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The effect of column confinement using
CFRP upon the seismic behaviour of

frames

Eng.MODAR ABEDOW Dr.Eng. TURATH GHAREEB
FACULTY OF CIVIL ENGINEERING

This research includes an analytical study using nonlinear static
analysis (Pushover), to evaluate the seismic performance of the
old—designed frames (without seismic considerations) after
confining their columns using CFRP sheets.

Several experiments were modelled and verified using (DIANA)
software, in order to achieve acceptable accuracy in describing the
behaviour of the studied materials, and then, 16 non-seismically
designed frames with the following parameters: (storey number,
bay number, and CFRP sheets number), were analysed using the
pushover procedures.

The study showed that the confinement has a significant impact on
the seismic behaviour of the models, where the efficiency of the
confinement increases by increasing the number of CFRP sheets
and the number of bays, however, the higher storey number
requires higher number of CFRP sheets to approach the

acceptable behaviour.

Key Words: Confined columns, CFRP, seismic behaviour.
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P il Aladl) A §plaall ABlae i 2-3-3

(i sall 283l 5la3l) HrakaeY) il 538 G AaUaall Caws G Jsaall
Peoadl) zasaill 883 Aad (g A€ Llaily ypal) z3saill

Model P(DIANA)/P(Test)
N4COA45 1.05
REF35 0.99
RET35N1 0.99
ND 1.06
NDSB2 0.98
Bare Specimen S2 0.78
Bare Specimen S1 0.77
Bare Specimen Overall 0.76
Strengthened Specimen S2 0.85
Strengthened Specimen S1 0.87
Strengthened Specimen Overall 0.86

Al zilai 4-3

bl a5 (1B) (I5¥) de sanall ity (e sana () Canall 3 s 33
(2B) 45l e gaaally cchldlll 2ae g (3-2-1) Galshall dae juad aa 32aly A5y
(15) 5 (14) P& iy el axe s ae daly Galag Giiatidy Shla) &
Sy edsin A (e zdgall aul (53S0 Cum Al z3ail) Cagiay ¢ Lo
Sl Jaalls (S) Gkl axe ) B Jaadly (B)elaill sxe ) Jo¥) Jaad)
J(Wx=ldlll (3o X 230y (3ghany (B=(3sha j2) mexill Ala
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gy galill) .4
Pl ase il Aty o dladl) @ilis 1-4

taaly daddy aaly Gulba 23l L]

D max | V max T Ds/Db | Vs/Vb | Ts/Tb
mm KN Sec
1B-1S-B 36.78 | 77.24 | 0.74 - - -

1B-1S-W1 | 59.76 | 113.28 | 0.73 1.62 1.47 | 0.99

1B-1S-W2 | 84.57 | 144.67 | 0.71 2.30 1.87 | 0.96

1B-1S-W3 | 85.98 | 162.75 | 0.70 2.34 2.11 0.95

D525 «Dmax ekl #L3Vls Vmax gaclll il 53 45,lie (1) Jsan

32y datls aals il z3all T 3l5aY)

Model

1B - 1 Storey models
180.00
160.00
140.00

120.00
—e—1B-1S-B

100.00
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80.00
1B-1S-W2

60.00
1B-1S-W3

40.00

20.00

0.00

-20.00 0 20 40 60 80 100

e 3aaly Aay aaly il LY 73kl deUsind] Ciliate Alia (21) JLal

lalll aae s
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die 3aaly Axy aaly il LYY 7okl Silall 2 LY dlha (22) J<al)

Glall) sae yzs

tsb Lo chel saaly Aty aals Gillay 2 3laill lalll sae s of Jaadl @

Loty (33kae i) 2 3sall lie caaly)l Aplaall = 3lall gaclall il 538 v
Sle ol EDy s ddly 43 gad) 23l 8 (% 110-%87-%46)
il

iy 33 Laall 7 paill die 213 Aiphaall z3lall elaeY) JEy) v
Sle cldd ey s ddly d8shaall 23l 3 (%133-%129-%62)
il
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D max | V max T | Ds/Db | Vs/Vb | Ts/Tb
Model
mm KN Sec
1B-2S-B 96.51 76.64 | 1.46 - - -
1B-2S-W1 | 141.95 98.20 | 1.44 1.47 1.28 0.99
1B-2S-W2 | 166.64 | 108.83 | 1.42 1.73 1.42 0.97
1B-2S-W3 | 183.47 | 116.92 | 1.40 1.90 1.53 0.96

9 «Dmax Galasﬁ}“ Cle.).i\}“j <Vmax Lﬁd‘;lﬂ\ uasj\ B}g ‘\.\Jl&e (2) djh

aaly Aatdg cpillay - 3Lll T 3f5aY)

Analysis1

Load-step 263, Load-factor 2.6200

Displacements TDtY

min: 0.00mm max: 166.64mm

DtY
(mm)
16664
. 147 .65
126.56
105.47
84.37
63.28
42.19
I 21.09
0.00

58y Jilaill s5had ie (1B=28-W2) z3aill o0l IS (i (23) JSal
) ol 3 Ayl 4as1 clalyy) ads
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Analysis]
Mode 2, Eigen frequency 4.4282 Hz

(1B-2S-W2) zisall uall Sliay) s chw (24) JS20
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rpaaly Ay 3l O zil 3

Dmax |Vmax| T | Ds/Db | Vs/Vb | Ts/Tb
mm KN Sec
1B-3S-B | 116.58 | 69.78 | 2.23 - - -

1B-3S-W1 | 151.41 | 79.36 | 2.20 1.30 1.14 | 0.99

1B-3S-W2 | 180.35 | 86.49 | 2.17 1.55 1.24 | 0.97

1B-3S-W3 | 219.94 | 94.22 | 2.15 1.89 1.35| 0.96

35 «Dmax a1 ~ L3Ny (Vmax gacll Gaill 538 45lie (3) Jsaa
sasls daldy (3ileka O £ T 5l5iaY)

Model

1 Bay - 3 Storeys models

100.00
80.00
60.00 / —e—1B-35-B
1B-35-W1
40.00
1B-35-W2
20.00 1B-35-W3
0.00
0 50 100 150 200 250
-20.00

Basly datid g (3alsha COU ol ylaY) z okl Aoy calisie 45)laa (27) Jsd)
Glalll aae yad e
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1 Bay - 3 Storeys models
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s Basly dadhy (Blgh D cihUY) 23kl il ~ L) A lha (28) J<al

alall) sae s
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Aty 33k ) z3sall die 2133 Adjhaall z3lall adac) JlEy) v
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Dmax | Vmax | T | Ds/Db |Vs/Vb | Ts/Tb
mm KN Sec
2B-1S-B 33.13 | 107.05 | 0.87 - - -

2B-1S-W1 | 59.89 | 164.97 | 0.86 1.81 1.54 | 0.99

2B-1S-W2 | 81.91 | 212.05 | 0.84 2.47 1.98 | 0.97

2B-1S-W3 | 89.54 | 246.48 | 0.83 2.70 230 | 0.95

35 (Dmax alae Y1 # L1y (Vmax gaclall ail) 538 4lie (4) Jsan

Oty 3aly iy Sl T3l

Model

2 Bays - 1 Storey models
300.00

250.00
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150.00 2B-1S-W1

100.00 2B-1S-W2
2B-1S-W3
50.00 ’

0.00

0 20 40 60 80 100
-50.00

die opfiaidy aaly Gulay Uyl =kl de Uil calyiaie 45)l6e (29) Ll

lalll aae s
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2 Bays - 1 Storey models
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Lty (33hae i) 2 3sall e )yl Aplaall 2 lall sl padll 53 V0
Sl lal Dy aaly ddly A ghaall 23l i (% 130-%98-%54)
i il
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~%99) G iy Cua llll ey € I Bl A Y g v
Oo il e clal g il g Aal A8 ghaall z3lall b (%95-%97
c@she ) zasall SIFaY) )
A alad) Al 2-4
tedsall Cia i die JIBHY Gl s e oMl 508 (he 32
Cabise die e )SU Ll Aoty Gy daill Ailledl Juli apis ) Jseasll Jal (1
MmM/s*g &Ll dady MWies (Alaia)) 51N Gllal) Clua 25l Calial
sl 3l (2) 3aldl Caws (AB,C,D,E) adsall ilual ans Aiae
) Jseasl) 7353 JSI (g () adae ) g Ll pa 4ilia s [15] (g5l
& Cua (FEMA 356 [9] &1l b )5l Caagll JEY) ADle o smnally
g 3sad S de Ui Jaial adae ) JEY) daghy Cangll JUY) Aad g
&= (Max Acceleration) il abae¥) g Ll aslie 206 Jolaall (i
FETA Cilial (e Ciia JS 2ie (Demand Acceleration) sllaall ¢ Luall

Max Acceleration Demand Acceleration according to site class mm/s2 * g
Model mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-1S-B 0.257 0.25 OK 0.313 | NOK [ 0.454 | NOK | 0.533 | NOK | 0.715 [ N OK
1B-1S-W1 0.414 0.254 OK 0.317 OK 0.46 NOK | 0.541 | NOK | 0.715 | NOK
1B-1S-W2 0.602 0.261 OK 0.326 OK 0.473 OK 0.556 OK 0.715 | NOK
1B-1S-W3 0.621 0.265 OK 0.33 OK 0.48 OK 0.564 OK 0.715 | NOK

sanlgll daidlly ol Gallall 3 kel G3éad Al Gaw (5) Jsas

Max Acceleration Demand Acceleration according to site class mm/s2 * g
Model mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-2S-B 0.134 0.127 oK 0.158 | NOK 0.23 N OK 0.27 NOK | 0415 | NOK
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1B-25-W1 0.189 0.129 OK 0.161 OK 0.233 | NOK | 0.274 | NOK | 0.419 N OK
1B-2S-W2 0.23 0.131 OK 0.163 OK 0.237 | NOK | 0.278 | NOK | 0.425 N OK
1B-2S-W3 0.258 0.132 OK 0.165 OK 0.24 OK 0.282 NOK | 0.431 N OK
sanlsll dadlly cpillall <3 2 3ladl) st Alla cpy (6) U
del Max Acceleration Demand Acceleration according to site class mm/s2 * g
Mode
mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
1B-3S-B 0.069 0.083 | NOK | 0.104 | NOK | 0.151 | NOK | 0.177 | NOK | 0.271 | NOK
1B-3S-W1 0.094 0.084 OK 0.105 | NOK | 0.153 | NOK | 0.179 | NOK | 0.275 | NOK
1B-35-W2 0.112 0.085 OK 0.107 OK 0.155 | NOK | 0.182 | NOK | 0.278 | NOK
1B-3S-W3 0.136 0.086 OK 0.108 OK 0.156 | NOK | 0.184 | NOK | 0.281 | NOK
saalgll daidlly Bsla GO b 23kl 3iaS s (7) dsos
del Max Acceleration Demand Acceleration according to site class mm/s2 * g
Mode
mm/s2 * g Sa Status Sb Status Sc Status Sd Status Se Status
2B-1S-B 0.154 0.213 NOK | 0.266 | NOK | 0.386 | NOK | 0.454 | NOK | 0.694 N OK
2B-1S-W1 0.286 0.216 OK 0.269 OK 0.391 | NOK | 0.459 | NOK | 0.702 N OK
2B-1S-W2 0.41 0.221 OK 0.275 OK 0.4 OK 0.47 NOK | 0.715 N OK
2B-1S-W3 0.444 0.223 OK 0.279 OK 0.41 OK 0.476 | NOK | 0.715 N OK

Oiaally aalgll Saldall <l bl (s Al (8) Jsoa

PN Adlaial) (el die adsall Caia CaEAL Calidy oY) apd of Ladl e

bl gl Cua saaly datdy aaly Bl zdlall Aalie] Gyslall Al v/
b B pdgall Ciia die N5 allall (38a5
asall i die BN Callall (3885 ol saaly datdy Gl @l 3l v
.E,D
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