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Angle (b*b*t) Bolts End/Edge distance [mm]
No. No. b t No. Size
Angle(s) [mm] [mm] No. Column [mm] L 2 b ¢ d
1 1 40 4 2 1 16 200 40 50 20 ---
2 1 80 8 5 1 20 440 50 70 40 ---
3 2 100 10 6 1 22 525 50 70 50 -—-
4 2 40 4 2 1 16 200 40 50 20 -—-
5 2 80 8 5 1 20 440 50 70 40 -—-
6 2 120 12 16 2 16 300 25 40 26 28
Table 1. Details of test specimens
Y gladised yo a8 O uii—s 0 polis ¥ J g
@ god o sled 1(L40*4-2Bolt16) 2(L80*8-5Bolt20) 3(L100*10-6Bolt22)
ol Force Displacement Force Displacement Force Displacement
[kN] [mm] [kN] [mm] [kN] [mm]
0 0.000 0.000 0.000 0.000 0.000 0.000
1 15.022 0.689 50.023 0.684 66.646 0.659
2 15.022 1.346 50.023 1.195 66.646 1.196
3 24.669 1.800 108.724 1.982 133.870 1.890
4 0.000 1.090 0.000 1.063 0.000 1.056
5 -17.946 0.173 -63.002 0.109 -89.270 0.050
6 -17.946 -1.435 -63.002 -1.231 -89.270 -1.424
7 -25.830 -1.716 -129.358 -1.905 -146.735 -1.870
8 0.000 -1.281 0.000 -1.264 0.000 -1.336
9 15.022 -0.167 50.023 -0.167 66.646 -0.252
Table 2. Load-displacement value in specimens No. 1 to 3.
N6 L adsai 53 a5 O eii— 5,0 olie ¥ Jgder
5 gad o jlos 4(2L40x4-2Bolt16) 5(2L.80x8-5Bo0lt20) 6(2L100x10-6Bolt22)
bl Force [kN] Displacement Force [kN] Displacement Force [kN] Displacement
[mm] [mm] [mm]
0 0.000 0.000 0.000 0.000 0.000 0.000
1 0.687 29.437 96.402 0.670 125.481 0.760
2 1.537 30.378 94.900 1.445 124.572 1.381
3 2.588 64.610 181.179 2.131 267.370 2.306
4 1.487 0.000 0.000 1.103 0.000 1.107
5 0.264 -34.251 -106.252 0.161 -138.092 -0.117
6 -1.561 -33.414 -108.775 -1.425 -135.772 -1.354
7 -2.351 -62.500 -216.705 -2.231 -305.247 -2.270
8 -1.591 0.000 0.000 -1.123 0.000 -0.981
9 -0.188 31.892 98.322 -0.160 127.340 0.058

Table 3. Load-displacement value in specimens No. 4 to 6.
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Force, [kN]
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Vslakigal 5o a5 O eii= s, polie £ g

5 gad osle 7(2L120x12-16Bolt16)
b oLt Force Displacement
[kN] [mm]
0 0.000 0.000
1 97.929 0.694
2 95.659 1.466
3 256.485 2.329
4 0.000 1.250
5 -110.152 -0.049
6 -110.541 -1.757
7 -296.989 -2.907
8 0.000 -1.542
9 104.271 0.094

Table 4. Load-displacement value in specimen No. 7.
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Fig.9. Comparison of the experimental results vs. the results obtained from Abaqus for specimens No. 1 to 3.
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1(L40*4-2Bolt16) 61.395 11.358 0.430
2(L80*8-5Bolt20) 199.608 40.774 0.390

3(L100*10-6Bolt22) 274.148 54.551 0.400
4(2L40x4-2Bolt16) 171.524 31.111 0.439
5(2L80x8-5B0olt20) 413.165 77.468 0.424
6(2L100x10-6Bolt22) 475.310 102.425 0.369
7(2L120x12-16Bolt16) 481.978 78.474 0.489

Table 5. Calculation of viscous damping ratio ().
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Abstract

Although fossil fuel resources are declining, their use also pollutes the environment. Also, due to the increase
in the average wind speed in the world, the use of wind turbines, which are classified in structures with new
and renewable energy, will be very cost-effective. Wind turbine towers can be made of concrete, steel, conical,
lattice, wood, or multi material. Given that the investment cost to build a wind farm and connect it to the
transmission network is 75 to 85 percent, and the cost of building the structure is 15 to 25 percent of the total
cost. Steel lattice towers can reduce the cost of building a wind turbine structure by 30 percent and therefore,
a complete and correct model for analyzing these types of structures will be very important and economically
noteworthy. Wind turbine lattice towers are usually made and executed with bolt connections. In this case, the
number of bolts is very high, which increases the need for cyclical and reciprocal loads. Joint slip in these
structures refers to the relative displacement of bolt connection under the influence of force. Therefore,
creating a joint slip will be inevitable due to the ease and speed of execution in which the bolt hole is made of
a larger bolt diameter. Joint slip increase the displacement of lattice towers So much so that the maximum
displacement of the tower is twice as high as that of static methods. And not considering it will destroy the
tower and assuming the reliability factor will make it uneconomical. In this type of structure, the tower is often
made of angle and single angles are used in cross members and bracing and double angles are mostly used in
the bases of lattice towers. With this explanation, in this study, the force curve of the displacement of the of
three samples with single angle section in the laboratory and four samples with double angle section in Abaqus
software was modeled and were affected by reciprocating loads and then the results of numerical modeling
were validated with laboratory samples. In the models modeled in the software, after sensitivity analysis, the
type and size of the mesh is precisely minimized the resulting error. In this investigation available data in joint
slip develops bolt connections which include angles with equal leg. It offers force-displacement curve of
different connections for double angles and their connections damping ratio are calculated likewise and the
effectiveness of each variable on the slip of the node is expressed in double angles. The results show that joint
slip occurs during service loads and this effect depends on the number of bolt, the diameter of the bolt, the bolt
cross-sectional area, the thickness of the angle and the effective cross-sectional area among these, screw
diameter is the most important variable for predicting joint behavior. Also, the viscosity damping ratio for
single and double angle connections is almost equal and can be assumed to be 42.5. This ratio increases with
increasing number and decreasing bolt diameter. This investigation is beneficial for designing wind turbine
lattice towers and in it, provides structure behavior to the designer more accurately.

Keyword: Wind Turbine Lattice Tower, Joint Slippage, cyclic loading, Abaqus, Damping Ration ().
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