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0o ABSTRACT 0O

In recent years, there has been increasing interest in strengthening Reinforced Concrete
(RC) beams using Fiber-Reinforced Polymer (FRP) strips or laminates through the Near-
Surface Mounted (NSM) technique. While many studies have confirmed the effectiveness
of this method, they have also shown that it leads to a reduction in the ductility of the
beams. This research proposes a promising advanced technique for strengthening RC
beams using Shape Memory Alloys (SMASs), known as the NSM-SMA technique, which
may help address some of the challenges associated with NSM-FRP technique.

This analytical study aims to evaluate the effect of the NSM-SMA technique on the
ductility behavior of RC beams through numerical analysis using the OpenSEES software.
Several widely used types of SMA alloys in civil engineering applications were adopted
and compared with the strengthening performance of FRP.

The results revealed that the NSM-SMA technique significantly improved beam ductility,
with improvements exceeding 90% in some specimens. In contrast, a reduction in ductility
was observed when using the NSM-FRP technique, compared to the unstrengthen
reference beam.

Keywords: Reinforced Concrete (RC) beam, Near Surface Mounted (NSM), Shape
Memory Alloy (SMA), Fiber Reinforced Polymer (FRP), Ductility.

Copyright
under a CC BY-NC-SA 04

-Latakia University journal-Syria, The authors retain the copyright

“Professor, Department of Structural Engineering, Faculty of Civil Engineering, Latakia University,
Latakia, Syria. Email : h.bassam65@yahoo.com

**Assistant Professor, Department of Structural Engineering, Faculty of Civil Engineering, Latakia
University, Latakia, Syria. Email : ammarabbass@tishreen.edu.sy

***Master’s Student, Department of Structural Engineering, Faculty of Civil Engineering, Latakia
University, Latakia, Syria. Email : kinan.kadoon@tishreen.edu.sy/kinankadoon@gmail.com

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
137


mailto:h.bassam65@yahoo.com
mailto:ammarabbass@tishreen.edu.sy
mailto:kinan.kadoon@tishreen.edu.sy
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0000-0002-9201-2302

¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

ilaad) 212250y Lo dally Aalcal) Aigiadl Jilgad) dsbu Jga Aulias Lufys
NSM ool (pe iy i) 4,555 389 SMA Joil Asdlal)

[ ENTENPIMR
Toke ke
) Gald olis
(202576 /23 b »aill 48 2024 /11 /28 g)4¥) G k)

O uadle O

o glia g mihE Hasiuly daledl Logadl el aex el Iy Lldal 5091 Gl cogd
Oo wanl) il a5 (NSM mhasdl (e jally il 46 aladinly FRP GLIVL daludl el sl
sac sy Aadiie 40385 Cand) 138 253 . Sileal) degle 8 (alisil ) oo clgillad aey Al oda of cludyall
<5 (NSM-SMA Ziiy iy Led SMA JSall dlailall ohiluad) Hasinly dalud) dagndl el 45
NSM-FRP 4y ddaipall <SG (any dallae 3 agad O Sar sy

aludl Apgll el 8 degladl dilu e NSM-SMA i il i ) Aldarl) duhall s3a Coags
SMA &lilus (e ddlide g5l 520 dldic) &5 8 .OPENSEES maliy aladiuly gase dilad Pla e elliy

FRP alasiinly 4 il Lgilies cdinal dutighl Jlae A auls Ui e deaiioud)

Ol Lot yslad G ¢ Jilgall Aeglae (e Bsale JS il (NSM-SMA) dgis of golial) el
Silall ylie ((NSM-FRP) a6 alaain) vie deglad) 8 Galias) Jal g 3 clied) (amy 3 790
el ye aaall

JSall Alal) bl (NSM) sdandl (e cjilly i) ((RC) dalusall dggindl Sl sdalidall cilalsl)
Acgladl) ((FRP) Gl dalusdd) il e sd) ((SMA)

4l (3 sha
04 CC BY-NC-SA

ol ey il Gsiay Osalsall Ladiag Ay 4D daals Alas

h.bassam65@yah00.com . ) s «ABBU) (AU daaly (dgaal) duaigl 48 AuLasY) dutigh aud ¢ Ma)
ammarabbass@tishreen.edu.sy .l sm (A@dU AABU daals (diaal) Luaigl) A8 (Aulaay) dudigl) ad (ujda ¥ *
g ABBU ABBU) daaly (Apaall Aigl AdS (AuLASY) Aunigl and ¢ piiuale culla® *
/kinankadoon@gmail.comkinan.kadoon@tishreen.edu.sy

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
138


mailto:h.bassam65@yahoo.com
mailto:ammarabbass@tishreen.edu.sy
mailto:kinan.kadoon@tishreen.edu.sy
mailto:kinan.kadoon@tishreen.edu.sy
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0000-0003-3512-4866
https://orcid.org/0009-0009-8952-3564
https://orcid.org/0000-0002-9201-2302
https://orcid.org/0000-0003-3512-4866

CYVACRI PSP SO NSM-SMA i (35 dac ey dalucall Lsigiadl 5sall ol Jom Alidat Al

- -

14adla

Gy Cua dilidnal) Jla¥l Jeadl deccadly drala¥) A8lay)  paliall (e dalial) dugiadl il aad
oo leasd il lpae iy Ly el i A Aallen (g piall (g ¢l . (o8 e 38155 Caldani] 5 3a]
J17 Wl ol deasll

Pha Ll dgalse 8 ALY jealiall gl Gl ddlide Ly dge Cuaddinly aexill 3yl Ciesn
clia S Lis st dalud) dngadl el A Jon ol e el cyal pald) il
NSM (Near zhull oo il didaly FRP (Fiber Reinforced Polymer) LG dalidl el el sl
slaall 8 s i 45k 3505 (yan FRP Ll wmy o 4yl o2a adiai .Surface Mounted)
2] oxe sl casS Y& FaaY sale aladinly iy ¢ ALY eatll gl

3saie FRP alatiad e cluhall e sl @3S copfinlll Jd (g gy alainly NSM-FRP 4 cylas
(GRl) Aaslia Gty o gomaill Loleaill 50l 52l 3 Glld aali 3 ASLEN) jealiall Llaie) sl G
Y) Al odgd saxidl il a2 .[3] debonding #May) salls Qs ) il paiall A0a saly),
dcsthdl (mliaily dacad) saeeVls sl 8 Aand) Gl byl ccbaadll pae cgaly
[8-3] Adlall i 5y 5alyys A8l aas e 5yall Julis ) 5% Lea o(ductility)

gl el Slaady) lolad) s e Gt Al [1] ol Yost caldl (al (Gladl 1
(Jol&l) anally Tila e dwed o dpeie cihlial Auhall cle NSM-CFRP Lils aladiuly dalual
sl sl &L (pfrp) CFRP mld (e idliae (yiies o(0S) o3Vl pealuil) (g Adlide Consd SO aa
CFRP Lilyi alaaiul off bl cipelal i a)l (e slidl Jpead sl aladinly dy)50 <lVsen il caas
22% 56.6% ox =LA 13 £l Al de slaes JUEY) deslae b maaly Galisdl ) o
degladll b mualy paliasl ) gas NSM-FRP 46 aladiuly aexll o LY cfiald) e el LT LS
dcslas & (alia) (1) sl mas ARG Ghliadl (4 48 sty e a5 ABlall 8 550 50l
aludl dgill sl

claal) Gany b Aaluall Ligial) Silsall e glaa Galiadl (1) Jgaad)

sl Ayl g e as i) aay Ao glhaa dgglaa (jaldss)

Yost et al [1] NSM-CFRP Liji 1.06-1.27 6.6-22%
El-Hacha and Rizkalla NSM-CFRP jluxb 6 17%
(5] NSM-CFRPLi) 5.4 26%
Badawi [6] NSM-CFRP (jluab 1.4 30%

Soliman et al [7] NSM-CFRP (jluxb 1.6-3.58 Up 80%
Astorga [8] NSM-CFRP Lij,i 59 28%

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279

139



¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

Sl I Gllb 3gays Aaeaal) Aalisall Aggind) Sl deslas b eaaly (aledsl Jaagd (1) dsaall e 2l
FRP 32l gsladll e

Ciagy edinall gl Gl (& ASA) dsad) JAY) I sl J8 e el plaall ool (Jilaall 8
Aiay 483 jualic clsln Al cluball aae 2133) ¢ Al diell DAy LASLEY) juabiall 5N Ll s
@3 .[10-9] SMA (Shape Memory Alloy) JSall dlalall eliluad) auly Caped dgaee LDIA e it
& Aualdll 8 Super Elasticity (SE) aalall digyall syl (e iaaing bagh Galydy 1A lsall oa
LS ) sagally idie opdi (s 5l 53na 05 e ille L] Cilaglil miads of 3 SMA \ghaas of (Sa
Gl xie dlly; Shape Memory Effect (SME) Lo LIS salaiad Lpalss Liadly el ey LVl
Flag ale J<5 e Uyiiea 1S5k SMA @il el el 1) Lyl [15-9] alall Jueatll 4lly) v
e el ey ALY Laalls ) agadly 43Ysalls Agil) 451 jaliall mewy L shaped hysteresis
DB Ll rnt 8550 dyaal i (ailiadl) oda aahy dagane i las Al L cilasin e Lalisd)
J10] aslay) jaliall

lidlad Jsa )y sae Capal i cAinall cliial b ae s 2158 SMA @il cuansiinl ya¥1 43,V 3
NSM-— 4y dagipall cubaaill amy 5lail laely Sny aeh NSM-SMA 4 fla ¢ il . Jlad) 128 3
SMA Jge g il sapill (ailiaall )l (FRP

& 85 RC daludl dggd) Sl @iy cpuat 8 SMA ol alaainl a0 duh aw Gl 13 3
Open System for Earthquake Engineering ) OpenSEES Z4giall jaliall malin aladiul
Aslud) Al el el e SMA dhli g5 a8 A o 585 ae (sl 2 haY [16] (Simulation

148l g uadl) dran

dagshe e NSM-FRP i aladiuly shsialls dalidl gl el 8 desUaall (aliss) 4Ga JI5 Y
ol bsuiy Eurocode 8 (EN 1998-1:2004) s s¥) 258U of (e ayll o cdulay) & Sl
171 daslie 45 dlatindy 4ol & Jualie J885 Glecal 3 e J8 Y slinil deglas 3)38 Yl ellic
Congs dalud) Angill el 4l da e sa0a S SMA LSA) ol aladiad e Gaal) 1aa S5
a8 e glas (a8 NSM-SMA opc xill 448 50U (pa (3l

SMA ilis g5 s 80 Aul) s cgaaed) Jilaill ¢)aY OPenSEES dygiiall jualiall maliy aladiul o
gl Ly £ Gsinll haual) daglie Jie 3inall cOLelaal) Bl i pa dlldg el b derdid)
Eim e Lgilie ¢ Al el sexi 8 SMA (e dilise DA dused aladind Zuhll cilad 2y . 3Vl
eyt amsall Flall aas FRP Ay acadl sl aa eldY)

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
140



CYVACRI PSP SO NSM-SMA i (35 dac ey dalucall Lsigiadl 5sall ol Jom Alidat Al

03gag duanll @ik

aadiall Adasl) 7 dgall)

dugyaal) lind) Jualds

el 5 Gun (1] saTs Yost lahal il daatl) Zuhyall L) ol sl 5lall Llasll z 3l oliy)
(1) JS&) mumg 1] ossals Yost blal a2l duhall e ) el saldl Jallads sl
(1Fb=6) CFRP (4 aals Jayyiy acaall Jilally (aeaall j2) xasell adieall 3ilall slagfs IS0 Jualss

Py 4 ' -
1=1matiin) %:35::!+ 1 =188l cf - !:-H' :
i2mm (6.0 m.) 2-No.bbhas &
ICFRP strip

J.....0.
S$mm(LSin) y _ nl

CFRPSIrp L :

B B ﬁ X
Cotr g LD 1524 mm (6.0in)

[1] (mm g sa§1) NSM-CFRP acaall jiladl zalady slasl Juualds 1(1) Jei

L) Ll e 3saldly aciead) Bl AWl G dertisdl slsdl Gailadg sbad (2) Jsaall mas
11 s ATy Yost bl dalul
Al oda B asdiial) pelasal) Agiadl SHlad) My Salad) pailad :(2) Jsia

Auhall A adinal) Jiladl pailad

(MM) (Jibiens) uapel) il 152.4x190.4
(%) Ashl gabecil) dpesi 1.827
(MPa) kil o ¢ gid) daglia 372
(MPa) 4l ghall ool (lacal gl slga) 510
(GPa) shal) gl ¢laual i jall Jalaa 200

A (38 Lealaaily adl Lusigl 3 Lz KU1 SMA Lid& (e £l e SLaal 5 Ayl o4 b
FeMnSi J<all 5813 Lpals ) agai 3aalss 435 yal) 4558 SMA ¢ )5 (e dxg)l Ll &5 Cum (NSM e il
sl 8 e sUaally CallaedY1 &gl s Jal (e cllly

Billah Whal ) 4uall e lgde Jsasl) & Zuhall o34 8 desiied) SMAS lilus Lilyd (ailad
/(3) Jsaall b Anumgas [18] 0ssals

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
141



¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

Al o3 B 5adinal) SMA dliluw g 158l pailad :(3) Jaa

&s fpl

E fy fy /E asall
SMA A< and (GPa) (MPa) / (%) (MP2) -
Fe-based (FeMnSi) 150 430 0.00287 11.8 710 Shahverdi et al. [9]
NiTi45 68 435 0.0064 8 535 Ghassemieh et al. [19]
FeNCATB 46.9 750 0.016 13.5 1200 Tanaka et al. [20]
CuAIMn 28 210 0.0075 9 275 Shrestha et al. [21]
FeMnAINi 98.4 320 0.0033 6.13 442.5 Omori et al. [22]

Uajye ) inud) Aajge go dsaill Sl oleaV) ofy (g dalee (B @) 38 Clasdil) dikie Job ies
il Al e ) i ) Aa e (e Jaall Sl slga¥) :fpy e L)

ela¥s NSM-SMA Ll aladic) ded (520 Y @lldy it 00 NSM Lihis cilaelis adse dldiel o
Glaslaall e laliie) B-a L) dalud) a5l lsall slac) & .NSM-CFRP Lil,i as djilaie 4i)lis
(S1,82,83,54,S5)NSM- Lilyi g5 ) @ 3ells shusll gl Sl Y B Sajll ey Cam codle
Silsall paad (adle (4) Jsand) s o (ravdl Slall) acae sl mludll gl 3l A B0 3ol
RGNS WS

Al o3 (b dasiiual) Aaluad) i) Silsad :(4) Jsaa

Sl pu Asiil) g3
B-0 (a2l Jll) ansall Jilall
B-FRP NSM-CFRP kil acsall jilal)
B-S1 NiTi45 Lilydy acaal) jilal
B-S2 FeNCATB Ly acaall jilal
B-S3 CuAIMn Ll as sall 3ilall
B-S4 FeMnAINi Jailydy assall 3ilal)
B-S5 FeMnSi Lilydy assall ilall

dalid) Angind) 5ol asand Y] ADLAD (68 Cumy dortiad) NSM-SMA Lilyi sey [yl sldiel o
s 4 luia dac )

PREIA R "\GS}J\

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
142



CYVACRI PSP SO NSM-SMA i (35 dac ey dalucall Lsigiadl 5sall ol Jom Alidat Al

&5 Cun e ally dalud) Zggidl Sl dlslu 5\Sladl OPenSEES zaliy alasiuly liuyy & Lid
RC ilal Ualis (2) JSal) g candl 6 giie il g)l) jemin€ RC lad dygiiall jualiall z3gas
zealucll Vb (jluad Ay Aida (e el all) el Callty LYY adaid i pe Auhall 8 aadiisall

SMA i jall adaidl) g5ise e SMA Ll

O8@ 150mm

mo/mmmll) I Fr 1 1 {7

‘lﬂm iinm [
Beam Element | Element | Element

Beam Element

; Y
® 1 A ' T4 4 a
s I 2
— 1524 Pt
Cover 2 ... I3
concrete ]
. <tpEeEH] 2
Confined : \
concrete . 2 !

]
-

<
Steel bars  SMA strip

) il 3 GLIY) 2555 —C csamll gigalll —b (RC 3ilal) Juualis —a :(2) Jei

alal dleaV) Ala s @llyg Gl sae ) ape adaie JS aniiys cdpiage ahlie sae o geaic JS (5Sh
LVals Al GLIY) i Ly acadl aled) Sl Sl GLUY) s (2-C) JSal muag o sad)
labal bl uhall e Toldie) L) julae 30 5. iajal) alaiall ggise e clldy SMA Gl
ol 3l b Lgalatind a3 ) Sl ailiad (5) dsaal mag [1] 50405 Yost

Lasiiioial) ¢ gind) Sala g agad

Cua cliuhy A Gohae jully Gshall gl ol Jiail [23] Kent and Park (1971) zasas alasiul &
.(3) Jgall & daasally [16] Concrete02 salall alasinly OpenSEES malin (A zdgaill 138 Cayyal 3

fopfi — algal Anidl e aelall giall e yuad (1) Ualeall
Ee Ee

c=fcR()-( ) 1

fe=fe ()= () (1)
105l 3 bl 2il 348 i (2) Ualeadl

ft = 0.33/fc' (2)

stress A
- ""'
o o |

journal.latakia-univ Lo " £, Online ISSN:2663-4279

strain




¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

[16] Concrete02 (i) 53l o g algal Jahdua 3(3) Jsdd)

dasiiial) Mgdl) 3l 7 dgai

-(4) 8l & daagally [16] Steel01 salal) alasiuls OpenSEES galiy 8 bl 35 3le adal &
A o) Laylial &5 pilaiy el o3 Cayyad (Sars Cpasiinne (phad (e Bl 038 sl Jaie Callyy
510 pasivddl Y&l ¢ smadll sleal iy o (frup, Erup) £LEY) Abis o 43l ((f), £)) gansll dbis
200 Gpa 4iig 3 Jalzas Mpa

stress or force

$h*3ED

&4
=

¥

strain or defo rmat%'n
[16] Steel01 3:lall ogdi—alga) habia :(4) Jeil)

dasiial) NSM-SMA Lild 7z dgal

SSal 250 5ol zisa alaiiuly OpenSEES maliy 3 gyl ddli NSM-SMA Lilyi dadel &
alasiul 2 Ly .[24] (5,405 Christopoulos dialll J8 (e Waslis) & dlly ¢(5) JS&ll 8 daia sl
FeMnSi Lyl (<l 5,803 55k slSlaal 4y 5ol 7 350

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
144



Ossald (ule dagsa

NSM-SMA i (35 dac ey dalucall Lsigiadl 5sall ol Jom Alidat Al

Shess or
Force
N
. Post-Slip LInaarSe‘ating —
Backbone Hysteresis Stfinoss = Srblear. 3 K1
Slip Strain SepsSip
(If =0, No Stip)
|
Sbeta * SsigAct
t
( I A Strain or
/ / <7 Deformation
Bearing Strain Sepstear
{If = 0, No Bearing)
Ql2
[24] J5a 4513 ) saal) Lalaf 5ala g agad 1(5) Jei
i) 7 3sall A Aasiinal) dlgal) Gailad :(5) Jsan
oailadll salall 533.45
37.2 (MPa) Laall alga) Ol
0.002 (%) Jasuall (i i 5l
28600 (MPa) &g all Jalza
200 (GPa) &g Jalaa skl gl Mgk
510 (MPa) ggaill slgal
136 (GPa) digall Jalza CFRP
1648 (MPa) aicy) adl) sga)
458l e eH)

s3) zigall) Aaua (pa gl

Jsmanll Caagy @llg L lgay bl Addise Olasal pulel Ao 4diigis ol zisall daia (o Giadl e
Oo gl zisalll daia (e il S Al sda 8L ASLENY] paliall adlg) Sl o clajiae e
Lyyd és i ldy (OPenSEES gl aladiuly aliaiy (6-1Fb) mbuall gt Hlal)l dada PlA

- L0 Adial) o lall BlSlad AP o oSae Jread alas Gaudal & Cus ¢ paill el

journal.latakia-univ.edu.sy

145

Print ISSN: 2079-3081 , Online ISSN:2663-4279



¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

25
20 4
—
= 15 4
>
S—
@
E 10
uo_ Numerical
5 4
- — Experimental
0 T v T v T T
0 5 10 15 20 25 30 35

Mid-Span Deflection (mm)

il Apaaml) il JUiE-Agan AijGa ciliinia :(6) JS

Ll il e o Wl el i) z3gaill (e Aland) dpaell Sl o (6) Gl JSE maag
slae e 0l el ganall zdsaill G zUmay) (S ol e 2l 1] odleys YOSt Ledl) Juasi A
Alpdie A8y elldy el JladU goadl) Jeaill da ) Gl L oalli- el ludly cdglay) Al
o)l z3salll 3ol 2S5 Lan Joatll 8y0y Blay Lash %2 (0 i dappailly Apaal) bl oy 3l &L N
comsdal) ALl adl gl SLa) Sl Jid b 4y
dassal) Jlsad) dsglaa
O 050 Lgsall aam aey Lo ) gl e ALY pualial) S Lasd) 5,08 4 e desladl) allaas ciye)
tots VT deglad) Clpisal Ll jalas DG dllia aap [25] Paulay and Priestley e laldie! . s
QYT e L) eo gl
Dl jolad) FS1 e slad) degllas oad Gim oghsall el deglae dldiel 5 Auall s3a b
:(3) Alall Tty ellds olinV) deglas ol 2y el e e sl

uo =2 (3)
sl e el hsalls pamdll ghsr ) hads Pus Py O Cas
1 b abie Y] ohsally pamdl) Ghsd Glual Gyl sae aladinl ¢Say A8l cilubally aaball ) sl
bylaa) & ) dghll (7) JS8) maas dus [26] Park (1988) lged Al dighll aladiu) o5 casdl)
doal sl afisal) G alalds AaiS ¢ S Lsal-di5 je nie (4o PY Capad @ Cam U5 PY o IS Dl
s s PU Capai & e (MU el el (e Ll 8] aiadls MU alieY) a3all e 75% (e
Slall adaial Wall Gl izl e gl osin o (il o MU alieY) a3l e 85% J Jilad)
.[26] (Park 1988) 0.004 (55l mhusal) 3 gindl

0.85 Mu

journal.latakia-univ @.75 Mu ine ISSN:2663-4279

loment (M)



CYVACRI PSP SO NSM-SMA i (35 dac ey dalucall Lsigiadl 5sall ol Jom Alidat Al

[26] alic¥) Glgally pauadl) () gd iyl 1(7) JS&

1O — pie Jlad
gyl el (Moment-Curvature) oysr-aje daad el & ¢gaanll zisall daia (o @6l aay
i opill 38 Dyl abalial) O Gl il cAalall dssiall el ghsallaial) ciliaia (8) JS&) sy
o S Jead 5)38 el deead) daluall Al Sl gaen G (8) S (o ety coguill day dysiss
A Ji degllae sl NSM-CFRP (B-FRP) Lil,sy acadl Jlall of WS ((B-0) acadl e 3ilal)
Sl idle (B-0) peadll s xmpall Bl e J8) s Ji (NSM-SMA Ly dac ) 5ilsally 45)lia
acaall sl cn HS Jeati 5,5 jelal NSM-FeNCATB (B-S2) Lilui acadl jlall of cus cclly

Pl 13 8 3ias A Sl il ssil) 1) el 138 a5xy5 . (B=S3,B-S1) ilsall (je Ay anils cuilSy

35
— ""‘""%\
30
~ \ N
£ . b
P
= 201
-
o 15
=] —89 ———B-fRP ———BS1
Q 10
=N I £\ S <~ 0% 8$3 ——BS4 - - -BS2
S 4
- . = BSS
o T Ll T Ll
0 0.00002 0.00004 0.00006 0.00008 0.0001

Curvature (rad/m)
Aalusal) Agiginl) Silgall ol sae cliiaia :(8) Jal

:RC ijsall o liai¥) dsglaa
Paulay and Priestley Ji (e dajial diphll e loldie) dugpnd) il cliniy) deglae Olua
dalusd) Al lsad) aaead p@ el A glae G JSEN e gy 2(9) JSA) b i) (mpe 55 ([25]
Sl el Q) G acadl e aapd)l ) deglas e el culk NSM-SMA Lilys, 515l
<25 NSM=SMA Lil,&; slsiall 3isall dually cpcad) ye el o Jif deslae NSM-FRP Ll (554l

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
147



¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22l (47) alaall Zasaigll o glall Aluli 28300 dadls Alaa

B— Lansadl il go A3laally delhaall 8 salyll 4 cul 33 ((B-S5, B-S4, B-S3, B-S2, B-S1)
sl e %23.3 5 %21 «%6.3 «%5.5 %7 : Jul) el e 0

Sl we d3lie %37 sk elindy) deslhe 8 Lalissl Jaw 238 NSM-FRP Lijdy gsiall lall Wl
(gotaall elolull Cua (e Al 038 Apdgana 2 Laa ¢ 2l

ISy vt 8 oLV deslae of (e (NSM-SMA iy dec sl Jilsal) ae B-FRP ilall 43)lie xic
B-,B-S4 (B-S3 B-S2 B-S1 jilsall ¢llys %95 5 %92 %69 %67 %70 :cualy cais sale
gstad) Gglud) a8 SMA clils 4lad e Juy Lo ¢ il e S5

4
o 3.27 3.33
1= 29
= 3 2.85 2.87
]
=
=
E 2 1.7
=
rar)
]
£ 11
=
45

o -

B-O B-FRP B-51 B-52 B-53 B-54 B-35
Beam ID

daliwal Aggindl 3ilgall pUady) deglas :(9) Joi)

Sl aea o oY) 4y 3.33 il B-S5 el cliad) deslhe Gl ol JSEN e oy LS
%13 dss B-S4 (B-S3 (B-S2 (B-S1 jilsall dcglas cuyslad Cus (NSM-SMA Li)yé decadll
A 8 €l (mlaay) 1) B=S5 el el oIV 13 (gieys L s e % 1.8 5 %13.8 %14.4
O Aesthaall L 3alys e hsd ) @l e <0.00287 Ly gsts illy FEMNSi Sl ()yall o5l
b pe Ajlie 2.85 M caly celiadl deslhe o Jaw B=S2 plall G milull copell (gial dea
NSM-SMA L, dacadl 3ilsall

dcslhe Cun o Juzil 2100 ekl NSM-FeMnSi kil acaall Silall of zbmal) oSa oG b e ol
NSM- Ll dacaddl Sl paes cpelil 2 Jla ol leg . 3l Bl 45)lie opdill Bl ¢ LatY)
lall %9 rdegladll 8 Lpwall 5250 il Cum el e xasall Sl e el eliad) deUas SMA
.B-S4 3lall %25 B-S3 il %8 B-S2 jilall %11 B-S1

tlluagilly calaliiiuy)

rela i)

Satll) Callady) @lslu cpuad 8 NSM-SMA g 5l ol dldas )y sha) & ol a3
iuhdl ciles .OPenSEES iyiiall jualiall galiy aladiul elldy dalud) duga)l el (desadl

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
148



CYVACRI PSP SO NSM-SMA 2 38 5 dac2ally dalosal) igindl jlsal) Slsl Jsa dildas Ay

Al iy )l desthaal) e Wil st iy caie i Al € SMA @il (g dilide £ 15 duad aladin

.NSM-FRP
bl bl e dealiiud) i) 50 L Lag

zelin aladin) Byh e bedite Apnyat milE ae 43lie PA (e (g20ell Z 350l daia e @i (1
2% slaky al (DA ae dle 38y dilad) ekl .OpenSEES

Sl e UK 4l deglhaall 3 Usgale st NSM-SMA 4 2lasinly deead) sl cyelil (2

NSM-FRP 4 alaziuly acaall ilally sedall 52 andll

38N Lggle (aty A degladll @ldlie iay o) NSM-FRP iy acad) jlall of bl ey (3

colel s e agan ) Slsall deglas ady 8 NSM-SMA 4 caaals Ly <Eurocode 8 5,5V

b Losag cdicslhe e Ul cuall Adle A0lay NSM-FRP iy acadl sl i (4

Juamiy Jmdl s el ) SMA Lihydy deeadl lall e o Bl Ghbiadl b 40 ey

) gall Al 3oy 58l ailiadldl

FeMnSi; FEMNAINi (1 desiadl Lihill culS il SMA @il g 15l amn 0n (0 (5

Galud) dusiall 5iead) deUas Gauat Cus e 2lal Juadd)

il G (N a8 %90 @slad Ay ¢ Lad¥) deslaa 3245 ) NSM-SMA i < (6

[FEMNSi Luys acadll plall 4 %95 sab)

AlEal) clu))all ciluagll)

JleeY) 4 gl 400 cluagll ~@ (Ko cdgaaad)l uhall oda & Ll Juagill 8 Al bl ) 13k

s i) ddia)

Calland) sl (i & NSM-SMA Ll (he dilide ¢ 15l 50 US apfi e duhall 028 &S, .

blec A8 028 Allad (o 330 ABY Apppad lulp shaly as Aaludl dugall el JBII <l

Al il

(Al Lo Lo sl ) Aalue Aggin s e Cadl 1 8 NSM-SMA 4@ Gals .

gl Bl g Aliinne a8 Al o3 alasinly slgkally Syainaall Siloal) dolu duhyy oaiy

(Performance-Based Seismic Design ) e dals D arenal laliy) skl an °
Al oda W) 8 agas Les cdilidd) Leelsly SMA Liliy A ad) dalisdl) du5i) 33aliGuidelines)

Saainall dputigh il yleall Cpaa

V) el sy (0 giall Baal) Ao slial) e gyal cliiahly 5B Al iy i) cluhll b .

NSM-SMA 2 alasinly et aall Jlsall elal Gauads deglaall 52l o laydl (sae agh Cong

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
149



¢ Latakia University Journal Engineering Sciences Series 2025 (3) 22} (47) alaall Zawigll o slal) dlulis 283U daals dlas

References:

[1] J.R. Yost, S.P. Gross, D.W. Dinehart and J.J. Mildenberg. Flexural behavior of
concrete beams strengthened with near-surface-mounted CFRP strips. ACI Structural
Journal, Vol. 104, No. 4, p. 430, 2007.

[2] R. Ghalia. Development of strengthening methods for reinforced concrete beams
against flexure using FRP composites. Tishreen University Journal for Research and
Scientific Studies — Engineering Sciences Series, Vol. 39, No. 5, 2017. (in Arabic)

[3] C. Bakis, L. Bank, V. Brown, E. Cosenza, J. Davalos, J. Lesko, A. Machida, S.
Rizkalla and T. Triantafillou. Fiber-reinforced polymer composites for construction —
state-of-the-art review. Journal of Composites for Construction, Vol. 6, No. 2, pp. 73-87, 2002.

[4] R. El-Hacha and M. Gaafar. Flexural strengthening of reinforced concrete beams
using prestressed, near-surface mounted CFRP bars. PCI Journal, Vol. 56, No. 4, pp. 134—
151, 2011.

[5] R. El-Hacha and S.H. Rizkalla. Near-surface-mounted fiber-reinforced polymer
reinforcements for flexural strengthening of concrete structures. Structural Journal, Vol.
101, No. 5, pp. 717-726, 2004.

[6] M.A. Badawi. Monotonic and fatigue flexural behaviour of RC beams strengthened
with prestressed NSM CFRP rods. 2007. Available at: http://hdl.handle.net/10012/2997.
[7] S.M. Soliman, E. El-Salakawy and B. Benmokrane. Flexural behaviour of concrete
beams strengthened with near surface mounted fibre reinforced polymer bars. Canadian
Journal of Civil Engineering, Vol. 37, No. 10, pp. 1371-1382, 2010.

[8] A. Astorga, H. Santa Maria and M. Lopez. Behavior of a concrete bridge cantilevered
slab reinforced using NSM CFRP strips. Construction and Building Materials, Vol. 40, pp.
461-472, 2013. DOI: 10.1016/j.conbuildmat.2012.09.095.

[9] M. Shahverdi, C. Czaderski and M. Motavalli. Iron-based shape memory alloys for
prestressed near-surface mounted strengthening of reinforced concrete beams.
Construction and Building Materials, VVol. 112, No. 38, pp. 28-38, 2016.

[10] A. Abbass, R. Attarnejad and M. Ghassemieh. Seismic assessment of RC bridge
columns retrofitted with near-surface mounted shape memory alloy technique. Materials,
Vol. 13, No. 7, p. 1701, 2020.

[11] K. Hong, S. Lee, Y. Yeon and K. Jung. Flexural response of reinforced concrete
beams strengthened with near-surface-mounted Fe-based shape-memory alloy strips. Int.
J. Concr. Struct. Mater., Vol. 12, No. 1, p. 45, 2018.

[12] A. Cladera, B. Weber, C. Leinenbach, C. Czaderski, M. Shahverdi and M. Motavalli.
Iron-based shape memory alloys for civil engineering structures: an overview.
Construction and Building Materials, Vol. 63, pp. 281-293, 2014. DOl:
10.1016/j.conbuildmat.2014.04.032.

[13] Y.M. Yeon, K.N. Hong, S. Lee and S.W. Ji. Numerical study of RC beams
strengthened with Fe-based shape memory alloy strips using the NSM method. Appl. Sci.,
Vol. 11, No. 15, p. 6809, 2021.

[14] S. Abouali, M. Shahverdi, M. Ghassemieh and M. Motavalli. Nonlinear simulation
of reinforced concrete beams retrofitted by near-surface mounted iron-based shape
memory alloys.  Engineering Structures, Vol. 187, pp. 133-148, 2019. DOIl:
10.1016/j.engstruct.2019.02.060.

[15] Y. Araki, T. Endo, T. Omori, Y. Sutou, Y. Koetaka, R. Kainuma and K. Ishida.
Potential of superelastic Cu-Al-Mn alloy bars for seismic applications. Earthquake
Engineering & Structural Dynamics, Vol. 40, No. 1, pp. 107-115, 2011.

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
150



CYVACRI PSP SO NSM-SMA 2 38 5 dac2ally dalosal) igindl jlsal) Slsl Jsa dildas Ay

[16] S. Mazzoni, F. McKenna, M.H. Scott and G.L. Fenves. OpenSees command
language manual. Pacific Earthquake Engineering Research (PEER) Center, 264(1), pp.
137-158, 2006.

[17] European Committee for Standardization. Eurocode 8: Design of structures for
earthquake resistance — Part 1: General rules, seismic actions and rules for buildings (EN
1998-1:2004). Brussels: CEN, 2004.

[18] A.M. Billah and M.S. Alam. Performance-based seismic design of shape memory
alloy-reinforced concrete bridge piers. I: development of performance-based damage
states. Journal of Structural Engineering, VVol. 142, No. 12, p. 4016140, 2016.

[19] M. Ghassemieh, M. Mostafazadeh and M.S. Sadeh. Seismic control of concrete shear
wall using shape memory alloys. Journal of Intelligent Material Systems and Structures,
Vol. 23, pp. 535-543, 2012. DOI: 10.1177/1045389x12436731.

[20] Y. Tanaka, Y. Himuro, R. Kainuma, Y. Sutou, T. Omori and K. Ishida. Ferrous
polycrystalline shape-memory alloy showing huge superelasticity. Science, Vol. 327, No.
5972, pp. 1488-1490, 2010.

[21] K.C. Shrestha, Y. Araki, T. Nagae, Y. Koetaka, Y. Suzuki, T. Omori, Y. Sutou, R.
Kainuma and K. Ishida. Feasibility of Cu-Al-Mn superelastic alloy bars as reinforcement
elements in concrete beams. Smart Materials and Structures, Vol. 22, No. 2, p. 25025, 2013.

[22] T. Omori, K. Ando, M. Okano, X. Xu, Y. Tanaka, I. Ohnuma, R. Kainuma and K.
Ishida. Superelastic effect in polycrystalline ferrous alloys. Science, Vol. 333, No. 6038,
pp. 6871, 2011.

[23] D.C. Kent and R. Park. Flexural members with confined concrete. Journal of the
Structural Division, Vol. 97, No. 7, pp. 1969-1990, 1971.

[24] C. Christopoulos, R. Tremblay, H-J. Kim and M. Lacerte. Self-centering energy
dissipative bracing system for the seismic resistance of structures: development and
validation. Journal of Structural Engineering, VVol. 134, No. 1, pp. 96-107, 2008.

[25] T. Paulay and M.N. Priestley. Seismic design of reinforced concrete and masonry
buildings. Vol. 25, No. 4, pp. 362, 1992.

[26] R. Park. Ductility evaluation from laboratory and analytical testing. In Proceedings
of the 9th World Conference on Earthquake Engineering, Tokyo-Kyoto, Japan, pp. 605—
616, 1988.

journal.latakia-univ.edu.sy Print ISSN: 2079-3081 , Online ISSN:2663-4279
151






