








ID Tag ID Text Label Image Major Steps Major Pros Major Cons

E2 SHEAR KEY (S1 & S2) RETROFIT ALTERNATIVES

A Replace Bolts 1) Procure Material (Bolts)
2) Develop and construct mockups
3) Remove bolts and slide out shear keys
4) Remove grout and cut anchor bolts at bottom

- No formal design required
- If all went well, potentially the fastest and 
cheapest

- High degree of construction uncertainty, 
requiring construction related R&D
- Requires shear keys to be removed and 
reinstalled4) Remove grout and cut anchor bolts at bottom

5) Prepare holes and install new bolts
6) Install shear keys
7) Grout

reinstalled
- Requires significant mock-ups (expect design 
iterations)

8) Tension

BD Steel Collars 1) Procure material (PT strands/ steel plate/ 
b lt )

- More developed
P t ti ll i l t b t l t f k

- Potentially most costly
M i d PT l t i dbolts)

2) Fabricate steel frame
3) Tap holes in existing lower housing and 
prepare surface

- Potentially simplest but a lot of work
- Potentially fastest
- Shear keys do not need to be removed

- More coring and PT placement required
- Most steel fabrication

4) Core existing concrete and cast supplemental 
concrete
5) Install steel frame
6) Grout6) Grout
7) Tension

C Prestressed 
Collars

1) Procure material (PT strands/ steel plate)
2) Fabricate steel frame/ saddle

- Potentially cheapest
Potentially fastest

- Not as developed as BD
Requires unique saddle systemCollars 2) Fabricate steel frame/ saddle

3) Core existing concrete and cast supplemental 
concrete
4) Install steel frame/ saddle

- Potentially fastest
- Shear keys do not need to be removed

- Requires unique saddle system

5) Grout
6) Tension
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SFOBB SAS Pier E2 Bearings and Shear Keys
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Component Description Rod (no head) or 
Bolt (with head) Supplier Diameter 

(in)
Overall 

Length (ft)

Overall 
Length 
(mm)

De- 
Humidified 

Zone?

Tighten 
Method

Final 
Tension 

(fraction of 
Fu or UTS)

Date 
Tension or 

Loading 
Complete

Date Re-
Inspected Notes

17.2 5235 60
10.0 3035 36

E2 Shear Key - Connect to Concrete - Above 
Bent Cap, Under Crossbeam [S3, S4] rod Dyson 3 21.9 6676 96 Tension 0.7 4/1/2013 daily

22.6 6902 64
22.2 6777 32
4.4 1337 96
1.8 537 64
4.3 1312 96
1.7 512 64

4 E2 Bearing - Connect to OBG [B1, 
B2, B3, B4] rod Dyson 2 3.6 1105 No Tension 0.7 9/12/2012 4/6/2013

2
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1

Tension
3

0.7No320

224

Quantity Installed 
(not including 

spares)

96 32 of 96 rods broke after tensioningTension 0.7

Tension 0.7

3/5/2013

4/9/2013
No

NoDyson

E2 Bearing - Connect to Concrete - 
Under OBG [B1, B2, B3, B4]

3

Dyson

9/12/2012
E2 Shear Key - Connect to 

Crossbeam [S3, S4]

rod

rod

Dyson

Dyson

E2 Shear Key - Connect to OBG [S1, 
S2]

3

3rod
192

daily

daily

4/6/2013 
4/8/2013

Location and Item

E2 Shear Key - Connect to Concrete - Above 
Column, Under OBG [S1, S2] rod

5 E2 Bearing Assembly Bolts
(Spherical Bushing Halves) rod Dyson for Lubrite 

for Hochang 1 2.4 733 No Tension 0.61 July 2009 not 
accessible

Connect 2 halves of the spherical bushing assembly housing 
together at Lubrite; rods are internal to bearings and all rods 

are not accessible after bearing assembly at Hochang 
(December 2009 & January 2010); rods tensioned to 0.7 Fy.

6 E2 Bearing Assembly Bolts
(Retaining Rings)

Socket Head Cap 
Screw

Dyson for 
Hochang 1 0.2 55 No snug + 1/4 

turn ~0.4 January 
2010

4/6/2013 
(for 32 

accessible 
bolts)

Bolts thread into drill and tap holes to attach retaining rings that 
secure the Lubrite spherical bushing assembly in the lower 

housing; bolts are mechanically galvanized, not hot dip 
galvanized; bolts are internal to bearings and not accessible after 
bearing assembly at Hochang, except for a small number of bolts 

in limited areas -> 32 of 336 bolts are accessible.  

0.26 9/26/2012 4/6/2013 With DL after load transfer (current condition)
0.29 N/A N/A With DL + Added DL
0.32 N/A N/A Service Load (Group 1)
0.35 N/A N/A SEE (Seismic)

8 Tower Saddle Tie Rods rod Dyson 4 6.0 to 17.5 1840 to 
5325 Yes Tension 0.41 7/14/2012 4/6/2013 Tensioned to 0.5 Fy

1 5 463 100 T i 0 45 4/6/2011

Ca
ble
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e

E2
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7 Yes

336

96

25

L t d t 2 fi ld li ti th 3 t ddl

Load 
Transfer

PWS Anchor Rods - PWS Socket to 
Anchorage rod Dyson 3-1/2 27.9 to 31.8 8500 to 

9700 274

1.5 463 100 Tension 0.45 4/6/2011

1.4 415 8 snug ~0.1 7/14/2012

10 Tower Saddle to Grillage Anchor 
Bolts Hex Bolt Dyson 3 1.2 360 Head Yes, 

Nut No snug ~0.1 3/25/2013 4/6/2013 Snug tightened before and after load transfer

11 Tower Outrigger Boom (for 
Maintenance) at Top of Tower Hex Bolt Dyson 3 2.1 630 No snug ~0.1 July 2012 4/6/2013

Act as pins for swinging out and then securing the 
maintenance outrigger boom at the top of 2 of 4 tower head 

chimneys.  At each boom, one bolt is loaded and other bolt is 
unloaded in the current boom position.  The currently unloaded 
bolt will be installed snug tight when the boom is swung out for 

use (future position).

12 Tower Anchor Rods - Tower at 
Footing (3" Dia) rod 3 25.6 7789 Yes Tension 0.48 ongoing daily Tensioned to 1800 kN = 404.7 kips

Tension before and after load transfer

13 Tower Anchor Rods - Tower at 
Footing (4" Dia) rod 4 25.7 7839 Yes Tension 0.37 ongoing daily Tensioned to 2530 kN = 568.8 kips

Tension before and after load transfer

14 East Saddle Anchor Rods rod Dyson for JSW 2 2.6 800 Yes loose 0 May 2010 4/7/2013 specified gap under nut/washer so no load; use jam nuts to 
secure structural nuts
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Vulcan Threaded 
Products

for KOS for KFM
(04-0120E4)

Turned Rods at Tower Saddle 
Segment Splices rod Dyson 3-1/16

Located at 2 field splices connecting the 3 tower saddle 
segments; tensioned prior to saddle erection, except snug tight 

rods tightened after tie rod tensioning

90

32

4

388

36

Yes 4/6/2013108

15 East Saddle Tie Rods Hex Bolt Dyson 3 4.7 1420 Yes snug ~0.1 4/13/2012 4/7/2013 Snug tightened before load transfer

Ea
st 

Ca
ble 16 B14 Cable Bands - Cable Brackets - at East 

End of Bridge - Strongback Anchor Rods rod Dyson 3 10.3 to 11.1 3129 to 
3372 No Tension 0.16 2/8/2013 4/7/2013 neoprene between strongback and cable band is in the grip

W
2 
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nt
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ap

17 W2 Bikepath Anchor Rods rod Dyson ~1-3/16 
[M30] 1.5 460 No N/A N/A

The details for the bikepath connection are being redesigned.  
The 18 anchor rods at the bottom connections will be 

abandoned.  The 25 anchor rods at the top connections will be 
used and supplemented with additional anchor rods.  The new 

details are not final.  These rods will be tensioned on the 
separate YBITS-2 Contract.  

Ea
Sa

dd

43 Not Determined Yet

24

18

Galvanized ASTM A354 Grade BD Material
Contract 04-0120F4 SFOBB SAS  4/15/2013
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