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1. Introduction 
 
This document presents the foundation loads from the V90 - 3.0MW VCS HH80m, IEC1A load 
spectrum. The loads are simulated in accordance with IEC61400-1 ed.3, ref. [1]. The geometry 
of the connection between the tower and foundation section can be found in ref [4]. 
 

2. References 
 

Reference Document Doc. No. Revi-
sion 

[1] Design Code IEC 61400-1 Edition 3 

[2] Load Spectrum Load Spectrum V90 – 3.0 MW WCT VCS HH80 IEC1A  962670 0 

[3] Load Spectrum Load Spectrum V90 – 3.0 MW PP VCS HH80 IEC1A  962665 0 

[4] Foundation draw-
ing 

Embedment 
V90 3MW HH80m IEC IA 960561 0 

Table 2.1 References. 
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3. Extreme Loads 
 
Foundation loads components at the instant of extreme resulting bending moment are given in 
Table 3.1. Own weight moment contribution due to tower out of vertical (0.008 m/m) is included 
with PLF 1.0 in below resultant moments.  
 

Extreme Foundation Loads 
 Extreme load case 

LC 61E50a008a.int - 61E50a008f.int 
Fx (kN) -754 
Fy (kN) 302 
Fz (kN) -2564 

Mx (kNm) -15117 

My (kNm) -55475 
Mz (kNm) -571 

PLF 1.35 
Table 3.1 Extreme foundation loads. Partial load Factor not included. 
 
The own weight moment contribution due to tower out of vertical is listed in Table 3.2. 
 

Tower own weight moment 
Tower out of vertical: 0.008 m/m 
Partial load factor: 1.10 
Mown 1106 kNm 

Table 3.2 Tower own weight moment. PLF not included. 
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4. Fatigue Loads 

4.1 Equivalent and Mean Load 
 
For the foundation the mean loads have to be considered. The mean loads must be combined 
with either the equivalent loads or the fatigue load spectrum. 
 
The equivalent loads given may be used only if the material property can be characterised by 
an S/N-curve with the same slope as given for the equivalent loads.  
 
Equivalent and Mean Fatigue Foundation Loads 
 Mean load Range  m = 4 Range  m = 7 

Fx (kN) - - - 

Fy (kN) 195 312 294 

Fz (kN) -2761 113 95.4 

Mx (kNm) -14878 16945 18822 

My (kNm) - - - 

Mz (kNm) -84.0 2934 2587 
Table 4.1 Equ. fatigue foundation loads. Neq=1e7. 
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5. Rainflow Spectrum  
 

Foundation Fatigue Load Spectrum 
Tower shear, bottom Fy [kN] Tower bending, bottom Mx [kNm] 

Range N Nacc. Range N Nacc. 
1042.20         7           7 74342.00           33          33
1021.30         7          14 72855.00           16          49
1000.50        17          31 71368.00           16          64
 979.66         9          39 68395.00          117         181
 958.82        18          57 66908.00           50         231
 937.97        24          81 65421.00           43         274
 917.13        59         140 63934.00           57         331
 896.28       105         245 62447.00           34         365
 875.44        42         286 60961.00           35         400
 854.60        57         343 59474.00            8         408
 833.75        29         371 57987.00           35         443
 812.91        17         388 56500.00           65         507
 792.06        71         459 55013.00           53         560
 771.22        87         546 53526.00           65         625
 750.38        17         562 52040.00           38         663
 729.53        76         638 50553.00           75         737
 708.69        83         721 49066.00           99         836
 687.85       112         833 47579.00           67         903
 667.00       108         941 46092.00           74         977
 646.16        41         981 44605.00          133        1109
 625.31       141        1122 43118.00           86        1195
 604.47        88        1209 41632.00          212        1407
 583.63       103        1312 40145.00          323        1730
 562.78       190        1502 38658.00          435        2165
 541.94       575        2077 37171.00          731        2896
 521.10      1688        3765 35684.00          968        3863
 500.25      1990        5755 34197.00          967        4830
 479.41      2776        8531 32711.00         2057        6887
 458.56      6609       15139 31224.00          934        7821
 437.72     17317       32456 29737.00         4480       12301
 416.88     26493       58949 28250.00         2590       14891
 396.03     54017      112966 26763.00        16131       31022
 375.19    126060      239026 25276.00       107610      138632
 354.34    232500      471526 23789.00       137510      276142
 333.50    423430      894956 22303.00       221890      498032
 312.66    588440     1483396 20816.00       362310      860342
 291.81    827810     2311206 19329.00       499270     1359612
 270.97   1266100     3577306 17842.00       671780     2031392
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 250.13   1890400     5467706 16355.00      1101800     3133192
 229.28   2763400     8231106 14868.00      1458500     4591692
 208.44   3808500    12039606 13381.00      2320600     6912292
 187.59   5742500    17782106 11894.00      3128700    10040992
 166.75   8379200    26161306 10407.00      4494600    14535592
 145.91  13182000    39343304  8921.10      6182200    20717792
 125.06  23033000    62376304  7434.20      8502700    29220492
 104.21  44913000   107289304  5947.40     12697000    41917492
  83.38  88029000   195318304  4460.50     24826000    66743492
  62.53 166930000   362248320  2973.70     84163000   150906496
  41.69 276750016   638998336  1486.80    397750016   548656512
  20.84 409360000  1048358336  

 

6. Stiffness of Foundation 
 
The spring stiffness of the foundation must be at least Cϕ,dyn  ≥ 40 GNm/rad and not higher 
than Cϕ,dyn  ≤ 550 GNm/rad. 
 
If pile foundation is needed, the following minimum horizontal stiffness for the total pile system 
must be achieved. 

Weight from tower and nacelle at tower interface: Gtower/nac = 227.000 kg

Weight of foundation plate: 
Total weight: 

850.000 kg
1.077.000 kg  ⇒       Ch,dyn      ≥ 2.60 * 108 N/m

Weight of foundation plate: 
Total weight: 

1.000.000 kg
1.227.000 kg  ⇒       Ch,dyn      ≥ 3.00 * 108 N/m

Weight of foundation plate: 
Total weight: 

1.150.000 kg
1.377.000 kg  ⇒       Ch,dyn      ≥ 3.40 * 108 N/m

 
Values in between can be linearly interpolated. 
 
Alternatively, the natural frequency of the total system can be verified. 
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Appendix A. Co-ordinate Systems 
 

 


