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PROGRESS ISSUE: 4/30/2013

b l
RETROFIT ALTERNATIVES FOR SHEAR KEYS S1 & S2

ID Tag ID Text Label Image Major Steps Major Pros Major Cons
BD(2) Steel Collars 1) Procure material (PT strands/ steel plate/ bolts)

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

- Potentially faster
- Shear keys do not need to be removed
- Does not require splitting the bushing

- Requires more steel fabrication (milling/ welded 
steel grillages/ bolted steel frame)
- Requires multiple vertical and horizontal cores3) Tap holes in existing lower housing and prepare surface

4) Core existing concrete and cast supplemental concrete
5) Install steel frame and grillages
6) Grout under steel frame and grillages

 Does not require splitting the bushing  Requires multiple vertical and horizontal cores
- Requires an alternative procedure for future 
bearing replacement

7) Tension PT and grout
8) Cast cover concrete

C(2) Prestressed Collars 1) Procure material (PT strands/ steel plate)
2) Fabricate steel frame/ saddle
3) Concrete surface preparation/ drill and bond
4) Core existing concrete

- Potentially faster
- Shear keys do not need to be removed
- Requires fewer horizontal cores and no vertical 
cores

- Requires concrete jacket 
- Requires complex saddle fabrication
- Requires splitting of the bushing

4) Core existing concrete
5) Cast concrete jacket
6) Install steel frame/ saddle
7) Grout under saddle

cores

8) Tension PT and grout

S2S1

SFOBB SAS Pier E2 Bearings and Shear Keys

File Name: Pros and Cons Matrix for Retrofit Option v9
Draft - 

In Progress



SFOBB SAS Option BD 2

E2OpBD2-04302013.SLDASM 4/30/20133:25 PM

CChoi
Text Box
Retrofit Option BD 2



SFOBB SAS Option C 2
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ID Tag ID Text Label

Nominal 
Diameter

[inch]

Minimum 
Strength (Fu)

[ksi]
Prestress 

[ratio of Fu]

Pre-Tension 
Load per Bolt 

[kips] Major Pros Major Cons Lead Time
1 ASTM A354 BD Rods w/ Supplementary 

Requirements
3 140 0.7 Fu 585 - Does not require fit-for-purpose evaluation

- Size of components (rods, spherical washer, spherical nut) works with existing condition
- Additional requirements above ASTM standards
- May require removal of grout in pipe sleeve for rod replacement

- Estimated at 3-4 
months

2 ASTM A354 BC Rods 3.5 115 0.61 Fu 585 - Avoids use of high strength material - Requires machining of bearing bottom housing for larger spherical washer and nut assembly (32 locations)
- Requires re-evaluation of the bearing bottom housing by FEM analysis to confirm if it is fit-for-purpose 
- Requires reaming of holes of the bearing bottom housing and the shear key bottom housing by 12mm for larger 
rod diameter (192 locations)
- Larger diameter bolt removes 12mm of the available tolerance for fit-up
- Requires removal of grout pipe sleeve for larger diameter rod. Requires modifications to jacking equipment

- Estimated at 3-4 
months

3 DYWIDAG Bars 3"
(3.15" max)

150 0.57 Fu 585 - Proprietary alloy and chemistry (strength meets ASTM A722; however, 3" rods are not covered under ASTM 
A722)

- Sole-source
- No standard spherical nuts, washers, and dished plate; but can be designed and manufactured
- Requires machining of bearing bottom housing for higher spherical washer and nut assembly (32 out of 96 
locations)
- Requires re-evaluation of the bearing bottom housing by FEM analysis to confirm if it is fit-for-purpose 
- Requires reaming of holes of the bearing bottom housing and the shear key bottom housing by 4mm to for larger 
rod diameter (192 locations)
- Requires removal of grout in pipe sleeve for larger diameter rod.  Require modifications to jacking equipment

- Estimated at 3 to 4 
plus weeks

4 Williams Rod 3"
(3-3/64 max)

150 0.60 Fu 581 - Proprietary alloy and chemistry  (strength meets ASTM A722; however, 3" rods are not covered under ASTM 
A722)

- Sole-source
- Requires machining of bearing bottom housing for higher spherical washer and nut assembly (32 out of 96 
locations)
- Requires re-evaluation of the bearing bottom housing by FEM analysis to confirm if it is fit-for-purpose 
- Requires reaming of holes of the bearing bottom housing and the shear key bottom housing by 4mm to for larger 
rod diameter (192 locations)
- Requires removal of grout in pipe sleeve for larger diameter rod. Requires modifications to jacking equipment

- 3 to 4 weeks 

5 Prestressing Strand 16 strands 270 
before losses

0.44 Fu
after losses

585 - ASTM A 416 - At bearings (48 out of 96 locations), anchor frame assemblies interfere with the upper housing
- Requires fabrication of anchor frame assembly
- Requires reaming of holes of the bearing bottom housing and the shear key bottom housing by 10mm to for 
strands
- Requires re-evaluation of the bearing bottom housing by FEM analysis to confirm if it is fit-for-purpose 
- Does not allow for bushing replaceability for both bearings and shear keys 
- Requires removal of grout in pipe sleeve for strands.  Requires modifications to jacking equipment

- strands and 
anchors readily 
available; anchor 
frame assembly time 
estimated at 6-8 
weeks

E2 SHEAR KEYS (S3 & S4) AND BEARINGS CONNECTION TO E2 CAPBEAM
EQUIVALENT SUBSTITUTION

192 ROD REPLACEMENT ALTERNATIVES (2010)
(To be considered in the event that test results indicate that change of existing rods is advisable)

File Name: Pros and Cons Matrix for 192 Rod Replacements v10
Draft - 

In Progress

Page 1 of 2



PROGRESS ISSUE: 4/30/2013

ID Tag ID Text Label

Nominal 
Diameter

[inch]

Minimum 
Strength (Fu)

[ksi]
Prestress 

[ratio of Fu]

Pre-Tension 
Load per Bolt 

[kips] Major Pros Major Cons Lead Time
6 Existing ASTM A354 BD Rods w/ 

Reduced Pre-Tension
3 140 < 0.7 Fu < 585 - Size of components (rods, spherical washer, spherical nut) works with existing condition - Requires fit-for-purpose evaluation No lead time

E2 SHEAR KEYS (S3 & S4) AND BEARINGS CONNECTION TO E2 CAPBEAM
POTENTIAL FIT-FOR-PURPOSE SUBSTITUTION 
192 ROD REPLACEMENT ALTERNATIVES (2010)

(To be considered in the event that test results indicate that change of existing rods is advisable)

7 ASTM A354 BC Rods 3 115 0.7 Fu 481 - Avoids use of high strength material - Requires fit-for-purpose evaluation
- May require removal of grout in pipe sleeve for rod replacement

- Estimated at 3-4 
months

8 ASTM F1554 Gr. 105 3 125 0.7 Fu 522 - Size of components (rods, spherical washer, spherical nut) works with existing condition - Requires fit-for-purpose evaluation
- May require removal of grout in pipe sleeve for rod replacement

- Unknown

S4S3Bearing BearingBearing Bearing

SFOBB SAS Pier E2 Bearings and Shear Keys

Draft - 
In Progress

Page 2 of 2











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 
(by 4/8/13)

Date Re-
Inspected 

(by 4/23/13)
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 check daily check

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 4/17/13 to 

4/23/13

2

3

s 
an

d 
S

he
ar

 K
ey

s

1

Tension
3

0.7No320

224

4/17/13 to 
4/23/13

Quantity Installed 
(not including 

spares)

96 32 of 96 rods broke after tensioning, then tension level loweredTension 0.7

Tension 0.7

3/5/2013

4/9/2013

daily check

daily check
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 check

daily check

4/6/2013 
4/8/2013

Location 
and Item

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

B2, B3, B4] y 4/23/13

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

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)

4/23/2013 
(for 32 

accessible 
bolts)

Bolts thread into drill and tap holes to attach retaining rings that 
secure the Lubrite spherical bushing assembly in the bottom 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 4/20&22/2013 With DL after load transfer (current condition)
0.29 N/A N/A N/A With DL + Added DL
0.32 N/A N/A N/A Service Load (Group 1)
0.35 N/A N/A N/A SEE (Seismic)

8 Tower Saddle Tie Rods rod Dyson 4 6.0 to 17.5 1840 to Yes Tension 0.41 7/14/2012 4/6/2013 4/19/2013 Tensioned to 0.5 Fy

C
ab

le
 

A
nc

ho
ra

ge
E

2 
B

ea
rin

g s

7 Yes

336

96

25

Load 
Transfer

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

9700 274

8 Tower Saddle Tie Rods rod Dyson 4 6.0 to 17.5 5325 Yes Tension 0.41 7/14/2012 4/6/2013 4/19/2013 Tensioned to 0.5 Fy

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 4/19/2013 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 4/19/2013

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 4/17/2013 N/A 4/20/2013 

4/22/2013
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 4/17/2013 N/A 4/20/2013 

4/22/2013
Tensioned to 2530 kN = 568.8 kips

Tension before and after load transfer

specified gap under nut/washer at one end of rod and 2 nuts snug

To
p 

of
 T

ow
er

B
ot

to
m

 o
f 

To
w

er

9

Vulcan Threaded 
Products

for KOS for KFM
(04-0120E4)

Turned Rods at Tower Saddle 
Segment Splices rod Dyson

3 @ Threads 
[~3-1/16 @ 

Shank]

25

Located at the 2 field splices connecting the 3 tower saddle 
segments; 100 rods tensioned prior to saddle erection; 8 rods only 

snug tight after tie rod tensioning due to conflict with tie rods.

90

32

4/19/2013

4

388

36

Yes 4/6/2013108

14 East Saddle Anchor Rods rod Dyson for JSW 2 2.6 800 Yes snug ~0.1 May 2010 4/7/2013 4/21/2013 specified gap under nut/washer at one end of rod and 2 nuts snug 
against each other at other end of rod -> snug tight for portion of rod

15 East Saddle Tie Rods Hex Bolt Dyson 3 4.7 1420 Yes snug ~0.1 4/13/2012 4/7/2013 4/21/2013 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 4/21/2013 neoprene between strongback and cable band is in the grip

W
2 

B
en

t C
ap

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

Details for bikepath connections are being redesigned and are not 
final.  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.  These rods will be 

tensioned on the separate YBITS-2 Contract.  

E
as

t 
S

ad
dl

es

43 Not Determined Yet

24

18

32

Galvanized ASTM A354 Grade BD Material
Contract 04-0120F4 SFOBB SAS  4/26/2013



Pari
Text Box
2008 A354 Gr. BD Anchor Rods [96 Rods]

Pari
Text Box
Performed testing on a total of 2 anchor rods. Refer to fracture analysis report dated 04/28/13 for details.

Pari
Text Box
2. Visual Observations    - Brittle fracture    - Crescent shape crack initiation features

Pari
Text Box
3. Mechanical Testing - Contract compliant 

Pari
Text Box
5. Charpy Testing - No contract requirements

Pari
Image
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Image

Pari
Image

Pari
Text Box
4. Chemical Testing - Contract compliant

Pari
Line
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Snapshot
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Text Box
1. Boroscopic Inspection of 3 rod holes    - Presence of water at the bottom of rod hole      (1 Wet, 2 Dry)
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Text Box
2008 A354 Gr. BD Anchor Rods [96 Rods] - Continued

Pari
Text Box
7. Hardness Testing     - Contract compliant, hard on exterior
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Image
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Image
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Text Box
8. Water Samples - In process

Pari
Line
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Text Box
6. Fracture Analysis - Microscopic Inspection
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Intergranular Cracking
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Cleavage Cracking

Pari
Snapshot
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Text Box
Sample 1S2-A6 #12

Pari
Text Box
Sample 2S1-G1 #11



Pari
Text Box
2010 A354 Gr. BD Anchor Rods [192 Rods]

Pari
Text Box
1. In-Situ Tensioning of 192 rods. Rods tensioned starting on 03/30/13. No failures to date.

Pari
Text Box
3. In-Situ Hardness Testing: See Page 4/5 for details.

Pari
Text Box
   C. In-Process Testing      a- Charpy Testing      b- Reduced Section Tensile Testing      c- Hardness      d- Spectro-Chemical Analysis

Pari
Text Box
   B.Visual Observations      - Ductile failure      - Visible reduction in area 

Pari
Text Box
4. Wet Test developed by Dr. Herb Townsend, Dr. Karl Frank, and Doug Williams - See Page 5/5 for details.
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Text Box
   A.Mechanical Testing

Pari
Text Box
2. Test 4 full-size sample rods.
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