ohan 5 ()50 sgama/ e Canglia 5 o 4 O 34 o o5l



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll Q\f.& (e

S pia 0 ShS) o LYl b ¥

o el o ol o o cod (JKbEe) caoglia
Yo ASY,EY PASAY FNOAY /0 Yo
YA T
15 A
}L \Fe &
: i \F
Y %— i
= A .
g ) xS
8 . 2
¥ g A
¥ S &
13 1 18 Yoo o r ¥
(min) ol ¥
— e =Y e — A e — o e sl o & K 18 Yoo Yo, o
$0333 ¥ 5§ prdsd i (Ll (MHN) bl
T — i ¥ om ——ajan YA e — AT A:-J;'-l
e (63le o sadige 3w Dl O S
e
b w L slas 53 3BT sl s 5 oo 057,551 bntigas a5 225313 518 L
> ks o S ol iy ol | ™ 502 (g0 el VS S sl
ERY ol 03 JalS s
.
Y
e b+ Veu [T Yoo Yo T .
(miny sl; Yy Cawdey @Lu EIr I J,:.lz.s J\r
—P gy =T —Arat g —F e ‘—'-_;’LF;F-:‘ e e 3 LSJ-_’-LS)E’ ALY
0320 WA G s (0 YA Glapliss ke 2 ladigs J5ls 4 ol 35 o e O JS2
VY . . .
(S s CAEpuu L u| 4‘;1[.4)' UI"Cf‘Jé ‘u| uaLE.A ASL)}..:U.A aML:.AJ'JJ \Yo 9
Ve . -z .
Lg b Glaeis 5 il pady Ly 4 ley Cdd8L 503 S 300 ladigal ;s
:i— A L)"“(.)”“‘.‘.‘JSlL'))‘:’LS“ cdalia Cpperad Sl 0al A:...«Ls‘)}/il “ﬂjld\lﬁ)‘ui
5 s ladisas sl (spdahi lohe .l 03,5 o (alS adges (603 9i5 1ok ()2
g FIM 5 VA8 NVAYY by i, Vo 5 YAY i3 0dd syl Jas
i ol Glases gmlydd Kol oyl Gl GralS s aSielong 2l e
| 80D 3ga (5\AJL"[SCL:.§ g dola Al e e oS
o Ve \ae Yo A .- . ) el R L.
T OMp g gl ded SISy C8 0 5 kgl (sl des o R3]
2 .. . L.
AP e = AT e A e ——F e — ke | J|.4\A.a (_)f..mlf L:A.CL\J:.:_’ u}:wljg\:ﬁ L)L.SIJ QY}«A}-A L_‘ J.SL:.A) t}JL LSLQL.AE

300V 0T Jas b e iy 358 (2
w2 sbas p cod baige L;J,g..\g'b‘,b B\

el wils ol g s ead eslizal fn 5l S (6l Caglie ) Sia
Sl b S wsls plas (6 8s astllas 55 (Yo V) pLSkn 5 (5,00 ppomen

Mas 00 Rl o it sl dos sy Jsb 5 co)ld cunslis

alkize O S GL:.:.’.A s~ L{L,J U g ‘_5‘,._’.3:»5}5.3 XY

sdalin ol (ke Glaas > cos o s O 3i L RN \ S

04

Caaslin S o 1o dols] galdon 2515 &S Glimen 550 o o (pddh
Olosms o 3 O3 oo b 5 Mo 5 B3] Dlores o> 3 Db3 s
b 1l glen 51 a8 i3l Glams o 3 gm0 slalias b o 1S
s gy ¥l 5 b S b sloes ol S 4 el ot
[r4]

653 TV a0 o i (pddoii loke SaalS o 1 5 558 o 5 Jlra]

el 0 ool gl (sabaize a3l 51 eslizal b &S (YNA) ]S
e 3 4 ol 35 e odal Cawsty gl L5 =l 5
oSl sl Gty 1 ko VYNE 5N VEXE,0 Ll 50, VYo 5 YALY
2,13 (d b #7A VP VA F) ol Sl 5l ol ol b sal s cplin

g 53 edd el o oS canl L5 cpl 4 =l o ol )l dae pimen



¥
Yo
%
B oy
3
P )
g
g ‘o
Yo
5
¥ YA
(day) o}
sl Ll s ladige 3900 Gas LY S
S [
. Y=+ /OFF X i
Ri=. /4¥54 3
.-"I L
As .
5 Iq.n'.‘ " L
A 5. 1 Fe
g o [T "
,_E__ e @ e
= ; . sle -
. (
'.
Y.
%
LC LU VR PR L S SRR T SV R
(ML) g1 & o dliadons 83037 1 Jolom 3585 parem
.U;QLA: alise GL“‘\;J% 25 Baiged 3580 Ges LA JS\J
AT
Yoo JOFF X =
AR
R'=./a¥sq LY
©
y —o
.- e
- - _ o |
£ ee ‘o
& o
v —t—e :
@
®
-4 AER] AT LD
(L) ol 61 o aliome O g0 5T 51 Juol 3585 o

S50 Gas 4y 398 o2 JooeS {geel el g5 4 IS

Do 3 5 oole Lala s i (o lid canglin (6,055 510 . 0Y
4 gl panS

oSerma 2 BT AL i S on o LS Cuylie 505181 sl
CaSl s 5 35l S S 23 (;‘:"iL‘J'T e3Ra (g 9 S rl'-”-'"
4 o 03 4k ek s S S iy Lol Jml gl b Ll s

BLISEE) L.,:.E:M.A) YL‘ a8 L: IJ O (5)\.:.3 CAAJLB.A J|.¢\3.A u‘):uﬁ (b&wﬂ[ﬁj’l’

ST Al o i o b o b (spddsi ol Gilas o 355
ol ol I Sk VA 5 NVEY N Yo dAS/0 ol s ojy o 0p90 NP0
230 V1o 0 sl s il sk V8 5 NYE AR BN Ll o0, TA o (sl oo
Gl b el s oS 1 ublen ol s V1F 5 00 5 YR8,
aily pabade LB [tbil 0 basel (pddeii by Oluk slaas o slis
slas > > R slagse b oole g camlio b uzen .l
Olell el as e Vo 5 VYo Ao Yo slue a5 50l e sdalie ikt
sl %3l by /A 5 V870 F/A e 4 i 4 gy Y o sadidsk
o by b Ay Z/A O F L 4 ess) YA G sl pries
e 032y VE0 5 VYN AN F)N i 4 g, VY0
(phos s > slas LBl L &S sl o sdalin & USE Glaylagal 5o
sl bl (eas b,y alsal (sabixe saolasl Lwg) Of 345 =
Ck.dj\ T ol glos slaas ):313 Cox g 3,5 3 il Ol oy s ol
5 ol a5l ples laas o sl GLEIL 5 LS g0 o 4 a2 o
Cndudshi ;3 05l Lol bas o g 4 an a 358 e il 2,5 S a
s &S ol BT OT s ol s oS 058 e ednlin it Sl
e o 03,555 Ol e 13 gl e o o Ao Jo solal pasiis 4

"'\ftig"' L):“iljg‘

aine Lol 5 i 43 g 398 Ges YUY
5 355 Gae e o @ Ol 355 Gas e 55051005 Lo S |
O b sl 5 Ol 3585 Gar Jlaie ol ol a5 4058 oo sdalin ¥ IS
ol Cas ok VIA 5 TN P40 Ll s & ajpy Vo 5 YA LY
S 7P 390 adiges 39k e ldie Gy, VYo c2 8L (ke o .l
ols ale Luls )3 w5 515 slhasal 3500 Goe Ll USE 3 ccanl wils
b slaas > J..:?‘L Card oS pladge wdalcansa @t.'. bl 822 0als
Sl b 993 n edalin plls GUbil gl 38 Gas lie s ilas 818
o Glolsl A8l jliie 9 o s oo slaa 5l L xi;t cos ol O S
53 eblins 5 bia Gibl 55 Bay cpl dbas e la Skl L oS S
o= dxls palsl o8y (5)lts o O 51 oab s 0ae s pddein Shales]

(A J.S\..':) .\A)L;ﬂ u:'il,»" |J .)).d.: O~ F )}«iuﬂ

398 pren b 3580 ee (sabail, F.Y
s ool sl bt s ST sl bl Gub i S35, 5b  Lea
G 53 39 e 1 53 % (2 el Pl 51 g b ndisas (3985 Gae)
e e gl S ady (ailil sebrize gajl Sl eslinnl b ol
Ol5n et 13500 oy b A USE Gylhae sl skl caday 35
S @SN B b b o 4 O 38 Gas e gl eSS (g
Lo F dsles leslial b glg oo 8 US55 GamledS o5 illa
G sl @ &)k sl 4 il sabrion a5l Jols s )18
38 50318 ol eSS g 5 130 33 s w2 bl g 4 O B4

y=r°/0%z (f)

bl 63k Gak 5 (5 pdid gk > S35 e oalin 4 IS s 4 an 5l

ol 3 3 5 G i e el S el a5 i

$o

Ohan 5 ()50 sgama/ e Canglia 5 o 4 O 34 o o5l



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll Q\f.& (e

Canplin gl b S Sl J el b 51 ol lspus VY IS5
Canl e esls plas sl g oole Lyhe oo 5 Calie e 5 gy s L2

e obnl o s Sl ts (Gl ol ek 5 Jleel e s
el sl S0 la i e 5l S S Cunglin azilis oS o]
o Jo s cush) pralS Cel musa s Oles 53 e o5 S5 sl
R 3 il slalad poa pdaligmsa b gl e o Bk Ol s
Caglie J2alS G Jal o &S sl 002 syl (530, S5 CL:..., 5
Sl 00 ol

by O absles jleslial b glg oo NV USE (a8 Jlssai ollas
Conglin e i &) ls (sl 4y Sl Jal g5 51 Jools s (5,181
38 Sl o St g 5 L85/ (Seean cus b ] o olid
Caaglia b o )ltd Cagliia el S S ls508 Lhos b oS sl S5 LG
3yl esiis sably o] mb

y="Y/¥Az''" (0)

s Sens f

26 g edle (s lal by slagsasl 5l eslial L ool Jrayy )

Caaslio 5 (5ot 3 (4, VFo 5 VYo Ao (Fo) Ly Caliss slaas o

L2 gl 5 T 350 Goe (S5 181 4 o8] iliine (i 55 e b

il s el Gy gults ol 5 022 o St 4 5L G o

Y = gabsles jleslizal b glg e edel cnsty ol S lssai Golls —
sl @ il sabime gyl 51 Jols s 86l by 0 /05
oS e bl y le Lubd s g 4 Ol 358 Gee e @ o)le
35 805151 T S gy 5 140 590

Y = sdsles jleslinal b lg e sdel sty Gyl S lage la —
sl & SBhal Jisl gyl 5l Jols s @380l Ly Y/¥AZ/”
a9 5 10 /8%/F (S u i b b o L8 Canglie e o Le
35 el ol Sl

03,5 Ly 2l g 4 O 358 om0 sl Canglin GBI L —
ol 358 2 e SN0 Ol @ o slayd gl e bl b el
ol anals J2alS 7N sgie o Jals g

Ol Cakiins (slaaim o 55 45 515 sladigai b s5le sladigos saylin b —
Uil Gl e Vo 5 VYo (Ao (Fo slug aS a5l e sdalie (pled
(el 032 Ly VF/0 5 VY AV F/N e 4 o s pddes

Uiq;,?q 3l o sl Caslie s i BT pld Sless sl Lils
s Sl 7FF 51 Lo olos SLuss gas o Vo Co 1y Caglis oS

il aJ)S

me,u:a,sli

1. Kim

£\

(N—M) 258! Uit
o o
s
-
Ll

I
dail
!
|
|

i
€ 2
0jay YA Sl Ja] &
0iasV s Ll 2

8532 sl

323\ Jana

ITAL

T day) ou H

Sl osle ‘E.JL...’J Pl e S8l Jasl iy, Cal.u Ne JSa

& T T
V¥ /YVEY X Y
¥o — Rlu.jarre —ob-
| s ot ..
LN B 5
3 v L o ‘ ai¥
- ) y I’..-"' °
J o |
1:{; i) B -
(Y o
s &
= v - L
= =
ey L]
90
b d
Yo —=* l
AR 1
o ] ab 8 Vo A a8
(INM) 051500 Jlas ol

s canslie 4 SSlLans] Jil b b lase VY IS

3l g sl ob> SBhol JGl Gsesl 5 S 505151 Sy bl
S ws Jlasl ol & sdr ] S

23 sl Jols «SBhosl s osajl @l:; Ne S s
g L )).Zu_a sdallis ej9 \Ye E) YA LY s 9D 3 sl L?'.‘)““‘) Ls)l.c LJ}.Z
ui.ibs\ LJ[S\E..@I Jll:..| ci_taj.) J:.a Lﬁt\a}u O &ljﬁl LI tb.;\ATCA.w.)A:\ @ta ey
aojn Y b 4 ol iy, YA Glage ;s ol ghes oS sl sad ssalin
e sy o 1EY win) YA Gladige & Cand o3y, VYo ladiges o5 /N F
o S iy S5 il SIS o sy Canglie A
(502 g0 Canglin Gl 5 ST Sl Sy o S i

\Fo 64_"»4,% [ 3T \s O D O L5l>._)> CM}LE.A Ne JS\.: deLLA
Saciss TVl Joame aignd Gl a5 55500 3 ol s Yl USen
sl Ll cos lagn Gl s ey VYo 5 YA i 53 3500 ool caal 03
s omes o sl 8 iy 3 el i AL Y95 Ll 55

el sdal Cnsay fa (g A 5 00

2. Huang
3. Gan



10.

11.

12.

(References) tgl;n

. Zareei, S.A., Ameri, F., Dorostkar, F. and Ahmadi, M.,

2017. Rice husk ash as a partial replacement of ce-
ment in high strength concrete containing micro sil-
ica: Evaluating durability and mechanical properties.
Case studies in construction materials, 7, pp.73-81.
doi.org/10.1016/j.cscm.2017.05.001.

. Mardani-Aghabaglou, A., Tuyan, M. and Ramyar, K.,

2015. Mechanical and durability performance of con-
crete incorporating fine recycled concrete and glass ag-
gregates. Materials and Structures, 48, pp.2629-2640.
doi.org/10.1617/s11527-014-0342-3.

Afroughsabet, V. and Ozbakkaloglu, T., 2015. Me-
chanical and durability properties of high-strength
concrete containing steel and polypropylene fibers.
Construction and Building Materials, 94, pp.73-82.
doi.org/10.1016/j.conbuildmat.2015.06.051.

DIN. Test methods for concrete. 1991. Deutsches Institut
fir Normung, Germany. 1048 - 5.

British Standards Institution. 2009. Testing Hardened
Concrete: Depth of Penetration of Water Under Pres-
sure. BSI, 2009.

Naderi, M., 2010. Determine of concrete, stone, mortar,
brick and other construction materials permeability with
cylindrical chamber method. Registration of Patent in
Companies and industrial property Office.

Naderi, M., Kaboudan, A. and Kargarfard, K., 2021.
Studying the compressive strength, permeability and re-
inforcement corrosion of concrete samples containing sil-
ica fume, fly ash and zeolite. Journal of Structural and
Construction Engineering, 8(2), pp.25-43. [In Persian].
doi. 10.22065/jsce.2019.154574.1697.

Naderi, M., Kaboudan, A. and Akhavan Sadighi, A.,
2018. Comparative study on water permeability of con-
crete using cylindrical chamber method and British stan-
dard and its relation with compressive strength. Journal
of Rehabilitation in Civil Engineering, 6(1), pp.116-131.
[In Persian]. doi. 10.22075/jrce.2018.13489.1247.

Naderi, M., Kaboudan, A. and Amin, A.M., 2020. Ex-
perimental and theoretical study of the effect of concrete
constituent materials on the permeability of hardened
concrete using “Cylindrical chamber” method. Thesis of,
Kaboudan,A., Ph.D. Student. Imam Khomeini Interna-
tional University, Civil Department. [In Persian].

Standard, A.S.T.M., 2022. Standard test method for
pull-off strength of coatings using portable adhesion
testers (ASTM D4541). ASTM International: West Con-
shohocken, PA 2022.

Kakooei, S.; Akil, H.M., Jamshidi, M. and Roubhi,
J., 2012. The effects of polypropylene fibers on
the properties of reinforced concrete structures. Con-
struction and Building Materials, 27(1), pp.73-77.
doi.org/10.1016/j.conbuildmat.2011.08.015.

Naderi, M., 2005. Friction-transfer test for the assess-
ment of in situ strength and adhesion of cementitious
materials. Construction and Building Materials, 19(6),
pp.454-459. doi.org/10.1016/j.conbuildmat.2004.07.018.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Naderi, M. and Saberi, A., 2020. Curing and Shrink-
age Effect on the PMM/Concrete Bond, Using
“Friction-transfer” and “Pull-off” Methods. Ferdows:
Civil Engineering, 335(1), pp.85-100. [In Persian]. doi.
10.22067 /civil.v1i33.82639.

Naderi, M., 2007. New twist-off method for the evalua-
tion of in-situ strength of concrete. Journal of Testing
and Evaluation, 35(6), pp.602-608.

Naderi, M. and Shibani, R., 2013. New method for non-
destructive evaluation of concrete strength. Australian
Journal of Basic and Applied Sciences, 7(2), pp.438-447.

Saberi Varzaneh, A. and Naderi, M., 2021. Study
of bond strength between polymer-modified mor-
tars/concrete and their mechanical properties using
“friction-transfer” and “pull-off” methods. Mechanics of
Advanced Composite Structures, 8(1), pp.171-184. doi.
10.22075/macs.2021.20231.1251.

Varzaneh, A.S. and Naderi, M., 2021. Using” twist-
off” and” pull-off” tests to investigate the effect of
polypropylene fibers on the bond of mortar/concrete and
to evaluate their in-situ compressive strength. Amirk-
abir Civil Engineering Journal, 10, [In Persian]. doi.
10.22060/ ceej.2021.19711.7240.

Saberi Varzaneh, A. and Naderi, M., 2023. Bond
Strength of Fiber-Reinforced Mortar and Concrete

Interface under Pre-Stress. Journal of Rehabil-
itation in  Cwil Engineering, 11(2), pp.113-130.
do0i.10.22075/jrce.2022.25326.1572.

Naderi, M. and Ghodousian, O.;, 2012. Adhesion
of self-compacting overlays applied to different
concrete substrates and its prediction by fuzzy

logic. The Journal of Adhesion, 88(10), pp.848-865.
doi.org/10.1080/00218464.2012.705673.

Naderi, M., 2008. Effects of cyclic loading, freeze-thaw
and temperature changes on shear bond strengths of dif-
ferent concrete repair systems. The Journal of Adhesion,

84(9), pp.743-763. doi.org/10.1080/00218460802352934.

Naderi, M., 2011. An alternative method for in situ
determination of rock strength. Canadian Geotechnical
journal, 48(12), pp.1901-1905. doi.org/10.1139/t11-079.

Naderi, M., 2006. Evaluating in situ shear strength of
bituminous pavements. Proceedings of the Institution of
Civil Engineers-Construction Materials, 159(2), pp.61-
65. doi.org/10.1680/coma.2006.159.2.61.

Phan, L.T. and Carino, N.J., 1998. Review of mechan-
ical properties of HSC at elevated temperature. Jour-
nal of Materials in Cwil Engineering, 10(1), pp.58-65.
doi.org/10.1061/(ASCE)0899-1561(1998)10:1(58).

Chang, Y.F., Chen, Y.H., Sheu, M.S. and Yao,
G.C., 2006. Residual stress-strain relationship for
concrete after exposure to high temperatures. Ce-
ment and Concrete Research, 36(10), pp.1999-2005.
doi.org/10.1016/j.cemconres.2006.05.029.

Kou, S.C., Poon, C.S. and Etxeberria, M., 2014. Residue
strength, water absorption and pore size distributions of
recycled aggregate concrete after exposure to elevated
temperatures. Cement and Concrete Composites, 53,
pp.73-82. doi.org/10.1016/j.cemconcomp.2014.06.001.

#Y

Ohan 5 ()50 sgama/ e Canglia 5 o 4 O 34 = o3l



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

26.

217.

28.

29.

30.

31.

32.

33.

sy

Kim, W., Choi, H. and Lee, T., 2023. Residual Com-
pressive strength prediction model for concrete subject
to high temperatures using ultrasonic pulse velocity. Ma-
terials, 16(2), p.515. doi.org/10.3390/ma16020515.

Balagam, V. and Rao, K., 2019. Effect of thermal cycles
on concrete: An overview. Int J Res Eng Appl Manag, 5,
pp.6-14. doi: 10.35291/2454-9150.2019.0162.

An, M., Huang, H., Wang, Y. and Zhao, G., 2020.
Effect of thermal cycling on the properties of high-
performance concrete: Microstructure and Mechanism.
Construction and Building Materials, 243, p.118310.
doi.org/10.1016/j.conbuildmat.2020.118310.

Huang, H., An, M., Wang, Y., Yu, Z. and Ji, W., 2019.
FEffect of environmental thermal fatigue on concrete per-
formance based on mesostructural and microstructural
analyses. Construction and Building Materials, 207,
pp.450-462. doi.org/10.1016/j.conbuildmat.2019.02.072.

Khan, M.S., Almutairi, S. and Abbas, H., 2022.
Mechanical properties of concrete subjected to cyclic
thermal loading. Furopean Journal of FEnviron-
mental and Cwil Engineering. 26(7), pp.2855-2868.
doi.org/10.1080/19648189.2020.1782771.

Ye, Z., Guo, G., Su, L. and Jiang, Y., 2021. Experi-
mental study on mechanical properties of concrete un-
der sub-high temperature cycles. In Journal of Physics:
Conference Series, 1978(1), p.012007. TOP Publishing.
doi.10.1088/1742-6596 /1978 /1/012007.

Gan, L., Xu, W.| Shen, Z., Xu, L., Zhang, W., Zhang,
H., Abbas, M.A. and Chen, G., 2023. Experimen-
tal and numerical investigations on damage evolution
of concrete under sulfate attack and freeze-thaw cy-
cles. Journal of Building FEngineering, 71, p.106469.
doi.org/10.1016/j.jobe.2023.106469.

Fsmaeili, H. and Hajiani Boushehrian, A.,
Effect of nano titanium dioxide on the

2019.
perme-

34.

35.

36.

37.

38.

39.

40.

41.

ability and compression strength of concrete.
Concrete Research, 12(4), pp.111-122. [In Persian].
do0i.10.22124 /jcr.2019.5888.1132

Golestan, A. and Hajiani Boushehrian, A.; 2017. In-
vestigation the application of the steel fiber in special
steel fiber concrete and its effect on concrete permeabil-

ity and compression strength parameters. Concrete Re-
search, 9(2), pp.111-121. [In Persian)].

Astm, C., 2019. Standard test method for sieve analysis
of fine and coarse aggregates. ASTM C136-19.

Astm, A.S.T.M. C127, 2015. Standard test method
for relative density (specific gravity) and absorption of
coarse aggregate. ASTM West Conshohocken, PA.

Astm, A.S.'T.M. C128, 2015. Standard test method for
relative density (specific gravity) and absorption of fine
aggregate. ASTM West Conshohocken, PA.

ASTM. Standard D6944, 2020. Standard practice for re-
sistance of cured coatings to thermal cycling. ASTM
West, Conshohocken, PA.

American Society For Testing And Materials., 2014.
ASTM C1679: Standard Practice for Measuring Hydra-
tion Kinetics of Hydraulic Cementitious Mixtures Using
Isothermal Calorimetry.

Naderi, M., Maleki, B., and Amini, F., 2017. Assess-
ing the permeability of the oil and its components into
porous concrete using new cylindrical chamber method.
Sharif Journal of Civil Engineering, 33(1.1), pp.89-93.
[In Persian]. doi. 10.24200/j30.2017.1107.

Tarighat, A., Mohammadi, M. and Modarres,
Y., 2019. Tsohracsoccsg. Sharif Journal of Civil
Engineering, 34(4.2), pp.75-82. [In Persian]. doi.

10.24200/j30.2019.1446






VoV L) (i, ples ouwdige

(Ltags) Y550 pams O\ o)let o s

asadi@iut.ac.ir
eng.ho.abbasi@gmail.com

Lo bl s o)l sl b ey Gl b wuylio s S5
5 sl yls ojle pha Jlaal Jrals ) ol J_J‘t il ohes 3 S8
bl by e 2 il il | (SaSs Glaimns (Yo 25
holinle Cmnl g PGA cabs pie 5k (33l sla iz L3k
57%) LSJ;‘J:‘—’&*-'I okl &S Llesls plas 9 a.)_)jT Canwddy (5J£.:\:JS\.2 CA:.QJE 9
ahlSan 5 TSl ams 2l | ls da Sl Gt Gkl Sl lg
GB 5 e Js bl hen oy slassle (SaSs Gla g (Yo F)
Plas o C,\:_ghéf,\s el (ol Gl we Kiles S acolie | ies
Lst'Lw ASJS':::‘) UL\:AJ Gt.‘} edg U"‘" ‘_;)J‘.:J c,\,«_,L}L«} 4}‘2;5 .,..:L.: C,‘A_,LLA
it ] (stad OB e s (il 4 Cod <35 s s

Gl oy i ol WL Gbls s S el il

ol 3 S ayls 5,8 sl slael a5 sl T8 (s5laams Loa

ly Gloj ) SaSs b s gl
Sgad yig glaJ’JJ CYVOINT L;b'y)é cbojlw

Original Article

YL’ btag| lg J.M

(dts) " St ol

(M}lgdm}b’) eobe
Ulgao! gmio olCLila (Olpe guigo Gouila

503 35,18 (sl ks cod baojle Wl bl gl (SSs la o
‘uf.\;:S\: s Sl sl o) 80050 leant (o, b ol sliel uds
o il Gly e bty 0550l bl sladedos pik

sty ol gadlas s il e sl S la Ldos slas b L;,\;;Sw’:
becslay b oba bt 51N bl b Jos 550 o o5l Ghg) 25t b oS el ot slgzy
e S s la oo oLl b iz o 5 (ol slael 1 S lee s 25
slagoma LS 2d5 55 s o oV slaosle sl Wb s b uf.\;:S\,i:
3 s o3l () b ooV b VY5 ALY ol an ol (Sonss
2l grizer 5 80 iluant 2y b edd 1 e b el cane

sl b ool (o, o8 Sleals ol bansl nlad aslin sme b2y,

S S a5 S8 o e ) 5ise Gy Sl 550 e o Jdos

3l gmge sla 5, ple 4 ot (528 gl

sleid bl Aboslel b

U5 ez U 5 ande )
sl 5 4l ks cos bejle VLl byl sly Sase sla s
Syl 2, 8 s cos el sl s e Jlis] slacs b slaas 52
o b ddy ha (o o bejle Jlasl gl O_f.\...S\.Z sla o
S bl ey 0300 Sylei (gedgdma Sl cd IS Jlial &g
Dl sas o plts Y PGA wile o35

STl bl sl Samses Gla a5 )by Slalllas (556
Vb -l Seslial iy e laejle g¥laa s, 3 Calien (ol zal
3 b b 5 Srglia i sl pabl Sl 3 (Y e V) gl Sen
3o3S bl A cos 2 les b b o siih ¥ gl bl Siese
Ol s o Sl ol Jlisllacl e s Sl bl aS slasl s

oo okl 5
NP E B 10 Lipd AP F e andlol N Fe b ), Fe sl o b

e ol o sliad

AV (L8 gl e boalal b Joa 558 (3, les ) 5 b oV slaosle sl sl ‘;)‘..S\:L g gl A oY ol 5 ol sl

DOT:10.24200/J30.2023.62038.3203 .YF-£0 . oo




55 pm sesle ol sl HDMR ) o 53,8 (3,58 5 disls slgney
LAN bgaa |y Sl laay o b £y (2es OB s ol
wslod b bl s TT(Ye ) ghiSen 5 TMolan, ol osls S2alS
ol 5 w58 udg ADMR 2, b o3V o6 ol |, SouSt sla s
sl el Sss sl i gl Gy el Gy Sl esloal oS sl
by PV VE) T ol gl b o a0 (231 (Sals o ol
SaSe slagimia gl ly L HDMR 5 5 o) 8cis gjlaans
b a8 il 5 a8 anslie Ldos olay 5 slas b 5l paes s ejle
el Slalos a5 ol J2al8 s HDMR 5 LS a2y,
i e (LS Gy 4 sddads (SuSe Gl e &Sl ol b
S 3l gL 8eise lab hy b edd ol bl spasns sl s 4
Gl sl bl bl wanl osgy 2l s 29, @dd e3lisu HDMR 2y,
0 ol ol eas @i Sk s LSy 3 Shee Cob ol )3 i
el esls pralS ] SSs s s Sl <35 )lga omy

lagin @ 5 s LG e 5l gm MYY0) Gy s
Joe 3505 o) (S8l sl s il sl HDMR 5 S o, 52550
"USI-HDMR. 3y, sl o ol 5 55305 54 cslos) S 513G slel |
(s Sy U_f,\..Sw sl smie gl sl colgdn ('ZAJ}QIJ'I el
ol by A elisal b 0 2 OB Sy bl s Sy (Sl
da Lo slass as g LG zalS'L olejea SIEHDMR coslgis 3, Sl
S8 la ot il (sl 002,83 b2y, ple & o 0L 2
23,08

Gl (SxSs sl e oS das e ol e Sl e
n Gtz la el Ok cod el gl sleid sbil sl el
Sledlhs o], Seise gilaand o) 039 4u50 0 5 53 p0ke) 4 42 g b pizmer
elial sl SFHDMR y HDMR (s S:055ls ol b, bl 3y 3k 5
a3 sloss Shata Jhoo S slae Ll b i b SouSs e s
By sddrbe 20 OB ¢l M3 S SIF-HDMR (slgly by, ol
O 0l bl Sl 5 3L axas sdman &)pon 5 3V slaejle sl
od o3s05] b VY 5 4 (Vs ojle dses 4 sy, » SFTHDMR
S iloans Sl (S gedd S5 sty bty oal
Sl Sl slhs o)lsan Ll ias oo GialS ] b Lo slos 2 2
03305 alds slaojle sy 2 S HDMR 5 LS (2, 53 0ol slagts, ol

Hlooz alie ol sadlhs ;s less

acds) pelin 5 (5,55 ¥

SoSa b Y
Sejl ol Sys Jliml sl abs Jlosl ly Jlji S sl po8 b
Vsl &ppon ol (SHSE wb Gy S 1(8) pania s i

1l

P(Ap > 8|IM =im) =

n(8)— _ \
\_(I)(T () 21177\11\/17”” ) M)

U 1l Bl y oSkl Jlzal JBs gl b sl sl
shs GhBise iy 2l 5 s 5l bl Jpam sl i M5
5 OWBE Plal a5 ol 20 wmt 53 1ol 5linyse S L
SSuS o pmia ity laosle slog) bl sl PIAYe 0 1) 2 6s
obSan 57 65l Sles ol cawsas o B (s5luwant Sia, 5l eslial L |,
3 8ee (b il sl oS ge (3laant y (o2abil Sealies Joboi 51 Y21 F)
GphdSa 5 cuaslio b (ol slayull b oo¥e aab F plasle
Sles S eslana]
ilesg St J 8550 (s5lutnd 0n Kol oty 3y oS (Slallhs |
STV ghn 5 55 Yo VW) s 555 WYV 2) V55 5
it A8 s (Seales el s a3 sl (Sls 4ol iy,
Gy b a3 3 g, o5 K14l s 5 e S eslinal Golad slajll b
2Ll b el Gy cds e 81 e SRS s S By
S Gllzs ol
dehos sy b s Gy DY NE) GliSan 5 Yom el oY i
uly [.:w}i]\ So ol s S s Salgin b s slaejle ssla Salys
S 2zl g il whl bejle sl sl ) mal oo o abi Gbl
5 osSendlaaly 3l (Bala ke 00 (Staws sl (g 3 Sae o She 2y
Gy bl sl b3l Seabys Jobos 51 P eV e) Y S ILS1S
G a8 bslle sladas abi e el el 5 sl ) lol

czead 553 Seslinal (ea¥ss OB i 4 plasle Gl o Bcsse (gluans
30t ) 83sn sluant Gy Sl slog ) 3 Shae sl b oLl sl
Oy S b,y 5 a8 eslinal il sasie 053 ples sty 5 slebi
b S Glalna e 4 il aie 9 Oles U2y 5 slebis 30,
58y Vil e 86 Sy B leand S 3 2l
Slobra glaay a0l plxil sz Sl @l b (Salos J S
bty b 5 Db 20l (g5 LB obes & 30 iluand
POI(YoNP) (gt 5 Mg 5 DYoo V) GhlSan 5 TSy S sl
YO inly sl (SaS sla o i sl VTS Sl
b oo 3lass b sy slgty |, T GPC (laand Jogy DY) 42
55 e el ] SieSs la e sarag sly 80050 (giluannd |
il 51 ealizad L PMYL(YoNE) (L 5 Vale o5 50s sadlllas
i el b e 3lnesd gl Slands ol sl bl b GPC
b koo Loy aS nsls plias 5 55,5 b )] L55/.,\;.'5\‘;’, Gl g SSa ]y 0al
Abe pal7VO L
5SSt sl gl b sleg) bl sly ol sbdle )
Oy ke ke laty, (S CEs 5 sgame b hes sl s
Luly, gl s aS el sal sl 'Y (HDMR) YU slal U Joo 59055 A LS
Slestial b g el wadads ol slael sgama slig s ojle 7ul
hbge G ot 3l s i pdpe g SSE i Lg
o h;,}...l:_} (TN 51 elen & 50 Sl slalbs s a
b sleid il sl S G & b Sase glaggoa M(Ye0 )
s bB Ojson Glabus lady s de a oS 2l s 5 sl 52
Dby Sp -l 70 350 b S 20, b abos sl Ll iy n 208
L HDMR. %y, ( SaSs sl smie el sl MAY2NT) ol

44

San s gaal b/ sl lesd Sasd gl pimie gl



\ LﬁvL“-: fe $o)9 x(\\‘“\"JL@) Ll QL»A: (e

CAIE S Sl

b ald L LLLLLL Ll

H
"
-
.
"

(Z) ks

[, SowSs pme JS IS IS
Lokl Gatn 5 0w Seay s ols, Jlas sl el s
O ‘f}J LSSL:A)J) Canl °/‘\A j.t‘j PSCA..«JJ \ £y J\iﬁj e LS“:-"L.‘Jﬁ
©is SO A @tjl sl L F 5 ¥ Lyly, golas .ol o /AAL o /oY
JPSTRYAYPRYE) PN [P S R P SN AR
Hgd gn demloe 0 ol lae by Shee CL...J
P(AD < 6) =o,0¥
—In(Ap,.,.r) =1In(6) + Bp+ (¥
(o))
P(Ap < 6)="°,4A
— In(Ap,.,a) =In(8) + Bp+ (f)
7 (o/8A)
Cawnty 3l sla e oSl alin b adsl sba Ldos 51 Bp (gl s S
ol b A5 sud s ‘_,3\,{:.4 pl i ealiial b --'\:T(;“
XD jan s Apeyer polia b_blza d); s sl sba bl (il
Al e Ceda 3, Shes b s
lf 3 A.I)JJ (5[.&:&)..\.2 J_;'L.z Cazi aJ‘L.J c..,\: Lsé.....«lz..« L5|Jf AQJ).S u‘:i) B (u
g a5 Wit oita o sl 4 el pls il ol ol

f(X) = fo+Zfi(X) (0)

shil & el g6 fi o piia Jlay X olg EIERENPy WY et f Ol s oS
bl el s i fo 5 ool cslaeiia sl N oli sl Lotz
e 53 Jold ol by i ol la e ‘J:S/\JL:A polae
Al oz b b Jelse 5 sl b Sy & by (B3l slaize
Sl s ag byt 5l Sl S bl o fs Galisa els SV P A .
b iz, b Sealos s @il sadS slacsas oo dgl jam 5
b ol ie Sl Gl ol ald oS5 p st e Sl et
Gl ki w5 fi el pls ool sadlaa s omla i sl o Sika
cabl s cybacl el iz (55 8 cabl b glas ¥oas s

Kgd sa 03] e Ay ¥ Lily, S #

az, + bz +c = y; (%)

4%

sbojlo sly 3ot a2 s Sl nd (bl sii e\ Jyie

(] o3
) clad i ool Sl ol 3900 s ol 3900
\/0 b i b slole Lo DSH
Y/ sl St 45l DSY
¥V shee lojle Sl 45l DSY
v/ Py G Ds¥

oSl b 12,83 Ap 1l Jlji rer s @b B[] ol s S
sl Jbj s slabal Slil B A5y 6B gl ol d; slols
S 35 al el GaalM 5 ks, e sl Lol
bl lad (s (bl et & ol (el pole Jlagy s
sl 390 TLFEMA — POA 5kl b gllas o) Jodr 55 el o
el edl wll oY slaojle s Shae LUl sl b
Gl slab G 5 ed gl (SUS2 263 B Ap bl
w“.._u_,iﬂ SS 4ol s aStead o Bcige gjlaacs jleslizal gl amlza
eals Hlanl 5 b ol sl sl i ool slas oY abyl, 2l
(s g o 5 a3 laibi] il 5 S0k lke
Get » < [. <%-Y0
Tigr = (\e#T; + YYAY) mod £ V0
— rigy =L /PoV0

— zipy = F (ripy)
by e )lanl Jlinl ez @b F oy esl M5 Sl e @i ol ,o &S
S o8 ey S eds a5 i e el ol e
i syl b 5Sa S ey 3los, Jlasl b bl o, Sl s o83 05
S dF VB o G b mi e S, S e
b e sl lajaie S She ualie boead adg lasjle e
gl caws bl cana S e s sl b 5 Jebos 45
ln Casay BD) 38kl Glail 5 (AD) :Sile p3lio el slaraly
sl L;a'gfpﬁ e b Jlcisn loand b ol e sy il
Y
2 sl oY ol Sae iyl s bele Lo s Sol e s L
Gilwans 5l ool Glab iy, b b ldos sl piman 5 b g Lo
Gl ol slgiy sdyy ol gadlas s mea sl Ll 80
sls by el 35 L ) Bp 5 Ap Lldie 95 o¥ss slaojle @l S
3 S\hes ok C_,L:M 53y d); Glie slacas <l 4 oS sl

..\A)UA Cawdds

SI — HDMR (slgis 3y, V.Y
ST- oalgeiy gy SWS L Sunss e chiial dobe (IS &) pmn
il 2 ol «HDMR

a5 Shes mho o ly S o ppen SuSs poa ) IS2 il (I

Dy el b oan



SR 5lp)=.'.,§.=alsdl

B

S S e

() jloslioat b3 Shas a2 51y (S 5 dolone

ST — HDMR eslgin (35, b ‘;.x;.;S\.z il ol ¥ S

Py

B + B

Beomp = : (1)

()

Burag = \/ 5 (in(di) — In(alM?)"
i = N_7

st Sl a6 ol el cnsay ek palis di gl s oS
B L R Sy rlfﬁﬁ ek oSl palis a(TM)°
besKobs she N (ls sdal, (3l o Sl odal cwsa by a
Gly 2 /Y0 i oS ioanl 3 Shes b ja b Lasye )ikl Glosl B
ol 0ad slgiy o

53 Lkl Bl phes 5 & el 1 Sl i sl Sl ey # p8
csd8ls Jlasl  Sauss wbleslial b Ve bl 51 ol <law
ol 048 drlme 5 Shes CLMJA Lokl ol lais ;)

o ol & HDMR oy, b (SwiSs o gl Qi (ol iz

o
Sloskie ol Gl dsd Sl ol bbb sly sl N 8
355 g esbizal b pita o) lusbil Glasl Ll ¥y 8ok
o bab il (ol laabl ly b bl 5l ey Y6
g S5 B st eSiln b i g it ol 53 S5

ry oy ) a Yy
x; zy N X b = Yy (v)
.’E\! zr ) c Yr

XA=Y — A=XY (A)

Cd ozl yr b yy 5 ool uita iisa 3l v b 2y Ll s S
o il oS5 Gl s Sl stz b sl Lo Sl o]
da e e gle X pimen i rlfﬁ sdalcawsa 35 lacas
(SHSE g3 oS Gl ks el Gl Yy bt sl A
2 sl a1 el 5ls,e latal Ghail y o 85ke i 5 o
ok 15 Gl Gl ol ardllas 5 058 4 7l mb G2l
Gl peed Gl 0l Ol e aw (z5) Bala luae a5l
Gl 3kl Slaxl by el 00d 4 mal g S calioba
el 003 35 esEioks (sac o

il Ghyy SuS a4 o0 Shes mho a3 muk pls sag Sl o (o
Calime slacaSy el 4 s dds 25 la i Gl Calima palie o B
asly 3lbal Slail s Sy CiBioks ja Gl el e Sy
ly e eslazal [,:J_JJSJ\ Canl 002 835 pars 2o (sac gorme
oals e slag gaiaS il 3y Vel Lo gilas 8005 e
A 308 00 3 IV 51 G b jeii pie alSen Lod 5 000 was g
e ely p3lie 3 bl Gl y 8k sl 035 Jlgte 5002
A Gl SESE sl 5 eas o Bule (SSs mb s saes;
slgidn Ooa) 03,53 Uabe oF IS5 dilede] Cewsay 3 Shes CLX-A
Dylipe sdalie SuSe sote gl ly SFHDMR

HDMR , }S ¢l i, .P.Y

Gl sl b SauSe o imis gl sl ikiie b2y, 0556

sz T o sk 5L HDMR 5 (55 s, 55 o el 0 ] S
b (SaSe gb Sy ool 3 Shee mhn a sl (JS Sy o

Sl ly 3 Ses gl o b bl s e 2818 Jlis] s

ool & S G & L;,\:;S.L o gl dole 39 o sl o))

:L_,\..«‘

5350 Dbl ik Gl shy (Shp ot o8 sl bl N L6
Dige Sy & 33l shasl o Bsluw & (sl bbb sl Y 8

N s Mg

el oSk g 35850 ol Sl ez b ks o8 s Y LB
58 g il Gl e ot

Copet 15 sl oy el il 5 A5 o bl oy F 6

Sedisn enly 5l 8 ek,

EDP = a(IM)" (4)

03 oo V) 5 Vo Laly 5l eslial b alns izl (S5S1y ohes 0 8

A

P

JlS\.sh 3 sl I’L:':/ (5|,: g;\nj)‘ ‘}5.\'.15\..‘. gbu;ala EL.}C_J



\ deLAu: fe $o)9 x(\\‘“\"JL@) Ll QL»A: (e

[ aeflas S, 90 ;;d.n..b q LgaJ'Lw cleacl CLLM .y Jj.b.

g Olaaiie 0 olabie el

WAYX00e W¥e X \AY \
WAYX 00 W¥e X \AY Y
WAYX 00 WYeX\oe v
WAYX Y00 WYeX\oe ¥
WAYX Y00 WYeX\oe 0
WATXTAA WYTYX VA 4
WATXTAA WYTYX VA v
WAYXYYY WYvXxAaY A
WAYXYYY WYNXFPY 4

b £ 55 5 jehe VAL Ll ol siab £ ,s T culbes o sl

I8kl g5 5l days saen CE.L Oz Gl 035 o b NP Ll 5
Ll o3y WS X Qe

OpenSees l3le 5 > jlufus V.Y
b oy 0Bl S €y Sb ks sl Sy L7 OpenSees; il
Skl (SoSSg5 5 sljle sbylale Slags 5 S Goje 5o 5
Dl s s Jkes plsl sl sl Ojeoa baejle ool Siagh 3l
slasy, sl Jal sbacie ladas ¢l Lhas 5leJis OpenSees
o Jsl et Jlal .l end eslizal TS8R S lude
(S5 S s 4 ol S| Joma 3 5 03 o £5 51 sbre slas
Sl e Jeabe Jho b ogiladan 3l 0l Gy 8 e Joolis
b g b iy s Yl o pme bl el b el sl o
U s kol ladie b e St Labs 6 &y goa culls Al
@ibedde 305 35mp 36 oile Jly 5 Lasl (Sozes iladse plSal o>
S 5 e3p 0ldS Oson Seie i ) 53 ol g g 45 slael
alodd s e b gl e sladaain 3 bagjle b2
Jlail anin Jlsil codo phos g e Joolin o cani o
aggn 5 s ped Joolin iludos 55 dales panis | bygw 4
Sl MLl Jlas Je s Gobate g8 e Jrolin slioil ples s,
Lol ool Kk, Gy s sl oo oylal Jou s oS Miei] g
S TS lS 5 GesSd bs & nl 03 Bilin (g pmaSs s
5 3bnl (Zerolength) jiw Job b WL (sppes Jolin Meaal il
Hlas sl - Sk Gehe s S 3,50 LIS, g
0l Ll e

e Lol gy » P-Delta 3l el sa2 (o o Bilin

W
aanb VY5 4F laesla sl OpenSeestélrJSJJ il slasls ol

M (Yo ve) phlSun 5 M 2 adlhs 5l ail Foesle ojle gy S

£4

Sie e 9 3550 Sloy sazie )b (Sealys S S5 p e
ety Galiima 2Bl sl g baojle a3l Sl 5 8L
Al 5

st sl din sabaly Sy a3kl Sl oSk sl 8
sl 022 S5 SEHDMR 35, 5 a5l ile (2l exe sl ¥
Gtelma ol iodal cawsey Jauly, 5l eslizal b wens 5 opk 258 50 dla
ol slael jlasgema a shil 4 ol sy luibal Gl y ke ylis
S5 ge sl

ol Ag ola ol sbl w s 35 ad Gl e ol s L l’@
ety el 3 lbal Gl g Sl palis o Scise (sjluans b
353 adg SaSy eSS gbus I L b e
1l 5 ol & ADMR. 2y, & Cos SFADMR (2, (55

Bl 390 Lulaly slas laysie (ge3pdma SI-HDMR 3, 5o N
shoy Sl (ol s WL slass HDMR (3, 55 Ll 52 [,,L:..
50 83 spde oS Gl Smn &S Iy il e b 5 lle] Gl
ol ol d L s b oo 5 ol wals ol SMesl ably 550
g

el o6 Se 3 Shes o a y ettt a sl STFHDMR ()5 .Y
gt lan Jall o dgx S gl o Adg

sl e SIS Gulaly dl)s Gul uS 3s SI-HDMR 2y, 55 ¥
s alS cvw oS ] o sy 3 Shes 2o a L bl 05.\._5\_‘
Dydst (Slolxa

Bl Ju 5 g5l Y
2T iledbe prizmer 5 uyp 35 Glaejle Slanin (595 S s

Gﬁjljgll,fjé g;k-’):‘c)tﬁ) L;‘JL"JI(;‘““‘“lJ i ol ea GJJJ‘JQH:J;

ol 002

o Uy ‘_;5}135 ‘_;LMJ‘L.« Slarie Y
MYV F) GmlilS Sladlas 5l e o o5V sdnb VY 5 F 8 Gl an
(Yo ¥o) phlSan 5 Ol 5 MUY oV e) S BLSTS 5 osSoilsaly
ojle izl Gleny pb S bagjle silenz Obtl Lol tagy ly
A S Gy il Yy s ol e s alas ¥l ¥
Slab a5 e ¥/ 00 sl sk glinyly e /Y slas a Job Secatls
FLAISC , MUIBC Glaask ] (olaly osSde (sojle -l 635 20 ¥/V
ik Glaa ool ol aw Sl ol sad o lb sl g s
F ool b ghlis ol esg D saih 51 MASCE Gasbonl 4yl
55 s WYN X AY (omy said 55 )5 s WYY X Vo ¥ gl ik 5o 5 b
WYE x V8 2l ik 5o s WYF X WY ol ik a5 ol slagysn
gl el onz ahl ¥ Jodor 55 b 4 o5l LB CLLL Slasia Kl
Cagsn Cawl 039 5 & Job 4 slas £ L e VLl b VY ol olb
Fagha 000 (oo b Sp e (b Opoa able b VY ol



M paa eslionl cbewKioks wlasnis ¥ Jys

PGA(g) Jw 2] dify et olest
o /Y¥ V44Y Yermo Fire Station Landers \
° /YA V44Y Cool Water Landers Y
o /Y'Y V444 Hector Hector Mine A3
o /YA V44Y  Canyon Country - W Lost Cany Northridge ¥
o /FA V44¥ Mulhol — Beverly Hills \YoYe Northridge 0
o /YA Vava Delta Imperial Valley b4
o /Y¥ Vava El Centro Array # \\ Imperial Valley \
VAR V440 Shin - Osaka Kobe A

< /0 V440 Nishi - Akashi Kobe 4
VAR V444 Duzce Kocaeli Yo
o /YY VAV LA - Hollywood Stor FF San Fernando AR
°/f0 VAAY Poe Road (temp) Superstition Hills \Y
° /00 ARVS Gilroy Array # Y Loma Prieta \Y
o /YA VAA4 Hollister Differential Array TLoma Prieta \Y
o /\§ VAVA Boshrooyeh Tabas Tran \o

oo o3l lacwalSoots N.F
ooy ejle sloj)) Lo (29, S ((IDA) sl Sealos L 2,
obs dily Gl Glacs s 5l ey b 5 | ejle 18, oS el 5 Shee
ok £33 V) (Seas TLASCE oV — V8 (saabin b .05 e
VO 5l ol gy s el 500 Sl azi b L Gl ]
s i, YE /0 om S5 L M imgawest Y oldlhs jl caoks
Sl oss CBiols plyes kS Vo 5l ity sahol by D Sbe sy
e0 &l sadeslinad esioks ¥ Jue 55 canl 0dd g LS
e b b Lils b gilhs bewobs oSl Gub o .l
oobis MLASCE oV — V8 Gasbnl s

| 0dl

g peded 15 Solad il b Y.F

‘(531(); gLch'Lw LS'JL) Cmaju..a CA,.SJL! L}:‘:’*: (_5_|,| o.é)\..a: JZ.AIJL'- L)iJ:f"G"
I pekes 025 ol el olasnte ol sadlhe ;s ol ek 25
sltal Shl MPa YFo . Siba bl o ol 022 ghzal M9l

ilwand b (Palaislasl (ohed J235 sl ol sy JUoj 155 5 MPa YA
SO PSSV W PN ) (VA

Cou cgl‘:.} .0
BedSu b Calie sla g, Sl edulcanse SuuSis (la pmia (558 Jid o

Ll 00 Sy C:LL G »9 A....Ailln

— i'!"?'cg‘-“_. 13 gad

YA B -—g—i-uJLk-

LAl

R

LFAT

Qi aly bl

pl ol b

L [Fol(Yore) 4,18 = waallas sl y3y o (Shamlaa ¥ S
.Jo.'ab- L;:\&JLE.»

IS5 o) anlllan o bl il olte (siomin by el cavsa

A e ol | i 50 canlin s &S el 20l aylin ¥

3l ol )b ¥
C.‘L.a.d) dJJJJ \5\_{,’3 Lf .L-J)A us.}l..a: LﬁLﬁJ:.A‘Jli 4:..«43).))“ UJL& (54:.“1;:.4‘;.)
el 0a eslial O_éf.an

Yo

San s gaal b/ sl lesd Sasd gl pimie gl



\ deLAu: fe $o)9 x(\\‘“\"JL@) Ll QL»A: (e

B 53 HDMR 2y, b (SauSe sl ghiial oly o
O3 3k palie ) S (iluant Sy SWSL Ay oas Syt
Cdty il pals SWS L edilonmse bl oSk 5 0ds W5 ks
Slmil y eSiba ol b epl> b o 3 (S0Ss (o gote ol sl
Ko g il edaleansa slas,lxtal

ST — HDMR 3, b SouSs gl oo glpmal 1.0
V0 o ¥ slaojle glad o olal ety oSk i
il sboas sl 4 bage had 255 1ae b edd sk ok
Slosl MIFEMA — PFAOD asboml 4 an s b canl sdel cusay 43
5°/Y alhead mbb 5 e ciSh slacile sl bl o)Lk
¥ Luly) (SoSs b sSine sabal s 18.5k55 (sl oS el ey o /Y
el 02 Lzl o /YO i (F

oty s Shee mhi a s Py ¥ Ly, Sl bl o S0ke palis Gepe
s oo Gl sl Cansny wad abre ke ol U bl 43
Cawddy (83 Shas Cilize C}L:M cly SEHDMR 2, b easad s lacSy
ol ol

Sy et ol sdalcanssy GlaeaSs sy TDA Lo waalsl
aly SISkl Shail by cioks a gly mub pls A JI 7 Ly,
ol ol sl ol s 3 Shee mhe a3 besKioks sas yoms
A 3 GSda els odalcawsa Lol o3y (93 423 Oyt il Yslas
el A5 sl Sl 3l 5 slas B (siluan SS Lol Ch“
oeSiba palin (180l bl sl cs o Sils ey g 5 002 A5
i b S e e (SRS w5 edalansa 3kl Bl
el esz 1Jg S-HDMR

s b iy, b eddadg ‘_,;fx;&& G s awlie .0.0
sty USTHDMR g 4 saiod s Sl sla s sl i3m0
Sawslie & JIF Gl IS0 5 Bleds aylin Cabises 65 Shas C,E.WJ; Jsle

sl o eanlin Calie slatyy 4 0l A5 Gla e

S-HDMR (25, & ea3a5 (ShSs la ot oS dias o ol ol
i iluand g b s il bojle (o3 Shas b e s
Bl b boedd bl mul pls @Bl ol s & el wsls
3Shes b ;3 HDMR (o) & 042 45 (SaiSs mie cnlaojle
Jobs @ 5 BS ey o5 il B i) b e calhs ol
wsl Srals Suss Gl g cds (ol lazall sgama Sl
o

;3 SI-HDMR 3 HDMR (i S :sla iy, lhas dm)s (saemlna sl

ezl VY by Gilhe J,85cige (iluand () Sl lab oty b amslie

W FRW
Y |2otucs
Error = TMES 1% oo (\Y)
n

bte 5l S os 3Ses mhe o s el Jlisl e 2l s oS

A

PlScige (gluans b Gf.x;.;.i.z b i gl N0
dlie 05 51 e oo 0S50 silaand b (SoSl la s e sy
OsSde palie b edd Ay Gl lasjle (iolas el sl sl
sl bzl 5 3815 Sa cpiin 53 b3l Sl ey b Js o
oolaly ol sdal esa Sa e s (ejle lanh o Llols sanis)
by sdalennse bzl gab 2,8 5kl Shail y Sike p3lis
hila Gilime i 3 ] C2 3815 Jlal o SuiSs lg Sl ealicl

ol 8

B iy b SuSls sla oo gl Y0
SEote guf@ slag a4 (S ey b uf.\;s.:duu;m chl Gl
Mg slbaele 52 0 s B0 iy a ol slel W)y s
G S0 518 3 blze bl Sl cow Sy e ik gead
Ly VF Y Ly 558 i3 ol Camsey slapend 4 i3 g6
b VY 54 Glasjle Gl o5 4 sdal g slpal 4 0l G35l

IS Voo

EDP = o /o¥Yo(IM) /""" (\Y)

EDP =« /= Y0F(IM) /%" (\Y)
EDP = o /oYY (IM)"/"™ (\F)

sedllas 55 oSl Lawdige glol Ll g b EDP (gl s &
Gl s b ol b s bl et 6:be Ll Lol
g bejle ly SouSe mia oldibial Glosl palia 5 odd S3 Mok

-

..\_’..464

HDMR 5y, b SacSs b g gl Y0
Erome 1obe e HDMR () & (SaSs sl i phiead il
b 33 5 oSke e ol pizan 3 kel Shaxil by 53 5 (ks
Gb Y 5 Gl e Gl ok G5 sl b oy lubal Gl
ledd Sy

el o el ey il sl b Sl il lacaSs
oSk sl ¥ sy Glebendin pls 5 235,05 s ot Gl azi b
Glaia sl sl Glayss ca L gl 5)lslal Gl by
s il ez 5l S Luly, NF 5 V0 Luly, s cd sal 35l sl

o

Ny(or(fy):f°+f(fy)+f(f5a) (Vo)
flz)=az" + bz +c (V%)

“JIJ}“‘I u._ij.a a LLAC.AL: O:gx.'\l:.,a g_BJM 14 mJ‘L.z C‘dlt g_sfda Y xL.éST BL AS
_)l.ﬂu g_eJ.:..a f E) [ L)‘:JIJ‘ C,ol.: ‘7"1')"& Cy b.a g,gb..o xLA'C—uli )_)|..\Sl;...4|
s bl oSk palie bl 4 bamaly 31kl Glail b oSk

LR



2 &1 ez

Pt
=

a—

_ /A
3

- ¥is
4

% /¥

- Al

\

_ A
3

i g
‘!iq

,.'_i /¥

. "

\

/A
3

-, ¥
1

:] /¥
P

]. LAl

— L Y S e

— = o e
==Vl g S S e
eVl 3 gl Sl gl ) 8 e ol e

T \g ¥ (]
@) Ak ot
DS (L

5 —_— T S o e
Y id N TR
,-' 't ==V s de ol e
e P e e

—))f&iy—\'d‘f'-ch-
-nn‘}?;—\‘&l‘;‘-ch.-

B e R

anma Yl 3 gl Jla glo ) :ﬂ—\“‘u,_l‘;‘-c]n.-

Al Y L ¥ 8
@) il e
DSy &

—_— el e AT
R L e ‘
==V sgad Jule— ol e

mmma Vo g Joke (o) 5 e F ol 5 e

@) Ak ke
DS¥ (s

e T CBIE 3 Sz

e T B0 ol

23615 Jlzst

P S

238713 Jlazsr|

P 7Lz

\ =
A I
i
'l — Y ol e
HF R S P
==l Jde e ol e
. '
a e Vs gl Jia sl 5 ) o) e
¥ “ih Vg b ' /Y
(@) b ol
DSy (Ll
\
I
'.lr9 b —
s ) .
4 - el e
i R R O |
[r— \.I‘lr 3 5ed ._'I-h.hginj)] ’J:H'Y\ﬁ;ﬁ‘"tl"‘-“

s V7 Y/F iy
®) ik bt
DS ¥ (L

vih

[ — SN ¥ P e
o S G e
: -.-YLE;,..;JJ..-J_L,-.LCL_.
....‘s'tﬂs,.jdbkslg‘;),,*_rdlﬁckd_
\i# i h’.T
(&) b Sl
sDS\*(E

Y e —

—J;Jlf‘;';.."_‘u“.b"':j"‘ -

A [l i F e

== e ) e

His ----‘flﬂ),-JJJ-u.jhj):ﬁ-f’dﬂjb‘-:h.- >
+f¥
oY |
PR o <
vIA V¥ Y/¥ Y
@) b ks
DS¥ (s

ol sl Jslie sl tsy oad o SouSs sove aulie 0 JSE ojle ol Jalie iy, ot adg SuSs s shmlie F S

.d)ﬂaﬁ C}L«a): M..b 4

(53,8 pobau 3 il ¥

\Af

P

San s gaal b/ sl lesd Sasd gl pimie gl



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.ﬁ) Ll Q\f.& (e

A T [
IS,
) /

-.,_'-.I?i’aJLﬁ.o-l
-
"'\-.‘3. =
& ~
‘\.
o

[

---}!{"U‘-‘J"'Ck'
T = Vs Je S e
wemem Y3 gad Joka 5k 3 )J_.g.:—\"jb;'-ch.n

oY ¥ i s | Y V¥ \lid
® i
DS v (g_:

Al I T -
5 || — A e F o e
et LR g

..--'\J'!f:,.jdaa-dlf‘-ch..
e YL g T 5l ) 3 g F gl

L3815 Jlazs|

e | 2
=

oy

@) b s
DS¥ (>

Al "-'
- .
;' o".':
Ll
oA A, 4N
/4R
s tfr e
] /4
= 2 {1 n‘
o i
9 0/ | |
g 1/ _— N
’_} i "", —_— N Y il e
! /{1 N R Ay
fr - Vg e gl b
mmma VU3 g ke gle 3 3o ol e

oY +
/!
. | | |

Y /¥ ¥ v A A ATAl /¥ \iF
Q) i
DSy (Lt

A T A T
- =

- o

€ S

23815 Jlazst
%

T e
3
=

—_— e Yl e

I STy

e R e e

mmma Yl 3 gl il sl 3 g Tl 2 e

a4
. z | |

Y o/F L 4 A \ VY \/i¥ \iF

8) Ad ot
{-DS"'(G

83 Shes pobu 3 aab AV (ojlu Gl Jslie sl oty SIS s Shelis 5 S

SaSs o s b SFHDMR (2, L sadods SoesSs la s
gl bty sl pizen 5 i ilaand (o) b eadids
edel Cawdey mlb ol 5 el anlia Jdos [.5 slas b 6?);;5\.5 e

ilead gy a4 s | s slae oolgin oy, 5l eslaal —
535k 5e sla Lo slos as o el only (2alS788 51 i o) B
HDMR Y0) ) 4 Caom (ol it sl ol ¥o o) SLHDMR 25,
ol 8l ovy i 4 G2l Ll by (F il o ly s
SI-HDMR (s3lgiey () 4S5 sboles ol o35 oSt Shubil e
(5o o ly Lhos F20) LS 3g) 5l smeS Jlow slags /¥ 590> s
0,0

b oy S 8050 lab 29, 4 s SEHDMR (oolgii 25, —
Canl o3y /1YY SI-HDMR s, s s lsie cande .Conl adls |
slhs ganiy o Jlo 3 dF 3 Shee mhu 3 b VY Gojle ¢ly)
ik 4 Gojle ly) doys S0 5 Ao b wss 4 HDMR 5 S iy,
Canl 039 (F 3 Shee CJ:...,J;

3,8 Vb poh > SuiSe e gl Gl Gl slalas

\Al

eslial 2y, 5 3 Shae CLMJAJ: et 3815 Jlinl ke Trnonie 0l S
e 3 Shee CJ:...,)AJ; )l die S sl 1y o), Bcign (sjluan
sl Sese b ome gl slagty, & I Gladsds o
alie J,cisn 1y b lhs ghee 5 (o shis plo b Sl daejle
4 SuSe gote phiial gly s glee o5 2 L gl sl
sty slhs pemen .l 2SS bty sl 4 cws SEHDMR 2,
3l iy (DSF s Shee mho 16L) Wb 63,Shos pshe sl S0
abe otulil (63 Shoe b i b (55l ST-HDMR 3y, )5 s s
3 SFHDMR. g, sly Slalza ploy Sl Gulsl )6 a2y, e
shan g dbs e gabade LB talla 4 g L HDMR (i) b aslia

ol

S e S F
S8 sl g liiad ly SEHDMR ) ol sadlas s
S8 ot pliiad Sl 4 e Jho (208 sl b o3Y58 slae sl
aw 3y » SIFHDMR by, ol 00l sl 8000 (g5laacs 2, b

walgie iay 2bB bl sly ol edd engasl b VY 5 4L el



M.o.b ¥ ™ dljf ‘;.L..S\..‘; (ST C|J>.....4| b dlﬁuﬁjj S0 ¥ Jj.b.

7 e JRERN JRICINER ;
DS¥ DSY DSY DS\ O i St
_ _ _ _ cell YaY VE X Yoo x 1O S
5o oy Yo Y: csll ¥ ¥ % N0 &S
re W AJ0 Y ass To 0% \0 HDMR
Y\ 3 V/0 o/ celly 30 x 0 SI-HDMR

b 4 il sl (SweS gl 3 Gilise sy shelie 0 Jyo

) s Jos ke JRICINR: ;
DS¥ DSY¥ DSY DS\ S i S
- - - - el Qoo VP X Yoo x VO e
A Yo Yo q cell s ¥\ x 10 &S
Se Ve v/0 Y el ) 0% \0 HDMR
Yy v \ o ¥ cslL¥ Fx 0% \0 SI.HDMR

b Y il ly SaSs o gl Glie bt heglie F Joie

(7) U
Jeoboss e Jelods 3l -1y
DS¥ DSY DSY DS\
i} i} i} - el Yoo VF X Yoo x N0 e
fo 0A Yo Yo el A ¥\ x 10 LS
v fo Ye Ye celi 8% V0 HDMR
Yy ) \$ V0 el f ¥ %0 %0 SI-HDMR

slaele s ealis, Gbowal 5 e b S s Syl 4 ag L —
Olalms slha oy i b o ejle 4 cows aab VY 5 4
Sl lhs 4 comd @b VY 5 4 Glagile ol SSa oo

edg ),_.:.:.t dldk_a-)h J;G (5T e A.A...b f daJ'L../ (5‘}. L5§'\"'S\‘: LS","“A

9

0 -1 O U W

. Peak Ground Acceleration

. Reinbhorn

Erberik
Monte Carlo
Tantala
Kazantzi

Zhou & Zi

. luffing system

Chen

10. Vamvatsikos & Fragiadakis
11. Response Surface Function

W]

slha Gjeo a3l ey i wile iy (b e 1 cles
s See oo S0iSs e gaelie ly SEHDMR (ol 5,
LB & sma Sl 03g 7YY 3500 53 (55 e CE.., o ndb) DSY
vy 25 (/55 6) HDMR 5 (JAe €) 55 slagiay sl 1 cslabamdle

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Craig

Jough & Sensoy

Cuckoo algorithm

Generalized Polynomial Chaos
Sudret & Chu

Saha

Cornell

High Dimensional Model Representation
Nielson

Unnikrishnan

Rahman

Towashiraporn

VY

Sar s gaul b/ sl les) SSE sl i bl



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

24.

25.
26.
27.
28.
29.
30.
31.

10.

11.

Yo

. Kazantzi, A,

Seismic Improvement of the High-Dimensional Model Repre-
sentation

Jiang

Open System for Farthquake Engineering Simulation

Gupta

Krawinkler

Tbarra

Lignos & Krawinkler

Shi

(References) tgl;.a

. Asadi, P. and Sourani, H., 2020, Fragility curves pro-

duction by seismic improvement of the high-dimensional
model representation method, Engineering Computa-
tions, 37(1), pp.120-143, doi.org/10.1108/EC-12-2018-
0586.

. Reinhorn A, Barron-Corverra, R. and Ayala, A, 2001.

Spectral evaluation of seismic fragility of structures, Pro-

ceedings ICOSSAR.

. Bakhshi; A. and Asadi, P., 2013. Probabilistic evalua-

tion of seismic design parameters of RC frames based
on fragility curves, Scientia Iranica. 20(2), pp.231-41,
doi.org/10.1016/j.scient.2012.11.012.

. Erberik, M.A. and Elnashai, A.S. 2004. Fragility analy-

sis of flat-slab structures, Engineering Structures, 26(7),
pp-937-48, doi.org/10.1016/j.engstruct.2004.02.012.

. Wen, Y., Ellingwood, B.R. and Bracci, J.M., 2004. Vul-

nerability function framework for consequence-based en-
gineering, MAFE Center Report 04-04.

. Tantala M. and Deodatis G. 2002. Development of seis-

mic fragility curves for tall buildings. 15th ASCE Engi-
neering Mechanics Conference.

Vamvatsikos, D. and Lignos, D.,

2014, Seismic performance of a steel moment-
resisting frame subject to strength and ductility
uncertainty, FEngineering Structures, 78, pp.69-77,

doi.org/10.1016/j.engstruct.2014.06.044.

. 7Zi, B. and Zhou, B., 2016. A modified hybrid un-

certain analysis method for dynamic response field
of the LSOAAC with random and interval parame-
ters, Journal of Sound and Vibration, 374, pp.111-37,
doi.org/10.1016/j.jsv.2016.03.032.

. Zhou, B., Zi, B. and Qian, S., 2017. Dynamics-based

nonsingular interval model and luffing angular response
field analysis of the DACS with narrowly bounded
uncertainty, Nonlinear Dynamics, 90(4), pp.2599-626.
doi.org/10.1007/s11071-017-3826-1.

Zi, B., Zhou, B., Zhu, W. and Wang, D. 2019. Hybrid
function-based moment method for luffing angular re-
sponse of dual automobile crane system with random

and interval parameters. Journal of Computational and
Nonlinear Dynamics, 1/(1), doi.org/10.1115/1.4041967.

Chen, J., Yang, J. and Li, J. 2016. A GF-discrepancy for
point selection in stochastic seismic response analysis of
structures with uncertain parameters, Structural Safety,
59, pp.20-31. doi.org/10.1016/j.strusafe.2015.11.001.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Vamvatsikos, D. and Fragiadakis, M., 2010, Incre-
mental dynamic analysis for estimating seismic per-
formance sensitivity and uncertainty. Farthquake en-
gineering & Structural Dynamics, 39(2), pp.141-63,
doi.org/10.1002/eqe.935.

Buratti, N., Ferracuti, B. and Savoia, M., 2010. Response
surface with random factors for seismic fragility of rein-
forced concrete frames. Structural Safety, 32(1), pp.42-
51. doi.org/10.1016/j.strusafe.2009.06.003.

Craig, J.I., Frost, J.D., Goodno, B.J., Towashiraporn,
P., Chawla, G., Seo. J.W. and Duenas- Osorio L., 2007.
Rapid assessment of Fragilities for Collections of Build-
ings and Geostructures, MAE Center CD Release 07-17.

Jough FKG., sensoy, S., 2016. Prediction of seismic
collapse risk of steel moment frame mid-rise struc-
tures by meta-heuristic algorithms, Farthquake Engi-
neering and Engineering Vibration, 15(4), pp.743-57,
doi.org/10.1007/s11803-016-0362-9.

Sudret, Bruno. and Chu V. Mai., 2013. Computing seis-
mic fragility curves using polynomial chaos expansions.
In 11th International conference on structural safety and
reliability (ICOSSAR 2013). Eidgeno ssische Technische
Hochschule Zirich.

Saha, S.K., Sepahvand, K., Matsagar, V.A., Jain, A.K.
and Marburg, S., 2016. Fragility analysis of base-isolated
liquid storage tanks under random sinusoidal base ex-
citation using generalized polynomial chaos expansion-
based simulation, Journal of Structural Engineering,
142(10), 04016059, doi.org/10.1061/(ASCE)ST.1943-
541X.00015.

Saha, S.K., Matsagar, V. and Chakraborty, S. 2016.
Uncertainty quantification and seismic fragility of base-
isolated liquid storage tanks using response surface mod-
els, Probabilistic Engineering Mechanics, 43, pp.20-35,
doi.org/10.1016 /j.probengmech.2015.10.008.

McKay, M.D., Beckman, R.J. and Conover, W.J.,
2000. A comparison of three methods for selecting
values of input variables in the analysis of output
from a computer code. Technometrics, 42(1), pp.55-61.
doi.org/10.2307/1268522.

Mukherjee, D., Rao, B. and Prasad, A. 2012. Cut-
HDMR-based fully equivalent operational model for
analysis of unreinforced masonry structures. Sadhana,
37(5), pp-609-28. doi.org/10.1007/s12046-012-0094-0.

Unnikrishnan, V., Prasad, A. and Rao, B., 2013. Devel-
opment of fragility curves using high-dimensional model
representation. Farthquake engineering & structural dy-
namics, 42(3), pp.419-30. doi.org/10.1002/eqe.2214.

Cornell, C.A.| Jalayer, F., Hamburger, R.O. and Foutch,
D.A. 2002, Probabilistic basis for 2000 SAC federal emer-
gency management agency steel moment frame guide-
lines, Journal of Structural Engineering, 128(4), pp.526-
33, doi.org/10.1061/(ASCE)0733-9445(2002)128:4(5.

Nielson, B.G. and DesRoches, R., 2007. Seismic fragility
methodology for highway bridges using a component
level approach, Farthquake Engineering & Structural Dy-
namics, 36(6), pp.823-39. doi.org/10.1002/eqe.655.

Nahar, T.T., Rahman, M.M., Tuan, C.A. and Kim, D.K.|
2019. Seismic risk assessment based on drift ratio for



25.

26.

27.

28.

29.

30.

31.

32.

steel frame using high dimensional model representation
and incremental dynamic analysis. In Proceedings of the
International Conference on Planning. Architecture and
Civil Engineering.

Thachampuram, Sanju.J., 2014. Development of fragility
curves for an RC frame. PhD Diss.

Fema P58. 2012., Applied Technology Council. and Na-
tional Earthquake Hazards Reduction Program (US).
Seismic performance assessment of buildings. Federal
Emergency Management Agency.

Metcalfe, A.V., 1997. Statistics in Civil Engineering
(Arnold Applications of Statistics Series), John Wiley
& Sons Inc.

Jiang, L., Jiang, L., Hu, Y., Ye, J. and Zheng, H.,
2020, Seismic life-cycle cost assessment of steel frames
equipped with steel panel walls. Engineering Structures,
211, p.110399, doi.org/10.1016/j.engstruct.2020.110399.

The international building code, 2006, International

Building code (IBC (2006).

AISC. 2016., Specification for Structural Steel Buildings.
American Institute of Steel Construction ANSI/AISC
360-16. Chicago, Illinois.

ASCE 07., 2016. Minimum design loads for buildings and
other structures. Reston, VA: American Society of Civil
Engineers.

McKenna, F.; 2011, OpenSees: A framework for earth-
quake engineering simulation. Computing in Science &
Engineering, 13(4), pp.58-66.

33.

34.

35.

36.

37.
38.

39.

40.

Ibarra, L.F., Medina, R.A. and Krawinkler, H., 2005.
Hysteretic models that incorporate strength and stiffness
deterioration. Farthquake Engineering & Structural Dy-
namics, 34(12), pp.1489-511. doi.org/10.1002/eqe.495.

Lignos, D.G. and Krawinkler, H., 2011. Deterioration
modeling of steel components in support of collapse pre-
diction of steel moment frames under earthquake load-
ing. Journal of Structural Engineering, 137(11), pp.1291-
302, doi.org/10.1061/(ASCE)ST.1943-541X.0000376.

Shi, F., Ozbulut, O.E. and Zhou, Y. 2020. Influ-
ence of shape memory alloy brace design parameters
on seismic performance of self-centering steel frame
buildings. Struct Control Health Monit, 27(1), e2462.
doi.org/10.1002/stc.2462.

Hossain, K.A., 2013. Structural optimization and life-
cycle sustainability assessment of reinforced concrete
buildings in seismic regions. PhD diss.

https://ngawest2.berkeley.edu.

Barsom, J. and Frank, K., 2000, State of art report on
materials and fracture. FEMA 355a Washington, DC:
Federal Emergency Management Agency.

Roeder C., 2000. State of the art report on connection
performance. Federal Emergency Management Agency

(FEMA) Bulletin.

FEMA P695, 2009. Applied Technology Council. Quan-
tification of building seismic performance factors. US De-
partment of Homeland Security.

\44

Sl

P

Ly sloj ) (Sauss gla pmie £

e s gaul b/



VoV L) (i, ples ouwdige

(L)":‘Aﬁj‘i) Ad-YY Lyl A L;a)u A [E13TH

a_kiani@semnan.ac.ir
kheyroddin@semnan.ac.ir
mkafi@semnan.ac.ir
naderpour@semnan.ac.ir

eaalio ool 5 olgm 5o il 5o (oS5 el Ll slaplaslu 5l pladse
A}.:u.a
238 ol 5 S (0 Ol Jdsa eyl s 55 slolasle
lion dpmat sile b e 5 llas i sabalyy 3sme bl
e PN 5 YoV ) Tl g bl s oy e il
oo kil gl ps S5 slhplnle wly S phe o2
e ol Cod iy 2 a 4385 55 o5l S (sl S Joles (ls
sese Oledlha walsl s 5y o2 Sy SBE ia 5y e dules
P s gl 3 (S5 slaplanle Gl a)lSe (ohes o2 30 50
BL) [9]‘(\”’\\) J‘\JIJJ"’J (_;.“..«A [A’f].g:,\../‘ ATJJ.:.\: QJ‘,..A L)I,S““‘A}}‘, J‘I;\_{)
o Vs 5 o Sl S pad 5,8 plil s (S5 slaplasle 55

Pl o (S5 s pole gl o

xD

Original Article

(adst i) * S ST
(jbae dkwt) oMty Lo
()lﬁ.:.il.:) PP RPE

(él;wl) 399330 e~
linw olCL15 (e  guigo Gouiifa

4 ol Gy s )l Al g edeme LG, ),y S5 sbaplasle
ol Sausis Jlast il 5 d55 ol 5o Lol Ghi e S8, en 5 (5led
@35 4 o slid sl Gl glacaw Sk s b ] il C}la.w 3
St Ot S5 G 4 o¥s i Jlal e ol eal anls
olizel b sas ~Lb b VY, v slaey S s e S5 slada 5 il
5l 26 JalS ] CL;W sabal s ol ol st slaylasal widag S5
cnnay Ll 5 Sila sl 4 BE0bS YY cod syl Sialys Jdos b

3 oS ssls plas @l:j) Nl C])}:“] ] CL“ f s (;.\;;5\3 sl s 584

53 el i Syl symy b a b S oY 4 L eSSl ]
SOV Jloia b a4 4 VY5 ¥ laey S s St ead SLSL oem las ol
S L R SN P T I - S WOy WESE VI
S8k ol anl sag iy o3V & 2 Sl sl ol din a ( SS2

Jelos ¢ SaS bl syl s S5 ol b 1S o83l
A S, sl Sy s o s e

FURYVIA

Soplasle plisyl glialy 3 (8l b e Ll sl &5 s
5 gl s (S5 plasla 5l sk e 35mse [T —
Slass a ol SBs oy sl (i 93 0 &S el Slinle ol saddlhs
23 425 350 S e ] > ejapal el edd eslial (53 5 o pllaa
sladse jl S aen gli)l s S5 slplasle peer glupesle cais
ol gl M lSils Sl b S plse ol L3 of eadlal
ol s ‘GA)L’J‘ NJ)S Ll ls 5o rL‘LﬁJSx (SRR YOL"J) el
o b o ol o iopmen plaeile s gyl 53 (oS5 s Sl 5
NS sl el esliiad lew s labe s plasle 5 gl s 5l

sts odiey 5
AFe V/i‘“/\ﬂ u«"/.}:“f" f/?‘//\ 4,9)4.4/1”“’ V/V/H‘us(u; CJJL

e ELl s (S5 el

sllia opl & sl

sbolasle o) mel s JeS 5000 Sl ST en NPT (s 05036 5 hedama (B e il ) (SLS

DOI:10.24200/J30.2023.62308.3217 .AA-YY . ow (V)¥e i 2 oles




S 5 63 g b Jlail Y S

saih g 2T sbpsie Vb S plapgaanio ¢y @V OB gl
sl Jlal ogms ¥ JS2 5 oS b e Sl il S 15 s s
G5 Jlal izmen g odg S gt dlel 4 Sgdme (gamis slal gl s
D el wals shais 3 Shae ol 4 3Y

G, pe 55 s Dlallls 2y 55alS el eliael 550 55 (556
Sl (sla gt 5185 o sl ST B Sl aslizal MY
et 5 05 e o 5 kol Al pln s e Glaejle s il L
Sldlba 5 @b gl Sl il sladle 53 o) 3Shee ol b
Ll I el sn ol s al 53 ik Slessgn 3 o550 b
eig ol g3 35 Sl clagiagy )10 55 claplasle 55 s
Sllaa 5 Moo vr 5 Yory) ghlSn 5 SLS ol @l &)po
5 el =S5 slplasla o) s, 5o sl i b I
slejle @lal s aisl, glasle gl b, s ol il e razs
ol 5 agte o gl Ja a5l Gl b gy plis) s 2S5
St Sl sk o j5S0e e ol Blawe ilesd Lol gl
5 Jsl saab 4 S S pll s adepbe cbplesle iz .ol
sbiplanle poj ) )b, S cal ngo Jlaw an )3 )b 2 £l )l
ol 4 s Ol s Jlail L5 Jlal dicb (s eyl s S5
S8ty Gha e byl o] Gl b 3 pls Oppon
Y™

(;.,\:.‘S\.i Sl smis Saras 3 (2053 )18, ) g & il saslllas ;s (4
Gl JalS 5 0308 g ‘['SZ%A:“T CL;.‘ ISTRGUUTI e GRS =
ki glacad by aih VW5 VL asieploe plis)l s (oS5 claplesla
edalin 5 5585 sy p S Gl 0l dn Dy, 3¥5 4 1 SGb slis
O s e s posaba Sylize Db s S plaplasle b
Gt a3 ‘VWQ:JIJIQHQ el ag S hug oo 4
Al bl & goemy sabd s plazsle a sl (paib o (o 2lals

(FPEV aib) ga¥ g ia

Fo) ab) o sy

Y GAP aids) s5¥ o 2a

(30 EYA aids) o j gl

VAGY aib) ooty

01 53 Glastle (7

PSS bl I ol Y JSa

s sl oLl s ooV 5 L i 9o ombe JGsl dd ol
45l s sy el gy 0l s S bl slacussame s 4
53 bt sl 5 iladde abmsn i 5 e Sledla oLl
5338 Sl ol gl s (55 slaplasle pes)) ks, Gmote 35
oS5 slaplasle s Jlsl gaib 85555 b an)lSy (oo e s 300
Saley ol el ens bl el of amlo sl 5 il gl s
sl 53 S5 laplinle ;3 515, Gy s Do N0, Yo Y)
oemeen 5 PIOVAANOL (ool ey elaly o5 535 eslizal sy !
S6 b aalsl )y ay (IDA) Laubsl  Salus Lhos slaylages 1 ealion
O3 pslcamsay Calizne sla iy ol sea l eslizal L g umixﬁtﬁj saedlas
XN Jlss s gy o DT aslin s ey 425 (ales e
b ¥ Sl 0 gl s oS5 olasle S sl Sss gla i
oo bl @ ms oo bl il cs & il ¥ sl Y o
2 S sbolasle ) Dl ol ¥ 4 o Olb slis cus

YA

3l S Sl ey

obBea 5 SUS gul/ e ot ek 3



\ 5nJL...2 o S0 ,95 x(\f"\"JLQ,:) i "J\J.c (e

bl s (IMD) s e sl
(EDP) e sl

ST 5 gl aib o gl o 4ty 3 g
o St S b o IS T

_ ):::‘tl&)! );L‘;j sle b o b sl ws i
B T - T

T s csle cBES i y bl

U oS sl OB e il J

a.\.é c,k— x‘x}bu-mﬂp Giu?w J'.Jblgﬁéyn}
(M 1, 5 EDP) 231

olieal b Calbun o 2 shane 1 S5 el e
S sl e

2l gy Jole Sl e T IS

Cr Sy
4
m
k Frvm MR P I ¥m
T o '
| Bieidiioidon of . | £ m
A 1
21 H Fm
. ;
; ¥m
e ey el
r@;ﬂ m II". m
4 Fm
1
#Mp Mg M
() ()
b o (o gyl s (S5 Glapleasle 5 SO ol (ALY S
ARV TSRV

5 CY.SY.OY.S0 ladde Juls il V ooy 8 by ol Jo s oY
2l CASO 5 CF.SY (CF.S4 5 oo Jult 50 b V¥ oy §5 CF.SY
Sl ge edalia ¥ USS s oS ol 5l N sle s e el

Y4

Jebs s el sbeasBioks ol o (G238 sabanl) ol (ol
(bl el 0a ) T oSiba e e gl eduhil (Sl
S o Sl JEs] (e s Shais Jlasl wosily s olal Bl b 5lha
KTNSO PN P I KON [ NP LS PE [
2 e 5 2 ol plojen sy 5 35mse sladod s 4 5 L
Sl pshe )3 sy Ghi ot Gl ezl Jdes alSer cy Jos
u‘:“t'x’l.)ljélf); 3 edads S A1 b cas e Gubl 5 A5l 3L
a4 s Jo sla bl Sl s So 3 e L0 Opon Sl ealinal
2l gy ol il 5l pesdle XS 3 S SUS s sl Sen

| 0 Ai_‘)l

gl e =S5 sbplasle sle e Y
s >hb 5ol clarine )Y

W Vsl S8 ol s (oS5 sbplanle (mbb 4 (35S i )
Vs 5 2 Slb sl elaly bde GISL el eas sl wb
5 o= Ol slis Kby o5 4 S5 C bt blis 3 .l o3y gl



e
>
Fm
i
f
Fm
4
i
Fm
Fm
1
Fm
S b !
Fm
t
F/7m
2 ) - t e . J
b B I e ) I ) I e Y 1M
P — A il sl e S pg 3,150 IS
bl
&
‘ 5! adadi i U3
! b _‘
O g Sl = (o } 5 oldl
‘ L =
I

Il (ghadar Joe o ani Sy oLl 2 S

ol b sleob Gag Ssale s M )B4 a5 L iy OB S
iladde ys @iy Gubsl gl ol sad eslial b g gila s g
s i ol Sl ens giladae o6 51 2k Vs 3 edle wb
e Gl 0 o3l O U otk VT St g 51 g2 Ll 5
ol S5 Sy 01 3 e (e 5 SrS s (S G5 3 (ste
ol b G5y e | 26 S S Ll b a5l ol 4 L)
o lapladl G b 15 ens (s &) S 4 ol YLl 392 oo Jlae
ik Sldllas 3 ol iladas [y, 5l cal sal fane ol OB 4
7 el e eslia

Gaeta 5 Cib polanl Joo 4 Ghl s Gob Sl e geizer
Joint YD oLl 5l 5 of (ladde sly a @ 8l s (s &y sty Sl
(8 JS) canl s eslia

Vs iy sdab ol sl g b heaie Jlail (gjla Joe g
i b b oWl les 15 o pii sdih g nT sl iy
a3 9> 3 5 iy LS Ml ol b oS 95 oS el odd ealic
ey S0y 4 W o b pleS Wlas polanal gob Sl Il ol
Y US2) cl oag sl ilss ol g 4o 5 Kileds

Sheslizal b o3 S (s el gy o mejle bzl (gludaa s
SIS bl s b b5, Golarnl b boas 3.8, 1T 6 gLl

38 sean &UJJ‘J) S5 olele u‘."]}l Jbs, ol ol Jsb 13 35250

Tl 0dd eslicl ke sl tags o

5 e Y5 Jol ik gl |
CIPE PR -E PR TP S APCRMICHN - g5 SCH i 2
s bb saabionl pulaly bglasle o bb ol osd @3t )5 055 bas
5 PNl ooV slassle bbbl TS AT L slaejle
Dz (SDC) sieies) b g eng 10 S0l o) )13k csanbiore]
Gl 0l 28

Ol syles cuglin oS el sa eslznl CYO lae 5l s elzel 5
D55 et ol 03y JSLbBa YAVAA T LS Jyde y JISlKs YO
Wl JSLbBa Yoy Foo by i 4 (2,0 5 (sb byl ks
Jya sy JSwllBs Y80 s Canglin b St — OF wlas 5l (s3Y slael 5
5 Olab s en,e bl sad sslizal JSLbs Yoo oooe Lz
slacy B ey ol s 4 o5 b e sk F/0 Ll s3¥ss
BRI SCH I CAPLEK S RPN JERCH A R s ol s oline
ol s Pizia o e s e hS Y70 5 0 polin sy 35
Qi ol 032 438 55 o aste  GiaishS V/0 by b ail s o
o0l Bl plasle oon 05U JS saslolay oy sla)l 7Y0 ol 55 e )
Al

535 el phaie bl a5 (om e e s Loy (2 SR o
n e sbplasle Loy W Ck.u shls ks 5 s ooV Jix
=S5 sbplaslo s oo¥ss 5 s b iy 5o oD Los adl isiles sy [,L;A
bl 53 sl ey ST Oladllaa 3 b oSl Jaizma by glis,l o
sl U1 (oS5 slaplaiinle s bb sl G2sy 53 (ASCE Y — YY
Sk il (W e 158 b v )y S|l 0aa
4 Gy ol S el s S (oL (sly (Vb s o)) sla ol
S ) e 180 Uiy 53 Sl Goppen gl 0S5 (oL )
S olypea (@b cand (mbb Gl sl L s Sl 5SS sl
slol v, (R) LB, v Jald o)) 5 Sas colis dims o5l
92 a3 8 k05wl ol (Ca) ol 2Ly ey y () Cslis
P el Cend ) s o) slaull el b SGl el
e o Jie (59,0 Sl pl 5 3580 bbb poile &) son
Crnnd (AL G318, (oo G 53 Al Sl s o B
Gha 4 eal S5 psn Sy il S Sl o2l 5 058 s ol
P Sl bl o cule) phias 05dn ol 5 pdlosags (oLb
Sl 4 g b gole ey 53 canl odd ols £ Jeaile aabpnl (e
Ly sl Sl s SBe bcws Gl Ca 5 Qo R o5t clasall
el s (oS5 wandlls 5,50 slaglasle ~Lb Gl pde 0SS L2y, 5l
O sl b iy ,d Codgdoma da s ol alb sl ead eslinal
S0 Vgema S sbplen (il o3y s aiSp s Jule SO waas L5y (58
gy ol by b bgie gl b eny otes OB (sejla

il S0 51 G2l gy 53 Ghseé Lk 5 (5ladis cn
Lﬁn):...fq.:bj AJ}gJ'L‘ o ‘L)"“:"“‘L):‘,‘IJIJQIfJ‘ ol 028 e VUYLY cas

ol 35250 5l 3 Lagladl CLLL Hlas glsl 5l

Ae

3l S Sl ey

obBea 5 SUS gul/ e ot ek 3



\ ‘5nJL~..‘, o S0 ,95 x(\f"\"ﬂ.&) i ;J\f.c (e

ad giledae g1 3 oSy claplanle ol gl samlin N Joie

(/) k> aw,s> TV — OpenSess (s) T\ — Etabs (s) o)l Pl

VA Yo ¥ Y08 CY.50
¥, YA \, VY \/AY Cr.s¥
£V \,$Y \V cY.sy
¥ vY Y,04 Y54 Cf.54
5,0 ¥ Ras Y 4 Cs.8Y
v,0\ \,4Y YAy ca.sf
¥
(M) ok lane 33 g0i oLike
iy C..:-g.n_sh.f-
|
i
sojbe 4o e S8 Ot Jlasl
S Gl e b e (o) )
EDP(EDP.,_,

1
—J:i—) Jl;..-.lf
I
|
u"!‘ |
|

it LSUBE ably ol ]
EDP)
I
EDR=EDP,., |

kgl Salus Judos L0y, wlagls 4 S

o..\:gl;.él uﬁ.:.nl;gb J,:.l?ﬁ J\r
Jobs Sl o) ad bl slis by 3 ole el p3pplcase ly
Lgy Moyl il el oslinl ol isy js (IDA) sl Salys
e edalis & US55 TDA s

Ght bymad ik 3lse KI5 0 Y (EDP) wdige sloli sl
3,8 i Mol JS ol et 5 M (MISD) pdich s iy > S
bszed 3)lse Lot Silgoe 55 T (IM) (e} ot e (b 51052
TPGV) o3deme) S el " (PGA) 03 )0m) bt sty
obs 5 MISD Sl psls pragy s Mzt 7 (Sa) ab ok

A\

A #

(3 S cbl.o.a b ilwdae A S

Sl 53 3550 Concerete =¥ mllas 51 i sla s (il dan o

o1 eslizel Steel © ¥ s 51 5l 5 53¥58 la b sl 5 o]
el saz LS MLOVAAY s Lly, b 51 (Sadpams .l
O b Ly sl (T 51 m elael 3 Lol Jragy s S b
o5 5l s A JSE 3 el 0ad B0 0 sl G5 5 LS
Force- (salowga 53 slacl 358 oo sdalin CLLL sheé ile s
slacl loJas g sus Ju Based Beam-Column Element
o, s24 Displacement-Based Beam-Column Element jl 55 oo

ol 24 aslia] ol (5..\..‘[,.;....3:

bl aml, XY
bl y (AT Sldllae 35aS sl Stagy 55 vge sl 51 S
Cgr ol Loy s 10 el el s 55 slhplanle 3,50 3 o2
5 i sl lsge Jobos 51 dole ol pla Sl aslizal b o gl 2l
O Jsdr & a5 bl 58 00 alie iyl Y el Sl 15 5
ol ploy S i @i, | 5s (oS5 el ) slapls Lo ples 5o
L;L>J§.'\UIJ'AIPL 9353 ol (5093 5390l el 039 S /Y L_,...c
S5 3 oS el S5 bl el e o wledda @i (s
b 0Bt s @iyl s (S5 gl 550 s 00 pbsil 32 el

[FY 5 Foura aAvae ‘r‘v]..,\;laa)g ey il u"“jt’:



860 a3l o8 s bewiots olasis .Y Jyis

e el Che e B RO 55 . _ _ . :
£ads Jlo CudlSiolid ol ot pb o ey
(cm/S) ¢y (8) o2 (Mw)
” 5 - — Beverly Hills—\fa. ¥ Northridge ;
Mulholland
5 A $1y page  A0wOR Connity-W Lost Northridge Y
Canyon
#Y “JAY Y/ 1444 Bolu Duzce, Turkey ¥
41 Jias YA 1444 Hector Hector Mine f
Y Y0 1o Yava Delta Imperial Valley 0
Y YA 710 1ava El Centro Array #1 ) Imperial Valley 7
Ty -1B) 714 1448 Nishi—Akashi Kobe, Japan Y
YA “YE £ 1348 Shin-Osaka Kobe, Japan A
09 Nii2 Yio 1444 Duzce Kocaeli, Turkey A
f Yy Yio 1144 Arcelik Kocaeli, Turkey Ve
oY V¥ iy 144y Yermo Fire Station Landers W
Y -[FY \\d 144Y Coolwater Landers Y
Yo - [BY £ 1944 Capitola Loma Prieta Y
£ - [bF £19 19A4 Gilroy Array #v Loma Prieta V¥
OFf - 18) Y/ Y44+ Abbar Manjil, Iran Vo
i Hiid 1o VAAY  El Centro Imp.Co. Center ~ Superstition Hills \F
£ -0 #l0 YAAY Poe Road Superstition Hills A4
i - 100 \(E 144Y Rio Dell Overpass Cape Mendocino VA
ARTA /FF YiF 1444 CHY\ Chi-Chi, Taiwan AR
¥4 -[0) \{l2 1494 TCU-¥o Chi-Chi, Taiwan Tie
4 7 Fir V4¥Y LA H ollywood Stor Lot San Fernando AN
Al /YD 710 Vave Tolmezzo Friuli, Italy vy

5leds pubsl oy bl ol iledng cgr BodKobs 5 basa
cloks YY) bl ey cl sad eslinal - cils 2y
2 oy L,8a MFEMA PO Ll ins bng olgty LS 9
55 sbetBols cal sad sl Gl Slaxis ¥ Jyde 5 & ol
oeSba 5wty @S B)b el £55 isdaley Glgn Bl Sl eas
839 \9/\‘} \EZAARTA sl a L&ui (_5|j3 @L.a b ol (}J}SlSLsALcLé
dasllges 53 oolgt o) 5l Lol (silaubin Gy prman 7
lie FEMA PPAO acos Gob .ol cdl sdliza] FEMA P£40
3555 2 o Jsl el e o :.\)_.fw Sy Ao ¥ betBols s S
deds o doe ol &S 058 o Il o (PGV) Cs e gl o
'J)“:’LS‘ rL?.S| UXS&.: UJJ‘L):"JI 09 (LA)J}SJ 4o UL;LE,,: LS,&-;:):-:; G
ko 53 038WL 5 ey, S, Sl Jols o Sle b (093 sak> e o

(Sa(TV,07) esla sl 350 b Jblaa gl 50,93 )3 10 ol L i
weesee dDA Lo cal cas oslacl IM 5 EDP glges 55 &
Gilwosls cgr Sl Jlie b e Sl gam b s s
3l sy T il y el o8 ), Sl (SS6S bty o
Sealns Sl sz b Jobos pbnil sl Ao s il 2B ) o
G 03 st el Jhisy e cllioks (bl oppen (26 L6
35 g0 orbie saela &y s 00 clBoks 1) s (s - el
Obes caalsl 53 dey (e ] Sedpdne 4 A Cepm b b
bl ie cds L b sy e [,_.lz._, 643;4{ dy; oo CL:.M oL
ook Job cily By oS cl msly 350 0d) i mdige lols
5 At e bl ls Sl o8 ) & G (Siedr (Shaty (s 35S

Mg 4 amg b ol gy 5 14 )l ml o Lo Ghewle Cis

AY

BIBTER-A e ey

obBea 5 SUS gul/ e ot ek 3



\ UULJ o S0 ,95 x(\f"\"ﬂ.&) i ;J\f.c (e

2
-]
a
- Y A
=
-]
@
whaih o sty
Y
ol
a
2
Bt
S
=3
]
v
o v
a
!
=1
w
3

. iy oY i R LAY feF

hail o S pa ity

b AW oy § ol Seelus slalage N Y JS2

2 oS5 ol le Gly pelal pped el eaz w3 8 ki s plis)l o
038 e (oS Gl islac e st s MISD psbis il ¥ g lis)|
Canl 0 Lol 0000 5 0 /0 X (o 00 PV o y0 0 ¥Y L 35 4 LS,
o/oN0 e o000 00 X0 Lyl ik VY laglanle sly palie ol ble oS
dols mam laylagel i VY 5 Ve G S s calesg 0/0F
alo ehor 4 b YV el s S5 sbplasle il DA Los S
hSen 38 5l oslizal Ll Jdos ala gl gllae o 355 o ssnline Ll
S5 oble L alead [San g belKioks Lol sl Gl b assabyl
lapl oles s b ks el waabnl (al8an 38 1 eslizul gy ol
b sl Gl il VY5 ¥ 0y S a3 niaz o lSly las 4y
walslys canlosls ol s 5l g 3See )1, oS5 el (2
2 SHSE sl Mg sl sddpbsl IDA Lo s Sl eslinl |

AY

[}

f 4
o
a "]
=
] A\
o

‘_

ekl o Sy s
o
a
w
o3
o
laib oo sty

o
2
&
o3
&

e T PEE

b ¥ 0y S eosnlil (Seobus sl lsges VoSS

b 2 by 0 (MCE) Joma syl sttty S g 4 3
¥ Dimax (SDC) (sjp>es)
'3.9‘:’(5‘“
JalS 5 038 chssia o b Sl (MY NY) g (8 318
olod S sl s palia ol 3 5 cnnlens i 8 s plasle gl ol
S5l s 51 S il s el (;_“:‘-rlvbk:-‘ Cady > (Siamien
35S s 4wl cand ead sl il Gl o i sl 02
wlie gl s S5 sbolesle 3,5 3 2 5 Bl ol

wL:j.A Aa},u GLAJ).A (;wL..«l ;.))L;: Sey9° 42

b amg bl ol ons bl e e e 3 ol 58Sl (sl et
6;'}}_95_, LS—:" (f:““"’ UGJ‘ msjfola L):‘AJ:':JQ AA]LL.A 390 P:..«:.u AS\.iI
YI(YoNN) ugn bt s pabind slin Gsls b &gt o and 039
=55 slplasle sl Ll alie aneS @l Badailrs 5 S0, 6,5 iten



v v i v
\
§ 5 ! §
1
I
S 8 ) S
] i} -
= o ¥ I
_§' ¥ g ¥
v v v
Y ¥ Y
1
\ L \ \
DV T D SRS S S Y Y. R Y . afey
iy el Sl
Cr.54 Cs Sy
AL v ks
A Y Y
" " "
\D \Kl 1
4 4 3
4OA T A 4
! ! ] 4
3 i 3
L 7 7
& & ]
¥ ¥ ¥
¥ ¥ [
Y Y Y
Al 1 3
T (S-St . Y T 4
sl s 3wl
bz 8 5 sy L g —————— 3 Ll 8] ]

(3 lstea) Glpdl ) Kol 1o oled & JolS ol Sl silind J3 g 53 (santon w555\ Y IS

Ui S a2 Qi JE e a Y 5N Gl S ol

M| ol o 3528 o odnlie i3 (sla 13500 55 o germa Ty SLSL
b S i e s eyl Sobls CF.S4 5 CY.S0 slaos s
S el S e3p it cond M o She Glaplaala s s
Slisle oy 8 s el ons LS bl s ajle ol s ebatal 35my ey
> nis 4 CE.ST 5 COF.SF (CV.S0 (laddn > Losmms yuid cpl i V
W glinla 0p8 55 pres ol 00 3bnl 025 ol o sk
Gladih s i 4 ks ol (CE.ST 5 CY.SF.OY.S0 slaoa s aib
P ungfl;):?éJ Jdsa Gugmma SVl ol el 3l 7 e
JEl b sl s cwl osls 7, S olasbe gl bl 5 (Sl Lk
le o) LB, US55 5 o ibes (e w3 S & o S
33> Lol g age 5l (Se Sl S5 0Ll S e ek SUSE sbay
s ol JEl el peen 5o i)l s (S5 slaplasle o)) L0S,
S el o @l mamio Gl sbaplasle s cud ¥ i o
o 4 g i ST asb s edl sl glag,s Jess SLl5 s
i ol ik S eslinal Jlsl Sl b b5l yh ol ] ss¥y
Sydige e (5 G 21 53Y5 s ol 3 5 el Vg 5l S

- - . - é .
ol bl i @ ¥ S sla i 5o b e ST prizen

s ol Cawddy cﬂta u:J'L.« &UJJ‘J) c..«[: @J): 9 ok WT C)Lz,.u
Klods

D)Ld &Uﬁjljb c..al;s @Jy ™)) ¥
slaolaslu sl ADA Los el casa s g5 dowsas aloja cpl 53
plsds Job 3 b o S a0k Jlases Gl s (S5
ol le i) Jsb s ol (ol Sl salen] s etz o Jlsl
Gl e el Ceny

2ol b Sl it g e DBl o S pskia cpl sl
e abd Hs ol bl luie 4 ol b Oy sl S S0 CL""
b e a3 et 092 g (U508 Sl b)) JolS ol 50
o ol eSile e ulgiys 5 35550 el A3l Jlael oLy e Jsb 5
Gt laylasm VY USE 3 e cennsy Letioks sanr Jlecl
oS ol b ble s mh s gl oSl ehen & b cais )
e omiman 358 o sdalis asdlas 55 eyl s =55 soplasle ¢l
5 i Y5 ¥ 0y 80 3 el 155 (oS5 bbb s S salie

REW Y L TIPSV AP PN+ IO IVE I | g (W

AY

BIBTER-A e ey

obBea 5 SUS gul/ e ot ek 3



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll Q\f.& (e

CAIE e

7 \ Ve Y v v
Sa(Tyvimg
Al
e
e
e

S5 Sl
&

. F
oy
oY 4
e '
-0 \ Ve Y Yo v
Sa(Thy,ie)g

S8 5 Il

ob \ b ¥ vo v
Sa (T8

b Vo, S s o] 2w € SaSa ls e NF S

sl e (C) Jhinsge el pho jlejle ez 15 Jlisl Pl s oS
S oo 135 b X pizer ol @ 4l (IM) S0 b b s
ol | (SeSe gb aba laa 5 05 In(IM) 3lsbal Shail sl
=S5 slapla b sl SaSs la e V05 VF la JSE s s e
saalia ugsn G585 (e ol an B b VY, Y Glaglil o
Ky s
b SuSe G e s ol mhe (1L LT Gilhe oS
amslin LB g (Gl ladds i) k8, 5o uls 5 e ,S (e des
(,S%MT C,ngj; (;f.\‘.;S\.Z byl il VY5V oS5 a5 el a3y
2355 dpgta ol L3, 53 6;:5['“-% Sl 5 edp S35 > L’“JE s

AO

v —
CrySa
CY8F -reeereenaes
# H Cr¥Sr
o &
v
Y s
1 §
) oY Vs e F el -
Syl
il ¥ ooy S (Ll
\r
Y
1
L
Q.
4 A
by ¥
@' 7
8
?
¢
¥
\

SR}

AL TR

3 it el SIS lsga VY S

5 Jasl gab -’Ju\s"’.r.jg‘ Bl P L R P o)
s 4S5 o el (35 Jidw & (52 Side Sl Jl ) il sl
6wl hl sp i 5l 5 2L SUSE Cpon (il b e
b silapslas clagly) 5 ol ol G35 (min @ 6,50 Sldlhs s el
G ot B o i el e slade > a0 £ la il
039 S (3¥5 Sl slis e sl o35 5000 gl s o Si @
s il ke ) ol CASO 5 CE.ST (ladia 3 posaint wand

A ol icmbe o) o Shee il aiils bl s

=z
‘_;JMS\.& Jﬁ.lz}' .0
ol le caad ¥lial b, cge Sass gla o Gole iy o
bl o8 g ‘[,fzwi CE.‘ f s o) Oad Gl C}L..,J;
(seblya o ol (LTl Sy SaS ot gl sl 00 i
5l smb oliea peme 3 Shee b ool edls 5l ejle B 1 Jlasl ol
bl Glhs P SueSs b Msgs paosls ol i sl bl

ZJ}JGA ;.’J.:)x: \

()

1n<”79>}

P[C|IM:x]:¢[ 3



\i#
\/F 7
/¥ o
VY
\ 5 v
% Y,
e ey
R £
5 SAR Y
S fA 5, I
L) PN 's.\'\
dine B
A AR
2 A,
o A N "
St AR s
S S AN
S W o
R P A
e oA R
F S o S
k A ] AR
A e A
S Ay Sy
A s R
| 5
S T
T A
ALY A
CrSa C# Sy

Wiz B de 3 (S5 s MJE ele awlns NP Jﬂ.ﬁ

3 S e S slnl s (am s il [ 4 e &S iy e
6422.] LJL:L:.A u‘j@b LJLALSL_A:...JT CLx..J AJ‘,.L(;A ‘;L.AI GLA_)_,:LUT uf;.cL«S
sl olie 5l g b Ui @l ol 5 s 8 s jla Gins
OB 53 5 w3 ge Cawd Sl | 3 (il OB iy, e S8 3 e b
boehon ol o)ly (J& slal ‘J‘lsv:-wi chw 2? -b:gu-‘ BUCIPTY
aS 39 (93 a5y T Gl J)L“...:.f sl el esbsz, ol 0,
.J}.ﬁua n_)’L.z (_f':LfJJé 4 e C_A_;'Le.u BEl

SHEE) s =55 slaplasla o)) )1, 2 aslio Cg (ol
CL}.".MJ SCT J:ALL: J.AIS %NT CLL../ BL) c.,\ATC,wJAg uf.,\,..S\.t (5[.%0.’..;-.&
2 Sl 3y 5l sl CL"‘" ekl SCT Ll ol sas
che @ ojle el pdy &z saz el GbedKobs 5l e of
sbaglasle ;5 SOT gl i V8 IS s M ks, g ool
GLAULQ:JLAI L:AA_,LE.A (L)T &[E.A &S 53‘,.:4(_;& slalin Calixa tu:_)‘JJ ()4:5);
b s Slib slis Cand b 5 amlin K0S, b il pli)l s oS5
S ol A5 51 Gas mhe Kby SOT Jubl canl 0ad oy s3¥53
s ol e sl il & eddJlsl ooty |l s ol 2
100 nssp Jliml b bloa ous mh sesmslis SCT bl dlys
Sl

e gabul 53 SCT b 5 ey sla sms ols iy s
UL"J:'C (54:.>L; .ijjlﬂf.:.g wdllaa 390 (5Lh‘_].,\,e b Xledd IR Jnswi
Gz Gly S Gaemlie @i > 058 Sasgde jle bl b5, 5 Kl
ol 0y Sy il > Gl 3,

Shi gl bl Ss slaglasle s gl Jbsl b NP s Gillas
Orzed sl 02 w8 SOT lia 5l oo¥ps & o Slb sl cuns
SCT jlais b oSe o 53358 i plis)| s VW5 ¥ eg8 55 o
el ead Gogha plasle s Shas o3V i plisl StalS Ly il
Cannd JJ:WL'" (J...ék> L):.A}}:JJ n,\:‘(;w))f GLAJJA (Sed9h=a 4> ‘Jlj:(;ﬂ
ol 0 1y s 8 b s o /F Jlaae Lo i |, Slih IS4 s ok sl
Gl ity S b b gaila slyls t\A?JIJ.s =S olesle b
slas Gabsl Lo ISysba sl salss o | g wei) 3, 8ee w5
a5k g @lls it Culin s oS5 saplasle (oo olb

el o3 T 08 sle 4551 it a8

LS o Y e

Sa(Ty,iag

s 4
v
N

e

R P e
=

Sa(ly, g

LI 5 s

Sa (T2

ik W0y 8 s o e € s (SuSs o e N S

Al b SuSe i  sahols (JolS 03,28 ol b s Ll e
5 CFSY Gladus wund moher olas 3l 35p2 Sl ol b
30305 5L 3 51 | sy 3 See i VW5 ¥ slany 855 i35 4 CA, SO
lazls Kos sl & o (558 (2308 Jlim| Jblos a2 b o
sl g 8o % ‘['SW“‘T b o3 e Jedhsies 4 aag L
T R S S I I SR TP YU ST SV SRR W ST P1
PSR PV | CLi.w 23 a5t bl Ll Jals b b Jlasl Sosy
Jail s ] pednlia b6 by laio o 5 D5l (o ool (538 slael 5
S5 i GG S 5 5 it chigie ol w53 (b 1 i e Lt
5o s end bl gl slacl iy s o che 2 Bl (e

A%

3l S Sl ey

P

obBea 5 SUS gul/ e ot ek 3



\ deLAu: fe $o)9 x(\\‘“\"JL@) Ll QL»A: (e

syl s S5 slaplaibe s ol Cleds 2o TY 5 21 A,
Gt ] 5 G824 3V i Sl e
ol L}'—‘-B}--’ u'a\:..é—u MJ\:J AS}J'J S99 ‘53!)2.3 64:.’:-[4 AS\:_, Coannl

gl s oS5 slaplanl 5o SuSe Glamis samlie oluly @
i gl L s 4 g ik slis cnd Blad 1 bl
2 oizer Sl 038 Ly Sl (SCT) (i3 )05 cud b sl abl
S st s b oSie s 63358 i p s L b VW,V laples e

el @zl A5 Ll s 5le 5, Shee

s Sl sl e &S50 43 0l slaplisle 4 a2 L @
by i Jia 5T A2l o8 e Ul Lo Joe JS olib slis o
38hee 5 05dee Uoad e ke DAl CL‘“ 2 S sbds
2 s olb slus Juksl b IS sha 5 ctls dals ioskhe e
b b s eid 3 Shee gl s S5 ol

L5LhLJJ..4 65.)).\7_« BL) _L.isf.ala (;:A)}"JI J...ala Gta CA..qIJS.) ul:«_L.L

23 =55 slaplinle sl a4 ol s Gl 5 Sl s Ol 3 008 (o
Oladllas o gaai 5 Sda clrojlo 3500 5 (gdn o Slallas o 5L gl
i JGsl il e s Sl b sloe 0 e ol 2B LS
Sl b gt 58 5 @ik laplasle s Vs &
s 5 (G i 93 50 0 e 55 5 ¥y 5 sla i s slis
gl =S5 slaplaale 3,5 o Sl Olalllas s 2l oS s (63)l50

Dl g gl Djpon

me}'alg

. Shanghai World Financial Center
Wuhan International Securities Building
Yokohama Landmark Tower
Papageorgiou & Gantes

Uang

HAZUS

OpenSees

. ACI318M-19

9. AISC360-16

10. ASCET-16

11. P-A

12. Leaning Column

13. Zero Length Element

14. Fiber

15. Mander

16. Etabs

17. Engineering Demand Parameter
18. Maximum Inter-Story Drift Ratio
19. Maximum Acceleration Of Stories
20. Seismic Intensity Measure

21. Peak Ground Acceleration

22. Peak Ground Velocity

23. Spectral Acceleration

24. Hunt-Fill

00 -1 O Ut = W N

AY

s Sans £
J:SL. (sh et Saalos Lo 5 b e giladas b Sl ool Jrags o
Sai ok Pl s (S5 slrplanle poi) ol s S5l 55 S5~
WWoo Vel cladde )oKy 2o a ¥ Jisy s Jlal slls
ol 02l gy il

slaplas b oa¥s 4 o Sl sl oslise slacani 4 a5 L Ll s
Gt Sl (i) g st by il dda jl e Kileas oLb ikisa
gk Oypo bdde ol sy (TIDA) sinbil (Salys Jbos 0328
oolie (LS o cdle ald [y sa w2y oS G b Sl aalsl s Lo
Sl sbesBioks gl ,s b o Gl adb g iy catn
SHSL Gl g el 838 ey o GSibe lag 5 gl
5 DR s eazall LSy a8 o S O S PRSI
Sor jably 5 edal s 4 Gl gl > 255 slplasle gl pops
ol 022 aylin JolS (el b s gl

sls 5l JalS ol b abal s iy ,s (e pis e Ly =t e
23 ey S b ek SO e 4 63V i JL] e s S
Cr.Se Lsc\i.:L Y sbaglasle s .cwl ools CJ u_:n\;\..L O s S ldie
‘_).:J:»T 4 C,w..; Géy_}s LsA.LL? L'x']}lJ" L'.Aﬁ:J)J:.;J‘-\ZA} C\‘.S\*} Cr.Sf
LIS ] o 8dg k) fA/S’ E) OA/T‘ xf’O/Y l“)‘lj' (f:" ‘54&
iy by s Oi|}l>L1A CA.S¢>) Cs.Sy «(C¢.Sq (543...1:’ \YV LsLAL‘,L;;L.;

25. Maximum Eonsidered Earthquake
26. Seismic Design Category

(References) @L:uo

1. Lu, Z., Li, J. and Zhou, Y., 2018. Shaking ta-
ble test and numerical simulation on a vertical hy-
brid structure under seismic excitation. The Struc-
tural Design of Tall and Special Buildings, 27, e1497.
https://doi.org/10.1002/tal.1497.

2. Papageorgiou, A. and Gantes, C.; 2010. Equiva-
lent modal damping ratios for concrete/steel mixed
structures. Computers & structures, 88, pp.1124-1136.
https://doi.org/10.1016/j.compstruc.2010.06.014.

3. Papageorgiou, A. and Gantes, C.; 2011. Equiva-
lent wuniform damping ratios for linear irregularly
damped concrete/steel Soil  Dy-
namics and FEarthquake Engineering. 31, pp.418-430.
https://doi.org/10.1016/j.so0ildyn.2010.09.010.

4. Huang, W., Qian, J., Zhou, Z. and Fu, Q. 2015. An ap-
proach to equivalent damping ratio of vertically mixed
structures based on response error minimization. Soil

mixed structures.



10.

11.

12.

13.

14.

15.

16.

Dynamics and Farthquake Engineering, 72, pp.119-128.
https://doi.org/10.1016/j.so0ildyn.2015.02.008.

Jiang, Q., Zhou, Z. and Huang, W., 2015. Investigation
on the modal strain energy for dynamic analysis of steel-
concrete vertically mixed structures. Journal of Asian
Architecture and Building Engineering, 14, pp.671-678.
https://doi.org/10.3130/jaabe.14.671.

Hemmati, A. and Kheyroddin., 2011. Investi-
gation of transition story effect on behavior of
vertically habrid buildings. Journal of Model-
ing in  Engineering, 9, pp.57-65. [In  Persian].

https://doi.org/10.22075/jme.2017.1596.
Sivandi-Pour, A.; Gerami, M. and Khodayarnezhad,

D., 2014. Equivalent modal damping ratios for
non-classically ~ damped  hybrid  steel  concrete
buildings ~ with  transitional  storey.  Structural
Engineering  and  Mechanics, 50, pp-383-401.

https://doi.org/10.12989/sem.2014.50.3.383.
Sivandi-Pour, A., Gerami, M. and Kheyroddin, A.,

2016. Uniform damping ratio for non-classically
damped hybrid steel concrete structures. Interna-
tional Journal of Ciil Engineering, 14, pp.1-11.

https://doi.org/10.1007 /s40999-016-0003-8.

Fanaie, N. and Shamloo, S., 2012. Studying seismic be-
havior of mixed structures in height, in: Proceedings of
the 15th World Conference on Earthquake Engineering,
Lisbon, Portugal, September.

Fanaie, N. and Shamlou, S.0., 2015. Response
modification factor of mixed structures. Steel
and  Composite  Structures, 19,  pp.1449-1466.

http://dx.doi.org/10.12989/scs.2015.19.6.1449.

Uang, C.M., 1991. Establishing R (or R w)
and C d factors for building seismic provi-
sions.  Journal of structural Engineering, 117.
pp-19-28. https://doi.org/10.1061/(ASCE)0733-

9445(1991)117:1(19).
Lu, Z., He, X. and Zhou, Y., 2017. Studies on damp-

ing behavior of vertically mixed structures with up-
per steel and lower concrete substructures. The Struc-
tural Design of Tall and Special Buildings, 26, €1392.
https://doi.org/10.1002/tal.1392.

Pnevmatikos, N.G., Papagiannopoulos, G.A. and Pa-
pavasileiou, G.S., 2019. Fragility curves for mixed con-
crete/steel frames subjected to seismic excitation. Soil
Dynamics and Farthquake Engineering, 116, pp.709-713.
https://doi.org/10.1016/j.s0ildyn.2018.09.037.

Bahri, F., Kafi, M.A. and Kheyroddin, A., 2019. Full-
scale experimental assessment of new connection for
columns in vertically mixed structures. The Struc-
tural Design of Tall and Special Buildings, 28, €1629.
https://doi.org/10.1002/tal.1629.

Moradi, E., Naderpour, H.
A. 2020. An experimental
strengthening of RC beams
technique by  embedded  through-section FRP
sheets. Composite Structures, 238, 111988.

https://doi.org/10.1016/j.compstruct.2020.111988.

Ahmadi, M., Naderpour, H. and Kheyroddin, A.,
2014. Utilization of artificial neural networks to pre-
diction of the capacity of CCFT short columns

and Kheyroddin,
approach for shear
using a proposed

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

subject to short term axial load. Archives of
Cwil and Mechanical FEngineering, 14, pp.510-517.
https://doi.org/10.1016/j.acme.2014.01.006.

Naderpour, H., Poursaeidi, O. and Ahmadi,
2018. Shear resistance prediction of concrete
beams reinforced by FRP bars wusing artificial
neural networks. Measurement, 126, pp.299-308.
https://doi.org/10.1016 /j.measurement.2018.05.051.

Ahmadi, M., Naderpour, H., Kheyroddin, A. 2017.
ANN model for predicting the compressive strength
of circular steel-confined concrete. International
Journal of Civil FEngineering, 15 — pp.213-221.
https://doi.org/10.1007/s40999-016-0096-0.

Pachideh, G. and Ketabdari, H., 2023. Investiga-
tion of the mechanical properties of self-compacting
concrete containing recycled springs;
mental and numerical investigation. Furopean Jour-

nal of Environmental and Civil Engineering, pp.1-20.
https://doi.org/10.1080/19648189.2023.2169355.

M.,

steel experi-

Bagheri, S. and Tayyari, F., Evaluation of response mod-
ification factor and deflection amplification factor of
steel intermediate moment-resisting frames. Sharif Jour-
nal of Cwil Engineering, 33.2, pp.119-128. [In Persian].
https://doi.org/10.24200/j30.2017.4561.

Fadaei, E., Shakib, H. and Azarbakht, A.R., 2019. Seis-
mic performance of dual steel structures consisting of
non-geometrical irregularity along the height. Sharif
Journal of Civil Engineering, 35.2, pp.107-120. [In Per-
sian]. https://doi.org/10.24200/j30.2018.5396.2238.

SeyyedKazemi, A. and Rahimzadeh Rofooei, F.,
2020. The effect of angle change of diagonal mem-

bers on r-factor and collapse fragility curves of
mid-rise steel diagrid structures. Sharif Journal
of Civil Engineering, 85.2, pp.39-51. [In Persian].

https://doi.org/10.24200/j30.2018.5434.2245.

Naderpour, H. and Mirrashid, M., 2020. Moment capac-
ity estimation of spirally reinforced concrete columns us-
ing ANFIS. Complex & Intelligent Systems, 6, pp.97-107.
https://doi.org/10.1007/s40747-019-00118-2.

Hoseini Vaez, S.R. and Karimi, F.; 2019. Optimum de-
sign of steel moment-resisting frames based on perfor-
mance levels, using target roof displacement criterion.
Sharif Journal of Cwil Engineering, 35.2, pp.71-82. [In
Persian]. https://doi.org/10.24200/j30.2018.5196.2212.

. Fathali, M.A. and Vaez, S.R.H., 2020. Optimum
performance-based design of eccentrically braced
frames.  Engineering  Structures, 202,  109857.

https://doi.org/10.1016/j.engstruct.2019.109857.

Moradiyan, M., Pachideh, G. and Moshtagh, A.,
2022. Study of seismic behavior and development
of fragility curves of divergent braced frames un-
der successive earthquakes. Journal of Structural and
Construction Engineering, 8, pp.156-175. [In Persian].
https://doi.org/10.22065/jsce.2021.263292.2315.

Tobber, L. and Yang, T., 2021. Seismic design
and evaluation of controlled outriggered rocking
wall (CORW) using equivalent energy design proce-
dure (EEDP). FEngineering Structures, 247, 113194.
https://doi.org/10.1016/j.engstruct.2021.113194.

AA

5lops S Sl ey

obBea 5 SUS gul/ e ot ek 3



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

A4

Yang, T., Qiao, T., Tobber, L. and Rodgers, G., 2022.
Seismic performance of controlled outrigger rocking wall
system with different energy dissipation devices. Soil
Dynamics and Farthquake FEngineering, 155, 107179.
https://doi.org/10.1016/j.s0ildyn.2022.107179.

Kiani, A., Kheyroddin, A., Kafi, M.A. and Nader-
pour, H., 2022. Seismic fragility assessment for
mixed concrete/steel buildings considering the ap-
propriate position of the transition story. Soil Dy-
namics and Farthquake FEngineering, 163, 107552.
https://doi.org/10.1016/j.s0ildyn.2022.107552.

Kiani, A., Kheyroddin, A., Kafi, M.A. and Nader-
pour, H., 2023. Non-linear study of the method
of transition in mixed concrete/steel structures. Soil
Dynamics and FEarthquake FEngineering, 170, 107925.
https://doi.org/10.1016/j.s0ildyn.2023.107925.

Elkady, A. and Lignos, D.G., 2014. Modeling of the
composite action in fully restrained beam-to- column
connections: Implications in the seismic design and col-
lapse capacity of steel special moment frames. Earth-
quake Engineering & Structural Dynamics, 43, pp.1935-
1954. https://doi.org/10.1002/eqe.2430.

Ghasemi, M., Fanaie, N. and Khorshidi, H.,
2021. Seismic performance factors of a dual
system with IMRF and cable-cylinder bracing,
Journal of Building Engineering, 39, p.102309.
https://doi.org/10.1016/j.jobe.2021.102309.

Ghasemi, M., Zhang, C., Khorshidi, H. and
Sun, L., 2022. Seismic performance  assess-
ment of steel frames with slack cable bracing
systems.  Engineering  Structures, 250, 113437.

https://doi.org/10.1016/j.engstruct.2021.113437.

Committee, A.; 2019. ACT 318-19: Building code require-
ments for structural concrete and commentary. Ameri-
can Concrete Institute: Farmington Hills, MI, USA.

A.A. 341-16., 2016. Seismic provisions for structural steel
buildings. Chicago, Illinois, USA: American Institute of
Steel Construction (AISC).

ASCE., 2006. Minimum design loads and associated cri-
teria for buildings and other structures (ASCE/SEI 7-
16), in, American Society of Civil Engineers.

Mazzoni, S., McKenna, F., Scott, M.H., Fenves, G.L.,
2006. OpenSees command language manual. Pacific
FEarthquake Engineering Research (PEER) Center, 26/,
pp.137-158.

Kheyroddin, A. and Mashhadiali, N., 2018. Re-
sponse modification factor of concentrically braced
frames with hexagonal pattern of braces. Journal
of Constructional Steel Research, 148, pp.658-668.
https://doi.org/10.1016/j.jcsr.2018.06.024.
Mashhadiali, N. and Kheyroddin, A., 2018. Seis-
mic performance of concentrically braced frame

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

with hexagonal pattern of braces to mitigate soft
story behavior. Engineering Structures, 175, pp.27-40.
https://doi.org/10.1016/j.engstruct.2018.08.036.

Mashhadiali, N. and Kheyroddin, A., 2019.
Quantification of the seismic performance fac-
tors  of hexagrid  structures. Journal of
Constructional  Steel — Research, 157,  pp.82-92.
https://doi.org/10.1016/j.jcsr.2019.02.013.

Mander, J.B., Priestley, M.J. and Park, R.,
Theoretical stress-strain  model for confined con-
crete.  Journal of Structural Engineering, 11/,
pp-1804-1826.  https://doi.org/10.1061/(ASCE)0733-
9445(1988)114:8(1804).

steel

1988.

Askouni, P.K. and Papagiannopoulos, G.A., 2021.
Seismic  Behavior of a Class of Mixed Rein-
forced  Concrete-Steel — Buildings  Subjected  to
Near-Fault Motions. Infrastructures, 6(12), p.172.
https://doi.org/10.3390/infrastructures6120172.

Vamvatsikos, D. and Cornell, C.A., 2002. In-
cremental  dynamic analysis.  FEarthquake  Engi-
neering &  structural Dynamics, 31, pp.491-514.

https://doi.org/10.1002/eqe.141.

FEMA, P, 695, 2009. Quantification of seismic perfor-
mance factors, FEMA P-695 report. the Applied Tech-
nology Council for the Federal Emergency Management
Agency, Washington, DC.

Jalali, S., Banazadeh, M., Abolmaali, A. and
Tafakori, K., 2012. Probabilistic seismic demand
assessment of steel moment frames with side-

plate connections. Scientia Iranica, 19, pp.27-40.
https://doi.org/10.1016/j.scient.2011.11.036.

Naderpour, H., Kiani, A. and Kheyroddin, A.,
2020. Structural control of RC buildings subjected
to mnear-fault ground motions in terms of tuned
mass dampers. Scientia Iranica, 27, pp.122-133.
https://doi.org/10.24200/sci.2018.5600.1365.

Hazus, M., 2011. Multi-hazard loss estimation methodol-
ogy: Earthquake model hazus-MH MR5 technical man-
ual. Federal Emergency Management Agency: Washing-

ton, DC, USA.
Baker, J.W., 2015.

function fitting using dynamic
analysis.  Farthquake  Spectra, 31,
https://doi.org/10.1193/021113EQS025M.

E., Broberg, M., Shafaei, S.,
Bruneau, M., 2021. Seismic
sign coefficients and factors for coupled
posite  plate shear walls/concrete filled
PSW/CF). Engineering Structures, 24/,

https://doi.org/10.1016/j.engstruct.2021.112766

Efficient fragility
structural

pp-579-599.

analytical

Varma,

de-
com-
(CC-
112766.

Kizilarslan,
A H.

and






VoV L) (i, ples ouwdige

(Ltags) AN pas N e )let o s

a.rezaeisameti@basu.ac.ir

S seS s (asps Ao BT s JES) Jpmn paiensll & s
el a i Bl5 e 53l SRy o sl baosh Vb Skl ol JBs
G b o) OIS S G2b Gl b wnti s 5352 el e Dl
e adg amsile b b TL(Ye V) Slials 5 ooblS e ulal ol s
Shes 5 9315 413 b St b a2 gl S |y pasinadl] o5 st b
75 Sl ol playl Sldllan .58 ey |y sSa slagldl s (550 S
bS5 o ol u-iﬂ-w 4,2 351 Olee & Uit adil s (5331 31
Slsea aS K Ssbal g bl ‘f):;':“)ﬂ T ek 035581 L (Y1)
Lt 5 31 Gl sl (31 T (b5 s et ) s 1S
i b oy (8L s laas o 55 spdentS) LG Gl sle oS sl

b 45 LB ol

g;‘):-'*:.“"ﬁ” sbpgs SOl Lo, )
Gy EpSBa b g peSS (905l o

Original Article

SF A aSad

(Sbotwt)  olo Loy pol
1o i e 52 olCEI1S ¢ guigo SEUKLIS (Ol  quigo o9

sl b ssler il chal )5 S stea g Jlas sl agteadl] slaps

39y ol S8 & am g b slsa 5l @i ul 5ls onasta glas IS il
il 6330 pamia sl Sy (S0 alr > Canslie 5 e Gile Gy slasjis
3 Sy wloasd Gly (Sray RS g o2l gl s
wilewdae s Y lac bl oS el ens slgniy sl slapsisl

il slalys Cals y bojis soslil b JBa b ol bt sl sl
sbad sl (Fsans o Vb 215 5 e Sily Jool s 515 106 &0
p5556 b (Sl b, el aByll sl b gt 15856 slay bl
5 I Sy G Sl sl b )55 )16 55T 6 oo
S olely daag ol s ol ot )y BAM Sley Josly

Gyes & (Selaled JS2 0k s Bld Susgy &json i L sjlagSon

5 B Ohe  bapsisl (SGSa L, W Saaly Kby b el 028 Jles
S ‘&&J:‘:bﬂ @B b e lalS Jode anlin g Canladsn [Hl5S

el agadll ddie gl sl s (S5ay5 o2y b cobls

(SJ.LW‘.JJA ‘L;};)J) L;.LMS\...L ‘r):L:A}JT r;é_,;t Lue.i).}ﬁlw« J.nL»' ‘5.&.1; OLSJI)
S (55 SS (ygajl Jihiia slga il bl

FURYVIA

il g oS izt Slabas ahon 51 Y pantiadll 058 sain b il sla S
bl slalas ;s besSlie wilu i slayles pliea plasle cus s
sl bl sl aws ol G & dgt eslinal e 3 peimen 5 bl
2oy Caplin ol e 0jy 4 aas b plinle Cuto )y (aaile
bl 3 asaasdl slaps VL Bjs & o Sl 3 5 ym]
il 3l oaliel iy el 1 g dalys ey 3l cstags G20 55l
Gl o 5 Shae 3goy 5 gLzl (sjla2ms 13 (5350 GRE Kl5sn ysS0a 05
o b ol lapss W5 <k w5 8y pe Sledllas ulaly S
eSS Gl ()Jlg\% bl elapss Ll o S Gl 00 @ls olaiil y saes

Ao V’/F/fu:ﬁ.i;‘)fﬂ 1’/)’/1’?"4.})4.4/111’0 I’/I’/M C,Jéj) CJLI

e ool 4 alzal

ANFe Byt plas owdipe (28909 AuaSE Sy S b (5570 S5 5n] s sosmead]] slpss (S ) )y NPV Gl (le sls,

DOI:10.24200/J30.2023.62214.3215 AA-4\ . ow




@l x4 shl e gilad s sl Jols bt o, len A o ulg s

LI S WAL

(SP e EhwaSd
(s Jobine layliale sadsl sy St sl (sly 0 oLl S &85l
ISy sba sl o slgty 5l Stagy g ke claty,
by ilaand €83 5 o 3B Glapsisl adsl i S A5 o0
sl oAbl sless 3,13 (gl Conel (3l Jiuhina (sl b L sLon
bl sz ek Ll 35y Kby (OB ok e bl
5l eslaal b LGAT s Se Mg &l oolel Sl slse Sl s ol o

L5Lhu‘"“}) 22 s

wilsy 53 YU Jles Sllma sy S5 3k 53 5UT a0 JL«;C‘
slys dikiia 5 izl sty S bl sl solgiey slagty, dhan 51 100
OhSan 5 5k baug oSl (S5nys Sl oy, Sl eslizal (b f}éf“
G i il sdd oslinad S 0356 a5 sl MY Yo, YoY)
iloied sy Wb Sty al Sl 3 mdin By b
RSt Sy (5584 il saddlln ;3 ulad cals 3,13 OB (slap s
doolo @l 83 5 (g pansll lapsi 6 syl bl 15 sl 35
AT s b entolnyl sase SilSa pols 5 s Sy anlin b
Gl 02l el
0 Ol et s Gl (Seas sauaSd Ly gileesly Sl
O orbly 5 gl bl il ol Gilhe & 08 e edalia VS
B s Sk sl ol o8 s sl o gty Ll (5in)y suaSe
YV R P T B E PRSI o I BN AR P R E P OGN [ PR
L slas (£33 flf FERCo BN A K H N W (OO P U P
sl el g0 4 b BB ol 308 e bl dsad JaDy s sl
o Aol S 2L K50 mhe by S0 4 Sua5 b by
Sidshyse Ll J3 eaS S lalse alen Sl gl slas 5 sl b
(093 Gl 53 el s ool L ulal, T rl_fJ: Gl o5
sbadSs Golaly et ol 252 g sl €9 59y 1 (S8 AuaSeS
@i bobs o)l (B adioe Sose plinprad Gl gmads
dos cal Bt e 438 55 (sdman planl Spson (Ssa (sKedSd )
el -3)333(;*' o bshs Job s }W&, L cuu oS o2 b
Obe 5 oyt LSU"-“' J}; 5 bl 1 gl el 5 5 550a sl S
By ‘,P' g ) L..Lg Sl oy dism s bejis slaazS 5 Ll
S 3 S flSJI sdal Cawday plal Jals o oS (il JulS sl
bootey onl asdse sbnl IS il Indis Sl b a5 Gds
iz B sl slal e Sl iliie Jale S5 U5 Sl & 425
Slgso 5 b (I Gileesly bl )b | e e slaa sl 5 o5l Llg
salie S 88l prmen Msgs o] Gl sbase s h
3 it pealin (5580 Ly Sl o (Fingy SISt By 5300
ol adlas 3 S slnl dge sl |, S sl S50 oS ol

el lapgisl sadsl i S sbul Gl (Sras RSt Sy

(;nlix.iLAJT Sldlas « agiasll slapss o35S slas, 8 4 ang b

SISl Lubs o poniadl slpsd (SGl L) ores sly (s34
S8 S, BLLY AT Sl 5 ¥ bl el s el e plonil ki
LAY NN o lSan 5 TG 3,8 gy L8 505 e ]y ageicadlT slap b
sl o555 sl Qda b b s bass Blol Sl esliad |
03 pseedl o bl 53l S gl sbesalin 558 s |
ks sbaggel s T(¥000) 0
raeasd] slapss (Sl ) u%s'c))éi‘ r e Seld 5 (St
b slapsd o3 GRS 75 S Cibyn 5 el Wl s wisl ode cd b
N Vg N WX W AP P PP g S AP N - A
W5 ol el bl s @5 30,00 e i b gl Sl s )l

silige b gl LY ey ba s Job

PGS PN PPN oS o RPN+ SN Y [ PRI P PO
B YV Sen 5 Al 5 (Yo YY) S 5 Vi (Y2 V) ol Sen
bl b ol Sl jolsx 5 s b slel s plaeis b agial] T
A5,
slapssl (Sl ks, AELLT e Vb s 4 a2g b
S S5 Gl b ll plssa S5 30 sbasilaand (asioasl]
il b (sSsn Scalus Gy 352 48 8l 3 sl jl s ol sbzl
Llgsn any ol oo Sl a2 la gty des SIS cds b besyss
r Gl PSS Salis Gy S s ail awtly b s Shee
Joboze sl 5l s eyl s Sy A5 psteall 035 (SSIS b3)
5 30,50 5338 Oldlas s (Spsba ol Genl Bl s w3l ol
Sl sadsl s S pphien il slagty sk slapssb sy
el (Yo o) LSan 5 Y gl S ol s sl slgo 5l dis cpl sdmgy smdkin
2 Y8 phlSan 5 M ety 5 DY) Gl 5 V7 S
mLmJ,Ja_., ol Gly 3 5 3T s s 536 ol ek siee
S5 Uty a8l plis 5o PTI(Ye V8 oL 5 VTS Slallhs 5 S
bl S Jow | il Jobos jlale gy canlin gadyl o S Sl 50
El b mgems i Gl Ghg) L oedd sbnl gladise Sl ol
e8I L 55,8 sl i 51 PTYo V) oy Sen 5 T, 5 UA@\..QL«J'T
sbaase s S amslie L5 S el Uxkoos jlall 0dg Gl sola
2ol Sl Sk dap gl (aBall s Loz S5 2y, b edd 45
LY NA) b 5 Todll g el 6 slap b s Sy 45
dsb b esbisl (g loal o R oS (553 ol 5,5 L
53,8 3lul ] 5 (slapsi st sadsl il et slacag by <ol slagse
(S et Gy oelaly POI(Y Yo 5 YoY) GhlSen 5 05k
s Al gy oS 2zl 5 S abnl [ b o556 sadsl bl
oobs -3l ¥l b5 Db 56 ke b L syl s Sey 45 sl
g 15 Gl (S XSt () xS ol sanllas s bl
b Ll Sl ol 5 s Sy B Sl Jols sladipes paaddl p5isl
e Olo @ 93 Ui s el s Skl Bl e Al =l
Gl 0dl sy (S5a)y S ulaly o35k sadsl s S sl
Gl JBa b slasiges cmlu 3 Sgiayy sanaSed iy (2bls rmed
Gilwdds Sl g b )3 5 (o iz Gla)lys Culns 5 baesis
Sy Salis Sy el ppiaadl il Sl

sl 00 A’J

qy

ko 2l ol agicad] Gl (Sl )18, (o



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll Q\f.& (e

J_-i:'__:_'- Lol slawl

0yl

pi ol @l 3 2 IS arSI I8 i i IS 351 Bror o 53 oS
Bij 57 51 bl ge dhols lay iy ol @l 26 S S8
saluly Gilhs Enlpli 3l (sl o2 5500 5351 Fl 5 (o3l et (52003 93 G225
o s G588 ol i il i 53 Jols EAM il )
ol sl | el slajiiS) sl (s S Blat (Gl (£33 Uiy 5 Calagd]
ok bag oaz bl bl 5l ol Gragy 53 MMssle o als EAM
L BAM Lily (elly pgvadll sibadin sl (Yo 0 )Y ot
ol 80
ilead as S5 55 zaglh VF slal b (S xS &) gty sl (sladges
Sela b pgadl 3k YOO syue oSy s Jbis gy s s
D53 Sudg Sy g b 3 digad 5jm Iuld dizs Sl S
5 Gbase & et Skl st o 5l dols bt b el sad 438
oLl 6 &jsma plsn | oad sl sdiges GGds Oyle 4 il wil |,
3 g 2.8 53 sl 0056 Sy S 51 (RVE) dgs o
Lol ot b diged 1l o a5t Ry (mlaly adsl sz S sl
Wi b le 0ds 5l G gsbine ol ly 3,505 b e o Jhoe
SiltinaS Jal 358 a S il S L5 5 Lma (slos )3 aised (55
4 (NVT) loden (HJ.JL...JT) PRSI S0 Salis Ldov b g5l
Y0 &ds 4(NPT) GJL:.APA - @.L«:[,A SN s 9 4B YO s
Sapdise Dope s 4 il ilednaS uld 0,0 e 050 4ilS
Sl obl 5o ]y ol s saas Sl g Saluzgas sl by
38 3 US i sl b LSl 1 Gy ey Sl S a L
G 2 S8 Jleel e 298 oo Jlasl e (5 yLiden — plesar
ibedds sy TV NVA) gl 5 T L e ahl (2, b Gk w5
SIS Ll ool shinn (hay cal s> ol dpdy o o psb
23 3shge Jlel Gsal p dlosa g Ao o O pson S8 ((Sbuled
Sy 4 S V ploy Sde 3 oo e 4 G258 s IS0 Sl Al e

AR

o s slod 53 T (PS) ailsS ) Sl 4 Agel e 5 395 o Jles!]

4y

(ORI )

(PP S iy b ol s siledee olde N S

0 byl e slea 1 s opl iledda j Sl 2y, Slls 5 ealinl

R

SN Sealus iy @ 3k iludas ol Y
saa; > S s o wlas dex Sl asiadl Glaps K5k
o S a ams bdiyls ondate slas 8 aushile sla bl dle (il
S Ll (SSlSa )8, (5 ci bt (o bapss 34 anis
Jalse 35ms 5 aBiiljl Slalhs (YL a3 & amg b canl Copurl 5l
O g 3 iladde e gty Sl eslinal e 1380
Solis gy aal ails slge sl anws o) (Solo ks, cabd )5 shwa

JoSJ 50

&8,
Gam syl (s Sy 1l ( (JsSdse Salins G2y 55 3l ol s L g
Jals sladsles alaly G 05350 dbel o anb Jlale b el
@Sl e dg0 JS2 s wsn e SIS sty by b3 S

J-:mt.‘: wt‘a gl};ﬂ‘ K] 4:.1}' 6.&..145\:.: JL’:._;“ (J:.'>| U’:JJ BE 'J}‘:'Lfd Tad%s

Gilwand Gl Wb c8s 5 bl oS canl o3de a2y, ahes 5l

S80ker 305 (5l xenl SLS Gy QRGE G35 Cro§ Gl (o5l o
O b opsigl Jxls Jlale g Se ool adlhs s ws o lal S
i VT EAM (5] ety 5l et 5 80 S (S sHuaSe
G bl 5 €8sl end nalizal pyadl ol o GRS bl
Sl aaate Sladlhas 55yl byl ludia s BAM Lty
o N byl olaly SUS o G258 EBAM Ly s M el oz

-

:)).«/LSA
\
Lot =5 Z bij (riz) + Z Fi(pn.i)
i;i]‘
pri = pi(rij) M)
J#L



YD) oplad 4 gas (0

) oyled & gai (o

K1) 0 plads a5 ()

Vg5 Vo (@ VO (Gl alas B slass bp a0l Vo s b (oS (53, 2 (Sans sowaSind Jlos] ¥ JS

AF) oyl & pui (0

HY) o5l &g (o

(V) o plat 4 gas (Ll

3] Sl 5 Lo sbos 3 ol bl Sl e Lf‘%“.'-?"ﬁ” L;L&‘a‘,é Jrdse Ll adsl oo S Y IS

huaSet boha (Jakie pgigl by sbul shiea il S, «
G 35 b plaal & et R 55 eadil Gl Gl S5
dodis Jlale 0,8 a i planl ol 3 & S Sl plagion B b
Lma sl o ilalal Sl e dib Jlale i S a0 e sl
edldds Gk lhases 58 e salin VIS s el S LS
xS e gl r,f VEY 5 VE A G JBs Gl s s
s o paeedll (B smys Bo 5 00 P oles Ly S wilesy
sl
badoys b bapss sl (Gbl5 ol (2e) 050 sdalin S £5 L
ol bl wdd il dy 3 )l gmba | cilie b JBs
CLl b oS il o3 0280l Vo bl g gl ejim s b e
bocaal oad Gime S5y chueSed Jsb 3 Ll Slak oy 5 Lo S ples
S, 5385k Jolse Sl Loy (so5lail 5 90 (JBs Sl 4 4y
b soba Slge S0l ) Cohl ool (e pha) s 3B slapgisl
inyse sl Sy b ke Jliale oo S plad 5 end sl e o
Gl SnSis 5 a5 bl daejinm slaylys ¥ USE s s S g,
sl sbpgisl (Bl Lbi b Gl gasge ul & lezln @b
bl 55 oS kol Ll ss)y seSd Uhyy 4o Msbe cul
o305 53 b Loy 5 (St plgse oS b ol o ol s byl

Byu 3 Sealus JUT S2alS & o amgy oul 3,850 13 T il sl
ol a0 Gt (Sbalans Sl o Sua5s |y ISk 2l 5 3520
b ISse Sl bl ol ol aslllas 53 S el 0¥ Sk
. [rv] Y¥

uJ}-& ¢

wpdy il M0l Sema sl Sl eslinad b 3 mls gmpp 5 €35

e 3 b3l 5l eslial b 1T (f) aibsed \ il o8

Gl

Tou @lﬁ X
sbal Gl (Sray RSt Gy ool gadlas s s 5Ll S S8l
IO RN TR I P R ENCEIP O NP
Opliis (F50)y GHwaSeds aw Guasl VP slol b (S S Gdigel 4w )
xS Sl ealinml b isays sbasuaad ¥ U2 s el odd glamsls
9 Ve NGl w4 ol Gladss js a5l e sdaline Gz ol
b plhe ol ooz oslizal  sgy)y sduaSl adg sl dalas gab ¥
Gl sl casty sla gmskis slis (bl sl Sbil b oSk IS
Jlia e s grige ol o il wil (2ol gl Lasie cojlil
S 55 by ab sl Bl bl s sl LSS K5 g psist
s st s S boha b sl wals SaSs b S sehsls

Q¥

ko 2oy ol agicadl sl (Sl S8, (o



\ ‘5=JL~..‘, o S0 ,95 x(\f“\"ﬂ.ﬁ) i ;J\f.c (e

r.
Yo 1.
Yo
L A
F i i
_i_') ¥ 'JU ‘D
% X 2
2 2 I+ [s) ¥
“ 18 | 3
Y y o v
Yo
o h ¥
¥ ¥ 5 A Ve 4 \ ¥ L AW R ¥ v 5 T
P R B S e sl Sl e 4o
) o)t 4 (o €Y oyl L5 (o (1) 0 lat 45 ga (il
Av

MPa = ,(T,) 5
-

(€,,) 455 daays

,,(MPa)
s

- 4t ® o v <

pareasl] 0380 43 (A5 p g s 500 et @ a3l RS (ge)] ol ¥ (gl (sl S-S Sl l3ge0 .0 JSW

b Jrals boja (4151 o-“g\‘t G L bylases Sep lie oS 552 g
ojim G2l b b slal JB sl il S5 50 al cal oS conn
b

25 5513 (5mecSS pe] ot el sladigal (a2 5,L21 &5 &S L
PSP AK S S YV I LSNP S-S A Y ] [ O L DR
S By 358 g0 e dali 0oz RIS lly )3 w3 A5 s sl
Jols St ke slge csly (2 8ylojl s b Gollae (298 - 25 a5
5 ot (V2 GRB3N L ehan s (Y (s pleaS (Y iedanl f
1Sy L g o G5 g5 e bl sl elaly M Jhs e (F
St b 5 b Sl cepm b S2pes Jleel Lsa oS el o2y
Sl (Ssblas

o il dignd (sly A8 Gal s GRS ORS lage F JS s
S5 s 5 S 0s wll sl lagm Gollaa anles alie S0S0 L
B8 g s b 45 ol 2215 (pageadl 58 (Sl 53 s b
ly Iagde Kby (Jools b s 52 B She dlas Sl
53l o3y JELLES VY, Y 5 VY Vo 0L Ll cwisa ¥ I classa
250 by b oo Yo YY) (S by o alBtlojl saddllan
ol -l o GBS JSbBSVAE Y Ll ¥ gl & S JBs L

40

dobss Jlale S 550 0 sdalin ¥ IS Lulaly ez ol a8 Ll
Lis | s SIS il o (shome Lula s il lal 51 e Sl e
sbybale 2 GUls Ssay G gy 4 el ahl pola laly S
L Jol> dLﬁLS'\le_,S\;-: Geg 3)ls ) f}:...:.a_,” f_,syt uly [,E..At JETELH
313 s (IS Gl DM a0 356 51 ezl aBylosT sl JS2
ey 5o S IS 08 B S (sans ot slael olse bl ol s
5,8 Al
el Sl lase wadanle slagses Ll Jbale g m)n BCSo
Ol Golhs o5 550 0 ednlin F USE 55 Galis sladipes sly eles ©is
S5 el clbgga slye s dals 56 KLy oSl o35 slacSs baylssa
P PPRICERMIR SRSV 913 QEPPRION] PP WICN PR SUN PS>
el 2l 03y 2SI Y/AD b yly S et YTl FOC (568 o
S oS | e oS 558 o sdalin 5 eled C_J}S’GLQJ\;}N’J: (ol
Sl b Gt o cnal 0 S0l VA0 sl o Lo (Sen laylag
S o diba Sl S el T Sy podsn cal ol patadl eS
Lis | o o miial <o 5008 il s Sl anls
Jl)l..a:} c:t.; L wb—ﬂ Lﬁd;}&..l Curly U‘ll “'\“"J'fJIJ‘ilf. e 4 "\;l}:LSAJ .X,.Sun

sdalia ¥ US55 primen cand Mg T 3 50 1o sl a Bzl



oz olllslel bl olal culy bbga JRb3l Dud 4 Slalxe
Sl Slamia jlcwle WSl a )56 wjlil o 5 Sa S L oS sil 0
A &g0 o GLl o3l gl posaiys Mssl Jhisje osle
gl 5o JSSed e (2bl5 S 22k o 4 baeji oIl bl
DAL asl wals |y Jodsea sl |

4 4.\)4.-

Sy gt ez Sl Gl cnlia sl s sl ol el s
SBe) ol b5 3 o b Iy il slasslsl b plaaises (SolSa
o (Sl Vo spde s L) oLy slaejim cseslil 5 (FF 300 o
23 RS - G Ll B s Jeole ol caal edd ) S a5
sl V8 51585 aiges sly balsges ()] Gollas 4S50 o caalia ¥ ISS
ol 3l esls 7yl Lo s ls BodSo b simb b G
2 et Skl gl VP sdiges L 5l Jols b S sl glg e
3l | 38 Gladse

ool BLlE sl o S s edd ey sladige o Bos e
slal b pladses sl ol S 5b Ll ol Sslite badigal sanaSs
2 Saly pie Siby o by LS, L8, aiges gl V75l 2ty
Sy 3 3880 5 ol dule 53 Sos bea ol Sy HuiSed 4
5 (p5t (s (S8 L) Skt e 5l jle s slapsisb (SslSa
ol ol el Jole 93 51 28 gy suaSed b 5 Cenlaesis Geslal
5 phatab slaybale 5 BT sl s paieadll 05356 o el oY S
Sl auaSed pag ol oS )ls IS il

aab asls cusdly ol b

ot Gl 15 e

G pSenss .0

ozl Slaps gy dame sy, 4 ang b gl adlhs s
e by, gl e Jbale ladde gy o plasle o s
Ry ol ileesly s abl Ssan st LUy gshie ool Gly ol
Dot (5503 5XaSdt Gy ilmesly Sy sbar il odd ) porial]
Him Sb Sl bl ) 5 Byl & il aloe gy Jals sl
dals 3 ool Ll oliss e ¥t mls o0 s o fx,.:,a)lljls
o 0ol L ulaly aged 5y, » (Feapy AnaSed sl Yt
Mt plnml Ojson Sy ISt 5 i bohs b P oesd
edo] Cawday gl dals 5o o il JalS ksl 51 ala i Gl 0
2 Ssms RSt Gy bl boladde 58 L5 S flfj‘
5 i o3l e I aon Sl ediabagl sdpei 5o L Jalye S8
gy glay b boslesls plis 22y, 4]y b jim cslalys sla SenSis
b Bl s Sgas sasl iy elaly ead bzl
5 leand 2Bl la b gty Sdse Jbale b geniad
oS 1hiloas byl esle (28 sail ot edd W5 sladisa Sl LS,
5 2Bl s bl el U 51 ol b

slapsisl

Sl ealy glias
b GRS - G5 slalagei el iy sHusSd Gy (2bl 5 <> S
Lfd-’:;fo-,” L5Lh|’_99}‘\" (;\:JLS\A Slaxia BL) ()JL(% (_SlJ"“J J:.‘ut ngatz.a C,..a}

S VoY

e’ I

MPa > ,(0,) f5
-

a E D
(E,) 55 Ay
pPgl (S e lawige ol (8555 A5 Sl Slage F S
w3l (28 905l cov gl V8 slayl b s guivaa gl

A e Ve N S
wimimgmimin 1# 1M _aSe
e Y N a5
—_— YN S

MPa e ,(0,) A5

& \. \&

(E,) 55 ey

e P b g5l (oaSe (slaaigud (sly (25 5= 55 Dl g0 Y SR
sl 28 g0l cov LT Gk slal 5 /FF

JEabBENYY 30 3 ¥ sbgad sl b Jaho e Sy s (s Lo
Sy M_)sujj.a U.ALS\...JLA T ol ...«J.\ ol Cawday (sné_,».a BER)
0 ddds ladgel ) SO 4 Klg e Sl eny f"'."d’ ¢35k

LS Sl

Sy Jadss Jubsl b (JSba F JS2 s ea wl)l b ulul,

Kok g Sl By eal - nnl a8l G20l (hes G255 Kb Jyhe (B
Fokois slye Gogeni s 45 30,00 Slalllas 6,1...”; Ly,.x,; e
Wdabss Gulbsl edle (1S -
Cals (2alSl biye l5 o o el ail [2alS 55 wge platS o 2

oo sl lages bl J}M,u_a odalie
I s S el ¥ S5l sl eoa JBT bl 5 s laylgs
b &S sl e valin b laglus daps NS00 o cly IS
Sloa 5l aws opl oy Sy 4o ki L;Lm(;.,\:.g-.:.'.) Siboslaylps 4 5l
Ca
lagSad 5555 b il 18 S0 00 (g3 slagsilad e s S)sbe
O PR ACH S SR S Cypods Cager duw 3 digad (g0 Lyl
ez ol slal Julsl b cdls cpl s
sl L,

s By slel 5L OKs Gam sl ajle oSiaie g |y wges AWV

oS sl S eala 5l iy ges
Slaxda S5 13wl @il (bl o e eslil ol

4f

ko 2oy ol agicadl sl (Sl S8, (o



\ AﬁvL“-: fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

WL~ O Uk W =

MDD DD N D o e e e e e O
U W N = O WO 10 Ui W~ O

. Larner, M.

. Tanaka, 8.,

. Suarez,

me,u:a,sli

Aluminum foam
Liu

Tarner & Davila
Tanaka
Montanini
Suéarez

Pinna

Yang

Crowson

. Farkas

. Ruestes

. Mangipudi

. Giri

. Soyarslan

. Yildiz

. Embedded Atom Model
. Pun & Mishin

. Representative Volumetric Element
. Ensemble

. Li

. Pico second(Ye ~''%)

. Relaxation

. Femto Second (0.001 ps)
. LAMMPS

. OVITO

(References) @l:.n

. Hipke, T., Hohlfeld, J. and Rybandt, S., 2014. Func-

tionally aluminum foam composites for building in-
dustry. Procedia Materials Science, 4, pp.133-138.
doi.org/10.1016/j.mspro.2014.07.550.

. Montanini, R., 2005. Measurement of strain rate sensi-

tivity of aluminium foams for energy dissipation. Inter-
national Journal of Mechanical Sciences, 47, pp.26-42.
doi.org/10.1016/j.ijmecsci.2004.12.007.

. Nouri Damghani, M. and Mohammadzadeh Gonabadi,

A., 2019. Numerical study of energy absorption in alu-
minum foam sandwich panel structures using drop ham-
mer test. Journal of Sandwich Structures & Materials,
21(1), pp-3-18. doi.org/10.1177/1099636216685315.

. Liu, S., Li, A., He, S. and Xuan, P., 2015. Cyclic compres-

sion behavior and energy dissipation of aluminum foam-
polyurethane interpenetrating phase composites. Com-
posites Part A: Applied Science and Manufacturing, 78,
pp-35-41. doi.org/10.1016/j.compositesa.2015.07.016.

and Daévila, L.P., 2013. The mechani-
cal properties of porous aluminum using finite el-
ement method simulations and compression experi-
ments. MRS Online Proceedings Library, 1580, p.905.
doi.org/10.1557 /opl.2013.663.

Hokamoto, K., Irie, S., Okano, T.,
Ren, 7., Vesenjak, M. and Itoh, S., 2011. High-
velocity impact experiment of aluminum foam sam-
ple using powder gun. Measurement, 44, pp.2185-2189.
doi.org/10.1016/j.measurement.2011.07.018.

O.M., Estremera, E.G., Soler, R., Declet,
A. and Hernandez -Maldonado, A.J., 2014. Fabrica-
tion of porous and nanoporous aluminum via selec-

vy

10.

11.

12.

13.

m Ma-
pp-963042.

Advances

201/,

tive dissolution of Al-Zn alloys.
terials Science and Fngineering,

doi.org/10.1155/2014/963042.

Pinna, A., Pia, G., Casula, M. F., Delogu, F., Sogne, E.,
Falqui, A. and Pilia, L., 2021. Fabrication of nanoporous
Al by vapor-phase dealloying: Morphology features, me-
chanical properties and model predictions. Applied Sci-
ences, 11(14), p.6639. doi.org/10.3390/app11146639.

Yang, W., Luo, Z.P., Bao, W.K., Xie, H., You, Z.S. and
Jin, H.J. 2021 Light, strong, and stable nanoporous alu-
minum with native oxide shell. Science Advances, 7, p.28.
DOI:10.1126 /sciadv.abb9471.

Crowson, D.A., Farkas, D. and Corcoran, S.G., 2007. Ge-
ometric relaxation of nanoporous metals: The role of
surface relaxation. Secripta Materialia, 56, pp.919-922.
doi.org/10.1016/j.scriptamat.2007.02.017.

Farkas, D., Caro, A., Bringa, K. and Crowson,
D. 2013. Mechanical response of nanoporous
gold. Acta  Materialia, 61(9), pp-3249-3256.
doi.org/10.1016/j.actamat.2013.02.013.

Ruestes, C.J., Farkas, D., Caro, A. and Bringa,
E.M,, 2016. Hardening under compression
in Au foams. Acta Materialia, 108, pp.1-T.

doi.org/10.1016/j.actamat.2016.02.030.

Mangipudi, K.R., Epler, E. and Volkert, C.A., 2016.
Topology-dependent scaling laws for the stiffness and
strength of nanoporous gold. Acta Materialia, 119,
pp.115-122. doi.org/10.1016/j.actamat.2016.08.012 .

14. Giri, A, Tao, J., Wang, L., Kirca, M. and To Albert,

15.

16.

17.

18.

19.

C., 2014. Compressive behavior and deformation mech-
anism of nanoporous open-cell foam with ultrathin liga-
ments. Journal of Nanomechanics and Micromechanics,

4(2), p.A4013012. doi.org/10.1061/(ASCE)NM.2153-
5477.0000079.

Soyarslan, C.; Bargmann, §S., Pradas, M. and
Weissmiiller, J., 2018. 3D  stochastic  bicon-
tinuous microstructures: Generation, topology
and elasticity. Acta Materialia, 149, pp.326-340.

doi.org/10.1016/j.actamat.2018.01.005.
Yildiz, Y.O., Ahadi, A. and Kirca, M. 2020. Strain

rate effects on tensile and compression behavior of
nano-crystalline nanoporous gold: A molecular dy-
namic study. Mechanics of Materials, 143, pp.103338.
doi.org/10.1016/j.mechmat.2020.103338.

Yildiz, O. and Kirca, M., 2017. A novel atomistic mod-
eling technique for poly-crystalline nanoporous met-
als. In: Proceedings of the 32nd Technical Confer-
ence of the American Society for Composites. DOI:
10.12783/asc2017/15307.

Nikravesh, Y., Sameti, A.R. and Khoei, A.R., 2022.
An atomistic-continuum multiscale analysis for hetero-
geneous nanomaterials and its application in nanoporous
gold foams. Applied Mathematical Modelling, 107,
pp-353-378. doi.org/10.1016/j.apm.2022.02.029.

Henz, B.J., Hawa, T. and Zachariah, M., 2009. Molecular
dynamics simulation of the kinetic sintering of Ni and
Al nanoparticles. Molecular Simulation, 35, pp.804-811.
doi.org/10.1080/08927020902818021.



20.

21.

22.

23.

24.

25.

Olmsted, D.L., Hector, L.G., Curtin, W.A. and Clifton,
R.J., 2005. Atomistic simulations of dislocation mobility
in Al, Ni and Al/Mg alloys. Modelling and Simulation
in Materials Science and Engineering, 13(3), pp.371-388.
DOI: 10.1088/0965-0393/13/3/007.

Khoei, A.R.; Khajehpour, B. and Rezaei Sameti, A.,
2022. Surface oxidization effect on the mechanical be-
havior of aluminum nanopowders under triaxial com-
pression test. Applied Surface Science, 606, p.154907.
doi.org/10.1016/j.apsusc.2022.154907.

Khoei, A.R., Sameti, A.R. and Mofatteh, H., 2020.
Compaction simulation of crystalline nano-powders
under cold compaction process with molecular dy-
namics analysis. Powder Technology, 373, pp.741-753.
doi.org/10.1016/j.powtec.2020.06.069.

Narayan, K., Behdinan, K. and Fawaz, Z., 2007. An
engineering-oriented embedded-atom-method potential
fitting procedure for pure fcc and bec metals. Jour-
nal of Materials Processing Technology, 182, pp.387-397.
doi.org/10.1016/j.jmatprotec.2006.08.018.

G.P. and Mishin, Y., 2009. Devel-
opment of an interatomic potential for the Ni-
Al system. Philosophical Magazine, 89, pp.3245-3267.
doi.org/10.1080/14786430903258184.

Li, J., Xian, Y., Zhou, H., Wu, R., Hu, G. and Xia, R.,
2018. Microstructure-sensitive mechanical properties of
nanoporous gold: A molecular dynamics study. Modelling
and Simulation i Materials Science and Engineering,

26, p.075003. DOI: 10.1088/1361-651X /aadb5d.

Purja  Pun,

26.

27.

28.

29.

30.

31.

Li, J., Li, J.,, Chen, Y. and Chen, J., 2022.
Strengthening modulus strength  of
nanoporous gold in multiaxial tension: Insights from
molecular  dynamics. Nanomaterials, 12, p.4381.

doi.org/10.3390/nano12244381.

and softening

Plimpton, S.; 1995. Fast parallel algorithms for short-
range molecular dynamics. Journal of Computational
Physics, 117, pp.1-19. doi.org/10.1006/jcph.1995.1039.

Stukowski, A., 2014. A triangulation-based method to
identify dislocations in atomistic models. Journal of
the Mechanics and Physics of Solids, 70, pp.314-319.
doi.org/10.1016/j.jmps.2014.06.009.

Kalpakoglou, T. and Yiatros, S., 2022. Metal foams:

A review for mechanical properties under tensile
and shear stress. Frontiers in Materials, 9, p.998673.

doi.org/10.3389/fmats.2022.998673.

Lurie, S.A., Solyaev, Y.O., Rabinskiy, L.N., Polyakov,
P.O. and Sevostianov, 1., 2018. Mechanical behavior of
porous Si3N4 ceramics manufactured with 3D printing
technology. Journal of Materials Science, 53, pp.4796-
4805. doi.org/10.1007/s10853-017-1881-0.

Khoei, A.R., Sameti, A.R. and Kazerooni, Y.N.,
2018. A continuum-atomistic multi-scale technique
for nonlinear behavior of nano-materials. Interna-

tional Journal of Mechanical Sciences, 148, pp.191-208.
doi.org/10.1016/j.ijmecsci.2018.08.012.

4A

ko 2l ol agicad] Gl (Sl )18, (o



(\Fo¥ Jle) (b lee owdige
Y ONVT4E L as ) sl (o (su s

9%

(o

sinamomeni936@Q@gmail.com
siahpolo@acecr.ac.ir
a.jahanpour@gmail.com

olbb slas 2 S8, QldS o by (6385 2yl el 0l
Sl 5L o Sl mba b JS2 5 WL sl 0 e )b
i Sl (ol w8 ki 51 IS, 5ba Mol r sl b sl ol
S Canglie & syl s 5 sl LSS iads Sl e i Sz 30
63 ol s sl LB g 51 )b, e WS 550 s
ehandy 3¥58 Gy Sl JSaie 5 b b g e Sy 58

P . .
doaie b, S0 b ol e 93 2 b o 6 4 S el )l (g

3 g9 g led oy g cazdlao

o Lhe\:..! BL .,\.J.Ad.e..u Ls.uJ}wlS
LS Susp 55 L

(.\.::)lea.:gk) Ls&.eé.n l@»
(atiat) * gbolos 5

Original Article

ledl cObwis AL alg> e ShiseT Ghduwdo ¢ oS dnans Goukiila

(ustwt) spoler Lople
0 oLt (Syloxe 5 Ofyes SOl

el Gl le s (),.,L> sl ply s plla (5lAP:'..A:M S 5l ‘_;\.: (s les
ppon b ojle (il G b ablie 5 ol la (B8 J2S edle oS

3 b3l S epn ool s bl 5l G e e G St

5093 Gl 5 1550 @ISl o biad 5o diaan (SujnlS) oS 3Ysh (2

P PR A RCOURES JON 51 30 P51 IO PR o5 R JNSCIW [ 0K WS
ETABS il 53 (b csalas Olil 5 i slael bl sl diases
Jled 4 s sdeass Shy les b Jou G Sl 08 8y il d s
035 gy 3 ldde eSUTBLS 55 ol 55 5 s oS deans 2y
Gy b 93 i Sy, cals el edd ) by des e

Cals Gl lys @3V Gy Bk So o s 1Sy, 5l eslial Gl o3Ys

Joe Ja3) SSSW Jua 4 o 92 bl oSsls ol b s las (338 G

S el asls SRl /Y00 | amio 55y sadyl e (SSCSW o
FAOe (S Susp g s e 53 3 b St ik sl SSSW Jua 4 o &

Bl el ol (les o Jlase sald) Slg conslin sanglin 5 5,5 10y Johsl

Sl LYA SSCSW s (sl 008 aslona 1 sl 5L 581 g5
el 035 SSSW. s

ddiote S V5 sl ST sl iz 5130 1S oS5
st oo b s b daad s

Cale o b dSa s i b Bl s plagsiy clea o lagjla
5 gl ge eolinl 5 5 gblu s slos 28 jsba sl sble
.\...SLQJ (_5IBJ'IJ 6LﬁJLe s LAEJLM 4 s.)_;'_, L_,\:...,T&QLSJ.) 6;‘;4 ‘_;.5.3 .\ZJ'_,:U.,a
LS Jos i shl plyea oS ¥ OB Gl L2y les (s
J:.S\..S l.r\:SuA J.&C- ngjl u)L& cl.{;.wé UI}'..C 4 S (;.JL;QL:.A L;JY}B RTE)

s iy 5
NFe I’/V/H’u:xizﬁl‘c f/f/m 4._'>>L4/41r° I’/T‘/V L’L‘J(dj) CQJL

el pl @ sl

Ok (omdige uL“f“g‘i’j 990 6J\.'\§JL3 oS aad s sdeaes GoisalS ads iy les oy e aadlas AoV Lo e Onoler s shelbw L abe

DOI:10.24200/J30.2023.62420.3223 AM\Y-44 oo (V)Fe wb o




el bl gl slrs g CL;.U oyl 2l SSSW | lgs <o 5o
53 ool ol ak s r.,....:JlS\A LSS 5l ey 5 JolS 5ad opmes 5l g
edle (ho! @b Glagsw ol Jlail) fslize e > Sewd Jb
LJLA:JIJ (5£>J:"C (54:.>L: 4 U}:““ 39,9 L (o “—f))‘ Sy u}:..u chin AS\:I
Co e gSs.: [;].A:.R:J bJL:l;'-..a 4 il US\M n‘)'l...« e (S J...a.ﬁ..a J:.S\J.:
Sl ol sl 5o 2 s S Canl ool SSSW slalys Sos
SlS5l s okl e s ey samins 45 Gyl S5 e S
Slaoge o GRS bl Sl prizer 3520 S T amins Sl )
RPSIPRISTRES L_j 39y L):".)‘ u).o‘
&S ol 20 (}JJ“ .;\:.:de\a_:.; Lf'lj J‘j.} JI [ELYEEY &}J «,.cl:» Jt,:/)a BL
sadedety o b ol alb y LS5 (358 Gy jl ol et 5 035 S 0Tl
b Sl bl s 0T soslicl y 3,5,5 4 cpizmen T (SSCSW) el
et ;5 ddeaes CSp 2y les Sha e s, ol o Sl oas asls
Jekos “L"wsujbs\w\ o3l b T islas o ()18l o (5302 &y gois
22l SSCSW sl Jus b e [, )y bocpands 53 .Gl 0al
255 33 slatlel 5SEBledd suypled g U5 (b 5 e
slayubl sols ks s 1 cl st plail (She dhoaes Jlus a) 2
[ ‘_,,}SLT Sy ;|J_>|J|Js|rjj| oalaal L L.ASJA J»:.EAA.‘;:SJ[,:)JJ [ )SJ
63V Adadns oy led Sl eslizal Bl )y 1556 5 sl a6 13550
g Sl eslial & v o5l (lacSw edle K15 o e ddaand by
w53 S sy ol 55 U Caglin TU(CSW) sl (2 (o2l
0l asllhs sla e 350 o plazzle 3 slos ) L;xllfdﬂ,; sallesl
Gl edd oslial i Culns [allgles oY 5y cubrs Jubsl: luls
L s U,:S_,) J| a)w_.zl_, ) g_BJL 9 J-\A BE &IJ Gé‘y_}s Gus L’y:u:l‘,:
Jaa Sl o el Gly sl Lt g 55 den Slys 3V Gy Sb S s
OiJ:["G‘ ASJ}.':L;‘: L)"JQ OTJJ &S ol 83 s3linl S paa - ‘_A:.MT
Skl o pad a sy GRS o 0 G b el e
L_‘ LSJ_’?J‘S\: JL.L; 9 u:....ts):l S oy ch: ASJ}.:AUA U.OJB JL:M leJ
(5SS SRS Sl 398 Gy o Syl Sis (et S Sleslil
Gam b sl Sl o Gba U5 e pae, B UBS - s el
Crrog Swainnl 508 Com b Kl5e on G e Joa Plis
BB sl Sl b Ul it Syl ls Sl b el 4281 0052

AP tos

2Ll USe @ (s b bl Sl eel) Ll S sbul (IS US2

potie 253 0 sial Yl o 18k e S s 228, 5 <) sl
logas Glee maiigs Slosl s oS canl S Nasl oo ieed) las >
nlin (5103 ) ol Logemin oMol L 355 o lie o5l g 3
Caaslin il y i a0V by Gl slaails (las o 35l oda <l
by B Sl eos IS s L e g o L las > e s
s slaesls [”]gy:ud. 0dnal o et Slon b (sl o e (2258,
Sl Sy Se35 i sy o was a0l Ll slaey a5l 002
e LSLA(;JUJLL:-! G 53 )l s ej sladily 4 cs slis
Ol o35 e sl 3 ekintn adicgr e ok Sl
US55, 93 Cod SSCSW 5 SSSW slawgal o2 5les 50 ol jlig s

09 035 e b s (0 i o jamalS 3V 0 led o el edd
6 es3¥sh (2 les (o bl bl el ol LS5l Sk 5 5338
Pl S o2l gy il Sl (sps o 2 (o o
oty Gl il B, (VFAA) oy 5 6 SLE dhan Sl o 0
Uiy Gl (30 Gamio Culs Sle Jalse 1y oy o3¥es L3,
S, Slania Gy 0 b on srania Caglie 5 bS8, cdols (o
ol (e S Bl 55 5 K0S ey (5 - 3 S 2Dl Sl
Jits 5 305 Sty (558 samis Gl & L Sae Sy 52yl
Gl e 3V Gy b aly BB L bbb S S
gl 53 a9y ¢ L8 Canglie iz b GRbl Ll 170 350 5>
w S o ol Gl s ooy s b 5 (s S S8 5 il
Ml e e o1 S Sl Gl 5 ole Canglie s (2alS
@35 ol slasy lge b Sie 2y les S (Yo V9) Gl Sk 5 KI5
s lge OB Sl ISt o aalS (63 Ll 5l s g5 5.\ (ESB)
Sob ol plal mbs 8sS hima | oy an)lom s el aale ox¥s
sl sl ol g gt ESB ey ad 35 5 A8 dpdiny b
ol eal slml )ge Ko jlge GULS Guper 5 e S S Glas s
Gled diged rpp ol 03)5n CSE L2 e 5 lge pie Llsay &
sbylps alie cuplin 5 (2 (S 5 (S Vg e Lo |
KLl il Jlasl S ol ol IS, d o dulge o Losss slea
aly dslize JSaes) 2 ol sly su 5l olyea (b)) glianio
3 b8 s gBul S cwlesls gl 4,25 1y 5wl iy ESB bl
4 S 3l sy s les 5l shde g5 Mol wals | cale cgiS
dehatas (5398 o8 ks Sl sl 253 e S A (2l O
ol ol slag i sloa o Jols gamio oS0y S i 551, T (SSSW)
Sl oY 2l Sy plsea y ol doate (£ 3) 56 slag s &
Sy amis Sde iy slalys o [D].sj.:w: RGN e g5 sl
alas Jobs 55 8 05 (g 53 o sahols S Sl oo | Sl pladlps
sty 53 0l S5 ks o by Vs Gy Hle il slsa 51l 13
omb = s Ghol 5 5s 4 Sl sdbega £ o5 0 Jlail 55 e
sbpldl) ol Gbpsivw b o8 G5 55 G sabols 5552 o rl;;;\ slas

() US2) sl I sl (s

" GageE gl b
1

AU

M bad 55 ddwaes Vg8 ap lps i N S

\oo

OblSan 5 (ese b /e 2l 63V (20 Llms ) s3de addlls



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.ﬁ) Ll Q\f.& (e

ETABS 5 (G (sadsl ol e sl Jleo slSon iy, e 51 elic
g VY o gab a gyl 5 gadan &) on sSda ejle a Lb
Ll 035 0 5 ¥ s 4 Y5 @ g s laalas slis e O baglas Job
TAee 315000 b g il sl b a5 5 i 5 Je 4l
Tl osg Mglante o ol s S 5 Myl il
Saplas r..c\] e ol Gl ks, o YA sl s oS
Hldie S8 4 SSSW 1 P e e g (Adeaes
MI(Yo\$) ASCE VY bl 3 002 syl 3955 o2 5las sl es3lgntey
O Ssibm el Cawsas Gla (A5 o @ am g b aaals] s Ll sl Gl
Sl 2 les Gy cubs 4 b, lge bds g g b
b Lo sabnly dbasbial 5 b lubal ;3 ol 4 25 b b ol 00
JES5 3 0N 3y SSSW s 5y cules @ Jales 2, CL:J..«
oslizal (V alal)) ATSC YN — V8 aab ol s oal wlyl sabl, Gl
baly 53 oS sz il Ero cnl & 2l ki ol s canl sus
&,5) &Sl 0ad eslial (5.)‘)!_,9 oo Li‘sz [,:.L...T uéja J| M\SO:.:T_).) CJA'.A
Rubvwe J.«Z?.« UI"\*T W;K\A O
YAQsin 6

ty = ——— \
Isin Yo ()
Pl b o el i b G228 gl ot o sl @l 53 &
sl (sly Conslin Lol oy o Qe ppiman Canl 00l @58 a5 s am s
oma VYLl ATSC YFN — V8 aabp] b oS ol 3¥5 2
JSJA 641..4[3 AT W u:Lﬁ:..;').:J L5>‘JL BEl JL\ZA L)‘l’“AJl &Sl 202
A ol sl Aléjfjl_;z} BE J:.AL;L:A Yooo &S .l Lchg O g 33 JSJ,« 4
tmlna Shou 56y 3 Fo Ve mm” Sl Jolas 2l tL:.L: Co b
el Polea o)l sesl )3 05 5 sl o sl 0 prien S
Slesloal b ¥ oy )les culbs (ulg o cul el (58 F0° &
$4aS ATSC YEN — V8 Gaabipl 3l cs 4 e Ao ¥y S sl
b Ll il o0l (s CSpn 3¥p 22 Jlen 3 Vo mm les Gy Culns
L;A‘)”} 63 s A U..oL& 64:“2..4}) [ IR (}‘:‘J.'Jlﬁi'} ‘\S\-i‘ 4 > g
obea 51 el 0395 of sy ATSCYFN =\ anlippl ol cule 4
R PSR = Sy (s 3 Gy Culis pleca fa e ¥
a4 b le Las sly ETABS Joa s bl o)l albas O S s

See e MM
oo MM

mm
Y4« MM

ror

TVE. MM

dehades oy led s caelbud a4y Aol i cge Sl salas Y S
g

Vo

Hlodd anslin SoSs b gl 5 43,815 JoS S5 5 s slaose 1)L
DFI(Yoo F) ol wbiad 5 5l Joe S (o s il ks o
293 Gl L5J|;\§JL6 SS9 Sl eslad b gk';’):‘é Sealod L5J|J‘§Jl€ o
b el a2 ol usSUT 31 s PLATSC asbipnl o5 5
soile So bl sl s a8 le e ld 358 Jols olbeeb
232 2 bb 5 iladde dieaes 3V (2n Lled @ sgme b A Gudan
23l odd sl Jobes s )lge el 11 Gy iled e ly ool
slaoldl 5 6335 Gy sl Sbinyse phie n 5 S0) &las sl g
Liles alaly 5 jladde sSLT s SSSW Jus plyea 5 ol (50
L5 SSOSW e S o PLATSCYFY — VP (S 2y s (b
b8 Su35 5 593 IS SSas by o> SSOSW Jaw gl s cnnl 00
Hleds anglie b b SSCSW 5 SSSW (sl o (sl lm 5 43 513
il Ol s St sl i sl b sla b sl litg o
3 0blE ledd s s 0 LS Gl 5 e p 25N e
SSOSW Sisans Sls 59 2 (s 5 33 sl ilol St o el
ol s 5T slena o2 LS ) sy ol eslial ol 025 oLl
alpls ol 50 IS 5 (i sl B 51 Sk b slepd U, <)l s
(SSCSW) Sy 53358 4 (SSSW) ddoaes (5358 (05 )03 (s (5o
ol 0ad s ol s )5 b sl sl

LgJ’LaJ.\A) @bb J \

SSSW Juw L>.>-|‘..E ALY
sasbaras @503 (SSCSW) baad 53 ddodes 5 jgelS 63¥58 2y 5l
o planil 0T b B3l o2 Sl 5 Gragy 056 &S (anl SSSW ks
dedaas lus 525 5 i LWkl g3 S S ang b b ol
Semy She 53¥sh saiged 4 Ll sarng Sl i Olalllas 3 (o35
and 53 5 2525 SSCSW les sl (pls Joa gen ohels ol sl
1l oS UL 3 L (sla (S35 <o ol ko 5 (oo 51 L3
CL:LL 5 5 i Olaria 5 (ladis SSCSW ey sl b Joo S
G Ssy, co sl a Lot Cgr G 5 paite ol o el eslial
i sbaellinl b Joas o la gly 058 b3l u“)ﬂfijbﬂrjﬁ @Ik
MLETABS J5ile i SeS & glys 35 Gy cubns 5 Shol 5 £
Sheslil bslys Gyy culrs S5y (2 Glagsia e el Case
sslial by aalsl 53 a2 alg 5 LS YNV ame s a0l Slsles
S 53V dheaes iy lys & ATSCFFY — V8 bl Lo |
Sl GG s 3 S J @2y Y Jho o ol > Al LS
sl 50 Sl 4 ABTL Sl ol coanl 3lo a5 3508 Julos
Lilps §luis [sa Lol ,ls 392y b A:iﬁfuj (SSSW) (s3¥g5 de ae
s =bb bolso b Gilhe Jlps e sbapldl o S0a e (2L Gl
wndi 3 ad o bb AISCYFY — V8 aalpol 3 Sh .\:iarl.g: s
53 e eslital (55,0 ebsel (sly ks saniin 5 pblia gl Cawse sl
A ol 152 Glys Gy cambis Cubis pial canse 5 SSCSW | lys

sel) 0% 9 Lgng.&a GLA.,\;UL@»J 059 (srme> ob ksl s s3Ys8 LsA.LL’



DAL (Yo yy) @J"“JJ‘%QL@’?JD‘AIDJ d 83y Dladiis L\ sl

(IS8 Claarin
4 fom) o 551 o
Yoo (em) e oo
¥ (mm) Dl @3¥s Gy Calns
VA0 (K N.m) S S e
(st i sl b e by Sl gy
YUNPY$e 5 slose gl 5
VAo (MP) s V5 Gy bl 5
Yfe (MP) 5 a2
o ,4v0 B.
°,AV0 B;
SYY(KN) s oy s g

Caes s b S CLEA Lb ¥ ojpoa) Bl b sy clael
oemen b b b JSS el Gl Apd Cudgizma b culrs 4 Ly
ol b ol Lulss Gl Coxs - (58 (g gabuls Gas 2
aabpml 53 #on Gl S cils amg €S8 ol 4wl 5pd clo)l oV
5l om Telol (S i les mLb s ATSC YEY — V8
O s SRl | e S e ol S )10 3525 (50 eliae
Y5 e Hlws & ol Las 5 (SSSW) (oY s Jou =Lk 5
4 a5 b b (SSOSW) e 2 Lulys golha o )b 53 iy el
ob ot st 5o 0d2ailS Slsg 4 amg bk (la e b
s63 6303 x5 SSSW (slia Joa 53 & Coned gl Sl 5 oia sla e
il 22 ol & SSCSW
Gy Dy o SSCSW OSC Ju 45 :SSCSW OSC Ju o
Oles 3¥ Gus Sub 93 5 1 sy sl 4 SSCSW. (ge o33 axwss
)15 3525 les Gy Bk S > Laas
slis Ol L5 SSCSW CWAS Ju ;5 :SSCSW CWAf Jus o
39290 s Cwlns SOl 1l b il SSCOW (g0l 031y dren s (51503
W Gl a5 oS b (2al8 Gy Bk e 5o les 0¥ G5 s 2
Cawl 034 J;AUJ:.A AP L Joa s Q)L»)AJJ ):AOJ:.A
5 bbb olie ¢l 55 SSCSW PLY Jus )5 :SSCSW PLY Ju o
03 gpde 3¥s Gy Culs Lol el SSCSW Jos alins (g5le Js
03,5 gy Dbl e Vo Ls seiges 3 ahe ¥osls @ e o
Sl
Sl 358 50 SSCSW (geas osly aews Jdo Slspe T IS s
s sher & Joa 53 SSCSW (s 4 o 5 5 SSSW s 2L
HSL Sy, ey ladde iomsSUT Bl 3 edd e i
2,5 sl SSSW Jse 5 o0l eslial CELL Kloas Sbyl s gmpp iy
0 Sose by BOX ¥oo x Y0 Lol by sy JIPE Too
el oslaial Yoo x YVQo x Vo slal 4 (s5¥s (G5 s BOX Y0° x Ve
aline CL:L"M Slazia SSCSW (5ol esls azwg Jda 3 uizen Ol
5 Yoo 5 YV0° slal 4 i UiSh, S Dol eyl b el SSSW (58550
5 b sl S s HVT@N0e mm Slania b e 5 b sl

s o okl 4055 oo dnlie Siled &gt Ll (3¥58 (35 sl
slayge BOX Yoo x Y0 CL.LA L Shol slagsiw JYIPEY. clvziﬁ b
=bb TUPNVFo i |y oy g 5 BOX Y00 x Vo gl | e 3
ST YY e5 SHbles Gy 52 a) Lael gadS s¥s o 558 ol lent
JEllBa VAo des culan b Y (LYP) cnylivo oS 5355 515103 Gy

ol 0l %‘L};;‘
3 ondle b3l Sl e i (2L Gl el o)l ], SSSW
R PTG A FEN I ST PR Y L RN § ER YY) NP
53 Gl o3 )l (s Culns 4 ax g SSSW s 2 s b s
S0l PES o ead wbl b dael 5 ghudses pulaly S oLl sl
b lps oose s 3T Job ol 0as b (Yo NY) Lo ma
oot g Geeid sin Sebb s S8l S G ules 3¥s G
this £5 sim slaus b 28 g JLail g um 355 50 3y (58
5 SLGs ks A5 0l 63Vs Gy bl 15 588 DS Gl
uﬂ‘)g“"é [ d.AL.jf (5[.«.&‘) 4 A%}: L Qleu-a ASBtJ BC ):JLL:)
lag s phie 253 o 03 L3105 4 o9y lsee S5e lg ol 2
Sl s bz @38 k5 BOX Y00 x Vo Jslee ETABS 5 e
Golwdslea b 13 155 392 g (slans thiu G ,E Sl sSia Sbsles 5o S
oalizal A:le U ub..ctb YUNPY$- Jrﬁ_,le L&‘)}L\. L_/LfJJ 4 domo~ tk.}.,a
Cawday (5‘)4 (;'.:.A}J LS'":Z' CA:.BJL) L;")f_}ljﬁlj_)‘..\.an 93 e W FRW
DBles 6300y G 53 2 g JES 5 s alg (ot b gl
Gop o YA o 5 Ikl 4 an 5 L uajfjbﬁw‘ Glowlms sly Gl 0l (i a5
A SSSW s (o bb Sl 4 ang bl 5L ail a4 en)ly 2,
05 sl s Sl eyl ls ol s o e &S lalas e ol (sl
i S b Gole iy s eal b Jas sl ‘..\Jo.a Cawsay aib 5l
4Ll sleal s Sl sty G kS FYY Sl ailas (Vi) nis
Pt) PCJZAIJK:«,J) l‘\AL.lj! L;‘jz-lj J:l)ﬁjl W'Jfldsﬁm.«l [ UL.:')J)A (Jﬂ‘
Sl ol My 2ol V& vy s o ol |y aly (;ﬂljfmm Esu oS
slaesls & arg b .ol Sn Joo e 2l ol 0sd i oyl
5V e a el A Sl e Proy Pe bl s olsles ) Jyos
93y 18 «s39y5 polis 4 g b Jhe cuis o didel casa 04444
Crashos Vculns 4 axg b o9 slapsmw cly BOX Y00 x Ve CLLA

o WL.A ()lﬁé 6:‘}()5 d))

SSCSW Jus >l,b .Y.¥
S s3¥g 4 s3¥5 Sl s Gyp VY Uik 55 SSSW s (o Lb 5l e
Jes (=bb Lles 5leslinl ULy 3V Gyy b s el sad s
g b pmimen Canl sad @138 o 25, AISCYFN — V8 (S 2
4 (SSSW) 53V daaes sged s sl slasbionl 5 Lial, Sl &
sobb Lulss 11 )18 3525 (SSCSW) CSps (63¥58 Asdas (sigei
S ol 6 ATSCYEY =5 bl 53 gite oS diiaplss o2zl
Ghge o slp XSS bl Cudgima SSCSW lgs o Lb Gl of slaiy

Wgad ysba Caal 00 o3liial S50 (6355 diodess (s g05 4 53V b Iades

\oY

OblSan 5 (ese b /e 2l 63V (20 Llms ) s3de addlls



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll Q\f.& (e

S MM
oo mm

mm

ro.

Tva. mm

_“\«

1 Y¥.
£
2 YA g

AR S

5 - Steel ST ry

—o- Steel LYP 1.
z PR YK ARCY L SRNCYAR S VAT JENEVAT SNCYA B IENEYA § ST A & AN o
oS

(o o G sleael 5 SSCSW Juo iy Jlgs il cslos (W1 LF S
RLLYP VAo ; ST YV 28 (25 S - jiad oo

9":*"[ J.A.a 8 (5')% ol 042 8 WT J.A.a wdd ealal C.H..a.a (5')%
T (CDP) ¢ s Sl ] Je 5lobsle s 5 JLas 5 (2S5 o
LIS ""‘:"‘"T sztjj J..\.a g_,c.:J:: L5|j‘ xJ,.bL;‘ JL...:).\ BE &Sl 0ds exlin]

il ent eslinad ¥ gabaly gllas M sl oS a1 Les
Yee Ee

o) — (Eo)) ()

5N

oo = f((

LS_)L:J CAA_,LEA fél) ‘_;.SJSJJL:M Ee 101.5 LSJL‘:‘A ﬁ (_544-:—\:‘:4 Te be_)) 45
e (W abl, glks) o

f" = feKs (v)

Caaglia Cikims palie b ol Gl ol e S canl oo Ko ] 3 &S
Caaslia b oyl eslital 4 an g b ol g s Sl Sylata og)lis
o ol Canglia 5 fL ol a3y /80 T lie JSLLBa YO (lis
Glas o ldie oSty s ot mSes ¥ Gl s peaer Lol

:))'::LSA d....ul;u f GAEJL
n
e =\ A ()

- L):‘: L},'.z.'..,a (54.....4[2_4 L5|j‘ o ] 64?.“9' LS"L‘“:‘S LJ_,JA FE. LL')T_).) &S
5 e o3de ol ki s dde Sl asg b JRaS s g (S

U D r':l;mﬁ u;..:sL_} Aal}:..wl celse L;":L‘)T JJL;- u'ﬁg"‘:‘i\‘)]‘ @ta

o 4 e BOX Y8t $33a8 slas Sle PV @10 M

T
2 il S gV Y@a mm
\ \ £ C“E‘ Ay
i .
_ : )
| . L
| JVS AP o D 4 G TR BT NP M e o, [P B (e (et e o 7R B el e e e 7 |
A
= | =
..‘:1'5_ g
< Mm 5 Fad
YR 5 [ £
< b T Tl A Wl TR B Bl ) ) e N (el B M el B Y e T Y W |
|
SV paa s

e mim

¥ra. mm

Ol Ol 5 Adeand S0 3V (i Ll ahake ¥ S

(sade Jaaps e dl ol wlol Jae a @Yo x Fo@V0e mm slel 4 20

ol 24l (5"JL! _L.ié k) ol aslial Tie .\:.§J|) sl aslial G.Aﬁ

SSCSW Jue (e3e (gjlw e Ly, V.Y
o sy ¥ slael ladde sl slawy oWl 51 Gsde g5ledda s
2 Culs b laws WL Lael ladas 1 el cad eslioal
3 S sy 25t s las olanis jis s Lael 51 S
S debins gy Open S ad lodh Jlal laania o)
o 93 55 L ol 5L Jb 9o slil )3 5 ol SL slagn 00
b 3Tl G o Canl 035 Y00 X YO0 LT caalies o ilas S 15 Joa
chfu CL...J ‘CL:LZ..: Cubrs polan| jl G Al ol polas] clal."u 4
el 5 a5 (o SULSN Sl malizal b ilond Joa sliiny ladl b (g Linel
ol slasl o (25,505 SSCSW s sl 2 )8, (2 sl X3
Sl So Jald S ad wi b spama chal Jas S6 pidg boles Gus s
@ sty ol Gy S g alas N OB S 5 s dab ) ddeans (S
s 4 ol sbose ST giger 5 0nb s W 5 90 5 28 sbapse
J"J'J'3||’J3J-’ PN [ U P ROV P g U C)yen
Ol ¥ Gy & 5 Jley JLail Gl ez 22 sl Tie 43
S Jehos ploj edzen awdkr 4 25 L Dol p Ll oS S C*'Jg
Tie 43 51w 3¥5 Gy 2 G les Sl gl s )3 350 SYsb
Gy Jan s Tie L2a) b Joa d5sbl Lo deslio €] ol ot ealical
Gl o Wl L6l G s BB O] Sl ol = S
i by 5 LYP VA® CanglinS 3¥5 511y G sl V¥ iy Sl
o Jles Jae (G D ¥ IS s caal sl slinal STYY sY¥s 5 Lacl
sdalie x¥gs NS - i e o = PSS s 5 SSCSW siuans
el o g Vgp sy Lol g s oS el 0 SE el K52 e
bobloe (8,55 A5 88 - SRS e 8 o I sl 00l 8
s53a lasml sadsl Gha i 4 5y el 002 G 8 cnSE el
22 S35 (3l 5 BT Jn 4 sy sl o b5, 3T sy

Jbélfjs.)) D9l oD (5""")"7 Cmﬂ)u.a Jl}_) (}“Eb J,\A ‘S‘i Kilea (e g



DS plea &S eS8t gy, b bl Ju S e oS sl Gy ol s
O Oy S 15 bk b bl Ju S T el lg i b bl
s Y sbapldlly Loy ol a ol sas eslial ¥ i 4 am g b ol
armalma A gabarly 51 sl ¥ sl Ll sl g (e s 05) Gl a Jsb b s

Dl o

L=1bh [l e ¥ b oy 5555 Cols (A)

o2 b oWl Jsb 1o ¥ slagldl sly oWl Jsb oSk Loipl s oS
S 2 bl s gl Jsb R oUWl

bV saul 4 g b cnsSs @l g5 5l b il Dl g gl
Slanie (o8 )3 gz 358 g0 a8 T o Golhs Lael 51 S
Gl 4w 0dd Cu,s b g WY 1SS e Gl b o cﬂ..a..«
o 8l 82 Gy 5 (a5 S slaam by 2S5 2 S
Pl sl g GRSy et i Sk 55 o/ o sl y oY SV sl Gl
o S Sl YO 1 L5 Canglin pimed ol 03y 0/ ¥ LasYss
el o a5 8 5 VP00 e o SlesS Jyke y V/F x Vet

s L Uy i lubt 5 pdlas G e s silad el o
MISAC o8 Son5 5 455 lSL JSgn Sl ol Jltg 55 oS o0l
0 s S USSs 90 &S Gl el sl e U8, )y G
tj\i)j)J)J JS\:}}‘A’)J AS\...:I @ d> g lg RSV Cm:/‘)j.\ SAC 64_{[.: 645)% 233
[”’]‘t;.‘).a (SML;‘:):‘{TJJ
Y yswe slael L(j..d‘_;\:.d) L;l;-.at> 4 Jﬂ‘\f; (;A_b_ J..dl> JL«:&)J BEl [ iju:.«

sbJds o Ll s Gly Bdg dib Cy s O gen

b S Gy e 5 o2 e pli)l s b e (b ey o) S5y,
G bl Jleel 5l Shie N USE s e B0 Voo, [,.:.....EJJ:AL)J:A
.)}.f/(;a odaliv szlj .L.:z.a BE) SCSW J.A.a
g Jlail sl o G s (55,0 Ll Gl sawdin gila a5l
Sk S 43 g5 5l ks Shais Sl 4 425 Lol 5 WS 50 4 o
oS b 4y G Je b e 505 e ey o8 358 e 8
bt 4 Cus Jos bl ol Sl (5 ol & ab® ol Ciy o5 550 o
g s bl ‘gﬁg“-:g: Lol g 5l e 352 “ijl"-' P e
56 Sad e <_5>|J'T laas s r\.&. (Jha s ol slag g (5l¢ [l Dl oo
Il slaanio Gamio p 3gee Glial 3 Gum 358 S5k gl S
b gamis | ol S I 6 Al 22l g (ol g S OB s
i b 802 e OB sl (S @ISk Jlesl fos e 352 (550
L5J|;\§Jlf sl Sy, plea &L Jleel s (Jos AL o e LSqu-.‘J*"' 4

] 8 giijtjt'»).a (5::]{)) [IS VIV

SSSW , SSCSW slaJus s bialdl ly el (5551 .Y S5

m e b

T (G ) Sl sl — L
£EVO Aol 55
£570 G D
000 "
0°AVO Ul G

23liial O sabaly Sl ol e A28 LS (sdiate O8] Cmdas (sl s

["]::JS
o = °/“fc”% (0)

e Laly, 55 ()18l 5 dalona bl 228 25 a0 T 55 S
e sty O S b i GBS 1 SIS e

b emen 5 o35 slapll Gl slacas s o Sl Gy
Joe ( pBlT am S 4 03 S5 g bigma s 53 sl Jlys
el 028 s ST bl Gilhe "5 o a3 o
Db S Oso uh sy ol Gilbe &S
253 (7 sabuly Glle) o ¥ 20l SR L blas (58 2l ¥ I
S

—2(Oaw + oy +022)

= (%)

Omises

bl )3 O35 il S & Ouz 5 Oyy Tan wpgma ¥ 851 Gl o S
05 ol Jha 5 o sSUT bl 3 At s (58 A5 Omines 5 25 Y o
SOy geo ok Y aap eslizal (oo¥gs slapldl ol 55l cwSs s
- O e 5 B e v a5 Ly ol slel 4 g b gl cws

398 o demlos ¥ sabayl, Sl eslinal b (o 2 F JS2) Gollas (558

pl

Gf :f lf LO'ydE_pl (V)

&?

o

MPa) 2o

e

{Yr] AAS (s 4l 5 (Ll
Y

(MPa) s

eneE afeaY ifeeYA afeeYE [P e o

e
8 e o

19%) 5l 4t s (o

Sl e YO caeslio b o 5, .0 S

OblSan 5 (ese b /e 2l 63V (20 Llms ) s3de addlls



\ 5ij~.2 fe $o)9 x(\\‘“\"ﬂ.ﬁ) Ll QL»A: (e

DF(Yo 0 ®) ool aibial 5 5 Jow oSy ol sl A JS

Al Jue Sy laste s bt U g oo Joo Lzl S &0
b8 g Shulajl y Jhos Sl sdelcansa el Gamslin o 5 43 L
Sl 5 iludhe 835 Sant pl5se s b bl gl &y s
pbsil iladbe 51 olgn 5 6505 (s bl <o (b 3 ez @i 8 ki s
AT e A US55 5 S enlina] Cilisne (sl abl (o sl 00
s gn sdalie (Yoo ¥) Lol Gl gl oy
sh g5 ¥ eSSl sl ool bl 5 gl gl Joa
€5 Seolnd Gy & Dpge b ol sdl el Gl (LS5 AL
el Y 5l olie g 5l 50 o S 53 5 K5 £ sy sliasl y S¥s8
OB slacl y ASTM AYS 5 Lol Gl lys 535 Gy e -Coml 522
53 dlesy ASTM AOVY s,l5kal Gb sat o wllan b olagsys !
o 5 a5 51 ol S el il 5o Jlas Slanis o e
S 3 oS slaamb )3 G258 5 )25 (I saminta e 0dd L s
rario Ve Slarnis 8 sl 4 oy Gl Gl 0dd i
ol 022 8 (CDP) i (med Sl a5 slos s, lUJl_fo
syl cad ¥ s s o omei b e Slasia Gy s oS
Slolp s Slanie (i 6 Gly ol G228 5 )L s s
Jos f&-ﬁ 2 0% @l mhe ol s &) M S sianl Ssicinn gy 9
Gu&;f&-’* 2ol &) H*5‘:3[-‘*3:55 (L u“r-wg o> sla S
53 38 el glg e (Wb ge JG] u:f*-f a9 oSl Chw (S yent
" S a5 SSlnS Sl S by SSlnS ) Al sl ladds
bl Uiy ol by s eslal oS5 (o Sl Gl s Ll sl Ol
S slapais y el SGlaS s Sl Ghay 95 4 by alis
SRY (sl S F slagll 5l eslinal b Lassl ol 250 Gy | oy 59 5]
e by oolT amys F e a niad Joe wsl StalS o, SIS iy s
(Oz,0y,0.) Slsd bl Gam,s aw (g cuy arg) Sl oobl gan,o
3 38 3 spdo chal GlapiS 5 S slagis s SRY LI
S GRS b e ly alply S bl | calns 53 i GGl
3lye e 5 Conl Jio ot Wl 350 Gmly i & (lan Gl s
SIS S el el s 1) ool S mkin gad s é S
JSa e el J-§J‘|JJ-’ slas Gjlj‘lef Gyt 005 S5 Jda >
5l ol ATSC sl pulaly 5 e85 o) &) ma (Gl ,mi
gl ol 022 5 (284S Ll gl s 5 5 a5l J s

sl sl sl 5 ad esls il ol 5 W L5 53 5 bigsie & 2 le G

\od

Yo
Y.
AT
_A.
3
& \D
L]
g o
—B
=X
TR S, i - SO - TR i T 1 S 1 i -
oyl
SAC LT oS53 o1 3L JSS 4,4 (Ll
Yo
Yo
Ve
TN
4
)
=
E
=\
Vo
=X
¥ A \Y ¥ Y- ¥ YA
4= o oylet

SAC LT 51 555 o ME L JSo 5 (0
el g s 0ad anlllan slagde a4 &l pmesd JSSyp 5 S

L ;5 SCSW (g3 Jua s (0 duld 5 o)158,L Jlsl ol Y S

Tl

wguﬂg’wb J\r
DFL(Yo o F) fol sl s gl b, N Joa il olasT iy sl sl iy
Y=L .ij.:\,a)lﬁ: GJ'L..JJJAJJ ol 00 rl;-.nl uﬂ}SLTJljsler)) el
[P H R PPN P IAPPETA S0 | P P IS [T 5
e Bl ool Cawday m Sl (Saa (5550 53 L ol s
J| oalaal U:.i) R4 (ba U‘:I A ey L5|j a\...::l.« £l (_f:Yl" Cadd K]
4 a5 b bl ol SSCSW Jou sy o2 plail (aBzloj] bl
celly «al o2 pbsil (A tagy 68 SSCSW Jus b bLs)l s oSyl

ol & el ond eslial oy jolS o ol 2 Lles 5l ool gl Cgr



Yo F(KN/mm) s3de sasai 3 5 WY(KN/mm) a8l sasei
Uil b aslsl 3 dms e ol ) adsl e 3 7V G| S i ey
6338 (shigni 4 Camd AELLST asal 5 Canglin ( pa koo 5 b
23 2l Caslis s s sppti gl Ml adl S el sal
Voo (KN) lsyde 5308 siisei 55 5 YVAS (KN) (2Bl ase
oo o 7T S0 pimen calony ¥ L GOl &S canl 002 350
dedsa Sl o wsade Jaa b aslin ;o &S Canl ong i u.alg\.:._.bﬂ Jdw
sl vt 348 s o Tie A3 5l eslizal lkc.ddf 33,5] % pae
sl & Tie 53 5l elizal a2l Ssb jley s Gl 5 ez gamiin
oS hoae g U35 5 e s g e S 0sr LS 53S0
cesd S 28 ol el BT hse 3 iy bl & les Gy
3pdise casl 3ylhn ol 23 lps V5 Gy 3 el sl o) LT
ol s 5058 abml i slael s Gy on (B RES s e 2 0 S
Sladllas s adl 50 0 32 Lfali.:il.aﬂ Gaigas 4> M| sll Cely
oS el esls plas Tie 43 5l oslinl pas 5 s34 Joa o 'GMUK;?J (it
53 0 ol bl el 51 0lgisn calabis ol 526 e IS lad e b
ABaT 2o b amlia js 3de Jds mps SIS anm ¥ iy
mar Badhe Gly Olgse 5l Jod LB el S5 Slniss 4 425 b
wdl Ve S s o Seslinal sad S5 (ilu e Ly, 5l ol i s eas

(kINY - 38
[

Bee = 2o el i 1 Lol o
2 ARG e ) ol

e A
rad) 5 b o8 o
8285 (68 5l o (Ll

eYE Y

Yus
X
-
%
= ey
“Yis
e L weeagdoa el ol Lo I Lol dns
ST ¢ AT IS o BT IS £ ISR T ESEIRE SEFIRE SECFER L ST & SIS o SRR IS 4 4

rad) J5° e 08 %
.ﬁjiJJ:GI&ﬁGJIK}hM(E‘
sl 5 55 ks 5\ Jos (SBT3 (s stglis N0 JS
091, oo

o la,s Jlail ‘Gali.i‘._.l.aﬂ Joe s Canl s eslizal Tie s 51 LusSUT s
8 slael JLail by s 3 Jha s wulaly 39 10,8 &gt by
s Gy oa oo s Jlal Gl ez ol sad oslizal Tie 4
13 4858 e Tie 53 U lys a b i Ly 5.8 Joe e S ol ol
x5l 53 Sy sde Gl pramen .l sa sslinal Tie 03 5l gade Jda
s o83l ead eslinal Mglals doe 43 51 g slads ol s
e b G a8 LS ke 4y s Jde UL S e oS Sy
w58 ki s 5 She dbE 4 ol Jo sl obe S cl L ol 4
sl b 1l a3 s (g Ll ((ABLSS bt Gy 5l ey 252
S 5 6 ad ey ol sbhanys oS (o sl s el Gy 5 B
ol 3 Sl slhanio samio y Syee sbily 53 G -39 (5,55 LT
S S samio | b eSSk w2l die Sl L Jdoa
i 4 arg b Sl ol OB Gl (Sl L Jleel Joe e 352
a5 il I S5y len 4SS Jlael s s U 3 g 508
3 ekl Caaglie 500l S5 oo i slel pogea 3 iy Olmesg Al
sabul s gl e JBs s bl sl g 0 exlinl slas¥s Ll
e oS & L Sl sae Ja s el sgmse (Y2 F) Lo
Bl 4 i S &0 e oS 5 Je (L b ol 022 el )S0a
b Al b b anslia sl e 508 M 5 55 A2 s
25 d%e e Jleel J-§J’|J}> Slas tﬁJ';\fJL. S AR Sz s s
g ga el Lol sbinl y g5 ,ss )5 ol Jde 5338 Gaiges o & S

23yl (s e 4S5 oL b i3 plojl il 5 5Ll ey

s
LTAT-]
(VRS
I o
wfe Y
ey

oY
—ieF
G
—afely
e

(rad) J§ o> 55

Dl AISC GMUMT J.ufﬂ PTLRTIEYC 6J|J§Jlg Jﬁjj‘l, (.4 S
Pl saig0d 3 gme sl Joe (0 D). fusol ] 5 515 Juro 4y 428 Lpnss
.w;lg’fjé

\o

OblSan 5 (ese b /e 2l 63V (20 Llms ) s3de addlls



\ daJL;...‘, fe $o)9 x(\f“\"ﬂ.@) Ll QL»A: (e

Fres

YA

Y¥eo

(kNy el g
<

o ~&-SSCSW
= S55W
R T e P P T Y R T VS T
M) e wle 15
g ol 1980 b Jobots 51 Juols cnd b ola o (shmnlie NN S
.SSCSW , SSSW

.
e
-ﬁ.
i
_,‘.
Y
%
= - SSCSW
Uiz —SSCSW PLy
5 ~4-SSCSW CWas
4= S$SCSW OSC

Yoo B Fe AL Nee AYe AFC AFe BAC Y. XY
(MM) Ll al O

gresv b Joe slp |_9AS,3Jl{ J:.l>3j| J..ola MJ)L (s Chmilin NY JSJ
.SSCSW (cdige b duuslan ;3

Ghigas & Cod pia sa oo 3 Shae N [S2 s coanl il (sl /Y8
5 pa salia [5S (SL oo SSCSW (500 3]s axwg

<ol SSCSW (slaJus 5 SSSW Jus Jls, 2,5 .V.F
sla o )15,

21550 @ISl co it 5 Loe ladds (s Sl o 135S R
Sheslizal b JuS Sunp 5 pn im0 o s NP iy
S0 s Gyl RY iy slgsl s S SAC I8, USSy,
3 o5 SSCSW (50 esls aews 5 SSSW sliw sladin b 1l
3l ol gy OV IS Gllas) B aslin K00S0 b o b S5y,
SSSW Jua 3 5 FP8(EN/mm) L by adsl e SSCSW Jua s
oSyl e axg LB L]l Sl o3y Vo F(KN/mm) L,
SV Gy b 33 00 o dems Joa el 0a2 sl ATOC Dy
053 6 o 58 d Sy el 03y SSCSW s 3 s
ol &l cewsay Vo SSSW Jus s 5 Y0 SSCSW Jus s LS5
s Je a4 o pad Ll L olaSy I8l JSSy, S s das e

e b priged el 035 1y Gl 7000 Iaghe (205 IS5 ol

\oV

o Vo JSe 3y Sy Bl s Jhe ol sl 5l ol sams
Dgd e e halia JS 5l 8L e il il 5l ol e

sl o ¥
<ol SSCSW sla Jus 5 SSSW Jus jLs, 9 \.F
1550 1584
Clg 53 5 SSCSW (saigei 4 o] sanms 5 SSSW (slw Joto b 1 g
G ol sadlhs s Lol sbal 5 gl Jbas o\ Jae ool sl
i s elan & ol Joa gy gl il la g s Al 4 (598
il g oas aLb lados ol oz @l VY ik 3 el (s
Cot ol Lz g s Gl ladab ol 5l eslizal L w_,fujlj'élp;); 0l
3 SAC LS5l 500 gized 5 Soo5s (1L US55, TS, 1L Lok
SNl (ISt bl et o A Sl ol by i S
5 SSSW Jos (sl s 058 A5 35 (ol Cunlin sl (e o3l
ol B Slodl ) 5 S 638 sladaa sl o LS > s
Stmslin 5 SSOSW (saiged 59y o0 ol la s oy 0l L5 s
5o 5k s e dzl 3 canl 535 SSSW 5 SSCSW Jua 50
Sl plis bl ileal esly Jiy OB gla)l 1¥ 6 a5 50l )y
Vg Adades Dy led el 53 olg Canslie 5 pd IS sl i
bl il (3¥55 G5 Canme 333 5% 0l 55 S SSCSW 5450 25 5slS
ol adsl b)) et el 002 350, Y0 Llg Canglie (sl oS el iy
3 Sl WJL_.....; eSS il S5 Klg e s Sy sl esliial oS das e
el 03,5585 (20 Sy, &S (55 B 0L GBI L S dise
e 9D dori (LB o et 4 G bocanl b3 Jaa el
3 g by & Jlal opslra o o2 1Sy, FYe 0 (KN 350>
oalS 5 e LB a8 hete (e SRl edle w5 el
23 S ded Jo WS SSOSW Jus 55 Jhs é sanb ud) cl asl,
Juds e a4 (VY IS2) S o Ghee 3550 ol 50 00l 8 it sl e
35 % S Aol S Jleel b Sl 2 1Sy, shal 45 de e i
258 Ll g

Gob Sy L 2 Sy, 5y 4 4 b SSCSW OSC iz Jou s
s alS 4 amg L SSOSW OW A it Jda s 5 les s3¥58 G
SSCSW Jao & s jahoa AP @ las 6395 ()5 ) (52 A5y,
slads oS il l uenl 3l S0 Ll ol 03 S 1oy 28 Ll cuslaa
leils alia @ Shee SSCSW OSC 5 SSCSW CWAS sl iz
330 (ol sl g edg alia il Jha 53 ol Cuslin 5 adsl o sm
Canglin SSOSW Jia s 8 i 035 YVAO(EN) b by el it Jbo
3355 155 @B o olg caslaa (S b g YASY(EN) Ll
53 el 038 1hy alS 75 SSCSW (s 4 Cas 00l joita Joa
Vol oles o¥s Gy Culs [l 4 ang L SSCSW PLY e Jis
B a olg Cuslis 5 adsl (e SSCSW Jos 4 cond gk ¥ o
4 SSCSW PLY xu Jd 5 ol sl .canl sl Sl grg LB
330> SSCSW s g Conglin &y G 4502 3,50 F2 YT(KON) oo



YA
Yide
. VFa.
u
“y Yo
b
j.
Yo s
Z e
= .
¥V L\J — SSCSW Near Fault
i - - - SSCSW-_CWas
Y& -F5 -0 L] o Yo ALY B & - 5] Y44
(MM gl 4l 50
$SSCW CWA# 5 SSCSW (sla Jota (Ll
y
3
3
_j..
L3
4
k]
g
T | TR, ——S8CSW Near Fault
- - -SSCSW OSC
“¥FO.
Yo -F& =\4 V& ] Yo AT S A ] YRS 14D
(MMm) e als Ol
+SSCSW OSC , SSCSW (sla s (s
s
4]
_’)‘
5
Ly
Y
z
—— SSCSW Near Fault
- - =SSCSW Py

- F - T B S L R T T T A 1
(MM gl ale Ol

.SSCSW PLy , SSCSW (sla dte (¢

JeS 0 S5 S e N S

sl e o 3 o a8 3 5l e S8 S an lge MS)sba

et sy b Joa 8, 5 a5, e Sl g Caglia Sl b ol See
edd ol Jds 35 olg Cuslie L5 e 4 tcinl a3y 3 ks S g0
ke Ja b amlie > SSOSW Jo b el 035 S8y lts b s
4 SSCSW OSC 550 3 Jouw 4yl e o 3l 5Lz SSCSW OSC
Sl /Y8 T3p0m SSOSW Jos 4 s &S ol 03 PFS(KN) ohyos
SSCSW (saigei 53 ol Cunslin ppizman . Canlosls gl ) adsl e s
1Y SSCSW (550 & s &S 2 aumalos YA2F(KN) s & OSC
i aalslps (o o VFISE) cl el Gl | olg i, talS
00 dolma FYS(Kn/mm) shes & SSCSW PLY e Jde s 4yl

Y¥&.
VAL :‘: —
Yo = .d'-'-' - d
-1\{ [ i % - :“"1
i | A A
; vl S
Ex [ ¢ # / ¢ 1 L4l ;:’
s 4 " /] i [f g
Yo -0 i e f(' - - 7"_.'
~ =" - = oy g
g -ve| L et A
=Y¥a. F——1"L-1%
e —_\:S‘(‘,bw-‘}a::lauli
4K, - == SSSW_Far Fault
LT O P e Yoo Fe R Y Yo
(MM) Ll alr O
£ 51 503 655 s (Ll
5
-
S
‘,.'.
3.
&
Y
B — SSCSW Near Fault
- - - SSSW_ Near Fault
YFh.
B T T - T T - T R L SRR - B LT 4 1

M) e ale o5
S 4 6 6 8 o (0

SSCSW , SSSW sl Jus N\ ¥ S5

Dbl S ol5e cably ol sdel censa @ LS Sosp S sl
S b dale cal 5 ale JSeSe b Sun5 5 s Sl e St
25 5 Yoo S(KN) by SSCSW Jus ;3 olg caglis s )18
03 o ey Jdse am sl Cese YFOY(KN) LI, SSSW Jus
Ul YA Ll cuslin SSCSW (saisas 55 led 3V Gy Sk 53
ol |y s aS Shabdl ohen dsiSe 5L 7¥0 JBsl L sl 3 o el il
ol o3l arwy e s oS cl ol (4o b eSS adl el eals
Cawday slael 13 el eals @58 B s Gy ().@L ol adlhs s
IS I 55 Jua S 508 Jole pliabl oS el (o ol a5 ol
oslinal Glg e Dyse cpl 4o oS Ul Jal (‘_;Jl:) S 43)§@A Jes
S5

53 S 15 S Sy las a8l co e Gladss waalsl s
0305 dag Jodo JoS S5 sl ISL 5 fols (e b T b
xa Jaa 5 adgl g Sl ol bS5l 4wl SSCSW esd
b acolin 45 o el o3y Y80 (KN/mm) sles 4 SSCSW CWAS
03 S 1o (2alS 7Y 0y edd awlre YPA(KN/mm) S SSCSW (5450
sl sl SSCSW CWAS e Jdo 5 53 olg Caaplin s 1l
SSCSW ssige 2l Crnslin b aylin ;3 oS 12 amlos YAVO(KN)
s ol | SRl /Y L 0y el aclzs Yoo F(KN) jhe o &S
(Gl OV Se)

OblSan 5 (ese b /e 2l 63V (20 Llms ) s3de addlls



\ dnJLa.: fe $o)9 x(\f“\"ﬂ.@,) Ll ;JL»A: (e

Gawslie (N ISE) 550 50 cdalin a8 7.0 SSCSW (saigai >
315 olzi SSOSW (550 b acslin ;3 SSCSW OSC (56505 5 (55, S|
G OSSyy SalS g ens o5 £/ F fls i Ja 55,8 55 (3l Gl gyl oS
SV S el 2215 e sl s 5,56l 35 Gy sy
SSCSW (siges L SSCSW PLY Joe 3 g (551 31 (saylin (0
SSCSW PLY Jie 3 (slas 2 xos (55,51 Sl s o jites oS s s
ars BB Jusl SSOSW age b amylin 3 o5 el 035 Jo3a V)Y

'(C' VUS) das e ol | pres (sl S /¥R

6LhJ.,\AJ> @L.:» L;LQJAJM Q_,s U‘“"» @J_,Z =y X.¥

3 155 ISl cos ola g ;s ead G slaJoa ki, ey 5l ow

¥io

Yo

(M) i (8551 3301
%
v 4 E

—4-SSCSW Near Fault
ML -5 SSCSW CWas

Y ¥ ¥ A s Y \¥ \F
= s jlet

¢ SSCW CWag 5 SS5CSW Jus 45 (Ll

8

b

M) razs (5,1 !
-
-t B

—i— SSCSW Near Fault

‘e —— SSCSW O8C
' Y ¥ ¥ A \E 'Y V¥ \ks
i o o gle
(SSCSW OSC , SSCSW s 5 (&
Yid
v
710

(M) s (53 31 61
=
tc

A\
Y
Vib o
\ —&— SSCSW Near Fault
il -8 55CSW Fly
Y ¥ 7 A 1 Y \F V¢
a o yles

.SSCSW PLy , SSCSW Juu 3 (¢

oS 4 S S o a6 5 S gl NS S

\ed

o G2bsl /%0 Ghe 4 adsl i SSCOSW (saigai b anolin ;5 oS el
sl Cwslie SSCSW PLY Jas )5 56 ol Cuslin o il o3 S
SSCSW (5855 g Conplin b acylin ;3 o a2 alons FoFY(KN)

A = VF US2) 55 g eali sl /YF

SSCSW , SSSW (slaJis > (g5l Ol (samulas .¥.¥
5l S sl 1L e Y Qi s e b e S| o
[ IR deg)j})): (_5\.&}5\” s L5|A'>J;: L5J|J§JLJ‘ LS":'t u.o.«.?.:
)k cos SSOSW 5 SSSW ke 53 ears 351 31 gl 1] .l
SSSW (sisei 55 (5351 S oo a8 515 L5 gmlts 5 45 oy JoS 519
3 1Y Salsl oS ccand o3 Jo5e 0,0 SSCSWas Jus s 5 Joae ¥/ ¥
A0 JS2) cnal sls plas | e85 55 s8] cams SSCSW (saiges
Ol oS B3l 0l s (oS S5 s8I o (5351 B by (g )
SSSW (sa5ei 3 5 J938a ¥/AY SSCSW (sigmi 3 mes 55 SN
ol | a2, 7YY ohes 4 SSOSW (siigm 3 oS il 035 Jp3&e ¥/A

(u ~\0 JS\J) Jﬁju,a
e s Jaa 5350 Gl SSCSW 5 SSSW. (sigai 93 (omay 5| e
Jbe gl il a0 el L8 Sony 8 e SSOSW (e
Ghises 53 4S5l ol s 5 A2 aylis SSCSW Jus L SSCSW CW AP
Joi&e F/8 slasm e edd il sl phee op e SSCSWCW Af

S8 F/AF Glas o 500 Gl (g5l flen b amg by ol 0l dulne

8/% || —4=SSCSW Far Fault
- 5S5W- Near Fault

¥4

M) i (5551 3501

AL E 2 VS

G FOOA VY YY YF YF YA Y

= oglet

!J..fjl 343 ‘_;,ill S (Ll

MD) maza (55 51 1
=
=

=& SSCSW Near Fault

]
8- S8SW_ Near Fault
¥ ¥ # A [ Ay 13 \#
4 el
JoE 4 S o RN i (o

SSCSW , SSSW Jue 55 _aard (55,51 SVl (saulio N0 JSit



S.Mises

SNEG . (fraction=-v)

(Avg:ive)
Yav/Fr
YYr8/484
YAF/BYY
14T/ 5y
WA/FAVF
V0 /1EY
ATAVY -
ARA'7A (-1
ABIAY
FEITO0
YAy
TA/FDY

.

) Jlail Shede 3 (J&wlﬁg\n)w 098 S @J}‘ Chins N4 JSJ
.SSCSW (sdiged ;3 3l L0 ;2 o o Q;cjéj ol by e

SSOSW (stismi 3 b5 5 5 ol 5 s 3,5 caalsl s
JLail aniar )3 jus 058 U235 55 et A e s canlond )y
et (355 S S Ol (] (pllas 45 358 o edaline SSCSW Jua s
JElBa YOV (s &0 Jio o o 3V 5 4 25 s JU] e o
23l 7 ol Gls Sl placand 4 by o aisy jldis (pl) o3l o
G do 5 bl 04 Gl 53 45 a0 08 (5 Jlsil 51 e 5 (e
TVe modd Cus glee Sl olg G258 G015 SY5 Gl s el e
el 03l 7y oWl G s g0 e o JSb

s pSenss .0

ol lu s (il byl ls 53 pslae Gl s e 51 (Se (il
GBS [l Sl e s 8,06 o2 sl lys ol [..w:.;lSuJEJJ'\ Ll
g g SIS 350 pl 4590 53 S Camplie S syl Ll 53 5k
oad it b K S ol (s byl 53 e Sl LG
eslizel ol bl g sl S 1l (IS (sl i B ) ol b 5 550 sl
Gl oz sl 5ot (SSSW) biad jy ooV ddeand 25 les Sl
Sl (S 3a e & 0 035 6lol) €S0 Coole 1 oslial sy i 4
254 (SSCSW) les (e 5 Cunglin S50 5,k s b 35 sl
bl gl5 Jho Sy jpealS 63¥s (o2 Jls bl il S 185 )3 shate
s s wsde ildhn s 51l e DY 0 F) Lo
Gy lts sieans s3¥5 sladie ol & ang bl s ot gyl
Sehadass Slas Jda So Q2SS | (S ddsdes [l 4 dxws b ol
03y ars (S ddsdes Jho 4 e 5 (SSSW) o Lb sims (s3¥58
US55, o SSSW 5 SSCSW e 55 (samslin 1 s (SSCSW)
S5 3 0al e it sl aabsl s SAC oS Son5 5,95 IS
el 802 amlie SAC LS Susy IS5y, cos SSCSW (ss50 b il
el 3 815 e 55 1S (S b > e SR S,
Canglin (g JS& slas o i adyl e rJad 5l ke o g
hoglin S0Ss by ol S (359 25 @53 = et G il ale

SMises
SNEG . (fraction=-1) §
(AVEive) i

ALR IS
YFAFP
YFF/ 0
Yi4/%0
V45/YF
AW AF
\VFFIFY
AT
AV/FY
VrIYY
FAMY
YF/FY

DAMAGEC
SNEG . (fraction=—y F
(AVZiive)

.J*..fjlﬂa L;;JI cob SSCSW Jse i ()léd ] L] N S

son %l (58 Jiiu 55 SAC S5y, co JuS Susi 50 slas o
s 058 UA5 g o5 SSSW 5 SSCSW sladis js o ol clads
s s 3V Jde Sl 4 axs b Y IS Gl ol ead el
sdalin el €3 5,015 ol 02 385 IS sa i odsl s 5 JuS Sens
bt 4y ool sbagsin Jlail o 55 BT gl o it oS 353 0
03 JObBa YAY bl iy G55 e 00 (SeieeS sanb 3y oS

Al
Wl Coale & ans b Sosz LSS5y 5 SSOSW Jou 5 Ll

180 3900 N s, plen s alsl laas > 53 o (1S, G’lﬁft CanSd
JISMS\J 3¢ Caaplaa g edl 3> mlsw oSy F as a2 By o o
- B eyly s wlal e 4 O ab > s Canl sdld Eael g esls cns
st bt 5 g e Sl Ghol Glapldl s 55y Jeess les
ol oLl & Glesey a5 (oS S35 JSS5 53 35850 3Lty calile
3lsd JSSsm 4o Sap b sl 358 Jydes ClJI’ L (Ol slagsn)
2 UG Y oo Sl Cuns jsba abs (JS5y coabe 4 aag b LS
el w3ls s 51 3 canglin y b WS i 25, YN e e
sl LS50 Sl s SSCSW s 55 2o )25, b VA U8

-

..))..«GA

Ve

OLISed 5 suse [Covy s S s L2y les sy 3 sasdlas



\ deLAu: fe $o)9 x(\\‘“\"JL@) Ll QL»A: (e

033 7y il SWI JralS /0 Lis SSCSW CWAS Juu ;s S sl
g s Ll ol 0n2i sialin 5k SSCSW OSC (ssises s
SSCSW (sigai & Cond (5551 SN, b3l /¥4 SSCSW PLY

(] 04l sdalis

bl cp it S0l Gl 8 ses 8 SRS (g 5l Jeol b

YOV (e & oS ccanl sy 7 8 4 (o258 (5 Jlail saniar )5 25
Qg edd Glo g 55 il YLl 1 end 2]l 03y JSlBa
St g JEbBa Ve S st 8 ol jl dim o (25 oS ra o

04l Gl Gl 4 e oS ol 002

G| aS 4l ssali o= whls gLaAS}AJ (_5@..:&.4} LS‘A;)T L;lAJ:leJJ .

LQJ.\A tﬁlbﬁ L5>~}).> I8 el ol edg Ls:‘.‘\:al LsLh“’J% [JlAAJJ LAJAA
08 o aS s e ing = Gty alie S35 g 90 L;l.a)iﬂ o
JJ.> )\ALS} oaly cus Jllj J}S Cm:)lln} U:J-...« Lsil):.n‘ LsLAb);: UL“A
Li.s O D929 wIJﬂLJ ol esls L}'BL J}l')s o;.'?.,w) LL\.A)LL .L:.B.S) [

ol 035 50 adsl Cunglin 5 e s

shed o 3my Sals gl ol Jlas s b adS ) SSsba

Al e 3 St il el SSCSW sladipes 3 s¥5 L
2 Gl 828 SSSW s 4y Ced e (55,51 SOl ol ol
b & bl Gl kit s ead adllas e la Joe s oy S
5 Sl amg b canl 215 Gl sl s 5 ()l L u
el 235 GLeSy ke Canglin LBl bl (Sye sladigs ol
S o p2 3 Jao ks Canglin s a3 5 S sawain 1]
SSCSW Joke (sl 03 (o 2 sl ka3 e Canl 235 15851
Coslia 53 Sl ey it S Sy, 5 Bl o3¥s 55 culbes Jubil
Ul casl oSl @ils | adsl ey e il Sl

tanl 038 SSCSW Jua s o0 a8 (sl ol b (sl

Sl sl & Glesys an g S Sony USSy o Sedise slgty A

St Sal g g Ledlea 258 Joda £Lb Lo (OB slapsn)
OB, oS el ega S5 e ol g5 b e s ol 0 s

S shaSs Sladllan s L5 51 Gis ol kg ks, LUl el i L0

Sy s JLG;*A:"':i

me}'alg

Encased Steel Brace

Semi-Supported Steel Shear Wall
Semi-Supported Steel Composite Shear Wall
Cyclic Loading

ABAQUS

Concrete Shear Wall

Cyclic Loading

Zhao

Total Energy Dissipation

W00 =1 O Ot W N

ARN

a8 sl gl ea an e o s satals o> o s

syl i (SSCSW & Ji i) SSSW Jos 4 oy pot sl
e bl phas ol €l S sl esls bl Y00 |y amis )5
53 adsl e S BT 50 (63Y5 Gy o 53,5 ¢ 39y L34
e b alia ;5 SSCSW OSC 5 SSCSW CWAS ice Je 55
SSCSW PLY Jas 55 juallas s Y85 Vel 4 s 4 SSCSW
05 55 3l b Sl gl 556 .l 035 g B3I /Y0
bl s b e il b ol 5 Bl S s 4 (S
5y Gl S 559 G (o S it e i

Cal o3 S

S5 590 Sl 93,5 (s IS 0l LI SSSW Jds a o oS Sbej

Sk 8l g5 b plis Sl el il 3 S 1 (bl 7000 (JuS
LT ol bz sladaa s oSl ol Cmal 3l a5 540
il 53 0l albo (b S 13 g el (ladde @3V G
PSS sladae Lol g 3l Snl (5 IS8 ably )b b sl

5] Casey il @b ol bl (556

S g5 51 6 S sl ol (sl 1 g0 (546) g Canlics (samylie

SSSW 1 22y .Y A SSCSW (s, (509 tmslimalia sl (5,158
l5Ss L sans s sl cmsa GRebdl canl S5 pbla cl ess
933 158y ISl o ol anglin .canl 002 350, (/F0 Siigige)
s 18 s 44 5 4l SSCSW OSC 3 SSCSW CWAS i Joko
SSCSW PLY (ss505 5 Ll ccanl o35 1as 28 SSCSW Jus 4
e e 53 ol Canglio slas o (138505 canl 03 S oy SRl 7 ¥F
4 SSCSW (s45ei L aslia ;5 SSCSW OSC 5 SSCSW CWAS
JYF oles 4 SSCSW PLY Ju s 5 StalSss,s Vo ¥ plhes & o5

el 03,8 1o iubs]

ol Gll; (Shawla (JMEJ‘\J_,) ng\ll ol (e 55! Yy Sl

i 55l Ol PV SSSW Jus 4 Cand SSCSW s s oS 5l
it sl e sl sag ZYY (LS Sony s8Il oS icanl a3y
Ol s Al e JoS S35 IS5y c SSCSW siges b oS

10. Von Mises Stress

11. Low Yeild Point

12. Gap

13. Concrete Damaged Plasticity
14. Hognestad

15. Ductile Damage

16. Shell Element

17. Solid Element

18. Tsotropic Hardening

19. Kinematic Hardening

20. Combined Hardening

21. Embedded Region Constraint
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22. Pinching
23. Monotonic

10.

11.
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nificantly reduced the compressive strength value. The
results of the flexural strength test indicated that the ad-
ditives cause a noticeable reduction in flexural strength,
and this reduction intensifies with the change in recy-
cled concrete aggregate percentage. The results of the
shear strength test represented a considerable increase
with the increase in the percentage of recycled concrete

\54

aggregate. Based on the test results, it is concluded
that this type of composition material can be used as
a foundation isolator, which showed a favorable shear
behavior.

Key Words: Concrete, foundation isolator, crumb rub-
ber, recycled concrete aggregate, mechanical strength.
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In recent years, the mixture of sand and rubber par-
ticles has been used in various fields of civil engineer-
ing, such as the stability of roofs, retaining walls, and
drainage materials in landfills due to its durability, cost-
effectiveness, and solving environmental problems. The
purpose of this study is to investigate the effect of tire
crumb on the shear strength and dilation in a static
state and the liquefaction resistance in a dynamic state.
In this regard, in this research, a static and dynamic
undrained triaxial test was performed on a mixture of
Babolsar sand and tire crumb (size between 1 and 8
mm) under constant confining pressure. The effect of
parameters such as the amount of different tires’ crumbs
(0, 5, 10, 20, and 30% by weight) and different rel-
ative densities on the static and dynamic behavior of
the mixture of sand and rubber crumb and the cre-
ated pore water pressure was investigated. In the static
(consolidated-undrained) triaxial test, the relative densi-
ties of the sand-tire mixtures were 45, 60, and 80 percent.
The tests were carried out on the specimens at 100 kPa
cell pressure. Also, the specimen was loaded at a strain
rate of 0.30% per minute for all the tests until the axial
strain reached 20%. In cyclic triaxial tests, the relative
density of the sand-tire mixtures was 45 percent, and
the confining pressure of 100 kPa was used in the ex-
periments. The sinusoidal waveform was applied to the
specimen with a frequency of 0.5 Hz. For accuracy eval-
uation, the behavior of the sand-tire mixture, as well as
corrections such as membrane penetration corrections,
membrane force, and cross-sectional area, were applied.
The results showed that adding tire crumb to sand re-
duces the shear strength and dilation of sand. Also, the
ratio of the mean diameter of tire particles to the mean
diameter of sand particles affects the behavior of shear
resistance and dilation of the sand-tire mixture. As the
ratio of the mean diameter of tire particles to the mean
diameter of sand particles increases, the shear strength
and dilation of the sand-tire mixture increases. Also,
increasing the amount of tire crumb in sand reduces the
excess pore water pressure and, as a result, reduces lig-
uefaction potential in cyclic loading. This behavior can
be attributed to the compressible nature due to the low
elastic modulus of the tire crumb.

Key Words: Tire crumb, triaxial test, shear strength,
dilation, liquefaction.
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Considering the seismic conditions of Iran and the many
damages that occur as a result, it is necessary to change
the current performance of structural design to achieve
better performance in the seismic system. On the other
hand, environmental concerns have prompted civil en-
gineers to identify appropriate methods of reusing con-
struction waste. The purpose of this research is to in-
vestigate the behavior of concrete made with recycled
materials as a wide foundation, which has the role of
seismic isolation for low- or medium-height buildings.
In this research, the effect of crumb rubber and recycled
concrete aggregate on concrete was examined in a lab-
oratory. The design basis of its resistance is 30 MPa.
The first mixture, as a control mixture, does not con-
tain rubber granules, Forta fibers and recycled concrete
aggregate. In the other three mixtures, the difference
in the amount of recycled concrete aggregate is 40%,
50%, and 60% instead of coarse aggregate. Also, the
percentage of rubber granules is constant, about 15%
of the total volume, and the amount of Forta fibers is
about 0.5% of the total volume. Compressive strength,
Flexural strength, and Shear strength tests were per-
formed on the 4 mentioned mixtures at the age of 28
days in a laboratory. The results of the compressive
strength test showed that the addition of recycled con-
crete aggregate, rubber granules, and Forta fibers sig-
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cent years. This is due to the fact that fibers reduce
the brittle behavior and improve the mechanical prop-
erties of the sandy soil samples. Since 2019, because of
the coronavirus pandemic, the use of disposable surgi-
cal face masks has become increasingly popular among
the public, and their burial, reproduction, and reuse
have become one of the major environmental problems.
Therefore, in this research, an attempt has been made
to reuse the surgical face fibers in the application of
cement-reinforced sands. In this regard, samples with
2, 4, 6, and 8% cement contents, reinforced with differ-
ent amounts of fibers (0, 0.25, 0.5, and 0.75%) in dif-
ferent relative densities (35%, 50%, and 70% sand) were
prepared and after 7 days of the curing period, their ten-
sile behavior using brazilian tensile splitting tests. The
results showed that the addition of cement percentage
and increasing relative density have a significant effect
on improving the tensile strength index of cement sands.
The percentage of surgical face mask fibers 0.25% is the
optimal amount of added fibers (the maximum tensile
strength in this percentage of fibers). The definition
of the key parameter (the ratio of porosity to cement
content) and several empirical relations for estimating
the tensile strength of reinforced and reinforced samples
with very good accuracy are presented.

Key Words: Cemented sand, surgical face mask, tensile
strength, empirical correlations.
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Helical nails are a new type of reinforcement element
that has been widely used during the last decade. This
has caused that despite their widespread use, the seis-
mic behavior of geotechnical structures reinforced by
them is still unknown. Therefore, the present attempted
study to evaluate the effects of some structural param-
eters on the dynamic performance of helical soil-nailed
walls (HSNWs) using shaking table tests. For this pur-
pose, eight reduced-scale wall models were constructed
with different inclinations, lengths, and arrangements
of helical nails and then subjected to input excitations
with different durations. The response of each model
to base excitation was determined in the form of funda-
mental frequency, acceleration amplification, facing dis-
placement, and failure mechanism. The results showed
that although a uniform increase in the nail length along
the wall height significantly improved the seismic perfor-
mance of the HSNWs, this improvement could also be
achieved to some extent by increasing the length of the
nails locally in the lower and upper halves of the walls
reinforced by horizontal and inclined nails, respectively.
The use of inclined nails instead of horizontal ones was
an efficient solution to reduce the lateral displacement,
acceleration amplification, and changes in the frequency
content. The effectiveness of this solution was reduced
with the use of shorter nails in the upper half of the
wall and eventually minimized by reducing the length
of the nails across the wall height. The nails located in
the lower half of the wall were identified as having the
greatest effect on the seismic performance of HSNWs
when horizontal nails were used. The opposite occurred
when inclined nails were used. A parabolic failure sur-
face with a specific inflection point was observed to be
the potential failure surface of the HSNW. The dimen-
sions of the potential failure surface increased with an
increase in the length and inclination of the nails. Also,
a combination of overturning and base sliding was iden-
tified as the predominant deformation mode in HSNWs,
although the base sliding mode faded with an increase
in nail inclination.

Key Words: Helical soil-nailed wall, shaking table test,
failure mechanism, seismic performance.
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of the wall. The results showed that the addition of con-
crete to the SSSW model (converting the model to SS-
CSW) increases the initial in-plane hardness by 350%.
Also, when concrete was added to the SSSW model, the
ductility increased by 150% in two states near and far
from the fault. Comparing the ultimate strength (peak
of the cyclic diagram) also showed that regardless of the

type of cyclic loading pattern, the calculated value for
SSCSW is 28% higher than SSSW.

Key Words: Cyclic loading, ABAQUS, semi-supported
steel composite shear wall at the edges, bearing capacity,
nonlinear analysis.
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Despite the knowledge of steel shear walls for many years,
not much attention was paid to it. Steel shear walls
without stiffeners and with stiffeners have been used in
America in recent years. This system is 50% cheaper
compared to the bending frame. After the events of
September 11, a number of scientists were thinking of
creating resistant and impervious structures against ex-
plosive and seismic loads economically by combining this
system and the concrete shear wall system. Steel shear
walls are easier to implement. Also, the accuracy of the
work is at the level of normal executions, and by ob-
serving it, the reliability coefficient is many times higher
than that other types of systems. The execution speed
of steel shear walls is high, and because of this, the ex-
ecution costs are reduced. Also, the efficiency of the
shear wall system is more and more suitable than all
the advantages of centralized bracing systems such as X

and V shape and off-center steel bracing systems. The
resistance against the overturning anchor caused by the
lateral loads and the horizontal load of the floor is the
most important task of the steel shear wall. The con-
stituent members of the steel shear wall system include
a steel plate wall, two boundary columns, and a floor
horizontal beam. Also, the horizontal beams of the floor
are used as transverse stiffeners in the sheet beam. The
goal of centralizing the steel shear wall system is that
the beams and columns remain in the elastic range. In
this article, five-, ten-, and twenty-story buildings with
steel shear walls were designed using the strip equiva-
lent brace method in ETABS, and then seven accelera-
tion maps far from the fault were selected, scaled, and
modeled in ABAQUS software. The five-class model was
compared with the non-centralized model. According to
the results of the push-over analysis of the five-story steel
shear wall model, the beams and columns remained in
the elastic range in the self-centering model, and accord-
ing to the hysteresis obtained from the push-over anal-
ysis of the steel shear wall, they have more energy con-
sumption. The results showed that the drift, maximum
drift, maximum displacement, and the ratio of the max-
imum acceleration value of the roof to the acceleration
of the selected records in the self-centering steel shear
wall have increased compared to the non-self-centering
ones.

Key Words: Self-Centering steel shear wall, acceler-
ation record, band equivalent brace method, time history
analysis.
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The tendency towards reinforcement of cement-treated
sands with the inclusion of fibers has increased in re-
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Aluminum foams are among the materials that have
many applications in the construction of various build-
ing elements, including sandwich panels. This category
of materials has unique features due to low density, the
presence of small holes, sound insulation, thermal in-
sulation, and corrosion resistance. In this paper, the
Voronoi tessellation method is proposed to simulate the
porous configuration of aluminum foams, which has the
high capability to generate a porous structure with dif-
ferent densities. It is demonstrated that the Voronoi
tessellation method can generate porous structures with
different densities, hole sizes, and wall thicknesses sta-
bly. Moreover, the Voronoi tessellation method has a
high speed and can be used to construct different sizes
of aluminum foams. A comparison of the configurations
obtained from the Voronoi tessellation method and ex-
perimental tests demonstrates the capability and com-
petence of this method in generating the porous struc-
ture of the aluminum foam. In order to investigate the
mechanical behavior numerically, the uniaxial tension
test is applied to the aluminum nanofoams using the
molecular dynamics (MD) method. The MD analysis
is performed in the LAMMPS open-access software us-
ing the embedded-atom model (EAM) interatomic po-
tential. The periodic boundary condition is imposed
in all the boundaries of the atomistic model to satisfy
the essential condition of the representative volume ele-
ment (RVE) based on the homogenization theory. After
minimization and relaxation of RVE, the uniaxial ten-
sion test is applied in an increment manner to reduce
the strain rate effect. The evolution of the stress-strain
curve, along with the stress contours, are presented for
the aluminum nanofoam during the uniaxial tension test.
Young’s modulus of nanofoam obtained by numerical
analysis is compared to that of experimental data to
confirm the accuracy of the computational modeling.
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Moreover, the results emphasize the high dependence
of the mechanical behavior of aluminum nanofoams on
the density and porosity.

Key Words: Sandwich panel, aluminum foam, voronoi
tessellation method, atomistic simulation, porous materi-
als, uniaxial tension test.
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The shear wall is one of the most important systems
to resist lateral loads in the building. In addition to
controlling the lateral displacement of the structure and
dealing with the lateral force, this system significantly
increases the stiffness of the structure. The purpose of
this article is to investigate the nonlinear behavior of
semi-supported steel composite shear walls at the edges
under monotonic and cyclic loading near- and far-
fault. In this article, after verification, firstly, the semi-
supported steel shear wall is modeled and analyzed us-
ing ETABS software to select the boundary members
and the critical opening. Then, the base model of the
semi-supported steel shear wall is converted to a semi-
supported composite shear wall, and finally, it is mod-
eled and checked using ABAQUS software. Among the
investigated variables are reducing the thickness of the
concrete coating on both sides of the steel plate of the
wall, using concrete coating on one side of the steel plate
of the wall, and increasing the thickness of the steel plate



which involves generating random numbers, is computa-
tionally expensive for calculating fragility curves. To ad-
dress this issue, several methods have been proposed to
produce fragility curves at a reduced computational cost.
This study presents a method that enhances the seismic
representation of high-dimensional models to generate
accurate fragility curves for steel structures while signif-
icantly decreasing computational costs. This method se-
lects uncertain variable values based on the results of ini-
tial incremental dynamic analyses. The fragility curves
are divided into three zones, and an equation is pro-
posed to estimate mean damage values associated with
the boundaries of these zones. Additionally, polyno-
mial response functions were generated to estimate the
fragility curves. The proposed method is applied to gen-
erate the fragility curves for three steel structures, one
with 4, 9, and 12 stories. Fragility curves are generated
for four damage levels: non-structural damage (DS1),
structural retrofitting required (DS2), intensive struc-
tural damage (DS3), and collapse (DS4). The resulting
fragility curves are compared with those generated by
the Monte Carlo simulation method and other existing
methods. The comparison demonstrates that the pro-
posed method achieves fragility curves with a significant
decrease in computational costs compared to the Monte
Carlo method while also exhibiting higher accuracy than
other methods. The maximum error of the proposed
method is approximately 20%, whereas Cornell’s and
the conventional HDMR methods exhibit errors of up to
80% and 60%, respectively. The errors of other methods
increase significantly for fragility curves associated with
high damage levels and 9- and-12 story steel structures,
where nonlinear structural behavior is pronounced. In
contrast, the increase in error is not significant in the
proposed method. The findings of this study can be uti-
lized to assess the seismic impact of various stochastic
factors, such as random eccentricity or loading-related
parameters, on the vulnerability of steel structures.

Key Words: Fragility curve, monte carlo simulation,
cornell’s method, high-dimensional model representation,
seismic assessment.
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Hybrid concrete-steel buildings in height are usually re-
ferred to as buildings that have two lower and upper
parts of concrete and steel materials, respectively. Due
to the change in mass, stiffness, and damping in the
vertical direction, these buildings have complex seismic
behavior. Therefore, in this study, the seismic behav-
ior of hybrid concrete-steel buildings at mid-rise height
against far-field ground motions was considered. Ini-
tially, different models in groups of 7 and 13 stories were
designed by considering different ratios of the number
of concrete to steel floors. The connection of the up-
per steel section to the lower concrete section was con-
sidered a pin joint in nonlinear modeling in Opensees
software due to its implementation. Then, incremental
dynamic analysis was performed on all models using 22
different far-field records. Also, the maximum structural
response diagram at the threshold of complete damage
level was obtained according to the outputs of incre-
mental dynamic analysis in different stories under all
records, along with their average. Fragility curves were
extracted at four damage states based on the HAZUS
technical report. The results showed that there was a
critical area at the junction of the steel frame with the
concrete in which the structural response value under-
went a sudden change and made this area inclined to
much damage, which in the groups of 7 and 13 stories
reached 65.2% and 98%, respectively. Finally, the me-
dian collapse capacity was obtained from fragility curves
for hybrid buildings at different heights. As the number
of concrete floors increased, the median collapse capac-
ity of the model increased, which indicated the better
seismic performance of the hybrid concrete-steel build-
ing. Among the investigated models, the lowest level
of fragility was when the ratio of the number of con-
crete floors to the total floors of the Hybrid concrete-
steel building was almost equal to 0.6.

Key Words: Hybrid concrete-steel buildings, fragility
assessment, nonlinear analysis, incremental dynamic anal-
ysis, seismic behavior.
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To directly measure the strength and permeability of
concrete, a core should be separated from the concrete
and then tested in the laboratory with destructive meth-
ods. For example, to measure the permeability of con-
crete by existing standards, concrete must be broken and
divided into half. Also, acute conditions such as tem-
perature cycles that concrete faces in summer can have
negative effects on concrete characteristics. Therefore,
in this research, by using innovative tests, in addition
to investigating the effect of temperature cycles (40, 80,
120, and 160 cycles) on the permeability and surface
resistance of concrete at different ages, measuring the
depth of water penetration and resistance Concrete is
compressed without breaking it. According to the re-
sults, by using the calibration charts and the equations
obtained from the methods of the cylindrical chamber
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and friction transfer, it is possible to obtain the depth of
water penetration and the compressive strength of con-
crete without the need to break the concrete and with a
correlation coefficient of over 96%. It was also observed
that the cycles of temperature changes have negative ef-
fects on the durability and surface resistance of concrete
in such a way that the number of 40, 80, 120, and 160
cycles of temperature changes increases the permeabil-
ity of concrete by 4.1, 8.7, and 7 12.5 and 16.5 have
been equaled. Also, the acute conditions of temperature
changes have negative effects on the surface resistance of
concrete in such a way that the surface layer resistance
of concrete has decreased by more than 44% under 160
cycles of temperature changes. Considering that the sur-
face layer of concrete has a direct relationship with the
penetration of harmful substances into the concrete, it
was observed that with the increase in the strength of
the surface layer of concrete, the volume of water pen-
etration into concrete has decreased. By increasing the
resistance of the surface layer by 15%, the volume of wa-
ter infiltration into the concrete has decreased by about
140%.

Key Words: Summer weather, resistance, permeability,
regression analysis.
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Fragility curves are utilized to evaluate the probability
of exceeding the damage index for structures exposed to
seismic hazards. The Monte Carlo simulation method,
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The use of fibers is often aimed at increasing the ductility
and load-bearing capacity of the desired concrete, and
controlling the spread of cracks by adding fibers to the
concrete causes this. The fibers improve the behavior
of the concrete after the first crack due to the bridging
property on the micro-cracks. In this paper, 15 concrete
mixing designs in the form of 90 cubic specimens with di-
mensions (15 * 15 * 15) cm for the compressive strength
test and 42 specimens with dimensions (15 * 15 * 60)
cm for the flexural strength test have been made. Three
mixing designs were made as a reference with 3 water-to
-cement ratios (0.24, 0.29, 0.34) without fibers and with
fibers with 3 different lengths of polypropylene fibers
with lengths of (6, 12, 18) mm, respectively. A mixing
scheme with 40 mm long hook metal fibers and another
mixing scheme with a combination of 40 mm hooked
metal fibers and 12 mm polypropylene fibers were inves-
tigated. Microsilica gel and super-lubricant were used
to increase the smoothness and efficiency of concrete.
The highest average compressive strength of 28 days was
related to samples with composite fibers with a resis-
tance of 72.52 MPa, which was 12.9% higher than the
reference sample. The concrete sample with metal fibers
with an average bending strength of 12.85 MPa has the
highest strength among all the concrete mixing designs
of this research and shows a 60% increase in bending
strength compared to the sample without fibers. In the
concrete samples tested with polypropylene fibers, after
the compressive strength test, with the increase in the
length of the polypropylene fibers, the workability and
compressive strength of the concrete decreased, but the
plasticity of the concrete samples increased. After the
flexural strength test, the flexural strength and ductility
of the concrete samples increased with the increase in
the length of the polypropylene fibers, but it led to a
decrease in the workability of the concrete.

Key Words: Polypropylene fibers, steel fibers, compres-
sive strength, flexural strength.
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In this research, the effect of soil stabilization with ce-
ment at the same time as its reinforcement with fibers
has been studied on the shear strength of sandy soil ex-
posed to freeze-thaw cycles. In order to achieve this
goal, laboratory studies were carried out with the help
of unconfined compressive strength tests (UCS tests)
on different compounds obtained from mixing cement,
fibers, and sandy soil. More than 336 cylindrical labora-
tory models with dimensions including 3.6cm in diame-
ter and 8cm in length have been made. Various modes
have been observed during the failure of the samples,
including shear, tensile, plastic yielding, and composite
failure modes. The fibers used in the present research
are waste products of tire factories known as DTY. Per-
centages of 2, 4, and 6 for cement and 0, 0.5, and 1
for fibers with lengths of 0.5, 1, and 1.5 ¢cm were used
relative to the weight of dry sandy soil in making the
samples. Uniaxial cylindrical samples were tested for
unconfined compressive strength after 7 and 28 days of
curing time and under 0, 1, 2, and 3 freeze-thaw cycles.
The results show that the act of stabilizing the soil with
cement, along with reinforcing it to a certain amount of
fibers, improves the uniaxial compressive strength be-
fore and after freezing and thawing cycles. This amount
depends on the percentage of cement and the curing pe-
riod. Also, adding cement in a certain curing time in-
creases the unconfined compressive strength before and
after applying the cycle, increases stiffness, reduces the
ductility and toughness of the sample, and brittle failure
when breaking occurs in the soil. Also, the addition of
fibers, to some extent, improves the weaknesses caused
by soil stabilization, such as reducing the failure axial
strain, decreasing the residual strength, and the tough-
ness of the materials in the conditions before and after
freezing and thawing.
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the construction of MSE abutments in a two-tiered con-
figuration reduced the lateral pressure in the upper tier.
This became more noticeable with a decrease in the soil-
reinforcement interaction and reinforcement tensile stiff-
ness and an increase in the distance from the footing to
the wall crest.

Key Words: Physical model test, tiered mechanically
stabilized earth wall, particle image velocimetry (PIV), fail-
ure surfaces, lateral pressure.
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In the present study, the seismic behavior of hunch-
backed block-type gravity quay walls rested on non-
liquefiable dense seabed soil layer is investigated, and
the optimal geometries for these wall types are proposed
by performing non-linear time history dynamic analyses
using Lagrangian explicit finite difference method. For
this purpose, first, a reference numerical model of the
hunchbacked quay wall is developed, and its seismic re-
sponse is validated against the well-documented physi-
cal model tests. Then, the optimal hunch angles corre-
sponding to the minimum horizontal displacement and
zero rotation of the hunchbacked quay wall are estimated
through the sensitivity analyses on the hunch angle of
the wall, the friction angle of the backfill, and the ratio
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of hunch height to wall height. Subsequently, the statis-
tical relationships are presented to predict the optimal
hunch angle of the walls using multiple non-linear re-
gressions based on the supervised machine learning tech-
nique. The results of non-linear dynamic analyses show
that the deformation pattern, the movement mechanism,
and, consequently, the seismic response of the hunch-
backed quay wall change considerably with the variation
of the hunch angle of the wall. In this regard, the rota-
tion angle of the wall towards the seaside due to seismic
loading decreases, and the deformation pattern and the
movement mechanism of the hunchbacked quay wall al-
ter from overturning towards the seaside to overturning
towards the landside with an increase of the hunch an-
gle. For all considered values of the ratio of hunch height
to wall height and the backfill friction angle, increasing
the hunch angle in the range of 25 to 35 degrees leads
to a significant decrease in wall deformation. While in-
creasing the hunch angle in the range of 35 to 50 degrees
has less influence on reducing the wall deformation. For
hunch angle values greater than 50 degrees, increasing
the hunch angle has the opposite effect on improving the
seismic performance of the hunchbacked quay wall and
its seismic-induced deformations increase. Additionally,
in the ratio of hunch height to wall height equal to 0.7,
the optimal hunch angles corresponding to the zero wall
rotation and the maximum reduction in the horizontal
displacement of the wall decrease from 42.7 to 9. 23 de-
grees and from 53 to 34.5 degrees, respectively, with an
increase of the friction angle of the backfill soil from 15
to 45 degrees.

Key Words:  Gravity quay wall, broken-back geome-
try, geometrical optimization, non-linear dynamic analysis,
supervised machine learning.
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Mechanically stabilized earth (MSE) walls are commonly
used as bridge abutments to support bridge deck loads.
In this type of abutment, the use of a tiered configuration
can play a prominent role in reducing induced horizontal
stress, reducing lateral deformation, and, consequently,

improving the performance of bridge abutments. De-
spite the importance of this issue, the influence of vari-
ous factors on the performance of tiered MSE abutments
under deck loads is not yet fully understood. Therefore,
by simulating a bridge deck on a tiered MSE abutment
in the form of a strip footing, the effects of the reinforce-
ment type, the connection type of the deck to the abut-
ment, and the deck location were investigated. For this
purpose, three two-tiered mechanically stabilized earth
walls (T-TMSEWSs) were constructed using three differ-
ent reinforcements and then loaded with strip footings at
three different distances from the wall crest. By prevent-
ing and allowing the footings to tilt, the influence of the
degree of footing freedom was also examined as the third
variable. Particle image velocimetry showed that the use
of a two-tiered configuration in MSE abutments and a
decrease in the soil-reinforcement interaction and stiff-
ness changed the slip surface geometry and prevented
the development of deep slip surfaces in the lower tier.
It was found that although the decrease in reinforce-
ment stiffness and its interaction with soil decreased the
bearing capacity of the strip footings on two-tiered MSE
abutments, they also reduced the lateral pressure in-
duced in T-TMSEWSs by strip footing. Also, allowing
the footing to tilt was found to be an effective solution
for minimizing the deformation of the backfill surface
and the induced lateral pressure. Moreover, a compari-
son of the results with analytical methods showed that
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