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Abstract:

Recently, Basalt Fiber Reinforced Polymer (BFRP) bars have emerged as a
promising alternative to other FRP reinforcement bars, owing to their proven
and positive advantages. However, due the recent appearance of these bars
and the incompleteness of studies on structural elements reinforced with them,
they are not yet incorporated into international codes for concrete reinforced
with FRP bars. On the other hand, numerical modeling and structural analysis
using the Finite Element Method (FEM) are among the approved and most
reliable methods after experimental studies for obtaining results that are close
to the real results in experimental models of the studied element, it allows
building the necessary number of numerical models of the studied element and
conducting the necessary parametric study of the various factors affecting the
element's behavior while achieving cost and time savings compared to
constructing and testing the same models experimentally. This study aims to
build numerical models using ABAQUS software, which relies on the Finite
Element Method, for a number of concrete beams reinforced with BFRP bars
that have been tested experimentally, and to verify the validity of the
numerical modeling by conducting a parametric study to investigate the
impact of the reinforcement ratio and the elastic modulus of BFRP bars on the
values of the deflection and the strain occurring in the reinforcement bars and
the concrete in the numerical models of the studied beams. The results indicate
a good agreement between the values obtained from the numerical and
experimental studies of the beams, and demonstrate the role of increasing the
reinforcement ratio in reducing the strain occurring in the reinforcement bars
and the deflection formed at the mid-span of the studied concrete beams
models reinforced with BFRP bars, they also show that decreasing the elastic
modulus of BFRP bars increases the values of strain of the reinforcement bars
and the deflection in the mid-span of beams reinforced with BFRP bars,
compared to beams reinforced with steel bars, the results also indicate that the
load level corresponding to 30% of the ultimate capacity at Failure of concrete
beams reinforced with BFRP bars is a conservative and favors safety if it is
considered a load level for service loads that the beam may be exposed to
during the serviceability phase.

Keywords: BFRP Bars, Reinforced Concrete Beam, Finite Element Method,
strain, deflection.

17 = 2


mailto:hasan.alattar@damascusuniversity.edu.sy
mailto:D.talalsharaf@yahoo.com
mailto:hishammamma@gmail.com

Laally Cidi ¢ laall

2500

CFRP
2000
F
3 / AFRP
= 1500
— /
£ /
é 1000
zZ / ——" GkRe
500 /
0
0 0.5 1 1.5 2 2.5
[%] coamail o5l

glEU Goaall 2al) o (ga¥i- ) ogdill) Jabia (2) Jeall
.(CEB-FIP, 2010, 215) FRP @l (3 daslall

O gelel) Gl dslia 8 logad iSY) Lalagl) GLtY) s
g ULy D Lnaal ¥l Aigasl) Y g8 daua (FRP clS)e
Olaciad 7 iy ddadipal) gaieall) LiaglpiSs ) ghai pa (iS5 ¢lgaalii) 4Rl
a0y ublia bl Gilad) yas cipgli FRP @liSie (e grabeal)
Ldally Anlagy) Lall ik FRP oluiad deliua (b Lalaj cibadu
Ljlie GLIY) 03¢y Aabucall Lupadlsal) (Lol adgs AU ) A
e bty Liliasst) daglaall ¢ Aot 2dd) 558 (GFRP (lucaly
Laial) td Gani of e A BLAD @lags Jaad B gus¥) Jlaally
wi WS ((Chowdhury et al., 2022, 1) jliiad) dase NS
Ol st O 5Sall g AEHLY LY (oSt Aasijal) de Ll
aalajll GLIY) delia pe 4jlialls Autad) Lalil) (e Juail BFRP
08 S Aian JB1 048 \gie Aaslil) BAYNy (8 A8l callati
Jgi pline B AaBLY jsiall Lag delival) 03gd LAgY) slgall il
¢(InfoMine Research Group, 2007) allal)

Olacad ) gek aag (gl Al e 088 ((Wu et al., 2012, 2)
Ly sualind) dahyay dabaiall ciladll JUs) axeg Baas BFRP
B Ao e Jile Oludadl) s3a Gl Lgy dadual) dibudl) (e
FRP clSm o oluai daloall ilu Al Laldd) duallad) i gsd)
458l galeg ACI 440.1R (2015) «CEB-FIP (2007) Jis
Ay Allaial) Ciladal) 225 i ((2018) 18 a8y (g guad) sl
31l Lo 448 BFRP ¢l dalual) duibu Al 3isad) oba
GAYI FRP Gl o oludadl) aladiad Jsa Blgiall cilubal) aa
) clabal) oda alina i) oo Sukd (GFRP daalajll daliy
O3Al Lapko Wil dun clufall sda e cdoasml) dagal)
Obwials dalecal) Auiluad) Silgall o 230 LES) cilad (2015)

Baganall yealiall diyh aladiuls BFRP (i daleall dslpall Silsall diasal) dulal

sAadial)

e Adlisal) ALESY) pualind) b pabetl) Wgh JST Al o3
dalusal) BiluwAl) aladial anidl) delia Asls ) 8l cibaatl)
ald aliad) A pagail) dag Aoy Aol LN Gludadlly
sl clig Ao daglad) dlgand) il Ganyg ddlad) Lighl
.(Ahmad, 2003, 470) &bkl suadly sl clidall Gany fia
chadsll) FRP GliSie o oludad ipgli Gaaalal) caaial) (V&
Oladally Adaipal) JSTY JSLiia Jad oly S (YL Aaleall
(b Ol ol gt (A AT dulay) Lijall Pl Al
i) Bghy O3 s) ARAS dalusal) Lkl aladiuly apddl) dolia
LYY olasly Ak wie £ UadiY) die Bl duasd)

.(Wu et al., 2007, 7) «(Nanni, 1993, 3358)

A (150tropic) duilaia sge (o CLIYL Aaloal) cyalsal Callis
A 51l (g A Ao Allal) Lagliall (a3 A (Fiber) Gl
LYY G Agand) JE5 Gafig <lguans pe CLIY) Jau3 (Matrix)
4uSpa Babe i Ant) cufidall oo ALY dilas ) ABLYL
(Orthotropic) ualsadl 4uilaia & (Composite Material)
(1) JSal Les

Matrix

Fibre
LG dalial) el gall Lu$pall Sgall ciligSa (1) JSid
(Obaidat, 2011, 19)
bdy g UaiY) s Opall adl) gllls lagas FRP @lipa juals
A jadiy (g gl a agag pe aa LY oladly Adlall sl
— el pgaill) Jabada (hy (2) JSAly ¢ EL galuil) Mgh
FRP by (e dadlid) g 1580 (2lgay)

17 &3



Laally iy ¢ el
ABAQUS zalis alidinbs dosse g ilad slia L) Ll 038 ciags
sl (a aad Baganall pualinl) diijh o Julail) & aaing (sl
daia Blaag a3 Bidally BFRP oludals dadaall duiluald)
Fd Ay Clagiad Al Auabs sh) o (sag sl el
ad Ao BFRP gluais galdl) dig all Jalan (alidily galdl)
& Llually bl @lucb b Aalal) Luwadl) Cilagdilly agasd
g yaal) olgall Aol gz dlail
Tl el Buidal) g alall Chuags .2
:&lual 1.2
Baaal) dagliall .C2 9 C1 haiiall Ao diluwAl (ilaglia aladin) a3
(4 081 35.6 MPa g 26.4 MPa () duglus Jaial) Ao du|gha)
G gl Clay) g psdicial) Ciand) . Mgl e C25 C1
AU alieY) e bl 425 A Type 1 3455
W/C ciaad) ) slall duig <25 MM (Soba adiinal) Gial)
LAl e C2 5 CL ¢pihlall 0.4 50.49 Y dislne

:@Lﬁd\ Oluzbd 2.2
BFRP dablll cildYL Al 4 puantgal) oyluadl)
2 ) Steel stirrups
| 206 f
N l S l ;:.ﬂﬁ@ﬁ[lmm
) J N
Qf ol
b T
AN ry \Reinforcment o TR e
setion section
HE 600 00 500 15 KA A
2050 BBIP-C1 BR2S-CI
- ‘ BB3E-C2 BR2OR-O2
Note: Dimensions are in mm
BS308-CL  BS28-C1

Bidall Silgadl g iladl sla¥ly galedil) Junalds (4) J<id)

Jsall 4 LS (Ribbed Surface) ¢jlas g @ild dadiieal)
22510 ¢ by b @3 Byaiua Ll Ll (e dila ((3)
LYY ggiaag ((Vinyl-ester) siu¥) i gl dpda O g S
Liualgall ga (380 L g9 ¢S paall (30 96 70 3 (Laas)
18 ab; (gsudl al) 258 Galag ASTM D3171 (2011)
ety gl Lariional) LA ol ludad L ¢(2018)
Glaad L ¢(3) JSalb LS Ojlae o @l gd glad) Jusiily
wadle G (1) Jsaally 6 MM b sluds diglal) Gl
3Hsad) gilad b Lasiioal) bl (lall LLISal) Gatladl)
L Byaal)

Baganall yealiall diyh aladiuls BFRP (i daleall dslpall Silsall diasal) dulal

4529 o) Biiall Salsall duwadl) @iliil) cuald éua (BFRP
fmal) (220 (38 dabidatl) aal) G ABigalay daga sl
(idall sl (B Ay atl ailly agead) Glual Bacinal) dulual)
lshasi Sillg (2016) ale ag! Ll B 0 gua15 Elgabbas el asi
pind) Jausia o %28 Alaaas Ly aga ki 3339 () Liad g
Sisad) oxie cylgdl s ajally (ACIH 440.1R, 2015) (85 aglial
duhal) a5 Jilialls BFRP (jlacals dalaally 5pidial) duils i)
lgiag Aalocal) il Al) ¢pa Aalidal) AuLESY) ualinll duw 2]
Loale AR i A Jleed) (4 BFRP glualy daleal) 3iigal
AT L)l zilail) (e S ase el ) daladl sis dalig cdgg
AU Uag sl o3a dgbu Ao 55 of e (A dalidal) o piial)
Baganall jualiall Ay alasials ALAIY) Jalailly dasel) dadadl
ASY Baaiaall G,k (saalS (Finite Element Method) FEM
) i il e Jguand) (B d il Al aay ddgiga
sl sl grand Gus cugutal) juaiall duuadl) g 3lail) B duiidal)
Ll dubal) shaly gugstall puaiall dasad) 3l ¢ AU
o oSa Mg ¢ puaial) gl o §i5al Adiial) Jalgall LoDl
Lolal Aalil) (e gl (3afa3 e Aall) (e Chagll (3RaS
Ll 28u) Al Gus (e dald) dalg of oSa ) cligually
9 Gal zilail) plid) s e alY A gl oo Suiad
«(Salih et al., 2019, 2296) (Demir et al., 2016, 13) Lasl
Lailupal) 3ilsall dpasad) duahal) i) (Say Alld glaeal) V30 g
slaely 3aci agd B solud 3 Jalgad) o BFRP gludals dalusal)
oda dglu o 55 8 A Aabidal) clpiiall Y gl B ga
¢ Aus 8 (2015) 0 asals PAWLOWSKI s i ¢ sijal)
(e 22 ABAQUS galips aladinls dasse g A pad Ay clads
929 gl Ciyglil s (BFRP Gludals daduall duiluad 3isad)
LS ey paall olgadl Lo adl) 9 dgased) dapall @il G da S5
abial) Adyh aladials duasel) du)al) Luaaf Ao O giald) as
Ak @il o Jganl) & Al o2 aladin duil<aly saganal)
Slsall Lopail) Al g cin ) Tis A8 gisal G Ba dajny
03ATy CARTER gz ol 5A1 Aua Ay Al B Byidal)
ABAQUS gl aladinls 4uase g A pad days cled (2019)
) Osialdl gald BFRP (ludls dalus dxilud jilsa 433
Bagaaall jualiall Ak aladials duased) Aol dpaal Ao sl
zilill (Mesh Convergence) 4Suidl culis i yulaa 5)g s
g paal) daasad)

17 & 4



Leally Gyt ¢ ylaall
il abeadd) Al sall el (salit) Jal
Llall o U gl lgdY) danla (i Cun L3YsAl)
G o) 0 o FRP @iliSye (e bl (el
a3yl apaaly FRP (ot dalsall 45lijall adalial
paeay Aalal) A ldll adiad dnley (Load Lia Callans)
e FRP SlSie (o glaly dal i) Lalawall 5ilsall
Jlgdl) Alagimall Bl Al dihic & Gy lgl) Jaa
Alpal) ilsall macaiy Loalal) Ziuldll Ko lldy o i
2l e el 0sSs Gam A laaily Aalasdl
Lsil bl (laiad 8 2lgaY) Jowas (gslae lgd)
(67 <18 a3y grguall (all 26SI Bale) (Slcall algal )
By B il il Gadle ooy (2) Jaad
Ll o Blapall gl W) Sheall doglially gl ol

s J<

gl Ly Briaall jilsal) g ilai (2) Jsiad

ACI 440.1R (2015)
ol A all dpes
PrlPry @i:jb.d\ @L:jf B —
Prp
2.41 0.0017 0.0041 BB 2@8 - C1 1
1.86 0.0022 0.0041 BB 208 — C2 2
3.59 0.0017 0.0061 BB 3@8 — C1 3
2.77 0.0022 0.0061 BB 30§ — C2 4
0.14 0.0286 0.0041 BS 2@8 - Cl1 5
0.21 0.0286 0.0061 BS 3@8 — C1 6

1(2) Jsaall e dasdle

il e ANAL'BY Blall acd e J5Y) el

Bale g5 Ao ANA'S' 51 'B" el ol (e (SBI Sl
Ol e ANAIB Cus ¢ i) Jball bl (Lol
N lucadll e ANAL'S 5 BFRP

Aayhiy lucadll axe e AV "3-208" )
Lilgha ¥ gpad) dogliall e AYAll 'C2, C1' )l
Ll e dslaall

s LIAY) ATy sl 4.2

Baganall yealiall diyh aladiuls BFRP (i daleall dslpall Silsall diasal) dulal

© ' : BFRP

A gt
STEEL

daxiieal) 4N Oluadlly BFRP (luad mhaw cun (3) JS&
<Gaally
L) Gluailly BFRP Gludall 4:ilSal) gaibadl) (1) Jgaad)

NUE(pgt P OXESAA |

g | sy | e
g,»....‘d\ sl :éJ-"J‘ ;-.‘J.J‘JI‘ e il 5ala £
e20 | fu | E (mm) | i
(%) | (MPa)|(MPa) | (GPa)
26 | - | 1157 | 445 | g BFRP
e afy| 8
0.2 420 - 210 |7 7 Steel
o
0.11 240 - 210 | osle (eles 6 Steel

thyidal) ilgall g ilai 3.2

Aalise dnbapd Hloa &iw Hloal) dpppail) duhal) aan
dalie gie o)l ¢i3$re 0ih il cns D) Al
LVl plaadlly (lalise Gliaye O¥lag (BFRP (i
gisy idall Jlsall Zila Gan (4) JS—ally )l
dS Slae iy S Gaa pdapally skl mledl) (gl
200* 150 mm el alaidls 1800 mm ila
) Aslise dpliadly doglall maledl) Gloadl dplazall dSlaw
.25 mm

Gis BFRP (L dal ) dalaal)l Silsall ma s 2
il e lgnl ACI440.1R (2015) Soxad) 35S
) Al bl ds oo Lilas ST gl G Cam
Laall deill ) BFRP (il & 2lgaV) Js—ay 8l
Ll wall B JlaiV) Js—ay ze oaliilly g UaiY) 2ie
Sl ppead 5 G B chpaall Al ) gl
G 2dll o lenl 06l ezl dalsall dnlasjall
sy Al mlaall i e Ll il lganl s Lo

17 &5



Laally oyl ¢ ylnall
JUEY) (e atics Al sagall aies @3y (Roller Support)
Oe lagia JS 228 53 5e (8 Budai o5 L dadh gLl
b ¥ s slae) ae 6600 mm slaall 2l
Materially Non- (MNA) salal ol ¥ jlae¥) e
g8 e pld el ulanll yalyuél linear Analysis

cgeleall plusady luyal) G (Embedded Region)
dadalll b Aot yalial) 2.1.3

st Ailwall 5ale Andeil C3DBR y—caiall alaii ol 2
O (gead Bake S5 cdie (Al (e alge EhE jaic
(Solid g5 (s —aic say (¥l 3) Aoy clay
. (6) J<all «Section)

face 2
c face 5
8 : | o7
i
i
#
e )ty
-
s & face 4
A
SN
g 2
face 1 face 3

8- node element

C3D8R _aia!l Jiiai (6) JSall
(ABAQUS Ver. 6.14 Documentation, 2014)

(o bl laiad 3234l T3D2 jsaiall alads ) o3 Ly
sy Gabatl ol LG jliailly BFRP LS
GElB S d e (e sle g Sloall b Ay el
O (gl Bae Sy (iaie (pe Aga(Truss Element)
128 Cpu (7-) JS—ally (@Yl 3) dupad) e sy
O (7-b) Il Algilly Aol ke 25 e ysaiall
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