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Comparison of the behavior of

concrete joints strengthened by FRP with
joints strengthened by Ferrocement

Eng.LOJAIN AL HELWANI Dr.Eng.TURATH GHAREEB

FACULTY OF CIVIL ENGINEERING

Abstract

This research aims to study the effectiveness of polymeric carbon
fibers (CFRP) in strengthening external beam- column joint,
increasing the bearing capacity of that joint, improving its behavior,
and comparing it with reinforcement with ferrocement in order to
reach the best technology for strengthening concrete joints, which
achieves ease of implementation, effective performance, and an
economically feasible cost. In this research, an analytical study was
conducted using the ABAQUS program, which adopts the finite
element method. The analytical results showed that the
reinforcement using CFRP achieved an increase in the bearing
capacity of the concrete joint for the model that did not contain
shear reinforcement in the joint area more than the reinforcement
using ferrocement. The CFRP- reinforced joints also showed
greater ductility than a ferrocement-reinforced joints.

Key worlds: frame, beam, column, joint, concrete, ferrocement,
CFRP, strengthening.
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:Property (b
gl ¢sin) Leall adaliall linls 8Ll o 1ya) 3ale Cayped Al yall o34
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& Dt Materal S Edit Material
Name: CONCRETE Mame: CONCRETE

Description:
Description:

Material Behaviors

Material Behaviors

Density
Elastic Cencrete Damaged Plasticity
Concete Damaged Plsicy Concrete Compression Damage
Concrete Tension Damage
Concrete Compression Damage
Concrete Tension Damage General Mechanical Thermal  Electric
General Mechanical Thermal  Electrical/Magnetic ~ Other Elastic
Density Type: lsotropic [

[ Use temperature-dependent data
Distribution:  Uniform Y a

Number of field variables: 0

[ Usetemperature-dependent data Moduli time scale for viscoelasticity): Long

Number of field variables: 0% [ No compression
Data [] Mo tension
Mass Data
Density Young's Poisson's
1 256-009 Modulus Ratio

Data

Dilation ‘. Viscosity
Angle Eccentricity fb0/fc0 K Parameter

1 0.1 1.16 0.667 0.0005

ABAQUS zeliy e culill Jay (10) Jsa
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k=105E,, 2 . p=-%

cm
cm Eﬂ:l

(3)
ferm = 0.30 fck&

o, = E_ & if £ = Eqp

EG?‘ 0.4
Jf' = fcr (E_) If Ef’ :3: EG?‘

t
35
3
2.5
o
2 o
15 concrete tension %
|
1 &7
0.5
0
0 0.02 0.04
strain
o
o
! =
—®— concrete behavior n
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5 wi
0
0 0.001 0.002 0.003 0.004
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Material Behavicrs Material Behaviors
Density Density
Elastic Elastic

- C ete D d Plasti
Concrete Damaged Plasticity e Rarager Plastichy

T —
oncrete Compression Damage Concrets Tension Damage
Concrete Tension Damage

Genersl Mechanical Thermal  Electrical/Magnetic
General Mechanical Thermal  Electric
Concrete Damaged Plasticity

Concrete Damaged Plastici
= 4 Plasticity Compressive Behavior §

Plasticity

Type: | Strain ¥
[ Use strain-rate-dependent data [] Use strain-rate-dependent dsta
[] Use temperature-dependent data [ Use temperature-dependent data
Number of field variables: 0's Number of field variables: o
Data Dats
Yield Cracking
Yield Inelastic Stress Strain
Stress Strain 1 2861153613 0
4 1548817345 0.000208271 2 2170679177 0.000124451
5 17.67035556 0.000320971 3 1356594830 0.000236043
6 19.34714171 0.000451983 4 165624082 0.000343232
7 20.56359053 0.000599154 5 1515615027 0.000448278
8 2123563012 0.000760652 6 1400514520 0.000552085
9 21.85200751 0.000934918 7| 1199191683 0.000859631
10 22,21 0.001120604 8 1.69155887 0.001164297
11 21.87377478 0.00130769 — - E E

ABAQUS zeliy e ailly liall e (sl 5ale sb Ciagpes (12) U2
s IV 5A dandtiial) gall Jalsd @

«(Fy=480 MPa, Fu=630Mpa) : Jshll :xluall saal ¢ padll slea)
E=210 legiigy Jalaas ¢ (Fc= 326 MPa, Fcu=375 MPa) : .l
.GPa

ElasticI Plastic JStrain harderl‘ﬁng
1 1

stress

Ag

strain

sl Sl gl Caa gl B iasall (13) <)
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5 Edit Material
Name: MAIN STEEL

Description:

Material Behaviors

Density

Plastic

General Mechanical Thermal  Electrical/Magneti
Elastic

Type: |Isotropic M

[] Use temperature-dependent data

Number of field variables: 0

Moduli time scale (for viscoelasticity): | Long-term

[ No compression

[J Ne tension
Data
Young's Poisson’s
Modulus Ratio
1 210000 03

ABAQUS giliy e Jshll ol

% Edit Material

Name: MAIN STEEL

Description:

Material Behaviors

Density
Elastic

General Mechanical Thermal  Electrical/Magnetic ~ Other
Plastic
Hardening: | Isotropic >

[] Use strain-rate-dependent data
[ Use temperature-dependent data

Number of field variables: 0's
Data
Yield Plastic
Stress Strain
1 480 0
2 4905 0.015
3 630 0.0815

35 3ale gl iy (14) J<al

4 Edit Material

Name: SEC STEEL

Description

Material Behaviors

Density

Plastic

General Mechanical Thermal  Electrical/Magnetic ~ Oth

Elastic

Type: |Isotropic N
[ Use temperature-dependent data
Number of field variables: 0
Moduli time scale (for viscoelasticity): | Long-term

[ No compression

[ No tension
Data
Young's Poisson’s
Modulus Ratio
1 z10000 03

ABAQUS zaliys o pumpall el
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2 Edit Material

Name: SEC STEEL

Description:

Material Behaviors

Density
Elastic

General Mechanical Thermal  Electrical/Magt

Plastic
Hardening: | Isatropic ~
[] Use strain-rate-dependent data

[ Use temperature-dependent data

Number of field variables: 05
Dats
Yield Plastic
Stress Strain
1 26 0
2 27.05 0.0085
3 375 0.03

N 5le sl Cayas (15) J<al
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40

30

20

10

stress (MPa)
stress (MPa)

concrete behavior

0.002 0.003 0.004
strain

concrete tension

0.02 0.04
strain

Agiany) sall Solu Jaia (21) Jsal)

S Edit Material

Mame: COMNCRETE29

Description:

Material Behaviors

Density
Elastic

Concrete Com

Concrete Tension Damage

Plasticity

Number of field variables:

Data
Yield
Stress
i 26.90335771
8 28.14569981
9 28.86667918
10 29.1

11 2896960602
12 2858671546
13 27.96318156
14 2711012705

General Mechanical Thermal

Concrete Damaged Plasticity

n Damage

Concrete Damaged Plasticity

[Tuse strain-rate-dependent data

[[] Use temperature-dependent data

0=

Inelastic
Strain
0.000568301
0.000735299
0.000019498
0.001119786
0.001282559
0.001453663
0.001632707
0.001819322

Electrical/l

Tensile B

4% Edit Material

Name: COMCRETE29

Description:

Material Behaviors

Density

Elastic

Concrete Damaged Plasticity
Concrete Compr

n Damage
Concrete Tension Damage

General Mechanical Thermal Electrical/h
Concrete Damaged Plasticity

Plasticity = Cempressive Behavior é.Tenswlé"éE
Type: Strain M

Juse strain-rate-dependent data
[[] Use temperature-dependent data

Mumber of field variables: 0=

Data
Yield Cracking
Stress Strain

1 3.290609366 0
2 2534281824 0.000124933
3 2.166768633 0.000237078
4 1.936629757 0.000344671
5 1.774240105 0.000450028
6 1.651308184 0.0005354084
i 1.406722469 0.000862133

ABAQUS galiy e ailly il e diany) &sall @lslu Ciyes (22) J<a
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Name: FC

Description:

Meaterial Behaviors

General  Mechanical Thermal  Electrical/Mac
Plastic

Hardening: |Isotropic i
[ Use strain-rate-dependent data
[] Use temperature-dependent data
Number of field variables: 0's
Data
Yield Plastic
Stress Strain
.

ABAQUS zaliy e cluill 33 ale sl Cagya (23) JSal

ABAQUS zaliss para F1 saiall dadais e i cuslad (24) Jal)
tem il zigall) aa Bplaal) dalae A @

23l e Ly Al 3lall JEY Ty Alganl) Cpay A8Del) Llaiia ausyy ik
sl zagailly ladll o pall (pn Gollai yedays dulilail
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3500
3000
2500
2000
1500

stress(MPa)

1000
500

0
0 0.005 0.01 0.015 0.02
strain

(S il S gl iy a3 (28) Sl

4000
3500
3000
2500
2000
1500
1000

500

0 0.005 0.01 0.015 0.02
(s SU Gl 33 o sl Gy e (29) g

23l algals ¢ t=0.334 MM 2ganll skl daddiiedl (y50,<0 ol ASLass
osiilly E=240 Gpa digyall Jaleas ¢ 3,=3600 Mpa alesis g abaey!
. £, = 1.5% gyl xe

102



4 jlarall g Aisal) dcsigl) agle Alulu

S Qs

leladl (pad o

Caayl) daala s
2024 als 5 2aal) 46 )

E,, = 240 GPa

Ezz = 0.9 GPa

Egg = 0.9 GPa

G,, = 4800 MPa

G,3 = 4800MPa

G,3 = 4500MPa

le = 0.34

ng = 0.34

Nzg = 0.34

sl GLY LSS (ailadl (2) Uyl

LY elaily A3 g pall Jalza 1 By

LY e g3 sanll olatVL 5 jall Jalae :Eyy Eag

UASM L.A':' :\J"‘)ﬁj\ Iy PAPDY . '312 Glg ng

Ol s S3lalaa tNyy Nyg N

S Bt Mt X |& EditSection b
Name: cfrp
Name: CFRP

Description: #

“ |Type Shell/ Continuum Shell, Homogeneous
Materisl Beh,
Hashin Damag
Density

General

Mechanical Thermal  Flectrical/Magnetic  Other

Basic  Advanced

Thickness

#| | Shellthicness: @) Value

Mateit | cip

(| Options: %

() Nodal disiribution:

0K

Section integration: @) During analysis () Before analysis

034

O Hlement distribution:

8w

LB

Thicknessintegration rle: @ Simpson () Gauss

Thickness integration paints: 3+

Cancel

ABAQUS zaliy e s0Sl alll élglus Cagyes (30) J<al
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b alasiy dua (16MM aje s 2mMm A8l <l daadiuall oS =8hd Wl
OsSU il (ape) OMM ASlasy (4508 Caniad 43580 iyl O 3o S
A(2mm g sl ¢ )al) <L + 6MM

H(3a) (pam) slad) (g L daaimsaiall ()50 S0 i) alae YY) 25 sl

g iy xie opilly E=148 Gpa :lgd Lig,all Jalaas « 0, =2461 Mpa
. &, = 1.66%

ame: CompositeLayup-1

Slement type: Conventional Shell  Description:

Layup Orientation

Definition: | Part global K &
Part coordinate system Genersl h mal  Ele Megnetic  Othe
Elest

Normel direction: (O Axis 1 (O Axis2 @ Axis 3 Tyve [t = J |
Sect alysis
Thick m
Plies  Offset Shell Parameters  Display
(] Make calculated section =2} AL

E1 2 Nul2 612 613 G23

Ply Name Region Material ~ Thickness csvs 1 s 8000 2z e sn EEECE
1v Pyl (Picked) NSM 2 <Layup>
2v P2 (Picked) NSM 2 <Layup>
3¢ Pyl (Picked) NSM 2 <Layup>

ABAQUS zliy e osSll s ol Canpas (31) Jall
. Fc=35.31 Mpa:as 28 ax dlshaul) ¢ sinll Cilial Jaziall daglia
Fy=400 Mpa .z »ll ¢ Fy=518 Mpa skl :zdull saal ¢ pmdll aleal

sale Jae Jagd Tie 4l e CFRP U1 by osid) (e bl ¥ oldiel 5 %
cae s (gl Ga Jatl Jsaan axal @lldg ol byl ol ccplaill 4 uS ]
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P
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o " | % it Ampiiuce x {8 Assembly defaults ‘i@ -
0 0 -3¢ Name: Amp-2 M
025 5, Type:  Tabular
05 —6y Time span: | Step time |
075 +5y, Smoothing: ® Use solver defautt
1 —a. v O Specify:
1.25 +20, Amplitude Data  Baseline Correction
15 —28, Time/Frequency Amplitude ~
175 +28y ! ° o
3 =28, 2 025 255
225 | +35, P - s
255
25 =34y 5 1 255
275 13 5_;- 6 125 51
5 —3 5}. 7 15 -51
8 175 31
395 +45,
9 2 -51
a5 —46, 10 225 7.5
375 +48, 11 25 765
i —13, 12 275 6.5
13 3 765
4.25 +58, 14 325 102
45 —5by 15 35 102
475 +58, 16 375 102 .
5 —3dy
[ oK Cancel
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