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Quantity S| (mm)

Length mm

Force N

Mass tonne (10° kg)

Time S

Stress MPa (N/mm?)

Energy ml (107 J)
Density tonne/mm’

Property J,;.
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Module: ]épropeny H Model:|fModeI-1 E] Part:|;48eamA1N E]

X

Nome |
| Concraccina =]

| GFRP-No7

[ platesAIN
[ Dismiss |
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Step Jasbe

u.pM C))jﬁpé\.géksca.w‘ initial step J! rg o)b,m -Jj"i’gj’ %ﬂ&bﬁéu r@ 4.1:-‘74 O‘i\JJ

Jj.lv@ Silw obbTJ«a‘thﬁj‘Jﬁc}tm CJL&M}L}AK@L&\]& tlf u:’.‘)b NG S 4o g0

CY Ll L s &S Ll sl e i s Lol s e gl 5o L Step
5,5 eslizul Static, General au 38 31 Olgis ool plo A3l o J 28— Slrals Cojso 0 aids 5o el
A 0dlS Jsb Ol wae ulal s Time period ldds .ol ol Sl OISSL Ce e |5
A Sl AL s 5 gl 4 b ST e O ale ke 435300 s SRl
b3l a0l e Ul 5 ety taddie 0¥ (MSLL Gt a5 L s 03 S ol Sl 4 ga ]

35 3,05 Time period a3 53 OF 563 S cpuns |

Mame Procedure
v Initial (Initial}
T Step-1 Static, General

[Create...] [Edit... ] [F‘.Eplace...] [Rename...] [Delete...] [ngeom...] [Dismiss]

Mame: Step-1
Type: Static, General

Basic | Incrementation | Other |

Description:
Tirne pericd: | 3720
Mlgeom: On

Automatic stabilization: | Mone EI

[] Include adiabatic heating effects
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Sl el s Cus e sl Al Sl PBlus adsl Sley slie Incrementation Caal3 s
3L bl lade 0s S VSJ v | (gl O slaas il 3l gl 555 0 iy 25 Time Period
General Solution 5 Other (ssw 3 (Uil o Sl e YU aexd b slgdie 53 45) S
G2 ey 3o 4 aS 0 3de 115 0l aulssl o3l 03 S Sr S (gl 3lee Attempt sluas Control
Sy s 5o azadl b sls Jue o (Eabe sl 51K 3 et VO e S|

S o 5SS ot

Model  Viewport  View 5Step  Output  Other Tools  Plug-ins  Help [ Step: Step-1 (Static, General)

—_—
L » -
= GenerarSnIL!:lun Controls Ngager |jh {©) Propagate from previous step
Step Status | () Reset all parameters to their system-defined defaults
Initial System Defaults @ Specify:

Specified

Field i| Constraint | Line Search | VCCT Linear

| || | Equations |} ion ;| Equations Control Scaling
| L

= Wiaterials ) 7 NEremgtaton || r.. 16

& Calibrations | More ¥\ I; 10

E- Sections (3) Maore \ I 4

B Profiles More T 12

g Assembly Ta

t Steps (2) T

¥ Field Output Requests (2) |E Ir 3

# History Qutput Requests (1 Is 5

“ Time Points

l;p ALE Adaptive Mesh Constr
1 Interactions

3 Interaction Properties
IJ: Contact Controls

?’ Contact Initializations
(Jf Contact Stabilizations
ﬂ] Constraints (7]

E Connector Sections
F Fields

s Amnlitudes

[System-defined Defaults for this Page
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Interaction ;.

J:JJMA{.M[{M‘JJ\HJSJQAJK‘.,\Q-&'SJ}}M&[{JALSU»L«SJJ[\]Uu,ecﬁéjs&b

<l sl iy x5 Embedded Region ¢ 5 5l o L s sile,l 28l

e Tie s 0 010U L s 5 amio Sl s S 5l (6,5 5 sl (A 4S5 el

e 0 J“;"'

Name: Constraint-5

Type: Tie

’ Master surface: m_Surf-15 [}
1 f Slavesurface: s_Surf-15 [

pof

Discretization method: }Analysis default H

[7] Exclude shell element thickness
Position Tolerance

@ Use computed default

(©) Specify distance:

Note: Nodes on the slave surface that are
considered to be outside the position
tolerance will NOT be tied.

Adjust slave surface initial position
Tie rotational DOFs if applicable

nstraint Ratio
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SR (’Usﬁ bkl 53 opl a8 il ol iy 5 (IS0 sl (“-’Sﬁ YL o & ot ¥
Sl bl a4 aS gLl 5 oS > o ngd e Cel IS .xtom&ﬁaywﬁj@ngoupling

25 el 55 (18,0 Loy 53 O3l Sy w25 o0

Mame: Constraint-2

Type:  Coupling

fl Control points: m_Set-7 k3

! Surface: s_Surf-11  [»
Coupling type: @ Kinematic
) Continuum distributing
() Structural distributing

Censtrained degrees of freedom:

M ul ¥ u2 # U3 W URl [¥]UR2 [¥] UR3

Influence radius: @ To outermost point on the region

i) Specify:
[ Adjust control points te lie on surface
C5Y5s (Global) [ L
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Load J,;.

ol e bl s Al AT dal 1l sl e i xS L 5 a8 AT Lal b e ol s

w‘f\.u ..b)‘.) )\eru.{b.l.od\;- BL) ji'.'.'; o@@j&d—“dl}- DL OK@'&‘\SCM‘ Q)M

.A}J&JL&\J_«S@aﬁ@@@@duéi}@ﬁwglﬁ

Mame: BC-4

Type:  Displacement/Rotation
Stepr Initial

Region: Set-12 [»

CSYS: (Globaly [ L

[¥] 1
] uz
[ us
[ UR
[[] urR2
[T UR3

Mame: BC-3

Type:  Displacement/Rotation

Initial

Region: Set-11 [

C5YS: (Global) [p L

@ u1
& uz2
@] U3
[7] URL
7] UR2
[¥] UR3
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@ ol a0 b= Jlsl (gl b 5,50 g o S Initial Step s oS Jlasl 3 e 3 0 L
UJ}J@ J)‘)#J)f&&@b-)‘mstepl6J~¢l§)JWv\.§J\JC) L;SJ}@AUJJ.;&

Jlesl ;5 Step Josle 5o ol fnd Oloy e 3 gl o br ol 33 8 5L b 5 4e ol5T sy

P
338
MName: BC-2
Type:  Displacement/Rotation
Step: Step-1 (Static, General)
Region: 5et-10
CSY5 (Global)
Distribution: | Uniform
3 u:
*
Name Initial Step-1 b
v BC-1 Created Modified [ uz:
v BC2 Created m [ UR1: radians
v BC-3 Created Propagated .
v BC-4 Created Propagated ctivate [ urz: e
[ UR3: radians
Step procedure: Static, General Amplitude: | (Ramp) E| Pb
Boundary condit?on type: Displ.a-cerr?ent‘.Rotation * Modified in this step
Boundary condition status: Modified in this step
Mote: The displacement value will be
[ Create... ] [ Copy... ] [Rename...] ’ Delete... ] ’ Dismiss ] maintained in subsequent steps.
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Mesh J,;.

—L5a<=l>.a\JAAQJyqjﬁé.pfaL;\ﬁL;J;{ow\M);omCJb&}pl{&Umdx{uh

JOb Jajle

5 .5 S J s Data check L;Ub)'\\)of‘g}\qu);Lb};ﬁjcoyﬁglj:@gmjdlﬁ
Job < sbwl L Ol s ...jéwawjéjf Lyl b sl o QJ‘LSUD'-Jﬁij& oy g
J'L.Aa)L,b‘ jéLA& Slasein cd.)w Cf@&w.};)bTb JJ\A J.:J.>=3cSme|t Qﬁé})&g‘)

AESS Jsb celo ki U adds o Sl lg e b e sy

Name Maodel Type Status Write Input
Job-b2n-dmg Model-1 Full Analysis Completed Data Check

Submit

Monitor...

Results

[

=]

) =
- 3
c
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A1N

job-A1N-noDMG-ConcRealModul : . SLT LU e

PO it g, 15 sel

Load (kN)

Load-Deflection Curve

== Abaqus ==experimental

AIN
ad=107
pelam
£ =40MM
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A2N

job-NODMG-A2N : . SLT LU ol

Q&M—jﬂ)‘é‘}u

Load-Deflection Curve

=@ Abaqus ==Experimental

500
400
300

N

o

o
I

Load (kN)

100

Displacement (mm)
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A3N

job-A3N-NODMG : . sSLT LU ol

DO i g 15 ged

Load-Deflection Curve

=@ Abaqus == Experimental

Load (kN)

12

Displacement (mm)

A3N
ad=202
p=lAT%
=41 MPa

 mm -
L TN AT L

No
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AdH

DMG-3-meshriz : . ,SLT LU pb

DO i g 15 ge

Load-Deflection Curve

=@ Abaqus == Experimental

300
250
200
150
100

50

0 T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10

Displacement (mm)

Load (kN)

A4H
ad =202
p=14a7%
=65 MPa

Original diagonal line
between center of loading
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BIN .

BIN-NoDMG : . ,SLT LU ol
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1400
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Load (kN)

Load-Deflection Curve

=@ Abaqus == Experimental

Displacement (mm)
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Q&M—)ﬂ)‘éw

Load (kN)

900
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500
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100

Load-Deflection Curve

=@—Abaqus == Experimental

Displacement (mm)
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B3N .

B3N-dmg-noTension : . ,SLI Jb el

Q&M—)ﬂ)‘é‘}w

Load-deflection Curve

=@ Abaqus == Experimental

500

Load (kN)

O T T T T T T 1
0 6 8 10 12 14 16 18
Displacement (mm)
B3N
ald =207
p=171%
=41 MPa
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BAN

job-B4n-noDmg : U.USL] b ¢U

DO i g 15 ged

Load-Deflection Curve

=@ Abaqus == Experimental

1000

800

600

Load (kN)

400

200

O T T T T T T T 1
0 2 4 6 8 10 12 14 16

Displacement (mm)
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Q&M—)ﬂ)‘éw

Load-Deflection Curve

=@ Abaqus == Experimental

1500

1000

500

Load (kN)

0 2 4 6 8 10 12 14 16
Displacement (mm)

B5SH

a/d=148
P=Z12%
£ =66 MPa
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Load-Deflection Curve

= Experimental —@=Abaqus

500
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300
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CIN .

CIN-nodmg : ~SLT LG ol

O kS g 15 ges

Load-Deflection Curve

=@ Abaqus == Experimental

3
=
©
@
S
0 2 4 6 8 10 12 14 16 18
Displacement (mm)
|
Y
CIN
wd=1.10 |
p=158% '
L'=52 MPa
- f
- -
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C2N

CIN-nodmg : . sSLI Jb el

DO i g 15 ged

Load-Deflection Curve

=@ Abaqus == Experimental

1400
1200
1000
800
600
400
200

Load (kN)

0 2 4 6 8 10 12 14 16 18 20

Displacement (mm)

| C2N

a/d=149
p=156%
=51 MPa
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Slas s Olea b ply 55 4 en)ls Gup (rlnly Conl J 28— alrals ©)s0 4 ML & T )
Sl Gos slr g r BE S oS bl ST cls 3k L Al e S Sl el Se
o L OIS e ol plply il ol LS W G o e G a5 ol 0 iy (180
Sy Olad &5) ) 45 4y 03 )y 0 S Jlde car o aladl 55 5 alid a5 el Ko (5,20
ARl s b sl pl e 3550 Sl sl Sy Slcmls Gos a s3)ls Jendl So
-l Sl s 6l Ol e |y pline Wy 33 8 e s Jde a6l last Ao s 55 58 e ds s

s b olg S8 5l B0 L w

Note: XY Data will be extracted from the active steps/frames | Active Steps/Frames,.| [[fFMesfizoao |7 LU (I |

5 i| Elements/Nodes

Output Varizbles

Pasition: | Unique Nodal |E|
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Specimen Experimental Abaqus Error
Pmax Pmax
A1IN 814 792.022375 0.0269995
A2N 471 424.9453438 0.0977806
A3N 243 275.926125 0.1354985
A4H 192 247.3629219 0.2883486
B1N 1273 1120.133 0.1200841
B2N 799 771.0669375 0.03496
B3N 431 423.02975 0.0184925
B4N 830 850.93125 0.0252184
B5H 1062 977.3520625 0.0797062
B6H 376 436.8165625 0.1617462
CIN 2269 1945.6125 0.1425242
C2N 1324 1074.80925 0.1882105
Specimen | Experimental Abaqus Error
A max Amax
A1N 12.462 124 0.004975
A2N 11.6436 11.30000019 0.02951
A3N 11.0627 10.89999962 0.014707
A4H 9.5 8.395813942 0.11623
BIN 11.3 11.37634468 0.006756
B2N 13.1683 13.10000038 0.005187
B3N 15.3 15.30000019 1.25E-08
B4AN 15.198 15 0.013028
B5H 14.2574 14.19999981 0.004026
B6H 12.9 12.89999962 2.96E-08
CIN 15.9 15.89999962 2.4E-08
C2N 18.3 15.48683167 0.153725

%Total Error for Displacement 2.901201
%Total Error for Load 10.99641
%Total Error for Abaqus Models 6.948805
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