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Transmission Tower Description

This Is an example to illustrate the modeling and
static and nonlinear analysis of a transmission

tower structure
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Transmission Tower Description

The tower is 68 feet high, 18 feet square at the base, 4 feet at
the top and has 6 cable-arms of 6 feet wide each.

The tower is made of
steel angles
(L3x3x1/2 and
L2x2x1/4). The loads
to consider are self-
weight, wind, and
cable loads.
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The feet at the base of

‘ o N ®  the tower are fixed.
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Transmission Tower Description

CivlFEM has a library that Name L 2x2x1/4
contains different types of steel vee Shee sechon
materials and the most common Materis! resso
. Shape Lshape
st_eel sections (L, C, Double T, Height 0166867
pipes, box) according to US and Width 0166667 &
European standards. Web thickness 0.0208333 ft
Flange thickn... 0.0208333 ft
Steel Radius of fillet 0.0208333 ft
Code or Standard ~ Eurocode 3 [ Metalworking Hot rolled
Name ‘g'gg;‘m Design mecha... Library mechanic...
EN 10025 =
Area 0.00651389 ft*
GB50017 lyy 1.67824e-05 foot®
lzz 1.67824e-05 foot®
lyz 9.86678e-06 foot”
Hame L= Wy 0.00014294
aC L2x2x1/4 Steel section i
OC L 3x3x1,2 steel section Wz 0.00014254 7 )
Wpy 0.000257523 ft
Wpz 0.000257523 ft
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Transmission Tower Description

All bars are created as single element beams,

working primarily under axial force

Bars with setion
L3x3x1/4

INGECIBER, s.A.

Mame
Material
Geometry
Type

Cross Section |
Cross Section )

Orientation
Dffset |
Dffzet )
Hinge I -
Hinge | - £
Hinge ] -Y
Hingel-Z
=

Control

=

T™E
Fed30
TMB
Beam
L3x3x1/2
L 3x3x1/2
o*

[0, 0, 0] ft
[0, 0,0] ft

Mumber

Numb-e@

- Mare

Structural elements

A | Name = | Type

BALSY Beam
BT Beam
| |&as7 Beam

BALS6 Beam
|| ALss Beam
B Beam
|| fgALs3 Beam
| |MALs2 Beam
| |@aLst Beam
| |&aLs0 Beam
AL Beam
|| AL Beam
| | SgALas Beam
|| S ALd7 Beam
|| &AL Beam
|| &AL Beam

BALa4 Beam
|| ALa3 Beam
|| SgALaz Beam
|| S ALaT Beam
BELE Beam
|| @A Beam
| | SgALs Beam
BE TR Beam
BE kY Beam
> |fALe Beam
|| sas Beam
BF Lk Beam
|| &AL Beam
|| ggaAL2 Beam
|| AL Beam
|| &AL Beam
@A Beam
| AL Beam
|| SgALze Beam
|| fgAL7 Beam
| fEALE Beam
|| &AL Beam
BE LR Beam
| @A Beam

& A1 7? Ream

m
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Static Analysis

The cables are simulated as point loads applied at the tip of the arms.
A load of 500 Ibf in -z direction is applied to each of the six arm ends.

Wind load is divided g e |
in two levels with [ _[28Gmaviy Constart accelert...
. 3 &} H_Wind Structural loads
different pressures [ |3 Lwin Strcture loads

| |+ Cable Structural loads

depending on
height: High wind
and Low wind.

In the boundary conditions menu you
can enter the point constrains at the
bottom of the tower. ——
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Cable Load

High
wind

Wind Load




Static Analysis

CivilFEM allows the user to apply safety factors for different load groups
on each load case.

Static_Tower

Name Static_Tower CivIiIFEM
Calendar time 28 day
Calculation time 1=
=2 Loads
B 15" L_Wind
Group of loads L_Wind
Factor 15
2 1.5* H Wind
Group of loads H_Wind
Factor 15
= 1.5 * Cable
Group of loads Cable
Factor 15
= 1.35 * Gravity
Group of loads Gravity
Factor 135

Boundary conditions
Solution control

2 ¢Marc CivilIFEM
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Static Analysis: Results

CivilFEM automatically gives postprocessing results, for a faster

workflow.

Axial force [kip] von Mises equivalent stress [ksi]
54.6 CivIIFEM 26.58 CivIIFEM
37.96 22.78
29.64 20.88
21.32 18.99
13 17.09
4.681 15.19

3.639 13.29
11.96 11.39
20.28 9.493
28.6 7.595
36.92 5.696
45.24 3.797
53.56 1.899
61.88 0.0002206

Static_Tower Static_Tower

Axial Force Von Mises Stress

= N CivilFEM
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Static Analysis: Results

Z-component of r or ip] X-component of displacement [ft]
0.3607
80.39 CivilFEM 0.2938
0.2603 @
0.2269
0.1934
0.1599 N\
3.862 0.1265
0.093
0.05953
0.02606
N\ -0.007404
-72.67 49
KN
Lx
Static_Tower
Z-Component of Reaction X Displacement
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Nonlinear Analysis

With CivilFEM, the user can perform a nonlinear analysis and obtain

the ratio of the collapsing force and the design load.

Name -
» ﬁ Static_TowerNLx15 Mame Static_TowerNLx15 MName
ﬂ Static_TowerNLx20 Calendar time 28 day Calendar time
Calculation time 15 = Calculation time
= =
= =]
Grd Group of |._.
Factor 15 Factor
= =
Group of |.. H_Wind Group of |._.
Factor 15 Factor
= =
Group of |... Cable Group of ...
Factor 1 Factor
=] =
Group of |... Gravity Group of |...
Factor 1 Factor

Static_TowerNLx20
28 day
25

L Wind

H_Wind

Cahle

Gravity
1

Wind load increases under different factors. We try to find the step in

which the analysis does not converge

e{/j ®
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Nonlinear Analysis

B
Type of solver Direct Name Feazo 0
La rge deflecticns ( '?‘ ’ Type Structural stee a0
. == E 4.38594e+09 psf w
Improved bending [ v 03 20
Init. step fraction  0.001 P 490,058 1L/ B ! ! ‘ ! ‘ ! : : : ‘ : :
. i G 1.6869e+09 pst 0012 001 D00 0006 0004 -0002 0002  DODs  0OO 0008 001 polz | o 0131234t
Min. step fraction  0.001 a 6.666672-06 1/AF - o pa3zE0E4f
N Act. time 0 day a
& Do
Max. step fraction 0.1 Bevct tme 26500 day
Max. Increments 1000 Steel type Hon austenitic &0
Tot. Increments 9959 = . .
. Dimensionless
Min. lterations 1 Name Bilinear - Eurocode _.
Dats Table
Mo fierations_[30 i
? Visslcation itorcuve pores
Check u converge.. |V -
. Visuslimton untfor ndepercentva | naertrow
Check & converge... |
Save
o T peleerom
Check F converge... i _ Visualization unit for data v

Check M converg... ¥

Tolerance u
Tolerance 8
Tolerance F
Tolerance M
Absolute stress
Initial contact de...
Slip threshald
Friction force tol...
Create modal res...
Create increment.
Control applicati...

2
%NGECIBER, SA.

0.01
0.01
0.001

0.001
=

=

o ft
0.0112404 (bf
=

W

Linearly ramped

For a nonlinear analysis of this model, we have to
select the bilinear g-¢ diagram of steel, and “Large

deflections” in the solution controls.

If the user wants to get the result files for the
different increments, the option “Create incremental

results” must be activated.
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Nonlinear Analysis

Equivalent plastic strain

> Load case 2, increment 30, iteration 10 ) 0.00116
= Load case 2, increment 30, iteration 11 8888?%2
= Load case 2, increment 30, iteration 12 0:0006446
»Load case 2, increment 30, iteration 13 0.0005157
> Load case 2, increment 30, iteration 14 0.0003868
»Load case 2, increment 30, iteration 15 0.0002579
. . - 0.0001289
»Load case 2, increment 30, iteration 16 0

Cycles number exceeded the maximum solving increment 30 of | ase 2
e e e e

= Luad_ case 2, increment 30, iteration 1

<

The load calculation time matches the
load factor so a one to one
correspondence  between the Ilast
increment time and the load factor that
caused the collapse exists (1.8 in this
analysis)
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Nonlinear Analysis

von Mises equivalent stress [ksi

39.5 39.89

32.32 32.63

28.73 29.01

25.14 25.38

21.55 21.76

17.96 18.13

14 .37

10.77 ig'gs

7.183 s

e 7.252

: 3.626

0:0082R% 0.0002539
The bars have not reached the yield The base bars have reached the yield
strength strength at some points

von Mises equivalent stress [ksi] ; von Mises equivalent stress [ksi] ;

39.89 39.89

32.63 32.64

29.01 29.01

25.38 25.38

21.76 21.76

18.13 18.13

14.5 14 .51

10.88 10.88

25 7.253

3.627 3.626

0.0007501 3.089e-005

Points reaching the yield strength, Base rods have reached the yield
loads are increasing strength throughout its length just

before the collapse

- ’ CivilFEM
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Nonlinear Analysis

X-component of displacement [ft]

0.4333
0.3528

0.3126
0.2723
0.2321
0.1919
0.1516
0.1114
0.07118
0.03095
-0.009286

X Displacement before collapse
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