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Introduction

Thank you for using ENGISSOL products. Our experienced scientific team can assure you that
you will be provided with a robust, powerful and reliable application of high standards and
guaranteed accurate results, regarding the analysis and design of any cross section (generic,
built up of one or more geometric entities, composite etc.). ENGISSOL’s know-how with
respect to engineering application development is incomparable, a fact that is proven by
thousands of satisfied end-users around the world.

Cross Section Analysis & Design performs all cross section calculation tasks. Among the
program’s capabilities are the calculation and illustration of Moment vs. Curvature graphs,
interaction surfaces, stain distributions as well as stress contour plots. Moreover,
reinforcement check or design options are also supported. The application fully complies
with all major codes for reinforced concrete sections (AASHTO, UBC, AS 3600, IS 456, ACI
318, BS 8110, CSA A233, EC2, NZS 3101 and CP 65) but can also handle other user-defined
materials (linear, bilinear, trilinear, parabolic or fully customized materials by providing a
stress/strain curve).

Cross Section Analysis & Design covers efficiently a design engineer’s everyday needs due to
the program’s simplicity and the wide range of supported cases.

This document contains a series of worked examples for Cross Section Analysis & Design
which can be found in the application using the File -> Open sample project menu item. We
have tried to include characteristic examples from an extended range of common cases in
the field of concrete, steel and composite structures.

At ENGISSOL we are always looking for feedback on how to improve our products. You can
contact us at engissol@engissol.com.
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Example 1

Reinforcement design of a beam section

Data

The bottom required reinforcement of a beam section 25 cm x 60 cm is to be estimated. Top
reinforcement is 3@¢12. Extra side reinforcement is 2¢12. Top and side reinforcement bars
are constant and do not need to be designed.

Regulation: ACI 318

Concrete (cylinder) strength: 25 MPa

Yield stress of reinforcement steel: 500 MPa
Reinforcement cover to rebar center: 4 cm
Tensile concrete strength is ignored.

Stirrup type: Tied

Frame type: Intermediate

All remaining data (concrete stress block, ¢ reduction factors, other coefficients etc.) to be
taken according to ACI 318.

Load cases

lcl:  N=0 M, =-250 kNm M, =0
Ic2:  N=0 M, =20 kNm M, =0
Ic3:  N=15kN M, = -45 kNm M,=0
Icd:  N=-7kN M, = -65 kNm M, =0
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Solution with Cross Section Analysis & Design
First of all define the corresponding Reinforced Concrete Code, by clicking on the Project ->

Reinforced Concrete Code menu item.

Selection of Reinforced Concrete Code

# Reinforced Concrete Regulation @Iﬂ—hj

Reirforced concrete regulation

| ACI 318 11 -

-

Stimup type

(™) Spiralty

@ Tied

Frame Type

@ Ordinary, Intermediate

(71 Special
Reinforcement ratio limits

(™) Default by code for columns

@ User values

User defined values
Mimimum ratioc 0.0015

Madimum ratio  0.04

| ok | | cance |

b —

Selection of ACI 318 regulation and definition of Stirrup type (Tied) and Frame type (Ordinary,
Intermediate)

Since the examined section does not belong to a column, we can select the “User values”
option in the Reinforcement ratio limits box. We set a minimum ratio equal to 1.5%. and
keep the maximum value to 4%. Since the program is intended to handle generic cross
sections, you should review the limits for reinforcement ratios, as they can differ depending
on the frame elements which the examined section is assigned to. But in case of columns,
you can keep the option “Default by code for columns”.
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Definition of material properties

Next, we are going to specify the material properties.
Concrete can be specified by selecting Materials -> Concrete

1‘ Concrete

Available concrete maternials Concrete

Default Concrete Mame | Default Concrete Calor _

Mates | Default concrete matenial, compr. strenath=15 MFPa

Concrete strength (15 kFa

[ ] Confined

[ ] User defined elasticity modulus

All available materials [{'ﬁ Add new ] [{'ﬁ Fram libram... ] [ X Delete ]

Drefault Bilinear baterial
Default Concrete

Default Linear Matenal
Default Parabalic Material
Default Reinfarcement
Drefault Trililinear katerial

I ] ] [ Cancel

The Default Concrete material can be overridden by changing its properties, as shown in the
form below.

1‘ Concrete 1

Available concrete maternials Concrete

C25 Mame |C25 Calor _

Mates | Concrete, cylinder stress strenagth: 25 MPa

Concrete strength |25 kFa

[ ] Confined

[ ] User defined elasticity modulus

All available materials [{'ﬁ idd new ] [{'ﬁ Fram librany... ] [ X Delete ]
C25

Default Bilinear b aterial
Default Linear Matenal
Default Parabalic Material
Drefault Trillinear katerial
Sh00

I ] ] [ Cancel

Value “Concrete strength” has been set equal to 25 MPa. The concrete is not assumed
confined and the elasticity modulus is to be calculated according to ACI 318, so we do not
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need to change anything else. The concrete defined here is now accessible through the

name “C25”. Alternatively we could click the “Add new” button in order to define a new
concrete material.

The reinforcement can respectively be defined from the Material -> Reinforcement menu
item.

# Reinforcement

Aevailable reinforcement materialz R einforcement

5500 Mame | 5500 Calar _

Maotes | Reinforcement matenal, vield stresz: 500 MPa

Yield ztresz | 500 kFa

[G‘} Add nes ] [G'} From libran... ] [x Delete ]

Al available materialz

C2h

Default Bilinear b aterial
Default Linear baterial
Default Parabolic katerial

Drefault Trililinear baterial
S600

I ak. ] [ Cancel ]

We modify the Default Reinforcement material by specifying a new name (S500) and a yield
stress of 500 MPa.

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 7




Worked examples

* Cross Section Analysis & Design

Drawing the geometry

We are now ready to draw the geometry of the cross section, by clicking the Draw ->
Rectangle using dimensions. The center point of the rectangular section can be inserted by
entering its coordinates (0,0) and then clicking the 2 button, or just by clicking on the point
(0,0) with the mouse. Then the Length and Width values should be set to 0.25 and 0.60
respectively. Finally, the C25 concrete should be selected for the rectangle we are drawing.

- 5
File Ediit. Wiew Project Materials Drawe Analysis Settings Help
PO E H e Ji ] U IR
RN
inina | RS Gl s ol lim a0 TR T
PO B @ =
Intoimation | User grid points. A=W =R = W= RCNONC AW NN S R IR =3 J
Project o T T T T T T T T T T T T T T T T T T T 7
Untiledd
®] @) 1
5 3
+ 3
4 4N
Rectangle (using dimensians)
EUROCODE 2 2004 A =
¥ 0 m 20 m —
Delined Materials H4 -~
Nams Type Dimensions =
C Length 0.25 m width 06 m E
orcrele :
| Material | £25 ] EN=
[ Hele
0K Cancel |
<
- z B
Analysis parometers
Mame Motes E E

Dietaul Analysiz Parar
Limit State

Dt Analsiz Parameters So for Ulmate Limt
tate

Load cases

Name Tupe

Analyzed

ez | Grid | Ruler | Draw cross [ser points [ im lines [Labels | Reinforcement rebar i,

| L I L I | i
Snap to grid | Snap ta points | Snap to Mid points || Dslets sfter miroring/rotating | Grid distance 0,05 m

Inserting Rectanale; Specify dimansions and material property

Y= -0,4m 4 2= 0.1m

After we have clicked the “OK” button, the rectangle is shown in the drawing area.

| Cross Section Analysis & Design

[B[E0[<

File Ediit. View Project Materials Drawe Analysis Settings Help
HIRN=N - N I R N |
Gt e et e o
' ! dad b wl O a0 ol 6 L0 | clib e il
A=W =R =N RONORO NSNS S R I =] J
3 T T T T T T { T T T T T T T 1 { T 7
el b @
+ >
b
o .
EUROCODE 2 2004 % = E|
Name Type 2
25 E 3
ss00 .
=

Detault

Analyzed

x| G [ i [ Br v | s [ i ioes, [PRESE] v camr reban

Srep o 91 | 3nap b peii | e b i poiite ) Delete ot

[Labels wisible | Y= -0,59m , 2= -0, 492m

Units: Default Metric «
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Before drawing the rebars, we have to make sure that a proper rebar set is available for the
design. This can be checked by selecting Project -> Available Rebars.

F ™
* Rebars m
Name [ Diameter & mm
Rebars
Mame Diameter [mm] - |
o 8 |
@10 10 I
) @12 12
@14 14 B
@16 16
@18 18
|| @20 20
[+ Add new ] [+ Fram library... ] [x Delete cument
: | ok | | canca |

The rebars shown above are available in the project. This means that we can draw rebars of
these diameters and additionally the program will only choose from these rebar sizes when
performing a reinforcement design.

So, we can now draw the reinforcement bars by clicking on the Draw -> Rebar Line menu
item.
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We can enter a value (0.04 m) for the reinforcement cover to the rebar center in the field,
which becomes active when inserting reinforcement bars, as shown below. The program

automatically draws help lines at the specified distance from the concrete rectangle edges
and enables mouse snapping at their intersections.

% Cross Section Analysis & Desig jects\Worked Example 1.csad
File Edit View Project Materisls Draw Analysic Seftings Help
D@Bp o~ albi|
HOErrrErRig
iiny ing |l b Fa | Sk W K e Jo Ta | G e |4 e 4 | o o o |

SGample

i@ et
Rebar line. N
Information = T — OAO R L I % ¢ 1Ycpecificdcover 004 m |
Froect S ] m
Y Ime0 s @ AAAARFALIAREAL REAR AR (AN RAAD " RA A AT R A @
Untrled s () =
End point offset o b
i m 20 m = s &
Defaut Metd P i
Offet dirsction - 1
Reiorced il © Up @ Down  Offset 0 m L]
ACI 31805 R i
Method 510 n =
I'| © Speciyrebar count Rebarcourt 4 20 om 14
() Specify distance Rebar distance m A
7] Constant size for design  Design parameters | o/
Growfactor 1 =

~| Reirforcement (020

|

Analysis parameters

Lo
Name Notes
oL | Defaut Anaysis Parameters Set for Senviceabilty
Limt Stzte
WL | Defauk Anaisis Parameters Set or Ukimate Limk foos s
State
Loa 1]
Load cases I |
Neme Type Anabyzed
1 |c B .
lc1 | R/Cdesign ] r ]
Ic2 |R/Cdesion ]
lc3 | R/Cdesion ] L 5]
lc4 |R/Cdesion &]
aps o w2 el o aps [} o ots 0z 3 0is
1 1 1 Il 1 1 1 1 Il Il

1
4oxes [ Grid | Ruler | Draw cross | User points | Dim lines | Labels | Reinforcement bar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after miroring/rotating | Grid distance 005 m

Inserting Reinforcement Line: Specify first point (you can use the help points defined by the given cover distance) y=-0288m 2= 0217m  Units: Default Metric -

To draw the bottom rebars, we click on both green circles successively.

File Edit View Project Materials Draw Analysis Settings
D@an~aE bR

> A"l Y

Fing iy | L b | Y6 %5 ¥ | 3 Yo Sa | G O da | 4 S 4 | ol o | il |

‘@ Rebar line
Information = e = ©NO AR NI T+ & L3 Specfiedcover 04 m |
Froject i 0% ] am
ot yHE |m 20% m o ok 2 ks e aps { ! ols ok ols @
L \
End poirt oot ©) 8 b
Unts 1| yo0085 m z02 |m = pu <
Defaut Vet e s
Offset diecton - 1
Up © Down Ofset 0 m b
ACI 31805 [ i}
Method sl 0 m =4
Defined M| @) Specy rebar court Rebar count 4 20 - 14
©) Speciy dstance Rebar dtance m A
Constant size for design  Design parameters. 0@
Growfactor 1 (=]

~| Renforcement (@20

— ses|
Analyss parameters
Lo o]
Name Notes
s | Defaukt Analyis Parameter St for Serviceabity
Limkt State
WLs | Defauk Anabysis Parameters Setfor Utimate Lt [oos ]
Srate
Las 0
Load cases i oy
Name Type Analyzed
lc 1 |Code based interaction &] R
le1 | R/Cdesign B [ ]
102 |R/Cdesign &]
lc3 | R/Cdesign ] L I
lo4  [R/Cdesion ]
% 4 4 92 05 4 ads q ots ol ols 02 0ts 03 05
I | i i I i I ! I I I I I I |

Axes | Grid | Ruter | Draw cross [ User points | Dim lines | Labels Nr. | snap to grid Snap to Mid points || Delete after mirroring/rotating | Grid distance 005 m |

Inserting Reir y=0162m, 2=-0301m  Units: Defauit Metric -

Line: Specify

Start and end point coordinates have been automatically filled in the corresponding form.
The remaining properties of the bottom reinforcement can be specified, by selecting a rebar
count (4), a material (S500) and a reinforcement size (¢20).
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Note: The specified reinforcement (#20) is not important at this point, since their diameter
will be calculated by the program automatically and the required rebar will be assigned to
them during the design procedure.

Worked examples

Rebar line
Start point
yIEH m z 026 m
g2
End paoint "
81 -
y 0.085 m z 026 m - ’r :
(Offset direction "
) Up @ Down Offset 0 m
Method s1 0 m
@ Specify rebar count  Rebar count 4 52 0 -
() Specify distance Rebar distance (0.1 m
[7] Constant size for design ~ Design parameters
Grow factor 1
Material [S&[H] v] Reinfarcement
M Split to single rebars
| ok | | cancel |

L

After clicking the “OK” button, the lower rebars are shown in the drawing area.

We take the same steps in order to draw the top rebars. After clicking on the top points, we
can define the corresponding properties, as below.

@ Specify rebar count Rebar court 3
() Specify distance Rebar distance 0.1 m

Congtant size for design
1

Material [SB[IID

[7] Split to single rebars
ok |

[ Cancel ]

Rebar line
Start point
y 0085 m =z D26 m
g2
End point . "
y 0.085 m z 026 m - I T
. s
(ffset direction #
() Up @ Down Offset O m
Method s1 0 m

s2 0 m

v] Reinforcement

L

Note that the rebar count is now set to 3 and the reinforcement size is 12. Moreover, the
option “Constant size for design” has been selected, so that the rebar sizes will not change

EngiSSol
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during the design. After clicking the “OK” button, we can continue to draw the side
reinforcement bars.

[ Cross Section Analysis & Design Noample T |
File Edt View Project Mterils Draw  Analysis  Setfings  Help
DaBR=~ahi
ik hlE
ing iny | Ig b ia Y 4 b | £

DE R FE
Information | User grid points DD COGONGOR NI+ o 4 12 specifiedcover 004 m
Project | (5 T T T T T T T T T T T T
Unttled
Rebar line @
Units Start port o
Defautt Metic
y 0085 m z 026 m A
. P I N P | |
Reirforced Concrete Code End port 1"
ACI 31808 y 0085 m 2026 m i po!
-
Defined Materials — - =
Name ©) Up @ Down Ofset 0 m S A
=5
Method s 015 m i
500 ® Specify rebar count Rebar count 2 E
Defaut Biinear Material ) SR (et 2015 m =
Defauk near Matendl %) Speciy distance Rebar distance [0.1 m
Defaul Parabolic Material Constant size for design ]
Defaut Triinear Material 1
Material 500 | Reinforcement (@12 - J
2
] Spit to single rebars
Analysis parameters oK Cancel
022 .
Name Notes y
sLg | Defaut Analysi Parameters Sekfor Servicsabity
imit State
Defaut Andlysis Parameters Set for Utmate Limt F ]
us o
5
Load cases r b
Name Type Ansiyzed
le1  |Code based interaction B 015
lc1  [RAC desion ] r ]
lc2 |R/Cdesign 0
le3  |R/Cdesign = L 1 2 3 4 ]
Ic4 | RAC design [&] -.— -.— = -’— -.
L 1 1 1 L L 1 Il Il Il 1 1 Il
Aves [ Grid | Ruler [ Draw cross | User points | Dim lines | Labels | Reinforcement bar Nr. | Snap to grid | Snap to points [ Snap to Mid paints || Delete after mirroring/rotating | Grid distance 0,05 m

Inserting Reinforcement Line: Specify reinforcement parameters y= 0137m,2z=0292m  Units: Default Metric

The rebar count is now set to 2 and both s1, s2 distances to 0.15 m. The option “Constant
size for design” is still enabled since we do not want these rebars to be re-dimensioned.

F |
Rebar line *

Start point
y 0085 m =z 026 m
End point
y 0085 m =z 026 m

(ffset direction
) Up @ Down Offset O m

Method s1 015 m
@ Specify rebar count Rebar court 2 <2 015 =
(") Specify distance Rebar distance 0.1 m

Constant size for design
1

Material [SH}D v] Reirfarcement

[] Split to single rebars
[ ok | | cancel |

In order to draw the side reinforcement bars on the right, we can take advantage of the
replicate option.
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First of all, we click on the reinforcement line that has been defined before in order to select
it.

File  Edi  View Project Maerisk  Draw  Anslyss  Settings  Help

LOe B e o B

g ing | bep bop o | S i i ) e b chon [t i din | e o i ) LT LT T el
Infamation | Uzer ;uu !mnl' A= = = W= HOWONC W W N W Sl [ M S <
lFmisst “ r_"] o T T T T T T T T T T, T T
Dniiad PP P Tohs
» |-
Units: P
llDlhuHMlnm \J 3 .
al b
Reipioiced Conerete Code a
||AC\ 1805 ”
ey Nt
Defined Material: E
Name | Tvpe .
25 Corcrete [
5500 Fieirtorcemert ] =
Delsult Bilinear M aterial Biliresr [ 15 S
Default Linear Material Linear
Detauilt Parabolic Material Parabolc Fo. =
Dt Trliness Materisl Trinear
] o +
eters Get far Ulimete Limit
Dietault ly Parameters Set for E E
sis | fnpua
Eous o5 ]
Lo cazes
MName | Type " Analyzed | . B
Eoas o
Foa 02
4 o op s i o8 op |, ops { o o It e o op s i
Avces | Grid | Ruler | brow cross | User points | 0im Ines [ Labels | Reinforcement rebar r. | Snap to grid [ Snap to points | Snap to Hid points || Delete sfter mioring/rctating | Grid distance 005 m

Selected Figures: 1 y=-0,0859m , z= 0.038m  Linits: DeFault Metric =

The line appears now thicker with its related dimensions, which informs us that it is selected.
In order to replicate it to the right side (16 cm to the right), we click on Edit -> Replicate
menu item and on the “Linear” tab enter a dy distance equal to 0.17 m.

|

plicate

Linear |F|au:|ia| || Mirrar |

|nicrements |nicrement data

:IZ : Murnber

[] Delete original objects

i ]9 I [ Cancel

After clicking “OK”, the side reinforcement on the right is shown correctly.
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Ml Edk  View Froleck Matriam  Dram  Anabss  Setdrs  Help

i Lakse ]

Irbarmation | User gid points |
P A B T T ¥

[ Mk & T T ot 3 T T g
Unie

[[Beuit evic | ]
Fairtorces Concrate Code

[[aci s1a0m j

Defined Materials

| Twes
Corcite

rs et for Ultimate Limi

Jysis Paramaters Sel for

Hame | Tupe [ Analyzed |

.05 m

Yo 04480 , 2= 0.375m  Lnits; Dafadlt Metric -

Note that the rebars have automatically been numbered. When referring to specific rebars
(for example when reporting the reinforcement forces), these numbers will be used.
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Review of Analysis Parameters

We need to specify the corresponding Analysis Parameters set by clicking Analysis ->
Analysis Parameters. We will use the default “ULS” set. All parameters related to ACl 318
code can be found in this form. The concrete stress block is rectangular according to ACI 318,
the tensile resistance of concrete is ignored and all remaining data have the default values
according to the code. You can override these values by modifying any of the fields of the

form.
- Analysis parameters
LS ™ [:‘;':. Add new Analysis Parameters et | 2
Name Motes

Reinforced concrete data | Other Matenials data

Apply B/C code defaults

Concrete Data

. Armplification factars due to confinement
Stress Shrain Curve

Compression Part . Rectangular stress strain curve for
Default rectangular by code for LILS | s | & rectangular stress concrete cannot be applied to confined
——  block iz only valid for concrete, thus confinement will be ignored
o. , All values as per resistance analysis!
selected R/C code (Interaction,
Reinforcement check
Mbp———g and design) Code specific values [AC] 318 09)
c H H
phi Tenzion contralled 049
phi Compression controlled  |0.65
T i e
Eci Ecu Ec
Tengion Part
Mo Tenzion v

Reinforcement Data

Stress - Stain Curve [ lgnore compression part Shiess - Strain Limits

i - - o . .
Linear-Canstant || = [ Tensile stress limit: MPa

E 19995 GFa [ Tensile strain lirmit:

esy 002 . o
[] Compressive stress limit: MPa

[] Compressive Strain limit;

[ Ok ] [ Cancel ]
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Definition of load cases

The load cases can be selected by clicking on the Analysis -> Reinforcement design -> Load
cases menu item. The 4 load cases can be entered in the corresponding table. A new load
case can be inserted by clicking the ¥ button. We make sure that the assigned Analysis
Parameters set to each load case is ULS.

1& Load cases for reinforcement design @

Load cases
: Maoment Mament :
Name | SR | oy | bz | o R0
el 0 250 0 us v
Ie 2 0 20 0 us  |v
e 3 15 45 0 us [«
Ic 4 7 65 0 us v

ERES Eo) B (@

ak. ] [ Cancel ]

Carry out the design
We just click Analysis -> Reinforcement design -> Analyze, to perform the reinforcement

design procedure.

The program asks if it should assign the calculated rebars to the existing ones. We click on
”Yes”.

Assign rebars ey E— — @

% Reinforcement design has been successfully completed!

,.-' Mew rebar sizes have been calculated. Would you like to assign them ta
the existing reinforcement #

[] Dont show this message again [ Yes ] [ Mo

Results

The results can be obtained from the Analysis -> Reinforcement design -> Show results menu
item.

As we can see, the cross section is adequate and the bottom rebars have been chosen to be
@18. Remaining rebars (top and side reinforcement) did not change (¢12), as we previously
checked the “Constant size for design” option. Furthermore, the calculated rebars have been
assigned to the reinforcement bars we provided in the beginning.
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Note: The program has calculated the required rebar sizes so that the provided
reinforcement ratio lies between the limits specified in the Reinforced Concrete Regulation

form.

F N
Design info Results for load case: Ic 1
Cross section is adequate Load case [Ic 1 ']

Meeded ratio  0.011514 MNeeded ratio considering minimum reinforcement  0.011514

Minimum ratio  [EXERE] . .
Provided ratio  0.012064 Cross section is adequate for selected load case
Madmum ratio  0.04

Summary Reinforcement details

Load Meeded ratio  Placed ratio Motes k ¥ [T-:]rd z fn(:]rd ﬂs.[r:;ezdled Placed reinf. ﬂs[glnazc]ed ol
0011514 0.012064 ok
lc2 527763 |6.0319E3  |ok -0.085 el 23386 o1 25447
3 52779E3  |GO319E3 ok 2 |-0.028333 |-0.26 2.3386 18 25447
Ic 4 558551E-3  |6.0319E3  |ok 3 |00283% | 026 23386 i 28447 |
N 4 0085 0.26 2.3386 18 25447 E
r 5 |-0.085 0.26 1131 12 113
6 |0 0.26 1131 12 113
7 |0.085 0.26 1131 @12 113
8 |-0.085 41 1131 12 113 L
9 |-0.085 0.1 1131 12 113
n 1008k 011 1131 @17 1131 i
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Example 2

Reinforcement design of a beam section with rebar size
constraints

Data

In this example, we are going to see how rebar size constraints can be used for designing
reinforced concrete cross sections, so that the calculated rebars have a predefined area
proportion, as shown in the picture below. The used cross section is similar to that defined

in Example 1.

[-U Cross Section Analysis & Design - [C: and o' p\1.csad*] [.._][ijﬁ}

| Example of constraint: Rebars 7. 8. 9

1 Area of rebars 1,2,3,4 = 1.5 x Area of rebars 7,8,9 : / p—
R

Units
Defaull Metiic

%S E I
T

Rebars1,2,3,4

Constant size ¢1_‘
as in Example 1

i
F8

H

2

Demonstration of area constraint between rebars

Let’s assume the following constraint: The area of each rebar 1, 2, 3 and 4 to the area of 7, 8
or 9 should be equal to 1.5. We suppose that side rebars are constant 12, as in Example 1.

Load cases

Same to these defined in Example 1.
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Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 1.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.
[& Cross Soction Analysis @ Dusign - [CDucumonts and Sottings\mary\Doskiop\ -csad*]

Fie | Edt | view  Project  Materiss  Draw  Anslyss  Settings  Help

Select .

Assign Material ko Selecked Figures v

ol T bttio I J

ol ols | ol I ol i o]s b wls o oJe g

Delete

Rei “hange Dimension Line Location

[

G4 Uniock Madel [T
el Unda Chrlez
Redo curkey
o
Detaut

Detaul Bilinear Material Bilinear

Dotaul Lingar Material Linear
Detaul Parabolic Material Parabolic
Detaul Tiillinea Material Triinear

Analysiz paramters

HName | Hotes

ULs | Default Analysis Parameters Set for Ulimate Limit
State

lysis Parameters Sel for

Detaul
SLS | Lt State

Load cases
Narme | Tupe | Analyzed
Io1 | Code based interaction
lo1 | R/C desion
lo2 | R/C desion
le3 | R/C desion
led | R/C desian

HEEEDO

Selected Figures: 1, Model s locked, CtrkeU ta unlack,

—
V= -0.127m , 2= 0,323 Units: Default Metric =

In the popup window, we choose Yes to unlock the model.

\p Unlocking the file will result in the loss of all analysis results! Do you wank ko continue?

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 19




* Cross Section Analysis & Design , Worked examples

Application of constraints

Next, we move the mouse over the reinforcement line at the top rebars (7, 8, 9) till the
“rebar line” text appears.

Pl EdE  View  Projct  Materisls  Draw  Anelysis  Settings  Help

i a

J-m-ﬂ-iu
Inioumation | Lz g posts |
Project T
l|unm|=d \J 2 ABSAC
Unta
|[Setou mete | | |
atars S ol Tor Servicaabiiy sHima
Tome Araed
ofe o o op o ot
3 [rur [Erav s s | o oo m
#Right click - = Properties to edit reinforcement = 0,0788m , #= 0.264m Units: Dl ault Metric =

After right-clicking, we select “Properties” from the menu, in order to view the properties of
the top rebars.

Fie Edt  View Project Materiss Draw  Anslyss  Settings  Help

 Prsiect
l| Untitled

Units

hDerauh Matiic 4

L o6 Properties as—
Reinforced Concrete Code — |

[m

Defined Materials

Mave

Fola capy
Rotste

AN Hwror
Replicate 015

Default Concrete Concrete
Default

Fas

St ta i

Detaul Bilinear Material Bilinear

Dotaul Lingar Material Linear
Detaul Parabolic Material Parabolic
Detaul Tiillinea Material Triinear

o Delete a1

Close

Analysiz paramters

HName | Hotes

ULs | Default Analysis Parameters Set for Ulimate Limit
State

Fo.e .45
Parameters Sel for

Delaull Anal
SLS | Limit State

Foas wae ]
Load cases

Narme | Tupe | A
Io1 | Code based interaction
lo1 | R/C desion
lo2 | R/C desion
le3 | R/C desion
led | R/C desian

H
2

Foas RELN

Ooooolg

0 [ on 0,36 o
i 1 1 L I

o
#Right click - = Properties ta edit reinfarcement y=0.0581m , 2= 0,261 Units; Dafault Metric -

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 20




* Cross Section Analysis & Design v Worked examples

In the corresponding form, we make sure that the option “Constant size for design” is
unchecked and the “Grow factor” value is set to 1 and finally click OK.

-

Rebar line

Start poirt
y 0085 m z 026 m
End point
y 0.085 m z 026 m

Dffset direction
() Up @ Down Offset 0 m

Method s1 0 m
@ Specify rebar count Rebar count 3 =2 0 —

(") Specify distance Rebar distance (0.1 m

[] Constart size for design — Design parameters
Grow factor 1

Material [5501] v] Reirforcement | ©12 -

[] Splt to single rebars

0K | | cancel |

L

Proceeding respectively for the bottom rebars, we set the “Grow factor” value to 1.5.

-~

Rebar line S

Start point
y 0085 m z 026 m
End paoint
y 0.035 m z 476 m

Cffget direction
() Up @ Down Offset 0 m

Method gl 0 m
@ Specify rebar count Rebar count 4 2 0 m

(7} Specify distance Rebar distance 0.1 m

[ Constart size for design — Design parameters
Grow factor 1.5

Material [551]] v] Reinforcement
N

[] Splt to single rebars

0K | | cancel |

b

Note that the selected Reinforcement values are not important, since the reinforcement
bars will be designed by the program.
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Carry out the design
We just click Analysis -> Reinforcement design -> Analyze, to perform the reinforcement

design procedure, as in Example 1.

The program asks if it should assign the calculated rebars to the existing ones. We click on
“Yes”.

Aszsign rebars ey —— Iﬂ

Reirforcement design has been successfully completed!

MNew rebar sizes have been calculated. Would you like to assign them to
the existing reinforcement 7

[7] Don't show this message again [ Tes ] [ MNo

Results

The results can be obtained from the Analysis -> Reinforcement design -> Show results menu
item.

As we can see, the cross section is adequate and the bottom rebars have been chosen to be
@18. Top rebars are now of size g14. But the calculated required area for reinforcement bars
1to 4 and 7 to 9 conforms to the applied constraint, since 2.2966 cm?® = 1.5 x 1.5311 cm®.

Remaining rebars (side reinforcement) did not change (#12), as their “Constant size for
design” option has been checked (in Example 1).

Note: The program has calculated the required rebar sizes so that the provided
reinforcement ratio lies between the limits specified in the Reinforced Concrete Regulation
form and also the applied constraint is valid. Furthermore, it should be noticed, that the
constraint may not be precisely valid for the placed rebar areas as well, since the program
chooses rebars from the available ones in project (Project -> Available Rebars menu item)
under the condition that their area is greater than the required one.

* Reinforcement design results ‘— .“a @léJ
Design info Results for load case: Ic 1
Cross section is adequate Load case [Ic 1 ']
Meeded ratio  0.012202 MNeeded ratio considering minimum reinforcement  0.012202
Miri ratio | ENINEE
e Provided ratio  0.012851 Cross section is adequate for selected load case
Madmum ratio  0.04
Summary Reinforcement details
Load Meeded ratio  Placed ratio Motes y cord z cord As needed R As placed o
1D Placed reinf.
0012202 |0.012881  |ok fml Ll fom2] fon/]
I 2 30159E3  [43354E3 ok = = o1 25447
Ic3 3015863 |43354E3  |ok 2 o1 25447
3 @18 2.5447
Ic 4 3438163 |43384E3  |ok
4 18 25447 £
. . . . / 5 |-0.085 0.26 15311 D14 1.5354
Validation of applied constraint: e lo 02 1531 o1 15334
2 2
2.2966 cm”=1.5x1.5311 cm 20085 026 J15311 o4 15334
8 |-0.085 41 1131 12 113 —
5 |-0.085 0.1 1131 12 113
n 1008k 011 1131 @1 1131 i
h — R
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* Cross Section Analysis & Design

Example 3

Moment vs. Curvature Curve for specific axial force levels

Data

The creation of Moments vs. Curvature curves using Cross Section Analysis & Design will be

demonstrated in this example. The used cross section is similar to that defined in Example 2.

File  Edit Viewi Project  Materials  Draw  Analysis  Settings  Help
iD@BAenNa b

H Sl

i ing | I ke e | ¥ % Ya S 3o Ta | e G Oh 4 te de R o R (e gy
DEREE

ot |G gudparss] BODHGEGOABA NI+, 41

Analysis parameters
[o o]
Name MNotes
Default Analysis Parameters Set for Uttimate Limit
US| siate
515 Defautt Analysis Parameters Set for Serviceability I e R S -
Limit State
o .
Load cases |--0.15 0.15
Name Type Analyzed

Profec : ol o ols 3 ols o ol { ods ol ols ob 0t o oks A
Ui ks & als obs o ols o] o,

» ()] o
Urits ; o
Defaut Metric 4

Q Ak
Reirforced Concrete Code Q r 1%
ACI 31805 i

i, =
Defined Materials & F =

Name Type 2

Default Concrete Concrete |-
Default f=0.15 0454
Defaut Bilnear Material Bilnear =
Default Linear Material Unear
Default Parabolic Material Parabolic e ]
Defaut Trlinear Material Trilnear

.85 o3 0.5 02 015 R .05 [ 0.0s ol 0.1s

P PENETENE B R | PR
Axes | Grid [ Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

Geometry of cross section

Moment vs. Curvature diagrams data

y=-0.339m, z= -0.295m  Units: Default Metric ~

The Moment vs. Curvature diagram for bending about Y axis is requested for the following

axial force values:
e N =-1000 kN (compressive)
e N =-500kN (compressive)

e N =0 (no axial force)

EngiSSol
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Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 1.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

Fie | Edt | view  Project  Materiss  Draw  Anslyss  Settings  Help

Select .

Assign Material ko Selecked Figures v

] corr ONONC WG R L S |

snsion Line Location

[Ac‘ & Uniock Madel cetu || g
Defi Unda Cul+z

Redo Curkey

Default

Detaul Bilinear Material Bilinear

Dotaul Lingar Material Linear
Detaul Parabolic Material Parabolic
Detaul Tiillinea Material Triinear

Analysiz paramters

HName | Hotes

ULs | Default Analysis Parameters Set for Ulimate Limit
State

lysis Parameters Sel for

Detaul
SLS | Lt State

Load cases
Narme | Tupe | Analyzed
Io1 | Code based interaction
lo1 | R/C desion
lo2 | R/C desion
le3 | R/C desion
led | R/C desian

HEEEDO

Selected Figures: 1, Model s locked, CtrkeU ta unlack, V= -0.127m , 2= 0,323 Units: Default Metric =

In the popup window, we choose Yes to unlock the model.

\p Unlocking the file will result in the loss of all analysis results! Do you wank ko continue?
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Review Analysis Parameters

We click on Analysis -> Analysis Parameters menu item to view the existing Analysis
Parameters sets. In the “ULS” set, the concrete stress distribution is chosen to be
rectangular, which only applies to ultimate limit states and it has to be changed since the

Moment vs. Curvature curve will be created for all possible stress states of the section, from

the unstressed one to its failure.

Thus, we choose a Parabolic-Linear stress strain - curve for concrete compressive parts. All

remaining values (factors, strains etc.) are now set according to ACl 318 regulation. By

clicking OK the form is closed.

-
‘ Analysis parameters

(-8 e |

uLs

)

[+ Add new Analysis Parameters set ] ~

Mame MNotes

ULS

Reinforced concrete data | Other Materials data |

Default Analysis Parameters Set for Ultimate Limit State -

Reirforcement Data

Stress - Strain Curve D lgnore compression part

| Apply R/C code defauits
Concrete Data o -
Spess Sran Curve Amplification factors due to corfinement
Compression Part Concrete strength factor 1
(Parabolic-Linear | ., o0m
Default rectangular by code for ULS sc2 factor 1
Linear
a Bilinear ec2 -0.002 ecu factor 1
Farabolic-Constant I’
AT - 08 Code specific values (AC1 318 05)
1 Ezgggz g:gLLSS phi Tension controlled 0.5
BS 81110.97 _ . Ao phi Compression controlled 065
|| | E;& El::u Ec
Il Tension Part
y [No Tension V]

o
E 15955 GPa

fy
sy 0.02

=R W B

E.

Esu

Es

Stress - Strain Limits

[7] Tensile stress limit: 0 MFa
[ Tensile strain limit: 0
[7] Compressive stress limit: |0 MPa

[7] Compressive Strain limit: |0

[ ok

]

[ Cancel ]
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Definition of load cases

The load cases for Moment vs. Curvature analysis can be selected by clicking on the Analysis
-> Moment Curvature -> Load cases menu item. By clicking the 4 button we can add a new
load case. The Moment curvature type is set to “Moment about y”, the Custom Angle
(coordinate system rotation) is left to 0 and the Analysis Parameters item is changed to
“ULS” so that we can use the parameters defined previously.

# Load cases for Moment Curvature @Iéj

Load cases
Mame Maoment curvature type Afgl'llzt'[jdrgg] P:gamh;i:m Options
N e 1 Moment about ¥ |v| 0 [ULS v][ Options... ]

ok | | Cancel

b

In order to use specific axial forces for the analysis, we click on “Options” button and in the
form that shows, we select the option “Alternate Axial Force”.

= Options for Moment Curvature @lﬁ

Podal force
Auial force N

Load case name Ic 1

Interaction Type Curvature y vs. Moment y

Vanations

(71 No alteration
@ Atemate fdal Force
() Atemate Reirforcemert Ratio

Bilinearzation of Mament-Curvature curve

Second branch slope 0
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Next we enter the axial force values successively in the corresponding field at the top right

corner of the form and click the “Add” button, so that all axial forces have been filled, as
shown below.

# Options for Mement Curvature @I&J

Puidal force
Load case name o 1

Pocial force i kN
Imteraction Type Curvature y vs. Moment y

| Add | | Modfy | | Remove |

Vanations
! Mo alteration 500
@ Atemate fxial Force -1000

(71 Atemate Reinforcement Ratio

Bilinearzation of Moment-Curvature curve

Second branch slope 0

oK | | Cancel

L

We can also define the slope of the second branch of the equivalent bilinearized curve here,

but we keep this value equal to 0. This means that the calculated bilinearized curve will be
elastic-fully plastic. We click OK to close the form.

Carry out the analysis

We just click Analysis -> Moment Curvature -> Analyze, to perform the Moment Curvature
analysis.
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Results

The results can be obtained from the Analysis -> Moment Curvature -> Show results menu

r = ~
& Moment curvature results (2 [t
Load case [ic 1 v|  Selected curve data
odal force JN] 0 - Show strain/stress
Coerizns: S e
Cvare " ki o [N
Show equivalert  Biinsanzed curve - Posttive part Biineanized curve - Negative part
biineanzed curve  Pos. yield curvature  8.6454E-3  Pos.yieldmoment  219.68 khm Neg.yield curvature  -8.5298E-3  MNeg. yieldmoment  -319.3 khm
Pos. ultimate curvature 0.037714  Pos. utimate moment 219.68  kNm Neg. ultimate curvature -0.027648  Neg. utimate moment -319.3 khm
+ Moment - Curvature Curve (lc 1) @
N [— N=0kN N=500 kN _—— N=T000 kN |
Q 600 . T T T T
& s00 g
a0
|
300 +
200 +
woe Looonns
E
4
=
€ (1]
g
£
2
100 -
200 -
-300
|
-400 |-
-500 |
-600
-0.04

The Moments vs. Curvature diagrams for the three specified axial force levels are shown in

the form. We note that the equivalent bilinearized curves (same color, but dashed) have also

been calculated. These can disappear by unchecking the “Show equivalent bilinearized

curve”.
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- — 7 <
& Moment curvature results [ =

Load case [ic 1 v| Selected curve data

. madforce kN [0 = Show strain/stress
Croim distibution for cument point
Covare 10075 W 0% ke cor

Show equivalent gative part
L 8525863 | Ne

bilinearized curve o 8B454E3 | Fos 219.68 3193
e [0.037714 | P leg -0.027648
+ Moment - Curvature Curve (Ic 1) @
LN [— =0k N=-500 kN_—— N=—1000 kN ]
a,
|
Wl ,‘k 500 +
a0 Loooooen
| app L.
200 Toovinnn
100 Looens

Moment [kNm]
: o

200 -

The color of each curve can be controlled from the corresponding “Color” box after selecting
the curve to modify by its axial force level.
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Section stress distributi

on for a specified point on Moments vs. Curvature curve

Assuming we would like to display the strain distribution and stress contour for a specific

point on the diagram for

the curve which refers to axial force level of -1000 kN.

First of all we select this value from the related list as shown in the picture below.

r
= Moment curvature results

S . .

Load case [ic 1 -

] Selected curve data

Currert poirt
Curvature -7 2366E-3 M -357.44 kNm

8.6454E-3

ature |0.037714

Auxdal force [kN] -1000 T
0
coer [ %

Moment - Curvature Curve (Ic 1) @

[— N=0kN N=-500 kN —— WN=-1000 kN |

S E PP+
g

Moment [kNm]
=)

Afterwards we move the mouse over the the graph .
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Covre 7263 W 94t o oo [N [0 ootz one |

r _ @ )
w4 Moment curvature results (2 [
Load case [ic 1 -]  Selected curve data
Curent point Aodal force [kM] -1000 - Show strain/stress

distibution for cument point

-8.5298E-3

8.6454E-3 | Pos. yield momeni 21968

-319.3
Pos.u e |0.037714 Pos. uttimate moment |219.68 eg. ultimate ature |-0.027648 nate moment |-319.3
+ \ Moment - Curvature Curve (Ic 1) @
Q [—___N=0EkN \ N=-500 kN__—— N=-1000 kM |
Q 800 !‘ T T T T T T
| "k Fi o : : B i
View stress info for
400 - e . : B
specific point:
i . N
| 300 . . ]
ol : ‘ .
100 + N
- :
T o :
: :
2 : \
ot : i
200 - :

Point to show

-400 o= > )

t
-0.04 -0.03 -0.02 -0.01

Close

By clicking on “Show strain/stress distribution for current point”, a form is shown, which
represents the following data:

Neutral axis location

Strain distribution

Equivalent force couple

Stress contour on the cross section area
Reinforcement forces

Stress information per material

The form is shown below.
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-
& Strain plane analysis results

Load cass [Dafurmed configuration at defined moment ¥

Neutral axis location and deformed corfiguration Neutral ais information
Ty T

- e e
Property Value Units
— _—HIHM kN

——— 2 My -399.45 kNm
Mz 2.8388E-13 kNm
Equ.tensie Force | 447.66 kN
Tensile force lever am | -0.24638 m
Equ.compr. Force | -1447.8 kN

&
&

PR

02862 m

3 * 018552 m

Compr.force lever am | 0.13973 m

Reinforcement forces

@ ® 0.26018 m
03138 m .15

|p veod zcod  Forcs Stress -
Im] Im] [kN] [MPa]

0085 |02 10170 [3s985 |

2 0028333 028 10170 [399.85
3 0028333 026 10170 [39965
4 0085 N 26 101 70 199 (R

N
¢ ¢ 447.66 kN

TUESIOn} 04 o4 0. 0t

Y T T YRR TETIY IVPTE FPEY PTTPLTETIY ETUTY PTTY FYRTYTTTRY FRTRUITETLRTITY FRPTY FORTYRYUIT FEVRU PYRTRITITY AT FOTTIY.

® - e
Material stress information

-

Froperty Value
Max stress 0 MPa
¥ card of max stress | -0.085 m
2 cord of max stress | 0.251 m
Min stress 25 MPa
¥ cord of min stress | 0125 m
2 cord of min stress | 0.28777 m

-175.08

-273.06|
. . Analysis info
® o @ o Cross section is adequate

Axes  Grid Reinforcement rebar Nr.
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Example 4

Moment vs. Curvature Curve for specific reinforcement ratios

Data

Aforementioned Example 3 will be extended here, in order to have Moment vs. Curvature
diagrams calculated for different reinforcement ratios. The used cross section is similar to
that defined in Example 3.

Moment vs. Curvature diagrams data

The Moment vs. Curvature diagram for bending about Y axis is requested for the following
reinforcement ratio values:

e 0.5%
e 1.0%
e 1.5%

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 3.
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Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

Fie | Edt | view  Project  Materiss  Draw  Anslyss  Settings  Help
i Select 3
& Assign M ures v
Eng | properties a0l B )
ialill <l oo
e poN=R S TS HONO RO NI WA MM \
Froi 1 T
[ Tl ols o o}s ol ols ol ol b o o oJe ol
@
Unit Replicate
IDera i elere i
]
Feir| <@l hange Dimension Line Location
[A':‘ Uniock Madel cou I | |
Deli Unda Chrlez
Reda il
o os]
Detault
Default Biinear Material Bilnear
Default Linear Material Linear 0.
Delaull Parabolic Material Parabolic
Dol Tillines: Material Trirear
o]
Analysis parameters: o
Name | Walex
Delault Analysis Parameters Set for Ulimate Limi
US| State Ae]
Drelaull Analysiz Parameters Sel lor
SLS | Limit State
.
o ]
Load cazes
Name | Tope " Analyzed
e Cade bazed interaction [ a4z
Ie1 | R/C design
le2 | R/C design
I3 | R/C design o5 ]
led4 | R/C design
e i o v

Selected Figures: 1, Model s locked, CtrkeU ta unlack, V= 0,127 , 2= -0,323m  Units: Dafault Metric -

In the popup window, we choose Yes to unlock the model.
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Definition of a new load case

We click on the Analysis -> Moment Curvature -> Load cases menu item and next on the +
button in order to insert a new load case “lc 2”. Load case “lc 2” contains information
regarding the reinforcement ratio levels used for the analysis. We change the Analysis
Parameters to “ULS” and keep the remaining values. Afterwards, the different reinforcement
ratio levels can be defined by clicking on the “Options” button of the “Ic 2” row.

-,
# Load cases for Moment Curvature M

Load cases

-

Cust Anahysi -
Mame Maoment curvature type Angle ?drggl F‘amarnh::rs Options

[I'H'Iumerrt about ¥ - | 0 [LILS || Options... |
[I'H'Iumerrt about ¥ - |_[L|LS - [ Ciptions... ]

|# X I BEE

——

On the form following that shows, we choose the “Alternate Reinforcement Ratio” option
and provide the reinforcement ratio values on the list on the right.

-
Options for Moment Curvature - - @lﬂ
*p Op an

— -
Reinforcement ratios

Load case name

Reinforcement ratio 0.015
Interaction Type Curvature y vs. Moment y

| Add | | Modfy | | Remove |

Vanations
- . 0.015
Mo atteration 0.01
| Altemate Axial Force 0.00%

@ Atemate Reinforcement Ratio

Bilinearzation of Mament-Curvature curve

Second branch slope 0

oK | [ cancel

.

We click OK to close the form.
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Carry out the analysis

We just click Analysis -> Moment Curvature -> Analyze, to perform the Moment Curvature

analysis.

Results

The results can be obtained from the Analysis -> Moment Curvature -> Show results menu

item. On this form, we choose “Ic 2” in the Load case list at its top left corner in order to

view the results of the load case defined previously.

- ~
= Moment curvature results (2 [t
Load case [lo2 7] Selected cuve data
Ic 1 Reinforcement ratio 0.015 A Show strain/stress
P — distiosion for curent point
Curvature Color Export curent graph data
Show equivalent  Biinearized curve - Positive part Biinearized curve - Negative part
bilineanzed cUve  Pos.yield curvature  8.5517E-3  Pos.yieldmoment  218.52 khm Neg.yield curvature  -8.2313E-3  Neg.yieldmoment  -359.71 khm
Pos. ultimate curvature 0.037528 Pos. ultimate moment 218.92 kNm Neg. ultimate curvature -0.024941 Neg. utimate moment -359.71 kNm
+ Moment - Curvature Gurve (ic 2) ©)
% [ p=0.075 p=001 —— p=0.005 ]
Q 300 T T T T T T
A
x > +
T T S O S e A ]
& 13
100 1 S3gonomsnsnonas -
=
=7
o
%=
=
=
o
P
=) -,
E '
=z -
£ #
400 e . =
BT e e
g :
£ :
200 :
& +
300 e
N :
+ . &
-400 - :
t t + t
-0.06 -0.04 -0.03 -0.02 -0.01
8

The Moments vs. Curvature diagrams for the three specified reinforcement ratio levels are

shown in the form. We note that the equivalent bilinearized curves (same color, but dashed)

have also been calculated. These can disappear by unchecking the “Show equivalent

bilinearized curve” box.
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r 5
& Moment curvature results [ =
Load case [‘:2 ~| Selected curve data
Curert poirt Reinforcement ratio [0.015 - Show strain/stress
distibution f ment point
Curvature 0035623 M 21888 kNm Color  E——
] Show equivalert
bilinearized curve 8 6454E3 219.68 -8 5298E-3 -319.3
0.037714 219.68 0.027648 319.3
+ Moment - Curvature Curve (Ic 2) @
@ [ p=0.015 p=001 —— p=0.005]
Q 300 T T T T T T T
=y 5
& .
200 1+ -
&
(i < I T O PO P A T PP PP PP agaondboo ]
[
£
=
=
= -100 1
H A
g
200 d e
-300 1
|
&
a0
} i }
-0.05 -0.04 -0.03 -0.02 -0.01
18

The color of each curve can be controlled from the corresponding “Color” box after selecting
the curve to modify by its reinforcement ratio level.

Note: All reinforcement size constraints are respected when a reinforcement ratio is
calculated. Thus, the side reinforcement bars are constant and bottom reinforcement area is
50% greater of the top ones (as they grow factor has been specified equal to 1.5).
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Section stress distribution for a specified point on Moments vs. Curvature curve

Assuming we would like to display the strain distribution and stress contour for a specific
point on the diagram for the curve which refers to reinforcement ratio level of 0.015.

First of all we select this value from the related list as shown in the picture below.

- - = ~
w4 Moment curvature results (2 [t
Lond cass [lc2 -] Selected cuve data
Reinforcement ratio |0.015 A Show strain/stress
S e — st oo |
distibution for curent point
Curveturs 0021635 M 35746 kNm color [N bR
7] Show eauivalert & - Positive part —,m,.l part
bilnearized curve B.5517E3 | P kNm L 8.2313E3 | Ne 35971
rvature |0.037528 P ature |-0.024941
+
% [— p=0015 p=0.01 —— p=0.005 |
Q . :
{ Y
| &
200 Lo S -
i 100 -
0
£
il H
oo
H A
2 ;
£ :
200 + :
e
00 b :
o :
: _ s
-400 :
} {
-0.05 -0.04 -0.03

Afterwards we move the mouse over the the graph.
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, — ~
o e (2 [
Load case [\52 -] Selected curve data
Reinforcement ratio |0.015 - Show strain/stress
Curent port distibutior fgr curent point
7] Show equivalent B cgalive part
bilinearized curve P oment (21892 8231363 -359.71
P ste moment [21892 | k! leg. ultimte curvature [0.024541 | Ne noment [-359.71
+ Moment - Curvature Curve (Ic 2) (@)
@ 0015 P01 p=0.005]
G\ N\ T T T T T T T
| & : N
200 : 4
N &
1 100 1 o B
! :
= : :
| H : :
= -100 {- : 5
H : -
£
2 : : : :
ol : - View stress info for
: : Pointto show | i | specific point
300 . :
i :
i d
400 -
} } I
-0.08 -0.04 -0.03 -0.02

By clicking of “Show strain/stress distribution for current point”, a form is shown, which

represents the following data:

e Neutral axis location

e Strain distribution

e Equivalent force couple

e Stress contour on the cross section area

e Reinforcement forces/stresses

Stress infor

mation per material

The form is shown below.
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& Strain plane analysis results !

Load cass | Deformed configuration at defined moment |

4 Neutral axs location and deformed corfiguration Neutral axs information

R - rr- e

@ Siplebsibng :

@ R Property Value Units

T — ) 91162 kN

I 010402 m i My 32188 kNm
Mz 2815713 Khm
Eqv.tensie Forcs | 636.85 kN
Tensile force lever am | 022476 m
Eqv. compr. Force | -728.01 kN ]
Compr foroe lever am | 0.24551 m
Reinforcement forces

p veod  zcond Force Stress -

Im] Im] kN MPa] =

—_— |
636.85 kN -0.085 026 12723 500

2 |-D.028333 | -0.26 127.23 500
3 (0028333 |-0.26 12723 500
A |nnes 026 19773 BON

4 1
Boaleesil Lisiilies iy Lisiilisails

Bl

Stress distribution

AR A AARA LA
2 025 03 035

Material stress information

-

Froperty Value
i ¥ card of max stress | -0.085 m
| 2 cord of max stress | -0.251 m
Min stress 24228 MPa
| y cord of min stress | 0.125 m
"‘ 2 cord of min stress | 0.3 m
Analysis info

Cross section is adequate

FFTF P P

Dim lines I
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Example 5

Control of concrete cracking: Estimation of the stress at
reinforcement (Serviceability Limit State)

Data

We will extend the file created in Example 2 in order to calculate the stress at each rebar
under the loads defined below.

As many regulations propose, the effect of cracking can be controlled by considering a
reduced reinforcement stress which is specified by other parameters, such as allowable
crack width, rebar diameters, rebar spacing etc.

The concrete stress/strain curve is assumed to be linear.

Load cases

Icl: N=0 M, =-120 kNm M,=0
lc2: N=0 M, =37 kNm M,=0
Ic3: N =20 kN M, =-54 kNm M, =0

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 2.
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Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

Fie | Edt | view  Project  Materiss  Draw  Anslyss  Settings  Help
i Select 3
& Assign M ures v
Eng | properties a0l B )
ialill <l oo
e poN=R S TS HONO RO NI WA MM \
Froi 1 T
[ Tl ols o o}s ol ols ol ol b o o oJe ol
@
Unit Replicate
IDera i elere i
]
Feir| <@l hange Dimension Line Location
[A':‘ Uniock Madel cou I | |
Deli Unda Chrlez
Reda il
o os]
Detault
Default Biinear Material Bilnear
Default Linear Material Linear 0.
Delaull Parabolic Material Parabolic
Dol Tillines: Material Trirear
o]
Analysis parameters: o
Name | Walex
Delault Analysis Parameters Set for Ulimate Limi
US| State Ae]
Drelaull Analysiz Parameters Sel lor
SLS | Limit State
.
o ]
Load cazes
Name | Tope " Analyzed
e Cade bazed interaction [ a4z
Ie1 | R/C design
le2 | R/C design
I3 | R/C design o5 ]
led4 | R/C design
e i o v

Selected Figures: 1, Model s locked, CtrkeU ta unlack, V= 0,127 , 2= -0,323m  Units: Dafault Metric -

In the popup window, we choose Yes to unlock the model.
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Review of Analysis Parameters

We need to specify the corresponding Analysis Parameters set by clicking Analysis ->
Analysis Parameters. We will use the default “SLS” set. The concrete stress block is linear
and the corresponding strain values are defined according to AClI 318. Strength reduction
factors ¢ do not need to be changed since we are performing an analysis in Serviceability
Limit State (stress calculation). The concrete tensile strength is ignored. You can override
these values by modifying any of the fields of the form.

P @ '1
* Analysis parameters uﬂ
[SLS v] [lﬂﬂ- Add new Analysis Parameters set ] .
Mame 5.5 Notes | Defaut Analysis Parameters Set for Serviceability Limit State -
Reinforced concrete data | Other Materials data |
| Apply R/C code defauits
Concrete Data — -
Ciress Stlai_n Curve Amplfication factors due to confinement
fompressmn Part ] Concrete strength factor 1
Linear -
scu [0.003 max axial strain factor 1
_ max adal strain ecu factor 1
-0.002 Code specific values (AC] 318 05)
A 1 phi Tension controlled 1
phi Compression controlled 1
I € f&
[l Tension Part
y [No Tension V]
Reirforcement Data i
Siress - Strain Curve [ lgnore compression part Stress - Strain Limits
N 9s [7] Tensile stress limit: 0 MPa
| E 1383 GPa [ Tensile strain limit: 0
fy El
| sy 0.02
N [7] Compressive stress limit: |0 MPa
! s T [7] Compressive Strain limit: |0
Es.u 'EE
[ ok | | cancel |
j—
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Definition of load cases

We click on the Analysis -> Deformed configuration -> Load cases menu item and next on the
< button in order to insert a new load case under the name “Ic 1”. Afterwards we fill the
values for loads and make sure that the “SLS” Analysis Parameters set is enabled. We can

create the remaining load cases Ic 2 and Ic 3 likewise.

-

g Load cases for deformed configuration

=)

Load cases
Moment -
Analysis
Mame about z
fkNm] Parameters
- [ ComE
e 2 EEE
ic3 sLs |+

e

We click OK to close the form.

Carry out the analysis

We just click Analysis -> Deformed configuration -> Analyze, to perform the analysis.
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Results

The results can be obtained from the Analysis -> Deformed configuration -> Show results
menu item.

On this form, we choose the “lIc 1” load case at the top left corner, in order to view the
results related to the first defined load case.

The following data can be found on this form.
e Neutral axis location
e  Strain distribution
e Equivalent force couple
e Stress contour on the cross section area
e Reinforcement forces/stresses

e Stress information per material

& Deformed configuration results [ [
Load case [ied -
4 Neursoy 1 Mestral a3 irfonmation
F Ic3 r T T T T T T T T T T T T T T T ™3 =
a |E 7873864 (Compressiony @ £
a F N 3 Property Value Units
- |F - 22 DTk IRl i o 2311564
a |E -— E arigin .
SME o338 m 3 [cuvatue 3.3951E-3
E 026036 m 3 |naange 0 rad
E rs 'y 3 |eav.tensie Force | 254.0¢ kN
Tensile force lever am |-0. 24331 m
Eqv.compr. Force  |-254.04 KN
E 2 [compr force leveram |0.22844 m
B 032Zm 31 Reinforcement forces
0.36908 m * * E
E 1 [p vyood zood  Fore Stress  ~
3 E Im] Im] L) [MPa]
E . —r 3 |1 [ooss 026 5667
@@ 254.04 kN E L
2 |Do2e333 026 5667 3
3 LTS Tension) 3 ; .
Eoisl 1 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L.d 3 0028333 | 0.26 %67
[RARRA LA AR RAAAY MR T T T LAARA KA MR T LAARMA RARA LARLA 1ARAY 5 |0085 (026 2006 |13028
E (@) 22883 4 [ |0 026 |2006 (13028
E ° . . 3 [7 Jovss [0z  |2006 [13028 |~
E EEE 3 Material stress information
F - ry 3
F El Property Value Unts
E 92379 E
d i |—
E P— 3 [vcord at maxstress | -0.085 m
3 |2comd at maxstress |-0.269 m
E Q] T [ Minstress 55615 MPa
= 3 [ycord at min stress [0.125 m
E 44,089 4 |zcodatminstress |03 m
E 59,851 E
E 3 Anabsisinfo
£ ® & & © ]  Cross section is adequate
E 135,03 3
Surnllnrndlnnanlncnd nanfinnanfinnaninnafinmrleneAlanar rnennnarl e pealeay T TTTIY YN T IUTYN IPTTY VYT PUIY TPTNY AP INTRL YT IPOTIY |
Axes Grid Dim lines Reinforcement rebar N,

As we can see, the maximum stress values at reinfordcement are reported as expected for
rebars 1 to 4 (bottom layer reinforement) and have a value of 222.72 MPa.

By the above mentioned way, we can obtain the results for the remaining load cases “Ic 2”
and “Ic 3” by changing the selected load case item at the top left corner of the results form.
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Example 6

Control of concrete cracking: Estimate the stress at
reinforcement (Serviceability Limit State) considering concrete
tensile strength and using a parabolic concrete curve

Data

We will modify the file created in Example 5 in order to re-estimate the reinforcement
stresses, but considering the concrete tensile strength and using a Parabolic-Constant
concrete curve for compression.

Load cases

As defined in Example 5.

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 5.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

Fil View  Project  Materials  Draw  Analysis  Settings  Help
Select 3

(RN
= Assign Material to Selected Figures | .
i |

Properties

@
:\- ILA
Do e et

Selected Figures: 1, Model s locked, Ctri+U ko unlock. ¥=-0.127m , 2= -0,323m  Units; DeFault Metric =
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In the popup window, we choose Yes to unlock the model.

Unlock =

\?‘) Urlocking the file will result in the loss of all analysis resulks! Do ywou wank o continue?

Review of Analysis Parameters
We need to modify the previously created Analysis Parameters set “SLS” by clicking Analysis

-> Analysis Parameters and selecting “SLS” from the list at the top left corner.

Next, we select a Parabolic-Linear stress strain curve for compressive parts of concrete.
Finally, in order to consider the tensile concrete strength, we select the “Linear and Drop to
Zero” option in the tensile concrete data, as shown in the form below.

8 ~
=y Analysis parameters @lﬂ

[SLS v] [iﬂﬂ- Add new Analysis Parameters set ] 7~

Mame 5.5 Notes | Defaut Analysis Parameters Set for Serviceability Limit State -

Reinforced concrete data | Other Materials data |

| Apply R/C code defauits
Concrete DE_'ta Amplfication factors due to confinement
Stress Stlal_n Curve
fompressmn Part ] Concrete strength factor 1
Farabaolic-Linear -
scu [0.003 ec factor 1
ql:
ec?2 -0.002 ecu factor 1
Code specffic values (ACI 318 05)
c 0.85
phi Tension controlled 1 )
h 1 phi Compression controlled 1
Ec
Tension Part
|
[Unear and Drop to Zero V]

Reirforcement Data i
Stress - Strain Curve [T lgnore compression part Siress - Strain Limits

Linear-Constart = [

[7] Tensile stress limit: 0 MFa
E 1383 GPa [ Tensile strain limit: 0
0.02 f i
gz 0.
[7] Compressive stress limit: |0 MPa
! Es T [7] Compressive Strain limit: |0
Es.u 'EE
[ ok | | cancel |
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Definition of load cases

The load cases do not need to be changed.

Carry out the analysis

We just click Analysis -> Deformed configuration -> Analyze, to perform the analysis.

Results

Similarly to Example 5, the results can be obtained from the Analysis -> Deformed
configuration -> Show results menu item.

r 2 ~
& Deformed configuration results A=
Load case [ic 1 -
4 Neutral axs location and deformed corfiguration Neutral axis information
- — —_—
Q 0.6 55 -0.5 45 -0.4 35 0.3 25 0.2 15 0.1 1 45 3
a F Property Value Units
= @ 261.65 kN Strain at origin 0.000342
& 0.17301 m Curvature -2.6931E3
0.11625 m E|
E. 3 |NAange [} rad
g NA R
E ar 25 ] |[EavtensieForce  |261.85 kN
E 3 |Tensie force lever am |-0.21538 m
E 3 |Eav. compr. Force 26165 kN
i 3 3 |Compr.force leveram |0.24324 m
E 034237 m 2054
F 0.42699 m E
= . + 2 Reinforcement forces
| E 3 [ ved zcod  Foee  Stess
E 261.65 kN Im] [m] kN) [MPa]
0085|026 (5303 208.39
1133963 (tension) -0.028333 | -0.26 5303 20839 =
0028333 | 026 5303 208.39
0085 | 028 5303 208.39
0085|026 |10 |71622
i
0 0% 102 |7
0085 026 1103|7162 |~
F Material stress information
g Mator
F Property Value Units
o Max stress 21 MPa
E. ¥ cord at max stress | 0.125 m
il E 2 cord at max stress | 0.078351 m
E Min stress 10291 MPa
F y cord at min stress | 0.125 m
E 2 cord at min stress | 0.3 m
E Analysis info
Cross section is adequate
- 0.55 4.5 - 04 035 03 025 02
Eo T T T T TN P P Close
Axes Grid Dim lines Reinforcement rebar Nr.

We notice that the stress at rebars 1 to 4 (bottom layer rebars) is now 208.39 MPa for load

case “Ic 1”.
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Example 7

Control of concrete cracking by reducing the maximum
reinforcement stress

Data

In this example, we will introduce the application of reinforcement stress limits in order to
prevent the cracking of concrete. This option is available in the “Analysis Parameters” form.
So, by applying the corresponding Analysis Parameters set to each analysis, the
corresponding limits will be considered automatically.

In this example we will apply a tensile stress limit of 180 MPa.

Load cases

As defined in Example 5.

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 6.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

View  Project  Materials  Draw  Analysis  Settings  Help

ign Material ko Selecked Figures
ingling in hin in) £ e o) ol o e

o | St el s o lo b ) B b K st e i |

. Nan £ Tl o Tl ot "ol L] ol ol o]s ol uls o 0l 5]
g r !
[y

[|A':‘ B Uniock Model kel | ¢
< &

Y Y

Selected Figures: 1, Model s locked, Ctri+U ko unlock. ¥=-0.127m , 2= -0,323m  Units; DeFault Metric =
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In the popup window, we choose Yes to unlock the model.

Unlock X

\?‘) Urlocking the file will result in the loss of all analysis resulks! Do ywou wank o continue?

Review of Analysis Parameters
We need to modify the previously created Analysis Parameters set “SLS” by clicking Analysis

-> Analysis Parameters and selecting “SLS” from the list at the top left corner.

At the bottom right corner of the form, we activate the option “Tensile stress limit” and
enter the value 180 MPa.

r .
=g Analysis parameters ‘ &lg
[SLS v] [+Mdnew.ﬂnal}'sis Parameters set ] £ Delete cumert set
Mame 55 Notes | Defaut Analysis Parameters Set for Serviceability Limit State -
Reirforced concrete data | Other Materials data |
| Apply R/C code defaults
Concrete Data e .
Cirese Stlai_n Curve Amplfication factors due to confinement
fnmpressmn Part ] Concrete strength factor 1
Parabaolic-Linear -
scu |0.003 ec factor 1
ql:
ec2 -0.002 ecu factor 1
Code specific values (AC] 318 05)
C 0.85
phi Tension controlled 1
h 1 phi Compression controlled 1
E¢
Tension Part
[Unear and Drop to Zero v]
Reinforcement Diata .
Siress - Strain Curve [ lgnore compression part Streas - Strain Limits
9s Tensile stress limit: 180 MFa
E 1383 GFa f [T Tensile strain limit: 0
¥ 2
esu  0.02
[7] Compressive stress limt: |0 MPa
| Es J : [7] Compressive Strain limit: |0
Esy Es
[ ok | [ Cancel |
b
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Definition of load cases

The load cases do not need to be changed.

Carry out the analysis

We just click Analysis -> Deformed configuration -> Analyze, to perform the analysis.

Results

Similarly to Example 6, the results can be obtained from the Analysis -> Deformed
configuration -> Show results menu item.

r — T 2 ~
& Deformed configuration results A=
Load case [ic 1 >
4 Neutral axs location and deformed corfiguration Neutral axis information
- - — — .
@ [ 055 9% 935 05 0% 04 035 03 035 02 015 0.1 005 0 005 01 05 02 0 5 s 7 0 En| B
= 3056 4 (compression) @) 33 [Fropeny Value Units
: E . 25988 kN E!
- — 3
& 0.18502 m 3
g 012523 m El
E " 3
E 033623 m =
o 041398 m A P! 1 Reinforcement forces
E 153 EERES
i E-0.2 23 Stress
E v, 1 | D yoodiml zeomiml FooskNl bt
Eozs ~ 259.98 kN 25
+—&
TS FPOS TYUNY FPOOY FYUN NUOOY FYUS FPUOY TN PPUSY YOS AOVOY YUY POVSY TYUOE PN TV Ll il
Stress distribution
e Aa sAins st e L e IhARa Aaaad
| = & 5 045 04 4 E
F 1482588 02 Material stress information
E tiszf {7 Metens B (B
F T [ Propeny Value Units
84.218| Bl
- 5321 -
il 3
22203 El
F -8.8041 4
E -38.811 E
1 Analysisinfo
E T Cross section is inadequate!
-70.818 3
L I e S S LS

Axes Grid Dim lines Reinforcement rebar Nr.

The maximum tensile stress at reinforcement was 208.39 MPa in Example 5, where no
reinforcement limit was applied. For the same loads (Ic 1), we can now see that the cross
section is now inadequate.
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Cross section is adequate for the remaining load cases, where apparently the developed
reinforcement stresses are smaller than the limit of 180 MPa.

w4 Deformed configuration results

Losd cass [le2 hd

+ Neutral axis location and deformed corfiguration
A LA LAy RALAT LSS s LAn) L) LALEA LAAd LAL) LAa LAa LAsa) LALS LAAAd RASA) LEAA NARSN LASAN LALAN AR RANAS LEASD WAL RASAN LALLS LAkAd AR LEAAS N

a |E 9.015BE s (fehsibi )

«Q E ® 3
E d =

BN 90.264 kN E

% F N E
E 0.30915 m E
= * 0.20524m -
3 + 0.20066 m =3
= 0.29085 m E

Neutral ais information

Froperty Value Units

Strain at origin 26709E6

Curvature 2917564

NA angle 0 rad
Equ.tensie Force | 30.264 kN
Tensile force lever am | 0.20008 m
Eqv.compr. Force | -80.264 kN
Compr.force leveram |-0.20381 m

Reinforcement forces

L

® ®
.
Strain: -6.32

tress: -1,55
® @ ©

3E-5
1 MPa

T T T
[@) 16108

12.201

8.2925 E

4.3841

0.4757 -

-3.4327|

73412 E

-11.25

z cord Force Stress

Im] Im] [kN] [MPa]
n -0.085 026 -372 -14633
2 |-D.028333 | -0.26 -3.72 -14833 £
3 |0028333 026 -372 -14833
4 |0.085 -0.26 -3.72 -14632 b
5 |-0085 026 242 15701
6 [0 026 242 15701
7 _|0085 0.26 242 15.701 2

Material stress information

Reinforcement rebar Nr.

Property Value Units
21345 WPa
y cord at max stress | 0.125 m
2 cord at maxstress | 0.3 m
Min stress 20763 WPa
y cord at min stress | 0.125 m
2 cord at min stress |03 m

Analysis info
Cross section is adequate

Axes Grid Dim lines

Note: These limits are respected for other analysis types as well (such as Interaction diagram,
Reinforcement design etc.) provided that such stress limits have been applied to the

corresponding Analysis Parameters sets.
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Example 8

Reinforcement design for both Ultimate and Serviceability Limit
States

Data

In this example, we will perform a reinforcement design for both Ultimate and Serviceability
Limit States (ULS and SLS). Such procedure is very common when designing reinforced
concrete beams, since both requirements, regarding ultimate strength and cracking due to
service loads should be checked.

Cross Section Analysis & Design can easily handle similar cases by modifying the default
Analysis Parameters sets ULS and SLS. If more design situations should be considered, we
can create new Analysis Parameters sets.

We will start from the file created in Example 7. So materials and section geometry will not
change.

The additional design data are as follows:

Concrete and . A~ Serviceability Limit State
Reinforcement data Ultimate Limit State (ULS) (SLS)

Compressive | Rectangular according to ACI

part 318 Parabolic-Constant

Stress/Strain

distribution

. . Yes (consider tensile
of concrete | Tensile part | Ignored (no tensile strength) (

resistance)

Reduce tensile strength to

Reinforcement stress limits | No limits (use full strength) 220 MPa to limit crack width

Load cases

Moreover, the reinforcement design procedure will take place for the following loads:

Ultimate loads (ULS)

Ic1-ULS N=0 M, =-140 kNm M, =0
Ic2-ULS N=0 M, =55 kNm M, =0
Ic3-ULS N =-10 kN M, =-44 kNm M,=0
Service loads (SLS)

Ic1-SLS N=0 M, =49 kNm M,=0
Ic2-SLS N =-3kN M, =24 kNm M,=0
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Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 7.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

Fie | Edt | view  Project  Materiss  Draw  Anslyss  Settings  Help

Select .

Assign Material ko Selecked Figures v

] corr ONONC WG R L S |

snsion Line Location

[Ac‘ & Uniock Madel cetu || g
Defi Unda Cul+z

Redo Curkey

Default

Detaul Bilinear Material Bilinear

Dotaul Lingar Material Linear
Detaul Parabolic Material Parabolic
Detaul Tiillinea Material Triinear

Analysiz paramters

HName | Hotes

ULs | Default Analysis Parameters Set for Ulimate Limit
State

lysis Parameters Sel for

Detaul
SLS | Lt State

Load cases
Narme | Tupe | Analyzed
Io1 | Code based interaction
lo1 | R/C desion
lo2 | R/C desion
le3 | R/C desion
led | R/C desian

HEEEDO

Selected Figures: 1, Model s locked, CtrkeU ta unlack, V= -0.127m , 2= 0,323 Units: Default Metric =

In the popup window, we choose Yes to unlock the model.

\p Unlocking the file will result in the loss of all analysis results! Do you wank ko continue?
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Review of Analysis Parameters

We need to modify the Analysis Parameters sets “ULS” and “SLS” to match with the design
data provided above. This can be done by clicking Analysis -> Analysis Parameters.

First of all, we select “ULS” from the list at the top left corner.

g i] ~
* Analysis parameters uﬂ

[ULS v] [% Add new Analysis Parameters set l 7~

Mame |15 MNotes |Default Analysis Parameters Set for Ultimate Limit State -

Reinforced concrete data | Other Materials data |

| Apply R/C code defauits
Concrete DE_'ta Amplification factors due to confinement
Stress Strain Curve
Compression Part Rectangular stress strain curve for
[Defaurt rectangular by code for ULS v] A rectangular stress concrete cannot be applied to confined
block is only valid for concrete, thus confinement will be ignored
o, All values as per resistance analysis!

selected R/C code (Interaction.

Reinforcement check

j\fc o o and design) Code specific values (AC] 318 05)
phi Tension controlled 09 )
phi Compression controlled .65

T L
Eci Ecu Ec
Tension Part
&
[No Tension v]

Reinforcement Data i
Siress - Strain Curve [ lgnore compression part Stress - Strain Limits

i o
e onsing e & [7] Tensile stress limit: 0 MPa

E 13335 GFa [] Tensile strain limit: 0
0.02 f $ i
esu 0. ;
[T Compressive stress limt: |0 MFa
| Es [7] Compressive Strain limit: |0
Es.u £E
[ ok | [ cancel |
i -

We make sure that the compressive stress strain part of concrete is set to “Default
rectangular by code for ULS”. Moreover, the “No Tension” should be selected for the tensile
part of concrete. The Stress/Strain limits for reinforcement are not changed as shown in
picture above.
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Next, we select “SLS” from the list at the top left corner.

-
=g Analysis parameters

A=)

[SLS v] ['ﬂ? Add new Analysis Parameters set | | /%

Reirforced concrete data | Other Matenals data |

Mame 55 Notes | Default Analysis Parameters Set for Serviceability Limit State

Tension Part

[Unear and Drop to Zero v]

Reinforcement Data :
Stress - Strain Curve [T lgnore compression part

Linear-Constart - T

Code specific values (ACI 318 05)

phi Tension controlled

phi Compression controlled

Stress - Strain Limits

1

1

| Apply R/C code defaults
Concrete DE_ltEl Amplfication factors due to confinemert
Stress Stlal_n Curve
fnmnressmn Part ] Concrete strength factor
Parabolic-Constant -
ecu -0.003 ec? factor
ec? -0.002 ecu factor

1

1
1

Tensile straes limit: 220 MPa
E 13335 GPa [ Tensile strain limit: 0
fy 2 2
esu 002 :
[7] Compressive stress limt: |0 MPa
| Es [ [7] Compressive Strain limit: |0
Esy Es
[ ok | [ cancel |
o ==

According to the given design data, we make sure that a Parabolic-Constant concrete curve
has been selected. The tensile part should have the option “Linear and Drop to Zero”
selected, in order to consider the tensile resistance of concrete. Finally, we have applied a

tensile stress limit for reinforcement equal to 220 MPa.

We notice that the strength reduction factors are in this case equal to 1.0, since the program
automatically adjusts them to be compatible to current design situation SLS. On the other
hand, the default values by ACI 318 were applied for the ULS case. We click ok to close this

form.
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Definition of load cases

We click on the Analysis -> Reinforcement design -> Load cases menu item to enter the load
cases.

-
* Load cases for reinforcement design M

Load cases
Anahysis
Parameters
LS -
LS -
LS -
| LS -

4=

. ST
Delete current load case l [ﬂ]

First of all, we select all the rows and click the F icon to delete them. Afterwards, we enter
the load cases and assign the corresponding Analysis Parameters sets, as shown below.

-
* Load cases for reinforcement design ‘ @u
Load cases
e Ry iy
lc 1-LLS 0 140 0 ULS -
o 2-LS 0 85 0 LS -
lc 3HULS -10 -A4 0 ULS -
o lc 1-5L5 0 43 0 5LS -
3 lc 2-5L5 -3 24 [ 5L -

() (X
L | oK | [Canc:el.]

TE— e———— ]|

Carry out the analysis

We just click Analysis -> Reinforcement design -> Analyze, to perform the analysis.

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 57




* Cross Section Analysis & Design v Worked examples

Results

The results can be obtained from the Analysis -> Reinforcement design -> Show results menu

item.
= Reinforcement design results * .‘ ‘a @I&J
Design info Results for load case: Ic 1-ULS
Cross section is adequate ostilenae [Ic 1-ULS ,]
Needed ratio  6.9713E-3 Needed ratio considering minimum reinforcement  6.9713E-3
Minimum ratio | TN i D ey
Provided ratio 76027E-3 | Cross section is adequate for selected load case
Maximum ratic  0.04
Summary Reinforcement details
Load Meeded ratio  Placed ratio Motes D y cord z cord As needed Placed reirf As placed o
- — m] m] [em2] sesd e [cm2]
lc1-ULS  [hakiss] 7.6027E-3 ok
eove Gomes lamues o 0085 026 |038ses o6 20108
C3ULS  |30159E3  la3334E3 ok 2 |-0.028333 |-0.26 0.58885 D16 20106
3 |0.028333 |-D26 0.58885 D16 20106
Ic 1-5LS mn.m 064 |ok
4 |0.08% 0.26 0.58885 16 20108 £
lc2-5L5 |44922E3  |45218E3 ok
5 |-0.085 0.26 0.65923 12 113
6 (D0 0.26 0.65923 12 113
7 |D0.085 0.26 0.65923 12 113
8 |-D.085 011 113 @12 113 —
5 |-0.085 0.1 1131 12 113
10 [D08K 011 1131 @1 1131 i
h " N R

We note that the load case is adequate and we can see the placed reinforcement sizes.

Notice that the most unfavourable load case is Ic1-SLS, which refers to Serviceability Limit
State. Although the loads for SLS are smaller than ULS, the reinforcement demand can
apparently be greater, since the reinforcement stress was reduced to 220 MPa.

Furthermore, the reinforcement size constraints applied in Example 2 are considered in this
design as well.

These can be verified for each load case. For instance for Ic1-ULS, the needed reinforcement
for rebars 1, 2, 3 and 4 is 0.99 cm?, whereas the reinforcement demand for rebars 5, 6 and 7
is 0.66 cm®. The size constraint is valid since 0.99 cm?= 1.5 x 0.66 cm?.
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Example 9

Check of user-defined reinforcement pattern in a composite
cross section of a column

Data

In this example we are going to create the geometry of a composite cross section, define
rebars and check their capacity according to Eurocode 2.

Regulation: Eurocode 2

Concrete (cylinder) strength: 20 MPa

Yield stress of reinforcement steel: 500 MPa
Reinforcement cover to rebar center: 4 cm
Steel grade: Fe 360

Tensile concrete strength is ignored.

Stirrup type: Tied

All remaining data (safety factors, other coefficients etc.) to be taken according to Eurocode
2.
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Load cases
Ic1: N=-1000kN M, =550 kNm M, =123
Ic2: N =-770 kN M, = 140 kNm M, = -365

Solution with Cross Section Analysis & Design
First of all define the corresponding Reinforced Concrete Code, by clicking on the Project ->

Reinforced Concrete Code menu item.

Selection of Reinforced Concrete Code

=y Reinforced Concrete Regulation @Iﬂ—hj

Reirforced concrete regulation

| EUROCODE 2 2004 -|

-

Reinfarcement ratio limits

@ Default by code for columns

) User values

Selection of Eurocode 2 regulation

The reinforcement ratio limits are to be calculated according to Eurocode 2, so we keep the
default option checked.
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Definition of material properties

Next, we are going to specify the material properties.

Concrete can be specified by selecting Materials -> Concrete

-,

1‘ Concrete

Available concrete maternials Concrete

Default Concrete Mame | Default Concrete Calor _

Mates | Default concrete matenial, compr. strenath=15 MFPa

Concrete strength (15 kFa

[ ] Confined

[ ] User defined elasticity modulus

Al available materials [+ Add new ]

[+ Fram library... ] [ x [elete ]

Drefault Bilinear baterial
Default Concrete

Default Linear Matenal
Default Parabalic Material
Default Reinfarcement
Drefault Trililinear katerial

I ] ] [ Cancel

The Default Concrete material can be overridden by changing its properties, as shown in the
form below.

-
* Concrete . — - - M

Available concrete materals Concrete

| Name C20 color [N
Motes Concret,compr. strength: 20 MPa
Concrete strength 20 MPa
[C] Corfined

[ User defined elasticity modulus

All available materials [-ﬂi Add new ] [+ From library... ] [ 25 Delete ]
C20

Default Bilinear Material

|| Default Lingar Material
Default Parabaolic Material
Default Reinforcement
Default Trililinear Matenal

1 oK | [ cancel

b

Value “Concrete strength” has been set equal to 20 MPa. The concrete is not assumed
confined and the elasticity modulus is to be calculated according to Eurocode 2, so we do
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not need to change anything else. The concrete defined here is now accessible through the

name “C20”. Alternatively we could click the “Add new” button in order to define a new
concrete material.

The reinforcement can respectively be defined from the Material -> Reinforcement menu
item.

P

# Reinforcement &Iﬂj

Awvailable reinforcement materals Reinforcement
Name S500 coior [N

Motes Reirforcement materal, Yield stress: 500 MPa

Yield stress 500 MPa

[cﬂ:. Add new ] [cﬂ:. From library... ] [?( Delete ]

All available materals

C20

Default Bilinear Material

||| Default Linsar Material
Diefault Parabolic Material
Default Trililinear Material
S500

ok | | cancel |

LS

We modify the Default Reinforcement material by specifying a new name (S500) and a yield
stress of 500 MPa.
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Finally we need to define the grade of the steel Fe 360. This steel grade can be imported
from the library of the program by clicking on the Materials -> Import from Library menu
item. From the top list we select “Hot Rolled Steel — European (no hardening)” in order to
view the materials belonging to this collection.

i |
= Materials library r — &Ig

Material type

[Hot Rolled Steel - European jno hardeding) - |
Hot Raolled Steel - Australian (with hardening) |

Hot Rolled Steel - Australian no hardening)
Hot Rolled Steel - British (with hardening)
Hot Rolled Steel - British (no hardening)
Hot Raolled Steel - Canadian (with hardening)
Hot Rolled Steel - Canadian no hardening)
Hot Rolled Steel - European {with hardening
3§ Hot Rolled Steel - European {no hardeding)
Hot Rolled Steel - Indian {with hardening) rolled steel
" Hot Rolled Steel - Indian (no hardening)
| Hot Rolled Steel - US fwith hardening) Hot rolled steel

Hot Rolled Steel - LIS (no hardening)
- Cold Formed Steel

Cold Formed Steel - LIS

Alumirum

Timber - EM 338 Solid wood

Timber - EM 1154 Glulam

Timber - South African pine

it rolled stesl

rolled steel

Hot rolled steel

Insert whole materal set ] [ Insert selected onby J

Then, we can select the first row (Fe 360) and click on “Insert selected only” button to use
this material in our project.
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Fe 360 steel has been imported in our project. We can view/change its properties by clicking
on it from the list of the main form, as shown in the picture below.

@ Consecon s veagn W e S || 5 o
File Edit View Project Materisls Draw  Analysis  Settings Help
D@Ba~~a b
HRZLkEEERlE

Ny I i PR o ot o | el
DEEeE
infomation | User grid poirts LODJGOOAOR NI [+ &1

Project B R T T i T W S e [N o e | | AR AR LLARN LAY ALY | RARBA RN AR A e R
Uriitied F £5 06 055 05 045 04 035 03 025 0 445 1 0PS 0 005 O 045 02 025 03 035 04 045 Q5 055 05 045 = 1
Units Q.55 55
Defauk Metric

Reinforced Concrete Code
EUROCODE 2 2004

HIELPP | ¥

Defined Materials
Name Type F 3 A
c20 Concrete Eos E
5500 Reinforcement
Default Bilinear Material Bilinear

Default Linear Material Linear o :q
Defautt Parabolic Material Parabolic
Defautt Trillinear Material Triinear

IFe 360 Biinear I Foo =
| ZI
Anclysis parameters E. E

HName MNotes y
Default Analysis Parameters Set for Uttimate Limit S
State

Defaut Analysis Parameters Set for Serviceabilty ot 4
Limit State

uLs

5LS

Load cases o
Name Type Analyzed

et e e i e e R S SR wl L sl
Axes | Grid [ Ruler | Draw cross | User points | Dim lines | Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m
y=0409m, z= -0456m  Units: Default Metric ~

Alternatively, as Fe 360 steel is as bilinear material, it can be edited from the Materials ->
Bilinear Materials menu item.

F @ ™
* Bilinear materials uﬂ

Available bilinear materials Material data Stress-5Strain curve
Default Bilinear Material Mame Fe 360 Stress- Strain cune @
-
Motes  Fe 360 Hot rolled steel : ; ;
. .
Elpos 210 GFa 20040 (RN AERREEE DRI SRR SRR
eypos 0001113 T N
EZpos 0 GPa g ]
emax 0.2 é
All available materials E
El1neg 210 GFa
c20
Default Bilinear Material eyneg |-0.001119
Default Linear Material
|| Default Parabelic Material EZneg |0 GPa .
Default Trililinear Material Is symmetric
Fe 360 emin |02 ar take tors
S500 o o
o Convert to editable
[T Allow strain values outside the defined curve custom defined materal

[lﬂi Add new ] [x Delete ]

[ ok | [ caned |

In this form, the stress/strain curve of Fe 360 hot rolled steel is represented. We do not need
to change anything and click OK.
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Drawing the geometry

We are now ready to draw the geometry of the cross section, by clicking the Draw -> Circle
(2Points).

Circle (2 Points)

Center point

y 0 m z 0 m
Point on circle

y O m z 0

Material |C20

[] Hole

First of all we make sure that material “C20” has been selected in the shown form.

Then, we can specify the center point of the circle by entering its coordinates (0,0) and then

clicking the 2 button, or just by clicking on the point (0,0) with the mouse.

After that we need to define one point on the circle. This can be done by clicking at the point
(0.30,0).

Circle (2 Points)

Center paint

y o m oz 0 m

Poirt on circle

y 05 m oz 0 =
——— = oo PR L ) W L M N L U R L LA
[T Hole ® @
r 3 ]
@
Reirforced Conarets Code a [ E
EUROCODE 2 2004
Ea E- 3
Defined Materials "k
Name Type E E
ca0 Concrete E |
5500 Reinforcement
Defauit Biinsar Material Biinear E E
Default Linear Material Linear - =
Default Parabolic Material Parabolic
Defaut Trilinzar Material Triinear E E
Fe 360 Bilnear = E
z
Analysis parameters : & E
Name Netes y
Defautt Analysis Parameters Set for Utimate Limit F E
uLs State
sLs | Defaut Analysis Parameters Setfor Serviceabilty E E
Limit State
Load cases F E
Name Type Analyzed F E
Pl BT P Loiwalovulannnlonial alivialennalinelinial i N I N Liiail clivealennils Loiwalonunlusnalonils el lieesls
Axes | Grid [ Ruler | Draw cross | User points | Dim lines | Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m
Inserting Circle: Specify paint on circle y=03m, z=0m Units: Default Metric
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So, the circle is now defined and we can see it in the drawing area.

& CossSection drayss 50esign O S | | ]
File Edit View Project Meaterials Draw  Analysis  Settings  Help

iD@BAeNa b

BRVkErerk A

i ing | I ke Ve | ¥ % Y T 3o Ta | e G Oh M 4e de | o R |l £y

DEREE

Information | User grd paints DO EGOOAQAN I+ 41 |
et : 47 oks O 045 0% ol 04 085 03 405 b 445 G0 4bs 4 045 o 615 05 005 05 6% o4 ok o Fial @
Uiled F 07 065 06 055 05 05 04 035 03 4s5 ap ads o1 aps o5 o als 5 05 a5 055 05 085 d

» [IF]
Urits + = I's)
Defaut: Metric BL |3 3 i
EN
Reirforced Concrete Code aQ [ PRERL |
EUROCODE 22004 &
fh Fos RE|
Defined Materials ,@ —
e @354
Name Type By
ca Concrete Eos o g
5500 | —
Default Bilinear Material Biinear F =
Default Linear Material Linear o
Default Parabolic Material Parabolic 1 )k
Defautt Trilinzar Matericl Triinear E E
Fe 360 Bilnear Foa =
Eo.s 353
Analysis parameters Eo o3
Name Nates
Default Analysis Paramsters Set for Uttimate Limit S A
US| site
5Lg |Defaut Analyss Paramsters Set for Serviceabilty o
Limit State
Load cases o2 24
Name Type Analyzed Eo.ag N
Eoa a3
Eo.g 9453
obs -l o9 055 o3 425 o 915 ol aps 4 ofs ob ols 02 05 03 o35 op ods 05 055 o5 065 o)
PEUE FRTRE FETEY FEETE P AT FTETE FURTI FTETE FRRE] FRUTE FRUTY STUTY FRTEE SEPE] FUREY FRTEE FURTY PRTEE SRETE FNTUE FRETY FURTE FTUTE FRET FTUTE PR SURTY FTRE FTe
Axes | Grid [ Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after mirroring/rotating | Grid distance  0.05 m

y=-0.258m , z= -0.463m  Units: Default Metric ~
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We can modify its properties by moving the mouse over it, right clicking and selecting

“Properties” from the corresponding menu.

DaR»~ & B
EiElzkErEchls
[ E+
DR Re=E

| nfomation | User grd paints |

Project
Untitled

Ta Gn

Units
Default Metric

Reirforced Concrete Code
EUROCODE 2 2004

AP i

Defined Materials

Name

Type
ca0 Concrete
5500

Default Biinear Matenal
Default Linear Material
Defautt Parabolic Material
Defautt Trillinear Material
Fe 360

Reinforcement
Bilinear

Linear
Parabolic
Triingar
Bilinzar

Anclysis parameters

Notes
Defautt Analysis Parameters Set for Uitimate Limit
State
Defautt Analysis Parameters Set for Serviceabilty
Limit State

Name

uLs

SL5

Load cases

Name Type Analyzed

%

CODLGOONORN T+ 80

cirele.
X

PN FUETE FERTY FRRTE FURTE PRUT FRRTE R | | Lovaalianl |

Properties
Move
Copy
Rotate
Mirror
Replicate
Delete

Close

| FRETE FRETR FTET Pree FEREY P

#xes | Grid [ Ruler [ Draw cross [ User points [ i lines [ Labels

Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after mimoring/rotating | Grid distance 005 m

Right click - Properties te edit geometry

In this way, the “Circle” form is shown and we can view/change its data.

Point on cincle

y 03 m z 0 m

Circle (2 Points)
Certer point
v 1 m z 0 m

Material [czu

[ Hole
ok |

y=-0011m, z= -0119m

EngiSSol

http://www.engissol.com/cross-section-analysis-design.html

67

Units: Default Metric =



* Cross Section Analysis & Design v Worked examples

Afterwards, we can insert a hot rolled section from the library by clicking the Draw ->
Standard Section menu item.

-

* Standard section &I-a—hj
Preview
@ Sections from Iibmr}r[Em-opean steel shapes {mm) v] ¥ ‘\0 ) ¥
_  Mluminum shapes (in) W
(@ Use custom section 1 o) iy im shapes B061-T6 fin)
. AISC shapes v3 (in)
Section type AISC shapes v13 {in)
@ | widefl AISC13 fmm)
> TWEETENSE AISCLRFDT ) cd
) Channel AISCLRFD2 (in) s} ® o
) AISCLRFD3 (in)
) Tee Australian and Mew Zealand steel shapes v8 (mm)
“ Andl British Standards steel shapes (mm)
s British Standards steel shapes 2006 (mm)
S Bax Chinese steel shapes (mm
European steel shapes /-'\
) Pipe Indian steel shapes {mm) & = 3
User defined sections
Flace at point
0.35 0.027 Yy 0 m z 0 m
| 03 Materials |C20 v
0.019
(L1 [ Insert section l [ Close l
g

In this form, the collections of all sections of the library are represented. In order to insert a
HEA-400 cross section, we select “European steel shapes” from the top list and then we
choose the “HE400A” shape from the list below.

[ * Standard section &I-a—hj ]
Preview
@ Sections from Iibmw[European steel shapes (mm) e i n,o{,- ¢
) Use custom section dimensions ||
Se_ctinnt)rpe Select [HE-WM -
@ |wide flange
_) Chaninel o S o
" Tee Section name |HEADDA
7 Angle
~ Box The insertion point of the shape |
D Pipe is shown in red and can change S o )
by clicking on other possible Flace at point
1 points indicated in blue. o m =0 m
| 03 Materials ’[24] v]
0.015
o [ Ingert section l [ Close l
e —

The insertion point of the shape is selected to coincide with its centroid.

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 68



* Cross Section Analysis & Design ¥ Worked examples

We should not forget to change the material for this section to Fe 360, as illustrated below.

-
* Standard section &M
| | Preview

@ Sections from Iiblﬁry’E_mpea-] steel shapes {mm) - T

-
) Use custom section dimensions \1

Section type

Select | HE400A v
@ |wide flange

C
(| () Channel Q S o

Tee Section name |HEZDDA
Angle
Box

Fipe & o &

[ ]
@066

Section dimensions Place at point
: Section height m Fillet radius 0027 m Y 0 m z 0 m
N Fange width m Materials Ii ﬂ vi
" C20

Flange thickness |0.019 m Default Bilinear Material

Default Linear Material

- : . Default Parabolic Material

B = Default Trilinear Materil
— Fe 360

We click OK and see that the steel shape is shown in the main drawing area.

& CossSecion i S0esn TN T S T | | © i)
File Edit View Project Meaterials Draw  Analysis  Settings Help

iD@ar~abha)

S A N

i g | ke e |3 3 T Y 3o Ta | e dh Ok 4w te dh | o o R |l £ |
DEREE

['rfomation | User grid ports | [=9=Rey= RONONOINON N SHE S IR =+
e - {3 bs g A
Untitled E

[

Units
Default Metric

Reirforced Concrete Code
EUROCODE 2 2004

-y IR

Defined Materials

Name Type
ca0 Concrete o2
5500
Default Bilinear Material Bilinear
Default Linsar Material Linear oo
Default Parabolic Material Parabolic
Default Trillinear Materizl Tiiinear
Fe 360 Bilinzar Fo.1

T
L |
GaviedE0BE

Analysis parameters
Name Netes

Default Analysis Paramsters Set for Uttimate Limit S
ULS |siate

Default Analysis Parameters Set for Serviceabilty 2

S5 |Limit State

Load cases o2
Name Type Analyzed

05 q 005 01 ads a2
o crar bl el e B
#xes | Grid [ Ruler | Draw cross [ User points | i lines [ Labels | Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=-0.578m , z= -0.368m  Units: Default Metric
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Furthermore, we need to draw the rebars, which will have a circular pattern.

But first let’s see if rebar sizes are defined. We select Project -> Available Rebars.

F N
* Rebars m
Mame [l Diameter & mm
Rebars
Mame Diameter [mm] [

@8 8 |
@10 10 I

i @12 12
@14 14 i
@16 16
@18 18

o | @20 20

[-ﬂb Add new ] [-ﬂﬂv From library... ] [K Delete cument
' | ok | | cancel |

The rebars shown above are available in the project. This means that we can draw rebars of
these diameters and additionally the program will only choose from these rebar sizes when
performing a reinforcement design.

Now we are ready to draw the reinforcement bars by clicking on the Draw -> Rebar Circle
menu item.
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We can enter a value (0.05 m) for the reinforcement cover to the rebar center in the field,
which becomes active when inserting reinforcement bars, as shown below. The program
automatically draws help points at the specified distance from the concrete edges and
enables mouse snapping.

Cross Section Analysis & Design mple.
File Edit View Project Materisls Draw  Analysis  Settings Help
iDEBR""~aDha|

HE ke

iy iy 5 5 e | S W Yade et e R R R R
DR REE
ifomation | Usergrd pots | NOBLEEOA®R LT+ & tfedaon s o |

T

Frojedt ‘ T T T T T T T T T T
L I 03 £0.25 o2 845 a1 0. 0.05 a1 0.15 02 0.25 a3

&
<=

dlayYyrijedeprn

[C] Constart size for design ~ Design parameters
Grow factor 1

Split to single rebars.

Analysis parameters
Name Nates

s | Defaul Anslysis Parameters St for Seviceably
Limit State

Defaut Analysis Parameters Set for Uitimate Limit Ioas
State

uLs

Load cases [oas
Name: Type Aniyzed
le 1 [R/Ceheck [

le2 |R/Ceheck [ o

035 0 £0.25 042 045 -0 0. 0.05 o 0.15 02 Q.25 [0 0.35
Il Il Il | | ] Il Il 1 1 1 Il Il Il
Axes | Grid | Ruler | Draw cross | User paints | Dim lines [ Labels | Reinfarcement bar Nr. | Snap to grid | Snap ta pints | Snap to Mid paints || Delete after mirraring/ratating | Grid distance 005 m

Inserting Reinforcement Circle: Specify center (you can use the help points defined by the given cover distance) y=0m, z=0m Units: Default Metric -

To draw the rebars, we click on (0,0) point and then on one of the available green points.

Rebar circle . L
| Center point
l y O m z 0 m
Cther point
S vy 025 m z 0 m
(Offset direction

Rebar count |8 Cffset 0 m
Constant size for design  Design parameters
Grow factor 1 9

Material 5500 - Hei’forc:a’rm
["] Split to single rebars
| ok | | cancel |
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We change the rebar count to 8 and also check that the reinforcement material is “S500”
and choose a rebar size, 20.

After clicking the “OK” button, the lower rebars are shown in the drawing area.

o Cross Section Analysis &

File Edit View Project Materials Draw  Analysis
iD@B P ahB)
HELErrh s
iy iy | I 1 e |5 Y H | Ym S Ta 96 a Ca | ¢b 4 | B o | 6 B |

Settings  Help

DEREE

Infarmation | User grid paints. OODdGCOLAOANITI+ 410 I
Project T B Admaen At oo Baded nAct o A N padod e o =R
Untitled R L = oA i
» @
Urits ; o
Defaut Metic i wsd 0
@
Reinforced Cancrete Code a fos wud
EURDCODE 2 2004 o
& Eoss oasd —
Defined Materials - -
Name Type Foa s3]
c2 Concrete &
5500 E BN =
Defautt Biinear Material Binear E Elb
Defautt Linear Material Linear
Defautt Parabolic Material Parabolic Fos 215
Defautt Trilinear iaterisl Trinear
Fe 260 Binear e i
Anslysis parameters Fo HE
Name Nates
Defautt Analysis Parameters Set for Utimate Limit S @ @ @ e g
U |state
Sls | Defaul Anslysi Parameters Set for Seviceablty Eos k|
Limit State
E oas a5
Load cases
Name Type Analyzed o2 24
Foas 0354
Eoa Pk
=045 Q.45 =4
oo Q.- [] 0.05 04 Q.15 a2 [} [2%
ol Il rl lnnan Al el nndl Iy I
#xes | Grid [ Ruler | Draw cross [ User points | i lines [ Labels | Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=-0449m, z= -0163m  Units: Default Metric
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Review of Analysis Parameters

We need to specify the corresponding Analysis Parameters set by clicking Analysis ->
Analysis Parameters. We will use the default “ULS” set. All parameters related to Eurocode
can be found in this form. The concrete stress block is rectangular according to Eurocode 2
parameters, the tensile resistance of concrete is ignored and all remaining data have the

default values. You can override these values by modifying any of the field of the form.

-
=y Analysis parameters

=)

uLs

v] [% Add new Analysis Parameters set ] 7~

Mame |15

MNotes

Reinforced concrete data | Other Materials data |

Default Analysis Parameters Set for Ultimate Limit State

Concrete Data

Stress Strain Curve
Compression Part

| Apply R/C code defauits

o, All values as per

Reirforcement Data
Stress - Strain Curve

E 200 GPa

sy 0.02

Linear-Constart -

D lgnore compression part

a5

fy

E.

Esu

[Default rectangular by code for LS v] A rectangular stress
block is only valid for
resistance analysis!

(Interaction,
selected R/C code Reinforcement check
Afc o and design)
Eci Ecu £Ec
Tension Part
[No Tension V]

i

Es

Amplfication factors due to confinement

Rectangular stress strain curve for
concrete cannot be applied to corfined
concrete, thus confinement will be ignored

Code specffic values (EUROCODE 2 2004)

Design situation

) Accidental @ Persistent/ Transient

gama c

gama s

acc

act

Stress - Strain Limits
[7] Tensile stress limit:

[ Tensile strain limit:

[7] Compressive stress limi:

[7] Compressive Strain limit:

=

=

15
115

1
1

MPa

MPa

[ ok

l

[ Cancel ]
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Definition of load cases

The load cases can be selected by clicking on the Analysis -> Reinforcement check -> Load
cases menu item. The 2 load cases can be entered in the corresponding table. A new load

case can be inserted by clicking the ¥ button. We make sure that the assigned Analysis
Parameters set to each load case is ULS.

# Load cases for reinforcement check @lﬂ

-

Load cases
- Momert Momert -
Mame ST LIE about y about z ——
[lkM] T fkNm] Parameters
b 1000 550 123 us [+
e 2 770 140 365 lus |+

I | oK | | cancel |

Reinforcement check

We just click Analysis -> Reinforcement check -> Analyze, to perform the reinforcement
design procedure.
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Results

The results can be obtained from the Analysis -> Reinforcement check -> Show results menu
item.

As we can see, the cross section is adequate for both load cases. This form reports the
placed reinforcement ratio (9.42 %o) which lies between the allowable limits (2%. — 4%)
calculated according to Eurocode 2 specifications.

il ? 4
ﬂ Reinforcement check results uﬂ

Reinforcement ratio placed RER LN =5

Minimum ratio  0.002

Madimum ratioc  0.04

Summary

Load Capacity ratio
0616 ak
Ic 2 0.767 ak

|Engissnl| http://www.engissol.com/cross-section-analysis-design.html 75




* Cross Section Analysis & Design v Worked examples

Example 10

Creation of interaction diagram for a composite cross section of
a column

Data

We will use the file created in Example 9 and create the interaction diagram according to
Eurocode 2.

All design data are to be taken from Example 9.

Interaction diagram data

Case 1: Moment about Y axis vs. Moment about Z axis for zero axial force

Case 2: Moment about Y axis vs. Moment about Z axis for axial force values -1000
kN (compression) and 400 kN (tension)

Case 3: Moment about Y axis vs. Axial force for reinforcement ratio values: 0.5%,
1.5% and 2.5%

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 9.
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Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the

geometry of the cross section.

TP T T USRS B i — e S TS

File | Edit | View Project Materials Draw  Analysis  Settings  Help

N Select »

Assign Material to Sclected Figures  »

Pig il properties
Hn|

2 W Move

I
OTH [ Copy
Proel {3 Rotate
Untitd Jk  Mirror
Units| B Replicate
Defa| [ Delete
Reinf 4§ Change Dimension Line Location
EUR A Unlock Model CtrlsU
Defif ™ Undo Ctil+Z

" Redo Chrl+Y

c20 e
5500
Defaut Bilnear Materal Binear
Defaul Linear Material Unear
Default Parabolic Material Parabolic
Default Trlinsar Materal Trlinear
Fe 360 Bilnear
Analysis parameters
Name Notes
g |Defaul Anslysis Parameters Setfor Serviceabity

Limit State

uLs

Defautt Analysis Parameters Set for Utimate Limit
State

Load cases
Name, Type Analyzed
le1 [R/Ceheck [
12 |R/Coheck [

da ta [ 4n %t | R B o | £ |

DODJdGEOABGAN|T|+ 01
I

B B e T N B e A R
038 03 5 02 045 | a1 £0.05 L] 0.05 a 015 o2 0.25 03 0.35
» [ @ 5
+ [+
i Ak
| piarEs &25— ‘
: o
& el
& o2 g2 .~
o5 245 ﬁ
[ |
ot |
[ e e85
o o
005 045
o1 i
[o1s 15
o2 o]
[oas a5
0.35 03 £0.25 042 845 01 -0.05 (1] 0.05 al 015 02 a.2s a3 0.35
Il Il Il 1 | | Il Il Il 1 1 1 Il Il |
Axes | Grid | Ruler | Draw crass | User points | Dim lines [ Labels | Reinforcement rebar Nr. [ Snap to grid | Snap ta points | Snap to Mid paints || Delete after mirraring/rotating | Grid distance 005 m

Model is locked, Ctrl+U to unlock.

y=-0135m,z= 00517m  Units: Default Metric

In the popup window, we choose Yes to unlock the model.
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Review of Analysis Parameters

We do not need to modify the previously created Analysis Parameters set “ULS”. We can
view the assigned properties by clicking Analysis -> Analysis Parameters and selecting “ULS”
from the list at the top left corner.

r N
‘ Analysis parameters @Iﬂ

[ULS v] [+MdnewMalysisPalame'temset ] 5 Delete cument set

Mame |15 Notes |Default Analysis Parameters Set for Ultimate Limit State -

Reirforced concrete data | Other Matenals data |

| Apply R/C code defaults
C;Frz;zt?ﬁtDm?aCuwe Amplfication factors due to confinement
Compression Part Rectangular stress strain curve for
[Default rectangular by code for LILS v] A rectangular stress concrete cannot be applied to corfined
block is only valid for concrete, thus confinement will be ignored
o, All values as per resistance analysis!
N selected R/C code (Interaction,
Reinforcement check
Af o a and design) Code specific values (EUROCODE 2 2004)
c 7 7
: : Design situation
: : ) Accidental @ Persistent/Transient
|| I E;:i E.;q: ' gama c 15
N gama s 1.15
I Tension Part
acc 1
n [No Tension v]
act 1
Reinforcement Data :
Strass - Strain Curve [T lgnore compression part Stress - Strain Limits
N 9s [7] Tensile stress limit: 0 MPa
N E (200 GPa § _ o [ Tensile strain limit: 0
s esu 002 g
| [T Compressive stress limit: |0 MPa
| s [ [7] Compressive Strain limit: |0
[ oK

We click OK, as we do not need to change anything.
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Definition of load cases
The load cases can be selected by clicking on the Analysis -> Interaction (as per selected R/C
code) -> Load cases menu item.

Casel

We click on the ¥ button to add a new load case. We change the name to “Case 1” and
select “Moment about y — Moment about z” option. The assigned Analysis Parameters set
should be “ULS”.

* Load cases for Interaction as per R/C code - - @Iﬂ

Load cases
Mame Interaction type P:-I;Elmh;i:m Oiptions
3 Casze 1 Maoment about ¥ - Moment about 2 | - |[L|LS | - |[ Options .. ]

L; v | ENNENS
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Case 2

We click on the < button to add the next load case and change the name to “Case 2”. We
make sure that the option “Moment about y — Moment about z” is selected and the Analysis
Parameters set is “ULS”. Then we click on “Options” to specify the axial force levels for the
interaction diagram.

Puidal force
Fodial force

Load case name Case 2

Imteraction Type  Moment y ws. Momert z

Vanations

' 7 No atteration

@ Atemate fxial Force
") Mtemate Reinforcement Fatio

On the form above, we select “Alternate Axial Force” in the “Variations” box on the left.
Next, we enter at the top right corner the values -1000 and click on “Add” button. We repeat
this step for the value 400.

Podal force
Fodal force 400 kM

Load case name Case 2

Interaction Type Moment y ws. Momert z

| Add | | Modfy | | Remove |

Warations
1 No alteration 1000
@ Atemate fxial Force

") Atemate Reinforcement Ratio

In this way we request the interaction diagram to be produced for both specified axial force
levels. We click OK to close the form.
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Case 3

As shown before, we click on the < button to add the last load case “Case 3”. We make sure
that the option “Axial force - Moment about y” is selected and the Analysis Parameters set is

“ULS”. Then we click on “Options” to specify the reinforcement ratio values for the
interaction diagram.

We select the “Alternate Reinforcement Ratio” option and provide at the top right corner
the values of 0.005, 0.015 and 0.025.

-
* Options for ]n‘teract'lnn_ @lg

Reinforcement ratios

Load case name Case 3

Reinforcement ratio  0.025
Imteraction Type Moment ¥ vs. fwial Force

| Add | [ Modfy | | Remove |

Vanations
) No atteration 0.015
Atemate Awial Force 0.005

@ Atemate Reinforcement Ratio

We click ok to close the form.
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The 3 load cases are now defined.

[ * Load cases for Interaction as per BfC code - - &Iﬂ |
Load cases
Mame Interaction type ngamh:.:m Ciptions
Case 1 Moment about v - Moment about z - (LS || Options... |
Case 2 Moment about y - Moment about z - (ULS -
3 Caze 3 Fudal force - Moment about ¥ w |[LLS w || Options...

—

ok | | Ccancsl

Carry out the analysis

We just click Analysis -> Interaction (as per selected R/C code) -> Analyze, to perform the
analysis.
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Results

The requested interaction diagrams can be obtained by clicking click Analysis -> Interaction
(as per selected R/C code) -> Show results.

Interaction diagram for

Case 1:

We choose “Case 1” from the list at the top right corner of the form. The interaction diagram

for Moment about Y vs.

Moment about Z is shown below.

r = ~
= Interaction results (2 [t
Load case | Case 1 v Selected curve data
— coor [N
My -136.57 kNm Mz -48154 kNm
+ Moment about y - Moment about z (Mrd,y - Mrdz as per EUROCODE 2 2004) - Case 1 @
Y 500 T
=Y
-y
B3 (| o . P e e PP PP i
400 +

Moment about z (hrd,z) [kNm]
o

200 - .-
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Interaction diagram for Case 2:

By choosing “Case 2”, appears the same interaction diagram, but for different axial force

levels.
r = = ~
& Interaction resuls (2 [t
Load case [Case 2 +| Selected curve data
et et 0
W2 ke M 70 ki Colr
+ Moment about y - Moment about z (Mrd,y - Mrdz as per EUROCODE 2 2004) - Case 2 @
a [ F=400 kM __—— N=1000KN
Q 800 T T T
i : :
&
BOD v e e 1
|
|
00 T

200 +

Moment about z (hrd,z) [kNm]
o

i) - S

|Engissnl| http://www.engissol.com/cross-section-analysis-design.html

84



* Cross Section Analysis & Design

Y Worked examples

Interaction diagram for Case 3:

Respectively, by selecting “Case 3”, we can display the interaction diagram in terms of

Moment about Y vs. Axial force for three different reinforcement ratio values (0.5%, 1.5%

o,
and 2.5%).
r - ~
@ Interaction resuts S
Load case [Caseil v] Selected curve data
m— ———
WG K N 99 W Coor I (5 Sovtoumnghisa
+ Axial force - Moment about y (Nrd - Mrd y as per EUROCODE 2 2004) - Case 3 @)
& — =00z p=0.016 —— p=0.005]
G\ 10000 T T
&
I T O e I P S 4
i
- o
-
=
H
£
i
W 2
&
s
£
-5000 1
| D000 e B TP
-99.671 kNm, -9369.3 kN
-15000 t
-1500 -1000
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Example 11

Cross sectional properties of a built-up steel section

Data

In this example, we will create a built-up steel section and calculate its properties.

Steel grade: A36 Gr.36

Solution with Cross Section Analysis & Design

Setting Reinforced Concrete Code to None

Since the cross section does not have a concrete part, we can optionally set the Reinforced
Concrete code to “None”, in order to hide all data related to reinforced concrete analysis.
We click on Project -> Reinforced Concrete code menu item and select “None” as below.

F @ N
ﬂ Reinforced Concrete Regulation uﬂ
Reirforced concrete regulation
[Nune v]
| ok | | Ccanesl
.
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Definition of material properties

Next, we are going to specify the material properties.

The A36 Gr.36 steel grade can be imported from the library of the program by clicking on the
Materials -> Import from Library menu item. From the top list we select “Hot Rolled Steel —
US (no hardening)” in order to view the materials belonging to this collection.

r :E] 4
ﬂ Materials library - uﬂ

Material type

[Hat Rolled Steel - US {no hardening) - |

Hot Rolled Steel - Australian (with hardening)
Hot Rolled Steel - Australian no hardening)
Hot Rolled Steel - British (with hardening)

Hot Rolled Steel - British (no hardening) Motes
Hot Rolled Steel - Canadian (with hardening)
Hot Rolled Steel - Canadian no hardening) Hot rolled steel

Hot Rolled Steel - European (with hardening) i0 Hot rolled steel
- Hot Rolled Steel - European (no hardeding)
Hot Rolled Steel - Indian {with hardening) rolled steel

" Hot Rolled Steel - Indian (no hardening)

| Hot Rolled Steel - US ﬁw'rth hardeninii 2 Hot rolled steel
Haot Raolled Steel - LIS (no hardening)

| Cold Formed Steel Hot rolled steel

Cold Formed Steel - LIS
- Aluminum 1

Timber - EM 338 Solid wood
] Timber - EN 1154 Glulam
Timber - South African pine

Insert whole materal set ] [ Insert selected onhy J [ Cancel
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Then, we can select the first row (A36 Gr.36) and click on “Insert selected only” button to
use this material in our project.

-,

= Materials library @
bl atenal type
Hot Rolled Steel - US [no hardsning v
Axalable matenalz
M arnel| Type MHotes

AJE Gr.36 Bilinear A36 Gr.36 Hat rolled steel
AR GraZ Bilinear ARY2 Gr.42 Hot rolled steel
ARYZ Grhld Bilinear ARYZ Gr.Al Hat rolled stesl
ARTZ Grhh Bilinear ARYZ Gr.B5 Hot rolled stesl
ARYZ Grad Bilinear ARY2 Grel Hot rolled steel
ARYZ GrBh Bilinear ARYZ Gr.B5 Hat rolled stesl
ARBE GrB Bilinear ARBE GrB Hat rolled steel

Inzert whole material set ] [ Inzert selected only l [ Cancel
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A36 Gr.36 steel has been imported in our project. We can view/change its properties by
clicking on it from the list of the main form, as shown in the picture below.

8 o et iy . iy I s

File Edit View Project Materials Draw  Analysis  Settings  Help
Daa»wa|lh
HIEEERKIE

ing in; e Ya
DR RZE
rformation. | User grid points DODHGOCOLABGAN|IT |+, 40
Project G T T T T T T T T T T T | 3 1 7
Untilled » F ’ . : ¢ : I® @ {
Urits * Qo
Defaut: Metric A
QL e
Reirforced Concrete Code Q L]
Not specfied I
Y
Defined Materials R q .~
Name Type 2
436 Gr.36 Biinear]
Defalt Biinsar Mslenal Bilnear r ]
Defauit Linear Material Linear =
Defauit Parabolic Material Farabolic
Defaut Trilinzar Material Trlinear F ]
0.05 . -
Analysis parameters i i
Name Notes [ y ]
Default Analysis Farameters Set for Ultmate Limit
US| siate
sLs | Defaul Analysis Parameters Set for Seviceabilty I-o.s a.05-]
Limit State
= o .
Load cases I oas 15
Name Type Analyzed
lc1 | Advancsd imeraction [Il=]
oL r 0 1 s |EnnnniE ai L

PP IPETIEN EPPE PR IR R R L Ll i - .
Aes | Grid | Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=00342m, z= -0.0973m  Units: Default Metric ~

Drawing the geometry

First we will insert a standard wide flange section from the library by clicking the Draw ->
Standard Section menu item. We select the AISC13 library in the form below.

r @ Ny
* Standard section uﬂ

Preview

@ Sections from library [NSC'IEI' {mmy) '] ?ﬁo J

| Aluminum shapes (in)
(2 Use custom section | a) iy shapes 8061-T6 (in)
. AISC shapes w3 {in)
Section type AISC shapes w12 (n
@ lwideflangs 74 1ccI RFD1 ) c
() Channel AISCLRFD2 {n) o Gy o
AISCLRFD3 (in)
) Tee Australian and Mew Zealand steel shapes vE {mm)
British Standards steel shapes (mm)
_) Angle British Standards steel shapes 2006 (mm)
@ Bex Chinese steel shapes (mm)
- European steel shapes (mm) y 5
™) Pipe Indian steel shapes {mm) - -
User defined sections

Section dimensions Place at point
Section height 0.098 m Fillet radius 0.007 m Y 0 m z 0 m
FAange 0.055 Materals [A36 Gr 36 -

[ Insert section J[ Cloge l
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After selecting AISC13 shape family, all sections belonging to it, appear in the list below.

* Standard section

2 3 |

-
Preview
@ Sections from Iibmw[msma {mm) = | —
) Use custom section dimensions
Se_ctlnnt)rpe Select [W3ﬁﬂ}(64 -
@ 1wide flange
_ C
=) Channel Q & =]
) Tee Section name | VW3G0KE4
) Angle
) Box
) Pipe ~
Place at point
0.348 0.0149 Y 0 m z 0 m
0.203 Materisls |36 Gr.36 -
0.0135
0.00775
- [ Insert section H Close l
We select a W360X64 cross section.
* Standard section ° &I&J
Preview
@ Sections from Iibmw[msma {mm) = | —
) Use custom section dimensions
Se_ctlnnt)rpe Select [W3ﬁﬂ}(64 -
@ 1wide flange
=) Channel =]
) Tee Section name | VW3G0KE4
) Angle
) Box
) Pipe 5 ";t" 1
Place at point
0,348 . . . ¥
The insertion point of the shape 0 m = {0 m
0202 | is shown in red and can change |, ... [A36 636 <]
S by clicking on other possible
points indicated in blue.
0. 00775
——= [ Insert section l [ Close l

The insertion point of the shape is selected to coincide with its centroid.

We should not forget to check that the assigned material is A36 Gr.36.
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We click OK and see that the steel shape is shown in the main drawing area.

File Edit View Project Materials Draw Analysis  Seftings Help
bhaA/» a bl

P r ke
iy in; | v ¥ ¥ Y| e G
DR RZE
Infomation | User grd poirts LOoOLdGCOAGAN|X
Projsct T T T T T T T T T T T
Untiled » ©
Urits +
Defautt Metic \
@ [ N
Reinforced Cancrete Code Q L
Not specfied
iy
Defined Materials R -~
Name Type By
A35Gr36 Bilinear -
Defautt Biinear Material Biinear r 7 -
Defautt Linear Material Linear =
Defautt Parabolic Material Parabolic
Default Trillinear Material Tiiinear r ]
Z
Analysis parameters i
Hame Notes I y ]
Defautt Analysis Parameters Set for Utimate Limit
uLs State
SLs | Defaut Analysis Parsmeters Setfor Senvicsabilty - 4
Limit State
Load cases H g
Name Type Analyzed [ ]
le1  |Advanced interaction B
L & ]
L L Ly L P L P 1 L 1 L 1 L Il L L P Il P 1 PR | P | n Ml n Ml
Axes | Grid [ Ruler | Draw cross [ User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after mirroring/rotating | Grid distance  0.05 m

y=0312m, z= -0303m  Units: Default Metric ~

Next, we will insert a Tee section. We click again on the Draw -> Standard Section menu item
and select the AISC13 library. We click on Tee section type, select WT155X26 and change the
“Place at point” y value to 0.2 m.

s 2 5
* Standard section uﬂ
Preview
@ Sections from IiblElr:f[ﬁISCH{mm} '] T (])
-
() Use custom section dimensions CG.
Section type Select [WT155x26 -
) I'wide flange
(7 Channel o =
@ Tee Section name |'WT155X26
) Angle
) Baox
© Fipe 8 sl o
Ml Flace at point
0.159 0.0076 Y 02 m z 0 m
0.167 Materials | A36 Gr.36 -
0.0132
000762 )
’ Insert section ” Close l
b

Finally we click on “Insert section” button.
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@ S St s 8 e O S |5

File Edit View Project Materials Draw  Analysis  Settings Help
Daa»wa|lh
HIEEERKIE

iy in; | a | ¥ Y Y e a | ¢n e & | Bt B i}
DR RZE
nfomnation | User gid poirts DODHGOCOLABGAN|IT |+, 40
Project ] 55 T T T T 0 T T T T T SR,
Untiled 5 I : P ' : t i @ o
Urits + Q
Defaut Metic \
A T
Reinforced Conarete Code Q ]
Not specfied I
oL ]
Defined Materials 3 -
Name Type I ] Y
A35Gr36 Biinear - sl
Defautt Biinear Material Biinear
Defautt Linear Material Linear =
Defautt Parabolic Material Farabolic Lo i+
Defautt Trilinzar Materiel Trinear
L ] ]
Analysis parameters Lo o]
Name Notes Y
Defaut Analysis Parameters Set for Utimate Limit
US| siate Lo 5
Sls | Defaut Analysis Parsmeters Setfor Servicsabiity
Limit State
Load cases I | | ]
Name Type Analyzed
le 1 [Advanced rteraction [Il=] Fo. b
E ¢ =
pndinnnadfnnnnitnnnnibnnnaiinlb nodlbnnnnEhn oo o SRR LRI SR LA SPPIPIP PR AR |
Aes | Grid | Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=-0132m, z= -0.294m  Units: Default Metric ~

Now we need to rotate the Tee 90° clockwise. This can be done by right clicking on it and
then selecting “Rotate”.

@ s St e .0 T T R || i

File Edit View Project Materials Draw  Analysis  Settings Help
Daa»wa|lh
HlkEEERKIE

iny i | Im Cb- - ™ o | e ta b | e & 6 3
DR RZE
nfomnation | User gid poirts LODSGOONO R LKL+ 00
Proiect SO e R L B B e B T T N
it g i abs af o ol ER aps A 3 5 ol et
Units + [}
Defaut Metic 7 A
Q o]
Reinforoed Conarete Code a ]
Not specfied
. 1
Defined Materials & -~
Name Type I ] =y
A36Gr36 Biinear mE P
Defautt Biinear Material Biinear
Defautt Linear Materiel Linear =
Defautt Parabolic Material Parabolic Lo i
Defautt Trilinzar Materisl Triinear
E
T —
\ Properties
Analysis parameters Lo o
Name Notes Y ) Move
Defaut Analysis Parameters Set for Utimate Limit I Copy
US| siete Lo R 5
sis | Default Analysis Parameters Set for Serviceabilty o (& FRotate
Limit State Ab Mirror
) By Replicate
Delete
Close
Load cases . I - | ]
Name Type fnalyzed
lc1 | Advanced interaction [ 3 L., .
35 3 2 i5 1 q 05 1 015 b 0.5 03 35 4
edinanallnnnnibnnnniinnaaiinnnadbnnnnlfnnnnllnn -0 BARRIRN CRARRR] IR Er S PR IR |
#xes | Grid [ Ruler [ Draw cross [ User points [ Dim lines [ Labels | Reinforcement rebar r. | Snap to grid | Snap to points [ Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m
#Right click -> Properties to edit geometry y=0199m, 2= 00237Tm  Units: Default Metric =
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The program asks for the center point of rotation, as the status bar shows.

@ o Secion iy e L T | o

@

o~

CR =N

L YA

File Edit View Project Materials Draw Analysis Settings Help
Daa»~a b3
NI EEFEERIE
iny iy | I % e o e Tt e | e
DE R
rformtion | User gnd peints DODHCOOABAN|I |+ 4
Projsct T i T T T T i T T T T
Untiled » £ i ' : i r i ®)
Urits
Defautt Metic %
o [
Reinforced Cancrete Code Q
Not specfied
E .
Defined Materials &
Name Type I ]
A35Gr36 Bilinear -
Defautt Biinear Material Biinear
Defautt Linear Material Linear
Defautt Parabolic Material Parabolic L
Defautt Trilinear iateril Triinear
z|
RS R SRR R ee
¥
Analysis parameters [ E}
]
Name Nates Y i
Defautt Analysis Parameters Set for Utimate Limit I
us oo ]
e b H
SLs | Defaut Analysis Parsmeters Setfor Senvicsabilty ; K
Limit State 1
i
i
K1
[os ]
K
K
Load cases i A ,
Name Type Analyzed
le 1 [Advanced rteraction [ 3 .. °
pnlinnnallnnnaltnnnnlinnnaiinanalbnnnnlinnnnllnn - EARRR SRR SRR LA P I PP Ll
#xes | Grid [ Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m
otating: Specify center of rotation i y=015m,z=02m  Units: Default Metric -
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So we click on point (0.2,-0.15). Then, in order to enter the base point for rotation, we click
on point (0.2,0.1). No we can move the mouse to rotate the cross section interactively.

@ S St s 8 e O S |5

File Edit View Project Materials Draw Analysis Settings Help
Da@aBa=~ah
HkkEEFEECRIE
iny iy | I - ™ ot o ot o | el
DR E
information. | User grid points DODHGOCOLABGAN|IT |+, 40
Froject IO T i T = T T T T T T T &
Untitled E ! : i : i i i
LI ® o
Units + Q
Default Metric Jk
[ ] 4
Reinforced Concrete Code aQ L]
Not spectied b o
i | 1
Defined Materials ‘k g
Name Type 2
ABG3 Blinear b 3 1.
Default Biinear Matenal Bilinear
Default Linear Material Linear =
Default Parabolic Material Parabolic [ 1
Defaut Trlinear Materil Trilnear
2
Analysis parameters L. 1 : 1
HName MNotes y

uLs

Defautt Analysis Parameters Set for Ultimate Limit
State

Defaut Analysis Parameters Set for Serviceabilty

5L | Linit state

Load cases r ; <
Name Type Aralyzed

lc1 | Advancsd imeraction [Il=]

Aes | Grid | Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

Retating: Specify end point of rotation

y=045m, z= -0.15m Units: Default Metric -~
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After aligning it horizontally, we can click anywhere with the mouse to fix the shape in this
position. Following this action, we delete the initial section by right-clicking on it and
selecting “Delete”.

@ s Sction s . Deign T R S |- | 5 i

File Edit View Project Materials Draw  Analysis  Settings Help
D@BAa»-~alh@
NI EEFEERIE

iy in; | 3 % Y| e G tn o et o | i o
DR RZE
rformation. | User grid points DODHGOCOLABGAN|IT |+, 40
Project ] T T i T 0 T T T T T T T
Untilled » £ ' : 1 : @ i
Units + O
Defaut: Metric A
Reinforced Concrete Code aQ L]
Not specfied I
oy 1
Defined Materials & -~
Name Type 2
A3BGr36 Biinear F ok ~ s b
Defauit Biinear Material Biinear
Defauit Linear Material Linear =
Defautt Parabolic Material Parabolic L a1
Defaut Trilnear Material Trlinear
z
3 1
Properties
Analysis parameters L. 1 i a
o — . :
Name Notes y & Move
Uts | Defauk Anayss ParametrsSetfor Ulima Lint [ Copy
Defauft Analysis Parameters Set for Serviceability - O Rotate O-p—
SIS |
imit State Ak Miror =
By Replicate
| Delete
| Close
Load cases T 1 F N Y ]
Hame Type Analyzed L
le1 | Advanced intersction [ 8
L L - L L | | L - L L L L
Axes | Grid | Ruler | Draw crass | User points [ Dim lines [ Labels [ Reinforcement rehar Mr. [ Snap to grid [ Snap ta points [ Snap to Mid paints || Delete after mirraring/rotating | Grid distance 005 m
#Right click -> Properties to edit geometry y=0206m, 2= 00246m  Units: Default Metric =
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Now we are about to move the Tee section next to the W section.

First, we uncheck the “Snap to grid” option, from the toolbar at the bottom of the screen.

@ Cross Section Analysis & Design I

D, SN S S I

File Edit View Project Materials Draw Analysis Settings Help

DeBA»~albhm
Y sl o Y=

iy i, | a S T

R =

Project
Unitled

Urits
Default Metric

Reinforced Concrete Code
Not specfied

Defined Materials

Name Type

A GrI6 Bilinear
Default Bilnear Matenal Bilinear
Default Linsar Material Linear
Default Parabolic Material Parabolic
Default Trillinear Materil Triinear
Analysis parameters
Name Notes
s ?;:Iaeuh Analysis Parameters Set for Uimate Limit
55 | Default Analyss Farameters Set for Serviceabilty

Limit State
Load cases
Name Type Analyzed
le1  |Advanced interaction (=]

ta e

PP |

OO AGAN

I

Axes | Grid | Ruler | Draw crass | User points [ Dim lines [ Labels

Reinfarcement rebar Nr.

Snap to grid fnap

L
to points [ Snap to Mid points || Delete after mirraring/otating | Grid distance 005 m

&
=

AYAN edEQOHE

In this way, we disable the “Snap to nodes” function during editing geometry. On the other
hand, the “Snap to points” option should be checked in order to enable snapping to the

| Snap to grid (active only when drawing) |

y=-00991m, z= -0.337m  Units: Default Metric ~

remaining characteristic points of the section parts except for the grid points.

In order to move the T section, we right-click on right and select “Move”.
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& S St by & e T R R |5 )

File Edit View Project Materials Draw  Analysis  Settings Help
Da@aAar-albh@
RILEKE KRB

i [ ke b |3 3 % Y Yo Salda de e et R R R -
Information | User gid points DODJECONABANIT|+ S48
LI":;Iaqd T ‘u.‘;..‘.‘__fy.‘..uyH..|.E.‘.y]‘.‘.|:.‘”_..H H‘.I;II"!_:I”‘.I:“”.:“”‘l”” T
e
» 1k
Urits + o
Defaut Metrc i
LY 14
Reinforoed Conarete Code a L=}
Not specfied o
oy R
Defined Materials & -~
Name Type i 2
A36Gr36 Biinear Llle
Defauit Biinear Material Biinear
Defauit Linsar Material Linear =
Defauit Parabolic Material Farabolic [ | A
Defauit Tilinear Material Trlinear
L - I
Analysis parameters [, . o]
HName Notes ¥
Defaut Analysis Parameters Set for Ultmate Limit
US| Stete B
sls |Defaut Analysis Parameters Set for Serviceabilty o
Limit State
ot J
. N ]
Load cases v -
3 Properties
Name Type Analyzed
lo1 | Advanced irteraction [ B E. ) Move R
(> Copy
& Rotate
[ oas b Mirror 5]
B Replicate
Delete
. il . . | L Close I
P I I DN PRI PPN BT TR I PRI IR EPAPR EPATRPA S N SFararars ararariri i
#xes | Grid [ Ruler [ Draw cross [ User points | Dim lines [ Labels | Reinforcement rebar r. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m
#Right click - Properties to edit geometry y=0367m, z= 0153m  Units: Default Metric

Then we click at the middle point of the Tee web and move it to the middle web point of the
W section, as shown below.

8 CrossSection Anaiyss 8. sign . S | | ]
File Edit View Project Materials Draw  Analysis  Settings Help
DaEA»~a k

Bk ErhlE
ing i |k 2 | % Y 2 | %a €% e | 4a T | B G
DERZE

[ infomation | User grd poits | OADHCOOABAN I+ &

Project

Untitled

a

T = T
1 5 ]

.

Urits
Default Metric

Reinforced Conarete Code
Not specfied

Defined Materials

PP S |

YA e d Q0

Name Type 1
A35Gr36 Biinear
Default Biinear Matenal Bilinear

a

Default Linear Material Linear

Default Parabolic Material Parabolic ot | .
Defautt Trilinear Materizl Trinear

Anclysis parameters i y
Name Notes

Default Analysis Parameters Set for Utimate Limit
US| siate

Defaut Analysis Parameters Set for Serviceabilty
Limit State

5LS

Load cases
Name Type Aralyzed
lc1 | Advancsd imeraction [Il=]

25 aj2 15 a1 005 05 1 015 02 0.5 03 35 4 5 5
| P I P P | TP AP AR EFEEAri DTl BT A S S

Aes | Grid | Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after mirroring/rotating | Grid distance  0.05 m

Meving: Specify end point y=387E-3m , 2= -278E-17m Units: Default Metric -
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By left-clicking on that point, the T section is fixed in this position.

Next we will mirror the T section about a vertical axis. This can be accomplished by right
clicking on it and choosing “Mirror”.

The program asks for the starting point of the mirror axis (see Status bar). We enable the
snap option again by clicking on the “Snap to grid” item in the lower toolbar and successively
click on points (0,-0.25) and (0,0.25).

The geometry is now defined and the drawing screen should look like this.

& CoSection iy & e O T N | o

File Edit View Project Meaterials Draw  Analysis  Settings Help
bhaA| = 2] B]
| |
in i | bm S T ¢
D RZ=E
["irfomaton | User gid peints | nHDJLdEEONOR NI

Project — L e T B o o e B T S s S
Untitled

Units
Default Metric

Reinforced Concrete Code
Not specified

AER P 4|

Defined Materials

Name Type 2
AEGr36 Bilinear
Defautt Bilinear Material Bilinear
Default Linear Material Linear =
Default Parabolic Material Parabolic
Default Triliinear Materizl Triinear

Anslysis parameters

HName Notes - vy
Default Analysis Parameters Set for Ultmate Limit

uLs State

Default Analysis Parameters Set for Serviceabilty

SLS | it State

Load cases = —
Name Type Analyzed
lc1 | Advanced interaction ]

] i | PP | PP P S S s | A, | I
#xes | Grid [ Ruler [ Draw cross [ User points | Dim lines [ Labels | Reinforcement rebar . | Snap to grid | Snap to points [ Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=-0.243m, z= -0189m  Units: Default Metric

Calculate sectional properties

We just click Analysis -> Inertia Data -> Analyze, to have the sectional properties computed.
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Results

The calculated data can be found by clicking on Analysis -> Inertia Data -> Show results menu

item.

= Inertia data

2 [ |

PRy -y R

1.8UFE

Property

Value

e [

Inertia momert abaut y

Inertia moment about z

Product of inertia

Polar inertia momert

Area moment about y

Area moment about z

Gyration radius about y
Gyration radius sbout z
Principal system angle

Section modulus at top

Section modulus at bottom
Section modulus at left

Section modulus at right
Centroid y coordinate

Centroid 2 coordinate

Principal inertia moment about '
Principal inertia moment about 2°
Plastic centery coordinate
Flastic center z coordinate
Plastic moduius about y

Plastic modulus about 2

1.8973E4
144764
-3.1619E-21
3.3443E4
1.8908E-11
1.4357E-19
0.11307
0.098747
1.1657E-14
1.0904€-3
1.0904E-3
8.8841E4
BBB4IE4
9.6749E-18
1.3416E-9
1.8973E4
1.447E-4

0

-2 7756E-17
1.3349E-3
1151383

Units
m2
m4
m2
m2
m2
m3
m3
m
m
2
m3
m3
m3
m3

m

1 L n I 1 n L n L
Grid Dim lines Reinforcement rebar Nr.
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Example 12

Creation of interaction diagram for a built-up steel section

Data

In this example we will calculate the interaction diagram of the built-up section created in
Example 11.

Interaction diagram data

Case 1: Moment about Y axis vs. Axial force

Case 2: Moment about Y axis vs. Moment about Z axis for axial force values -750 kN
(compression) and 900 kN (tension)

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 11.
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Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the

geometry of the cross section.

8 o Section sy &8 D - Pt Sl s o e 2™ -5 oo

File | Edit | View Project Materials Draw  Analysis  Seftings Help
o Select »
Assign Material to Selected Figures
ing i Properties i n
B By Move
Informa Copy | [ lin] I+ &1

Proje| {%  Rotate T T T T T T T I=
Unit b Mirror » | @
Urits{ By Replicate +
Defa Delete

A LN

i - 5
,\i,‘? Change Dimension Line Location a
£ Unlock Model culU | ol v
Defif ™  Undo Ctrl+Z &
N Redo Crrey
A36 Gros BrEar
Defauit Biinear Material Biinear B
Default Linear Material Linear
Default Parabolic Materal Parabolic
Defaut Trllnear Material Trlinear
z
o

Analysis parameters [ L 4
Name MNotes I " v

Default Analysis Farameters Set for Ultmate Limit
uLs State
SLs | Default Anslysis Parameters Set for Serviosabilty

Limit State
Load cases =
Name Type Analyzed

1
Axes | Grid | Ruler [ Draw cross | User points | Dim lines [ Labels [ Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after mirmoring/rotating | Grid distance 005 m

Madel ic lnrked Ol ta unlark

= N 950m 7= N 018Tm

In the popup window, we choose Yes to unlock the model.

Unlock %

\?/. Unlocking the file will result in the loss of all analysis results! Do you wank ko continue?
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Review of Analysis Parameters

In order to review the Analysis Parameters, we click on the Analysis -> Analysis Parameters
menu item. The reinforced concrete related parameters are hidden, since no concrete
regulation has been selected. We can select a material from the list on the left and modify
the existing preferences.

r @ N
=g Analysis parameters uﬂ

[ULS v] [+Mdnew.ﬂnal}'sisljamme‘ters5et ] £ Delete cumert set
Name | |J|.5 Notes | Default Analysis Parameters Set for Uttimate Limit State E
Cther Materials data
[ Veter data
Default Bilinear Material Safety factor

Default Linear Material
Default Parabolic Material
Default Trliinear Material

Partial safety factor 1

lUse whole stress-strain curve as defined

Stop when reaching maximum or minimum material stress
Stop when reaching a tensile stress value of: 0 Pa

Stop when reaching a compressivet stress value of: 0 Pa

(=]

Stop when reaching a tensile strain of:

[=]

Stop when reaching a compressive strain of:

=]

Stop when reaching a tensile strain value of:

S TR TR SR | | - e s Bloe e e =i i deroila ob=
g TiDer gt diIsiance: (U C £ TIDE £ md U ENSIE Sia

=]

Stop when reaching a compressive strain value of:

n

[ ok | | Cancel |J

We do not change anything and click OK.
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Definition of load cases

We will use the advanced interaction analysis in this example. The other option for
interaction analysis (as per selected R/C code) is available only when a reinforced concrete
code has been specified.

The load cases can be selected by clicking on the Analysis -> Interaction (advanced) -> Load
cases menu item.

Case l

We click on the ¥ button to add a new load case. We change the name to “Case 1” and
select “Axial force - Moment about y” option. The assigned Analysis Parameters set should
be “ULS”.

[ # Load cases for Advanced Interaction @Iéj |
Load cases
Mame Interaction type P:gaml'_.;i:m Oiptions
K lc 1 Fodal force - Moment about v - ][LILS | - |[ Cptions... ]

ok | | Ccancel
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Case 2

We click on the + button to add the next load case and change the name to “Case 2”. We
make sure that the option “Moment about y — Moment about z” is selected and the Analysis
Parameters set is “ULS”. Then we click on “Options” to specify the axial force levels for the

interaction diagram.

-

# Options for Interaction

Aal force
Load caze name | Caze 2
Axial force -7a0 kM
|nteraction Type | Mament y ve Moment z
Add
W ariations
(3 Mo alteration

(%) Alemnate Asial Force

() Altemate Reinforcement Fatio

[ ] l [ Cancel

On the above form, we select “Alternate Axial Force” in the “Variations” box on the left.
Next, we enter at the top right corner the values -750 and click on “Add” button. We repeat

this step for the value 900.

# Options for Interaction

Aal force

Axial force 300 kM

Load caze name | Caze 2

|nteraction Type | Mament y ve Moment z

| add | | Modiy | |FRemove |

W ariations

. 300
(3 Mo alteration =50
(%) Alemnate Asial Force

() Altemate Reinforcement Fatio

k. ] [ Cancel

In this way we request the interaction diagram to be produced for both specified axial force
levels. We click OK to close the form.
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The 2 load cases are now defined.

. .
# Load cases for Advanced Interaction @Iﬂ—hj

Load cases
Mame Interaction type P:gamh.;i:m Ciptions
Case 1 [Fm'al force - Moment about ¥ | - |[L|LS || Options... |
K Case 2 [Moment about ¥ - Moment about z =~ - ][LILS - [ Cptions... ]

ENNENd

ok | | Ccancsl

[ Copy selected va
=

Carry out the analysis

We just click Analysis -> Interaction (advanced) -> Analyze, to perform the analysis.
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Results

The requested interaction diagrams can be obtained by clicking click Analysis -> Interaction
(advanced) -> Show results.

Interaction diagram for Case 1:

We choose “Case 1” from the list at the top right corner of the form. The interaction diagram
for Moment about Y vs. Axial force is shown.

& Interaction results E]ﬁ
Loadease |Casel x| ¢ Selected curve data
My KNm N K
i Axial force - Moment abouty - Case 1 @l
Y 000 T . " .
4 : : :
& 4000+ : g : ]

3000 —+

2000 -

1000 4 -

Axial force [kN]
=)

000 -+

-2000 +

3000 +

-4000

-5000

-400

Close:
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Interaction diagram for Case 2:

By choosing “Case 2”, the corresponding interaction diagrams in terms of Moment about Y

axis vs. Moment about Z are shown.

r - - ~
e S
Load case [CaseZ »| Selected curve data
- et
w R o o
+ Moment about y - Moment about z - Case 2 @
& [ N=000 KN _—— W=—750 K|
Q 400 T T T
Y :
&
200 | |
i
a
2o J I RN sl AU b [P ETTUUO FRTTOT 20003000 3000000 A hBE S 0000 anannans ]

Moment about z [kNm]
o
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Example 13

Estimation of maximum and minimum developed stresses on a
built-up steel section under given external loads

Data

In this example we will calculate the stresses developed in the cross section discussed in
Example 11 and create corresponding stress contours.

The partial safety factor for steel is assumed to be 1.0.

Load cases

Icl: N =500 kN M, =150 kNm M, = 100 kNm
lc2: N=0 M, =-250 kNm M, =50 kNm
Ic3: N =-200 kN M, =0 kNm M, =-147 kNm

Solution with Cross Section Analysis & Design

Opening a file from disk

First of all we click on the File menu and select Open in order to open the file we created in
Example 11.

Unlock the model

Afterwards, if the model is locked, we click on Edit -> Unlock model, in order to modify the
geometry of the cross section.

In the popup window, we choose Yes to unlock the model.

Unlock %

\_‘.? Unlocking the file will result in the loss of all analysis results! Do you wank ko continue?
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Review of Analysis Parameters

The partial safety factor of the steel A36 Gr.36 is set to 1, so we do not need to change
anything in the form below. We click OK to close the form.

P @ B
* Analysis parameters uﬂ

[ULS v] [-ﬂﬂ- Add new Analysis Parameters set l % Delete cument set
Mame |5 Notes | Defaut Analysis Parameters Set for Ultimate Limit State -
Other Materials data

Material data

Default Bilinear Material Safety factor

Default Linear Material
Default Parabolic Material
Default Trlilinear Material

Partial safety factor 1

lUse whole stress-strain curve as defined

Stop when reaching maximum or minimum material stress

Stop when reaching a tensile stress value of: 0 MP

Stop when reaching a compressivet stress value of; 0 MP

[=]

Stop when reaching a tensile strain of:

(=]

Stop when reaching a compressive strain of:

Stop when reaching a tensile strain value of: 0
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Definition of load cases

First we will define the load cases by clicking on the Analysis -> Deformed configuration ->
Load cases menu item.

The load cases can be defined by successively clicking on the % button. We have to make
sure that the “ULS” Analysis Parameters set have been assigned to each load case.

* Load cases for deformed configuration @I&J

Load cases
e Ry iy
b 500 150 100 us [+
Ic 2 D 250 50 lus |+
Ic 3 200 0 147 lus |-

SN

| ok | | cancel |

Carry out the analysis

We just click Analysis -> Deformed configuration -> Analyze, to perform the analysis.
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Results

The requested interaction diagrams can be obtained by clicking click Analysis -> Intera
(advanced) -> Show results.

Results for load case Icl:

ction

We choose “Ic1” from the list at the top right corner of the form. The corresponding strain

distribution and stress contour are shown. Moreover, information about
maximum/minimum stresses developed on the section can be found on the right.

the

8 Deformed configuration results (2 [t
Load case ic 1 -
4 Neutral axis location and deformed corfiguration TR
- -— TS =

a F ®) 3

q E Froperty Value Units

Ty Strain at arigin 1.6857E-4

_\k Curvature 5251563
NA angle 07181 rd
Eqv.tensile Force | 10137 kN
Tensle foros lever am |0.11188 m
Eqv compr. Forcs | 51343 kN
Compr. force lever am |-0.12725 m

Material stress information
Y Y Y Y Y Y Y Y Y Y P Y U P Y YN P A P PP Y Y PP Y Y L Y Y PP Y Y P Y P PP 100 Y P 10 Y P 1S Y 19 L1 L Y P P LY LA L B PR L A

d

Stress distribution Material

R
Property Value
@ 241.42 1

Units

e
r | Maxstress 24142 MPa
1 |ycord at maxstress | -0.1015 m
188 43| 4
q z cord at max stress | 0.174 m
F | 5 1 [Minstress 17401 WPa
[ 1 |ycordat min stress |0.1015 m
F 85633 T |ecodat min stress | 0.174 m
- 33.705 —
E -18.222 1
[ -70.15 E
-122.08
1  Analysisinfo
- ~|  Cross section is adequate
r -174.01 ]
A I I I PP I I I PP I BRI I I PP WP
Axes Grid Dim lines Reinforcement rebar Nr.
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Results for load case Ic2:

Respectively, by selecting “Ic2”, appears the corresponding information for the second load

case.

a4 Deformed configuration results

R

Load case lc 2

Neutral axis location and deformed corfiguration

PR

@

Stress distribution

[@) 24821

186.16)

—

12411

62.053|

0

-62.053]

-124.11

-186.16]

-243.21

Axes Grid Dim lines Reinforcement rebar Nr.

Neutral ais information

Property Value
Strain at origin 3249312
Cunvature 5330553
NA angle 6026
Equ.tensie Force | 937.26

Tensile force lever am | 013576
Eqv. compr. Forcs | -337.26

Compr. force lever am | 0.13576

Units

Material stress information

ateral

Property Value
Max stress 22821 ]

¥ cord at max stress | 0.1015
2 cord at max stress | 0.16123

y cord at min stress | 0.052327

2 cord at min stress | 0,174

Min stress

Units
MPa
m
m
MPa
m

m

Analysis info
Cross section is adeguate
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Results for load case Ic3:

Respectively, by selecting “Ic3”, appears the corresponding information for the second load

case.

a4 Deformed configuration results

2 [ |

Load case lc 3 hd
4 Neutral axs location and deformed corfiguration
AT o . LA R L) ALY Wb LA LA R Ll R W) L) L) B G L LULK Rl -
b (3 : [z CBS
Q\ 3 3 h:
RS : =
& I .-
= 3 E
o} ool
3 B E
N =
H z
< = 2 E
g i3 E
] £l
g I
ok B £ | E
81 s s |8 E
= = E
5 B
= -3 =
T R PR A,

Stress distribution

Neutral ais information

Property Value Units

Strain at origin 6740455

Cunvature 5.0808E3

NA angle 47124 rad
Equ.tensie Force | 50245 kN
Tensile force lever am | 013093 m
Eqv. compr. Forcs | 70245 kN
Compr force lever am | 011562 m

Material stress information

ateral

Axe:

Grid Dim lines Reinforcement rebar Nr.

Froperty Value Units
Ma stress MPa

y cord at maxcstress | U 16266 m

2 cord at max stress |-0.0835 m

Min stress -178 94 MPa

y cord at min stress. |-0.16288 m

2 cord at min stress | 0.0835 m

Analysis info

Cross section is adeguate

As we can see, the maximum stress is developed for load case “lIc2” and has a value of
248.21 MPa. The minimum stress is -248.21 MPa for “lc2” as well.

Since this stress is equal to the yield of A36 Gr.36, we can conclude that some parts of the

cross section have entered the plastic region.
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Example 14

Check of a timber cross section

Data

In this example, we are about to draw a timber cross section and check its adequacy under
given external loads.

Wood grade: C20 solid wood, according to EN 338

Partial safety factor for solid timber: 1.3

Load cases

lcl:  N=5kN M, = 14 kNm M, =0 kNm
Ic2:  N=0 M, =-15 kNm M, =0 kNm
Ic3:  N=-5kN M, =4 M, =3 kNm
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Solution with Cross Section Analysis & Design

Setting Reinforced Concrete Code to None

Since the cross section does not have a concrete part, we can optionally set the Reinforced
Concrete code to “None”, in order to hide all data related to reinforced concrete analysis.

We click on Project -> Reinforced Concrete code menu item and select “None” as below.

F @ N
ﬂ Reinforced Concrete Regulation uﬂ
Reirforced concrete regulation
[Nune v]
| ok | | Ccanesl
.

Definition of material properties

Next, we are going to specify the material properties.

The C20 solid wood grade can be imported from the library of the program by clicking on the

Materials -> Import from Library menu item. From the top list we select “Timber — EN 338

Solid wood” in order to view the materials belonging to this collection.

-
* Materials library .

a B

L2 [t ]

e

Materal type

[ Timber - EN 338 Solid wood

Hot Rolled Steel - Australian (with hardening)
Hot Raolled Steel - Australian {no hardening)
Hot Rolled Steel - British (with hardening)
Hot Rolled Steel - British (no hardening)

Hot Raolled Steel - Canadian (with hardening)
Hot Rolled Steel - Canadian no hardening)
Hot Rolled Steel - European (with hardening)
- Hot Rolled Steel - European (no hardeding)
Hot Rolled Steel - Indian {with hardening)

| Hot Rolled Steel - Indian (no hardening)
 |Haot Rolled Steel - US {with hardening)

Hot Rolled Steel - US (no hardening)

- Cold Formed Steel

Cold Formed Steel - IS

- Aluminum

| Timber - EN 1154 Glulam
| Timber - Sauth African pine

Timber - EM 338 Solid wood

tes

»

m

C35 Linear 235 Timber
C40 Linear C40 Timber
C45 Linear C45 Timber
Cc50 Linear C50 Timber -

Insert whole materal set ]

[ Insert selected onby J

Cancel

EngiSSol

http://www.engissol.com/cross-section-analysis-design.html

115



* Cross Section Analysis & Design ¥ Worked examples

Then, we can select the property C20 and click on “Insert selected only” button to use this
material in our project.

[ = Materials library Rrodees » &u
Materal type
| Timber - EN 338 Solid wood -
Available materials
MameU| Type Motes |~
Cl4 Linear C14 Timber
C16 Linear C16 Timber
Cc13 Linear C18 Timber i
C20 Linear C20 Timber 3
Linear Timber
C24 Linear C24 Timber
C27 Linear C27 Timber |
Cc30 Linear 20 Timber
C35 Linear 35 Timber
C40 Linear C40 Timber
C45 Linear C45 Timber
1 C50 Linear 50 Timber -
" Insert whole material set | [ inset selectedonly | |  Cancel
—ii
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C20 wood has been imported in our project. We can view/change its properties by clicking
on it from the list of the main form, as shown in the picture below.

8 s Secton s 8 g PSR s Wi B T2 T . -

File Edit View Project Materials Draw  Analysis  Scitings Help
DaRa»a

Pl e
ing in;
DR RZE
Information | User gid points DAL COA®AN|I
Project = T T T T T T T
Untitled EI @
Units +
Defaut: Metric N
@ .
Reinforced Concrete Code a [~ -1 "
Not specfied h
HEY
Defined Materials & -~
Name Type Y
20 Tnear - M <
U Binear Maene) Trear
Defautt Linear Material Linear =
Defaut Parabolic Material Farabolic
Default Trillinear Material Trilinear
z[
Anclysis parameters
Name Nates B y ]
Default Analysis Parameters Set for Utimate Limit
US| siate
sls | Default Analysis Parameters Set for Serviosabity
Limit State
- 4 .
Load cases
Name Type Analyzed [ n
lc1  |Advanced interaction B

R R | n T - n 1 n T Y I L n T - n | T SR S B S M T Y i
Aes | Grid | Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

y=-0138m, z= -00448m  Units: Default Metric ~

Drawing the geometry

First we will draw the web of the Tee section. To do this, we click on Draw -> Rectangle using
dimensions from the top menu.

The center point of the rectangular section can be inserted by entering its coordinates (0,0)
and then clicking the Q button, or just by clicking on the point (0,0) with the mouse. Then
the Length and Width values should be set to 0.08 and 0.15 respectively. Finally, the
material C20 should be selected for the rectangle we are drawing.

Rectangle (using dimensions)

Center point
y O m z 0 m

Dimensions
Length 0.08 m Width 0.15 m

Material [[:24] - ]

[ Hole
| ok | | cancel |
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The web should now appear in the drawing area.

@ o Scion Ay & i e e VWiohed B T .-

File Edit View Project Materials Draw  Analysis  Settings Help

D@~ a bk
HkkFErFErErkhE

a | %0 9 ta [ 4a

iy ing | b b | ¥ Y | e
DR W2E
Information | User grid points
Project
Untiled
Urits
Default Metric
Reinforced Cancrete Code
Not specfied
Defined Materials
Name Type
ca Linear
Defautt Biinear Material Biinear
Default Linear Material Linear
Default Parabolic Matenal Parabolic
Default Trillinear Material Trilinear
Analysis parameters
Name Nates
Defautt Analysis Parameters Set for Utimate Limit
uLs State
SLs | Defaut Analysis Parsmeters Setfor Senvicsabilty
Limit State
Load cases
Name Type Analyzed
le1 | Advanced imeraction [ 3

R R e )

S =Rs RN RONGICHNOR N SE GRS
T

FER P |

0

Axes | Grid [ Ruler | Draw cross [ User points | Dim lines [ Labels

] e S B e B P S " P
Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid peints || Delete after mirroring/rotating | Grid distance 0,05 m

y=-0.208m , z= 0.0108m  Units: Default Metric ~

Next, we can draw the top flange by using the same command (Draw -> Rectangle using

dimensions).

On the forms that shows, we enter the coordinates of the top flange center (0,0.105) and

click the g button. Then we specify the values for length and width and click OK.

-
Rectangle (using dimensicns)

Center point
y 0

m z 0108 |'m

Dimensions

Length 0.2 m Width 0.0&

Material [C20
[] Hale
ok |

d

| Cancel |

m

.

EngiSSol

http://www.engissol.com/cross-section-analysis-design.html

118




Cross Section Analysis & Design

¥ Worked examples

The cross section is shown in the drawing screen as follows.

& Cross Section Analysis & Design - [ projects\Worked o= o

File Edit View Project Materials Draw
D@R|PrA A DR
12 Er ks

Analysis

iny iy | I CRb: - ™ a | n te

DER@ S
Information | User grid points

=}

Froject

Untitled

Urits

Default Metric

Reirforced Concrete Code

Net speciied

Defined Materials

Name Type

c20 Lingar

Default Bilinear Material Bilinear

Default Linear Material Linear

Default Parabolic Matenal Parabolic

Default Trillinear Material Trilinear

Anclysis parameters

Name MNotes

uLs Default Analysis Parameters Set for Uttimate Limit
State

Defautt Analysis Parameters Set for Serviceabilty

S5 | Limit State

Load cases

Name Type Analyzed

lc1 | Advanced interaction [

Settings  Help

A

ODdeCOARANIIT|+ /41
T

FER P |

T T T
a2 0.1} a1

0
I

a

0.45

e ——

Axes | Grid [ Ruler | Draw cross [ User points | Dim lines [ Labels

] s B St B P S " P
Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid peints || Delete after mirroring/rotating | Grid distance 0,05 m

Finally, we repeat the last action to draw the bottom flange.

-

Rectangle (using dimensicns)

Center point
y 0 m z 0105 m

Dimensions

Length 0.15| m Width 0.0&

| Material [c20

d

m

| [] Hole
1 | ok | | cancel |

y=-0147m , z= -0.158m

Units: Default Metric ~
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After clicking OK, we can see the final geometry of the cross section in the drawing area.

8 o Secion Ay & b e e Wiorhed Bt T .

File Edit View Project Materials Draw  Analysis

iD@BRNEa RR
iHELErER S

P g | bm b b | S R [ Ye e e (G e
DER2E

Settings  Help

B |4 % 4 | o iR | |

S =Rs RN RONGICHNOR N SE GRS
-

a1

[
I

[ o0 5 ol 0.05 { 15 3 ols oh i

B

o

A

}-a.15 15— By

il

P

A

o vl

B

=
o o]
0.1 1]
|-0.15 015

0.05 01 0.45 02
e e S Y W S S W W B W B

Information | User grid points
Project
Untitled E
Urits
Default Metric +
@
Reinforced Cancrete Code Q
Not speciied
iy
Defined Materials ,é;
Name Type
ca Linear
Defautt Biinear Material Biinear
Default Linear Material Linear
Default Parabolic Matenal Parabolic
Default Trillinear Material Trilinear
Analysis parameters
Name Nates
Defautt Analysis Parameters Set for Utimate Limit
US| site
sis | Defaut Anslysis Parameters Set for Ssviceabity
Limit State
Load cases
Name Type Analyzed
le1 | Advanced imeraction [
Axes | Grid [ Ruler | Draw cross [ User points | Dim lines [ Labels

Reinforcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid peints || Delete after mirroring/rotating | Grid distance 0,05 m

y=-0.148m, z= -00659m  Units: Default Metric ~
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Review of Analysis Parameters

In order to review the Analysis Parameters, we click on the Analysis -> Analysis Parameters

menu item. The reinforced concrete related parameters are hidden, since no concrete

regulation has been selected.

While the “ULS” set is active, we select the C20 wood grade from the list on the left and
change the partial safety factor to 1.3 as shown in the picture below.

-
=g Analysis parameters

A=)

’ULS v] ['H' Add new Analysis Parameters set ] % Delete cument set
Name ||JL5 Motes |Default Analysis Parameters Set for Ultimate Limit State *
Cther Materials data
Material data
Default Bilinear Material Safety fact
Default Linear Material P TI aafor fact T
Default Parabolic Materal artial satety factor 1.
Default Trllinear Material
Use whole stress-strain curve as defined
Stop when reaching madmum or minimum material stress
Stop when reaching a tensile stress value of: 0
Stop when reaching a compressivet stress value of 0
Stop when reaching a tensile strain of: 0
Stop when reaching & compressive strain of: 0
Stop when reaching a tensile strain value of: 0
Stop when reaching a compressive strain value of: 0
| ok | | Cancel
o
We click OK to close the form.
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Definition of load cases

We will first define the load cases by clicking on the Analysis -> Deformed configuration ->
Load cases menu item.

The load cases can be defined by successively clicking on the % button. We have to make
sure that the “ULS” Analysis Parameters set have been assigned to each load case.

wp Load cases for deformed configuration M

-

Load cases
s
kNim] fkNm]
b 5 14 0 us [+
Ic 2 D 15 D lus |+
Ic 3 5 4 3 lus |-

[+ ] SN

[ DK‘] | Cancel |

Carry out the analysis

We just click Analysis -> Deformed configuration -> Analyze, to perform the analysis.
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Results

The calculated data can be found by clicking on Analysis -> Deformed configuration -> Show

results menu item.

Results for load case Icl:

We choose “Ic1” from the list at the top right corner of the form. The corresponding strain

distribution and stress contour are shown. Moreover, information about the
maximum/minimum stresses developed on the section can be found on the right.
B et e Y (B [ |
Load case ic 1 -
o+ Neutral axis location and deformed configuration Neutral axis information
@ E’.I:””.I;E‘HI.‘;H".I.:'I‘”.‘.””.I.EIHI:IH”..EIHI.‘IH.!_EI”‘I;"”;5””';””.55‘“I.Ir“‘&”;
X F I 9.5158E-4 (tension) | Froperty Value Units
Th |F BB Strain =t origin 5009265
& |F 74“&. .1 |cunvature 7.4198E-3
1 |MAznge 0 rad
F. P e .1 |Eav.tensie Force | 74.029 kN
P " [Tensleforce lever am |0.10044 m
I " 1 |Eav compr Forse  |-63.029 kN
r T [compr. force lever am |-0.085099 m
| E 0.14175 m — B
[ 69.029 kN |
[ -1.0518E-3 {compression] |
Fo.3 0.25 0.2 0.15 0.1 0.05 0 0.05 1 0.15 2 25 3 035 0.4 0.5 Material stress information
bl P PEE IS R SR SN B SR U S B SR S S P PRI B | IR | EPEPEPErE B
Sress ditbndion Matera
LA L L LA L UL L L L L L L L) L L L L L Y LB B L L Y L
| [-0.2 25 0.2 1 c g H 1 2 25 0.3 q Property Value Units
(@) sosse ] st ;_p 65533 | I
[ — |y cord at max stress 0.1 m
] z cond at max stress | 0.135 m
r o] 1 | Minstress 7685 MPa
}=0.05 54 y cord at min stress | -0.075 m
[ 1.4839 1 |zcordat minstress |0.135 m
:_: -0.36606| Z—:
-2.198 E
L -4.025| __
[ -5.856 -
Analysis info
- ] Cross section is adequate:
’\:..H\:;‘....li‘ ..[5‘ ol nn il ‘l'...‘.';"..lz.w.::—..”.\: |
Axes Grid Dim lines Reinforcement rebar N,
Design for load case Icl:adequate
Maximum stress: 6.95 MPa at point (0.1,0.135)
Minimum stress: -7.89 MPa at point (-0.075,-0.135)
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Results for load case Ic2:

Respectively, by selecting “Ic2”, appears the corresponding information for the second load
case.

- S .
& Deformed configuration results (2 [t

Load case lc 2 '
4 Neutral axs location and deformed corfiguration Neutral aés information
e e e T I T T o o B o o e B A T ]
0.5 2 15 1 5 [} 5 1 15 2 25 3 35 4 A% . .
Qi -1.0D07E-3 (compressian} @
a | a0 e ] Property Value Units
iy [ 76.762 kN NI Sirain =t origin 7 6144E-5
Lot — 1]
% 1 |curvature 0.007577
[ 012545 m 1 |MAangle a rad
L 0.01845 m 20s-]  |Eqv.tensie Force | 76762 kN
Tensile foree lever am | 0.0944128 m
| A Eqv. compr. Forcs | -76.762 kN
o r 7 | Compr. force leveram |0.10099 m
0.1039% m 1
q 0.14455 m 9
(R S— B
F 76.762 kN .
0.001153 (tension) e
025 2 15 1 s 0 s 1 15 2 25 3 35 a 7 Material stress information
Enflnrnnitarnallannnlfinnnallnnnoilnnnnllnn aenlinnn ol e n - I IR PR 1|

Sress dtibuton e

S B R e ey =)
i 25 2 2 2 E 1 Froperty Value Units
8.426 4
@ RNl e siress 3.426 MPa
- | y cord at max stress | -0.075 m
[ 5.4586| |
1 |zcond at maxstress 0135 m
AT 1 |Minstress 73132 WFa
- s |ycordat mnstress 0.1 m
2.5238 ] |zcord at minstress | 0.135 m
o 0.55644 0—
| L ]
-1.411 ]
-3.3784|
- -5.3458 1]
] Analysisinfo
Cross section is adeguale
7332
(i s T L e 1 1 i I U L - 0 - Hoas
Axes Grid Dim lines Reinforcement rebar Nr.

Design for load case Ic2:adequate
Maximum stress: 8.43 MPa at point (-0.075,-0.135)

Minimum stress: -7.31 MPa at point (0.1,0.135)
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Results for load case Ic3:

Respectively, by selecting “Ic3”, appears the corresponding information for the second load
case.

-
= Deformed configuration results

Load case lc 3 hd

4 Neutral axis location and deformed corfiguration Neutral ads information
T T all T

Q Property Value Units

iy Strain at origin 4129155

& Curvature 5.8308E-3

NA angle 50331 rad

Eqv. tensile Force 29.937 kN

Tensile force lever am | 0.075851 m

Eqv. compr. Forcs | -34.938 kN

Compr. force lewer am | -0.052536 m

Material stress information

e

Stress distribution

Property Value Units
Max stress £.56 MPa
[ - ] y cord at max stress | 0.1 m
O 4.9926 |
[ rain: 7.183E-4 7 |zcond at maxstress |0.135 m
Tess: 5.2491 MPa 3.4252 4 | Minstress -5.9752 WPa
= <] |ycord at minstress |-0.075 m
1.8578 ] |zcord at min stress |-0.135 m
~ 0.29041 o~
| ]
-1.277 ]
-2.8444] 1]
- -4.4118 i
Analysis info
Cross section is adequate

o -5.9792 4
Grid Dim lines Reinforcement rebar Nr.

Axe:

Design for load case Ic3:adequate
Maximum stress: 6.56 MPa at point (0.1,0.135)

Minimum stress: -5.98 MPa at point (-0.075,-0.135)
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Example 15

Steel jacketing for improvement of column strength and
ductility

Data

In this example we are going to assess the behavior of a concrete column, after it is
retrofitted with a 5mm thick metal jacket. So, we will create the Moment vs. Curvature
curves before and after the jacket application.

Concrete grade: C16/20, according to Eurocode 2

Reinforcement grade: S400, according to Eurocode 2

Concrete stress/strain curve: according to Eurocode

Steel jacket grade: Fe 430, according to Eurocode 3 with a safety factor of 1.15

Confinement options for jacketed column

Compressive strength: 21 MPa

Compressive strain at maximum stress: -3%o

Ultimate strain: -7%o0
s = ® ot
T,
')

3 0
L @

2 & 8 4
@ ® & @
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Solution with Cross Section Analysis & Design

First of all define the corresponding Reinforced Concrete Code, by clicking on the Project ->
Reinforced Concrete Code menu item.

Selection of Reinforced Concrete Code

-
ap Reinforced Concrete Regulation M

Reirforced concrete regulation
| EUROCODE 2 2004 - |

Reinforcement ratio limits

@ Default by code for columns

) User values

Selection of Eurocode 2 regulation

Definition of material properties

Next, we are going to specify the material properties.

Concrete can be specified by selecting Materials -> Concrete

-,

l‘ Concrete

tAevailable concrete materials Concrete

Default Concrete Mame | Default Concrete Calor _

Mates | Default concrete material, compr. strenagth=15 MFPa

Concrete strength (15 kFa

[ ] Confined

[] User defined elasticity modulus

All available materials [-ﬂi Add new ] [-ﬂi Fraom libram... ] [ 2 Delete ]

Default Bilinear M ateral
Default Concrete

Default Linear Material
Default Parabolic katerial
Default Reinforcement
Drefault Trililinear katerial

I ] ] [ Cancel
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We click on “From library” button to import an existing concrete material from the database
of the program.

( ?
‘ Concrete grade library ng

Standand

[ European -

Awailable concrete materials
Mamell fc.ov [MPa]

C1215

| N
C20/25
C25/30
| C30437
C3h/45
N C40/50
C45/55
Ch0/60

—_
P

B &85 &8 KRB

Insert whole concrete materal st ] [ Insert selected anby ] [ Cancel

|

After choosing the European standard, we select the C16/20 material and click the “Insert
selected only” button.
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F N
ﬂ Concrete M
Awvailable concrete materials Concrete
C16/20 Name C16/20 Calar
Default Concrete
Motes
Concrete strength 16 MPa
[] Confined
[T] User defined elasticity modulus
All available materizls [-ﬂi Add new ] [-ﬂi From library. . J [ X Delete ]
C16/20
Default Bilinear Material
Default Concrete
Diefault Linear Material
Default Parabalic Material
Default Reinforcement
Default Trililinear Material
OK | Cancel
kT

Since the material has been defined, we click OK to close the form.
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The reinforcement can respectively be defined from the Material -> Reinforcement menu
item. As before, we click the “From library” button to select from the existing predefined
reinforcement materials.

F N
* Reinforcement grade library M

Standand

[ European - ]

Awailable reinforcement materials
Mamell fiw [MPa]

5220
5250
5300
5400
5460
5500

S EHE|E|B

Insert whole reinforcement material set ] [ Insert selected onhy ] [ Cancel

We choose the S400 grade from the European standard and click on “Insert selected only”.
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F @ N
ﬂ Reinforcement uﬂ

Awvailable reinforcement materals Reinforcement

Default Reinforcement MName 5400 Calar _

Motes

Yield stress 400 MPa

[-ﬂi Add new ] [-ﬂi From library... J [X Delete ]

All available materals

C16/20

Default Bilinear Material
||| Default Concrete

Diefault Linear Material
Default Parabalic Material
Default Reinforcement
Default Trililinear Material
NI S400

oK | [ cCancel

[ —— ——

The reinforcement grade S400 is now available in the project.
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Drawing the geometry

We are now ready to draw the geometry of the cross section, by clicking the Draw ->
Rectangle using dimensions. The center point of the rectangular section can be inserted by
entering its coordinates (0,0) and then clicking the 2 button, or just by clicking on the point
(0,0) with the mouse. Then the Length and Width values should both be set to 0.40. Finally,
the C16/20 concrete should be selected for the rectangle we are drawing.

# Cross Section Analysis 8 Design

File Edit View Project Materials Draw Analysis Settings Help
DaA» albhi
HidkkEreErhis

iny in

gl m e ta g | i I
5
{1 ) @ @ i3 Rectangle (using dimensions)
Information | User grid | [ Center poirt 1D GGONOARLN T« S8
Project 1] ro m oz0 m R s b s I L R N RN R N RN N AR R R
Untilled i
© Dimensions @ )
Units lengh 04  |m  Widh 04 m )
Defaut Metric 14
- :
Fonccant ] | 13
0K Cancel
Defined Materials & 4.~
Name Type 2
cl620 Concrete F x|
Default Concrete Concrete -
Default Reinforcement Reinforcement F 1+
5400 Reinforcement
Default Biinear Material Biinear F E
Defauit Linsar Material Linear
Defauit Parabolic Material Farabolic
Defauit Tilinear Material Triinear F z E
Anzlysis parzmeters
Name: Notes F ¥ E
Default Analysis Faramelers Set for Ulimate Limit
us  [go E 4
sLs | Default Analysia Parameters Set for Servicsabilty
Limit State F E
Load cases
Name Type Analyzed = E
| | 1 1 1 1 | | I S I P e | 1 s PN P T P

Pre Ly i Il PR T FRTel N 1 1a Ly aleasaly
Aes | Grid [ Ruler | Draw cross | User points | Dim lines | Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance 005 m T
etwor

Inserting Rectangle Specify dimensions and material property y= -0.55m, z= 045m | Interet access piric

|Engissnl| http://www.engissol.com/cross-section-analysis-design.html 132



* Cross Section Analysis & Design

Y Worked examples

After we have clicked the “OK” button, the rectangle is shown in the drawing area.

& Cross Secton Anslsis & esign 0 W - | £ |

File Edit View Project Materials Draw  Analysis  Settings Help

D@~ a bk
Walrkrrerhlis

iny iy | I
DR eE

B &-&'«7 TK:E 1\!
+ Information || User grd paints

s | n o

Froject
Untilled

Urits
Default Metric

Reirforced Concrete Code
EUROCODE 2 2004

Defined Materials

B | e B B |ER BB B

CORSeOGOLOALN T |+ 40

FER P |

Name

Type

C16/20

Concrate

Default Concrete

Concrete

Default

5400

Reinforcement

Default Bilinear Material

Bilinear

Defautt Linsar Material

Lingar

Defautt Parabolic Material

Parabolic

Defautt Trillinear Material

Trilingar

Anclysis parameters

Name

MNotes

US| state

Default Analysis Parameters Set for Uttimate Limit

5L |t State

Defautt Analysis Parameters Set for Serviceabilty

Load cases

Name

Type

Analyzed

T
.45

245
|

afmaan] T T T T T
4 0.35 9.3 0.25 2 15 1

0 s o 1
| | I

0 05 1 is 2 2
I P I I T TN

Axes | Grid [ Ruler | Draw cross [ User points | Dim lines [ Labels

Reinforcement rebar Nr.

A N P I
Snap to grid | Snap to point

i NS T Liay i n 1
ap to Mid points || Delete after mirroring/rotating | Grid distance

05 m
Network 3

Before drawing the rebars, we have to make sure that a proper rebar set is available for the

VESRE

[
-

d YA

y=-058m, 2= -0269m | Intemnet access tic «

design. This can be checked by selecting Project -> Available Rebars.

-
# Rebars

Name [ Diameter & mm
Rebars
Mame Diameter [mm] -
@3 8 |
10 10 1
i @12 12
@14 14 N
@16 16
@18 18
B | @20 20

[+ Add new ]

[-ﬂ- From library... ]

[x Delete cument

I

oK | | Canesl

M
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The rebars that are shown above are available in the project. This means that we can draw
rebars of these diameters and additionally the program will only choose from these rebar
sizes when performing a reinforcement design.

So, we can now draw the reinforcement bars by clicking on the Draw -> Rebar Rectangle
menu item.

We can enter a value (0.04 m) for the reinforcement cover to the rebar center in the field,
which becomes active when inserting reinforcement bars, as shown below. The program
automatically draws help lines at the specified distance from the concrete rectangle edges
and enables mouse snapping at their intersections.

o Cross Section Analysis & Design - [FifestiSample projects\Worked Example 15.csad”] I i e——— o @ | s |
File Edit View Project Materials Draw Analysic Settings Help
LhaEA» & B}
[ RS A Nl = 2
ing iy | m i Rebar rectangle . - 1

[0 &) & @ [ Frstcomer

Infomation Us; y 0 m oz 0 m T . O NG R LT |+ o < 13fseeciied cover 004

. *
Project Opposite comer T T T T T T
Untied | * ¥
¥y 0 m z0 m 1 ! @
units * * N
1| offset direction
Defaul Metic | () Outside @ Inside L S S L
=] L
Reinforced Cang Place rebars at comers 1™
EURDCODE 22 = g D
Rebar count horizantaly 2 Rebar count vertically 2
Defined Materia -~
[] Constart size for design Design parameters L
Grow factorfor comer rebars 1 )
cea o Grow factorfor other rebars 1
Defaut Concretd

Defaut Renfard| [Comer rebars reinforcement 2
5400 [Dther rebars reirforcement 1

Default Biline:

3 Materal [T Spit to single rebars
Defaut Linsar M|
Default Paraboli 0K Cancel 1

Default Trllineaf z
e —Y
Anlysis parameters

Name: Notes y
Defautt Analysis Parameters Set for Serviceabilty
Limit State

Default Analysis Parameters Set for Utimate Limit
uLs State

SLS

Load cases

Name Type Anayzed L 1
le1  |Moment curvature B

le1 |Code based interaction =]

ndln rnall indilinna9fn a0 o ilnfin allfns 1 ndndlnnn ndPn o nallnn o0 BN Ll
#uxes | Grid [ Ruler [ Draw crass [ User points | im lines [ Labels | Reinfarcement bar Nr. | Snap to grid | Snap ta paints | Snap to Mid paints || Delete after mirraring/rotating | Grid distance 005 m

Inserting Reinforcement Rectangle: Specify first corner (you can use the help points defined by the given cover distance) y= -0241m,z= -0203m  Units: Default Metric
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To draw the bottom rebars, we click on the green points at the top left and at the bottom

right successively.

g Cross Section Analysis 8 Design - [Ftest\Sample projects\Worked Example 1

File Edit View Project Materials Draw  Analysis Scitings  Help

DaBa= a bR
WalrvkErrkrhle

ing iy | Fm | Rebar rectangle

D B & @ [ Fistcomer
ifomstion |User | ¥ 016 m z 016 m

Project Opposite comer

Untitled y 0.16 m z 016 m
Urits Offset direction

Default Metic | | =) Outside @ Inside

Reinforced Cany Place rebars at comers

S A® R LI |4 o < I Specifiedcover 004 m

®)

EUROCODE 22 ey 0 o ]
Rebar count horizartaly 2 Rebar count vertically 2
Defined Material
[F] Constart size for design Design parameters N Fany Fany VR
1 Grow factorfor comerrebars | puy % R L 1
cie20 | Grow factarfor ctherrebars 1
Defautt Cancret
Defaut Reinfore| Comes rebars reirforcement
5400 | Dther rebars reinforcement 1
Defaut Linear M
Defaut Parabold OK Cancel ‘Q} B
Defautt Tilinear arener e z
Analysis parameters
- 032 .
Name Notes Y
5l |Defaut Analysis Parameters Set for Servicsabilty
Limit State
ULs | Defaut Analysis Parsmeters Setfor Utimets Limit
Stete - T Q} 4
Load cases
Name Type Andyzed
lc1 | Moment curvature a C\, ’T‘ ’T\ £ Ly
lc1  |Code based interaction (=] T N 032 " =
]
1 Il ! 1 ! 1 1 1 1 ! 1 1
Axes | Grid | Ruler | Draw crass | User points | Dim lines [ Labels | Reinforcement bar Nr. | Snap to grid | Snep to points | Snap to Mid paints || Delete after mirroring/rotating | Grid distance  0.05 m

Inserting Reinforcement Rectangle: Specify reinforcement parameters

y=028m, z= 0.23m

Units: Default Metric
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Next, as shown on the form below, we choose to use 820 and @16 rebar sizes for the corner

and remaining rebars respectively. The rebar count (apart from the rebars at the corners)
horizontally and vertically is set to 2.

-

Rebar rectangle . -
First comer
y 016 m z 016 m 7 _ _
* o o
Opposite comer ; :
 J »
y 0.16 m z 016 m ' '
. offset
® *
Offset direction
(7) Qutside @ Inside | e S
u}
Place rebars at comers Offsst D o
Rebar court horizontaly 2 Rebar count werticalhy 2
[] Constant size for design Design parameters
Grow factor for comer rebars 1
Grow factor for other rebars 1
IComer rebars reinforcement
IDther rebars reinforcement
-Material S400 v] Split to single rebars
| ok | | cancel |

Moreover, the S400 reinforcement material is selected.
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After clicking the “OK” button, the rebars are shown in the drawing area.

@ Cross St s O™ N || 5 o

File Edit View Project Materisls Draw  Analysis  Settings Help
D@Rr N ahd
(S SNl N
iy i | b ¥ ¥ Y| e % i e i o | £
DR R@=E
[‘informton | User gnd pars | DODHEGEOAOR LN I |+ 40

Project o | | e for e o ooy T [t [y [ [y e T
Untitled > N i i = = 2 15 L 5 05 1 15 2 L 3 35 4 45

Urits
Default Metric

T
I
L‘ {7 E‘:) “. n.

Reirforced Concrete Code
EUROCODE 2 2004

PP ¥

Defined Materials

¥ A

Name Type
Cl6/20 Conerete e aw| P
Defaut Conerete Concrete
Default e o=
5400 Reinforcement
Defaut Biinear Material Bilnear
Defaut Linzar Material Linear

Defaut Parabolic Material Parabolic
Defaut Trilnzar Materisl Triinear

Analysis pameters
Name MNotes

Default Analysis Parameters Set for Uttimate Limit
ULS | state 25
Default Analysis Parameters Set for Serviceabity
Limit State

5LS

Load cases
Name Type Analyzed = |

088 5 445 o s 03 5 a2 g 1 oaps 0 05 1 is 2 2 3 35 4 45 5 55
PP P I PP | AP TP PP TP PP P Y PP P PP I P PR Y PN P I I e

Axes | Grid [ Ruler | Draw cross | User points | Dim lines [ Labels | Reinfarcement rebar Nr. | Snap to grid | Snap to points | Snap to Mid points || Delete after minroring/rotating | Grid distance  0.05 m

Network 3
y=-0389m, z= 0.28m | Intemnet access ftric «
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Behavior assessment of the cross section

First we are going to assess the behavior of the cross section by calculating a Moment vs.
Curvature diagram for different axial force levels.

Review of Analysis Parameters
We need to specify the corresponding Analysis Parameters set by clicking Analysis ->
Analysis Parameters. We will use the default “ULS” set.

* Analysis parameters @léj
[ULS v] [{'ﬂ Add new Analysis Parameters set | | /4
Name |LLS Motes |Default Analysis Parameters Set for Ultimate Limit State -
Reinforced concrete data | Other Materials data |
| Apply R/C code defautts
Concrete Da_ta Amplification factors due to confinement
Stress STIEII.I'l Curve
iiompressmn Part ] Concrete strength factor 1
Parabolic-Linear -
scu | 00035 ec? factor 1
al:
ec2 -0.002 ecu factor 1
I I S— Code specific values (EURDCODE 2 2004)
c""fc © 0.85 Design situation
A 085 () Accidental @ Persistent/Transiert
£, gama c 15
gama s 1.15
Tension Part
acc 1
[No Tension V]
act 1
Reinforcement Data .
Stress - Strain Curve lgnore compression part Stress - Strain Limits
%s [7] Tensile stress limit: 0 MPa
" f .
E 200 GFa hefy [ Tensile strain limit: 0
esu  0.02 fy
Compressive stress limit: |0 MPa
H 115
: Es — Compressive Strain limit: |0
Esu Es
| ok | | cancel |
e -

The option “Default rectangular by code for ULS” for the compressive parts of concrete
stress/strain curve cannot be used, since we are about to perform a Moment Curvature
analysis. “Default rectangular by code for ULS” option is only valid for designing or checking
the capacity of a cross section.

So we choose the option “Parabolic-Linear”. The strain data have already been set by the
program to their default values according to Eurocode 2.

All parameters related to Eurocode 2 can be found in this form, including partial safety
factors etc.
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The reinforcement bars are chosen to have a bilinear behavior. A hardening of 1.15 is
assumed.

Additionally, we check the “Ignore compression part” in order to ignore the contribution of
the reinforcement to the sectional resistance, i.e. steel reinforcement will only be active if it
is under tension. This assumption is common, especially when retrofitting damaged concrete
elements, as the sparse stirrups will not provide a lateral support to vertical reinforcement
bars. Consequently their compressive resistance cannot be used due to buckling.

We click OK to close this form.

Definition of load cases

The load cases for Moment vs. Curvature analysis can be selected by clicking on the Analysis
-> Moment Curvature -> Load cases menu item. By clicking the < button we can add a new
load case. The Moment curvature type is set to “Moment about y”, the Custom Angle
(coordinate system rotation) remains 0 and the Analysis Parameters item is changed to
“ULS” in order to use the parameters defined previously.

ﬂ Load cases for Moment Curvature @Iﬂ—hj

Load cases
Mame Maoment curvature type ﬁfgl]':t'[:'drgg] P:gamh;i:m Options
N e 1 Moment about ¥ |v| 0 [ULS v][ Options... ]

[+ X ERjEia

ok | | Cancel
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In order to use specific axial forces for the analysis, we click on “Options” button and as
shown on the form below, we select the option “Alternate Axial Force”.

-

# Options for Mement Curvature @I&J

Puidal force
Load case name o 1

Axial force N
Imteraction Type Curvature y vs. Moment y

_
Variations

(71 No alteration

@ Atemate fdal Force

(71 Atemate Reinforcement Ratio

Bilinearzation of Moment-Curvature curve

Second branch slope 0

.

L

Next we enter the axial force values successively in the corresponding field at the top right

corner of the form and click the “Add” button, so that all axial forces have been filled, as
shown below.

# Options for Moment Curvature &Iﬂj

Puial force
Load case name  Ic 1
Fodal force i kN
Imteraction Type Curvature y vs. Moment v
| Add | | Modfy | | Remove |
Wariations
~! Mo alteration 500
@ Atemate fdal Force -1000

(71 Atemate Reinforcement Ratio

Bilinearzation of Moment-Curvature curve

Second branch slope 0

ok | | Cancel

e

We can also define the slope of the second branch of the equivalent bilinearized curve here,

but we keep this value equal to 0. This means that the calculated bilinearized curve will be
elastic-fully plastic. We click OK to close the form.
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Carry out the analysis
We just click Analysis -> Moment Curvature -> Analyze, to perform the reinforcement design
procedure.

Results
The calculated Moment — Curvature curves for the specified axial force levels can be found
by clicking Analysis -> Moment Curvature -> Show results.

, — - ~
w4 Moment curvature results [ [
Load cass [ic 1 7| Selected cuve data
Aaalforce kM) [0 - Show strain/stress
Cumert poirt e
G S0ED W o0 o oo [N
7] Show equivalent O . e
biinearized curve Fo
+ Moment - Curvature Curve (Ic 1) @)
a [T N=500 K _—— N=—T000 kN |
a 150 -
i B
| &
100 4
i
02 4
£
i z
= ]
H
H
2
B0 b
||
400 -
.
150 ;
-0.03 -0.02
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Behavior assessment after the application of steel jacket

Definition of a steel material

The steel grade of the jacket is assumed to be Fe 430. This steel grade can be imported from
the library by clicking on the Materials -> Import from Library menu item. From the top list
we select “Hot Rolled Steel — European (no hardening)” in order view the materials
belonging to this collection.

r N
= Materials library r — &lg

Materal type

| Hot Rolled Steel - European {na hardeding). - |
Hot Rolled Steel - Australian (with hardening) |

Hot Rolled Steel - Australian {no hardening)
Hot Rolled Steel - British (with hardening)
Hot Rolled Steel - British (no hardening)
Hot Rolled Steel - Canadian (with hardening)
Hot Rolled Steel - Canadian no hardening)
Hot Rolled Steel - European {with hardening
3 Hot Rolled Steel - European {no hardeding)

Hot Rolled Steel - Indian (with hardening)
| Hot Rolled Steel - Indian (no hardening)
| |Hot Rolled Steel - US fwith hardening)

Hot Rolled Steel - US {no hardening)
- Cold Formed Steel

Cold Formed Steel - IS

Aluminum

Timber - EM 338 Solid wood

Timber - EN 1154 Glulam

Timber - South African pine

it rolled steel
rolled steel
rolled stes!
Hot rolled steel
Hot rolled steel

Insert whole material set | [ inset selectedonly | |  Cancel

Then, we can select the corresponding row (Fe 430) and click on “Insert selected only”
button to use this material in our project.
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Drawing the steel jacket

The simplest way to draw the steel jacket geometry is to use the Draw -> Polygon from line

offset.

Polyzon from line offset

Line pointz

¥ [m] 2 [m]

x

hethod

Ofd4
OAfA
©Ad4

M aterial | Fe 430

]

Thicknesz | 0.005 ]

[] Hole

ok |

[ Cancel ]

In the form that appears, we select the third option in the box “Method”. This will enable
the drawing of the steel jacketing by just providing a path of points which are the 4 corners
of the cross section. The specified thickness is set to 5 mm (0.005m) and current material is

Fe 430.

| Cross Soction Analysis & Design - [G:\Most\Samplo projocts\Worked Examplo 15 steel jacket.cead*] E=E
Fie Edt  View Project Materiss Draw  Anslyss  Settings  Help
EN=N = NN NN NNENEN|
R ==
g ing | o e e 1 | S | i odin i din ) (T L0020 ) i Gl il
=N =R =N NCROX NN W S SR SR =
“inl . J
: T T T T T T T T T T 1
0z -4 1
Methed
0z » @ 3
o 0z OAAA |4 -~ 1<
Default Mavic |5 0o @ N
Reinforced Col OAfA a =)
EUROCODE 2 o B
= Yy d
oAfd . a
! Materinl | Fe 430 [v] . ’ ‘ 2
C16/20 ]
Defact | Thickness |0.005 m [ Hele.
et o
s400 Heirlorcement . N
Delault Bilinear Material Bilinear
Drefanilt Linsar Mateial Linear il
Detaul Patabolc Mleia Paraboli L @ 1
Diefault T ilinear Material Tiilinear 2
Analysis parsmeters L ]
Name Nater ¥
Lo | Default Analysis Porameters St for S erviceabiity
SES | Limit State s
Datault Analysis Parameters Set for Ulimate Linit - 1
us |G @
. 4

Tope Analyzad r ’ ’
[}

Inserting Polygon From line offset; Specky next point

151 | Moment curvature
Ie1 | Code based interaction ]
e
| close polvaon
Remave last point
| i i Abort input
#es | Grid | Ruler | Draw cross | user points | Dim lines [ Labels | Reinfercement rebar N, | Snap to grid | snap to peints | Clore

I

lroringfrotating | Grid distance  0.05 m

¥= -0.15m , 2= -0,25m

After successively clicking on the 4 corners of the cross section, we right-click at any point

and choose “Close polygon” from the menu as shown above.
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H Cross Section Analysis & Design - [G:\estSample projects\Worked Example 15-steel jacket.csad™] [RE]
File  Edt View Project  Materisls  Draw  Analysis  Settings  Help

BN=Y - NLANe NN RN E |
S BNl =

fing it ) ke n ) S 0 G Se | 4a RGO s A e

=5
EAE S I

et B sl
Information | User grid paints DODACGOLAGRLN|IT |+ &0 J
Praizct L e B ot B L B
Uniiled
» ®
Units ; = B
Default Metiic i L
k' .
Reinforced Concrete Cade Q L
EUROCODE 2 2004 . Ny ]
a -
Defined Materials & 1 5 7 2 A
Name Type iad " . . . Al
Cl6/20 Concrete 1
Diefault Concrete Concrete —-
Diefauih Reinforcement Reinforcement =
5400 Reinforcement | = r ]
Dietault Biinear M aterial Biliear
Dot Linear Material Lineat i g
Desfault Parabiolic Material Parabolic: C . '.' b
Defait Trlinear Material Tilinear g
" hd
Analysis parameters L. i
Name HNotes ¥
oLs | DefaultAnalsis Parameters Set for Servicesbilty
Limit State. 4 i1
Diefault Analysis Parameters Set for Ultimate Linit = i
RN e @ @
Load cases — . 2k - . 4
Name Type Aralyzed ’ . ' .
lc1 | Mament curvature O g 4
le1 | Code based interaction O
L 1 1 1 1 Il 1 Il 1 1 1 1

[xes [ arid [Ruler [oraws cross [user points | oim ines [ Labels | Reinforcement rebr . | snap to grid [ Snap to points [ snap to Mid points || Delete after mioringjrotating | Grid dtance  0.05 m

y
y=-0.315m, z=-0.143m  Units: DeFault Metric =

The retrofitted column section has been now defined. We can continue by reviewing the
used Analysis Parameters set “ULS”.

Informing the program that the concrete is confined
This can be easily carried out by clicking the Materials -> Concrete menu item and checking
the “Confined” option for C16/20 concrete grade, as shown below.

* Concrete W

Auvailable concrete materials Concrete
C16/20 Mame |C16/20 Color
Default Concrete

MHotes

Concrete strength (16 bFa

Confined

[] User defined elasticity modulus

All available materials [;';'; idd new ] [;';'; From library... ] [ < Delete ]
C16/20

Default Bilinear b aterial
Default Concrete

Drefault Linear M aterial
Default Parabolic katerial
Default Reinforcement
Default Trillinear kMatenal
Fe 430

5400

k. ] [ Cancel
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In this way, the program will handle the C16/20 concrete as defined, i.e. the confinement
factors specified in Analysis Parameters will be applied to this material.

Review of Analysis Parameters
The Analysis Parameters set “ULS” will be modified in order to simulate the effect of steel
jacketing on the behavior of the section.

Since the existing concrete is assumed confined, we can define the related amplification
factors for its strength, the strain that corresponds to its strength and its ultimate strain.
These values can be calculated according to any regulation or theoretical method and can be
applied in the program.

Stress, f
N
- / — Confined conecrete
Joa [0
LT =
05, \ |
;\i___ Umcu:ﬁuf:d concrete
o Ex ity
£ Eote

Strain, £,
Example of confined and unconfined concrete stress/strain curves

In this example we will assume that the confined concrete stress is 21 MPa, with a
corresponding strain of -3%o and its ultimate strain is -7%o.

Consequently, the amplification factors can be calculated as follows:

e Concrete strength factor: 21 MPa /16 MPa = 1.31
e ec2 factor: 3%o / 2% = 1.5
e ecu factor: 7%o0 / 3.5%0 = 2
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-,

- Analysis parameters @

| LS M [+ Add new Analyziz Parameters zet ] £5 Delete cumrent set

M ame Motes

Reinforced concrete data | Other Materials data

[ Apply B/C code defaults

Concrete Data

Stress Shrain Curve
Compresszion Part

Armplification factors due to confinement

Concrete strenagth Factor 1.3
|Parabolic-Linear M ecu |-0.0035
- ec? factor 15
al:
ec? [-0.002 ecu factar 2

]\fc Code specific walues (EUROCODE 2 2004)

3 n.as L
D eign situation
cAf, .
g 085 () Accidental () Persistent/Tranzsient
Ee gama c 1.5
. gama 115
Tengion Part
acc 1
| Mo Tension M
act 1
Reinforcement Data :
Stress - Strain Curve |gnDre COMpression part Stress - Strain Limits
ili o . .
- = [ Tensile stress limit: MPa

E|200 GPa hr ¥ [ Tensile strain limit;

esy [0.02 fy

Compressive stress limit: MPa
hi [1.15

Compressive Strain limit:

Esu Es

[ Ok ] [ Cancel ]

All remaining data regarding concrete and reinforcement do not need to be modified.
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Furthermore, in tab “Other Materials data”, we can define a partial safety factor for the
steel jacketing, which is taken as 1.15.

-,

- Analysis parameters @

| LS M [+ Add new Analyziz Parameters zet ] £5 Delete cumrent set

M ame Motes

| Reintorced conerete data | Other Materials data

Default Bilinear Material Material data
Default Linear Material
Default Parabolic Matenal
Ciefault Trillinear b aterial
Fe 430

Safety factor
Fartial zafety factar |1.15

Uze whole stress-strain curve as defined

Advanced parameters

Stop when reaching masimum or minimurn matenal stress

Stop when reaching a tenzile strezs value of: tPa

Stop when reaching a compressivet stress value of: tAF'a

Stop when reaching a tenzile strain of;

Stop when reaching a compressive strain of:

Stop when reaching a tensile strain walue of:

on a fiber at distance:; m , fromn the fiber with the masimum tenzile stain

Stop when reaching a compressive strain value of:

on a fiber at distance; m . from the: fiber waith the masimum compressive stain

] ] [ Cancel

We click OK to close this form.

Carry out the analysis of the retrofitted section
We just click Analysis -> Moment Curvature -> Analyze, to perform the reinforcement design
procedure.
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Results
The calculated Moment — Curvature curves for the specified axial force levels can be found
by clicking Analysis -> Moment Curvature -> Show results.

* Moment curvature results
Load case [o1 ] [ Gelested curva data
Eurent pairt Avialforce [kN] |0 v Show strain/stress
distbution for current point
Curvature 0024805 M 33228 KHm Color

[ Show exivalent
bilneariz=d curve

Moment- Curvature Curve (ic 1) @—ﬂl

[ N=0 kM MN=-500 kN —— M=-1000 kN
400 T T T T T

S i B 4

200

D00 et e T ST URTRUUY IPRT TR O UPU R P - - .. 0 0 o eoaaa

Moment [kNm]
o

00 1+ 3 B : yi

300 A e et

=300 4

-400 + t t
-0.04 -0.03 -002 -001 o
Curvature

As expected, after the application of the steel jacket, the cross section behavior in terms of
stiffness, resistance and ductility has dramatically been improved.

By clicking the “Export current graph data”, we can export the points of selected diagram to
a text file and use them in other applications, such as Excel. In the following graph, the
Moment vs. Curvature curves before and after the retrofit are shown for the same axial
force load (-500 kN).

Moment curvature diagrams

300 -

200 A
€ 100 A
zZ
=3
‘é T T T O T T 1
£ -0.03 -0.02 -0.01 0.01 0.02 0.03
o
= -1@0 -+

-200 A

-300 -

Curvature (1/R)
— N=-500 kN confined — N=-500 kN unconfined

|Engissnll http://www.engissol.com/cross-section-analysis-design.html 148




