
















�����K���������(�����������K
�
�&���0�K���2���� ���K

�������K���������@��������� �K
���¸�†�������
 ���&�Ò���K�����¦���-�K

�|�Ê�?���K

�������K���������(���,�§��� �K �������K���������(���-�������K�������0�K�����F�����K �Ø�����0�K�2�-�����-�K
�������K���������@�����«��� �K
���&���0�K���,�¬�-� �K

�Ù�����K���������(�����T�����K
�µ���&���0�K�¹�,�F�����K

�;�H�b�c�‰�8�Y�i�V�d�o�‰ �_�Y�i�e�=�‰ �[�Y�b�f�‰ �S�I�M�=�b�‰�b�D�>�?�c�‰�c�Y�c�7�N�‰
�c�Y�c�7�O�‰�\�`�Y�K�=�9�e�‰�W�{�‰�b�E�=�=�c�b�‰

�V���K �����K ���K ���Ã�T�� �:���-����

�� �� ���� ����
�`�=�A�I�b�c�=�`�=�;�‰�8�I�l�I�N�‰�=�W�A�I�W�=�=�`�‰�;�7�‰

�•�‘
�� �@�A�¥

�Q ��
�„�B���È�¨�C���É���D��

�E �:�K
�	�
��

���K�F�K
�…�¾�������u�K

�������������������� ���������������������� ���� �������� ���������
�	�
��������
�	���Ì�(�/�K�����;�h�:���>���K �,���‡�K� �� �$�K�����K �2�����S�����$�K �����K �,���©�K� ���$�K�����K

�����K���������@�����������K
���&���0�K�º�Â�U� ���K

�!���ê�K�
�'�t�•�������K
�
�	�����ë�K

�����K

�������I�Ú�K�	�����[�&�G���K

���c�3�0�K

�������G�K���	���
�����
�������A�K
�
�����K

�����
���!�K���<�Õ���K�������­�€��
�H�K���� ��

������ ���


�����K���������O�����®�K���Ç�²�K
�;���������9�K�����K�+���������m�K
�
�"���0�K�����K�������K

����������������

�!�����
�)���������K
�
�	���3���K

���������K

���1�
�K���������O�����������K
�x�z�d���������n�e�P�^�_�z� �f�P�M���:�z

���2���K���������(�����������K
�;�=���� ���$�K�����K�#���������#�K�ì���/���K

�.�������J�)�Y���K���	�������)�����K

���K ���)�*�L�5�������"�K�*�6�C���5���6���/�K���K�K�>�,���K�K�6�5�K

�	���Í�’���F���� �� �:���>���K �	���Î�(���U� ���� �´���>���K �	���Ï�“�,�ª� ���h�:�������K
�[�P�7�W�b�‰�7�\�[�`�Y�m�7�Q�‰�;�7�g�?�‰

�������	�������� �
���������� �N���H���K���
���4���������K���	�
�K�����������K�����K�j�����”���#�K�ñ�)�����• �����A�	�%�
�=���A�/���A���
�&�#���0�6�*�!�
�A�.�7�A�����:�A�.�����������6�:�A�.�7�A���+���:�A
�:�����&�&�A�-�=�A���A�7���:�5�;�$�
�&���A���0�6�A�>���A�3�?�8�2�@�A�1�9�A
���&���'���,�<�<�A�/���A�<���A ���(���<�A�/���A�����"�:�A�4�)���A�<� ���A�����K�������!���K

�������$�R���8�K�~�����������_�û�������K���	���������‚�K
�!�
�������	�
���K�����������K�+�������� �+�K�������
�K

���������������
�	�K ���������
���K���������
���K���
�K�»���v�����k�P�K���
�������
�	�
���1�K�
�a���3�����é�K

�±�{�K
����

����
����

�������������i�B��
�<�����������K�?�K�����ˆ�K�����
�
�K���K

�������K�a�=�K���
���	�! �‰�ß���Þ�K
�.�������	�K���I�������
�������1�K
���
���K�����
�
�K�2�K

���������K

��������������������
�à�õ�ù�á���Ë�K �¼�K�'�–�ç�ö�w�K
�����	�
�Å�K�W�l�Ð���� �x�K

���7�7�=���7�K
�I�����������K

���������K

�	�
���
�	���������ü�K�������<�
�P�K�
���7�K

�� �������Ö���
�	�������K���	�������


������ �� ���� �9�����#�.�K

����
���K�‹ ���G�
�.�X�����¯�W�� �� �Œ

���������	��

�
�f�7�K
�+�����›���#�K�������
�K

���������K
�����À�	 �����9�����n�.�K��������

���������K

����
����

����

�
����

�
���K

�!�������%�����]�
�	�K
�����������
�K

�����K ���í�â�B���K
�����������ô�K�?�K�����K
���� ���K���K

�I�J�ž�Ÿ� �¡���	���������K���)�������Š�K�
�8�7�K
���� ���<�������K�-���K�•���#���K �E�E�8�9�1�K
�������%�K�������^�!�����
�A�K�����
�K �2�K

�¢ �Q �— �������G�K���	���
�����^�������1
�������K�	�������.�����K�����������K
�	�
���]�	���(���
�	�K�������[�
�K

���
���K�#�������î���K
�%�������	���3�J�å�����K
���
�_���3�H���#�K���%�
���4�K

�b�7�W�‰�;�I�?�B�Y�‰�7�b�b�Y�9�I�7�c�H�Y�W�‰�Y�@�‰�C�Y�n�?�a�W�T�?�W�c�b�‰
�,�%�&�‰�/�‰�b�c�a�?�?�f�‰
�b�7�W�‰�;�I�?�B�Y���‰�:�7�‰�1�+�&�%�'�‰

�c���p���‰�M�I�W�‰�I�W�c�?�a�W�7�h�H�Y�W�7�O�‰
�,�%�-�‰�9�7�U�I�W�Y�‰�<�?�R�‰�a�H�Y�‰�b�Y�k�c�F���‰�b�j�I�h�=�‰�.�%�%�‰
�b�7�W�‰�;�J�?�B�Y���‰�8�7�‰�1�+�(�%�0�‰

���K �����������þ�	�$�K�¶���K
���ú�����������K

� �$�����+�K � �$�˜�'�K

���������������������g�Æ�;�g�™�š
����

�V���9�����#�K�!���e�K
���\�
�Ó�	�������
�K
�
���������������K

����

�����������������	�K ���������×�1�K
���
���������	�����K
�6�‰�2���9�•���o�A�K�
�f�7�K

�����ø�K�:���K���������	���ý���K�������è�K

�����K�¿�����������}�°�K�����K
�;�� �� �·���y�K�<���K�8�����R���+�K
�
�&���<�•�K�½�Ä���;�Á�K

�M���������D�K�\�æ���
�K���������(�������K�����X�K
���
�������������
�K���������@�����S�����K

�� �� �$�œ���#�K

���������������� ����������������

�N���
���
�ã�����K�
�%�	�������%�K�	�-�Ý�%�4�K���������
�����
�	�K���%���.���Ž�K���
�Û�4�K�����ó�������	�ƒ�K

�����	�����
��
�ä���K�Z���=�K�8���)�ï���K�÷���
���K�ÿ���������'�K���e�*�K�'�%�b���	���J�����)���K�����
��

�����!�!���	�b�p�K�"�����K�'�Z�����������4�������K���ð�����+�K�"����������

���� �Y���.�K�q�������K�
�ò�)�B���K�������������K�?�K�����D�K�c�=�L�*�d���K�*���>���6�&�"�1�K�"����
�E�z�������K���H���B���K�³�K�����������K�?�K�����'�K�"���=�4�5���5�C���K�+�%���/�"�K��

���� �Ü���C�K�M���
�����	�Ô���K�����
�����'�A�K���/�*�K�D�3�������`�K�4���K�����������8�•
�"�����K�'���������`�K�����������������r�K�"����������

�¤�£�>�K �� �3�/�*�6�5�������"�K�*�6�C���5���L�*�/�K�����K�&���d�����/�K���&���6�K ����������
���� ����

����

���s�Ñ�����$�K

���������	���$
������ ���	������������

�E�z �&�b�`�z�)�Q�w�u�r�P�Y�Z�R�b�[�z �;�N�o�N�g�z�>�\�R�p�O�z �����������������
 �������
 �	�����

�������
�
���$ ��� ���������	�����$ ���������������$

������ ����������������
�����!�������$

�$�������) �!�����) �����'���)

�6�k�K�G�h�z�����c�W�K�c�X�z �;�N�q�N�i�z�>�]�R�o�O�z
������ ���������
���
�����������������#�����$ �;�H�p�j�s�U�z�1�c�v�I�a�z �(�]�S�i�z�3�9�b�g�i�N�l�z

��
���l�L�b�g�z�#�c�W�L�c�W�z �$�+���!�y�J�t�z�>�c�V�c�W�c�r�m�V�T�z�?�@���@�'�z �7�*�z �%���2�.�*�7�<�4�-���z

�‚ �� �� �� ���� �� ���������������…�
 �� ���$��������
���]
��

�„
��

�r�)
��

����
��

�s��
��

�z
��

�Z�X
��

�•
�� ��� �	�‰�5�u�#�!�‰ �q�q�q�‰ ���w �†

��
�‡
��

�ˆ
��

�•�x
��

�|���
�2�����"�t�€�3�4�� �q ���*�‰�����
�����
�������
���������
���������
�����
���
���	��
�����$����� �) ����� ���#�����) �"����� �) �%�������'�) ����� �������&�����) ���#���(���)�	�
���
�����������) ������������������ ���������	�� �������������
�
����

������ ���
�������� ������������

�����"�������$ �������$

�K�v�~�v�y�ƒ�‰�M�}�G�}�ƒ�v�‰ �����	�������
�F�z �����
�� ���	�������� �	���������
�� �������������
�����
�� ���
����������
�^�`�Y�L�=�9�e�‰�?�W�B�I�W�=�?�a�‰

�C�5�/�A���z ���������z

�������� ������������

�����
���z

�;�=�8�0�(�#�A�z�5�D�3�"�(�=�z���z�;�,���>�(���z�����
�
�
���
���������z �#�8�5�B�=���#�A�z�5�8�����z���
�
�����
���z

�
�������������� ����������
���	�������� ������

���,�K



LEGEND• 

@ - Indicates Suspender Cable designation

BB 

l PIER 2
SAN ELIJO LAGOON &
UC BRIDGE, NOTE 

CABLE 
RESTRAINER, 
NOTE 1 

l PIER 3 
SAN ELIJO
LAGOON & UG

\ 
BRIDGE,
NOTE 2

I 

CABLE 
RESTRAINER, 
NOTE 1 

01ST COUNTY 

11 SD 
ROUTE 

5 

Rk�� C�NEER � �A 

PLANS APPROVAL DATE 

Ths Sfofe of Collfornlo or Ifs officers or agent 
shall not be responsible for ths ocCJJrocy or 
completeness of sccnned ccples of this pion shee 

SAN DIEGO ASSOCIATION OF GOVERNMENTS 
401 8 STREET 

·-·-·-·-·-·-·-·-·-·-·-·-·-·-•-·-·-·-·-·-·-·-·-·-·-·-· i -·-·-·-·-·-(l PEDESTRIAN_BRIDGE·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-' ·-·-·-·-·-·-·-·-·
SAN DIEGO, CA 92101 

CABLE--� 
RESTRAINER, 
NOTE 1 

I I 

CABLE 
RESTRAINER, 
NOTE 1 

EB 

NOTES: 

T. Y. LIN INTERNATIONAL 
404 CAMINO DEL RIO SOUTH, SUITE 700 
SAN DIEGO, CA 92108 

1. For cable restrainer details, see 
"CABLE RESTRAINER DETAILS" sheet. 

2. For "SAN ELIJO LAGOON & UC" bridge details, 
see "SAN ELIJO LAGOON & UC" structure p I ans. 

3. For overol I project staging see 

PLAN VIEW WITH SUSPENDER DESIGNATION 
"SAN ELIJO LAGOON & UC" structure plans.

SUSPENDER CABLE 

TOP OF D�:K 

X 

. . 

' ' 

CLEAR SPACE .----
NEEDED FOR _ .• •• 
STRESSING '�i' 

, . ..,_ 
\ 'o 

SUSPENDER 
CABLE STRESSING 

1 u=1 '-011 

OESJGN OVERSIGHT 

X 

SIGN OFF DATE 

DESIGN OET,t.tL SHEET (ENGLISH) (REV. 03/14/12) 

DETAIL 

1"=20' 

It. SUSPENDER 
\ 

2 

WP 1 

WP 3 

SOFF°IT OF "S� 
ELIJO LAGOON 
& UC", NOTE 2 

SUSPENDER 
CABLE LENGTH DETAIL 

3/4"=1 '-0" 

BY C!t£CK€0 

Suspender Tensioning 
# Sequence 

S1 31 
$2 28 

S3 27 
S4 22 
S5 21 
S6 16 
S7 15 
S8 10 
59 9 
SIO 2 
511 1 

S12 6 
S13 5 
S14 12 
S15 11 
S16 18 
S17 17 
S18 24 
S19 23 
S20 26 
S21 25 
S22 20 
S23 19 
S24 14 
S25 13 
S26 8 
S27 7 
S28 3 
S29 4 
S30 30 
S31 29 

SUSPENDER CABLES 

Initial Dead Load Tension 
Ten�ioning Force at F o I sework 

(kip), NOTE 6 Release, (kip) NOTE 7 
14.1 44.52 
39.0 42.11 

69.9 39.31 
57.2 39.46 
62.8 39.48 
49.6 39.32 
57.7 39.91 
50.5 41.68 
59.0 43.65 
56.8 43.99 
56.0 42.56 
60.3 42.02 
52.4 40.32 
57 .1 40.41 
48.1 39.71 
54.2 39. 76 
44.4 37 .60 
49.8 38.85 
43.2 38.67 
46.9 38.69 
47 .3 38.64 
46.6 38.38 
52.5 38.09 
48.9 39.21 
55.6 40.01 
52.2 42.87 
63.3 43.64 
70.4 45.33 
75.4 44.01 
67.4 45.58 
18.6 48.29 

Length 
(ft) 

21.69 
20.83 

21.54 
20.56 
20.56 
19.34 
18.60 
17.26 
16,25 
15.16 
16.13 
15.55 
18.56 
18.29 
20.92 
20.56 
22.29 
21.67 
22.58 
21. 76 
22.46 
21.43 
21.34 
19.99 
19.08 
17 .57 
16.43 
15.29 
16.28 
15.77 
18.94 

4. For suspender cable geometry and details not
shown, see "TYPICAL SECTION DETAILS NO. 2" sheet.

5. Longitudinal Prestressing of Pedestrian Bridge
deck shal I be performed prior to tensioning of
suspender cables. For prestressing details, see 
"PRESTRESSING DETAILS" sheet. Cable Restrainers
shall be installed after release of folsework. 

6. Initial tensioning force is based on an assumed 
folsework stiffness. It is the responsibi I ity of 
the contractor to determine the initial force
necessary in each suspender to reach the dead 
load tension at falsework release shown on this 
pion sheet. 

7. Dea::! load tension at folsework release does not
inc ude ro i I ing loads or odd it ionol dead loads.
Contractor shol I remeasure al I suspender forces
ofter release of folsework to verify final force 
is within 101/. of target force provided.
Contractor shol I al low four weeks for 
calculating of suspender coble tuning 
adjustments to be calculated and provided
by the Engineer if the results are not within 
spe::ified tolerance. 

z 
0 

Wi= 

oesg 
ti) a:. 
a.�

.J8 
cc a:. '

z� 

IL� 

0£SlGN Don F itzwi 11 io11 Peter Smith PREPARED FOR 7HE 

avOscor Colcol c"p;t:r Smith STATE OF CALIFORNIA 
Jeremy LoHoye 

BRIDGE NO. 

57-12502 SAN ELIJO LAGOON PEDESTRIAN BRIDGE 
DETAILS 

1----�l---'---'---'----'-------1----'--'---'-;......c-'--'------eHEC;i� Mador-res DEPARTMENT OF TRANSPORTATION 8Y 
OUAHTITIES Potryk Kozan 

OfllOIN.\l. SC4LE Ht (NCMES 
FOA ,tEOUCEO PlAH-S 

PROJECT ENGINEER 

UNIT: 2783 

POST MILES 

38.4 CONSTRUCTION SEQUENCE 

PROJECT NUMBER & PHASE: 11000203621 CONTRACT NO,: 5001906 
$H££T OF 

3 28 



BB 

Working P::iint A EiLEVATION 
Cable 
Cable 
Cable 
Coble 

(t PIER 2 
SAN EU10 LAGOON 
& UC BRIDGE, NOTE 1 ------------- 1

SAN E:LIJO LAGOON & UC� �_I 
BRIDGE COLUMN, NOTE 1 1 
Typ 

Restrqj ner 1 16.22 Cable Restrainer 1 

Resi" ra i ner 2 14. 79 Cable Restrainer 2 
Restrainer 3 16.12 Coble Restrainer 3 
Restrainer 4 14. 79 Coble Restrainer 4 

STATIONS AND OFFSETS FROM "SD-5" LINE 

CABLE R�STRAINER 1 

Working Point 8 Locations 
WP B Si"at ion WP B Offset 

2063-76.98 72.375' Lt 
2066,-01 . 95 72.385' Lt 
2063-60.86 79.625' Lt 
2065-85.89 79.625' Lt 

/ f.:l PEDESTRIAN BRIDGE /
·- - _..:,__ ___ ·--�-·_e-,,_ -,- -·- -·---�-·-·t -·-·- - - - - - -·-·- -·- -·- - ---�- -�-· �- -·- - ·- . ---- -·- - -·- - -·----� · ,,_.,._ 

CABLE 
RE'ST RA l NER 

SAN ELIJO LAGOON & UC 
BRIDG� GOLUMN, NOTE 1 
Typ 

CABLE RESTRAINER - PLAN 
1 "=2-0' 

CABLE 
RESTRAINER 

,..----- ct PI ER 3 
'v SAN EL!JO LAGOON 
/ & UC BRJDGE, NOTE 1 

CABLE RESTRAINER 2 

EB 

DIST ROUTE POST MILES SHEET TOTAL 
TOTAL PROJECT NO SHEETS 

11 5 37.5/39.6 

�z-
RE R CIVIL ENGINEER DA 

PLANS APPROVAL DATE 

f/18 stat• or Co//rornl/J or It• off/cars or ogst1is
shall not be r.,.ponslblo rw +,,. acwracy or 
completeness of sr:onned copies of this pion sllee 

SAN DIEGO ASSOCIATION OF GOVERNMENTS 
401 B STREET 
SAN DIEGO, CA 92101 

T, Y. LIN INTERNATIONAL 
404 CAMINO DEL RIO SOUTH, SUITE 700 
SAN DIEGO, CA 92108 

0 01 
Cable Restrainer 1 76.3° 

Cable Restrainer 2 76.3° 

Coble Restrainer 3 75.1 ° 
Coble Restrainer 4 75, 1 ° 

02 
81 .4° 

81 .4° 

81 .4° 

81 .4° 

l PEDESTRIAN BRIDGE
------------

� "'-I 
9½6" 

CJP 
GRIND 
SMOOTH 

6" 3" 3" It 

WORKING POINT B 

I') 

_
1 

"DETAIL A", 
SEE NOTE 4 

1 '-8" 
#4 01'-4" 
Tot 6 

3'-7½" 
SAN rL!dO LAGOON & OC 
BRIDGE COLUMN, NOTE I 

FO� Reinf DETAILS NOT SHOWN, 
SEE "TYPICA'L SECTION I'' SHEET 

#11, SEE "ANCHOR 
rLATC DC.TAIL" 2 

CABLE ANCHOR ASSEMBLY 

CABLE RESTRAINER DETAILS 
l COLUM� WORK ING POINT A 

3'-0" 
#4°=1 Tot 4 

3'-0" 

11=11 �I Tot 2 

2'-6" 
;1:11 �I Tot 2 
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Replace “Reserved” in section 55-4 with: 
55-4 SUSPENDER AND RESTRAINER CABLES

55-4.01  GENERAL
55-4.01A  Summary
Section 55-4 includes specifications for fabricating, furnishing and installing suspender and restrainer 
cables for the San Elijo Lagoon Pedestrian Bridge. Components of suspender cables include: 

1. Galfan Coated Carbon Steel Cables
2. Galvanized cylindrical sockets
3. Galvanized spherical nuts
4. Galvanized cover plate with hex screws

Components of restrainer cables include: 

1. Galfan Coated Carbon Steel Cables
2. Galvanized Fatigue Resistant Adjustable Open Spelter Socket

55-4.01B  Definitions
spelter: A metal alloy in which zinc is the main constituent.

fully locked wires: Strands that are made of shaped high-strength wires which helically spun around a 
core covered with interlocking, Z-shaped wires. 

killed steel: steel that has been completely deoxidized by the addition of an agent before casting. 

characteristic-breaking strength: the force the cable system, including all fittings and clamps, has to 
withstand before failure. 

55-4.01C  Submittals
55-4.01C(1)  Shop Drawings and Calculations
Submit complete cable system fabrication engineering documents and supporting calculations for 
furnishing and fabricating the suspender and restrainer system including the following: 

1. Suspender and restrainer cables manufacturing procedures.
2. Written procedures for quality control and testing during cable manufacturing procedures.
3. Written procedures and drawings for stretching, measuring, and socketing the cables.

Submit complete suspender and restrainer cable system construction engineering documents and 
supporting calculations for erection of the cable systems including the following: 

1. Erection drawings, written procedures, and calculations showing the temporary works required for the
suspender and restrainer cable system construction, including strand storage, unreeling procedures
and equipment.

2. Erection plan and corresponding suspender cable forces, consistent with loads shown on the plans.
3. Erection drawings, calculations, and written procedures showing each sequence for each stage of

construction of the suspender cable system, release of falsework and transfer of the suspender load.
Include calculations for creep, elongation, and temperature effects. Submit procedures for measuring
the forces in the suspender cables.

4. Erection drawings and written procedures showing installation of the cable anchor assembly for the
restrainer cables, construction of the restrainer cable system and transfer of load through the
adjustable spelter socket connection.

Shop drawings and calculations must be sealed and signed by an engineer who is registered as a civil 
engineer in the State. 

Allow 30 days for review of the suspender and restrainer cable system shop drawings. 

55-4.01C(2)  Production Test Report
Gather and submit three (3) copies of all test data and Certificates of Compliance related to the 
manufacturing, fabrication and inspection of the cables, connections and assembly in a final report before 



any fabrication. The Certificates of Compliance must be from the most recent testing performed at an 
independent ISO 17025 accredited laboratory. Standard data and catalog cut sheets from the cable 
manufacturer will not be considered sufficient. Include the following in the final report: 

1. Laboratories where tests were conducted.
2. Certificates of calibration.
3. Names of standard tests.
4. A brief description of what is being tested and all test data, including stress strain curves or load

deformation curves, and test data from manufacturers.

Submit three (3) copies of certified mill test reports for each heat of steel used for wire manufacture and 
for cable connection steel.  Mill test reports must include heat and product analysis reports.  Mill test 
reports must be traceable to individual strands.  

Submit certificates of compliance for wire and cable mechanical properties and inspection requirements in 
accordance to the standards referenced in this special provision. Submit GALFAN and galvanized coating 
properties in accordance to the referenced standards. 

If the cable supplier is located outside of the United States, submit a current registration document 
certifying the supplier has established and applies a Quality Management System for Development, 
Manufacture, and Distribution of Wire Rope Systems, Building Systems, and Material Handling Systems, 
fulfilling the requirements of ISO 9001:2000. 

Submit a 10-year manufacturer’s warranty of structural components to be free from manufacturing defects 
from date of project completion. 

55-4.01C(3)  QA Test Sample
Prior to installation submit actual size test samples for the following components. The test samples must 
be authorized before the installation of the cables. 

1. Three fully locked suspender cables (10 feet minimum length) with cable end fitting with corrosion
protection.

2. Three fully locked restrainer cables (10 feet minimum length) with cable end fitting with corrosion
protection.

3. Two samples of each cable fitting/attachment/connector with corrosion protection as specified.

Fabricate and finish each assembly test sample and cable fitting using the same materials and methods 
to be used for the production cable assembly, in accordance with these special provisions and the details 
shown on the plans. The cable assembly samples must be tested in accordance with these special 
provisions and must be witnessed by the Engineer. Submit cable fitting/attachment/connector samples 
with the Production Test Report.  

55-4.01D Quality Control and Assurance
55-4.01D(1)  General
Not Used

55-4.01D(2)  Suspender and Restrainer Cable System Quality Control
The Contractor must designate in writing a Suspender and Restrainer Cable Quality Control Manager 
(CQCM) under section 11-1.02. The CQCM must be responsible for the quality control of furnishing and 
fabricating the Suspender and Restrainer Cables including the materials testing program. 

The CQCM must review, guide, and monitor the shop inspection and shop quality control program, make 
shop visits at various stages of fabrication as required, and submit certificates of compliance for the 
materials and fabrication of the cable system. 

The CQCM must prepare test procedures and programs for testing the cable suspender and restrainer 
cable assembly for compliance with these requirements. The CQCM must review the materials and 
assembly test results, obtain and review certificates of compliance from the suppliers of materials for the 
suspender and restrainer cable System, and submit the results. 



The Engineer must have unrestricted access to all manufacturing fabrication and testing performed at the 
manufacturer’s facilities or shipping and storage facilities. The manufacturer must afford the Engineer the 
necessary facilities to witness the tests for characteristic breaking strength of the QA Test Samples. The 
manufacturer must also afford the Engineer the necessary facilities to witness the MT and UT tests for the 
restrainer cable fatigue resistant spelter sockets and pins. 

55-4.01D(3)  Production Testing
Submit a Certificate of Compliance with the following specifications for fabrication of the suspender and 
restrainer cables and their corresponding sockets and connections: 

Inspection and Testing during Fabrication of Wires and Cables 
Component ASTM Specification DIN Equivalent 
Wires ASTM A475, ASTM 

A586 
DIN EN 10264-1, DIN EN 

10264-2, DIN EN 10264-3, 

Full Locked Galfan 
Coated Cables 

ASTM A603 DIN EN 12385-1, DIN EN 
12385-2, DIN EN 12385-10 

Inspection and Testing during Fabrication of Sockets and Connections 
Test/Inspection ASTM Specification DIN Equivalent 
Magnetic particle testing 
(MT) 

ASTM E-709/ ASTM E-
125/ASTM A788-S18 

DIN EN 1369 

X-Ray Testing ASTM E446, ASTM 
E280, or ASTM E186 

(quality level 2) 

DIN EN 444 

Surface Crack (Visual) 
Testing 

- DIN EN 1369 (quality level 
SM2 LM 2a/b/c, AM 2a/b/c) 

Ultrasonic Testing (UT) ASTM A788-S20 DIN EN 12680 (quality level 
2) 

All castings must be designed and manufactured to develop 100% of the specified breaking strength of 
the connected cable without yielding. Castings must not in any way impair the load carrying capacity and 
efficiency of the cable. Strength of pins for the restrainer cable spelter sockets as a minimum must 
develop the Characteristic Breaking Load of the restrainer cable.  

All castings must be magnetic particle tested (MT) at critical areas to DIN 1690.2 and DIN EN 1369 
quality level 2 or ASTM E-709/ASTM A788-S18 with acceptance levels per ASTM E-125 as follows: 

Acceptance level for castings 
Type of Discontinuity Acceptance Level 
Linear Discontinuities To be removed by grinding 

and blending 
Shrinkage 2 
Inclusions 2 
Internal Chills-Chaplets N/A 
Porosity 1 

Each socket must be stamped “MT” (indicating Magnetic Particle Inspection) adjacent to a non-machined 
area. All sockets must be cast with the pattern number/part number, material grade, heat number and 
foundry symbol. 

All castings must be ultrasonic tested (UT) to DIN 12680 (Quality Level 2) or ASTM A788-S20, Level D 
and Level DA in two perpendicular directions. 



55-4.01D(4)  Quality Assurance Testing
After completing the assembly of the suspender and the restrainer cables, including the end fittings, notify 
at least 20 days before the testing. 

The tests on the cables must include the end fitting and the testing must be performed in a manner that 
replicates the loading that the cables will experience. The tests must be performed in the presence of the 
Engineer.  

Test the cable assembly QA Test Samples for the characteristic breaking strength of the cable and 
connection. The suspender and restrainer cable must achieve the Characteristic Breaking Load specified 
in the Plans.  Tensile testing must be in accordance with DIN EN 10002-1 or ASTM 370. All cable sockets 
and connections must develop the Characteristic Breaking Load of the cable. The sampling and testing of 
the cable must comply with ASTM A603.  

55-4.01D(5)  Preconstruction Meeting
Schedule and hold a preconstruction meeting at least 5 business days after submitting the shop drawings 
and erection plan and at least 10 days before starting construction. You must provide a facility for the 
meeting. The Engineer, CQCM, fabricator, installer, and other subcontractors whose work interfaces with 
cable system must attend the meeting. The following items must be reviewed: 

1. Method of attachment of components to supporting surfaces.
2. Detailed schedule of Works.
3. Installation, adjustment, cleaning, and protection of cable system.
4. Coordination with other Works.

55-4.02  MATERIALS
55-4.02A  General
Purchase sufficient quantities of material considering the requirements for supplementary material testing, 
including material for testing described. 

Individual wires for cable construction must be manufactured out of non-alloyed, killed steel molded 
quality steel. A minimum of two outer layers must be Z-profiled (full locked shaped) wire and must receive 
GALFAN-coating (95% zinc and 5% aluminum) by a double-hot-dip process. 

Inner layers must be helically spun round wires, cold drawn within the required tolerances. Diameter may 
not be smaller than 1/32-inch (DIN 18800 T1). The inner layers must be hot dip galvanized according to 
ASTM A586 Class A or DIN EN 10244-2. Cavities in the cable’s interior between heavy galvanized round 
wires and profile wires must be filled with an active inner filling such as PU-oil-based zinc dust paint or 
low-solvent, highly pigmented single-component zinc paste. 

The materials must comply with the requirements shown in the following tables: 

Coatings 
Component ASTM Specification DIN Equivalent 
Attachment of cables to 
sockets 

ASTM B6-00 DIN EN 12844, DIN EN 
1774 

Galfan (95% zinc and 
5% aluminum) coating 
for Full Locked Cables 

ASTM A856 DIN EN 10244-2 

Hot-dip-galvanized 
coating for Sockets and 
Connections 

ASTM A153 DIN EN ISO 1461 



Steel Wires and Cables 
Component ASTM Specification DIN Equivalent 
Outer layer - Z-wire - DIN EN 10264-3 

Inner layers - helically 
spun round wires 

ASTM A475, ASTM 
A586 

DIN EN 10264-2 

Full Locked Galfan 
Coated Cables 

ASTM A603 DIN EN 12385-1, DIN EN 
12385-2, DIN EN 12385-10 

Sockets and Connections 
Component ASTM Specification DIN Equivalent 
Cylindrical sockets and 
spherical nuts for 
suspender cable 

ASTM A148 Gr. 105-85 DIN EN 12844 

Fatigue resistant open 
spelter socket for 
restrainer cable 

ASTM A148 Gr. 105-85 DIN EN 12844 

Pins for spelter socket ASTM A675 Grade 80, 
AISI 5160 Steel, 
Ftu=129ksi min, 

Fy=111ksi 

DIN EN 10083, DIN EN 
17200 

Submit Certificates of Compliance of all listed materials to the referenced standards. 

Suspender and restrainer cable assemblies must be one of or equal to one of the assemblies shown in 
the table, "Cable Part Information," provided by the manufacturers listed in the following table: 

Suspender Cable Manufacturers 
Manufacturer Address Contact Information 

Pfeifer Seil und 
Hebetechnik GmbH 

87700 Memmingen, Germany Dr. .Karl Lenz Strasse 

tel. +49-8331-937-367 

fax. +49-8331-937-350 

www.pfeifer.us.com 

http://www.pfeifer.us.com/


Radaelli Engineering UK Office: 20 Horton View, 
Doncaster, South Yorkshire, 
DN3 1SD 

Italy Office: Via A.Volta, 16, 
20093 Cologno Monzese, 
Milano 

David Ward, Regional Manager 

+44 (0)1302 378327

Mobile +44 (0)7585 600810

Email: david.ward@redaelli.com

Bridon Geschäftsführung: Thomas 
Licht 

Registergericht:Gelsenkirchen 
12 HR B 2184 

USt-IDNr DE 811 883 171 
Magdeburger Str. 14a 
Gelsenkirchen 

D-45881

Germany

Friedhelm (Eric) Rentmeister 

Technical Sales Manager | 
BRIDON International GmbH 

Tel +49 209 8001 168| Fax +49 
209 8001 278 | Mob +49 171 
8706 734 

WireCo Structures 2400 West 75th Street 

Prairie Village, KS 66208 

Timothy W. Klein, PE, P.Eng 

Director of Global Engineered 
Fabrications 

P: 816-270-4753 / C: 816-248-
1833 

Email - 
timklein@wirecoworldgroup.com 

Cable Part Information 
Manufacturer Cable No. Suspender Cable Fitting No. Restrainer Cable Fitting 

No. 
Pfeifer PV Series-Full 

Locked Cable 
PV 810 Conical Socket with 
Internal Thread and PV 
814/813 Spherical Nut 

PV 700 and PV 710 Open 
Spelter Sockets 

Radaelli 
Engineering 

FLC Series-Full 
Locked Coil 
Strands 

CYW Series cylindrical socket 
with spherical nut 

TTF and TBF Series Fork 
Socket 

Bridon LC Series-Locked 
Coil Strand 

ST-IEC Series cylindrical 
socket with spherical nut 

ST-F and ST-AF Series 
Fork Socket 

WireCo 
Structures 

EN 12385-10 Full 
locked coil strand 

AT7 Series Anchor Sockets AR-FS and AD-FS Series 
Fork Sockets 

Use of equivalent assemblies must be authorized. 

Exposed fasteners must be of same materials, color and finish as material to which applied. 

55-4.02B  Fabrication
55-4.02B(1)  General

Fully locked coil cables and all components must be fabricated by a single manufacturer. 

mailto:david.ward@redaelli.com
mailto:timklein@wirecoworldgroup.com


Mark finished suspender cables for accurate field installation. 

Field measurements: Take field measurements after permanent end terminations are in place and prior to 
preparation of shop drawings and fabrication, to ensure fitting of work.  

55-4.02B(2)  Cable Assemblies
Calculate final length of suspender cable assemblies allowing for tensioning with all fittings, connectors 
and clamps/swages. The length with a threaded end fitting must be measured to the end of that fitting. 

Length of entire restrainer cable system includes the fittings and adjustable spelter socket, measured 
from center of pin to center of pin, or center of eye to center of eye. must be 1/2 open (i.e. 1/2 of thread 
length engaged) during installation. 

All cables must be marked by a marking line, from one end to the other, to ensure that the cable is not 
twisted. All cables must have markings for the clamp positions. 

The following values must to be calculated and documented when the cable fabrication length calculation 
is performed: 

1. Creep of cable: The creep is the permanent elongation of the cable under load. The creep will only
take place after installation. If creep values of the cables are not known, the creep values must be
determined by 2 month creeping test.

2. Pre-stretching: To determine the exact elongation under load, pre-stretching must be performed on all
cables. The value and number of cycles must be determined by the manufacturer to achieve the
required results. The minimum number of cycles allowed is 5. The minimum pre-stretching force
allowed is 35% to 45% of the characteristic breaking load, depending on the size/diameter of cable.

3. Elongation under loads: The elongation of the cable system under the loads shown on the plans must
be calculated and considered.

4. Temperature: Fabrication temperature of the cable system will be different from the basis temperature
in the calculation; the difference has to be considered

5. Elongation and twisting due to clamp pressure: The local elongation due to pressing from clamps
must be taken into consideration to avoid corkscrew effects and additional elongation due to the
clamps.

7. Tolerances. Maximum length tolerance of the cable system must be within +/- 3/8" under loads
specified on the plans.

Castings must be exempt from inadmissible core or surface defects. Casting texture must conform to the 
requirements of DIN EN 1370 roughness quality level 2 (SCRATA A2 or BNIF-2S1).  Unless otherwise 
specified, discontinuities may be either removed by grinding or welding.  Castings must not be repaired 
unless a procedure equivalent to ASTM A148 with supplementary requirements S1 and S2 is provided.   

Prior to galvanizing, the castings must be steel grid blasted to achieve a uniform surface finish.  After 
blasting, fittings must be hot dip galvanized in accordance with DIN EN ISO 1461 or ASTM A153 Class A 
coating.  

All castings must be heat treated, either full annealing, normalizing, normalizing and tempering, or 
quenching and tempering.  Unless specified otherwise, the castings may be heat treated by any of these 
heat treatments at the option of the manufacturer. 

All spelter sockets for the restrainer cables must have line bored pin holes.  Pin hole tolerances must be 
+.020” to -.000” with a 125 ANSI finish.  

Material used for infill of speltered sockets for the restrainer cable must be of equal or higher grade as 
designated “high quality” zinc under ASTM B6. 

Threaded rods must conform to DIN EN 10025 and delivered bare (with temporary corrosion protection 
only).  Bare threads must be cleaned thoroughly and greased prior to installation.  After installation and 
cable adjustment are complete, bare threads must be degreased, cleaned, and apply 2 layers of 
approved organic zinc rich primers under section 75-1.05.  

All fittings must comply with the tolerances specified in DIN EN 1559 or following tolerances: dimensions 
under 4”: ±1/16”, dimensions over 4” ±1/8”, and pin diameter: +0” to -1/32”.  A complete dimensional 



inspection must be undertaken on the first and all machined areas of each casting lot.  All machined, 
forged or roller components must be subject to a dimensional inspection. 

Clean fittings under ASTM A380. Any damage to the zinc or GALFAN coating must be cleaned and 
painted under section 75-1.05. 

55-4.02C  Delivery, Storage, and Handling
Transport, deliver and store components to prevent damage. Cable tension members may be supplied to 
the site on rings or coilers. An appropriate revolving table must be used for unwinding the rings and an 
appropriate winding frame for unwinding the coilers. The revolving tables or drums must be fitted with a 
braking device. 

Identify the heat of steel (or each heat if more than one) used for the rod stock used for manufacturing the 
cable wire with a reference number indicating the name of the supplier and date of production. Attach a 
copy of the fill report for that heat number to the cable wire. 

The following must be observed when unwinding the suspender and restrainer cables: 

1. Do not twist members.
2. Do not pull over sharp edges.
3. Support members and do not buckle. Bending radius must not be less than R = 15 x rope diameter.
4. Do not damage corrosion protection.

Protect components during handling and installation to prevent damage. Only remove protective materials 
on rope end fittings immediately prior to installation. Provide suitable enclosures to protect the cables. 

Transfer and attach the serial number from the coil to any wire specimen cut from it for testing. 

Suspender and restrainer cables must be checked thoroughly for any transport damage before 
installation. Repair damaged galvanized surfaces under section 75-1.05. 

55-4.03  CONSTRUCTION
Install the suspender cable assembly in the sequence and to the loading shown. Any deviation from the 
plans must be authorized. Refer to manufacturer recommendations for cable installation. 

Protect the suspender cables from abrasion and sharp bending during all stages of erection. 

55-4.03A  Preparation
Coordinate templates, instructions and directions for installation of suspender and restrainer cable 
anchorages, such as anchor studs which are to be embedded in concrete construction. Install erection 
rigging system in accordance with manufacturer's product data and shop drawings. Any thread on cable 
connections must be cleaned thoroughly prior to installation. Damaged or dirty threads must not be 
assembled because this could lead to the tension member being unfit for use. 

55-4.03B  Installation
Installation must be carried out in compliance with the installation plan authorized based on the Shop 
Drawings. Assignment to the correct installation position must be ensured by marking all cable tension 
members. Cable tension members must not be installed twisted. A surface line must be marked on each 
cable tension members as a method of control. This line must not be twisted upon completion of 
elements.  

Cable tension members must be pulled into installation position using a suitable hoisting device (e.g. 
winch) or using a suitable lifting device (e.g. suspension bar, spreading bar). Particular attention must be 
paid while doing so that there is no damage to the cables. In particular, pay attention that the cables are 
not buckled while lifting into place with suspension or spreading bars.  

Appropriate devices (hydraulic cylinders) must be used for the application of pre-tension force. Rope 
operating equipment must be kept under supervision and checked at regular intervals. Use all means 
necessary to protect structural steel before, during, and after installation and to protect the installed work 
and materials of all other trades. 



••••••• 
Seilbau Cable Structures 

Vollverschlossenes Seil - GALFAN 

Full Locked Cable - GALFAN 

PV 
Technische Oaten 

Material: 
unlegierter Qualitatsstahl 
Elastizitatsmodul: 
160 ± 10 kN/mm' 
Toleranz d8: 
+3%

Korrosionsschutz: 
innere Lagen: feuerverzinkl 
mil lnnenverfOllung 
aul3ere Lagen: GALFAN verzinkl 
ohne lnnenverfOllung 

Technical Data 

Material: 
unalloyed quality steel 

Modulus of Elasticity:
160 ± 10 kN/mm'

Tolerance d s:
+3%

Corrosion Protection: 
inner layers: hot dip galvanized 
with inner filling 
outer layers: GALFAN coated 
without inner filling 

(� •-Ki �1771 ---·-
ETA•11'0160 

VVS-1 

GriiOe Charakt. Bruchkralt Grenzzugkraft Metall. Querschnitt Gewicht Konstruktion Seil-Nenndurchmesser 
size charact. breaking load limit tension metallic cross section weight construction nomin. strand dia. 

Ze k DIN 1 B800* ZR,d DIN 18800 ca./approx. ca./approx. ** ds
' kN kN mm' kg/m mm 

PV40 405 245 281 2,4 WS-1 21 
PV60 621 376 430 3,6 WS-1 26 
PV 90 916 555 634 5,3 WS-2 31 
PV 115 1170 709 808 6,8 WS-2 35 
PV 150 1520 921 1060 8,9 WS-2 40 
PV195 1930 1170 1340 11,2 WS-2 45 
PV 240 2380 1442 1650 13,8 WS-2 50 
PV 300 3020 1830 2090 17,2 WS-3 55 
PV 360 3590 2176 2490 20,5 WS-3 60 
PV420 4220 2558 2920 24,1 WS-3 65 
PV 490 4890 2964 3390 27,9 WS-3 70 
PV 560 5620 3406 3890 32,1 WS-3 75 
PV 640 6390 3873 4420 36,4 WS-3 80 
PV 720 7210 4370 4990 41,1 WS-3 85 
PV 810 8090 4903 5600 46,2 WS-3 90 
PV 910 9110 5521 6310 52,0 WS-3 95 
PV 1010 10100 6121 6990 57,6 WS-3 100 
PV 1110 11100 6727 7710 63,5 WS-3 105 
PV 1220 12200 7394 8460 69,7 WS-3 110 
PV 1340 13400 8121 9240 76,2 WS-3 115 
PV 1450 14500 8788 10100 83,2 WS-3 120 
PV 1580 15800 9576 10900 89,8 WS-3 125 
PV 1730 17300 10485 11900 96,7 WS-3 130 
PV 1860 18600 11273 12900 104,8 WS-3 135 
PV 2000 20000 12121 13900 112,9 WS-3 140 

*'WS-1 = 1, WS-2 = 2, WS-3 = 3 und mehr Lagen Profildrahle "WS-1 = 1, WS-2 = 2, WS-3 = 3 and more layers z-profifed wires 
•nach EC 3 = Fu k und nach ASCE 19-96 = sd •according EC 3 = Fu k and according ASGE 19 -96 = Sd 

R 
Unter Vorspannurig und / oder Wit terungseinflussen 1st der Auslritt van lnnenver1Ullung mi:iglich Due lo pre stressing arid I or diffen'ng weather conditions inner fl1ling may escape to the surface 

04/2013 
Konstruktionsanderungen varbehalten Subject to technical modifications 
Grollere Abmessungen und ZwischengrtiOen auf Anfrage Bigger dimensions and intermediate dimensions upon requesl 



Gabelseilhiilse 

Open Spetter Socket 

Typ 
PV Type 802

Technische Dalen 

Material: 
gemal3 Zulassung ETA-11/0160 

Korrosionsschutz: 
feuerverzinkt 80 µm DIN EN ISO 1461 
altern. spritzverzinkt 

Seilverguss: 
gemal3 Zulassung ETA-11/0160 

Dimensionierung der Anschlussbleche 
gem�l3 Typ 842 empfohlen 

Anwendungsgebiet 

Vollverschlossene Seile, Spiralseile 

Field of Application 

Full locked cables, spiral strands 

GriiOe 
size 

A B 
mm mm 

PV40 90 103 
PV 60 110 120 
PV90 135 146 
PV 115 160 165 
PV 150 160 165 
PV 195 180 190 
PV 240 200 210 
PV 300 230 235 
PV360 250 251 
PV 420 270 281 
PV 490 290 296 
PV 560 320 335 
PV640 340 359 
PV 720 360 374 
PV 810 380 401 
PV 910 410 434 
PV 1010 430 451 
PV 1110 450 466 
PV 1220 480 498 
PV 1340 503 520 
PV 1450 530 544 
PV 1580 550 555 
PV 1730 570 590 
PV 1860 590 605 
PV 2000 620 622 

* ohne Vergussmalerial 
MaOangaben ohne Korrosionsschutz 

04/2013 
Konstruktionsanderungen vorbehallen 
GrOOere Abmessungen auf Anfrage 

Technical Data 

Material: 
according Technical Approval ETA-11 /0160 

Corrosion Protection: 
hot dip galvanized 80 µm DIN EN ISO 1461 
a/tern. spraying galvanized 

Socketing: 
According Technical Approval ETA-11 /0160 

Dimensioning of connection plates 
according to Type 842 recommended 

min. max. 
B1 B1 de 
mm mm mm 

40 42 39 
50 53 44 
60 64 54 
70 74 64 
70 74 64 
80 85 73 
90 96 83 

100 107 88 
110 118 98 
120 129 108 
130 139 118 
140 150 128 
150 161 138 
160 172 142 
170 183 153 
180 194 162 
190 205 172 
200 216 182 
205 222 187 
218 237 202 
230 251 207 
238 259 217 
247 269 227 
256 280 237 
267 290 247 

* Without molten zinc 
Dimensions without corrosion proteclion 
Subject to technical modifications 
Bigger dimensions upon request 

max. 
E 

mm 

48 
58 
72 
82 
82 
96 

106 
120 
130 
144 
154 
168 
178 
192 
202 
231 
226 
240 
262 
264 
302 
288 
300 
315 
324 

L1 
mm 

55 
68 
83 
98 
98 

110 
123 
140 
153 
165 
178 
195 
208 
220 
233 
260 
263 
275 
295 
317 
335 
350 
365 
380 
395 

PFEIFER 
Seilbau Cable Structures 

(� •• ,.:.1 �1771 ---·­
ETA-11/0160 

B A 

..J 

Ges.-Gewicht* 
tot.-weight* max. 

L ds 
mm kg mm 

170 3 21 
210 5 26 
255 9 31 
295 15 35 
295 15 40 
340 23 45 
380 31 50 
425 44 55 
465 58 60 
510 76 65 
550 95 70 
595 149 75 
635 183 80 
680 215 85 
720 262 90 
780 324 95 
805 369 100 
850 424 105 
900 527 110 
935 625 115 

1015 749 120 
1020 808 125 
1063 913 130 
1105 1015 135 
1148 1132 140 

� 



PIIElllliR 
Seilbau Cable Structures 

Ermiidungsfeste Gabelseilhiilsen 
Fatigue resistant Open Speller Sockets 

PV 
Typ
Type 700 

Technische Dalen Technical Data 
Material: Material: 

81 

!Ur vorwiegend ruhende Beanspruchung
for predominantly static loads only 

CE ••t.1 1771 ---·-
ETA-11/0160 

gema/3 Zulassung ETA-11/0160 according to technical approval ETA-11/0160 

·WKorrosionsschutz: 
Feuerverzinkt 80 µm
DIN EN ISO 1461 

cil � Seilverguss: 
� � gema/JZulassungETA-11/0160 
-.r::: 
-§ t'l Anwendungsgebiet 
�� � � Vollverschlossene Seile, Spiralseile 
cc:::i 

Berechnet fur charakteristische Bruchkraft. 

Calculations are based on characteristical 
breaking load of the cables. 

GrilBe 
size min. 

A B 81 
mm mm mm 

PV 40 93 35 29 
PV 60 116 43 36 
PV 90 137 52 45 
PV 115 153 60 52 
PV 150 176 68 60 
PV 195 197 77 69 
PV 240 220 85 76 
PV 300 241 94 85 
PV 360 263 102 92 
PV 420 285 111 100 
PV 490 308 119 107 
PV 560 329 128 114 
PV 640 351 136 121 
PV 720 372 145 129 
PV 810 395 153 136 
PV 910 416 162 144 
PV 1010 438 170 151 

• ohne Vergussmaterial
GabelseilhOlse 700 PV isl nicht Gegensland der Zulasung ETA-11/0160 

Corrosion Protection: 
Hot dip galvanized BO µm 
DIN EN ISO 1461 

Socketing: 
according to technical approval ETA-11/0160 

Field of Application 
Full locked cables, spiral strands 

max. max, 
81 de dt E 
mm mm mm mm 

31 39 42 57 
39 44 47 70 
48 54 57 83 
55 59 62 93 
63 64 67 106 
72 73 76 120 
79 83 86 133 
88 BB 91 146 
96 98 101 159 
105 108 111 173 
112 11 B 121 186 
121 128 131 199 
128 138 141 212 
137 142 145 226 
145 153 156 239 
153 162 165 252 
161 172 175 265 

* Without molten zinc 

G L1 
mm mm 

108 55 
128 68 
152 86 
168 91 
183 98 
213 110 
227 123 
257 140 
273 153 
306 165 
321 178 
346 195 
368 208 
382 220 
406 233 
432 253 
457 263 

Open speller socket 700 PV is not subject to the approval ETA-11/0160 
MaOangaben ohne Korrosionsschulz, Konstruktionsanderungen vorbehalten! Dimensions without corrosion protection, Subject to technical modifications! 
GrOOere Abmessungen auf Anfrage Bigger dimensions upon request 

G A 

B 

:] 

..J 

Ges.-Gewicht* 
tot. -weight* max. 

L ds 
mm kg mm 

168 4 21 
208 7 26 
248 12 31 
280 17 35 
320 24 40 
360 34 45 
400 47 50 
440 63 55 
480 81 60 
520 104 65 
560 131 70 
600 163 75 
640 197 80 
680 232 85 
720 280 90 
760 330 95 
BOO 386 100 

Oiese Gabelseilhlilsen sind fur dynamisch beanspruchbare Seilzugglieder mit This open spelter sockets are designed for dynamic loaded cable tension 
folgenden Kennwerten ausgelegt: 
■ Vollverschlossene Seile und Spiralseile mit metallvergossenem Seilkopf
■ Kerbfalleinstufung der Seile nach EN 1993-1-11: oc = 150 N/mm2 

bei YMI = 1,0; a
0 

= 0,45 x cr
�k; n = 2 x 106 Schwingspiele

• Die Gabelseilhlilsen Typ 700 e lillen die Anforderungsklassen 1 bis 5 
gema/3 EN 1993-1-11 

� 

members with the following characteristics: 
■ Full locked cables and strands with metal socketing
■ Detail category of cables according to EN 1993-1-11: oc = 150 N/mm2 

alYMt= 1,0; rs0"'0,45xcru�: 11=2x106 11umberofcycles
■ The open speller sockets type 00 lulf//1 the exposure classes 1 to 5 

according EN 1993-1-11 
04/2013 



Reclaelli 
Engineering 

Funi chiuse 

Full locked coil strands 

Funi portanti e stabilizzanti 
per tensostrutture. 
Stralli per ponti. Pendini per 
ponti sospesi. Stralli e funi 
di sospensione per edifici. 

Carrying and prestressing 
strands for tensostructures. 
Stays for bridges. Hangers 
for suspension bridges. 
Stays and suspension 
cables for buildings. 

d 

Fu,k 

FR.d 

A 

EA 

Note: 
111 F 

u,k 

121 FR,d 

Diametro nominals 
Nominal diameter 

MBL 
(Forza di rottura minima) 
(Minimum breaking load) 

Forza resistente di progetto 
Design load 

Sezione metallica 
Metallic cross section 

Rigidezza elastica 
Elastic stiffness 

MBL / YR 
with YR= 1 (EC31-11) 

(MBL/ 1.5) /yR 
with YR= 1.1 

FLC 

............. 
FLC 16 16 250 152 170 28.1 1.4 

FLC 20 20 395 239 266 43.9 2.2 

FLC 24 24 570 345 383 63.2 3.2 

FLC 28 28 775 470 521 86.0 4.3 

FLC 32 32 1015 615 681 112 5.7 

FLC 36 36 1285 779 862 142 7.2 

FLC 40 40 1605 973 1077 178 9.0 

FLC 44 44 1945 1179 1303 215 10.8 

FLC 48 48 2315 1403 1551 256 12.9 

FLC 52 52 2750 1667 1841 304 15.3 

FLC 56 56 3190 1933 2136 352 17.8 

FLC 60 60 3660 2218 2452 405 20.4 

FLC 64 64 4165 2524 2789 460 23.2 

FLC 68 68 4700 2848 3149 513 26.2 

FLC 72 72 5210 3158 3530 575 29.4 

FLC 76 76 5790 3509 3933 641 32.7 

FLC 80 80 6405 3882 4358 710 36.3 

FLC 84 84 7045 4270 4805 783 40.0 

FLC BB 88 7720 4679 5274 860 43.9 

FLC 92 92 8430 5109 5764 940 48.0 

FLC 96 96 9165 5555 6276 1023 52.2 

FLC 100 100 10050 6091 6890 1123 57.3 

FLC 104 104 10860 6582 7452 1215 62.0 

FLC 108 108 11700 7091 8037 1310 66.9 

FLC 112 112 12720 7709 8744 1425 72.8 

FLC 116 116 13635 8264 9379 1529 78.0 

FLC 120 120 14585 8839 10037 1636 83.5 

FLC 124 124 15565 9433 10718 1747 89.2 

FLC 128 128 16765 10161 11551 1883 96.1 

FLC 132 132 17820 10800 12285 1966 102.2 

FLC 136 136 18910 11461 13040 2086 108.5 

FLC 140 140 20260 12279 13976 2236 116.3 

FLC 144 144 21425 12985 14786 2366 123.0 



Redaelli 
Engineering 

Capocorda a forcella 
Fork socket 

dmax Diametro massimo lune 
Max strand diameter 

Fu,k MBL 
(Forza di rottura minima) 
(Minimum breaking load) 

FR,d Forza resistente di progetto 
Design load 

DHOLE Diametro del faro 

Smax per/for T max 

Note: 

11> Fu,k MBL / YR 
with YR= 1 (EC3 1-11) 

121 FR,d (MBL / 1.5) / YR 
with YR= 1.1 

cl 

TTF 

w 

'O 

•••••••••••• 
TTF 12 15 190 115 38 25.5 60 123 50 16 22 1.2 

TTF 16 19 320 194 48 32 78 159 60 24 30 2.5 

TTF 20 24 490 297 60 39 94 195 75 30 37 4.4 

TTF 24 28 700 424 72 46 112 231 85 38 45 7.1 

TTF 28 32 970 588 84 54 132 267 100 50 56 12 

TTF 32 36 1285 779 95 61 150 303 110 55 60 17 

TTF 36 40 1605 973 104 67 164 334 120 65 70 23 

TTF 40 44 1950 1182 120 76 188 375 135 70 75 33 

TTF 44 48 2350 1424 130 83 205 406 145 80 85 44 

TTF 48 52 2750 1667 140 90 220 442 155 90 95 57 

TTF 52 56 3300 2000 154 98 242 478 170 95 105 71 

TTF 56 60 3900 2364 172 109 270 519 185 105 110 89 

TTF 60 64 4400 2667 182 116 286 560 205 115 120 107 

TTF 64 68 5000 3030 196 124 308 596 215 125 130 131 

TTF 68 72 5550 3364 208 131 325 637 230 130 135 154 

TTF 72 76 6250 3788 218 138 345 673 240 140 145 182 

TTF 76 80 7000 4242 232 146 365 708 255 150 155 216 

TTF 80 84 7700 4667 245 154 386 750 270 155 165 253 

TTF 84 88 8500 5152 256 161 404 781 280 165 170 290 

TTF 88 92 9400 5697 282 179 442 827 300 175 180 349 

TTF 92 96 10200 6182 293 187 462 868 315 185 190 401 

TTF96 100 11100 6727 305 194 482 899 325 190 200 449 

TTF 100 104 12000 7273 320 202 502 945 345 195 205 511 

TTF 104 108 13000 7879 332 210 522 976 355 205 215 567 

TTF 108 112 14000 8485 345 218 544 1017 370 210 225 634 

TTF 112 116 15200 9212 362 227 570 1058 385 215 230 710 

TTF116 120 16150 9788 375 236 592 1094 400 225 240 790 

TTF 120 124 17400 10545 388 243 612 1130 410 230 250 876 

TTF 124 128 18450 11182 400 252 632 1171 430 240 255 961 

TTF 128 132 19800 12000 412 259 650 1207 440 250 265 1060 

TTF 132 136 20900 12667 425 267 672 1238 450 255 270 1149 

TTF 136 140 22200 13455 438 275 692 1279 465 265 280 1259 

TTF 140 144 23500 14242 452 283 715 1315 475 270 290 1371 

TTF 144 148 24850 15061 466 292 736 1351 490 280 300 1499 



Redaelli 
Engineering TBF 

Capocorda a forcella regolabile 
Adjustable fork socket 

� -+---·-·-DL[ l<I[s -�I

H C 

-----+-- _ .. _ .. w 

' 

-0 I 

-■■■1111■111■■ 

dmax 

Fu,k 

FR,d 

DHOLE 

Smax 
Adjust. 

Note: 
11i 

Fu,k 

121 FR,d 

Diametro massimo tune 
Max strand diameter 

MBL 
(Forza di rottura minima) 
(Minimum breaking load) 

Forza resistente di progetto 
Design load 

Diametro del foro 

per/for T max 
Regolazione 
Adjustment 

MBL/m 
with YR= 1 (EC31-11) 

(MBL/ 1.5) /yR 
with YR= 1.1 

TBF12 15 

TBF16 19 

TBF 20 24 

TBF 24 28 

TBF 28 32 

TBF 32 36 

TBF36 40 

TBF 40 44 

TBF 44 48 

TBF 48 52 

TBF 52 56 

TBF 56 60 

TBF60 64 

TBF64 68 

TBF68 72 

TBF72 76 

TBF 76 80 

TBF 80 84 

TBF 84 88 

TBF, 88 92 

TBF 92 96 

TBF 96 100 

TBF 100 104 

TBF 104 108 

TBF 108 112 

TBF 112 116 

TBF 116 120 

TBF120 124 

TBF124 128 

TBF 128 132 

TBF 132 136 

TBF 136 140 

TBF 140 144 

TBF 144 148 

160 97 38 25.5 

280 170 48 32 

440 267 60 39 

620 376 72 46 

850 515 84 54 

1150 697 95 61 

1400 848 104 67 

1750 1061 120 76 

2100 1273 130 83 

2500 1515 140 90 

2950 1788 154 98 

3400 2061 172 109 

3900 2364 182 116 

4500 2727 196 124 

5000 3030 208 131 

5600 3394 218 138 

6300 3818 232 146 

7000 4242 245 154 

7700 4667 256 161 

8500 5152 282 179 

9300 5636 293 187 

10100 6121 305 194 

10900 6606 320 202 

11800 7152 332 210 

12700 7697 345 218 

13900 8424 362 227 

14900 9030 375 236 

15900 9636 388 243 

17000 10303 400 252 

18100 10970 412 259 

19200 11636 425 267 

20400 12364 438 275 

21600 13091 452 283 

22900 13879 466 292 

60 40 317 50 16 22 ± 40 2.3 

78 55 402 60 24 30 ± 50 5.0 

94 65 487 75 30 37 ± 60 8.9 

112 75 597 85 38 45 ± 80 14 

132 90 682 100 50 56 ± 90 24 

150 100 781 110 55 60 ± 100 35 

164 110 875 120 65 70 ± 110 48 

188 120 970 135 70 75 ± 120 65 

205 130 1055 145 80 85 ± 130 88 

220 145 1160 155 90 95 ± 150 117 

242 155 1255 170 95 105 ± 160 144 

270 165 1355 185 105 110 ± 170 179 

286 180 1440 205 115 120 ± 180 218 

308 190 1555 215 125 130 ± 200 268 

325 200 1670 230 130 135 ± 220 315 

345 210 1770 240 140 145 ±230 369 

365 225 1854 255 150 155 ± 240 442 

386 235 1955 270 155 165 ± 250 515 

404 245 2040 280 165 170 ± 260 587 

442 260 2140 300 175 180 ± 270 695 

462 270 2260 315 185 190 ± 280 798 

482 280 2340 325 190 200 ± 290 888 

502 295 2430 345 195 205 ± 300 1014 

522 305 2500 355 205 215 ± 300 1120 

544 315 2575 370 210 225 ± 300 1234 

570 325 2645 385 215 230 ± 300 1364 

592 340 2710 400 225 240 ± 300 1520 

612 350 2775 410 230 250 ± 300 1669 

632 360 2870 430 240 255 ± 300 1822 

650 370 2935 440 250 265 ± 300 1988 

672 380 2994 450 255 270 ± 300 2136 

692 390 3062 465 265 280 ± 300 2318 

715 410 3135 475 270 290 ± 300 2552 

736 420 3198 490 280 300 ± 300 2748 



Catenary cables

Hanger cables

Stay cables

Catenary cables

Hanger cables

Stay cables

Product Selection

07

Architectural Footbridges
All types of small bridges including small suspension, cable stayed and arch bridges.

Core of helically spun round wires in several layers.
Cover of helically spun full lock wires in several layers.
Layers are spun in opposite directions.
Internal blocking compound and lubricant applied during stranding.

•Very high axial stiffness
•High breaking load due to ‘z’ shaped wires
•Excellent clamping capabilities due to ‘z’ shaped wires
•Even surface due to ‘z’ shaped wires
•Torque balanced due to cross laying
•High fatigue resistance
•Excellent corrosion resistance due to

Galvanised wires (zinc or Galfan®)
Internal blocking compound
Locked surface due to ‘z’ shaped wires
Additional coatings (if required)

•Standards
EN12385-10
German TL Seile

•Diameter range 20 - 180 mm
•Properties range

367 - 31400 kN Minimum Breaking Load
42 - 3780 MN Nominal Axial Stiffness

See page 10

Helically spun round wires in several layers.
Layers are spun in opposite directions.
Internal blocking compound and lubricant can be applied
during stranding.

•High axial stiffness
•High breaking load due to high strength wires
•Good clamping capabilities
•Torque balanced due to cross laying
•High fatigue resistance
•Excellent corrosion resistance due to

Galvanised wires (zinc or Galfan®)
Internal blocking compound
Additional coating (if required)

•Standards
EN12385-10
ASTM A586

•Diameter range 13 - 165mm
•Properties range

171 - 25200 kN Minimum Breaking Load
19 - 2640 MN Nominal Axial Stiffness

See page 11

Locked Coil Strand

Spiral Strand

BRIDON Structural Systems



Products

10

Product Code /
Strand Diameter

Nominal Metallic
Cross Section

Minimum
Breaking Load

Design Load GR,d =
MBL / 1,5 / 1,1

Nominal Axial
Stiffness

Nominal
Metallic Mass

mm mm2kN kN MN kg/m

d AMBL GR,d EA Mass

LC 20
LC 25
LC 30
LC 35
LC 40
LC 45
LC 50
LC 55
LC 60
LC 65
LC 70
LC 75
LC 80
LC 85
LC 90
LC 95
LC 100
LC 105
LC 110
LC 115
LC 120
LC 125
LC 130
LC 135
LC 140
LC 145
LC 150
LC 155
LC 160
LC 165
LC 170
LC 175
LC 180

368
574
858
1170
1580
2000
2470
3020
3590
4220
4890
5620
6390
7220
8090
9120
10100
11100
12200
13300
14500
15700
16200
17500
18700
20100
21500
23000
24500
26100
27600
29300
31000

223
348
520
709
958
1212
1497
1830
2176
2558
2964
3406
3873
4376
4903
5527
6121
6727
7394
8061
8788
9515
9818
10606
11333
12182
13030
13939
14848
15818
16727
17758
18788

42
66
98
133
180
229
282
345
411
482
559
642
729
824
924
1040
1150
1270
1400
1530
1670
1820
1960
2130
2290
2460
2620
2800
2990
3180
3370
3570
3780

2.04
3.20
4.77
6.49
8.76
11.1
13.7
16.8
20.0
23.5
27.2
31.3
35.5
40.1
45.0
50.7
56.2
61.9
68.0
74.5
81.1
88.4
95.6
104
112
120
128
136
145
155
164
174
184

254
398
594
808
1090
1390
1710
2090
2490
2920
3390
3890
4420
5000
5600
6310
6990
7710
8460
9280
10100
11000
11900
12920
13900
14910
15900
16990
18100
19250
20400
21650
22900

Figures shown are for guidance purposes only. For details specific to your requirement please contact Bridon.

•Alternative sizes and constructions are availible to suit individual applications.
•Minimising the number of different strand diameters can optimise costs.
•All Stylite® sockets are suitable for use with Locked Coil Strand. See pages 12 - 23

•Swaged sockets are not suitable for use with Locked Coil Strand.
•Strands with internal blocking material add 3% to nominal metallic mass.

Locked Coil Strand (LC)

BRIDON Structural Systems



Products

12

Product Code /
Strand Diameter

mm

Max Min Pin Socket Pin+
Caps

mm mm

Pin Hole

mm kg kg

L1 L2 L3 L5L4
L6 ø1 Weight

ST-F 25 275 88 121 73 58 57 55 45 8 1.7
ST-F 30 330 105 154 86 70 71 68 55 15.5 2.9
ST-F 35 385 120 175 100 82.5 85 79 65 22.5 4.7
ST-F 40 410 130 187 120 95 90 82 75 31.5 6.6
ST-F 45 420 145 210 124 100 95 90 80 43 8.4
ST-F 50 440 155 221 144 115 100 93 90 56 11
ST-F 55 477 168 233 155 115 110 100 100 60 14
ST-F 60 520 180 250 168 125 120 110 110 74 18
ST-F 65 565 195 267 187 137 129 115 120 94 24
ST-F 70 610 210 285 202 148 137 125 130 117 30
ST-F 75 645 225 307 211 154 147 135 135 141 34
ST-F 80 690 240 322 226 166 157 145 145 167 42
ST-F 85 735 255 348 240 177 167 155 155 209 51
ST-F 90 780 270 366 255 188 178 165 165 245 61
ST-F 95 825 285 383 274 200 186 175 175 291 72
ST-F 100 870 300 421 294 211 197 185 185 352 87
ST-F 105 905 315 438 298 218 206 195 190 394 96
ST-F 110 950 330 458 318 228 215 205 200 457 112
ST-F 115 995 345 474 332 240 225 215 210 517 128
ST-F 120 1035 365 482 347 255 235 225 220 578 144
ST-F 125 1080 375 501 361 266 245 230 230 649 164
ST-F 130 1140 385 524 396 273 257 240 235 740 178
ST-F 135 1185 400 539 410 279 267 250 240 825 192
ST-F 140 1230 415 557 430 290 277 260 250 920 215
ST-F 145 1276 425 575 445 306 287 270 260 1009 239
ST-F 150 1321 440 587 465 315 297 280 270 1099 265
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Figures shown are for guidance purposes only. For details specific to your requirement please contact Bridon.

•Suitable for Locked Coil Strand and Spiral Strand
•Architectural socket design
•100% efficiency, transmits the whole strand force

Steelwork dimensions for guidance purposes:
L4 maximum swing of connecting linkage
L6 width of connecting steelwork including protective coating e.g. paint, galvanising, etc.

For strand diameters larger than 150mm contact Bridon.

Stylite Fork Sockets (ST-F)
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Figures shown are for guidance purposes only. For details specific to your requirement please contact Bridon.

•Suitable for Locked Coil Strand and Spiral Strand
•Architectural socket design
•100% efficiency, transmits the whole strand force

Steelwork dimensions for guidance purposes:
L4 maximum swing of connecting linkage
L6 width of connecting steelwork including protective coating e.g. paint, galvanising, etc.

For strand diameters larger than 150mm contact Bridon.

Product Code /
Strand Diameter

ADJT
+/- L3 L4 L5

mmmm mm mm mm mm mm mm mm mm mm mm kgMetric

MaxMax Min Min Pin Pin
Hole

Thread
Size

Assy

L6L1 ø1
ø2

Weight

ST-AF 25 631 531 50 121 73 58 57 55 45 87 M42 x 4.5 20
ST-AF 30 701 601 50 154 86 70 71 68 55 108 M52 x 5.0 36
ST-AF 35 815 695 60 175 100 82.5 85 79 65 120 M60 x 5.5 49
ST-AF 40 865 745 60 187 120 95 90 82 75 135 M68 x 6.0 69
ST-AF 45 894 774 60 210 124 100 95 90 80 145 M76 x 6.0 87
ST-AF 50 974 834 70 221 144 115 100 93 90 155 M80 x 6.0 112
ST-AF 55 1030 890 70 233 155 115 110 100 100 170 M90 x 6.0 131
ST-AF 60 1088 948 70 250 168 125 120 110 110 185 M95 x 6.0 163
ST-AF 65 1161 1021 70 267 187 137 129 115 120 205 M105 x 6.0 210
ST-AF 70 1247 1087 80 285 202 148 137 125 130 220 M105 x 6.0 260
ST-AF 75 1316 1156 80 307 211 154 147 135 135 235 M115 x 6.0 309
ST-AF 80 1416 1236 90 322 226 166 157 145 145 245 M120 x 6.0 365
ST-AF 85 1480 1300 90 348 240 177 167 155 155 265 M125 x 6.0 447
ST-AF 90 1590 1390 100 366 255 188 178 165 165 270 M135 x 6.0 514
ST-AF 95 1644 1444 100 383 274 200 186 175 175 285 M140 x 6.0 591
ST-AF 100 1764 1544 110 421 294 211 197 185 185 300 M150 x 6.0 700
ST-AF 105 1853 1613 120 438 298 218 206 195 190 315 M155 x 6.0 816
ST-AF 110 1983 1723 130 458 318 228 215 205 200 330 M165 x 6.0 942
ST-AF 115 2077 1797 140 474 332 240 225 215 210 345 M175 x 6.0 1084
ST-AF 120 2152 1872 140 482 347 255 235 225 220 360 M185 x 6.0 1224
ST-AF 125 2246 1946 150 501 361 266 245 230 230 375 M190 x 6.0 1364
ST-AF 130 2321 2021 150 524 396 273 257 240 235 390 M195 x 6.0 1513
ST-AF 135 2417 2097 160 539 410 279 267 250 240 400 M200 x 6.0 1741
ST-AF 140 2485 2165 160 557 430 290 277 260 250 415 M205 x 6.0 1929
ST-AF 145 2610 2260 175 575 445 306 287 270 260 430 M215 x 6.0 2147
ST-AF 150 2670 2320 175 587 465 315 297 280 270 445 M220 x 6.0 2340

Stylite Adjustable Fork Sockets (ST-AF)

BRIDON Structural Systems

L1

L 3 L 6

L4

L
5

ø 2

ø1
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Figures shown are for guidance purposes only. For details specific to your requirement please contact Bridon.

•Suitable for Locked Coil Strand and Spiral Strand
•Architectural socket design
•100% efficiency, transmits the whole strand force

For strand diameters larger than 150mm contact Bridon.

Product Code /
Strand Diameter L1 L5 L6 Thread Size Weight

(Not Including Bar)

mm mm mm mm Metric kg

ST-FA 25 155 58 56 M42 x 4.5 5
ST-FA 30 190 70 70 M52 x 5.0 9
ST-FA 35 210 82 80 M60 x 5.5 13
ST-FA 40 240 95 85 M68 x 6.0 18
ST-FA 45 260 100 90 M72 x 6.0 25
ST-FA 50 285 115 95 M80 x 6.0 32
ST-FA 55 300 115 107 M90 X 6.0 44
ST-FA 60 325 125 115 M95 X 6.0 54
ST-FA 65 355 137 120 M105 x 6.0 68
ST-FA 70 365 148 130 M105 x 6.0 80
ST-FA 75 395 154 140 M115 x 6.0 98
ST-FA 80 415 166 150 M120 x 6.0 117
ST-FA 85 440 177 160 M125 x 6.0 136
ST-FA 90 470 188 170 M135 x 6.0 165
ST-FA 95 495 200 180 M140 x 6.0 195
ST-FA 100 525 211 190 M150 x 6.0 237
ST-FA 105 541 218 200 M155 x 6.0 261
ST-FA 110 570 228 210 M165 x 6.0 299
ST-FA 115 600 240 220 M175 x 6.0 348
ST-FA 120 635 255 230 M185 x 6.0 411
ST-FA 125 660 266 240 M190 x 6.0 463
ST-FA 130 680 273 250 M195 x 6.0 492
ST-FA 135 700 279 260 M200 x 6.0 532
ST-FA 140 720 290 270 M205 x 6.0 589
ST-FA 145 750 303 280 M215 x 6.0 652
ST-FA 150 775 315 290 M220 X 6.0 726

Stylite Fork Socket Adapter Bar (ST-FA)

BRIDON Structural Systems

L1

L5
L 6



Full Locked Coil 

Bridge cables

Catenary cables

Stay cables

Suspender cables

Stadiums

Roof supported structures

Catwalk suspensions systems

Aerial tramways

Pedestrian and footbridges

View Specifications Chart (Metric)

EN 12385-10 full locked coil strand

Strands are made of shaped high-strength wires which are coated with galvanized or Galfan®, then helically spun around a core. The interlocking, Z-shaped wires provide a superior 
barrier against external, corrosive elements and reduce internal corrosion while giving this product a desirable aesthetic and modern look.

Able to withstand high compression forces

Superior wear resistance

High breaking load-to-diameter ratio

Superior torque balance and high strength

High modulus of elasticity

Z-shaped wires give a compact cross-section

Z-shaped, interlocking wires prevent the entry of external agents

Superior fatigue resistance

Excellent corrosion resistance:

Galfan®

Galvanized

Corrosion-resistant blocking agents

Diameter range is 20-102 mm

Functional. Artistic. Timeless. When it comes to stadiums, bridges and structures, WireCo Structures is ready to help our customers’ 
designs soar. WireCo is the market leader in rope manufacturing, chosen to supply cables for the world’s highest profile bridge and 
stadium projects. From anchoring to suspending, customers around the world trust WireCo Structures to meet the demands of their 
diverse applications and designs, on time and to your specifications, every time. Results by Design—for the world.

Login +1 (816) 270-4700 © 2015 WireCo® WorldGroup. All Rights Reserved.

Page 1 of 1Full Locked Coil | WireCo Structures

6/29/2015http://wirecostructures.com/Wire-Products/Full-Locked-Coil



Full Locked Coil (Metric)

Typical 
Construction Part #

Nominal
Diameter

(mm)

Approx 
Weight
(kg/m)

Approx 
Metallic Area

 (mm2)

Nominal Axial 
Stiffness Each 

(MN)

Grade 1470 Grade 1570

Minimum Breaking Strength (kN)

1 Layer 
of 

Full-Lock 
Wires

WLC - 20 20 2,27 254 41 344 368

WLC - 22 22 2,75 308 49 416 445

WLC - 24 24 3,27 366 59 496 529

WLC - 26 26 3,84 430 69 582 621

WLC - 28 28 4,45 499 80 675 720

WLC - 30 30 5,11 573 92 774 827

WLC - 32 32 5,82 651 104 881 941

WLC - 34 34 6,57 735 118 995 1060

WLC - 36 36 7,36 824 132 1120 1190

WLC - 38 38 8,20 919 147 1240 1330

WLC - 40 40 9,09 1020 163 1380 1470

2 Layers 
of 

Full-Lock 
Wires

WLC - 42 42 10,40 1160 186 1570 1680

WLC - 44 44 11,40 1280 205 1730 1840

WLC - 46 46 12,50 1400 224 1830 2020

WLC - 48 48 13,60 1520 243 2060 2200

WLC - 50 50 14,70 1650 264 2230 2380

WLC - 52 52 15,90 1780 285 2410 2580

WLC - 54 54 17,20 1920 307 2600 2780

WLC - 56 56 18,50 2070 331 2800 2990

WLC - 58 58 19,80 2220 355 3000 3210

WLC - 60 60 21,20 2380 381 3210 3430

3 or 
More 

Layers 
of 

Full-Lock
Wires

WLC - 62 62 23,70 2660 426 3590 3840

WLC - 64 64 25,30 2830 453 3830 4090

WLC - 66 66 26,90 3010 482 4070 4350

WLC - 68 68 28,50 3200 512 4320 4620

WLC - 70 70 30,20 3390 542 4580 4890

WLC - 72 72 32,00 3580 573 4850 5180

WLC - 74 74 33,80 3780 605 5120 5470

WLC - 76 76 35,60 3990 638 5400 5770

WLC - 78 78 37,60 4200 672 5690 6070

WLC - 80 80 39,50 4420 707 5980 6390

WLC - 82 82 41,50 4650 744 6290 6710

WLC - 84 84 43,50 4880 781 6600 7040

WLC - 86 86 45,60 5110 818 6910 7380

WLC - 88 88 47,80 5350 696 7240 7730

WLC - 90 90 50,00 5600 896 7570 8090

WLC - 92 92 53,00 5920 947 8000 8550

WLC - 94 94 55,30 6180 989 8350 8920

WLC - 96 96 57,70 6440 1030 8710 9300

WLC - 98 98 60,10 6710 1074 9080 9700

WLC - 100 100 62,60 6990 1118 9450 10100

WLC - 102 102 65,10 7270 1142 9840 10500

Other diameters available upon request

9WireCo Structures

Full Locked Coil



Sockets 
Below is a list of sockets for your specific application.  To view detailed product information, click the product name.

Architectural Fork Sockets 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Open Strand Sockets 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Closed Strand Sockets 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Open Bridge Sockets 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Closed Bridge Sockets 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Anchor Sockets, Type 6 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

Sockets provided with a rod and a semi-finished, heavy hex nut for tensioning cable assemblies and making final length 
adjustments

View Specifications Chart

Anchor Sockets, Type 7 

Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

Sockets furnished with or without internal threads (internal threads are used to accommodate a tensioning jack)

View Specifications Chart

Anchor Sockets Type 8 

Page 1 of 2Sockets | WireCo Structures

6/29/2015http://wirecostructures.com/Sockets



Material: high strength structural steel casting

Magnetic particle inspected

Hot-dip galvanized zinc coated surface

View Specifications Chart

Open Swaged Sockets 

Mechanically swaged fittings

High pressure presses

Precision dies

View Specifications Chart

Closed Swaged Sockets 

Material: Weldless, drop-forged steel

Assembly length is measured from the centerline of pins for both open and closed swaged sockets

Swaged sockets are 100% efficient for spiral strand. Not suitable for full locked coil.

View Specifications Chart

Login +1 (816) 270-4700 © 2015 WireCo® WorldGroup. All Rights Reserved.

Page 2 of 2Sockets | WireCo Structures

6/29/2015http://wirecostructures.com/Sockets
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CHAPIBRTWO 

STAY CABLE SYSTEMS AND MATERIALS 

STAY CABLE SYSTEMS 

An overview of various stay cable systems is presented in 

this section to familiarize readers with the terminology and 

technical aspects of various cable designs, and the issues re­

lated to inspection and maintenance of stay cables in cable­

stayed bridges. In very general terms, a stay cable can be 

described as a tension element composed of a single or 

multiple longitudinal MTEs, which is connected at one end 

to the bridge pylon and anchored at the other end at the 

bridge deck. 

Over the years, there have been two fundamentally dif­

ferent and competing philosophies regarding design of stay 

cables. In the first approach, which dominated early German, 

British, and Japanese designs, the stay cables were designed 

based on the well-developed suspension bridge technologies; 

that is, those of the main suspension cables and the hanger 

cables, and wire rope technology from industrial applications. 

In the second approach, which more or less began with the 

Brotonne Bridge in France and dominated the U.S. stay cable 

designs until late 1990s, the cables were designed based on 

the post-tensioning tendon technologies. There were also 

variations in each of the two main philosophies. The concepts 

underlying these philosophies and their significant evolution 

over the last 30 to 40 years will be discussed later in this chap­

ter. The motivations for these system evolutions were based 

on the field performance of the systems, technology develop­

ments and, above all, economic factors. 

Main Tension-Resisting Elements 

There are several different arrangements of the MTE compo­

nents in the free length of the cable. The free length refers to 

areas of the cable that are not in the vicinity of the anchorages. 

The MTE could be a single bar, multiple parallel bars, multi­

wire helical strands (wire ropes or bridge strands), a bundle of 

parallel wires, or a bundle of parallel seven-wire strands. Fig­

ure 5 shows some of the MTE systems. 

--=c,r..;:.....::.:k:.;;e.;;;d..;;c.:..:oil cable was very common i ro 

se ca6le-stayeo briclges. There is a central co 

lel round wires surrounded by spirally wrapped !aye 

interlocking z-shaP.ed and in some cases tr 
• 

) w 

arrangement makes a denser more co le ( 

ced voids), witli a smootli outer surface and less sensitiv­

o sioe pressures (Walton 1996; Ito 1999). Helical wire 

ropes have been popular in the United Kingdom. The spiral 

wires reduce the modulus of elasticity and strength of cable 

compared with equivalent parallel wire cables, but are much 

easier to handle (Ito 1999). The locked coil cable and spiral 

strands are examples of applications of suspension cable tech­

nology to stay cables. 

The single or multiple bar system typically consists of 

one or more thread bars with a diameter of 26 to 36 mm 

(1-1.375 in.). The Dame Point Bridge in Florida and four 

pedestrian bridges in Calgary include bar cables. Worldwide 

it is believed that three other cable-stayed bridges with bars 

have been built; one each in Malaysia, Germany, and Chile. 

The parallel wire cables are typically made of 5 to 7 mm 

(0.19-0.27 in.) wires. Unlike the main suspension cables, 

the parallel wire stay cables do not include closely wrapped 

external spiral wires to maintain the shape of cable. The 

Pasco-Kennewick Bridge in Washington State and the Hale 

Boggs/Luling Bridge in Louisiana are examples of parallel 

wire cables in the United States. 

The parallel seven-wire strand system is the most com­

mon MTE used in the United States. The survey results indi­

cated that 75% of U.S. bridges included parallel seven-wire 

strands (see Figure 6). In contrast, only one bridge in the 

Canadian survey had seven-wire strands. The only Canadian 

bridge with parallel strands is also the newest one ( opened to 

traffic in 2003), pointing to a possible move toward parallel 

strands. The majority of the Canadian bridges surveyed 

(54%) have steel wires. There are however four bridges with 

parallel bars in Canada. The guaranteed ultimate tensile 

strength of seven-wire strands is 1860 MPa (270 ksi). 

The wire and strand stays are continuous from anchorage to 

anchorage because they are produced in long lengths and trans­

ported on reels, but bar systems require splicing with couplers, 

because the maximum length of individual bars is on the order 

of 18 m (60 ft). Figure 7 shows a bar cable with couplers. 

The factors that typically drive the decision on the choice of 

MTEs have generally included the geographic preferences of 

the designers, suppliers, and owners (based on adopted design 

philosophies and available materials), perceived notions of 

long-term durability (i.e., potential for corrosion and fatigue), 

and cost. More recently however, issues related to inspectabil­

ity, feasibility for nondestructive evaluation (NDE), and possi­

bilities for MTE replacements and additions have also entered 



(a) (b) 

(c) 

(d) 

FIGURE 5 Various MTE cross sections: (a) locked coil, (b) helical strand, (c) parallel wire, 
(d) parallel seven-wire strands (Gimsing 1998).
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Developments in steel cables 

J.M. Walton

Carr Hill, Doncaster, South Yorkshire DN4 8DG, UK 

ABSTRACT 

This paper traces the development of steel cables over recent years, and 
describes how the Wire Rope industry has responded to the needs of the 
Construction industry. There is now a wider choice of products available 
than ever before, both in tenns of size and ( axial) stiffness, and this has led to 
corresponding developments in the requisite end fittings. New and improved 
methods of cable corrosion protection have also gained widespread accept­
ance. The purpose of this paper is to alert designers to the major advances 
that have been made in the design and manufacture of steel structural ten­
dons. Rtference is made to the requirements of both on- and off-shore appli­
cations, and to the increasing demands of ever larger structures. Experience 
on the largest structural projects has shown that in addition to optimising 
the usual cable pe,formance parameters, careful consideration must be given 
to logistical factors. It is important that all these options are not only under­
stood but are evaluated at a sufficiently early stage of the structural design 
process to be effective. Copyright © 1996 Elsevier Science Ltd. 

1 INTRODUCTION 

Over the last decade there has been a rapid growth in the diversity of steel 
cable products being offered to the market to meet the requirements of 'Ten­
sion Structures'. This development has encompassed both the traditional types 
of cable: spllral strands, stranded ropes and locked-coil ropes, as well as introd­
ucing more radical design solutions which include: parallel wire bundles 
(PWB); parallel wire strands (PWS); parallel strand bundles (PSB); parallel 
strand cable:s. Together they have resulted in a considerable expansion of the 
performance envelope available from flexible steel tendons, as outlined below. 

Historicailly, small differences in cable construction often owed more to an 
inclination on the part of the rope manufacturer to differentiate his products, 
than any serious consideration of design optimisation. However, the recent 

3 
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changes have been largely market led, or at least in response to a perceived 
market need, and represent a real attempt to tailor the cable design solution 
to the application. Much of the stimulation for these changes has come from 
the development of innovatory structures, in particular cable-stayed bridges 
and offshore oil platforms which posed new problems for the rope-maker. Not 
least of these was the demand for cable sizes not previously envisaged, both 
in terms of length and diameter, as larger and larger structures were conceived. 

Allied to these cable developments, there has been a fundamental review 
of the corrosion protection measures that should be adopted to ensure the 
longevity of performance that is demanded for such major capital projects. 
These needed to take account of not only the increasingly hostile environments 
that were being ventured into, but also in many cases the alarmingly high cost 
and difficulty of cable replacement. Fortunately major material improvements 
were available to meet this challenge and there is now a high level of confi­
dence that protection can be guaranteed for an almost indefinite period of time. 

Similar advances have necessarily occurred in the design and manufacture 
of end fittings, which frequently represent the most critical aspect of a tension 
structure involving wire rope tendons. New materials and procedures have 
been introduced to enhance product performance and integrity, consistent with 
the cable developments and protective measures referred to above. 

Evidence is presented here to show that the industry has made great efforts 
to generate timely and efficient solutions to the structural designer's require­
ments. Consequently, steel cables now offer a versatile and highly cost-effec­
tive solution to almost all elongate tension member problems. An implicit 
feature of all these steel cables is the high level of reliabilhy and quality 
assurance that is fundamental to the design and manufacturing procedures. 

2 TRADITIONAL PRODUCTS 

2.1 Spiral strands 

The spiral strand, comprising a number of concentric layers of round wires, 
has for many years been the most common form of tension member for struc­
tural applications. Typically these strands are constructed from 5 mm diameter 
galvanised wire, spun together at a characteristic lay factor of 12-13. Before 
the 1970s it was unusual to see strands containing much more than 100 wires, 
which infers a strand diameter of around 55 mm and a breaking strength of 
some 2.5 MN. 

The 1980s saw the development of spiral strands of up to 127 mm diameter 
with breaking strengths well in excess of 12.5 MN. This involved spinning 
together many more wires than hitherto ( ~ 300), although to optimise the strand 
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are better able to withstand localised contact stresses through wire process 
development (see also Section 6.1), which have resulted in a much more con­
sistent leve:1 of performance. Nevertheless, it does appear that there is a funda­
mental constraint here that will inhibit the achievement of very high unit 
breaking strengths from stranded ropes. 

Other considerations that may influence the specification of stranded ropes 
are: (a) the ability of rope constructions to accept more severe bending than 
spiral strands where coiling is a prerequisite, and (b) the inherent retention of 
broken outer wires since they are entrapped by adjacent strands, but also (c) 
that they are more difficult to protect against corrosion due to the more open 
form of construction and the greater ease of penetration of corrosive media. 

2.3 Locked coil ropes 

Much of the design technology pertaining to spiral strands is also common 
to locked coil ropes since they share the same form of construction (in concen­
tric helical layers). However, the use of shaped (interlocking) wires instead 
of round wires enables substantially higher fill factors to be achieved with a 
proportional increase in mass for a given cable diameter. This denseness of 
fill is well illustrated in the cross-section view of a sample of 127 mm diameter 
locked coil rope shown in Fig. 2. In this example a fill factor of 0.97 was 
achieved, compared with a figure of 0.78 which is typical of the equivalent 
spiral strand (illustrated earlier), that is an increase of 24%. After bedding the 

CONSTRUCT ION 

54 >< 7.ee.,., Full Loclc I/Ins 

48 >< 7.l!IINI Full Lock I/Ins 

48 >< 7.001111 Full Lock I/Ins 

41 >< 7.001111 Full Lock I/Ires 

40 >< 6.0011111 Full Loclc I/Ires 

40 >< 5.001111 Full Lock I/Ins 

33 >< 5.001111 Full Lock I/Ins 

33 >< 4.0011111 Full Loclc I/Ins 

37 >< 3.68M11 Full Lock I/Ins 

14 >< 4.5011111 Round I/Ires 

7 >< 2.8511111 Round I/Ires 

7 >< 3.701111 Round I/Ires 

7 >< 3.90M Round I/Ires 

I >< 5.4511• Round I/Ires 

Fig. 2. 127 mm diameter locked coil. 
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two products to their working load condition, the corresponding increase in 
axial stiffness (EA) was found to be 30%, indicating a small additional benefit 
from the improved lateral stiffness of the locked coil rope. 

From a rope breaking load viewpoint it is also possible to point to a poten­
tial advantage from the use of shaped wire, in proportion to the increase in 
cross-sectional area, but this is only valid if wires of the same tensile grade 
are being compared. In practice it is usually possible to compensate for this 
difference by drawing the round wires to a higher ultimate tensile strength 
(UTS) than would be achieved in shaped wires. In the limit therefore the 
locked coil rope will have a similar breaking load to a spiral strand of equal 
diameter, despite its higher steel content. 

-C---"C""C"'O- -... --------,-----� 

The justification for using locked coil WP.es in SP.ite of this weight (and 
cost) enalty, comes from the P,Otential secondary benefits associated with the 
use of sha ed wire which include: 

- imP.roved corrosion Qrotection;
- more solid aesthetic appearance;
- abilitY. to withstand higher gripping stresses;
- better wear resistance;
- outer wire retention (in the event of a fracture).

For these and other reasons the locked coil rope has not been left behind 
in the development of very large sizes, and cables of up to 167 mm have been 
manufactured in commercial quantities, for example on the Dao Khanong 
cable-stayed bridge in Bangkok.3 Here breaking strengths in excess of 30 MN 
were achieved. Again there was no evidence of a fall-off in breaking strength 
efficiency with rope size, generating confidence in the further extrapolation 
of this type of cable design, subject of course to the necessary manufacturing 
and handling capabilities. 

A disadvantage of all these helically stranded forms of cable is that the 
wires are disposed at a significant angle to the axis of loading with a conse­
quential reduction in tensile efficiency and axial stiffness as compared with 
a simple bundle of straight parallel wires. For many applications these draw­
backs are more than offset by the improved flexibility and structural integrity 
that the helical lay affords, but for structural applications where axial perform­
ance is of paramount importance, the alternative 'parallel' products described 
below are attracting growing interest, especially for cable-stayed bridges. 

3 PARALLEL PRODUCTS 

3.1 Parallel bundles 

This section refers to tension members in which the individual elements (wires 
or strands) are laid straight and parallel to one another, usually within a jacket 
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The factory operation also allows the bundles to be sheathed and blocked, 
preferably with a non-rigid semisolid material that is impervious to moisture. 
This represents a major step forward in terms of both ease of introduction 
and weight saving, when compared with the traditional practice of using a 
cement grout, which could only be pumped in after the stays had been erected 
and tensioned, as well as other performance-related benefits (see also Table 1). 

Parallel strand bundles ( PSB) 

The move to parallel bundles of strands is a logical progression from the PWB 
with several obvious benefits: 

(a) the strands can be considerably larger than the single (7 mm) wires,
without being any more rigid in the flexural sense, and are typically
in the range 12-16 mm;

(b) fewer units are therefore required to achieve a given cable size and
strength, which makes for ease of assembly;

(c) higher tensile strengths are available through the use of smaller compo­
nent wires, with a resulting increase in the strength:weight ratio of
the bundle;

( d) the strands are readily available in a straight condition and with low­
relaxation properties, from the Prestressed Concrete Industry supplier.
Typically ungalvanised seven-wire prestressing strands are used in
either 1670, 1770 or 1860 grade wire, in accordance with B.S. 5896,
EN 138 or ASTM A-416.

Strand bundles are usually assembled on-site with a minimum of environ­
mental protection or handling equipment. The generally preferred method to 

TABLE 1 

Typical Tension Mem ber Properties (based on products of 127 mm nominal diameter) 

Parallel Spiral 'Eocked coil BR/STAY 

wire strand strand rope 

Outer layer 48x7.0mm 54 x 6.6 mm 54 x 7.0mm 18 x 15.2 mm 
Round Round Full loc k Strands 
wires wires wires 

Construction 1 X 265 l X 290 l X 410 55 X 7 (6/1) 
Brea king load (MN) 16.0 13.2 13.9 16.5 
Steel weight (kg /m) 80 79 98 72 

Strength to weight ratio (km) 20.4 17.5 14.5 23.4 
Axial stiffness (EA) (MN) 2000 1300 1810 1770 

Stiffness to weight ratio 25.0 16.5 18.5 24.6 
Torsional sta bility Poor Excellent Excellent Good 
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- constructed from readily available components in either bright or gal van­
ished finish and offering low-relaxation properties.

The prestressing strands are manufactured in a range of standard diameters 
and breaking loads, as detailed in B.S. 5896. For the drawn (or DYFORM®) 
product range (in ungalvanised material), the three most popular sizes are 
given in Table 2. In galvanised finish the tensile strength will be slightly lower. 
A matrix of cable sizes can then be constructed using various numbers of 
these strandls, arranged in a hexagonal or quasi-hexagonal form, as set out for 
example in Table 3. This provides a good selection of cable sizes (from 38 to 
254 mm) and hence a range of strengths to suit a wide variety of applications. 

4 CORROSION PROTECTION 

4.1 Galvalllic protection 

The use of galvanised coatings on wires has become standard practice for 
structural cables where there is a long life expectancy. Both electrolytic and 
hot-dip galvanising techniques have been used, although for large diameter 
wires final hot-dip galvanising has become the preferred method. For large 
diameter wires a minimum zinc coat weight of around 300 g/m2 would typi­
cally be specified, in accordance for example with Class A of B.S. 443, which 
equates to a radial thickness of some 40 microns; although a lighter coating 
of say 25 microns would be accepted for drawn galvanised wires. The spectre 
of hydrogen embrittlement of galvanised steel has been raised on several 
occasions but is not recognised as a real problem with wire ropes and cables, 
at least within the range of current manufacturing experience. More discussion 
of this issue is contained in Ref. 4. 

The rate of depletion of such coatings in service will obviously depend on 
the severity of the exposure conditions. In a marine environment, for example, 

TABLE2 

DYFORM Strand Properties 

Strand Steel area Mass (kglm) Breaking 
diameter (mm2) load (KN) 

(mm) 

12.7 112 0.89 209 

15.2 165 1.30 300 

18.0 223 1.75 380 
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the jacket. This demonstrates that even an imperfect jacket is beneficial, and 
that quite a limited shrouding effect can significantly retard the rate of cor­
rosion. 

The level of corrosion resistance can also be considerably enhanced by 
cathodic protection (CP) means. One approach that has been successfully 
employed is to incorporate continuous anodic elements, such as zinc or alu­
minium alloys, into an exposed position in the cable, where they can sacri­
ficially prot,ect the outer wire surfaces and substantially delay the onset of 
corrosion to the steel substrate. The alternative impressed current systems are 
only effective when the cable is fully immersed and covered with an insulating 
jacket. In this situation the CP will only operate when the sheathing is dam­
aged, and consequently the current flow is likely to be too low for voltage 
drop to become a problem, even over relatively long lengths of tether. The 
corollary to this is that if the connecting termination or structure has no protec­
tion system, then there is a risk of the galvanic coating on the cable being 
depleted more rapidly as it attempts to protect the structure. 

:An improved form of galvanic protection known as GALP AN® has been 
finding commercial application in wire ropes. The coating, which is a lied 
by- the hot-dip method, comprises a zinc-aluminium alloy (with 5% wt. :Al) 
instead of pure zinc. This alloy has been shown to have a substantially greater 
J}assive resistance to corrosion in simulated industrial and marine environ­
ments, so that it is depleted less rapidl)'.. Ttiis is IJ.roving P.articularly attractive 
for stay cables which have no other form of protection such as mast stays, as 
a longer life can be ex�ected to first corrosion of the substrate. However, once 
corrosion of the steel has initiated and the coating is required to protect in 
the active mode, there may be no further advantage, as the electrochemical 
capacity of GALP AN is not dissimilar to that of pure zinc. 

4.2 Blocking and coatings 

The primary purpose of a blocking material is to provide an inert, stable 
and impervious barrier to moisture or other corrosive media. The principal 
requirements, of the material are therefore that it should be hydrophobic, have 
good adherence and be physically resistant to wash-out. Semi-solid com­
pounds based on petrolatum or synthetic waxes offer an attractive solution 
because they are easily applied in a liquid state, adhere readily and resist 
displacement when cool, but remain capable of plastic flow for an indefinite 
period, should inter-wire movement demand it. They are therefore the pre­
ferred choice for applications in which cable flexing may occur. 

The wax-based compounds are also well suited to the plastic sheathed cable, 
where they remain totally compliant and in the event of sheathing damage 
they can very effectively prevent the migration of moisture along the cable. 
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1. Metallic-Coated Products and Specifications

GalvInfoNote Zinc-5% Aluminum Alloy-Coated Steel Sheet 
Rev 1.1 Jan 2011 1.9 

Introduction 
The most widely used metallic coating for the corrosion protection of steel is zinc (galvanize). It offers a 
very good combination of galvanic and barrier protection. Its excellent performance for many applications 
is well documented. However, in the desire to improve, there is always a quest to find even better 
products. Researchers continually attempt to develop superior steel coatings that can be commercially 
applied. Often, the target is to find better products for specific end uses or environments, e.g. ones having 
superior corrosion resistance, or better coating formability. These attempts meet with little success most 
of the time, due either to an undesirable product attribute, or because manufacturing is too expensive or 
difficult, but every so often a breakthrough coating is discovered. 

One hot-dip coating that was successfully developed is zinc-5% aluminum (Zn-5% Al) alloy-coated steel 
sheet, the most popular version of which is known throughout the world as GALFAN.  It is a registered 
trademark of the Galfan Technology Center, Inc. (GTC) http://galfan.com/home.html.  This website lists all 
the active producing Galfan® licensees. 

The GTC website summarizes the history of Galfan® as follows: 

“Galfan® as a trademark has been around since the International Lead Zinc Research Organization 
(ILZRO) obtained worldwide patents on this new alloy for anti-corrosion coating in 1981. This grew from an 
ILZRO-organized project co-sponsored by Arbed, Cockerill Sambre, Usinor and Sacilor (now all part of 
ArcelorMittal), British Steel, Fabrique de Fer de Maubeuge (now all part of Corus), New Zealand Steel (now 
part of Bluescope), and Stelco (now U.S. Steel Canada) at the Centre de Recherches Metallurgiques 
(CRM) in Belgium. This project showed that an alloy combining 95% zinc, nearly 5% aluminum, plus 
specific quantities of rare earth mischmetal, could be reliably used in the hot-dip coating process, and 
conferred substantially improved performance to the end-product. Licenses to use the revolutionary Galfan® 
technology have been granted to manufacturers worldwide. 

“The name Galfan® was given to the new alloy product during a business meeting one evening after the first 
large-scale production campaign at Sacilor’s, Ziegler S.A. works in Mouzon, France on July 8-10, 1981. 
Upon reviewing the success of this campaign, in which 150 tonnes of coils were coated, with high quality 
product obtained after running the first 250 meters of strip through the continuous coating line, J-L. Pagniez, 
head of the French Coated Steel Information Center (CITAG), christened the product "galvanisation 
fantastique". This was shortened to Galfan®, and this name was then trademarked by ILZRO.” 

The ASTM steel sheet product specification for Zn-5% Al alloy-coated sheet is A875/A875M.  The coating 
is available in two types:  Type I alloy coating contains small additions of rare earth mischmetal (Zn-5Al-
MM) and is what is used to produce sheet under the trade name Galfan®.  Type II contains 0.1%
magnesium (Zn-5Al-Mg).  Zinc-5% Al alloy-coated sheet is also manufactured and sold under other trade
names.

Both Type I and Type II can be used for prepainted sheet as specified in A755/A755M. 

Specifications EN 10214 and ISO 14788 are other documents that can be used to specify Zn-5% Al 
coated sheet. 

Manufacture 
In the 1970s, research in America, Europe, and Japan experimented with zinc coatings containing up to 
15% aluminum.  This research found that zinc with 5% aluminum provided the best corrosion resistance 
but the problem of small, unwetted bare spots stymied commercialization of the alloy as a coating1. 
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Research that ILZRO later commissioned CRM to conduct on the Zn-5% Al system determined that the 
addition of small amounts of rare earth mischmetal1 containing cerium and lanthanum improved fluidity, 
wettability, coating ductility, and inhibited intergranular corrosion.  This mischmetal formulation is what 
later became known as Galfan®. 

Composition of the mischmetal-bearing alloy used to produce GALFAN is specified in ASTM B750. The 
technology used to manufacture this alloy is licensed technology1.  Also, see GalvInfoNote 5.2 for the 
specified chemistry limits. 

Galfan® sheet products are coated on processing lines that are almost identical to those used to produce 
galvanized sheet, and which are described in GalvInfoNote 2.1.  In some cases, production lines that 
produce Zn-5% Al coatings are dedicated to this product, although most lines that produce GALFAN also 
produce galvanize through the use of dual, interchangeable coating pots. 

Coating Metallurgy and Microstructure 
Zinc with 5% aluminum is a eutectic alloy.  A eutectic composition is that ratio of elements having the 
lowest melting temperature, and is located at the intersection of the elements’ liquidus curves in a phase 
diagram (a representation of what occurs when elements are mixed together).  The eutectic is a unique 
temperature-composition point for two or more elements.  Lowering the temperature to just below the 
eutectic temperature results in a reaction where the all of the liquid mixture freezes to a complete solid at 
that temperature. In non-eutectic mixtures, freezing occurs over a range of temperatures, and elements 
can segregate into phases.  For more information on this phenomena refer to literature about the zinc-
aluminum phase diagram, as a more detailed explanation here is beyond the scope of this GalvInfoNote. 

Figure 1 Microstructure of Zn-5% Al Coating (note the lamellar plate-like structure) 1 

Regular zinc galvanizing alloys freeze into a single-phase microstructure. Al-Zn alloys such as 
Galvalume® form two-phase microstructures in which aluminum phases are surrounded by the lower 
freezing temperature zinc phase (see GalvInfoNote 1.4). Galfan®, however, forms a hypoeutectic 
microstructure in which the high zinc phase and high aluminum phase freeze into very thin, alternating 
parallel plates called lamellae, as shown in Figure 1. Control of the cooling rate is necessary to ensure 
that the entire microstructure is lamellar. 

The intermetallic alloy layer that forms between the Galfan® coating and the steel substrate is a very thin 
(1 µm) ternary Al-Fe-Zn compound. This layer is thinner than a similar layer that forms on galvanized 
sheet, and is the reason for the extremely good formability of Galfan®.   

1 The mischmetal used in GALFAN is a mixture of cerium (Ce), lanthanum (La), two of the 15 elements between atomic 
numbers 57 and 71, sometimes called rare earths.  Their percentage in the alloy is extremely small but their effect in 
improving wettability is very significant. 
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Corrosion Resistance 
Aluminum corrodes more slowly than zinc in most atmospheres because of its surface barrier layer of 
very passive aluminum oxide.  However, this passive layer prevents aluminum from adequately 
contributing towards cathodic (sacrificial) protection.  Cathodic protection is the strong point of zinc 
coatings, in that if the coating is cut or scratched, the zinc near the exposed steel will corrode first.  
Galfan® combines the strengths of both zinc and aluminum, giving better passive barrier protection than 
regular galvanize, and better sacrificial protection than alloy coatings with lower zinc compositions. 

Regular galvanized coatings corrode in the atmosphere by the zinc being continually converted to zinc 
oxide and zinc carbonate. The lamellar eutectic microstructure of Galfan®, shown in Figure 1, interferes 
with this mechanism, as corrosion must follow the direction of the thin lamellae.  Also, the dense, more 
passive, aluminum-rich corrosion products that are left behind lower the reactivity of the surface. 
Naturally, corrosion will be slowest when the lamellae are parallel to the sheet, but even the random 
orientation that the lamellae usually take greatly reduces the corrosion rate. 

Galvanize exhibits a linear corrosion rate.  ILZRO research has shown that the corrosion rate of Galfan® 
is parabolic rather than linear.  Galfan’s weight loss during the first two or three years is slightly less than 
galvanize, but as its surface passivates, it’s rate of weight loss decreases parabolically.  This is illustrated 
in Figure 2.  

Figure 2 Coating Thickness Loss in Marine Environment from New Zealand Steel Study1 

The results of field studies have shown that Galfan® has a minimum of two times better outdoor corrosion 
resistance than conventional galvanize of the same coating weight.  This is the case in rural, industrial, 
and marine environments. 

The issue of whether to use galvanize or Galfan® for a particular end use therefore becomes one of 
overall value versus initial cost.  If the objective is to have products last over 2 times longer than those 
made with galvanize, then the same coating weight as used with galvanize can be specified.  If lower 
initial cost is paramount, then the same service life can be obtained by specifying one-half the normal 
galvanize coating weight.  
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Summary 

Years of testing and evaluation have allowed the comparison chart shown in Figure 3 to be compiled.  It 
shows that Galfan® is equal to or better than galvanize in all the important coated sheet attributes. 

Figure 3 Galfan® Compared to Other Metallic Coatings 

Zinc-5% aluminum hot-dip coated sheet has corrosion resistance at least twice as good as galvanize.  It 
has been in use for 25 years and has application in many markets, including construction, agriculture, 
appliance, automotive, highway, and utility. 

More information on this product can be found at: http://galfan.com/home.html 

References: 
1 GALFAN Product Manual, ILZRO, June 1993 

Copyright 2011 – IZA 

Disclaimer: 
Articles, research reports, and technical data are provided for information purposes only. Although the publishers endeavor to 
provide accurate, timely information, the International Zinc Association does not warrant the research results or information reported 
in this communication and disclaims all liability for damages arising from reliance on the research results or other information 
contained in this communication, including, but not limited to, incidental or consequential damages. 



Summary of correspondents showing Fully Locked Cabled can not be found domestically: 

From: 
Sent: 
To: 
Cc: 
Subject: 

Klein, Tim <TimKlein@wirecoworldgroup.com> 
Friday, March 04, 2016 12:08 PM 
Kumar Ghosh; Humiston, Richard 
Jeremy LaHaye; Dina Tobia 
RE: Full Locked Cable

Kumar - Per our phone conversation this afternoon please see my comments to your notes below. 

The Full Locked Coil products that WireCo produces in North America meet the "Buy American" statues.V\'ireCo 
produces Z Lockwires-forthe Full Locked cables arouriacility in Cuatitlta1 Mexico. The stranding of the Full Locked 
cables is fully performed in St. Joseph, MO, US along with all of our assembly fabrication. WireCo produces Full Locked 
Coils up to 75mm (3") diameter with both Galvanized and Galfanized coat3d wires. The products will meet the� 
American requirements for steel products. 

K:.-Not the Buy America 
Also per our d1scussiQO 1 ere are otber _sources in North America for both Z s aped wires an.d Full Locked cables. If you 
have any additional questions please feel free to contact Richard or myself. 

\_ Regards, Our research per 
Tim emails below shows 

Gaitan Coated Fully 
Locked Cables are not 
produced domestically 

TimothyW. Klein, PE, P.Eng 
Director of Global Engineered Fabrications 
WireCo WorldGroup 
P: +1 (816) 270-4753 IC +1 (816) 248-1833 
E: timklein@wirecoworldqroup.com 

Kumar Ghosh 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

Dowen Raynor [Dowen.Raynor@ulvencompanies.com] 
Monday, June 29, 2015 2:05 PM 
Kumar Ghosh 
Jeff Buchholz; Dan Ulven 
Pedestrian Bridge Design 
HoustonStructures_Catalog_ 2014 LR.pdf 

Regarding the Fu I Loe eel Coil Strands - you will have problems getting this type of strand using the "Buy America" 
provisio1. Tne locked coil strand available is only availaole as "Strand and Closed" in the USA. It is drawn .;omewhere 
else. For the Stranded and Closed in the USA version it is available UP. to 75mm (2.95") in diameter. Locked Coils are 
more predominantly used in Euro e. 

Dowen Raynor; Met.E, MBA 

Houston Structures Inc. 
Engineering Sales Manager 
Office Phone: 503-651-3174 
Cell Phone: 503-957-9617 
Emails: dowen.raynor@ulvencompanies.com 

www.ulvencompanies.com 



Kumar Ghosh 

From: 
Sent: 
To: 
Subject: 

Hi Dr. Ghosh, 

Robbie Adam <robbie.adam@swrgroup.com> 
Wednesday, July 01, 2015 1 :55 AM 
Kumar Ghosh 
SWR Steel Wire Rope 

Many thanks for your recent email regarding our fully-locked coil range if wire ropes. 

Unfo1:unately this are not manufactured in the USA the are manufactured in Euro e unaer the relevant EuroP.ean 
standards. 

Robbie Adam I Wire Rope Sales 

SWR Group 

Kumar Ghosh 

From: 
Sent: 
To: 
Cc: 
Subject: 
Attachments: 

David Ward [david.ward@redaelli.com] 
Tuesday, June 30, 2015 6:51 AM 
Kumar Ghosh 
Francesco Bagnato; Paolo Ferrante 
TY Lin/ Redaelli Full Locked Coil Suspender Cables (M1142) 
Redaelli Open Spiiral Strand & Full Locked Coil Cable Technical Data 10.1.pdf; Redaelli 
Socket Anchorage Technical Data 10.1.pdf 

Finally my understanding of the Buy America issue is that the steel products have to be USA sourced only if Federal 
Funding is used. For inst2nce I am aware that the Mar A•1enue bridge was sanctioned by Caltrans where the cables 
were produced in German so I tfiink that FLC cables can also be used on this project? 

Kumar Ghosh 

From: 
Sent: 
To: 
Subject: 

Friedhelm Eric Rentmeister [rentmeisterf@bridon.com] 
Tuesday, June 30, 2015 12:49 AM 
Kumar Ghosh 
Your Inquiry to Bridon lntern3.tional, dated 29.06.2015 

1) Car these coils be manufactured in USA to satisfy the Buy America provision.
The roduct willl>e manufactured in Europe. hen the Buy �merican Clause 1s still valid, we can't del1ver.

Friedhelm (Eric) Rentmeister 

Technical Sales Manager I BRIDON International GmbH 

Tel +49 209 8 001 168 I Fax +49 209 8 001 278 I Mob +49 1718 706 734 

Geschaftsfuhrung: Thomas Lichte I Registergericht: Gelsenkirchen 12 HR B 218 4  I USt-lDNr DE 8 1188 3 171 I Magdeburger Str. 

14a I Gelsenkirchen I D-4588 1 I Germany 



State of California California State Transportation Agency 
DEPARTMENT OF TRANSPORTATION 

“Provide a safe, sustainable, integrated and efficient transportation system  
to enhance California’s economy and livability” 

Subject: Attachment 5: Pedestrian Bridge 3D Photo Simulations 
From I-5 NCC PWP/TREP Implementation: Phase 1 



State of California California Stale Transportation Agency 
DEPARTMENT OF TRANSPORTATION 

Memorandum Serious drought. 

Help save w11ter! 

To: FHWA California Division­

Calsouth Office 

Senior Transportation Engineer 

Attention: Jake Waclaw 

Date: 

File: 

March 8, 2016 

11-SD-5

PM 37.5/39.6

ll -2TI 72

EFIS: 1100020362

From: DISTRICT 11 DNISION OF DESIGN 

Subject: BUY AMERICA WAIVER FOR LOUIS POULSEN BYSTED BOLLARD (COR-TEN 

STEEL/GERMANY) EXCEPTION FOR USE OF BRAND NAME AND SOLE SOURCE 

The FHWA's Buy America policy in 23CFR 635.410 requires a domestic manufacturing 
process for any steel or iron products (including protective coatings) that are permanently 
incorporated in a Federal-aid construction project. The regulation also provides for a waiver of 
the Buy America requirements when the application would be inconsistent with the public 
interest, or when satisfactory quality domestic steel and iron products are not sufficiently 
available. A Buy America waiver is appropriate to use the Louis Poulsen BYSTED Bollard for 

the I-5 North Coast Corridor Bikeway because there are no domestic manufacturers of 
weathering steel bollards and the BYSTED bollard is required to achieve synchronization with 
existing bikeway lighting facilities. 

The project will construct a new coastal bikeway in the cities of San Diego, Solana Beach, 
Encinitas, Carlsbad & Oceanside, that will span several lagoons. Weathering steel bollards 
achieve the life cycle performance required by this corrosive, marine environment. Hot dip 
galvanized iron bollards do not provide adequate corrosion protection. Aluminum bollards are 
undesirable due to vandalism concerns. Concrete bollards have proved unsatisfactory due to 
water infiltration that results in rebar corrosion and concrete spalling. The BYSTED bollard is 
manufactured of heavy gauge cast iron and COR-TEN (weathering) steel and is suitable for use 
in corrosive environments. COR-TEN steel contains copper and carbon steel. After 
weathering, a thin, uniform layer ofrust appears and acts to self-protect the surface from fu1ther 
corrosion thus eliminating the need for future maintenance. 

The 1-5 No11h Coast Corridor Public Works Plan and Transportation and Resource 
Enhancement Program (NCC PWP/TREP) has approved the BYSTED fixture to meet specific 
requirements: Bikeway lighting must be LED, low profile, shielded, directional, low 
temperature (3000K), and have a dark exterior color to minimize visual and biological impacts. 
Long-term durability, minimal maintenance and a 5-year guarantee are essential to stakeholders. 
The California Coastal Commission, resource agencies, lagoon conservancies, local agencies 
and the public approve this fixture to achieve consistency of facilities at the 1-5 NCC Bikeway. 
Due to the anticipated heavy use of the bike trail, it is in the best public interest to provide the 
BYSTED bollard lighting with aesthetic details in terms of durability, quality, finish and 
corrosion resistance, which are not available domestically. 

"Provide a safe. s11stai11able. imegrated and efficie111 tra11sportation ,\J1ste11i 
lo enhance California s economy and livability" 



BUY AMERICA WAIVER FOR LOUIS POULSEN BYSTED BOLLARD (COR-TEN 

STEEL/GERMANY) EXCEPTION FOR USE OF BRAND NAME AND SOLE SOURCE 

March 7, 2016 
Page2of2 

s� 

t!:J@_!kr�
Arturo Jacobo pl' Date 
l-5 North Coast Corridor Manager

Attachment(s) 
(I) Request for Approval of Public Interest Finding for Waiver of Buy America

Requirements
(2) Cost Estimate

(3) Catalog Cut Sheets

(4) Photos of Concrete Light Fixture Corrosion in a Marine Environment

c: Marlene Gros, 1-5 North Coast Corridor Visual Coordinator, District 11, Division of 
Enviromnental, Visual Analysis Planning Branch 

Enrique Bernal, 1-5 North Coast Corridor Electrical Engineer, District 11, Division of 
Engineering, Electrical Design Branch 

"Provide a safe, s11s/ai11able. i111egraIed a11d �f]icie111 rransporI01ia11 sys/em 
lo e11ha11ce Ca/ifomia s eco110111y a11d /ivabili1y" 



U.S. DEPARTM:Nf OF FEDERAL HGI-M/A Y ADMl'IISlRA TION CALIFORNIA DEPARThENTOF 
lRANSPORTA TION lRANSPORTA TION 

REQUEST FOR APPROVAL OF COST EFFECITVENESS/PUBLIC INTEREST FINDING 

COST EFFECTIVENBSS DETffiM ININA TION REQllRBJ PI.J3LIC INTEREST DETffiM ININA TION REQUIRB> 

B 
Non-competitive Consultant Procurement (23 CFR 172.5) 

D Use of State-Furnished Materials (23 CFR 635.407) Experimental Contractlng Methods (23 CFR 635.204) 
Informal Bid (Less then 3 week advertisement) (23 CFR 635.112) D Mandatory Use of Borrow/Disposal Site {23 CFR 635.407) 

B Use of Force Account(23 CFR 635,204) (23 CFR 635.205) Iii! Use of Patented and Proprietary Materials (23 CFR 635.411) 
Use of Publlcly owned Equipment (23 CFR 635,106) liil Waiver of Buy Ame rice Requirements (23 CFR 635.410) 

0 Other: D Other: 

FEDERAL-AID PROJECT NO CLASS. OF FEDERAL. FUNDS.,_ .. □. IM .......... Iii! _NH_ ........... Iii! STP .......... 0. OTHER:, ' I I.Ohl I'-••,.••••-•• 

STEWARDSHIP: liiJDELEGATED I&) HIGH PROFILE 
EA DIST-CO-RTE-PM ESTIMATED COST FEDERAL FUNDS 

11-2T172 Light Bollard 11-SD-5-PM 37.5/39.6 $150,000,000 $95,000,000 
EFIS (1100020362)
(Phase 1) 

GENERAL LOCATION GENERAL DESCRIPTION OF WORK: 
In San Diego County in the cities of Solana Beach and Encinitas 0.1M N CMGC-Construct HOV Lanes, Replace San Elijo Lagoon Bridge, 
of Lomas Santa Fe Dr QC to 0.2M S of Birmingham Dr OC Construct Retaining Walls 

ITEM REQUESTING APPROVAL: I Louis Poulsen BYSTED Bollard ESTIMATED ITEM COST: I $270,480.00 

REASONS THAT THE REQUESTED APPROVAL IS CONSIDERED TO BE COST EFFEGTIVE OR IN THE PUBLIC'S BEST INTEREST (STATE): 
The FHWA's Buy America policy in 23CFR 635.41 O requires a domestic manufacturing process for any steel or Iron products 
(Including protective coatings) that are permanently incorporated In a Federal-aid construction project. The regulation also provides 
for a waiver of the Buy America requirements when the application would be inconsistent with the public interest, or when 
satisfactory quality domestic steel and iron products are not sufficlently available. A Buy America waiver is appropriate to use the 
Louis Poulsen Bysted Bollard (Qty: 70) for the 1-5 North Coast Corridor Bikeway because there are no domestic manufacturers of 
1Neathering steel bollards and the BYSTED bollard is required to achieve synchronization with 1-5 NCC Bikeway lighting facilities. 

ifhe project will construct a new coastal blkeway In the cities of San Diego, Solana Beach, Encinitas, Carlsbad & Oceanside which 
will span several lagoons. Weathering steel bollards achieve the life cycle performance required by this corrosive, marine 
environment. Hot dip galvanized iron bollards do not provide adequate corrosion protection. Aluminum bollards are undesirable 
due to vandalism concerns. Concrete bollards have proved unsatisfactory due to water infiltration that results in rebar corrosion and 
concrete spalling. The BYSTED bollard is manufactured of heavy gauge cast iron and COR-TEN (weathering) steel and is suitable 
for use in corrosive environments. CCR-TEN.steel contains copper and carbon steel. After weathering, a thin, uniform layer of rust 
appears and acts to self-protect the surface from further corrosion thus eliminating the need for future maintenance. 

The 1-5 North Coast Corridor Public Works Plan and Transportation and Resource Enhancement Program (NCC PWPITREP) has 
approved the BYSTED fixture to meet specific requirements: Blkeway lighting must be low profile, shielded, directional, low 
temperature (3000K or less), use LED fiJdures and have a dark exterior color lo minimize visual and biological impacts. Long term 
kiurability, minimal maintenance and a 5-year guarantee are essential to stakeholders. This fixture is approved by the California 
Coastal Commission, US Fish & Game, Lagoon Conservancies, local agencies and the public to achieve consistency of faclfities. 

APPROVED BY �TRANS' DISTRICT REPRESENTATIVE DISTRICT REPRESENTATIVE NAME AND TITLE: 

�-� 
Arturo Jacobo District Project Manager 

APPROVED BY CT FEDE:RAL RESOURCES REP. (Delegated Projects) FEDERAL RESOURCES REP. NAME AND TITI.E: 

REMARKS (FHWA): 

APPROVED BY FHWA'S REPRESENTATIVE REPRESENTATIVE NAME AND TITLE: 
(If required by Hgh Profile Project Agreement) 

NOTE: FHWA'S SIGNATURE NOT REQUIRED FOR FEDERALLY DELEGATED PROJECTS, EXCEPT FOR "BUY AMERICA". 
FNM-406 (REV. 2014) 

DATE: 

�l&'tb 
DATE: 

DATE: 



Date: Mar 4, 2016 Quote: OCS16-41429-6 Quote   
Page 1/1

5797 Chesapeake Court
Suite 200
San Diego CA 92123
Phone: (858) 514-4000
Fax: (858) 505-1818
From: Kim Elias
Quoter Ph: 
email: kim@ocsltg.com

Project I-5NCC San Elijo
Location
Quote OCS16-41429-6

Page 1/1     Kim Elias

To: For
Bid Date Feb 29, 2016
Expires Mar 30, 2016

QTY Type MFG Part Price UQ
Note BIKE PATH LIGHTING
70 POU BYS/30W LED/3000K/120-277V/COR-TEN/DIM 0-10V $3,864.00

WITH US A/B PER DRAWING # 131-18430-000
ELECTRONIC DIMMABLE DRIVER FOR 120-277V
OPERATION (0-10V DIMMING)

Line Note: The country of origin on the steel used on the bollards is 
Germany. 

Louis Poulsen standard warranty is 5 years from date of invoice.

Note SPECIALTY POLE LIGHTING
Total: $270,480.00

Notes:
The above pricing is contractor net pricing and does not include lamps, freight, tax, or contractor markup/ labor. This 
pricing is approximately what a contractor can purchase this material for and is subject to change.

Pricing will be Valid until 3/1/2017

No specifications provided. Customer to advise if other requirements for materials need to be met.

Terms and conditions of sale:
1. ALL ALTERNATES & VE packages are SUBJECT TO APPROVAL /  "Cherry picking" quotations are subject to a re-
quote.
2. Quoting standard colors/finishes unless noted. Custom color set up charges are based on a single color for a
single release.
3. Accessories,spares etc of any type are NOT included unless specifically noted.
4. Standard freight terms apply. Freight is NOT included unless indicated. Please request a current OCS Terms &
Conditions sheet if you do not have one.
5. Quote is valid for thirty (30) days from date of original quote. Quote is subject to re-price if older than thirty (30) days.
NO exceptions. Prices are NOT guaranteed and subject to price increases unless specifically noted above.
6. Liquidated damages (LD's) and back charges will not be accepted under any pretense. No exceptions.
7. It is the sole responsibility of the distributor/contractor to review quotations and submittals for potential errors and
accuracy of the quote. This quote is OCS's interpretation of the fixture schedule/dwgs.
8. By accepting or using this quote, you hereby acknowledge and accept these terms listed above.



Bysted
BYS-30W-LED PRODUCT SPECIFICATION

Product description

D e s i g n Peter Bysted

Concept The fixture emits light directed downwards. The shades have a white painted undersurface to achieve optimal light reflection
and produce a characteristic symmetric light pattern around the fixture.

F i n i s h Cor-ten steel, raw.

M a t e r i a l Luminaire head: Die cast iron. Post: Cor-ten steel. Base plate: Cor-ten steel.

Mount ing Base plate dimension: 12” diameter. Base plate: Mounted to a concrete base with 4 anchor bolts.

W e i g h t Max. 94 lbs.

L a b e l cULus, Wet location. IBEW.

Product Code Light source Voltage Finish Features

BYS 1/100W/MH/ED-17 medium 120/277V COR-TEN DIM 0-10V

30W LED/3000K 120-277V NOT APPLICABLE

30W LED/4000K

I n f o n o t e s

Oxidation of both Cor-ten steel and cast iron gives a rough and ”rusty”
looking surface which protects the material from further corrosion. The
speed of the oxidation process is faster for Cor-ten than it is for cast iron.
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Bysted
BYS-30W-LED PRODUCT SPECIFICATION

Material description
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Bysted
BYS-30W-LED PRODUCT SPECIFICATION

Light Measurements
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LOUIS POULSEN USA INC. – 3260 Meridian Parkway – Fort Lauderdale, Florida 33331 – USA 
Telephone: 954-349-2525 – Telefax: 954-349-2550 – www.louispoulsen.com 

Louis Poulsen USA, Inc. 
3260 Meridian Parkway 
Fort Lauderdale, Florida  
33331 
Tel: 954-349-2525 
www.louispoulsen.com 

Date:   February 17, 2016 

To:       Whom it may concern 

Re:       BYSTED Bollard 

The BYSTED bollard manufactured by Louis Poulsen is made out of Cast iron and COR-
TEN steel and is suitable to be used in corrosive coastal environments. 

COR-TEN steel contains copper and carbon steel. After weathering, a thin, uniform layer 
of rust appears and acts to self-protect the surface from further corrosion thus eliminating 
the need for future maintenance.  

Best Regards 

Jose Ramirez 
Inside Sales Coordinator 



State of California California State Transportation Agency 
DEPARTMENT OF TRANSPORTATION 

“Provide a safe, sustainable, integrated and efficient transportation system  
to enhance California’s economy and livability” 

Attachment 4: SUPPORTING PHOTO DOCUMENTATION 

STEEL LOUVER CORROSION IN A MARINE ENVIRONMENT 

PROPOSED WEATHERING STEEL LIGHT BOLLARD IN A MARINE ENVIRONMENT 

Subject: CONCRETE LIGHT FIXTURE CORROSION IN A MARINE ENVIRONMENT 



1200 New Jersey Avenue SE 
Washington, DC 20590 

 
 
 
 

Reconnecting Communities and Neighborhoods Grant Program 
 
Project Name: Port of Los Angeles - Rail Mainline/Wilmington Community & Waterfront Pedestrian Grade 
Separation Bridge 
Applicant: Port of Los Angeles 
Award Amount: $5,000,000.00 
Program: Reconnecting Communities Pilot 
Estimated Total Project Costs: $62,620,000.00 
 
Project Description: Pedestrian bridge over two mainline freight tracks in the Port of Los Angeles (largest port 
complex in the western hemisphere), which can accommodate emergency vehicles and connects the “Economically 
Disadvantaged Wilmington community with the Wilmington Waterfront 
 
Congratulations! The U.S. Department of Transportation (USDOT) selects the above project to receive a Fiscal Year 
2023 Reconnecting Communities and Neighborhoods (RCN) Program grant. 

Importantly, projects receiving RCN grant funding cannot be used for additional through travel lanes for single-
occupant passenger vehicles or highway expansion. 

The USDOT Operating Administration overseeing your project will be contacting you soon with next steps, including 
execution of a grant agreement. You will also receive a follow up invitation to attend a webinar to welcome you to 
this grant program and provide an overview of next steps and an opportunity for discussion.    

This letter DOES NOT authorize the applicant to incur costs to carry out the project. The execution of the grant 
agreement will obligate RCN grant funding, making it available to reimburse eligible expenses for the awarded 
project. Unless authorized by USDOT in writing, any costs incurred prior to that obligation of funds for a project (i.e., 
“pre-award costs”) are ineligible for reimbursement and may be ineligible to count towards non-Federal match 
requirements. This letter DOES NOT authorize pre-award costs to be eligible.  

If you have any questions about this award, please contact the RCN Grants Team at  
ReconnectingCommunities@dot.gov 

 

Sincerely, 

 

John Augustine 

Director, Office of Infrastructure Finance and Innovation Office of the Secretary 

 

mailto:ReconnectingCommunities@dot.gov

