4.5.1 Example 3

Design reinforcement to column from 3D frame with rectangular cross-section

without buckling data and user reinforcement

Input values :

Structure: Frame XYZ
Concrete: C30/37 — foxk = 30MPa , f.q = 20 (for persistant situation)
Reinforcement: BSO0A — fy = 500MPa, fyq = 434,8 (for persistant situation)
Loads: LC1 permanent load in node
e head of column: N = -3000kN, My = -200kNm, Mz(Mx)=-15kNm
e foot of column : My = -130kNm, Mz(Mx)=-15kNm

Note: MzI(Mxl1) the value in brackets presents direction for input moment in GCS
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Buckling data: beta yy = Calculate, beta zz = Calculate

Base settings  Buckling data l

mw | Siway py | 22 Sway 22 Tot. heigth | Tot. heigth [m] | my mz Theta.0 |

1 Fired Mo j Fined Mo Input | 20,00 2,00 .00 200,00

2 |0 Free O Free

|4




Setting of calculation

The basic parameter for design reinforcement can set for member without concrete member

data in Concrete setup or for member with concrete member data directly in this data.

Alt.1 Concrete setup

(member without concrete member data)

Alt.2 Concrete setup

(member with concrete member data)

Item “Design default”

[ezsign defaults

General

Concrete cover I1zer defined concrete cover

[

Colurmns ] Beams] 20 stuctures and slabs]

Default reinfarcement

Caoncrete cover 30 T
Main 20 -] |B500& -l
Stirrup M -] |B500& |

Item “Calculation >Column” (basic setting)

Colummz l Bearns ]

[v Advanced setting

[ Comer design only

[ Determine governing cross-section beforehand

[ Buckling data

| Optimasition method number of bars in c-z for biasial calculation

Item “Creep”

Creep for Concrete - Code Dependent Deflections [CODY

[v Creep according to &nnex B1
Relative humidity

il

[ I

Age at loading

—
jmn}
%)
n

Age at concrete

o
|Data Caoncrete (1) j Y|
Mare D
Member
Beam type colurmn hd
Advanced mode £
Minimal concrete co...
B Design
= Main
M aterial B 5004 vl
Mumber of barz iny [ny] 0
Murmber of barz inz (nz] | O
Diameter [d] [mm)] 20.0 hd
Type of cover uzer defined hd
Concrete cover [c) [mm] | 30
Bl Stirmups
b aterial B A00s, Ll_
Baszic distance (=] [mm] | 300 hd
Diiarneter [de] [mm)] 100 d
[Shear
Forces reduction
Bl Column calculation
IJze buckling data O
Orly comer dezign O
Type of calculation automatic hd
Biaxial bending coeff [%] 10
Fatia y/z automatic hd
B Creep coefficient
IUzer defined creep coeff |0
Creep coefficient [-]
Relative humidity [3] 0
Load time [day] 28,0
Age of concrete [day] 18250
IUzer defined notional siz... |0

There is switched “Advanced setting too” in basic setting, because we want to change the

following default values:

e Take into account eccentricity according to chapter 6.1.4 is OFF (default value

=0N)



Calculation Method
" |ni-axial bending calculation [sum)
" |ni-awial bending calculation [max)

" Bi-axial bending calculation [interaction formula)

- .-’-‘-.utn:nmat_in:: u:!eterminatin:_nn -_Llni-a:-:ial I:ne_nding .
calculation if ratio of bi-axial moments iz lezs than 10 A

Dezign reinfarcement by uzing [biaxial and only cormer design)

% real area of reinforcerment bar
" delta area of reinforcement "2

Bi-axial bending

Safety factor bi-axial bending interaction formula
[P p by s+ Mz b 2] " = 1

{*  Automatic

" Iser input K=

R atio y/z
¥ Altomatic

" Manual

" From uger reinforcerment

Limit stress ratio w/z 4

Uzer estimate of reinf. ratio for design of .
reinforcenmant 2 4

I Take into account eccentricity according to chapter B.1.4

Calculation of cross-section characteristic:

Calculation of concrete characteristic

A.=b-h=0,450,3=0,135 m*

i

i

h 0,45

RN TRRNT)

b 0,3

c,z _E \/E

=0,130m

=0,087 m



Calculation of concrete characteristic in SEN

Cross-section characteristics EN 1992-1-1

Linear cakulation, Extreme : Member
Selection : Al
Load cases ; L1

Cross section characteristics for selected members

Member d Case ¥ t A | i 5 w W
[l min] | ol | [mnd] ¥ il | [mifi] [niE] [mAT]
Zz t b I i 5 W W
] | ol | ol [mifr¥] ] | [mifi] [mfii] [mifF]
B1 ‘ III,IIIIIIIZI|LC1 | 15|:|| |:|| 135IIIEID|22?8124914| 130‘ 0 10125nnn| 10125000
225 0 300 | 1012500143 &7 0 §750000 6750000

Internal forces on column without second order effects and imperfections

Internal forces at length of column

I {} = 3000, G0 Z00C O 15,00
— 000,06 167,00 1200
= 3000, G0 134,00 9,00
= 300000 10900 &0
= 3000, G0 &2.00 .00
= 300000 33,00 QG0 0,00
— 300000 2.0 —ann
= F000, 00 —31,00 —B.00
= J000, Q0 =G4 00 - G0
= 3200, 00 —97.00 —1z,00
I {) L = 000,00 = 150,00 A =15.00 g

Calculation of first order eccentricities

MOEd,z M

_ MOEd,y

e 2 e =
> Yo,z Oe,z
[N | e

Oe,z Oe,y

e e, =
0,y Oe,y
N ] |V g

Note: the equivalent first order eccentricity ele,y(z) are not calculated and
compared with first order eccentricity because buckling data is not take into
account.

e In head of column( section x =3,6m )

15 200

e,, =————=0,005m , e, =———=0,067m
“ " ]-3000] “* |-3000]



e In foot of column( section x =0m )
—-15 —-130

e,, =————=-0,005m, e, =——-=-0043m
“* " ]-3000] “* |-3000]

Check of slenderness

The limit slenderness in not calculated , because buckling data is not take into account
for this example. The values of slenderness are calculated, because the values are needed for
checking condition 5.8.9(3) in diagram of automatic design.

Calculation slenderness

lo,y = Byyl = 1,0-3,6 = 3,6 m (effective length around y axis (perpendicular to y))

loz = Bz1=1,0-3,6 = 3,6 m (effective length around z axis (perpendicular to z))

[
L=t = 30 57
i, 0,130
[
RN TR
i,. 0,087
Note: the value B, and f. are calculated by program automatically because in dialog

Buckling and relative lengths the values beta yy and beta zz = Calculate. The
calculated values of f, and f. are 1,0, because the column are hinged support

on the end of column and the column is non sway.

Calculation slenderness in SEN

Concrete slenderness

Member | CS Hame | Part |Sway | B | i A hl. Checkcalc Check
Yihy | | 0| e | | PP -]
Sway | B | i I .ILT Che<k,.
1
@IOIRCEN IR RN e S [
B [, 1 [Ma sE00 | 1,00]3 600 130 |27 71 42 16 0,86 | 0K
Ma 5600 | 1,005,600 87 |41 57| 48,44 1,00

Internal forces on column with second order effects and imperfections

Internal forces on column with second order effects and imperfections are same as
internal forces from FE analysis, because the check boxes “Buckling data” and “Take into
account eccentricity according to chapter 6.1.4” are OFF. It follows the formulas

MEdy = Mokdy, MEdz= MoEgdz » €Edy = €0y, €Ed,z = €0,z



Note: the value Mgq, and Mgqy are named as recalculated internal forces (M, recar
and M. yecq1) in SEN ( the service Internal forces in concrete tree)
the value eg,, and egqy are named as total value of eccentricity (e, and ey, - )

in SEN ( the service Internal forces in concrete tree)

The recalculated internal forces in SEN

Internal forces EM 1992-1-1

Intemnal forces

Member | d Case H v v H v v

[m] [kh] ‘[kﬁ] ‘[kﬁ] ‘ [kﬂxﬂ nsl:l‘-znl piif |ﬁifﬁ‘: i © %ﬁﬁ I[vllﬁfﬁf
B pooo|Lct | -soo000| 833 (91 67| -13000(-1500]-s0mpoo| &35 91 B67[-13000 | 1500
B 3600|LC1 | -300000| 833 |91 67| 20000 15,00 -30mpoo|  &33| 9167| 200,00 | 1500

Determination type of automatic calculation for design reinforcement

Type of calculation in head of the column ( section x =3,6m )

Check condition 5.8.9 (3)

e slenderness ratio

A

L 207 _067<2 (OK)
2. 4138

A _AL8 5140 (oK)
A, 274

Check of slendernes ratio is fulfilled, because both conditions are OK

e relative eccentricity

where
beg = b =0,3 m and hq = h =0,45 because rectangular section
€Ed,«(y) S€€ chapter “Internal forces on column with second order effects and
imperfections “

€sa, /b, 0,005/03 0,0167
ep.lh, 0,067/0,45 0,134

=0,112<0,2 (OK)

€./ hy 0,067/0,45 0,134
0,005/03  0,0167

=8,022>0,2 (NOT OK )

iy /beq

Check of relative slenderness is fulfilled, because one condition from both is OK



The conditions according to chapter 5.8.9 (3) are fulfilled, because check of
slenderness ratio and relative eccentricity are OK.
Check ratio of biaxial bending moment

) min(200
) max(1200

1 100=15 100=
13)) 200

mln(‘MEd,y > Ed,z >

MEd,z

Ratio(M,/Mz) =

b

max(‘M Ed.y

5

=7,5% < limit value = 10% => condition is fulfilled

The type of calculation for head of column is Uniaxial (max) because conditions

5.8.9(3) and condition for ratio of biaxial moment are fulfilled

Conditions 5.8.9(3) | Ratio of biaxial moment Type of calculation

OK OK Uniaxial (max)

Type of calculation in foot of the column ( section x =0,0m )
Check condition 5.8.9(3)
e slenderness ratio

A, 217

Zr 2Dl _067<2 (OK)
A, 4138
A AL 5120 (oK)
A 274

y

Check of slenderness ratio is fulfilled, because both conditions are OK

e relative eccentricity

iV gy o Coclea 0
eEd,z /heq eEd,y /b‘-’q
where

beg = b =0,3 m and heq = h =0,45 because rectangular section

€Ed (y) See chapter “Internal forces on column with second order effects and

imperfections “

e., /b — _
Edy “eq 0,005/0,3 = 0,0167 =0,174<0,2 (OK)
€. 'h, —0,043/0,45 —0,096

e.. lh - _
s Py _ —0.043/045 20096 _ o000 NoTOK)
€, /b, —0,005/03 —0,0167

Check of relative slenderness is fulfilled, because one condition from both is OK



The conditions according to chapter 5.8.9(3) are fulfilled, because check of
slenderness ratio and relative eccentricity are OK.

Check ratio of biaxial bending moment

min(‘M Ed.y M

5

_15|). =15 1002
~13)) 130

Ed,z

MEd,z

5

) 100~ min(-130

Ratio(M,/Mz) = =
) max(|—130

max(‘M Edy|> )

=11,54% > limit value = 10% => condition is not fulfilled

The type of calculation for head of column is Uniaxial (sum) because conditions

5.8.9(3) are fullfiled, but condition for ratio of biaxial moment is not fulfilled

Conditions 5.8.9(3) | Ratio of biaxial moment Type of calculation

OK NOT OK Uniaxial (sum)

Design reinforcement with item “Determine governing cross-section in

beforehand “ OFF

Design reinforcement in head of column (section x =3,6 m )
The uniaxial(max) method is used for automatic calculation in head of column. Uniaxial(max)
method is design reinforcement only around the axis with the bigger bending moment .

MEq,y = 200 kKNm > Mgg, = 15 kNm = > design reinforcement around y axis.

Design reinforcement around vy axis

The reinforcement is located parallel with z axis

Nga = -3000 kN, Mgq, = 200 kNm
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Calculation of total area of reinforcement

Ad V .20?2
A== (@) _314-20 ~314,59 mm’
4 4
sreqy = 3520 mm->

_ 2
s,req,z 0 mm

A

A

Asreq = Asreqy= 3520 mm’

Ascor =4 Ajs=4- 314,59 = 1258,36 mm’

Asreqedy = Asreqy —Ascor = 3520 —1258,36 = 2261 mm®

(A, 00,/ 4,0, )10 (3520/3520)-100 100
/A,,,)100  (0/3520)-100 0

( Ss,req,z S,req

=100/0

Ratio y/z =

Design reinforcement in foot of column (section x =0,0 m )
The uniaxial(sum) method is used for automatic calculation in head of column. The
reinforcement is separately designed around the both axis and the final area of reinforcement

is sum of reinforcement from the both direction for this method

Design reinforcement around v axis

The reinforcement is located parallel with y axis



Nig =-3000 kN, Mgqy =-130 kNm
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Design reinforcement around z axis

The reinforcement is located parallel with z axis

NEd =-3000 kN, MEd,y =-15 kNm

MEd = =130 mkh

Hgq = -3000kN

A = 2543 :
sreq i

n
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Calculation of total area of reinforcement

=314,59 mm>

z-(d,) 31420

A= =
4 4

sreqy = 2548 mm?

sreqz = 1162 mm®

oreq = Asreqy + Asreqr = 2548 + 1162 = 3710 mm’

A
A

A

Agcor =4 Ajs =4 314,59 = 1258,36 mm”

Asreqedy = Asreqy — 0,5+ Agcor = 2548 — 0,5-1258,36 = 1918,8 mm”
A

sreq.edz = Asreqz — 0,5+ Agcor = 1162 —0,5-1258,36 = 532,8 mm®

(4,0, / Aoy )- 100 (2548/3710)-100 68,7

= =220 268,7/31,3
(4,,0,. /4, ,.,)-100  (1162/3710)-100 31,3

Ratio y/z =



Graphical and numerical output of required reinforcement in SEN
The graphical and numerical output of designed reinforcement is presented in SEN in service.

We can present results at length of member or detailed result in selected section with using
action button “SingleCheck”.

The numerical presentation of reinforcement in member check
DesignAs EN 1992-1-1

Linear calculation, Extreme : Section
Selection : Al

Loadcazes: L
Main reinforcement for selected columns
Member

d_ |case H M ‘ ] ‘Calc.type Ratioyz | A ‘A A ‘ Reinf ‘ WE
nf ] | ey ey ] EheSY | @beY? | koY req
B1 0,000 (LS -3000,00 (-130,00(-1500 |Us E9/31 2545 1163 3T 1401 2i61x20,0 134
B1 3,600 (L2 -3000,00 | 200,00 15,00 |Um 100/0 3520 3520 1M12012i41x20,0 134
DesignAs EN 1992-1-1
Linear calculation, Extreme : Section
Selection : &l
Loadcases: L
Main reinforcement for selected columns
Member d Case H M A A | A . A Fteinft 1 WE
1] ikl | ey | ORISOT | SHREREMY | SERRED? | ik .
M
(k1B
B1 0,000|Lc -3000,00 (-130,00 1257 1813 535 3711 |14x20,004 398) 134
-15,00
B1 3,600 |LC -3000,00 ( 200,00 1257 2263 3520 |12x20,003770) 134
15,00
The numerical presentation of reinforcement in single check
In head of column (section x = 3,6 m)
EH 1%%2-1-1 concrete design
Main reinforcement for selected column
#loc | Combi M My Calc. A= regcor | A_sregedy | A_sregqedz | A s reqy
[tr] Casze [kM] [kMm] Type [mm*2] [mm*"2] [mm*"2] [mm™2]
hdz Ratio A _=s user cor (A_susered y|A_susered z|A_s user
[kMm] iz [mm*2] [mm*"2] [mm*"2] [mm*2]
3.60 [LC1 -3000.00 |199.95 |Um 1256.64 226316 o.oo0 3519.80
o.00 1.00/0.00 (0.00 0.o0 o.00 o.00

Detailed description of reinforcement bar s for selected column

#loc | Combi Reinf_cor reg Reinf_ed y,reqg Reinf_ed,z req Reinf_tot reqg
[tr] Casze

Reinf_cor user Eeinf_ed, vy, user Reinf_ed,z user Reinf_tot,uzer
3.B0 ‘LC'] 4 B S00A(20)=1257mm "2

Bx B S00A (201= 2513 mm 2 ‘ |12>c B 5004 (201= 3770 mm*2



In foot of column (section x = 0,0 m)

EH 1992-1-1 concrete desi

Main reinforcementfor sel

an

ected column

x.loc | Combi Ml Py Calc. A s reqcor | A_sregedy | A_sreged I | A_sreq
[rm Casze [kM] [kMm] Type [mm*2] [mm*2] [mm"2] [mm™2]
Mdz Ratio A = usercor |A_susered y|A_suseredz |A_suser
[kMm] yiz [mm*"2] [mm*"2] [mm"2] [mm™2]
0.00 (LCt -3000.00 |-129.99 |Us 1256 .64 1919.30 534.50 3710.43
-15.00 0.68/0.31 |0.00 0.00 o.00 0.00
Detailed description of reinforcement bar s for selected column
®.loc | Combi Reinf_cor, reg Reinf_ed vy, req Reinf_ed z, req Reinf_tot,req
[rm casze
Reinf_cor,user Reinf_ed v, user Reinf_ed z user Reinf_tot user
4x B 500A(20)= 1257 mm™2 |8x B 5004 (20)1=2513mm"2 |2><EISDDA(20)=B28 mm "2 ‘14x B s00A(20)= 4398 mm "2

DBD‘LU

The graphical presentation of reinforcement

Member check (design) Single check(design)
o In head of column (section x = 3,6 m)
o] IS0 W 154
I
A
Dlr'"-'l".l' 134 3@64..’"5".' 134 . ©0 W RETE 0VER 30mim
BE R s
o/ 134 JEC4 W54
g ¢ :
2140 3| Tt T
8 8 Gx B 5004 (207 = 18585 mm™2 H= 400 mm
B B 5004 (20) = 18385 A2 H= 50
pRRBDEB C);ncre‘te: C30J3?=135nD16nD mim"2 "
Stirrups: 2x B E00C (10) Dist= 200 mm =

‘_ CONG RETE2VER 30mm

Stirrups for shear in construction joint: 2x

300 mm

In foot of column (section x = 0,0 m)

B2E c2e
E3E 1257
B2S 1257

1105,/W 134

B3 SW134]

FOED/ W 134

ZR48,W 154

A
S

z
Ll
- CONCRETE 3OVER 30 mm
BEEBEEE
.
E 1 =
E L=l N P I (= SN
2 1 N I
L
=+ M I
o o
= = G B 5004 (207 = 1585 mm™2 H= 400
2w B 3004 (200 = 628 mm*2 H= 223 m
Bx B 5004 (200 = 1555 mm*™2 H= 20 m
R L Concrete: C30/37 = 135000 mm"2
— TSICFEE IR T Stirrups: 2x B B00C (107 Dist= 200 mm
Stirrups for shear in construction joint:

300 mm




Design reinforcement with item “Determine governing cross-section in
beforehand “ ON

Calculation of total area of reinforcement

The reinforcement at whole length of the column is the same and it is designed as
max. value of area from all section. The maximum area of reinforcement is in the head and
foot of the column in this case and it follows:

Ag reqy = MAX(As req.y,head; As reqy.foor ) = Max(3520; 2548 ) = 3520 mm°

Asreqz = MaX(Ag req zhead; Asreqzfoor ) = max(0; 1162 ) = 1162 mm’

Asreq = Asreqy t Asreqz = 3520 + 1162 = 4682 mm®

Agcor =4 Ajs =4 314,59 = 1258,36 mm*

Agreqedy = Asreqy — 0,5 Agcor = 3520 — 0,5-1258,36 = 2890,8 mm®

Agreqedz = Asreqz — 0,5 Ageor = 1162 —0,5-1258,36 = 532,8 mm®

A, /4. )100 .
Ratio y/z - E cregr ! Aireg ) 100 (3520/4682)-100 75,2

Ay ey ! A,y )100  (1162/4682)-100 24,8

=75,2/24,8

Graphical and numerical output of required reinforcement in SEN

The graphical and numerical output of designed reinforcement is presented in SEN in service.
We can present results at length of member or detailed result in selected section with using
action button “SingleCheck”. The check box “Determine governing cross-section in

beforehand” is not take into account in the single check.

The numerical presentation of reinforcement in member check
DesignAs EN 1992-1-1

Linear calculation , Extreme : Section
Selection : Al
Loadcazes: L1

Main reinforcement for selected columns

Member | « Case H M M Cale.type |Ratio yz |A Reinf Reinf WE
] kil | (b | peidshy ©a] | pEdy req ot

B1 0,000 LS -3000,00 | -130,00 0,00 |Um Tal2s 4683 (1201204 3x20,0 |12x20,0037700| 134

B1 3 600 | L2 -3000,00 | 200,00 0,00 |Um Tal25 4633 (1201204 3x20,0 |12x20,0037700| 134

The numerical presentation of reinforcement in single check

In head of column (section x = 3,6 m)



EH 1992-1-1 concrete design
Main reinforcement for selected column

Determine governing cross-section beforehand iz allowed in membercheck anly

wloc [ Camhbi Md Mlcly Calc. A s reqocor | A_sregedy | A_sreg.edz | A_s req
[m] Casze [kM] [kMm] Type [mm*2] [mm*2] [mm*2] [mm*2]
Mz Ratio A= user . cor [A_s usered y|A_s usered z|A s user
[kMm] Wz [mm*2] [mm*2] [mm*2] [mm*2]
3.60 [LC1 -3000.00 |199.958 [Um 1256.64 2263 .16 o.00 3519.50
o.0o 1.00/0.00 |0.00 0.00 0.0o 0.00
Detailed description of reinforcement bar s for selected column
Determine governing cross-section beforehand is allowed in membercheck only
xloc | Comhbi Reinf_cor reqg Reinf_ed, v req Reinf_ed,z,reqg Reinf_tot reqg
[r] Case
Reinf_cor user Reinf_ed,y, user Reinf_ed z user Reinf_tot user
3.60 |LC1 4x B 500A(200=1257mm "2

gx B 500A(20)=2313mm"2 12¢ B 500A(20)= 3770mm "2

In foot of column (section x = 0,0 m)

EH 1392-1-1 concrete design
Main reinforcementfor selected column

Determine governing cross-section beforehand iz allovwed in member check only

xloc [Camhbi Md My Calc. A _sregoor | A_sregedy [ A_sregqedz | A_sreqg
[rmy Case [kM] [kMm] Type [mm=*2] [mm=*2] [mm*2] [mm*2]
Mdz Ratio A =z usercor [A s useredy|A s useredz|& s user
[kMm] Wiz [mm="2] [mm=*2] [mm*2] [mm*2]
0.00 JLCt -3000.00 |-129.899 (Us 1256 .64 1819.30 534.50 3710.43
-15.00 0.69/0.31 (0.00 0.00 o.00 0.00
Detailed description of reinforcement bar s for selected column
Determinegoverning cross-section beforehand iz allovwed in member check only
xloc [Camhbi Reinf_cor, reg Reinf_ed v, reqg Reinf_ed,z reqg Reinf_tot,reqg
[rmy Case
Reinf_cor user Reinf_ed v user Reinf_ed,z user Reinf_tot,user
0.00 |LC1 4x B 500A(20)=1257 mm™2 |8x B 5004 (20)=2513mm"2 |2><EISDDA(2EI)=828 mm "2 ‘14)( B 500A(20)= 4398 mm "2



The graphical presentation of reinforcement

Member check (design) Single check(design)
| : _
y63w1 34— ssa0wise | 10 head of column (section x = 3,6 m)
I
1163,/ 134 3520,/ W1 34 &
N CONCRETEQOVER 30mm
1163,/ 124 3520,/ 134 B8 n e
1I63/W 134 3520,/W134 el B £
E [=]
T1B3/W 114 I520,/W 134 s g
B B 5004 (207 = 1835 mm™2 H= 400 mm
B B 5004 (207 = 1835 mm*2 H= 50 mim
1163,/ 134 3520, W1 34 BERn s Concrete: C30637 = 135000 mm"2
TR ElTE T Stirrups: 2x B BO0C (10) Dist= 200 mm = |
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