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BOX GIRDER SEISMIC CAPACITY DURING NEW DESIGN OF SHEAR KEYS S1, S2

These calculations evaluate the box girder at Pier E2 for seismic forces applied through the bear-
ings prior to completing the new design of the shear keys S1 and S2. The modification of the bearings
B1, B2, B3 and B4 by adding shims will not change the demands envisioned as part of the original de-
sign, shown in Page 3.

The connections of the bearings and shear keys to the OBG are achieved by the use of A354 BD rods
anchored into stiffened anchor seats within the OBG. The tension of the rods generates friction to carry
the longitudinal and transverse forces into a thickened key plate that forms the soffit of the box girder
over Pier E2. The Key Plate appears in Section A-A of Page 4 and Section B-B of Page 5. This plate, 100
mm thick and 5 meters wide, forms a rigid platform to distribute the horizontal seismic loads coming
from the shear keys and bearings, as well as from the global moments in the girders and crossbeam at
Pier E2.

This figure shows the girders and crossbeams over the Pier E2 supports. The steel box crossbeam over
the cap beam is subject to bending as it enters the main box girders. The box girders themselves bend as
cantilevers over the support of the bearings and shear keys. These bendings produce compression in the
key plates both transversely and longitudinally. These axial stresses have been added to the shear and
axial stresses due to the bearings during an earthquake.

Vertical loads are carried by the tension of the rods, and by bearing against the stiffeners of the rod an-
chor seats. The layout of anchor seats is shown in Detail A on Page 4.

Pages 6 through 8 show the passage of seismic demands between the box girders and Pier E2. Page 6
shows the conceptual separation of the two structures. Page 7 shows the decomposition of force com-
ponents at the bearing pins, as well as the vertical reactions into the girder due to the vertical and
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transverse demands. Page 8 shows the break-down of the longitudinal demands and resulting reactions.
Page six also gives a table of the governing combined demands on the bearings for load path A (with
shear keys engaged) and load path B (with shear keys disengaged).

Pages 9 and 10 show the upper housing of the bearing. A total of 52 rods clamp this housing against the
key plate, and the large width to height ratio results in relatively small values of vertical reactions RT and
RL into the box girder.

Pages 4, 5, 11-13 show the locations of shear, bearing and tension that have been checked to verify the
capacity of the bearing to box girder connections. Pages 14-16 show representative calculations for the
demand/capacity ratios for these locations.

The floorbeams and longitudinal shear plates are stiffened compact elements that engage the seismic
demands into the beam action of the overall box girder.

A summary of these ratios is provided in the following table, numbered per the figures in the appendix:

Component Force Demand/Capacity

1. Key plate Longitudinal 10%

Transverse 35%

Combined Global and Local 62%

2. Longitudinal shear plate Longitudinal to the Key Plate 76%

80%

3. Floorbeams at Pier E2 Transverse to the Key Plate 50%

Combined Global and Local 56%

4. Anchor seat middle | Tension of anchor rods 79%
stiffeners

5. Anchor seat side Tension of anchor rods 45%
stiffeners

Floorbeam web Shear tearout at anchor seats 87%

7. Bearing upper housing Shear friction against sliding 45%

8. A354 anchor rods Axial tension 93%

For the vertical reactions the pretension of the anchor rods carries effectively most of the load. Only a
small increase in tension results from the seismic response. Note that anchor rods were installed at 85%
of the yield capacity.

In conclusion, the use of load path B during the retrofit of shear keys S1 and S2 engages the capacities
anticipated in the original design, and effectively protects the bridge in the event of the Safety Evaluation
Earthquake.
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OBG Plates at Bearings
stresses neglect global OBG stresses

Steel Plate Properties
Fy
E

Force Applied to OBG per Bearing

Transverse
Longitudinal

1) Key Plate

Transverse dimension
Longitudinal dimensian

t

Axial Check
1A) Longitudinal Axial Capacity
Longitudinal Axial Demand

D/C

1B) Transverse Axial Capacity
Transverse Axial Demand

D/C

2) Longitudinal Shear Plates

t
Longitudinal dimension

99
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Bearing to OBG Bolted Connection

Formulas

Steel Plate Properties
Fy
E
Fexx

Anchor Bolt Properties
Diameter

Tensile Strength

Prestress
Pretension

4) Vertical Stiffeners - Middle
D
b
t

Load on Stiffener

- Axial Check
r
kL/r
sqrt (2 x m° x E / Fy)
FCI’
Design Axial Strength
D/C

- Shear Check
DA,
6000 x sqri(k) / sqrt F,
Cc
Design Shear Strength
D/C

Weld Check

PJP (E) Web to Stiff

Weld Factored Resistance
Design Weld Strength

D/C

- Bearing Check
Allowable

Bearing Strength
D/C

345 MPa

200,000 MPa
483 MPa

50 mm
375 kips
1674 kN

1.0 Fu
1.67 MN

550 mm
200 mm
40 mm

11.5 mm

47.6
107.0

311 MPa

2.11]MN

0.79

13.8
323.0
1.0

4.40]MN

0.38

34 mm
232 MPa

4.34|MN

0.39

466 MPa

3.73|MN

0.45

Reference

Sheet 423

Sheet 675
ASTM A354

Sheet 676
Sheet 676
Sheet 676

BDS 10-152
BDS 10-150

BDS 10-115

BDS 10.48.7

100
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Comment

50mm cope hole at bottom

Middle stiffener reaction = 2 rods x 50%

OK

OK

OK

1.35F,
OK



1.0
MN

29 mm
232 MPa
MN

466 MPa
MN

mm
35 mm

MN

MN

101
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OK

50% reaction from 4 rods

OK



Appendix 3C
Design Drawings

Orthotropic Box Girder at Pier E2, Crossbeam at Pier E2, Bearing and Shear Key
Details

102
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