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Abstract (] This study is concerned with the nonlinear dynamic behaviors of guyed towers for wave
loadings. In order to analyze the nonlinear responses of guyed towers efficiently, the main tower
is modeled as an equivalent stick, the guyline system is idealized as a spring with nonlinear stiffness
in the horizontal direction, and the pile foundation system is represented as a linear spring in the
rotational direction. The wave forces on the main tower are evaluated by using Morison’s equation.
In order to consider adequately the nonlinearities of the guying system and drag forces due to fluid
viscosity. the anlayses are performed in the time domain. The mode superposition method is adopted
for solving the nonlinear equation of motion efficiently. which is based on the Newmark integration
scheme. Numerical analyses are carried out to investigate the sensitivity of two major design parame-
ters for guyed towers, ie., the clump weight conditions and the base conditions of the tower.
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Fig. 1. A schematic diagram of a guyed tower.
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Fig. 3. Restoring forces for a guyline and guying system.
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Fig. 5. Natural periods and mode shapes.
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Table 1. Step-by-step solution using Newmark integration
method

A. Initial Calculations:
1. Initialize °q. °q. %G
2. Select time step size At parameter o and &, and
calculate integration constrants:

52050, a>0250.5+8)y

ap= ! ca = 5 A= ! Cay = ! —1:
0T AR T At T T At T 2A0
8 L AU A]—8) a=

a= o l; as= > ( " 2); as=At(1—38); a;=dAt

3. Form effective stiffness k; : k;=w,’+ay+a; 25w,

B. For Each Time Step:
1. Assume '*%q, A, and ‘TAg; at time t+ At
2. Calculate effective loads at time t+At
1A= M (gt add+ add)+ 28wy (al'gt adg+add)
3. Solve for displacements at time t+At:
H-Alqi:H-Alt}/kj
4. Calculate accelerations and velocities at time t+At

HA’q/’:a(V(HA’qj—"q/)_allq/_aRlEI/'

1+ A 1+ A7

9

5. Compare the calculated and the assumed values of

q='q+asq+a;
:+A1q,’ :+Alq/’ and 1+A:'q/_

If the relative errors are not satisfactory, then go to
the 2nd step.
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Table 2. Structural model data
Element Diameter of Equivalent Force Member (ft)
Node (I:{?;S) No. L (@ I (6 for Drag Force for Inertia Force

1 2 3 4 1 2 3 4
1 275
2 139 1 60 39000 58 100 100 58 11 16 16 11
3 172 2 85 39000 58 100 100 58 11 16 16 11
4 162 3 95 32500 47 135 135 47 11 33 33 11
S 230 4 120 32500 47 135 135 47 11 33 33 11
6 230 5 120 32500 47 135 135 47 11 33 33 11
7 230 6 120 32800 42 80 80 42 10 15 15 10
8 230 7 120 32800 42 80 80 4?2 10 15 15 10
9 230 8 120 32800 42 80 80 42 10 15 15 10
10 211 9 120 32800 42 80 80 42 10 15 15 10
11 96 10 100 32800 42 80 80 42 10 15 15 10
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Table 3. Guyline properties

Table 4. Design environmental condition

Pendant and Clump Anchor

guyline weight cable

Unit weight 46 Ibs/ft 2900 1bs/ft 46 Ibs/ft
Total length 2100 ft 120 ft 1300 ft
Size Sin Dia. 8 ft Width S5in Dia.
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Fig. 7. Restoring forces due to guying systems for five
different clump weight conditions.
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Table 5. Dynamic responses for five different clump weight conditions
. Top displacement Bending moment Natural period
Clump weight (ft) at node 6 (kips-ft) (sec)

(Ibs/ft)

Max. Amp. Max. Amp. T, T,
1450 556 12.6 660 346.6 244 239
2175 356 134 544 3690 20.84 239
2900 322 15.1 537 431.0 1992 239
3625 310 164 535 4725 19.37 239
4350 305 17.3 531 499.5 18.94 239
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Table 6. Dynamic responses for three different base conditions

Base rotational " Maximum Maximum Natural period
stiffness (Ky) top displacement bending moment (sec)
(kips- ft/rad) ft) (kips- ft X 10°) T, T,
0 (hinged) 328 535 £6] 20.38 240
8108 322 537 [6] 19.92 2.39
oo (fixed) 268 11100 [11] 10.04 2.39

Note: The values in parenthesis, [ 1, denote the node numbers
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Fig. 8. Dynamic responses with or without free surface
effects.
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