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1 INTRODUCTION 

1.1 Introduction 
To increase the future capacity of electricity transmission, it is necessary to upgrade the transmission grid by building 

new and modifying existing high voltage connections. 

It is for this reason the client (OG) intends to build a new 380 kV line between Rilland and Tilburg and to modify the 

existing 380 kV and 150 kV lines in the vicinity of the new line. This upgrading is part of the program “Zuid-West-Oost” 

and consists of the following designs related to the D2.3 component of the program: 

Design permanent interfaces (OSP’s, “opstijgpunten”) to connect to underground 150 kV cable connections at the 

following locations: 

- Geertruidenberg – Breda, tower 1 (GT–BD150) 

- Roosendaal – Borchwerf, tower 11 (RSD–RSB150) 

- Roosendaal Borchwerf – Woensdrecht, tower 19a (RSB–WDT150) 

- Roosendaal – Moerdijk tower 97 (RSD-MDK150). 

This report concerns the existing towers which will interface to the permanent underground cable connections. The 

towers have been analyzed based on the applicable loads resulting from the droppers to the cable connections and the 

existing line spans. Based on the analyses, modifications to the existing tower have been developed which will ensure 

the towers are able to accommodate the new loading situations. The modifications have been kept to a minimum (where 

possible) without comprising the foreseen longevity of the structures. As a basis of design, the NEN 8700 standard is 

used. 

1.2 Goal and scope of this report 
The goals of this study are to determine whether the tower types described in this report are suitable to interface with 

the permanent underground cable connection and what modifications, if any, are required to ensure suitability. 

After modifications have been applied, the ability of the system to fulfil the applicable requirements will be verified. 

1.3 Related documents 

1.3.1 Verification & validation plan 
For details relating to the verification and validation of requirements, refer to 21-0978 “Verificatie en validatie tijdelijke 

OSP's” (meridian nr: 002.678.00 0935198, 21-0978). 

1.3.2 BO-phase1 
In the report “D2.2 Ondersteuning Basisontwerp 150 kV Opstijgpunten” [1] an investigation into the various OSP 

locations was conducted. The investigation focused on aspects such as internal clearances, E and M fields and basic 

structural calculations. 
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2 CALCULATIONS 

2.1 Methodology 

2.1.1 Introduction 
In the previously submitted report regarding the permanent OSPs [1], the structures were analysed on verbouwniveau 

only. For the DO phase, the structures were first analysed on afkeurniveau and any failing members were then replaced 

and assessed according to verbouwniveau. This report expands on the structural analysis from the BO report [1] by 

proposing modifications to resolve the over-utilisations exhibited by certain tower members. 

2.1.2 Starting points 
The calculations are executed based on the starting points as included in Table 1. 

Table 1 Calculation starting points 

Code NEN-EN50341-2-15:2019 

General 
Wind zone 
Terrain category 
Reduction factor cdir 

III 
II (onbebouwde omgeving) 

1,00 

Initial situation 
Consequence class 
Reliability level 
Reference period 

CC2-0 
Afkeur CC2-0 

30 years 

Situation after modifcations 
Consequence class 
Reliability level 
Reference period 

CC2 
Verbouw 
50 years 

2.1.3 Process steps 
The process required to determine whether tower reinforcements are required or not consists of the following steps: 

- Step 1: Test the existing tower (Init) on “Afkeur” 

- Step 2: Define the required reinforcements when the initial tower does not fulfill the “Afkeur” criterion (Def. 

Aanp.) 

- Step 3: Testing (only) the prescribed modifications (AanP) on “Verbouw” 

- Step 4: Test the complete tower including reinforcements (Initi + Aanp) on “Afkeur” 

The process described above is represented in Figure 1. 

Figure 1 Process diagram 
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2.1.4 Conductor loads 
The calculations have been performed with the conductor loads program developed by DNV. For the conductor loads of 

the droppers a separate calculation sheet was used. Short circuit loads were determined based on the IEC-standard. 

The results of the load calculations have been included in Appendix A. 

2.1.5 Reaction forces on foundation 
The reaction forces on the foundation have been calculated using PLS Tower which considers all possible load cases 

from conductors in the span and the droppers including short-circuit loads. 

2.1.6 Modelling 
Based on the received as-built information, the towers were modelled in PLS-Tower. Only the main elements were 

modelled. Profiles such as redundant members which are not critical for load support were excluded and checked 

separately. The angle profiles including the bolted connections were modelled and checked in PLS-Tower. Checking of 

detailed connections such as gusset plates is not included in the scope of work. 

The conductor loads from the aforementioned conductor loads programs were used as input for the calculations. For the 

short circuit loads, a separate calculation was performed. The parameters and results of this calculation can be found on 

the first page of Appendix A. 

Diagonals in the front-, rear and side planes of the tower have been grouped and the check of these members is 

performed per group. In case one of the elements in the group is overloaded, the resulting upgrades apply for all 

members in the group. 
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3 RESULTS 

3.1 GT-BD Tower 1 

3.1.1 Tower outline 
The tower outline from the received asset data is included in Figure 2. 

Figure 2 Tower outline for tower 1 GT-BD 

The construction drawings provided by TenneT did not include workshop drawings for the onderstuk and bovenstuk of 

type E1. The onderstuk and bovenstuk drawings of the H1 were then used. This was more conservative since the H1 

uses smaller members than the E1. According to the drawings the crossarms of the H1 and E1 are the same. The 

calculations showed that the mast body was not critical and only modifications on the crossarms were required. It is still 

advisable to perform field measurements and thereafter analyse the exact structure. 
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3.1.2 Tower details 

Table 2 summarises the wind and weight span parameters for tower 1 GT-BD. 

Table 2 Tower details for tower 1 GT-BD 

Back span 

(°)
Line Angle Tower Ahead span Tower type (m) (line 

number (m) (OSP side) 
side) 

1 E1 180 263 Varies per phase between 1 and 5m 

3.1.3 Tower analysis 
The results of the analysis for tower 1 GT-BD with the loads calculated according to “afkeurniveau” are depicted in 

Figure 3 below. It should be noted that the results obtained during the BO analysis were more conservative since the 

BO calculations only considered the verbouw level. Even though the BO analysis was more conservative, more 

modifications are now required for mast 1 due to the increase in the extension length. In the BO phase the extension 

was 0.75m long but this has now been increased to 1.5m. 

Figure 3 PLS-TOWER results for tower 1 GT-BD 

The results of the analysis of the angle profiles, redundant members and main leg column anchors have been included 

in Table 3. 
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Table 3 Summary of performed checks for tower 1 
Check of Evaluation Referentie 
Profiles NOK Figure 3 
Redundants OK Appendix C 
Shear blocks OK Appendix D 

3.1.4 Modifications 
This section proposes tower reinforcements to ensure the tower fulfils the “afkeurniveau” loads. The proposal contains 

the following measures: 

- Replacement of diagonals in the upper crossarm 

- Strengthening of joints in the upper crossarm using plates 

- Addition of new crossing diagonals in the upper crossarm (designed to withstand verbouw level) 

- Addition of new members to outwardly extend the attachment point of the insulator in the upper crossarm. 

3.1.5 Strengthening 
As per the group summary outputs in Appendix B, the bracing members indicated in blue in Figure 4 are to be replaced. 

Figure 4 Members to be replaced in the upper crossarm of tower 1 GT-BD 

For member 110, replacement has been chosen as the preferred upgrade instead of doubling. The presence of bracing 

on both planes makes it difficult to attach a double member. When executing the exchange, the earthwire should be 

temporarily attached to the opposite end of the crossarm while the bracing on the top plane of the crossarm remains 

intact. In this way the members can be exchanged one by one. 
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As per Figure 4, member 110 requires joint strengthening using plates (cyan circles, refer to Appendix E). The joint 

calculations for member 110 were performed based on 1 existing bolt. It should be noted that the schematic drawing of 

mast 1 shows 2 bolts but the workshop drawing of the upper crossarm shows 1 bolt. To be conservative, the calculation 

in Appendix D should remain until field measurements can provide clarity. 

Due to the proximity of the OSP to the tower, the attachment point for the upper conductor is to be outwardly extended 

by 2.24m as measured from the centre line of the tower on the side view. The main beams of the extension will be 

attached to the existing pairs of parallel beams that connect the current strain insulator. Refer to Appendix E for more 

details. 

To facilitate the extension of the upper conductor attachment point, new bracings are required. Figure 5 depicts the 

position of the conductor attachment extension and the bracings required. A schematic of the connection between the 

new modification and the existing crossarm is shown in Figure 6. Further details are available in Appendix E 

Figure 5 Bracing arrangement for upper conductor attachment point 

Figure 6 Connection between the modified conductor attachment and the existing crossarm 

Table 4 provides an overview of the weight of profiles required for the strengthening of tower 1. The weight of plates is 

not included in the calculation. 
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Table 4 Weight of profiles required for modifications on tower 1 
Group 
Label 

Profile ini. 
Material 

ini. 
Bolts ini. Profile new 

Material 
new 

Bolts new Mitigation Number 
Length 

(m) 
Weight 

(kg) 

411 50x50x5 S235 1M16-5.6t 60x60x6 S355 1M16-8.8t Profile exchanged 4 1.77 38.58 

412 50x50x5 S235 1M16-5.6t 50x50x5 S355 1M16-8.8t Profile exchanged 4 2.15 32.59 

422 50x50x5 S235 1M16-5.6t 55x55x6 S355 1M16-8.8t Profile exchanged 2 2.19 21.56 

431 50x50x5 S235 1M16-5.6t 55x55x6 S355 1M16-8.8t Profile exchanged 2 1.90 18.74 

432 50x50x5 S235 1M16-5.6t 60x60x6 S355 1M16-8.8t Profile exchanged 2 1.74 18.96 

448 50x50x5 S355 1M16-8.8t Profile added 4 2.24 33.96 

449 UNP160 S355 2M20-8.8t Profile added 2 3.00 113.23 

450 HEB160 S355 2M20-8.8t Profile added 2 0.62 53.06 

451 50x50x5 S355 1M16-8.8t Profile added 2 0.99 7.53 

452 50x50x5 S355 1M16-8.8t Profile added 2 0.62 4.70 

453 50x50x5 S355 1M16-8.8t Profile added 2 1.00 7.55 

110-1 55x55x6 S235 1M16-5.6t 70x70x7 S355 1M16-8.8t Profile exchanged 4 1.84 54.58 

110-2 55x55x6 S235 70x70x7 S355 Profile exchanged 4 1.82 53.99 

110-3 55x55x6 S235 1M16-5.6t 70x70x7 S355 1M16-8.8t Profile exchanged 4 2.12 62.89 

521.93 
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3.2 RSB-RSD Tower 11 

3.2.1 Tower outline 
The tower outline based on the received asset data is included in Figure 7. The asset data did not include a tower 

outline drawing so Figure 7 is based on the dimensions in the individual section drawings. 

Figure 7 Tower outline for tower 11 RSB-RSD 
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3.2.2 Tower details 
Table 5 summarises the wind and weight span parameters for tower 11 RSB-RSD. 

Table 5 Tower details for tower 11 RSB-RSD 

Back span 

(°)
Line Angle Tower Ahead span 

Tower type (m) (line 
number (m) (OSP side) 

side) 

11 H150° 152 229.1 Varies per phase between 1 and 5m 

3.2.3 Tower analysis 
The results of the analysis for tower 11 RSB-RSD with the loads calculated according to “afkeurniveau” are depicted in 

Figure 8 below. It should be noted that the results obtained during the BO analysis were more conservative since the 

BO calculations only considered the verbouw level. 

Figure 8 PLS-TOWER results for tower 11 RSB-RSD 
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The results of the analysis of the angle profiles, redundant members and main leg column anchors have been included 

in Table 6. 

Table 6 Summary of performed checks for tower 11 
Check of 
Profiles 
Redundants 
Shear blocks 

OK 
OK 

Evaluation 
NOK 

Referentie 
Figure 3 

Appendix C 
Appendix D 

3.2.4 Modifications 
This section proposes tower reinforcements to ensure the tower fulfils the “afkeurniveau” loads. The proposal contains 

the following measures: 

- Replacement of diagonals in the upper crossarm 

- Strengthening of joints in the upper crossarm using plates 

- Replacement of crossing diagonals on the front and side faces in the upper section of the mast body between 

the two crossarms 

- Addition of a frame to outwardly extend the attachment point of the insulator in the upper crossarm (designed 

to withstand verbouw level). 

3.2.5 Strengthening 
As per the group summary outputs in Appendix B, the bracing members indicated in blue in Figure 9 and Figure 10 are 

to be replaced. 

Figure 9 Members to be replaced in the upper crossarm of tower 11 RSB-RSD 
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                Figure 10 Crossing diagonals to be replaced in the upper section of the mast body 
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Internal bracings are required to secure the extension frame on the upper conductor attachment point. The bracings 

shown in Figure 11 should be installed at the locations of sections B-B and C-C from Figure 9. 

Figure 11 Internal bracing arrangements for the extension frame on the upper crossarm 

Refer to Appendix E for further details on the new bracings which are to be installed. 

Table 7 provides an overview of the weight of profiles required for the strengthening of tower 11. The weight of plates is 

not included in the calculation. 

Table 7 Weight of profiles required for modifications on tower 11 
Group Label Profile 

ini. 
Material 

ini. 
Bolts ini. Profile 

new 
Material 

new 
Bolts new Mitigation Number Length (m) Weight 

(kg) 

302 50x50x5 S355 1M16-8.8t Profile added 2 1.10 8.30 

303 50x50x5 S355 1M16-8.8t Profile added 2 1.03 7.81 

304 50x50x5 S355 1M16-8.8t Profile added 4 1.22 18.50 

305 50x50x5 S355 1M16-8.8t Profile added 4 2.22 33.66 

306 70x70x7 S355 1M16-8.8t Profile exchanged 4 2.27 67.22 

307 60x60x6 S355 1M16-8.8t Profile added 8 1.54 67.31 

308 50x50x5 S355 1M16-8.8t Profile added 2 1.48 11.22 

309 50x50x5 S355 1M16-8.8t Profile added 4 1.20 18.12 

311 50x50x5 S355 1M16-8.8t Profile added 2 1.09 8.26 

312 50x50x5 S355 1M16-8.8t Profile added 2 1.30 9.85 

313 50x50x5 S355 1M16-8.8t Profile added 2 1.29 9.78 

314 50x50x5 S355 1M16-8.8t Profile added 2 1.27 9.60 

315 50x50x5 S355 1M16-8.8t Profile added 2 0.60 4.55 

316 80x80x8 S355 1M20-8.8t Profile added 4 2.78 107.71 

317 80x80x8 S355 1M16-8.8t Profile added 2 6.79 131.81 

320 HEB160 S355 2M20-8.8t Profile added 2 0.60 51.35 

321 50x50x5 S355 1M16-8.8t Profile added 4 0.60 9.10 

322 50x50x5 S355 1M16-8.8t Profile added 2 1.18 8.91 

323 50x50x5 S355 1M16-8.8t Profile added 2 1.22 9.25 

324 60x60x6 S355 1M16-8.8t Profile added 2 1.77 19.25 

325 50x50x5 S355 1M16-8.8t Profile added 2 1.20 9.06 

301-6 55x55x5 S235 1M16-5.6t 55x55x6 S355 1M16-8.8t Profile exchanged 2 1.38 13.55 

301-7 50x50x5 S355 1M16-8.8t Profile added 2 1.19 9.02 

301-8 50x50x5 S355 1M16-8.8t Profile added 2 1.10 8.32 

301-9 55x55x5 S235 1M16-5.6t 60x60x6 S355 1M16-8.8t Profile exchanged 2 1.20 13.02 

mvd2 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.66 78.85 

mvd3 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.73 80.84 

mvd4 70x70x7 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.93 86.89 

mzd2 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 1.33 39.45 

mzd3 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.69 79.83 

mzd6 90x90x8 S235 3M22-5.6t 90x90x9 S355 3M22-8.8t Profile exchanged 4 1.51 73.24 

t1vd1 70x70x7 S235 1M16-5.6t 80x80x8 S355 1M16-8.8t Profile exchanged 2 2.85 55.29 

t1vd2 70x70x7 S235 1M16-5.6t 80x80x8 S355 1M16-8.8t Profile exchanged 2 2.83 54.91 

1213.82 
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3.3 RSD-WDT Tower 19a 

3.3.1 Tower outline 
The tower outline from the received asset data is included in Figure 12. 

Figure 12 Tower outline for tower 19a RSD-WDT 

The structure was modelled with S355 steel quality. This assumption was used after consulting with TenneT and the 

basis for the assumption is that the tower was constructed during/ after 2010. A workshop drawing of one of the tower 

components was also provided by TenneT which indicated that the steel material was S355. 

Mast 19a currently exists as a “dual-mast” tower with a bridge connecting the two sides. The bridge and the mast which 

is furthest from the portaal at Borchwerf will be removed resulting in a singular tower as shown in Figure 12. For the 

purposes of the structural calculations, the bridge and adjacent mast were not considered. 
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3.3.2 Tower details 
Table 8 summarises the wind and weight span parameters for tower 19a RSD-WDT. 

Table 8 Tower details for tower 19a RSD-WDT 

Back span 

(°)
Line Angle Tower Ahead span 

Tower type (m) (line 
number (m) (OSP side) 

side) 

19a Lijnportaal 143 110 Varies per phase between 1 and 2m 

3.3.3 Tower analysis 
The results of the analysis for tower 19a with the loads calculated according to “afkeurniveau” are depicted in Figure 13 

below. 

Figure 13 PLS-TOWER results for tower 19a RSD-WDT 
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The results of the analysis of the angle profiles, redundant members and main leg column anchors have been included 

in Table 9. 

Table 9 Summary of performed checks for tower 19a 
Check of 
Profiles 
Redundants 
Shear blocks 

OK 
OK 

Evaluation 
NOK 

Referentie 
Figure 3 

Appendix C 
Appendix D 

3.3.4 Modifications 
This section proposes tower reinforcements to ensure the towers fulfill the “afkeurniveau” loads. The proposal contains 

the following measures: 

- Replacement of crossing diagonals in the tower body beneath the crossarm 

- Strengthening of crossing diagonal joints using plates 

- Replacement of diagonals in the body diaphragm of the crossarm 

Provision will have to be made for a dropper attachment point at the crossarm. No new extension frames are required 

for this structure as for the towers 1, 11 and 97. 

3.3.5 Strengthening 
As per the group summary outputs in Appendix B, the bracing members indicated in blue in Figure 14 are to be 

replaced. 

Figure 14 Crossing diagonals to be replaced in the body of mast 19a 
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At location where the crossarm meets the tower body, the diagonal bracing in the diaphragm is to be replaced as shown 

in Figure 15. 

Figure 15 Diagonal bracing in the diaphragm to be replaced 

Table 10 provides an overview of the weight of profiles required for the strengthening of tower 19a. The weight of plates 

is not included in the calculation. 

Table 10 Weight of profiles required for modifications on tower 19a 
Group 
Label 

Profile ini. 
Material 

ini. 
Bolts ini. Profile new 

Material 
new 

Bolts new Mitigation Number 
Length 

(m) 
Weight 

(kg) 

213L 100x100x10 S355 2M24-8.8t 100x100x12 S355 2M24-8.8t Profile exchanged 4 3.96 283.40 

213T 100x100x10 S355 2M24-8.8t 100x100x12 S355 2M24-8.8t Profile exchanged 4 3.96 283.40 

214 70x70x7 S355 1M20-8.8t 100x100x12 S355 1M20-8.8t Profile exchanged 4 1.84 131.64 

698.45 
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3.4 RSD-MDK Tower 97 

3.4.1 Tower outline 
The tower outline based on the received asset data is included in Figure 16. The asset data did not include a tower 

outline drawing so Figure 16 is based on the dimensions in the individual section drawings. 

Figure 16 Tower outline for tower 97 RSD-MDK 
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3.4.2 Tower details 
Table 11 summarises the wind and weight span parameters for tower 97 RSD-MDK. 

Table 11 Tower details for tower 97 RSD-MDK 

Back span 

(°)
Line Angle Tower Ahead span 

Tower type (m) (line 
number (m) (OSP side) 

side) 

97 W150° 169 323 Varies per phase between 1 and 5m 

3.4.3 Tower analysis 
The results of the analysis for tower 97 RSD-MDK with the loads calculated according to “afkeurniveau” are depicted in 

Figure 17 below. 

Figure 17 PLS-TOWER results for tower 97 RSD-MDK 
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The results of the analysis of the angle profiles, redundant members and main leg column anchors have been included 

in Table 12. 

Table 12 Summary of performed checks for tower 97 
Check of 
Profiles 
Redundants 
Shear blocks 

OK 
OK 

Evaluation 
NOK 

Referentie 
Figure 3 

Appendix C 
Appendix D 

3.4.4 Modifications 
This section proposes tower reinforcements to ensure the tower fulfils the “afkeurniveau” loads. The proposal contains 

the following measures: 

- Replacement of diagonals in the upper crossarm 

- Strengthening of joints in the upper crossarm using plates 

- Replacement of crossing diagonals on the front and side faces in the upper section of the mast body between 

the two crossarms 

- Addition of a frame to outwardly extend the attachment point of the insulator in the upper crossarm (designed 

to withstand verbouw level). 

3.4.5 Strengthening 
As per the group summary outputs in Appendix B, the bracing members indicated in Figure 18 and Figure 19 are to be 

replaced. 

Figure 18 Members to be replaced in the upper crossarm of tower 97 RSD-MDK 
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Figure 19 Crossing diagonals to be replaced in the upper section of the mast body 

Internal bracings are required to secure the extension frame on the upper conductor attachment point. The bracings 

shown in Figure 20 should be installed at the locations of sections B-B and C-C from Figure 18. 

Figure 20 Internal bracing arrangements for the extension frame on the upper crossarm 
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Refer to Appendix E for further details on the new bracings which are to be installed. 

Table 13 provides an overview of the weight of profiles required for the strengthening of tower 97. The weight of plates 

is not included in the calculation. 

Table 13 Weight of profiles required for modifications on tower 97 
Group 
Label 

Profile ini. Material 
ini. 

Bolts ini. Profile new Material 
new 

Bolts new Mitigation Number Length 
(m) 

Weight 
(kg) 

302 50x50x5 S355 1M16-8.8t Profile added 2 1.10 8.30 

303 50x50x5 S355 1M16-8.8t Profile added 2 1.03 7.81 

304 50x50x5 S355 1M16-8.8t Profile added 4 1.22 18.50 

305 50x50x5 S355 1M16-8.8t Profile added 4 2.22 33.66 

306 70x70x7 S355 1M16-8.8t Profile added 4 2.27 67.22 

307 60x60x6 S355 1M16-8.8t Profile added 8 1.54 67.31 

308 50x50x5 S355 1M16-8.8t Profile added 2 1.48 11.22 

309 50x50x5 S355 1M16-8.8t Profile added 4 1.20 18.12 

311 50x50x5 S355 1M16-8.8t Profile added 2 1.09 8.26 

312 50x50x5 S355 1M16-8.8t Profile added 2 1.30 9.85 

313 50x50x5 S355 1M16-8.8t Profile added 2 1.29 9.78 

314 50x50x5 S355 1M16-8.8t Profile added 2 1.27 9.60 

315 50x50x5 S355 1M16-8.8t Profile added 2 0.60 4.55 

316 80x80x8 S355 1M20-8.8t Profile added 4 2.78 107.71 

317 80x80x8 S355 1M16-8.8t Profile added 2 6.79 131.81 

320 HEB160 S355 2M20-8.8t Profile added 2 0.60 51.35 

321 50x50x5 S355 1M16-8.8t Profile added 4 0.60 9.10 

322 50x50x5 S355 1M16-8.8t Profile added 2 1.18 8.91 

323 50x50x5 S355 1M16-8.8t Profile added 2 1.22 9.25 

324 60x60x6 S355 1M16-8.8t Profile added 2 1.77 19.25 

325 50x50x5 S355 1M16-8.8t Profile added 2 1.20 9.06 

301-6 55x55x5 S235 1M16-5.6t 55x55x6 S355 1M16-8.8t Profile exchanged 2 1.38 13.55 

301-7 50x50x5 S355 1M16-8.8t Profile added 2 1.19 9.02 

301-8 50x50x5 S355 1M16-8.8t Profile added 2 1.10 8.32 

301-9 55x55x5 S235 1M16-5.6t 55x55x6 S355 1M16-8.8t Profile exchanged 2 1.20 11.76 

mvd3 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.73 80.84 

mvd4 70x70x7 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.93 86.89 

mzd2 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 1.33 39.45 

mzd3 65x65x6 S235 2M20-5.6t 70x70x7 S355 2M20-8.8t Profile exchanged 4 2.69 79.83 

t1vd1 70x70x7 S235 1M16-5.6t 80x80x8 S355 1M16-8.8t Profile exchanged 2 2.85 55.29 

t1vd2 70x70x7 S235 1M16-5.6t 80x80x8 S355 1M16-8.8t Profile exchanged 2 2.83 54.91 

1060.47 
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APPENDIX A 
Conductor loads 
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APPENDIX B 
PLS-tower output 
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APPENDIX C 
Redundant members analysis 

DNV – Report No. 21-0980, Rev. 2 – www.dnv.com C 

www.dnv.com










           

 
    

APPENDIX D 
Shear blocks and miscellaneous calculations 
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 APPENDIX E 
Drawings 
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