FLOWCHART STRUCTURAL DESIGN (translation from scheme developed by Lisette Klompenhouwer, BSc (2015)

REQUIREMENTS

Problem
Analysis

o collect and establish
design requirements and
boundary conditions

® establish Programme of
Structural Requirements

=> output:

site data, overall
dimensions of structure,
reliability index,
consequence class, partial
safety factors,
combinations factors,
design service life,
expected loads and load

types, applicable codes and

CONCEPT DEVELOPMENT AND FIRST ESTIMATION OF DIMENSIONS

Schema-
tisation of
structural

system

o for each design
alternative/variant:

e structural system (arch,
cable, truss, beam, shell,
wall, ...)

o stability assurance (type
of stability elements, their
location in the structure)

=> output:
structural mechanics

Selection
of
Material

o for each element in the
structure:

e material choice (timber,
steel, concrete, FRP,
masonry, ...)

o strength grade

e material characteristics

(E' fcharl Pr Y )

=> output:
for each structural

scheme including spans and element:
lengths of the full structure, material + material
including supports, support properties

types and connections

adapted from Klompenhouwer (2015)

Estimation of
structural
dimensions,
global sizing

o divide structure into
elements: beam, column,
wall, floor, ...

per element:

® mechanics scheme

o type of profile

o first estimate of
dimensions (use Quick
Reference, Formula sheets,
reference projects,
experience, examples,
textbooks)

=> output:

h, b, t,, t;, &, cross-
sectional properties (A, |,
W)

LOAD CALCULATION AND STRUCTURAL RESPONSE

Load
determination
kN/m?, kN/m?,

kN

o for the full structural
system:

o determine relevant loads
(permanent loads, own
weight, imposed loads,
snow, wind, thermal,
accidental, traffic, seismic,
fire, machines, execution,

)

=> output:
Gk/ Pr A; le a, p, F;

Load

determination
per structural
element 3D—>2D

e per (group of) governing
(stability) elements,
following the flow of forces
to the foundation:

e determine load on
(stabilising) element,
vertically, horizontally,
permanent, variable

¢ load table per element:
collect per structural
element all relevant loads
in a self-explanatory table
(including units)

=> output:

overall weight calculation,
load calculation per
element

Define load
combinations,
support reactions,
M, V, N, w-lines

e per (group of) governing
(stability elements:

e establish governing load
combinations for ULS and
SLS, using the correct
partial safety factors yg, Yq,
and combination factors
Vo,1,2

o determine support
reactions, normal forces,
shear forces and bending/
torsional moments

=> output:

support reactions and peak
cross-sectional
forces/moments per
element

STRENGTH, STABILITY AND STIFFNESS VERIFICATION

DOCUMENTATION

8

Check ULS
(Strength,
Stability)

9

Check SLS
(Stiffness)

10

Structural Design

Ready

o for the full structural
system:

o check ULS-capacity of
individual elements and
connections

o verify global stability and
steadfastness

o verify if foundation can
bear the total load

e check potential tilting/
tension in foundation

=> output:

local and global strength
and stability is verified,
indication of structural
efficiency using "unity-
checks" (u.c. = E4/Ry)

o for the full structural
system:

o verify vertical and
horizontal deformations
under SLS-load
combinations

o verify skewness with
allowable values

=> output:
local and global stiffness is
verified

e create a clear schematic
overview of the structure,
with for each element:

e chosen profiles,
materials, strength grades,
dimensions, type of
connections

¢ rationalise/simplify the
design by creating groups
of elements with identical
properties

= output:

drawings plus written
design document and
calculations containing all
information discussed in
this flow chart, both
graphically (drawings,
sketches) and in numbers
with units




