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 Civil Engineering

Differences to Mechanical / Automotive/ Aerospace Engineering

e Large structures

o Largedeviation of properties ( 95% fractiles)

e natural materials used ( timber, stone, cement, ....)

e Loadsand their combinations are uncertain

« Time history isnot known and uncertain

» createdin ,the open” - difficult to control

e no design rules based on von Mises stresses e.g. for concrete

and above all NO PROTOTYPES!!I
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Bild 4.2-10. Balken mit abgesetztem/hochgezogenem _ - ' )
Auflager. Bild 4.2-11. Auflagerbereich eines Trdgers

e There might exist more than one possible structural solution

 |Important isto idealizein a,complete’ fashion and to accomplish
the chosen model in the realized structure
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Bild 4.6-11. Wandartiger Triger mit groBer Offnung
(Zahlenbeispiel).
(a) Abmessungen [m] und Lasten;
b) linear-elastisch berechnete Spannungen;
(c) Lastpfad, rechte Seite;
(d) volistindiges Modell, rechte Seite;
(¢) Randkrifte, linke Seite;
Modell 1, linke Seite;
(g) Modell 2, linke Seite;
(h) vollstdndiges Stabwerkmodell;
(i) einige maBgebende Knoten;
(k) Bewehrung

e Evenintimes of using highly
sophisticated FE programs the
engineer should be aware of the
overall structural behaviour and
the appropriate execution
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Emspnngende

Veek * Therearevarious
C

places in a structure
where singularities
occur

e Any of these needs a
particular treatment
that isonly partially
accomplished by
standard FE analysis
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e Singularities/ Discontinuities

wirkliches Tragwerk mechanisches Modell Rechenmodell Bemessungsmodell

i~ W/K

flachenférmig
Kirchhoff oder elastisch Reihenlosung, FDM,
Reissner, oder starr FEM oder BEM
linear-elastisch
oder nichtlinear

« Using midsurface idealizations is adequate to represent the overall
structural behaviour ( global action e.g. equilibrium )

» For the precise description of local actions the real measures and
many other influences should be considered

» Theuser of FE programs should be aware that the program only
approximates the deformations of a discrete mathematical and
mechanical model. This solution comprises the homogenious
differential equation and multiple particular integrals'!



e Singularities/ Discontinuities
a) 3D b) starr c) Einspannung d) federnd e) Kopf starr f) Kopfelastisch @) Punkilagerung
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e Again there exist more than one way to idealize the , real world*
structures

* Depending on the effort you spend in terms of FE and man
power you can get closer and closer to the correct solution

 Betweentype a) and g) aregreat differences not only in the
exactness but also to the usefulness of the model

T

Y ou can not practically use a) but perfectly the system g) !!



e Singularities/ Discontinuities

1257 gpw
'l Ix / lx
/1 ]

Verteilung der Feldmomente

Ms M M,
=3 145 S
A lx } Lx a5 lx

verteilung der Stiitzmomente

Bereich der Stitzmomente
Bereich der feldmomente

{

Jjearly Jjeorlx
961, —1-
*———Lx————ﬂ
Lol b
ol del s
e
el el 3N
sl o8 | s £
bojgl & 5|2l 1 ¢ R
1 2bE g 1 &S ES
BEER |GI | R
| I&" | %5
il 1y g8
-’L!—Eb—"“""—“L—d}_[‘—‘_' +
b7 I
| I !
P I

Bild 3.3: Verteilung der Schnittgroen nach dem
Niherungsverfahren von DIN 1045

There is nothing wrong with the way
analysis and design were done for
decades

FE programs do not change reality -
you might only get a better hint at
what is,, going on“ in a structure

The experienced engineers ,, think*
In deformations or actions.

If acrack happens in a concrete slab
aredistribution will take place.
Therebarswill eventually plastify
and the adjacent rebars will get a
greater ,,part” of the overall force.
Most important is that the
redistribution can happen !



e Singularities/ Discontinuities

e  Useful simplifications were made
[ I B In the past to offer practical

Zﬂl‘mﬁm il : :

| i i1 design schemes to the engineer
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e Singularities/ Discontinuities

Type inside: HDB-N-10/145-2/200  Type outside: HDB-N-10/145-3/300
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Is = 45

|
Proof of Shear Head HDB for rectangular columns - internal

Slab thickness do = 20cm

Effektive height hm = 16,5 cm

Column width b = 30cm

Column thickness d = 30 cm /
Piercing load Qr = 326,5 kN

Proportionate dynamic load Qdyn= O kN

Load increase towards shear tens. = _0.0-%6
Reinforcement rate p = 0,81(%) ) =13,4cm?2/m

Concrete quality =

Concrete cover co = 2,0cm

Concrete cover cu = 3,0cm

Inner perimeter ui

No openings

Ky =0,70x1,4x\Vp=0,88 ui =172 cm

zul. T, ;i = 0,159 kN/cm? vorh. Ty = 0,115 kN/cm?

Outer perimeter ua

K4 =1,3x1,4x\V =164

orf=gg B-cm) vorh.ua =429cm
vorh.d,, =137 cm

e =30 CM vorh. Is =45cm

15
zul. Tp 5 = 0,053 kN/cm? vorh. T, = 0,046 kN/cm?

Arrangement of combinations:

Number of anchors required per column:

Anchor diameter : 10mm 12mm 14 mm 16 mm 20mm
Sectionc: 15 11 8 6
Sectiond : 11 8 6 5 3

25 mm
3

2

Type inside: HDB-N-10/145-2/200

Type chosen:
Type outside: HDB-N-10/145-3/300

e The shear stud design
shown used the averaged
reinforcement (mu=0.81%)
according to the current
design rules

e Thisinput coming from the
FE analysis resulted in the
selection of 16 shear studs

e The overall amount of
rebars in the perimeter sums
upto 1,19 x 13,4 = 15,9 cm?



e Singularities/ Discontinuities

Type inside: HDB-N-10/145-3/300  Type outside: --
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Proof of Shear Head HDB for rectangular columns - internal

Arrangement of combinations:

Slab thickness do = 20cm
Effektive height hm = 16,6 cm
Column width b = 30cm
Column thickness d = 30cm
Piercing load Qr = 326,5 kN

Proportionate dynamic load Qdyn = O kN

Load increase towards shear tens. = _8:6=%
Reinforcement rate p = 0,96 (%)) = 15,8 cm?/m

Concrete quality =

Concrete cover co = 2,0cm

Concrete cover cu = 3,0cm

Inner perimeter ui

No openings

Ky =0,70x1,4x\V =096 ui =172 cm

zul. T, ;i =0,173 kN/cm? vorh. Tryi = 0,115 kN/cm?

Outer perimeter ua

K4 =13x14xVp=178

el =309 vorh.ua =303cm
vorh.dy,, =97cm

e =S8"CIT vorh. Is =25cm

2ul. T, 4o = 0,064 kN/cm? vorh. T, 5 = 0,065 kN/cm?

Number of anchors required per column:

Anchor diameter : 10mm 12mm 14mm 16 mm 20 mm
Section c : 15 11 8 6
Section d : 8 6 4 3 2

25 mm
3

2

Type inside: HDB-N-10/145-3/300

Type chosen:
Type outside: --

This shear stud design uses a
dightly higher averaged
reinforcement (mu=0.96%)
IN @ more compact area of
d,.=0,98 m

Thisuser input resulted in
the selection of only 8 shear
studs which are far easier to
handle

The overall amount of rebars
In this new perimeter sums
up to 0,98 x 15,8 = 15,5 cm?



e Discontinuities

-
-
SN
-

i T
I N N H‘HH
[ ] —+-

|

I I I I I

e
e
e
N

-

EuannnEnnn)

e Using finer meshes in the vicinity of discontinuities will not

necessarily result in more information for the design engineer
 The,global‘ behaviour will be described even with the coarse mesh
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e Obvioudly the amount of data increases - not only for the better.

But what happens really at the inner corner ?



e Discontinuities
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e Discontinuities

¢, = 2,8 * 10%kN/m?

Bild 3: Einspringende Ecke B2 - Auflagerreaktionen

e Changein e.g. boundary conditions using the same discretization
can result in mgor differences for the output values.

e Theuse of smple u,=0 constraints results in a fixation about the
momentums because the deflected midsurface is forced to run
through all fixed nodes. But integrating the actions will result in
fairly small differences  (440kN - 514 kN - 458 kN using 5 nodes)



VOR ENTSTEREN
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e Redistribution

n - fache
BETONSPANRUNG

o Theredistribution of forces and actions is one of the most important
principlesin civil engineering design.

* |n concrete design the aspects of discontinuous Ccross sections,
tension stiffening and even the change from a predominantly
bending system to arch or membrane systems is of great importance.

* |Instedl design the capibility of plastification in certain regions with
no loss of resistance and activating adjacent sections up to alimit
state can provide substantial gain in performance.

If aconclusive model and analysis is chosen the main remaining
aspect isthe serviceability !!

STAHLSPANNUNG



e Conclusions

There are enumerous particularities in the analysis and design in
the field of civil engineering structures.

The use of FE analysis programs takes away much of the tedious
work but still leaves many tasks to the design engineer.

It is not - and hopefully will never be - possible to automatically
design complete buildings. The individual structure always asks
for an attentive engineer who is able to convert the ideas of
architects to a mathematical-mechanical model and after analysis
to a,real world* structure which is then build with the least
possible efforts.



The ,save side”

_Or_

What means Quality Assurance In
FE-Analyses in Civil Engineering

In the attempt to support NAFEMS' efforts in
,Creating Awareness - Delivering Education & Training - Stimulating Standards*
free Web-Space is offered for the discussion on ,How to ...“ and ,How not to ...*
not only for Civil Engineering but for all aspects of the use of FE Analyses at

WWW.xperteez.de

Any contribution - preferrably in PDF or PS format - shall be submitted to :

marc.quint@xperteez.de

Dipl.-Ing. Marc Quint VDI
Ingenieurburo fir Tragwerksplanung / STRUCTURAL DESIGN
Kaiserstral3e 85 in 72764 Reutlingen



