SAP2000

Exercise 35

Material Nonlinearity in Steel Shell Models

Study the plastic behavior of a steel floor plate reinforced with welded steel angle
stiffeners

Problem: SAP2000 features

Model a steel floor structure with «  Nonlinear Layered Shell
nonlinear shell elements and subject it to )

two different types of loading (a uniformly *  Weld Constraint
distributed load and a concentrated load).
Define the steel stress-strain curves. Plot a
load/deflection curve for a progressive
application of the concentrated load.

* Static Nonlinear Analysis

* Save Results at Multiple States

¢ Continue from State at End of Nonlinear
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e Section Cuts

* Generalized Displacements

Modeling topics

* Material Nonlinearity

¢ Plot Functions
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35
[ 3 3-DView | ~ | [E3Dview | .

Define > Joint Constraints > WELD

VWeld Tolerance g gq

Constrained DOFs
Translation X Rotation X

Translation Rotation ¥

Translation £ Fotation Z

[ B 3-DView | v | [E3Dview | -

Assign > Joint > Constraints > WELD
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

[ 2 3-DView | -
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U3 10000000

springs

Coordinate System Local
1 10000000
uz 10000000

3 10000000




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

| 2 Area Uniform (UNIF) (GLOBAL - Gravity) | -

Display > Show Load Assigns > Area > UNIF
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o =t Load Pattern UNIF
A5 Uniform Load 1.8
Coordinate System GLOBAL 09
Load Direction Gravity
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

[ 2 Area Uniform (CONC) (GLOBAL - Gravity) X | -

Display > Show Load Assigns > Area > CONC

Load Pattern CONC
Uniform Load
Coordinate System GLOBAL
Load Direction Gravity
ForcelArea 12563 1.30
1.20
1.10
1.00
e 0.90
iZd 0.80
PR 0.70
IL.i..':l'_“l'.__
Lt S 5 0.60
o 1296.3 kN/m'= 7/(0.072x0.075) 050
_ Al 7 kN 0.40
ok 0.30
T 0.20
7.5 mm

0.10
0.00
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Linear Load Cases

Load Caze Name
DEAD + CONC

Load Caze Mame
DEAD + UNIF

Loads Applied
Load Type Load Name Scale Factor
Load Pattern w | DEAD Wl

Load Pattern CONC

Load Pattern || DEAD 1]
| 1.

Exercise 35

Loads Applied
Load Type Load Name
Load Pattern w | CONC

Load Pattern
Load Pattern DEAD

Scale Factor

Analyziz Type
@ Linear
C:I Nonlinear

D Nonlinear Staged Construction

Nonlinear Load Cases

Load Caze Mame

DEAD + CONC (ML)

Load Case Name

DEAD + UNIF {NL)

Loads Applied
Load Type Load Name Scale Factor
Load Pattern w | DEAD w1

Load Pattern CONC

Load Pattern  ||DEAD 1]
| 1.

Loads Applied
Load Type Load Name
Load Pattern w | CONC Wl

Load Pattern  ||UNIF 1. ]

Load Pattern DEAD 1.

Scale Factor

Analysis Type
D Linear
@ Monlinear

ID Menlinear Staged Construction




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements
3.4.1 Steel Floor Plate

Exercise 35

% Stress SVM Diagram - Abs Max (DEAD + CONQ) -




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

B Nonlinear Material Data
Edit
Material Mame: Material Type
5235 Steel
Hysterezis Type Drucker-Prager Parameters Units
Kinematic W Friction Angle KM, m, C W
Stress-Strain Curve Definition Options
(@) Parametric Simple W Convert To UserDf  x10 3 Strain  (m/m)
— 400, -
I} User Defined ] — |
. .-'"""-"-FF-— _1
320. 4 L
Parametric Strain Data - / \
. . . 240,
Strain At Onset of Strain Hardening 0.015 . \
Strain At Maximum Stress 0.1 160 \
Strain At Rupture 0.7 BU'._: E
Final Sl Multipli E -0.1 - \ i
inal Slope (Multiplier on E) 0= ®
3 0
Show Stress-Strain Plot... i \ é
-80, ] \
-160.5
OK Cancel 7] \
2405 \ /
E A
-320.
7 L" "‘-‘—-—-.,.--—"""-—-#"
—4']"]'.-IIII|IIIIIIII|IIII|IIII|IIII|IIIIIIII|IIIIIIII
2000 <1800 120 -B0. -40. 0. 40, 80, 120 160. 200 x10 -3




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

Define > Section Property > Area Sections

Section Hame

@ Shell - Layvered/MNoenlinear

Layer Definition Data

Mum Int Material Material Component Behavior
Layer Mame Distance Thickness Type Point= Material + Angle 511 S22 512
1 |||] || 0.00s | Shell IZI 5235 Monlinear Monlineal Monlinear

Menlinear

| Nonlinear | Menlinear

Section Name

@I Shell - Layered/Monlinear

Layer Definition Data

Num Int. Idaterial Material Cnmpnnent Behavior
Layer Mame Distance Thickness Type Points Material . Angle SN 512
1 ||E|' " 0.004 " Shell I w | 0. |N|:m||nea| w || Monlinear » || Monlinear w

| Menlinear | MNonlinear | Nonlinear




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35
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3.4.1 Steel Floor Plate
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Exercise 35
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:
i
:
X

9%

Y
()

.
4

9

!
0

W

()

Y
\
Koy
ol

v

KNmC




"I AL | TN "I O[T [T
i i
OO TN~ OO ONMND OO T N DO WM N
C 0 M= = LD D WD = CO O LD O o = L O 0D s CO O LD O
B N iRt A T R B i T

Exercise 35

3.4.1 Steel Floor Plate
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3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

Define > Generalized Displacements

DEFLEC‘I‘D N ......................................

Generalized Displacement Hame

Scale Factors

||Hudif_l.r||Delete|




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

Define > Groups

Select

All
SCUT

SECTION CUT

Clear All

Define > Section Cuts

Coordinate System Units
Section Cut Name LOAD | | GLOBAL v KN, m, C vl

Section Cut Defined By Section Cut Local Axes Orientation - Analysis

@ Group Section Cut Rezult Type Rotation about Z

I:::I CQuadrilateral Cutting Planes @ Analysis (F1, F2, F3, M1, M2, M3) Roistion sbout Y
Section Cut Group D Design (P, V2, V3, T, M2, H3) Rotation about X

Group SECTION CUT v |
[[] Advanced Axes Advanced




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

DEAD_NL
Analyzsis Type
Load Case Name Loads Applied () Linear
DEAD_NL Load Type Load Name Scale Factor ® Monlinear
Load Pattern w | DEAD w1

[:] Monlinear Staged Construction
Load Pattern  ||[DEAD |_

Exercise 35

CONC_PUSH Initial Conditions Analyziz Type
() Zero Initial Conditions - Start from Unstressed State () Linear

Load Case Name (@ Continue from State at End of Monlinear Caze DEAD_NL W (@ Monlinear

CONC_PUSH Important Note: Loads from this previous case are included in the () Nonlinear Staged Construction

current case
Loads Applied Load Application Control
Load Type Load Name Scale Factor ™ Full Load
Load Pattern v | CONC w1, -

Load Pattern CONC _ (® Displacement Control

Control Displacement
E:] Uze Conjugate Displacement

EEJ Use Monitored Displacement

Load to a Monitored Digplacement Magnitude of 0.04

For Each Stage

Minimum Number of Saved States

Maximum Number of Saved States 100

Monitored Displacement

O oor

(@) Generalized Displacement DEFLECTION




3.4. Nonlinear Shell Elements

3.4.1 Steel Floor Plate

Exercise 35

Dlsplay > ShOW PIOt Functions Load Caze (Multi-stepped Cazes) CONC_PUSH W
Choose Plot Functions
Define Plot Functions...
Plot Function Mame DEFLECTION
List of Functions Vedical Functions /
LOAD DEFLECTION ||
- Generalized Dizplacement DEFLECTION
: : -3 LOAD Legend
Horizontal Plot Function LOAD W =10
/ 5-'}5 Verical Axis
0.0
T [ Min is -4.002e-02
-10.07 at 1.590e+01
] \\\ =] Max is -1.584e-05
-15.07 a at 2.080e-03
: E onzonmial 4xIs
Section Cut LOAD ~200; §
-25.0 1
Component Mode Mumber :
-30.0; \
(] [ (® Include all .
_J F1 WM 35.0° \l
() F2 ) M2 a
— = -40.0 | [ 1404 -3622E-02 )
® F3 7 M3 ;
= - IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIII|IIII
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SAP2000

Exercise 36

Material Nonlinearity in Reinforced Concrete Shell Models

Model a reinforced concrete slab considering material nonlinearity and cracked behavior

SAP2000 features

* Nonlinear Layered Shell

Problem:

Model a reinforced concrete flat slab with
nonlinear layered shell elements. Define
the rebar layers and the concrete and rebar
steel stress-strain curves. Compare results
obtained from linear and nonlinear analysis
and display stress maps for each layer.

* Static Nonlinear Analysis

A - - A"
6m
u u n | 5 s 3
+ 6m
L Layer “D"
u u n 7 . . TL-t
6m Modeling topics o i T
Layer "B" |
18m * Material Nonlinearity s el i
Yy # # Thickness (Slab) 0.20m
X * Cracked Behavior

50x50 )
3 5m e Stress-strain curves

*




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36
[ B 3-DView | - .
N
/ L (P50x50)=3.5m 6m
. Section Name  THZ0 6m 18 m
'.':i."': i§3 Shell - Layered/Monlinear
6m
2 \Z
Section HName | PSOxS0 18 m
<€ >
[ 3% Area Uniform (DEAD) (GLOBAL - Gravity) | v | [ Area Uniform (LIVE) (GLOBAL - Gravity) | -

Load Pattern DEAD

| Load Pattern LIVE
Uniform Load Uniform Load

Coordinate System GLOBAL 3.00 Coordinate System | GLOBAI 400

Load Direction Gravity 2.77 Load Direction Gravity 169

= 254 338

orce/frea 3. ForcelArea 4,

508 | 2
1.85 2.46
1.62 2.15
1.38 1.85
1.15 154
0.92 1.23
0.69 0.92
0.46 062
0.23 0.31
0.00 0.00




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36

Edit

Material Hame Material Type

| AS00 Rebar

Hyztereziz Type

| Kinematic

St Strain C Definttion Opti
ress-3train Curve Definition Options Strain (mim)
(@ Parametric Simple o | | Convert To User|  gpg =
() User Defined E —" "‘,‘
480, -
P etric Strain Dat E
arametric Strain Data 360,
Strain At On=et of Strain Hardening 0.0 E \
240, - \
Ultimate Strain Capacity 0.09 E -
Final Slope (Multiplier on E) 01 "2”-5 g
|:| Use Caltrans Default Controling Strain Values (Bar Size Dependent) 0. - :
- ]
| Show Stress-Strain Plot... | -120.3 é
ERR I
-240. 5 \
| Cancel | 360,
-480.5 1\
—Eu‘l}.-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
-125. -100. =75, -50. -25. 0. 25. al. 75 100. 125. x10 -3




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab
C30/37 Exercise 36

=0 2 Strain  (m/m)
8.0 -
Stress-Strain Curve Definition Options ]
D Parametric Convert To User Defined 4.0_:
Uzer Defined ]
© 0.0 /.
Izer Stress-Strain Curve Data _4_,3—:
Number of Points in Stress-Strain Curve 8 _: / ey
8.0 - / E
Strain Stress Point ID . u—: g
1 -3.500E-03 -26868.87 £ I /’ »
2 -3.326E-03 -28345.13 1607 é
3 -2.200E-03 -30000. -C E /
4 -1.725E-03 -29370.44 e 2007
5 -1.074E-03 -24933.2 . /
] -2 200E-04 -7051.85 -24.0_:
T 0. 0. :\
3 1.137E-03 0. E 280 ~—___|
Order Rows - "
—32.']'IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
350 300 250 200 150 -1.00 -050 0.00 050 1.00 150 x10 -3
Show Plot... £ >
Mouse Peinter Location Strain Giress
Parametric Strain Data The Concrete Stress Strain curve was
Strain At Unconfined Compressive Strength, o 2.218E-03 generated para metricaIIy, and then
Uttimate Unconfined Strain Capacity 5.000E-03 converted into User-Defined to set the
Final Compression Slope (Muttiplier on E) 0.1 tension stiffness to zero. (see Section 1.7)




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Define > Section Property > Area Sections > Modify/Show Layer Definition > Quick Start

Section Name TH20

Rebar Layers

[:] One Layer [El Two Layers

Exercise 36

Material Data And Concrete Thickness

Rebar Size, Spacing and Clear Cover

Concrete Material + |[C3043F W Size and Spacing |z the Same For All Rebar
Rebar Material + || As00 W Top Bars - Direction 1 12d @ |(0.13 Cover |0.04
Concrete Thickness 02 Top Bars - Direction 2 12d @ 0.15 Cover |0.04
Bottom Bars - Direction 1 12d @ |0.15 Cover |0.04
Bottom Bars - Direction 2 12d @ 015 Cover |0.04
Shell Section Elevation View Shell Section Plan View In-Plane Element Cempenent Behavior
Top ; [ J @ Top 511 Nonlinear
™ ® 522 Monlinear
. 512 Nonlinear
-
COut-of-Plane Element Component Behavior
Bottom

(®) Show Elevation 1-3 () Show Elevation 2-3

EEJ Same as In-Plane

[ Linear




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36

Define > Section Property > Area Sections > Modify/Show Layer Definition

Section Hame TH20 |

@ Shell - Layvered/MNoenlinear

Layer Definition Data

TopBar1
TopBar2
BotBar1

BotBar2

0.000753
0.000753
0.000733
0.000733

Menlinear
Monlinear
Monlinear
Monlinear
MWonlinear

Murn Int. Material IMaterial Cnmpnnent Behavior
Layer Name Distance Thickness Type Point= Material Angle 511 512
| ||E|' ” 0z || Shell I C303T W | 0. | Monlinear » | Nonlinear w | Monlinear

Monlinear
Inactive
Inactive
Inactive
Inactive

Monlinear
Inactive
Inactive
Inactive
Inactive

Calculated Layer Information

Number of Layers

Total Section Thickness

Sum of Layer Overlaps

Sum of Gaps Between Layers

—
E —
asteE0z
e




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36
Linear Load Cases

Load Caze Name Load Case Name
DEAD LME Analysis Type
(@ Linear
Loads Applied Loads Applied l::l Monlinear
Load Type Load Name Seale Factor SuE e IENLETE SIZE IIIT () Monlinear Staged Construction
Load Pattern » | DEAD w1l Load Pattern » | LNWE w1,
Load Pattern |[DEAD ] Load Pattern |_
NonlLinear Load Case
Load Case Mame Loads Applied Analysis Type
ILS_ML Load Type Load Name Scale Factor [:j Linear
Load Patt DEAD 1.35
R - @ Monlinear
Load Pattern  ||DEAD 135 |
Load Pattern LIWE 1.5 D Nonlinear Staged Construction
Linear Combination
Load Combination Name uLs Define Combination of Load Caze Resultz Linear Add o
Load Caze Name Load Caze Type Scale Factor
DEAD w | Linear Static 1.35
DEAD EEEET (-
LNWE

Linear Static 1.5




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36

[ ResultantM22 Diagram (ULS) | » | [ Resultant M22Diagram (ULSNL) | -




3.4. Nonlinear Shell Elements

3.4.2 Reinforced Concrete Slab

Exercise 36
[ #. Layer Stress S22 Diagram - TH20, TopBar2, 0. (ULS_NL) X ~ | [ B Layer Stress522 Diagram - TH20, BotBar2, 1. (ULS_NL) -

| » | [ B Layer Stress 522 Diagram - TH20, ConcS, -1. (ULS_NL) | -
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