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Outline

% Introduction to the VecTor suite of programs.
® Example 1. Modelling a shear-critical reinforced concrete beam.

& Example 2: Modelling beam-column joints substructure module.
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Background

a VecTor Suite of Software

Analysis :
Structure Type Element Library

VecTor2 2D Membranes Repaired members with FRP sheets
VecTor3 3D Solids Nonlinear fire analysis
VecTor4d Shells Out-of-plane shear
VecTor5 Frames Computationally fast
VecTor6 AxisSycr)Ti?Setric Computationally fast
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Example 1

Modelling a Shear-Critical RC Beam in VecTor2

Plate: 150 x 300 x 58
LVDT (NW) , LVDT (SE)
/s ~ 100 \&
T ST
’
/2 plate: 150 x 350 x 20 W’LVDT (N +S) ?M
- L,/2 - L,/2 -
i - |
. § !

(Vecchio and Shim, 2004)



Example 1: Modelling a Shear-Critical RC Beam in VecTor2

2305 —»~

.
OA1l i
552 "
183 .
ZSM\\. . :{ Al
30M | 64 == =5
—® *
‘ 220 3660 220
- —{—
Details of OA1 beam tested by Vecchio and Shim (2004)
f'. € E. = Max Agg. Size
(MPa) (x 103) (MPa) (MPa) (mm)
22.6 1.6 36,500 2.37 20
Bar Size Diameter Area Uy f, E € £,
(mm) (mm?2) (MPa) (MPa) (MPa) (x 103) (x 103)
25M 25.2 500 445 680 220,000 8.5 216
30M 29.9 700 436 700 200,000 11.4 175
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Example 1: Modelling a Shear-Critical RC Beam in VecTor2

Q Experimentally Reported Results

400

350 A

300 A

Force (kN)
p— p—t 2 ]
N ] (] ] th
(=] < < < <

<

0.0

2.5 5.0 7.5 10.0
Displacement (mm)

Load-deflection response

12.5

Shear Crack

7, 7/

4.4

Crack pattern
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Example 1: Modelling a Shear-Critical RC Beam in VecTor2

a Modelling Steps Overview
& Step 1) Define Materials
Concrete Material ; Steel Material ; Bearing Material

& Step 2) Create finite element Mesh

Concrete Regions ; Longitudinal Reinforcement ; Constraint Point

& Step 3) Define Support Restraints
& Step 4) Define Loads

& Step 5) Select Analysis Options
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Example 1: Modelling a Shear-Critical RC Beam in VecTor2

a Create Finite Element Mesh

Region 2 ~_. -- 602
-- B52
Region 1
Truss 2 --- 128
| Truss 1 | - 64
] ) \ 0
0 2p0  LConstraint1 2000 2050
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Example 1: Modelling a Shear-Critical RC Beam in VecTor2

3 Finite Element Mesh

Steel Plate

Bearing Elements —F

T

Rectangle Elem

ents

Reinforcing Bar Truss Elements
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Example 2

Modelling Beam-Column Joints Substructure Module in VecTor2

l

Complete Model S-FRAME Sub-Model VecTor2 Sub-Model
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Example 2: Beam-Column Joints Substructure in VecTor2

400 mm

5.0 m

—
—

400 mm

3.3m
Column details

SECTION I -1: COLUMN DETAIL

400 mm

3.3 m

400 mm

Beam details

SECTIONII - IT : BEAM DETAIL

Structure details
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Example 2: Beam-Column Joints Substructure in VecTor2

a Step 1) Create Concrete Materials

& Material 1: Concrete cover (unconfined concrete)

Define Material Properties [—25—]
taterial Types I aterial Properties Smeared Reinforcement Properties

Tope: Ref Type: Feinforced Concrete -

SIS IS J Reference Type: | Ductile Steel Reinforcement j

| Add
Material 2 Thickness, T 400 mm | J
@ Cylinder Compressive Strength, f'c: cin] MPa }
S Out of Plane Reinforcement: I
elete ; ‘- w
Tensie Stiength, 1 12 bIFE Reirforcement Direction from <-dxis: i ®

Initial Tangent Elastic Modulus, Ec: * |24647.5 MPa

Cylinder Strain at fc, eo: =0 me
Poiszon's Fatio, Mu: =0

Thermal Expansion Coefficient, Co: =0 T

i ) . Ultimate Strength, Fu:
Reinfarcement Compaonents Maimum Aogiegate Size, & & ,EI— - e} GO0 P2
Compaonent:

Add Diensity: . I—D ka/md Elastic Modulus, E=: 00000 MPa
Thermal Diffusivity, Ko =0 iR Straim Hardening Strain, esh: 10 me
M amimurn Crack Spacing...

Ultimate Strain, eu: 150 me
perpendicular to sreinforcement, S (350 e ) o
Thermal Expanszion Coefficient, Cz: * f°C
perpendicular to y-reinforcement, Sy % | 380 mm
Frestrain, Dep: i} e
Caol
ﬁ I:I Unzupparted Length Fatio, bt 0

Reirforcement R atio, o 1 X
Reirforcement Diameter, Db: 10 !

Yield Strength, Fy: A00 MPa

HHd

M aterial types to be used for rectangular, guadrilateral and triangular elements only.  * Enter '0° for WT2 default value. Ok, | Cancel |
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Example 2: Beam-Column Joints Substructure in VecTor2

a Step 1) Create Concrete Materials

% Material 2: Confined concrete

e

Define Material Properties

M aterial Types M aterial Properties Smeared Reinforcement Properties
Type: Ref Type; Reinforced Concrete -
. FIEIEnEE Lype Reference Type: |Ductile Steel Reinforcement -
b aterial 1 Add
hﬂ@_ Thickness, T: 400 mm |

Update

Delete

et

Culinder Compreszive Strength, f'c:
Tenzile Strength, 't

|nitial Tangent Elastic Modulus, Ec:
Cylinder Strain at f'c, eo:

Poisson's Ratio, Mu;

a0 kFa

*|a2e tPa
* 246475 MPa

= |0 me
=0

Out of Plane Reinforcement:

Feinforcement Direction fram #-Auis:
Reinforcement Ratio, rho:

Feinforcement Diarmeter, Db:

v
T
222 =%
o mm

Tield Strength, Fy: A0 MPa

Thermal Expansion Coefficient, Co: = |0 T
Reinforcement Components Masimum Saaregate Size, a & ’D— - Ultimate Strength, Fu: =] MPa
EeREerens Elastic: Modulus, Es: soooog MPa

Add
Update

Delete

ElE

Dengity:
Thermal Diffusivity, F.eo:

t awirnum Crack Spacing...

perpendicular bo s-reinforcement, Sy

perpendicular ta y-reinforcement, Sy

Colar

M aterial types to be uzed far rectangular, quadnilateral and tiangular elements orly,

* |0 kadm3
= |0 mm2/s

= |350 mm
* 1350 i

*Enter 0" for VT 2 default value,

Strain Hardening Strain, ezh;
Ultimate Strain, ew:

Thermal Expanzion Coefficient, Ca:
Frestrain, Dep:

Unzupported Lenagth R atio, b/t

0K

[la me
150 me
o T
0 me
T—

‘ Cancel
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Example 2: Beam-Column Joints Substructure in VecTor2

a Step 2) Create Reinforcement Materials

& Reinforcement 1. Column longitudinal reinforcements

Define Reinforcement Properties [t S
400 mm
% 1 Reinforcement Type Reinforcement Properties
=<
Type:
YRe Reference Type | Ductile Steel Reinforcement ﬂ
Reinforcement 1 Add
Reinfarcement 2 Cross-Sectional Area: 2
Reinfarcement 3 1200 i
Reinforcement 4 % Reinforcement Diameter, Db
Feinforcement 5 T 20 i
Delet
4‘3 =r ‘Yield Strength, Fy: a0 MPa
et [ltimate Strength, Fu: El=
. a,——blOM @ 300 mm 500 a
= > Elastic Modulus, Ex: osoonon MPa
o
St" Strain Hardening Strain, esh: 10 me
ltimate Strain, eu: W me
(1 2) _20M Thermal Expanzion Coefficient, Cs: “In I
Frestrain, Dep: n me
IInzupported Length R atio, bt 1]

= Calor -
SECTION I -1: COLUMN DETAIL ‘

Reinforcement matenal types to be uzed for truzs elements only. ok,

Cancel |
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400 mm

Example 2: Beam-Column Joints Substructure in VecTor2

a Step 2) Create Reinforcement Materials

& Reinforcement 2. Column longitudinal reinforcements

400 mm

SECTION [ -1 : COLUMN DETAIL

Define Reinforcement Properties (S
Reinforcement Type Reinforcement Properties
T}Ipé: Reference Type: |Dyctile Steel Reinforcement j
LS Add .
e Cross-Sectional Area: W 2
Hz:g;g:gzmz:zg 4 Reinfarcement Diameter, Db: IT M
M slete ‘field Strength, Fy: am MPa
Illtimate Strength, Fu: 00 MPa
Elastic Moduluz, Es: 200000 MPa
Strain Hardening Strain, esh: IT me
Iltirmate Strain, e W me
Thermal E spanzion Coefficient, Cs: " IEIi FC
Prestrain, Dep: Il:li e
|Inzupported Length R atio, bt II]i
Color -
Reinfarcemnent material types to be used for iuss elements only. 0K | Cancel |
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400 mm

Example 2: Beam-Column Joints Substructure in VecTor2

a Step 2) Create Reinforcement Materials

& Reinforcement 3: Beam longitudinal reinforcements

400 mm

10M @ 300 mm

PN - 2
=15t

SECTION II - I : BEAM DETAIL

Define Reinforcement Properties (5]
Reinforcement Type Reinforcement Properties
T'lrlpfa: Reference Type: | Ductile Steel Reinforcement j
He!nfurcement 1 Add
e Crozs-Sectional Area: W rme
Hz::;z:gzmzz: g 4 Reinforcement Diameter, Db |-|57 il
% ield Strength, Fy: A00 MPa
[ltimate Strength, Fu: 00 MPa
Elastic Modulus, Es: onnnon MPa
Strain Hardening Strain, eshe IT me
[ltimate Strain, e W e
Thermal Expanzion Coefficient, Cz: * IEIi o
Preztrain, Dep: Il:li me

Reinforcement material types to be uzed for truzs elements anly.

Urnzupported Length Ratio, bt

Color

]9

—
[ ]

| Cancel |
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400 mm

Example 2: Beam-Column Joints Substructure in VecTor2

a Step 2) Create Reinforcement Materials

® Reinforcement 4. Beam longitudinal reinforcements

400 mm

10M @ 300 mm

(4) - 15M

SECTION II - I : BEAM DETAIL

Define Reinforcement Properties Iﬂ
Reinforcement Type Reinforcement Properties
Type: Reference Type: | Ductile Steel Reinforcement j
Reinforcement 1 Add _
:E% o Cross-Sectional Area: W 2
A Reinforcement Diameter, Db |-|57 mm
% “ield Strength, Fy: 400 MPa
Ultirnate Strenath, Fu: E00 MPa
Elastic Modulus, Es 200000 MPa
Shrain Hardening Strain, esh: I'Ilili e
Ultimate Strain, ew: W e
Thermal Expansion Coefficient, Ca: * IEIi FC
Prestrain, Dep: IEIi e
|nzupported Length Ratio, b IEIi
Colar -
Reinforcement material types to be uszed for truss elements anly. Ok Cancel
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400 mm

Example 2: Beam-Column Joints Substructure in VecTor2

a Step 2) Create Reinforcement Materials

% Reinforcement 5: Transverse reinforcements

400 mm

10M @ 300 mm

(4) - 15M

SECTION II - I : BEAM DETAIL

Define Reinforcement Properties Iﬂ
Reinforcement Type Reinforcement Properties
Type: Reference Type: | Ductile Steel Reinforcement j
Reinforcement 1 Add _
Ez;z;g:gzmzmg o Crozz-Sectional Area; W mmz
FI A Feinforcement Diameter, Db I'Ilili mm
u elete Yield Shength, Fy: a0 MPa
Ultirnate Strenath, Fu: E00 MPa
Elastic Modulus, Es 200000 MPa
Strain Hardening Strain, esh: I'Ilili e
Ultimate Strain, ew: W e
Thermal E spanzion Coefficient, Cs: * IEIi S
Prestrain, Dep: IEIi e
|nzupported Length Ratio, b IEIi
Colar I:I
Feinforcement material tppes to be used for trugs elements only, OK | Cancel |
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Example 2: Beam-Column Joints Substructure in VecTor2

a Step 3) Create Concrete Regions and Truss Bars

Concrete Regions

)

e

Truss Bars

2017 UT-SIM Workshop 21



Example 2: Beam-Column Joints Substructure in VecTor2

Q Step 4) Create FE Mesh and Assign Materials

Longitudinal
reinforcement

Confined concrete

Concrete cover

Transverse
reinforcement

* Interface nodes
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Example 2: Beam-Column Joints Substructure in VecTor2

Q Step 5) Map Interface Nodes: OpenSees-VecTor2 Integration

| NICOM.TXT - Notepad — O ¥
File Edit Format Wiew Help

Fnrmat: ey
Number of coupled DOFs
Local Node MNumber DOFx DOFy

les
111
3211
81 11
82 11
11
12311
124 1 1

i >

———

}

) OpenSees Frame
VecTor 2 Mesh

Element

Additional Nodes/Rigid
Element Defined in OpenSees

2017 UT-SIM Workshop
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Example 2: Beam-Column Joints Substructure in VecTor2

a Step 5) Map Interface Nodes: SFRAME-VecTor2 Integration

Node DOF DOF Node
1 99
1 50
2 100
Y 4 101 Y’
2 51
’% 5 102 ‘
Rz X 3 ! 108 52 X'
8 104
1(1,2,3) 10 105 , 50 (99,100)
l 4 11 106 5 l IIIIIIIIIIIIIIIII
1 13 107
5 54 Vv CTTUTTTUTITTTTTI
14 108
9 (25,26,27) " i 58 (115,116)
6 55
17 110
19 111
7 56
20 112
22 113
8 57
23 114
25 115
9 58
26 116
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