1st task:
Frame structure
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Design of reinforcement

e Design the reinforcement of the middle
column in the 1st floor

e Geometric imperfections of column
¢ Slenderness of the column
e Reinforcement of the column



Geometric imperfections

e We calculated moments on ideal model of
frame structure, but real structures are not

perfect
| Geometric imperfection
A
€
7
!
Model Real structure

o Geometric imperfections cause additional
bending moments



Geometric imperfections
o Geometric imperfection

]
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ei_eo.ah.am._
Basic value of Reduction Reduction factor Effective length
imperfection, factor for for number of of the column,
1/200 height members in our case
o) 1 L =0,8hA
o, =—F— a =105 1+—
Jh m
2
—<a,<1,0
3 Clear length of Number of
the column columns in one

frame, m =3

e Additional moment due to geom. imperfection

M _ Normal force in
imp — ‘VEd&i given cross-section



Geometric imperfections

e Calculate bending moments with the influence
of geometric imperfections Mg, ; in the head
and foot of the column for both combinations

e Use table to calculate the values

M [kNm] |Head of the column |Foot of the column

[Mirngl 8,0 8,3

Mg, -17.0 15.0
COMB1

Mes, 25,0 23,2

Mgy -12.0 23,0
COMBZ

Meq ) -20.0 31,3

e We will use these values to ¢
bearing capacity (in the interaction diagram)

neck the load-



Slenderness of the column
e Slenderness of the column

Cross-sectional Dimensions of the cross-
area of the column section of the column
[ | 1<
l — —0 l: — [ — _bcolh(?ol
j AC 12

Radius of gyration  Moment of inertia

e Limiting slenderness

Effect of creep, Effect of reinforcement Effect of bending

A=0.7 ratio, B = 1.1 moments

_ 204ABC <75

ﬂ’lim [ You can "t consider A,
n to be more than 75

Relative normal Nig
force
Acfcl:d



Slenderness of the column

o Effect of bending moments

C=17-r,
M

P
A462

My; and M, are
bending moments in
the head and foot of

the column,
Mozl > [Mg;|

Compare absolute values,
but assign values WITH
the sign into the equation
for C

Example of calculation of C factor

105 kNm

105 kNm
rm = 10

a) C=17-1=07

105 kNm

/

rm=0

b) C=17-0=17

105 kNm
=105 kNm
'm = ‘10

) C=17+10=27

e Calculate 2;,, for all combinations and use the
worst case (lowest A;,)




Slenderness of the column

e BUT: If the bending moments are caused
predominantly by the imperfections, we should
always take C = 0.7

e This is the case of our COMB1 (there are NO
moments from internal forces, just the moments
caused by imperfections) => Take C = 0.7

o If X <, the column is robust
o If X > A, the column is slender



Design of reinforcement

o st method: Estimation with the presumption of
uniformly distributed compression over the
whole cross-section

Stress in reinforcement
A, = Ng —0,84. /4 o, =400 MPaif f,, >400 MPa
O o, = f,q4 if f,4 <400 MPa

S

e If the equation gives A, ., ; < 0, minimum
reinforcement 4@ 12 mm should be designed



Design of reinforcement

e 2nd method: Chart for design of symmetrical
reinforcement

M N
_ Sd,l V= Ed chart S
/Iu bcolhcol cd / bcolhcol cd /
Relative bending moment Relative normal force Relative exploitation
of concrete part of
the cross-section
w A
N A , — cjpcd
s,req, f
yd
e Try both combinations and use higher value of

A

s,req



Design of reinforcement
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Design of reinforcement
e Final design:

A :maX(A

s,req s,req,1?

A —>A =24

s,req,2 ) S,prov s,req

For example  Design: 4x @16 (A, ..., = 804 mm?)

e Check detailing rules

A >4 Vg

S,prov S, min

= maX(O.l ; O.OO2ACJ

yd

A <A =0,044

S,prov s, max



Check of column — interaction diagram
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Check of column — interaction diagram

Calculate main points of interaction diagram
Connect them by lines (simplification)
Calculate minimum bending moment M,
Restrict axial resistance

If your column is slender, increase bending
moments by approximately 30 %
(simplification)

If COMB1 and COMB?2 lay inside the curve,
column is checked

If not, we will adjust the design (DO NOT
recalculate the ID)

See the example on my website



ID — point 0

e Maximum normal force resistance (pure
compression)
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See design of reinforcement

cd + Aslo-s + As2as

O

FOR ALL POINTS
OF ID:

e To calculate
normal force
capacity — sum the
internal forces

¢ To calculate
bending moment
capacity — sum the
moments of these
forces

e In our case, for all points A,; = A, and z; = Z,
because we have symmetrical reinforcement



ID — point 1

e Whole cross-section is compressed (strain in
tensile reinforcement is 0)
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NRd,l = Fz: + F;2 = O'Sbcoldjfcd + As2 yd
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MRd,l = F;Zc + F;2282 = O'Sbcoldf‘cd (2 o O4dj + As2 des2

Factor expressing the
difference between real and
idealized stress distribution,

see 3rd HW



ID — point 2

e Maximum bending moment resistance (stress in
tensile reinforcement oy, = £4; that means x =

Xbal,l) ‘}:.‘i 'Tl-r Fx—.d
o TF B
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ID — point 2

e How to find o, (stress in compressed
reinfo rcement) ? Distance from surface of

the column to the centroid

cd J d of compressed
Y &, _ __2 reinforcement
| ~ i 1 gsz _— (C;Cd 1 O
2 Xbal,1

| Limit strain of concrete,

e gcq = 0.0035

'—|| (f-al:r ¢ FIA

_ Jvyd _

S

else o, = ¢, E,

Elastic modulus of steel, 210000 MPa



ID — point 3

e Pure bending
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NRd,3 =F +F,—-F =0

h
MRd,3 = F::Zc + F;2Zs2 + F;IZSI = O'Sbco X cd (E - O4Xj + As20-s2zs2 + Asl desl

We have two unknowns: height of compressed part
of concrete cross section (x) and stress in
compressed reinforcement (o)



ID — point 3

e To find the value of 6,, we can derive
quadratic equation:

LA, — 0o (A, g+ Ay B )+ 0E( Ay frs —0.8by, frud, )= 0

S

e By solving this equation, we will receive 2 roots

e Only one of them will ,make sense" — we wiill
use that one to calculate x:

_ A yd As20-s2
0.8b

col



ID — point 4

o Whole cross-section is in tension (strain in
compressed reinforcement is 0)

G F K-
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NRd,4 =F, =4, yd

Mgy =F,yz, = A4 ydZst



ID — point 5

e Pure tension

=
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ID — moment M,
e Always consider minimum eccentricity

e, = max ( ey ;20 mmj
30

e Minimum bending moment

M, = NRd,OeO

e Restriction of ID — pure compression can never
occur, minimum bending moment always has to
be taken into account



