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Behavior Of Composite Beams (Steel-Concrete) Strengthened By
(CFRP) Sheets Under Repeated Loading

Dr. Bayar J. Al-Sulayfani Islam Abd-Ullah Aziz

Civil Engineering Dept./ College of Engineering/ University of Mosul
Abstract

Present study aims mainly to conduct the behavior of composite beams
strengthened with carbon fiber reinforced polymers (CFRP) as they subjected to
repeated loads. It investigates the enhancement of load capacity up to failure and
the reduction in transverse deflection at the ends of composite beam as affected by
(CFRP) strengthening. The following parameters were taken in to consideration
in this paper. Location of (CFRP) along the composite beam wrapped length
effect and effects the Number of (CFRP) layers.

From test results it is obvious that (CFRP) is very active in increasing the load
capacity by (36%) and reducing the mid span deflection by (56%) in addition to
minimizing the slip at beam ends by (98%). Depending on the location, length and
number of (CFRP) layers in to account.

Key words:- Composite beams, CFRP, Repeated loads and Slip.
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Groups | No.of Composite Beams | Specimen designation Strengthened Region
A 2 ggg; Reference
CB1-B-1N-3L1 Bottom Flange
CB2-B-1N-3L1 Bottom Flange
CB3-BW-1N-3L1 Bottom Flange&Web
B 6 CB4-BU-1IN-3L1 Bottom Flange&Web
CB5-TS-1N-3L1 Top Flange&Slab

CB6-BTS-1N-3L1 Top Flange&Slab& Bottom Flange

CB7-BTS-1IN-2L.1
C 3 CB8-BTS-1IN-1L1 Top Flange&Slab& Bottom Flange
CB9-BTS-1IN-1.5L1
CB10-BTS-2N-3L.1-3L.2
D 3 CB11-BTS-2N-3L1-2L.2 | Top Flange&Slab& Bottom Flange
CB12-BTS-2N-2L.1-2L.2

cJandl g 3 gall-2
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4 |

. b U_ 4a
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. (5-20mm) e z ol sl &S, [7](B.S.882:1992)

il Al Al Guad:3-2
LS el lie V) 3kl (Slab) Al AN A3 aaa A deriiuall Al all Ahlall depeaill Lo sliall sl o3
A il ALLIAY e el Coay oLl a2y da glaall 028 (e J guanll a8 g La g3 (28) e e (40MPa) 25
Al Sl s Y a8 225 (80-100MM) Ci sl Js—hags s Al Al Gl Sall A aling iy
Al Al 411 Jaa) a3 [8][9] (ASTM  C39-04) A se¥) ddus) sall o sy 5 (150*300mm) el s
(1:2.7:2.9/0.51 )4 55 s s

el Jaa 242
S el e V) gz 3lad Al Hall AL i jeitasall 5 shall il & (10mm) s el s ol axiiul
ew\ C_Auﬂ\ 23 yasil @A:d\ @t\.\]\ T 52 ‘EA\:\]\ Jaall g caaall 13a ‘f FPREGNA|
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Steel

Specimen Yield Yield Ultimate Ultimate Modulus of
p(mm) Strength(MPa) Strain Strength(MPa) Strain Elasticity(MPa)
10 505 0.0026 610 0.0129 194230
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sgyaal) adalall :5-2
A48 a ye 5 (150mm) abaiall SN Baall Euaae (WBX9) & 53 (e (s30n adaia aladi i) o3
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gl il (e 33 ale ) il dleal) Gandl) wilh sy
[10]p80uall s yaal) adiball dyuusigh) pailadliz(3)d 92>

Web Flange Nominal I I
. . Area | Depth | Thickness | Width | Thickness weight * 4 Y 4
Designation mm mm
J (mm?) | (mm) t by t per(m) (x106) (xms)
(mm) (mm) (mm) (Kg)
W6x9 1697 150 4.5 100 5.5 13.5 6.826 | 0.911
.guaal) alaial) asil dglaall kil (4)dg
s gz?rer:en Yield Yield Ultimate Ultimate Modulus of
P Strength(MPa) Strain Strength(MPa) Strain Elasticity(MPa)
W6x9 320 0.00156 355 0.0155 204000

;(gaa&w\i\)s\.hg\j\ salal) :6-2

Lgiaal a3 daadisall o sl Jail 5 () 90 Candl 13 8 (S 5l T) Adayl ) salall (g e 58 aladiia a3
L) iy Jay 5 lasdal s 5D Al il 58 aladiad s 65 13 (sl adaiall 5 dilu jal)) il e e
. (Sikadur 330) s (Sikadur 30) s &!sY1s sed sl

; :(Sikadur 330) (S sa) day) 1) atali®

O 25 (CFRP) il i ae 4 yall i) gz 3lail Al Al 3130 oy ) Lgalasiin) o3l ddag) )1 salll 4
¢ (Hardener B) saladll salall 5 ¢(Resin - A) duaall 3alall Laa (4 3 (e 5580 5 ¢ g 3l o g 58
LIl dis o ) ¢(B)sabadl salall (1K) s ¢(A) iaall 33lall (4KQ) ¢ (o 83kl o2 e ()5 & ganasg
Bale pralia ) 5 I3 0 5S8 Babiadl) Balall 5 ¢t (5 3 0 5S5 dranall Balall 5 A 55 S (4:1)Ase 5l o2¢]
[12] [11] (Sikadur 330) S s 4l 3l (ailadl) Gan (5)d sl 5

.(Sikadur 330) s s Al 3l Gailadd) craw 1(5)J g2l

DENSITY (20°C) 1.31KG /L (COMP. A+B)
Pot life +30 C: 35min. /+10 C: 90min.
Tensile strength Curing 7day, +23°C/30 N/mm2
Flexural-E- Modulus Curing 7day, +23°C/3800 N/mm?

:(Sikadur 30) (S s2¥1) dda ) 3aLal)

Gl a5 (Al e ¢ 5) saasd) adaially ¢ 5o S Gl Jag yd caandiind ) dday) i salad) a
sda Ade )¢ saaas ¢ (Hardener B) saladllsaldls ¢ (Resin A)  Areall salall Laa (0 3 (0 GlIX
sl gl 18N 4 i ) (51 o(B)saloadl) 83Lall (1.5K(Q) 5 «(A) el 53all (4.5Kg) « (6KQ) b 33l
[12] [11] (Sikadur 30) ¢S s L 5l palbadll cy (6)d 525 455 S (3:11) e 51

.(Sikadur 30) S5 AL 38l ailadll cp (6)J sl

. . Modulus of Tensile bending
Sikadur type Density elasticity strength Shear strength
Sikadur-30 1.77 kg/l 12800 MPa 4 MPa 15 MPa
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o=e 5 (0.12mm) lews (Sika Wrap Hex-230C) ¢ 53 (CFRP) 1il i axsiud s(CFRP)ai ji; 7-2
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FIBER TYPE HIGH STRENGTH CARBON FIBERS
A real weight 220gm/mz L 10gm/m?
Fiber density 1.78 gm/cm?
Fabric design thickness 0.12mm(Based on total carbon content)
Tensile strength of fibers 4,100 N/mm? (nominal)
Tensile E- modulus of fibers 231,000 N/mm?2 (nominal)
Strain at break of fibers 1.7% (nominal)

-1paadl) 40l g g ilall) Aigs -3

Jsdar 48 50 A (14) 3263 o3 (CFRP) ) i 81 53l (Ao ja-an) A sl lie V) o sl Al 50
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busy 4 (1) 22 (LVDT) (Linear Variable Differential Transducer) Jle> <ouiis o5 (Deflection)
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e Alaie YU A slhall L8Rl a5 il Qs 30 (Computer) @ sl Slea ) el sat s <l slaall ¢ 330
(Excel) Fbasy) zali )l

Reinforcement Concrete

500mm Width x 100mm Thick

Headed Studs

D=12.5mm&H=50mm@175mmc/c

3000mm

Al 48 5al dgial) £ igad slagly Jraldl gy 1(2)JS4
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Data Lugger Concrete Slab $00mm Load Cell
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8 sy Caagasl 23 (CFRP) o ol sl a4 ) S Jea W) Jalast Ao A€ sall cilial) 3 5] gial) 220
Juadl) o o o5 ¢ 3 larad) a4 5l (119-36%) ¢! A S el clgiall Jadl Jaa 320 ) (b daal
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sl die S il Juzadl o 5 ((CFRP) il iy Jad (sl &gan ()50 Dl )ALy o) 4 Caam 315 (3L
e il o) 4y g5 ) A8laYl i) 468l (e ol el 8 45 55 23 5015 (CB6-BTS-1N-3L1)
e (50MM) Alase painsi 5 73 iU Alas A1) AL o i) edasal) a4y il il ) paiaad 5 Lilel) a2)
Jara e 43 e (%36) «oliile (A lia g 330 39 (204.5KN) Jdll Jea il Cua Guilall a5 a3l el
L) i ) i) ol siall Joiil) Jen 88003 3 Coas g and an (8)dsall s 6 planad) e o 3lail il Jes
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4181 Jaal) iU cal (CFRP) il s 31 gl (Al i 2ian) 48 pall ciliind) & glow Al

S s saall g dlail JEAN Jas A ALY g as:(8)d 92>

. %lncreasing in Failure
Composite Beams FalluLeN Load Load Witthespect to Mode Of Failure
(kN) Control Beams
Avg. of CCB2 & CCB1 1504 | 000 e Crushing In Concrete
CB1-B-1N-3L1 166.9 11 Rupture In CFRP
CB2-B-1N-3L1 174.4 16 Rupture In CFRP
CB3-BW-1N-3L1 175.2 17 Rupture In CFRP
CB4-BU-1N-3L1 172.7 15 Rupture In CFRP
CB5-TS-1N-3L1 189.8 26 Crushing In Concrete
CB6-BTS-1N-3L1 204.5 36 Rupture In CFRP

haiiad) 8 36Y1:2-1-4

5 A all cilgial) 2l Caiiall 25l jlaie Jli Lzl g 5354 LS (CFRP) Ll oy Calasil )
8kl cilie Jase 8 Jualall 3 5Y0 &5 jlia 5l sall 48 pall ciliall 0 ¥ & Glail) Casi s o G (9) Jsaal
2 Ol o Cua gl 5 uae Ao JS 4 8 (8 deadiull (CFRP) Ll iy alatll ad s o uill o8 adiatig
Ll o) dal) Jod Calas of 08 Tilae Aleantol) sl (796-29%) o bidke cp lgial) Jass 5 8 5 5Y)
Ll Caratia 8 35Y) Julis W (5ol (CB6-BTS-1N-3L1) g smeill dlus Al 41300 Jand Calatl) i il
ling 45 5l B sl il 0 6¥) 5 Jaadl (g A8l AdanDla (a5 . Ao sannall gz 3la Ay ae 45l a5 S
o Lot aSall e Jaall 8500 30 ) il gee 2yl il 3205 plapadl cilgie 8 25Y) o o (5)JS 5 )
33l 3 aee 3 5VLy Jlacaiill 134 5 31 sal) S yall cilgiall o 6Y) 08 388 Cliall Jaad) 825 (g a1 e 31 iall ciliial)
e liall daglia 8 Alalal) 533l ) At JSI s U LD Caldal a8 ge e sy ciliall Jaall L5
e Silee 5 diall Jiul 8 2l (5 8 Jasi e calee 3 (CFRP) Ll 058 3 5a0 A Jualal) 3590 lais
AL e (5l seda pre Baa sl | (5l Jaal) Jaslust ) el e liall & Jualall a8l 5 353 (e 2
on gall o jall Aslaia 8 dad e S (5315 52 SIS ¢ UaiiY) J gems a3 Y1 3152l 2 3Laill (Slab) Al Al
e 3l 8 mal lu Al ¢ all (S GLIVI ¢ Ui ey ) sedally coliinll fag Cume J5¥) sl z3lad aaenl s
Llaiy) dihie 3 (Crushing) Gl Jsas Ul s Jiaal) daglus vie (S jall Caiall 3 gail dilly Canazay)
A el il 23l pagaal) adaiall & Chany LYY adad amy ral 5 55 J gems e

J¥) Lsaall Z el Cpada B)ghal) cildiall Glalll Cuud aa cilgial) Jaug B 2gY) add 1(9)ds>
Sphaad) Qlis a 455Eall

o . .
Composite Beams Mid Span Deflection /(’Decre?;'é??e (!tr;o::/“d Span
(mm) (At Failure Load)
Avg. of CCB1&CCB?2 752 | e
CB1-B-1IN-3L1 70.5 7
CB2-B-1N-3L1 68.2 9
CB3-BW-1N-3L1 65.6 12
CB4-BU-1N-3L1 69.3 8
CB5-TS-1IN-3L1 60.6 19
CB6-BTS-1N-3L1 53.7 29
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CCB1&CB6-BTS-1N-3L1 zilaill (3 g¥1-Jaall)ddde :(5)Jsd

il el (gaall el Al 20 AL (ol (5 58 o 5o m iy —rblgll) i (3 3Y1:3-1-4
2l N ALYl ) sl 138 8 3 el cliall 3 psead Ll 8 BY Y1 laie Clatial 3 G all
O sadll 23065 (s BY YL il s 81 e i Zaliall (Y 33 s e (10) Uyl 5 5l
o aalall BY 5391 05 e GUIVG ALunall el gl L5 55 0y 0yl AiaSla (a8 Sl e
CB6-BTS-1N-) zaseill ie culaa o (¥ 539 Jolil il il Jazadl 5 9(88-98) Al a5l 55 Cum gl
A8l o Iyl 8y e Jee m3laill 32l (52 )SH LI Caladl) 81 (CB5-TS-1IN-3L1) zasaills (3L1
zilad pand Al die (BY 33YI-dall) A8le o Auila jAl) A3 5 saaall o il (Top Flange) Llxl)

(G)M\ ot diaiaga dj“}“ sl
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4181 Jaal) iU cal (CFRP) il s 31 gl (Al i 2ian) 48 pall ciliind) & glow Al

Sphasad) clie aa 430G I sl zilad crads A lalil) ady clilgdl) B GYY) b 1(10)ds>

. . %Decreasing in
Composite Beams Failure Load (kN) Slip At Failure Slipwith Respect to
Load(mm) Control Beams
Avg. of CCB1&CCB2 150.4 646 | e
CB1-B-1N-3L1 166.9 0.76 88
CB2-B-1N-3L1 174.4 0.64 90
CB3-BW-1N-3L1 175.2 0.45 93
CB4-BU-1N-3L1 172.7 0.58 91
CB5-TS-1IN-3L1 189.8 0.32 95
CB6-BTS-1N-3L1 204.5 0.13 98
160 TEnveloge Carve
140 7 7
120 /
— 100 ~ ///
% 80 7 //// ///
S g/ /) A S/
" ///} /// )4
20 1 - 7 CCB1I
0 | ¢
0 1 2 3 4 5 6 7
Slip at End (mm)
250
Fnvelope Curve
.--'-'"-.-
= 150
=
-u /
(5]
S 100 -
50 -
CB6:BTS-1IN-3L1
; !
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Slip at End (mm)

CCB1&CB6-BTS-1N-3L1z aill cilylgl) sis(GY3YI1-Jaal))ABe :(6)JSa

CBY-) 5 (CB8-BTS-IN-1L1) z3eill il ¢ 55 ol (S ) snall z3lai et vie Llae Jan 5]

—2 (AN gaal) Zilad) (CFRP) il jd canliit) J gl ,il:2-4
~idddl) Jas:1-2-4

Jsb of e Jay Les (Bottom Flange) 230l 4ikis & (Debonding) 2,3 Ji8 4 (1S (BTS-IN-1.5L1
(Rupture Failure) ekdlly J5d) S Eus (CB7-BTS-IN-2L1) gaseill e 45 8alk LAS (55 o1 el
A 0 (% 18)53b 0 Jeaill il ) ae) (g3 23 il 48 S (e a2 I e g ¢ (CFRP) dail il Zauilly
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$LEY) Jaad (b 53y 3 Calia s (53015 (CBB-BTS-1N-3L1) 2 saill ps A5 Jhally 4186 Zs Ll ) gl
il (o g Sey 1B (3000mMm) Hudls 3 sl Jsbs Gl aine 8 il Ik OIS S (%36) )
Syl clsial) (s 5 Gy (11) Js2all5 ¢ (CFRP) il s Calaill JiaY1 Jshall a4 el diall Jsha e

d&ﬂ\dﬁ@'&dlﬁ)&\mg

A gl g ilall JAdY Jan A a3 caaiy a1 (11) Jsta

_ Failure Load %Increa_sing in Failure _
Composite Beams (kN) Load With Respect to Mode Of Failure
Control Beams
Avg. of CCB1&CCB?2 1504 | e Crushing In Concrete
CB7-BTS-1N-2L1 176.8 18 Rupture In CFRP
CB8-BTS-1N-1L1 173.2 15 Debonding In CFRP
CB9-BTS-1N-1.5L1 166.2 11 Debonding In CFRP

_riaiiall B 3 g¥1:2-2-4

Sl e ilee ¢ s JLSI G GE YYD ) sl e 8 e e el Jsha 06 (e a2l e

O S Gl Caulad) Joda Adlad JanDy i (12) Jisaadl 8 Cse WS 5 A8 jall Qlie Y #ilas oy 3 5Y)
Jaalall 3 5Y1 lade J8 Cadaill J sk o) 5 LalS o W T patenn ¢S5 ol Calatl) () € (g a0 e ciliiall o 01 Jlis &
Jeall (A8l (7)) IS5 5,80 Jlaa¥) dadis 3l i) (g a5 e S el cliial) Lo s B
(S saal) z3lai (axd (CFRP) il s 31 siall ciliall 3 5Y1 ae (5,1 S
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4181 Jaal) iU cal (CFRP) il s 31 gl (Al i 2ian) 48 pall ciliind) & glow Al

o9l z3lad Chada Blghal) cldinll A (Ll Cuud ae cibiial) Jawg B 25Y) 4 1(12)d 52
i) Qlic] ae Ad,8alL G

Composite Beams Mid Span Deflection % Decreasing In Mid Span Deflection
(mm) (At Failure Load)

Avg. of CCB1&CCB?2 752 | e
CB7-BTS-1N-2L1 60.2 20
CB8-BTS-1IN-1L1 62.5 17

CB9-BTS-1N-1.5L1 68.5 9

-l e (@Y 3Y:3-2-4

Y31 8 il ke e s ad Caalal) Jplay sl ol S padll zilai e bis s gl

8350 (e gl Gl ol Jgda Ll e a2, (e (gagaadl adaall 5 Al Al A (e Joalal
CB7-) zasaill 4 (%97) o GY3YL Claaiill dad lef culia s Cume 3 5YL il 5 Jidll Jas 8 dlalall
el 48 S 53l 5 (CBB-BTS-1N-3L1) zasedl A lele Jsaanll o3 Ll 4y jlie 40 o8 5 (BTS-1IN-2L1
e (13) Jsaall 8 Aaim ga S gl z3lail Ll Zuliall (3Y 5300 (sl s, 3 gaill Jsha o 5 T jaiana
Gliall Sl aie (BY33Y) -daall) Gu A8l Gas (8) Sl 55 lapd) e ae 45 jEally (Y 33YL @Al o
S el Z3lad (il (CFRP) Ll s 8) sl
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Bkl clde aa & lially AU jgaal) g ilad Gana Ad (lualil) cand g gl A B A 1(13)de

Canposte seans | P Lo [ S0 AT ok o
Avg. of CCB1&CCB?2 150.4 6.46 | e
CB7-BTS-1IN-2L1 176.8 0.19 97
CB8-BTS-1N-1L1 173.2 0.45 93
CB9-BTS-1N-15L1 166.2 0.38 94

—2 (G saall zilad) (CFRP) il iy cialail) el sae yili:3-4
- Jddll Jaa:1-3-4

At e ) saall 2 3lad Gania A€ el il (and (e Lle Jeanll 3 3 gl (14) Jsaadl oo
(CFRP) il - 4 58l by ¢ Jsaall a2 ) Sl Jaa) il cuat Jdll ¢ 55 Joadl) Jen 53l 30
Sl ) saall gz dlatd Judl) Joa (85305 Slel ihe| (CB10-BTS-2N-3L1-3L2) 3 s«ill (3000mm)d sk
s die Juidll Jaad Alialal) 30l 3l ace A0 el Lpola] e yodiad B2l 3l 028 Sy ) slaall 48 3lail
Iy I ALY (%36) Y sl 3l cilia s Cum 3 saill Jsha e 5 5aa) 5 Ak Calaall s (CBB-BTS-1N-3L1)
SL A8 ) il 4 585 G gt U3 (e g ) saall 138 2 3lat 48 Jaall a8 850 31 (e e Al 328 cailS
AU Jeadll 4L 35l 5 ) Lails g 58Y Ak e

Y eaall g dlall QA Jan B 5L Guady add 1(14)d s>

. Failure % ncreasing in Failure Load .
Composite Beams Load (kN) With Respectg to Control Beams Mode Of Failure
Avg. of CCB1&CCB?2 1504 | e Crushing In
Concrete
CB10-BTS-2N-3L1-3L.2 206 37 Rupture In CFRP
CB11-BTS-2N-3L1-2L.2 200 33 Rupture In CFRP
CB12-BTS-2N-2L.1-2L.2 203 35 Rupture In CFRP

—schaiial) 4 agYIi2-3-4

(CFRP) Ll 5 (ye dline ) skl g cppiaday 81 5l iliall 3 ) 3 (sl Consi g o8 (15)J 28]l (e
Gl 3 gmy g lgiall Jans g & Guliall 35V lalill o ol Jas gl Cum G gaall 3ladl Jukdl) Jas ie Aualiall 5
Cilida e Calall wdse G (e Aliiie (S 21 Gl i saie G315 paal) 13n 2 3lai o g & Cadal (o )
zilai pand (CFRP) Ll oy 8) sl culiall Jaws g 805315 (5 ) S Jaad) (s 48D Gy (9) Sl 5 | el
Ja Les o sall o el Ailaia 8 LIS adadlly il ) el 138 3l e 8 Jiall ol Glae Jas g1y CUIE ) saal
pae (e a2 Il e 5 (CFRP) il iy (sauaadl aaiall (g Ja 1Ly (b & gam aial WS oIS el Jla of e
i dan s 8 Jualad) 3091 Jalis 8 age 50 Led ClS Ll W1 p LY Ao glie o Calatll clida dae Baly ) s
skl 4y 3l Jualall sl pe &3 jlaally Gl ) gadl)

B gaall el culdinl) Jag b 30 ad 1(15)J9%

Composite Beams Failure Load MidSpan Deflection %Decr_easing In Mid Span
(kN) (mm) Deflection (At Failure Load)
Avg. of CCB1&CCB?2 150.4 752 | e
CB10-BTS-2N-3L1-3L2 206 33.1 56
CB11-BTS-2N-3L1-2L2 200 33.8 55
CB12-BTS-2N-2L1-2L.2 203 33.1 56
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4 ) 1l Jlaall) il cad (CFRP) Jail o 81 giall (Aba i ypan) 48 jall ciliind) o ghos ¢ Alibodli
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~rebledl aie 3Y3Y:3-3-3

i sae 85350 o V1o 5Y) gl e (CFRP) Ll sy cagdeadl) ek sae 5808 (g pe L, e
ad S G saaad) adaiall g Al jal) AL G Jaalad) 3Y 3 8 glaiill jlade o g Al caglal)
g3sall (3 (%97) N lasbill iad el ciliay Cim s sl 138 73l aa oy Jliie 3Y iYLy Glosil
(aa (CB6-BTS-1N-3L1) z3saill & lsle Jgpeanl) i Lal 43 jlie daiii a5 (CB10-BTS-2N-3L1-3L2)
Guaaiil) ard ¢ U ) sadd) z3lai enia (CB7-BTS-1N-2L1) 73 seill - g dagll 3 J5Y) ) gaall il
i pe A5l BY WL GLdl i aa (16) Jsaad) 8 A go G ) sadll 2 3ail Llee A0l (3 3330
Dl 2 3Lail(CFRP) il s 31 siall culiall el die (GY3Y) -Jaall) cp A8l Cp (10) IS 5,8 ksl
Sl

G ) ganal) 7 ilal gl (A GV Y ad 1(16)d 54>

Composite Beams Failure Load | Slip at Failure | %Decreasing in SlipWith Respect to
(kN) Load(mm) Control Beams
Avg. of CCB1&CCB?2 150.4 646 | e
CB10-BTS-2N-3L1-3L2 206 0.19 97
CB11-BTS-2N-3L1-2L.2 200 0.32 95
CB12-BTS-2N-2L1-2L.2 203 0.26 96
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