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Node No X-coord Y-coord Z-coord Node No X-coor
m m m m
1 0.000 4,000 0.000 2 0.000
3 0.000 6.000 0.000 4 0.000
5 0.000 11.000 0.000 6 1.100
7 1.100 6.000 0.000 8 1.100
9 1.100 4,000 0.000 10 1.100
12 1.000 5.000 0.000 13 1.000
14 1.000 7.000 0.000 15 2.100
16 2.100 5.000 0.000 17 2.100

Space-Frame Analysis

NODAL POINT COORDINATES

d Y-coord

1

ELEMENT DATA

m

5.000
7.000
1.000
5.000
3.000
6.000
4.000
6.000

- PROKON

Z-coord
m

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

COO0OO0OO0OO0COOOO0OO0OCOOO

Beam Secn. type Fixity Length B Group no. Stage
m (*)
1-2 1 00 1.000 0.00 0
2-3 1 00 1.000 0.00 0
3-4 1 00 1.000 0.00 0
4-5 1 00 4,000 0.00 0
6-7 1 00 5.000 0.00 0
7-8 1 00 1.000 0.00 0
8-9 1 00 1.000 0.00 0
9-10 1 00 1.000 0.00 0
5-6 2 00 1.100 0.00 0
2-12 3 00 1.000 0.00 0
3-13 3 00 1.000 0.00 0
4-14 3 00 1.000 0.00 0
9-15 3 00 1.000 0.00 0
8-16 3 00 1.000 0.00 0
7-17 3 00 1.000 0.00 0
BEAM SECTION PROPERTIES

Section : 1 Section designation:

A Ay Ax Ixx lyy J Material

m”~2 m*2 m”~2 m~4 m*4 m*4
126.0E-3 126.0E-3 0.000 1.26E-3 0.00 0.00 Concrete:30 MPa
Section : 2 Section designation:

A Ay Ax Ixx iyy J Material

m”~2 n"2 m*2 m~4 m”~4 m*4
500.0E-3 500.0E-3 0.000 62.5E-3 0.00 0.00 Concrete:30 MPa
Section : 3 Section designation:

A Ay Ax Ixx Iyy J Material

m”~2 m"2 m”~2 m”4 m~4 m*4
4.121E-3 4.121E-3 0.000 96.5E-9 0.00 0.00 Concrete:30 MPa
====== MATERIALS
Designation E poisson Density Exp. coeff.

kPa kN/m*3

Concrete:30 MPa 26.00E6 0.20 25.00 10.00E-6

= SUPPORT DATA ===
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Prescribed displacements
Node Fixity X Y A X~-Rot Y-Rot 7Z-Rot Orien node
m m m rad. rad. rad.
1 Y 0.00 0.00 0.00 0.00 0.00 0.00 0
10 Y 0.00 0.00 0.00 0.00 0.00 0.00 0
6 Y 0.00 0.00 0.00 0.00 0.00 0.00 0
7 X 0.00 0.00 0.00 0.00 0.00 0.00 0
12 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
13 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
14 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
15 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
16 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
17 XY 0.00 0.00 0.00 0.00 0.00 0.00 0
Spring constants
Node Fixity X Y Z X~Rot Y-Rot Z-Rot
kN/m kN/m kN/m kNm/rad kNm/rad kNm/rad
LOADS
Load Case Description
1
Own weight not added to any load case/combination
=== LOAD CASE 1
*** BEAM ELEMENT LOADS **x*
Element Dir P a Wl Wr a(left) Length dT Stage
kN i kN/m kN/m m m °C
4-5 X 0.00 0.00 23.5 3.50 0.00 4.00 0.00 1
6~-7 X 0.00 0.00 3.50 23.5 0.00 5.00 0.00 1
OWN WEIGHT ACCELERATIONS
Direction Acceleration (g)
X 0.00
Y -1.00
Z 0.00
OUTPUT: LINEAR ANALYSIS
NODAL POINT DISPLACEMENTS at SLS
Node Lcase X-disp. Y-disp Z-rot.
mm mm rad.
1 1 -0.28 0.00 0.0000
2 1 -0.23 0.02 0.0000
3 1 -0.08 0.04 -0.0004
4 1 0.88 0.06 -0.0017
5 1 8.85 0.14 -0.0002
6 1 8.85 0.00 -0.0001
7 1 0.00 0.00 -0.0012
8 1 -0.37 0.00 0.0001
9 1 -0.13 0.00 0.0003
10 1 0.17 0.00 0.0003
12 1 0.00 0.00 0.0000
13 1 0.00 0.00 0.0002
14 1 0.00 0.00 0.0008
15 1 0.00 0.00 -0.0002
16 1 0.00 0.00 0.0000
17 1 0.00 0.00 0.0006
= REACTIONS AT ULS ==
(In rotated axes where applicable)
Note:0Only load combinations have ULSses = 1
Node Lcase X-force Y-forcet Z-moment
kN kN kNm
1 1 0.00 ~67.65 0.00
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10 1 0.00 0.00 0.00
6 1 0.00 67.63 0.00
7 1 -115.13 0.00 0.00
12 1 25.18 0.00 0.00
13 1 8.61 0.00 0.00
14 1 -94.33 0.01 0.00
15 1 14.31 0.00 0.00
16 1 39.86 0.00 0.00
17 1 0.00 0.01 0.00
EQUILIBRIUM CHECK AT ULS:
LC APPLIED LOADS & MOMENTS about (0.0,0.0,0.0) in global axes
Sum of: Px Py Mz
1 121.50 0.00 -991.42
LC REACTIONS & REACTION MOMENTS about (0.0,0.0,0.0) in global axes
Sum of: Rx Ry MRz
1 -121.50 0.00 991.42
BEAM ELEMENT END FORCES IN LOCAL ELEMENT AXES at ULS

Elem Lcase Axial Y~Shea M-xx Axial Y-Shea M~-xx

kN kN kNm kN kN kNm
1-2 1 -67.65 0.00 0.00 67.65 0.00 0.00
2-3 1 -67.65 -25.18 0.00 67.65 25.18 -25.18
3-4 1 -67.64 -33.78 25.18 67.64 33.78 -58.96
4-5 1 ~-67.63 60.55 58.98 67.63 -6.55 48.56
6-7 1 0.00 -6.55 25.84 0.00 -60.95 68,50
7-8 1 ~-0.01 -54.,18 -68.49 0.01 54.18 14.31
8-9 1 -0.01 -14.31 -14.31 0.01 14.31 0.00
9-10 1 0.00 0.00 0.00 0.00 0.00 0.00
5-6 1 -6.55 -67.63 -48.56 6.55 67.63 -25.84
2-12 1 -25.18 0.00 0.00 25.18 0.00 0.00
3-13 1 -8.61 0.00 0.00 8.61 0.00 0.00
4-14 1 94.33 -0.01 ~0.01 -94.33 0.01 0.00
9-15 1 -14.31 0.00 0.00 14.31 0.00 0.00
8-16 1 -39.86 0.00 0.00 39.86 0.00 0.00
7-17 1 0.00 -0.01 -0.01 0.00 0.01 0.00

Weights of beam elements

Section Designation

w N =

Total weight of structu

No. of real numbers in
Time used to analyse =

STATISTICAL DATA ===

: (Not included in analysis)

Total Mass

(kN) (kg)
47.250 4816.5
13.750 1401.6

0.618 63.0
61.618 6281.2

re = 0.00 kN

Stiffness matrix = 1274 (12740 bytes)
0: 0:0.000 seconds

Total number of : Nodes = 16
Beam Elements = 15
Cable Elements =0
Shell Elements = 0
Supports = 10
Section Properties = 3
Load Cases =1
Load Combinations = 0

END OF OUTPUT ===
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Example: Cantilever column with bi-axial bending

Circular column design by PROKON. (CirCol Ver W3.1.06 - 17 Oct 2019)

Design code : BS8110 - 1997
General design PArameters: .......c.veurwmimmeysmssmpmessesssessrranss
Given: 2
d =400 mm 4
' =50 mm i
Lo=7.600 m w .
fcu =30 MPa o -
fy =410 MPa -°
§m :
Therefore: N
itk :
424 i :
c 4 ' :
B 4002 Sifebeddei@e bbb iGedeled
4
= 125.7%10° mm2
diax'=dia - d'
=400 - 50
=350.000 mm
dia_y'= dia - d'
=400 - 50
=350.000 mm
Assumptions:
(1) The general conditions of clause 3.8.1 are applicable.
(2) The section is symmetrically reinforced.
(3) The specified design axial loads include the self-weight of the column.
(4) The design axial loads are taken constant over the height of the column.
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Design approach:
The column is designed using an iterative procedure:
(1) The column design charts are constructed.
(2) An area steel 1s chosen.
(3) The corresponding slenderness moments are calculated.
(4) The design axis and design ultimate moment is determined .
(5) The steel required for the design axial force and moment is read from
the relevant design chart.
(6) The procedure is repeated until the convergence of the area steel
about the design axis.
(7) The area steel perpendicular to the design axis is read from the relevant
design chart.
Check column slenderness:
End fixity and bracing for bending about the X-X axis:
The column is unbraced.
S Bx=220 Table 3.20
End fixity and bracing for bending about the Y-Y axis:
The column is unbraced.
= By=220 Table 3.20

Effective column height:

lex=ﬂx' Lo
=2.2x76
=16.720 m

ley=fy Lo
=22x7.6
=16.720 m

Column slenderness about both axes:

l
Jo ="
x dia
1672

=4].800
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ey
dia
1672
4
=41.800
Minimum Moments for Design:
Check for mininum eccentricity: 3824
Check that the eccentricity exceeds the minimum in the plane of bending:
emin— 005 . d
=0.05x4
=0.0200 m
Mmin= emin N
=.02x0
=0.0000x10° kNm
Check if the column is slender: 3813
x=41.8>10
Ay =41.8>10
.. The column is slender.
Check slenderness limit: 3818
Lo = 7.600 mComparision error60dia’ = 24.000
.. Slendemess limit not exceeded.
Initial moments:
The initial end moments about the X-X axis:
M1 = Smaller initial end moment = 0.0 kNm
M2 = Larger initial end moment = 60.0 kNm
The itial moment near mid-height of the column : 3837
Mi=-04-M;+0.6- M
=-0.4x0 + 0.6 x60
=36.000 kNm
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Mi2=04- M2
=0.4x60
=24.000 kNm

S Mi3 04M2 =36.0 kNm
The initial end moments about the Y-Y axis:

M1 = Smaller initial end moment = 0.0 kNm
M2 = Larger initial end moment = 0.0 kNm

Mi=-04-M;+06- M>
=-0.4x0 +0.6x0
= 0.0000x10° kNm

Mi2=04- M>
=0.4x0
= 0.0000x10° kNm

- Mi3 0.4M2 =0.0 kNm

Deflection induced moments:

1
Nuz = 04444fcu‘ Ac+ Tl—; fy' Asc

= 0.4444x30000,12566 +

=2 181.560 kN

Maximum allowable stress and strain:

Allowable compression stress in steel

The initial moment near mid-height of the column :

Design ultimate capacity of section under axial load only:

115 x410000%.00142

3837

3.83.1
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fre=Tmp
a5
1
~ 115410
=356.522 MPa
Allowable tensile stress in steel
fu=mm 1
s
1
=——x410
1.15
=356.522 MPa
Allowable tensile strain in steel
_Ia
ey Es
_ 356.52
200000
=0.0018
Allowable compressive strain in concrete
e. = 0.0035
Design ultimate load and moment:
Design axial load:
P.=0.0kN
For bending about the X-X axis, the maximum design moment is the greatest of: 3.83.7
(a) 3.83.2
M =M + Maad
=60 +0
= 60.000 kNm
(d 3.83.2
M = emin N
=.02x0
= 0.0000x10° kNm
Thus 3832
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M = 60.0 kNm

Moment distribution along the height of the column for bending about the X-X:

At the top, Mx = 0.0 kKNm
Near mid-height, Mx = 36.0 kNm
At the bottom, Mx = 60.0 kNm

Moments about X-X axis( kNm)

0.0 KNm

Initial Additional

Mx=60.0 kNm
Mxmin=0.0 kNm

Design

For bending about the Y-Y axis, the maximum design moment is the greatest of:

(a)

M= M2+ Madd
=0+0
=0.0000x10° kNm

(d

M = émin N
=.02x0
=0.0000x10° kNm

Thus

M = 0.0 kNm

Design of column section for ULS:
Through inspection:
The critical section lies at the bottom end of the column.

3837
3832

3.83.2

383.2










