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Appendix 1

Capacity of Bearings and Shear Keys
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Modjeski & Masters, Inc SFOBB DBI 7/31/2013
Engineers Bearing Capacity rev:  8§/5/2013

.4/

Loadcase 4

V longit. 1628 kN

vt 21,712 kN |(iterate this value)

V Resultant 21,773 kN

sum Anchor Forces 43545 kN
coeff friction 0.5
Friction Force 21773 kN ( 100.00% V Resultant)

Al B1 c1  Di E1 F1
851 1336 1820 . 2304 - 2510 2510
A2 866 2510 F2
A3 . 880 2510 - F3
Ad 895 2510 F4
A5 909 2510 F5
A6 924 2510 Fé
A7 - 938 2510 F7
| 953 1438 1922 2406 . 2510 .. 2510
A8 B8 C8 D8 ES8 F8
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Modjeski & Masters, Inc SEFOBB
Engineers Bearing Capacity
Loadcase 5
V longit. 8186 kN
| vt 25,652 kN [(iterate this value)
V Resultant 26,926 kN
sum Anchor Forces 53852 kN
coeff friction 0.5
Friction Force 26926 kN {
A1 B1 C1
451 2083 2510
A2 1584
A3 1656
Ad 1729
A5 1801
AB 1874
A7 1946
2019 2510 2510
A8 B8 C8

44
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100.00% V Resultant)

F1

2510
2510
- 2510
2510
2510
2510

2510
F8

7/31/2013
8/5/2013

Pi 5/

F2
F3
F4
F5
F6
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Appendix 2

Finite Element Models of Bearings and Shear Keys
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Loadcase: 42:Increment 42 Load Factor = 1.00000
Results file: Bearing Housing Hold Down 2D.mys
Entity: Stress - Plane Strain

Component: SE

0.0
0.069
0.138
0.207
; 0.276
0.345
0.414
0.483
0.552

Maximum 0.660327 at

Minimum 0.0 at node 28
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Loadcase: 1:Increment 1
Results file: Bearing Lower Housing Restraint Refined 2.mys

Entity: Stress - Solids

Component: SE

0.059504
0.119008
0.178512
0.238016
. ~ 0.29752
0.357024
0.416528
0.476032

. 0.535536

Maximum 0.5365 at node 2513
Minimum 0.964063E-3 at node 3
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Material Key

Compression Only )
1s02 (Concrete USA AASHTO LRFD 5th 7. sl.)_'_ "
Bronze . i

Cast Steel
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Loadcase: 10:Increment 10 Load Factor = 0.500000
Results file: Shear Key Refined.mys

Entity: Stress - Solids
Component: SE

0.0
0.0425
0.085
0.1275
0.17
0.2125
0.255
0.2975
0.34

Maximum 0.343874 at node 2605
Minimum 1.13641E-3 at node 5823

Loadcase: 14:Increment 14 Load Factor = 0.700000
Results file: Shear Key Refined.mys
Entity: Stress - Solids
Component: SE

0.0
0.0425
0.085
0.1275
0.17
0.2125
0.255
0.2975
0.34

Maximum 0.345 at node 6444
Minimum 1.59741E-3 at node 5823
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Loadcase: 20:Increment 20 Load Factor = 1.00000
Results file: Shear Key Refined.mys
Entity: Stress - Solids

Component: SE

0.0
0.0425
0.085
0.1275
0.17
0.2125
0.255
0.2975
0.34

Maximum 0.345 at node 6444
Minimum 2.31343E-3 at node 5823
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Loadcase: 4:Increment 4 Load Factor = 1.00000
Results file: Shear Key Housing Contact.mys
Entity: Stress - Solids
Component: SE

0.0
0.043125
0.08625
0.129375
0.1725
0.215625
0.25875
0.301875
0.345

Maximum 0.344719 at node 1993
Minimum 8.32037E-6 at node 6474
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Appendix 3

e Appendix 3A — Modjeski and Masters Calculations — Steel
Orthotropic Girder at Bearings and Steel Crossbeam at Shear Keys

e Appendix 3B — TYLin Calculations — Steel Orthotropic Girder at
Bearings

e Appendix 3C — Design Drawings — Orthotropic Box Girder at Pier E2,
Crossbeam at Pier E2, Bearing and Shear Key Details
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Appendix 3A
Modjeski and Masters Calculations

Steel Orthotropic Girder at Bearings and Steel Crossbeam at Shear Keys
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ﬁ:uesm - MASTERS

Expe

Assumptions:

1. Look at it from a "block shear" perspective.

rience great bridges.

Project: SFOBB - JN 3274
Subject: Girder capacity
Content: Lateral and longitudinal loads

2. Local effects only - assumed that load spreads quickly away from bearing interface.

3. A709M Grade 345 (A709 Grade 50) steel.

Fy =
Fu=

345
450

MPa
MPa

50
65

ksi
ksi

Bearing Demands - Load Path C - compression and uplift from sheet 882AR2

MN

Compression 68

Uplift 17

Longitudinal 15

Transverse 30

Bearing "footprint"

Length, L =
Width, w =

Block Shear Bottom Flange

If Atn < 0.58 Avn then

otherwise

obs =

k
15300
3825
3375
6750

3500
2900

0.80

mm
mm

137.8
114.2

Rr = ¢bs (0.58 Fy Avg + Fu Atn)

Rr = ¢bs (0.58 Fu Avn + Fy Atg)

Case 1 - Looking at bottom flange from the most conservative perspective

Assume
. Assume

oo pwN R

Transverse

8
10
Axial and shear areas
Atg= 297500
Avg = 174000
Atn = 243950
Avn = 143760
Rr= 115675.9

Shear areas only

Atg = 0
Avg = 174000
Atn = 0
Avn = 143760
Rr= 30017.09

Axial areas only

Atg =
Avg =
Atn =
Avn =

Rr =

297500
0
243950
0

87822

diameter
diameter

mm2
mm2
mm2
mm2

kN

mm2
mm?2
mm2
mm2

kN

mm2
mm2
mm2
mm2

kN

60
85
63
63

461.1
269.7
378.1
222.8

26004

0.0
269.7
0.0
222.8

6748
461.1
0.0
378.1
0.0

19742

. Ignore presence of transverse webs and longitudinal shear plates
Assume free edges on one longitudinal and one transverse side

Assume bottom flange thickness =
Assume bottom flange thickness =

mm
mm
mm
mm

in2
in2
in2
in2

in2
in2
in2
in2

in2
in2
in2
in2

59

2.36
3.35
2.48
2.48

DIC =

D/C =

D/C =

0.26

1.00

0.34

Made by: PAR

7/24/2013

Checked by:

Sheet No.:

6.13.4-1
6.14.4-2

6.5.4.2

transverse
longitudinal
holes transverse
holes longitudinal

Ok

Ok

Ok



Project: SFOBB - JN 3274 Made by: PAR 7/24/2013
’\ Subject: Girder capacity Checked by:
MODJESKI-=MASTERS

Exporience graat Beidges Content: Lateral and longitudinal loads Sheet No.:
Longitudinal
Axial and shear areas
Atg= 174000 mm2 269.7 in2
Avg = 297500 mm2 461.1 in2
Atn= 143760 mm2 222.8 in2
Avn = 243950 mm2 378.1 in2
Rr= 99377.4 kN 22340 k D/IC= 015 Ok
Shear areas only
Atg = 0 mmz2 0.0 in2
Avg= 297500 mm2 461.1 in2
Atn = 0 mm2 0.0 in2
Avn = 243950 mm2 378.1 in2
Rr= 50936.76 kN 11451 k D/IC= 029 Ok
Axial areas only
Atg= 174000 mm2 269.7 in2
Avg = 0 mm2 0.0 in2
Atn = 143760 mm2 222.8 in2
Avn = 0 mm2 0.0 in2
Rr= 51753.6 kN 11634 k D/IC= 029 Ok
Longitudinal shear plate
Assume 60% of longitudinal shear is transferred into longitudinal shear plate (rest stays in bottom flange)
MN k
Demand 9 2025
Capacity
t= 18 mm 0.71 in
Shear capacity= 3602  N/mm 20.6  k/in
Length required = 2499 mm 985 in

Length of bearing= 3500 mm

1378 in D/IC= 072 Ok
Transverse web plates
MN k
Demand 30 6750
Capacity (3 webs)
t= 35 mm 1.38 in
Shear capacity = 21011 N/mm 119.9 k/in
Length required = 1428 mm 56.3 in
Width of bearing = 2900 mm
1142 in DIC= 049 Ok

Using very conservative assumptions, there is sufficient capacity to carry longitudinal and transverse shear loads
up into the girder.

60



Project: SFOBB - JN 3274 Made by:  PAR

7/24/2013

‘\ Subject: Girder capacity Checked by:

ODIJESKI-—~MASTERS —
Expusience qroat beidges Content: Lateral and longitudinal loads Sheet No.:

Area of steel within bearing footprint

Webs (3)
Width = 2900 mm 1142 in
Thickness = 35 mm 1.38 in
Area (total) = 304500 mm2 472.0 in2
Shear plate
Width = 3500 mm 137.8 in
Thickness = 18 mm 0.71 in
Area (total) = 63000 mm2 97.7 in2
Longitudinal stiffeners (4)
Width = 3500 mm 137.8 in
Thickness = 45 mm 1.77 in
Area (total) = 630000 mm2 976.5 in2
Transverse shear plate stiffeners (8)
Width = 250 mm 9.8 in
Thickness = 25 mm 098 in
Area (total) = 50000 mm2 775 in2
Transverse plate stiffeners A (2)
Width = 550 mm 21.7 in
Thickness = 50 mm 1.97 in
Area (total) = 55000 mm2 85.3 in2
Transverse plate stiffeners B (2)
Width = 475 mm 18.7 in
Thickness = 50 mm 1.97 in
Area (total) = 47500 mm2 73.6 in2

Typical bearing assembly (14 pairs)

outer plates (2)

Width = 200 mm 7.9 in
Thickness = 35 mm 1.38 in
inner plate (1)
Width = 200 mm 7.9 in
Thickness = 40 mm 1.57 in
Area (1)= 22000 mm2 34.1 in2
Area (total) = 616000 mm2 954.8 in2

Total plate bearing area above bottom flange within bearing footprint
Area (total) = 1766000 mm2 2737.3 in2
Prestressing force

56 50 diameter A354 Grade BD anchor bolts

Area= 16129 mm2 250 in2

Fu = 1034 MPa 150 ksi
Conservatively assume that bolts are tensioned to Fu
Tension/bolt = 1.67 MN/bolt 375 k/bolt

Total force = 93 MN 21000 k

Conservatively assume that force transferred thru stiffeners only
Stress= 151.7 MPa 21.99 ksi D/IC= 044 Ok

Force through stiffeners webs and diaphragms
Stress = 81.2 MPa 11.8  ksi DIC= 024 Ok
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‘omesm— MASTERS

Axial reaction

Compression

Tension

Total pretension =

Project: SFOBB - JN 3274 Made by:
Subject: Girder capacity Checked by:
Expusience qroat beidges Content: Lateral and longitudinal loads Sheet No.:
Conservatively assume that force transferred thru shear and web plates only
Demand = 68000 kN 15289 k
185.03 MPa 26.84  ksi
Conservatively assume that bolt pretension is 0.6Fu
Tension/bolt = 1.00 MN 225 k
56062 kN 12600 k
Demand = 17000 kN 3822 k D/IC = 0.30

Pretension is never overcome - all plates active in tension

9.63 MPa 1.40  ksi

Conservatively assume that force transferred thru shear and web plates only

46.26 MPa 6.71 ksi DIC = 0.13
Look at prestressing stiffener assembly
Material properties
Steel plate
Fy = 345 MPa 50 ksi
Fu= 450 MPa 65 ksi
Weld metal
Fexx = 485 MPa 70 ksi
e = 0.80
Rexx = 232.8 MPa 33.6 ksi
50 diameter A354 Grade BD anchor bolts
Area= 16129 mm2 2.50 in2
Fu = 1034 MPa 150 ksi
Conservatively assume load on each bolt = Fu
Pu = 1.67 MN/bolt 375 k/bolt
Geometry
Top bearing plate
b= 200 mm 7.9 in
t= 100 mm 3.9 in
L= 200 mm 7.9 in
hole diameter = 63 mm 25 in
Center stiffener
b= 200 mm 7.9 in
t= 40 mm 1.6 in
L= 600 mm 23.6 in
tw= 35 mm 14 in
Outer stiffener
b= 200 mm 7.9 in
t= 35 mm 14 in
L= 600 mm 23.6 in
tw= 35 mm 14 in

62
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‘omesm— MASTERS

Expesience groat bridges

Bearing plate capacity

Sxx (at hole) =

Project: SFOBB - JN 3274
Subject: Girder capacity

Content: Lateral and longitudinal loads

228333 mm3

My = 78775000 N-mm

Mmax = 1/4 Pmax L
Pmax = 1.58

MN

Made by:  PAR

7/24/2013

Checked by:

Sheet No.:

13.93
696.7
Assume elastic simply supported bearing plate

354.5

Assume elastic continuous bearing plate

Mmax = 5/32 Pmax L
Pmax = 2.52

MN

567.2

in3
k-in

D/IC = 1.06 NG

D/IC= 066 Ok

Reactions at stiffeners (conservatively use max of continuous or simple support)

Rcenter = 2.29
Router = 0.83

Center stiffener capacity

MN
MN

Compression - column analogy

Include 200mm of web

515.7
1875

Imin = 25466667 mm4

A=
r=

use k =
kL/r =

sqrt(2 x n? X E / Fy) =
Fer =

Pmax =
Shear
DIt =
6000 sqrt(k) / sqrt(Fy) =
C=

¢s =
Vr=

Check weld
PJP =
Weld strength =

Outer stiffener capacity

23000
33.28

1.00
18.03

107.0
340.1

2.72

15.00
60.00
1.00
1.00
4.8

34.0
4.7

Compression - column analogy

Include 200mm of web

Imin = 24762500

A=
r=

use k =
kL/r =

sqrt(2 x i X E / Fy) =
Fer =

Pmax =

21000
34.34

1.00
17.47

107.0
340.4

2.38

mm2
mm

61.2
35.7
131

for mill to bear ends

MPa

MN

MN

mm
MN

mm4
mm2
mm

49.3

612

1080

1.34
1068

59.5
32.6
1.35

for mill to bear ends

MPa

MN

49.4

536

63

in4
in2

ksi

k D/C = 0.84 Ok

k D/IC= 048 Ok

k D/IC= 048 Ok

in4
in2

ksi

k D/C= 035 Ok



‘omesm— MASTERS

Experience groat bridges Content: Lateral and longitudinal loads
Shear
Dit= 17.14
6000 sqrt(k) / sqrt(Fy) =  60.00
CcC= 100
¢s=  1.00
Vr = 4.2 MN 945 k
Check weld
PJP= 290 mm 114 in
Weld strength = 4.1 MN 911 k

Check block shear tearout of webs

Shear length = 1200
Axial length = 400
t= 35

Atn = Atg= 14000
Avn =Avg = 42000

¢bs=  0.80
Rr= 12.6336
Check shear of 50x700mm plates

Shear capacity
Vr = 7.0

Weld capacity
Vr = 7.2

Project: SFOBB - JN 3274

Subject: Girder capacity

mm
mm
mm

mm2
mm2

MN

MN

MN

47.24
15.75
1.38

21.7
65.1

1574

1612

64

in2
in2

Made by:  PAR

7/24/2013

Checked by:

Sheet No.:

D/IC= 020 Ok

D/IC= 021 Ok

D/IC = 0.53 Ok

D/C= 095 Ok

D/C= 093 Ok



Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Girder capacity Checked by:

ODJESKI-<MASTERS —
Expurience great beidges Content: Lateral and longitudinal loads Sheet No.:

Area of steel within bearing footprint

Webs (3)
Width = 2900 mm 114.2 in
Thickness = 35 mm 1.38 in
Area (total) = 304500 mm2 472.0 in2
Shear plate
Width = 3500 mm 137.8 in
Thickness = 18 mm 0.71 in
Area (total) = 63000 mm2 97.7 in2
Longitudinal stiffeners (4)
Width = 3500 mm 137.8 in
Thickness = 45 mm 1.77 in
Area (total) = 630000 mm2 976.5 in2
Transverse shear plate stiffeners (8)
Width = 250 mm 9.8 in
Thickness = 25 mm 0.98 in
Area (total) = 50000 mm2 775 in2
Transverse plate stiffeners A (2)
Width = 550 mm 21.7 in
Thickness = 50 mm 1.97 in
Area (total) = 55000 mm2 85.3 in2
Transverse plate stiffeners B (2)
Width = 475 mm 18.7 in
Thickness = 50 mm 1.97 in
Area (total) = 47500 mm2 73.6 in2

Typical bearing assembly (14 pairs)

outer plates (2)

Width = 200 mm 7.9 in
Thickness = 35 mm 1.38 in
inner plate (1)
Width = 200 mm 7.9 in
Thickness = 40 mm 157 in
Area (1) = 22000 mm2 34.1 in2
Area (total) = 616000 mm2 954.8 in2
IXx = 754141666.7 mm4 1811.8 in4
lyy= 1124991667 mm4 2702.8 in4

Total plate bearing area above bottom flange within bearing footprint

Area (total) = 1766000 mm2 2737.3 in2
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Exporience groat b

idges.

Project
Subject
Content

Moments of inertia assuming all plates active

Assume symmetry - not really correct

Shear plate

Web 1

Web 2

Web 3
Longit stiff 1
Longit stiff 2
Longit stiff 3
Longit stiff 4
Transv shear plate stiff 1
Transv shear plate stiff 2
Transv shear plate stiff 3
Transv shear plate stiff 4
Transv plate stiff 1
Transv plate stiff 2
Transv plate stiff 3
Transv plate stiff 4
Bearing assemblies
Total moment of inertia =

Section modulus =

Loadings

Or-4C

Longit. mm4
64312500000
2.28385E+11
10361458.33
2.28385E+11
1.60781E+11
1.60781E+11
1.60781E+11
1.60781E+11
5348307292
1410807292
1410807292
5348307292
18957588542
18957588542
18957588542
18957588542
4.71643E+11
1.72521E+12
Longit. mm3
985834258

VT (MN)
253
30.5
1.3

30

Max/Min Stress P/A + Mx/Sx + My/Sy

U
T
L
C

Add prestressing force

Max (MPa)
34.37
61.98
22.95
95.61

Transv. mm4
1701000
71134583333
71134583333
71134583333
1.27602E+11
39401578125
39401578125
1.27602E+11
260416666.7
260416666.7
260416666.7
260416666.7
37460880534
37460880534
37460880534
37460880534
15762143333
7.14059E+11
Transv. mm3
492454549

VL (MN)
1.6
8.2
13.2
15

Min (MPa)
-45.13
-43.40
-1.09
-18.60

. SFOBB - JN 3274

: Girder capacity

: Lateral and longitudinal loads

Longit. in4
154511.3993
548698.0257
24.89350322
548698.0257
386278.4982
386278.4982
386278.4982
386278.4982
12849.35967
3389.478076
3389.478076
12849.35967
45545.78865
45545.78865
45545.78865
45545.78865
1133126.319
4144833.487

Longit. in3

2368.5

Arm =
P (MN)
-9.5
16.4
19.3
68

Max (ksi)
4.98
8.99
3.33
13.86

Transv. in4
4.086668847
170901.5201
170901.5201
170901.5201
306564.0177
94662.6701
94662.6701
306564.0177
625.6535443
625.6535443
625.6535443
625.6535443
90000.12548
90000.12548
90000.12548
90000.12548
37868.70083
1715533.839

Conservatively assume that force transferred thru stiffeners only

Stress =

Or-4cC

151.68

Max (MPa)
186.05
213.66
174.63
247.29

MPa

Min (MPa)
106.56
108.28
150.59
133.09

21.99

Max (ksi)
26.98
30.98
25.32
35.86
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Made by:
Checked by:
Sheet No.:

Ok

Ok

Transv. in3
1183.1
750 mm
MT (MN-mm) ML (MN-mm)
18975 1200
22875 6150
975 9900
22500 11250
Min (ksi)
-6.54
-6.29
-0.16
-2.70
ksi
Min (ksi) D/IC
15.45 0.54
15.70 0.62
21.84 0.51
19.30 0.72

Ok

PAR

7/24/2013




Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Girder capacity Checked by:

ODIESKI-<MASTERS —
Expurience groat beidges Content: Lateral and longitudinal loads Sheet No.:

Area of steel within bearing footprint

Webs (3)
Width = 2900 mm 114.2 in
Thickness = 35 mm 1.38 in
Area (total) = 304500 mm2 472.0 in2
Shear plate
Width = 3500 mm 137.8 in
Thickness = 18 mm 0.71 in
Area (total) = 63000 mm2 97.7 in2
Longitudinal stiffeners (4)
Width = 3500 mm 137.8 in
Thickness = 45 mm 1.77 in
Area (total) = 630000 mm2 976.5 in2
Transverse shear plate stiffeners (8)
Width = 250 mm 9.8 in
Thickness = 25 mm 0.98 in
Area (total) = 50000 mm2 77.5 in2
Transverse plate stiffeners A (2)
Width = 550 mm 21.7 in
Thickness = 50 mm 1.97 in
Area (total) = 55000 mm2 85.3 in2
Transverse plate stiffeners B (2)
Width = 475 mm 18.7 in
Thickness = 50 mm 1.97 in
Area (total) = 47500 mm2 73.6 in2

Typical bearing assembly (14 pairs)

outer plates (2)

Width = 200 mm 7.9 in
Thickness = 35 mm 1.38 in
inner plate (1)
Width = 200 mm 7.9 in
Thickness = 40 mm 1.57 in
Area (1) = 22000 mm2 34.1 in2
Area (total) = 616000 mm2 954.8 in2
IxXx = 754141666.7 mm4 1811.8 in4
lyy= 1124991667 mm4 2702.8 in4

Total plate bearing area above bottom flange within bearing footprint

Area (total) = 1766000 mm2 2737.3 in2
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4

pevience groat bridges

Project:
Subject:
Content:

Moments of inertia assuming all plates active

Assume symmetry - not really correct

Longit. mm4

Shear plate 64312500000

Web 1 2.28385E+11

Web 2 10361458.33

Web 3 2.28385E+11
Longit stiff 1
Longit stiff 2
Longit stiff 3
Longit stiff 4
Transv shear plate stiff 1
Transv shear plate stiff 2
Transv shear plate stiff 3
Transv shear plate stiff 4
Transv plate stiff 1
Transv plate stiff 2
Transv plate stiff 3
Transv plate stiff 4
Bearing assemblies

Transv. mm4
1701000
71134583333
71134583333
71134583333

: SFOBB - JN 3274

: Girder capacity

: Lateral and longitudinal loads

Longit. in4
154511.3993
548698.0257
24.89350322
548698.0257

Transv. in4
4.086668847
170901.5201
170901.5201
170901.5201

Total moment of inertia = 5.21094E+11 2.13405E+11 1251932.344 512708.6469

Longit. mm3
Section modulus = 297767763

Loadings
VT (MN)
U 25.3
T 30.5
L 1.3
C 30

Max/Min Stress P/A + Mx/Sx + My/Sy
Max (MPa)

u 127.58

T 185.37

L 50.80

C 229.16

Add prestressing force

Transv. mm3
147176173

VL (MN)
1.6
8.2
13.2
15

Min (MPa)
-138.34
-166.79
-28.94
-152.15

Longit. in3
715.4

Arm =

P (MN)
95
16.4
19.3
68

Max (ksi)
18.50
26.88
7.37
33.23

Force through stiffeners webs and diaphragms

Stress = 81.25
Max (MPa)

U 208.83

T 266.62

L 132.05

C 310.41

MPa

Min (MPa)
-57.09
-85.54
52.31
-70.90

11.78

Max (ksi)
30.28
38.66
19.15
45.01

68

Transv. in3
353.6

750
MT (MN-mm)
18975
22875
975
22500

Min (ksi)
-20.06
-24.19
-4.20
-22.06

ksi

Min (ksi)
-8.28
-12.40
7.58
-10.28

mm

Made by:  PAR

7/24/2013

Checked by:

Sheet No.:

ML (MN-mm)

1200

6150

9900
11250

D/C
0.61
0.77
0.38
0.90

Ok

Ok
Ok



Project: SFOBB - JN 3274

’\ Subject: Girder capacity
MODJESKI-—MASTERS

parience groat beidges Content: Lateral and longitudinal loads

Prestressing force

56 50 diameter A354 Grade BD anchor bolts

Area= 1612.9 mm2 2.50 in2
Fu= 1034 MPa 150 ksi
Assume that bolts are tensioned to 0.68 Fu
Tension/bolt = 1.13 MN/bolt 253 k/bolt
Total force = 63 MN 14175 Kk

Friction coefficient, p, steel to steel
- assume class B surface
p= 0.5 Table 6.13.2.8-3

Lateral capacity at interface

- With no other loads present

pP= 63 MN 14175 k
uxP= 315 MN 7088 k
- With uplift of 13.3 MN 2989.84 k
P= 50 MN 11185 k
uxP= 249 MN 5593 k
Demand

VT (MN) VL (MN) P (MN) Vtotal (MN, Capacity

U 25.3 1.6 -9.5 25.4 26.8
T 30.5 8.2 16.4 31.6 39.7
L 1.3 13.2 19.3 13.3 41.2
All maximums concurrent
30.5 13.2 -9.5 31.6 26.8
Design demands
C 30 15 -17 33.5 23.0
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D/C
0.95
0.79
0.32

1.18

1.46

Made by:
Checked by:
Sheet No.:

Ok
Ok
Ok
NG

NG

PAR
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Project: SFOBB - JN 3274 Made by:  PAR
’\ Subject: Crossheam capacity Checked by:
MODJESKI-MASTERS
Exporience grast beidges Content: Lateral loads Sheet No.:
Assumptions:
1. Look at it from a "block shear" perspective.
2. Local effects only - assumed that load spreads quickly away from bearing.
3. A709M Grade 345 (A709 Grade 50) steel.
Fy= 345 MPa 50 ksi
Fu = 450 MPa 65 ksi
Shear Key Demand
MN k
Compression 0 0
Uplift 0 0
Longitudinal 0 0
Transverse 60 13500
Shear Key "footprint”
Length, L = 3600 mm 141.7 in
Width, w = 3400 mm 1339 in
Key plate "footprint"
Length, L = 4400 mm 173.2 in
Width, w = 4200 mm 165.4 in
Block Shear
If Atn < 0.58 Avn then Rr = ¢bs (0.58 Fy Avg + Fu Atn) 6.13.4-1
otherwise Rr = ¢bs (0.58 Fu Avn + Fy Atg) 6.14.4-2
¢bs=  0.80 6.5.4.2
Case 1 - Looking at bottom flange from the most conservative perspective
1. Ignore presence of transverse webs and longitudinal shear plates
2. Use minimum of key plate - holes or bottom flange no holes
3. Assume bottom flange thickness = 35 mm 1.38 in
4. Assume key plate thickness = 75 mm 295 in longitudinal
5. Assume 8 diameter 100 mm 394 in holes transverse
6. Assume 8 diameter 100 mm 394 in holes longitudinal
Transverse
Axial and shear areas
Atg= 308000 mm2 477.4  in2
Avg = 294000 mm?2 455.7 in2
Atn= 308000 mm2 477.4  in2
Avn = 294000 mm2 455.7 in2
Rr= 157943.5 kN 35506 k D/IC= 0.38 Ok

Shear areas only

Atg = 0 mm2 0.0 in2
Avg = 294000 mm2 455.7 in2
Atn = 0 mm2 0.0 in2
Avn = 294000 mm2 455.7 in2
Rr= 61387.2 kN 13800 k D/IC = 0.98 Ok
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Experience great bridges

Longitudinal
Axial and shear areas

Transverse web plates

Demand

Axial areas only

Atg= 308000
Avg = 0
Atn = 308000
Avn = 0
Rr= 110880

Atg= 294000
Avg= 308000
Atn= 294000
Avn= 308000

Rr= 155144.6

Shear areas only

Atg = 0
Avg = 308000
Atn = 0

Avn = 308000

Rr= 64310.4

Axial areas only

Atg = 294000
Avg = 0
Atn = 294000
Avn = 0
Rr= 105840
MN k
60 13500

Project: SFOBB - JN 3274
Subject: Crossheam capacity

Content: Lateral loads

mmz2
mm2
mm2
mm2

mm2
mm2
mm2
mm2

kN

mm2
mm2
mm2
mm2

kN

mm2
mm2
mm2
mm2

kN

Capacity (only consider 3 interior webs)

Shear capacity =

t= 40

24012

Length required = 2499

Using conservative assumptions, there is sufficient capacity to carry transverse shear loads up into the girder.

Width of bearing =

mm

N/mm

mm

477.4
0.0
477.4
0.0

24926

455.7
477.4
455.7
477.4

34877
0.0
477.4
0.0
477.4
14457
455.7
0.0
455.7
0.0

23793

1.57

137.0
98.5

3400
133.9

in2
in2
in2
in2

in2
in2
in2
in2

in2
in2
in2
in2

in2
in2
in2
in2

k/in
in

mm
in
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D/C =

DIC =

DIC =

DIC =

D/C =

0.54

0.00

0.00

0.00

0.74

Made by: PAR

7/24/2013

Checked by:

Sheet No.:

Ok

Ok

Ok

Ok

Ok
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evience great bridges

Area of steel within shear key footprint

Webs (3)
Width = 3400
Thickness = 40
Area (total) = 408000

Longitudinal stiffener
Width = 3600
Thickness = 50
Area (total) = 180000

Longitudinal diaphragms (2)
Width = 3600
Thickness = 50
Area (total) = 720000
Bearing assembly 1 (4)

outer plates (2)

Width = 300
Thickness = 35
inner plate (1)
Width = 300
Thickness = 50

Area (1) = 36000
Area (total) = 144000

Bearing assembly 2 (4 pairs)

outer plates (2)

Width = 300
Thickness = 35
inner plates (2)
Width = 300
Thickness = 40

Area (1) = 45000
Area (total) = 360000

Bearing assembly 3 (2 pairs)

outer plates (2)

Width = 300
Thickness = 35
inner plates (2)
Width = 300
Thickness = 40
center plate (1)
Width = 300
Thickness = 50

Area (1) = 60000
Area (total) = 240000

Project: SFOBB - JN 3274
Subject: Crossbeam capacity
Content: Lateral loads at shear keys

mm
mm2

mm
mm
mm2

mm
mm2

mm

mm
mm

mm2
mm2

mm2
mm2

mm
mm

mm
mm

mm
mm

mm2
mm2

133.9
1.57
632.4

141.7
1.97
279.0

141.7
1.97
1116.0

11.8
1.38

11.8

1.97

55.8
223.2

11.8
1.38

11.8

1.57

69.8
558.0

11.8
1.38

11.8
1.57

11.8

1.97

93.0
372.0

in2
in2

Total plate bearing area above bottom flange within shear key footprint

Area (total) = 2052000 mm2

3181

in2
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Project: SFOBB - JN 3274

Subject: Crossbeam capacity

ﬁmsm- ‘MASTERS
s

evience great bridges

Content: Lateral loads at shear keys

Prestressing force (stiffened bolts)
48 76 diameter A354 Grade BD anchor bolts
Area= 3851.6 mm2 5.97 in2
Fu= 966 MPa 140 ksi
Conservatively assume that bolts are tensioned to Fu
Tension/bolt = 3.72 MN/bolt 836 k/bolt
Total force = 179 MN 40118 k

Conservatively assume that force transferred thru stiffeners only
Stress=  239.9 MPa 34.8  ksi

Force through stiffeners webs and diaphragms
Stress = 95.4 MPa 13.8  ksi

Look at prestressing stiffener assembly

Material properties

Steel plate
Fy = 345 MPa 50 ksi
Fu = 450 MPa 65 ksi
Weld metal
Fexx = 485 MPa 70 ksi
oe = 0.80
Rexx = 232.8 MPa 33.6  ksi
50 diameter A354 Grade BD anchor bolts
Area= 3851.6 mm2 5.97 in2
Fu= 966 MPa 140 ksi
Conservatively assume load on each bolt = 0.8Fu
Pu = 2.98 MN/bolt 668.64 k/bolt
Geometry
Top bearing plate
b= 300 mm 11.8 in
t= 200 mm 7.9 in
L= 400 mm 15.7 in
hole diameter = 100 mm 3.9 in

Center stiffener

b= 300 mm 11.8 in
t= 50 mm 2.0 in
L= 600 mm 23.6 in
tw= 40 mm 1.6 in

Interior stiffener

b= 300 mm 11.8 in
t= 50 mm 2.0 in
L= 600 mm 23.6 in
tw = 40 mm 1.6 in

Outer stiffener

b= 300 mm 11.8 in
t= 35 mm 1.4 in
L= 600 mm 23.6 in
tw= 40 mm 1.6 in
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Checked by:

Sheet No.:

D/IC= 070 Ok

D/C = 0.20 Ok
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Project: SFOBB - JN 3274

Made by:  PAR

7/24/2013

Subject: Crossbeam capacity Checked by:
orience reat beidges Content: Lateral loads at shear keys Sheet No.:
Bearing plate capacity
Look at shear between 2 bearing plates
| = 200000000 mm4 480.5 in4
Q= 1500000 mm3 915 in4
t= 20 mm 354 in
Vmax = 2.23 MN 501.5 k
VQ/lt= 18594 MPa 26.96  ksi D/IC= 0.80
D/C <= 1.00 - therefore can assume bearing plates act as single unit
Sxx (at hole) = 1333333 mm3 81.36 in3
My = 460000000 N-mm 4068.2  k-in

Assume elastic simply supported bearing plate
Mmax = 1/4 Pmax L
Pmax = 4.60 MN

1035.0 k D/C = 0.65 Ok

Reactions at stiffeners (conservatively use max of continuous or simple support)

Rcenter = 4.09 MN
Router = 1.49 MN

919.6 Kk
3344 k

Center stiffener capacity

Compression - column analogy

Include 200mm of web

Imin = 32916667 mm4

A=
r:

use k =
kL/r =

sqrt(2 x xXE/ Fy) =
Fer =

Pmax =

Shear
D/t =
6000 sqrt(k) / sqrt(Fy) =
C=
s =
Vr =

Check weld
PJP =
Weld strength =

Outer stiffener capacity

38000
29.43

1.00
20.39

107.0
338.7

5.08

12.00
60.00
1.00
1.00
6.0

32.0
4.5

Compression - column analogy

Include 200mm of web

Imin = 28810417

A=
r=

use k =
kL/r =

29000
31.52

1.00
19.04

mm2
mm

79.1
58.9
1.16

for mill to bear ends

MPa

MN

MN

mm
MN

mm4
mm?2
mm

49.1

1142

1349

1.26
1005

69.2
45.0
1.24

for mill to bear ends
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in2
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k D/IC= 081 Ok

k D/IC= 068 Ok

k D/IC= 092 Ok
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\ Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

I Subject: Crossbeam capacity Checked by:
MODJESKI-<MASTERS
Exparionce areat beidges Content: Lateral loads at shear keys Sheet No.:

sqrt(2xn X E/Fy)=  107.0

Fcr= 3395 MPa 49.2 ksi
Pmax = 3.57 MN 801 k D/IC = 0.42 Ok
Shear
Dit= 17.14
6000 sqrt(k) / sqrt(Fy) =  60.00
C= 1.00
os = 1.00
Vr = 4.2 MN 945 k D/IC = 0.35 Ok
Check weld
PJP = 29.0 mm 1.14 in
Weld strength = 4.1 MN 911 k DIC = 0.37 Ok

Check block shear tearout of diaphragms

Shear length = 1200 mm 47.24 in
Axial length= 1100 mm 4331 in
t= 50 mm 1.97 in
Atn =Atg= 55000 mm2 85.3 in2
Avn=Avg= 60000 mm2 93.0 in2
¢bs=  0.80
Rr= 294 MN 6.6 k DIC= 076 Ok

Check block shear tearout of webs

Shear length = 1800 mm 70.87 in
Axial length= 1220 mm 48.03 in
teff = 43.3 mm 1.71 in
Atn = Atg= 52867 mm2 81.9 in2
Avn=Avg= 78000 mm2 1209 in2
¢bs=  0.80
Rr= 315 MN 7.1 k D/IC= 094 Ok
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Project: SFOBB - JN 3274

I\ Subject: Crossbeam capacity
MODJESKI-—~MASTERS
Exparience great beidges Content: Lateral loads at shear keys

Area of steel within bearing footprint

Webs (3)
Width = 3400 mm 133.9 in
Thickness = 40 mm 1.57 in
Area (total) = 408000 mm2 632.4 in2
Diaphragms (2)
Width = 3600 mm 141.7 in
Thickness = 50 mm 1.97 in
Area (total) = 540000 mm2 837.0 in2

Total plate bearing area above bottom flange within bearing footprint
Area (total) = 948000 mm2 632.4 in2
Moments of inertia assuming all plates active
Assume symmetry

Transv. mm4  Transv. in4

Web 1 1.31013E+11 314760.7924
Web 2 0 0

Web 3 1.31013E+11 314760.7924

Diaphragm 1 3.52838E+11 847695.4845

Diaphragm 2 3.52838E+11 847695.4845

Total moment of inertia = 9.67702E+11 2324912.554
Transv. mm3  Transv. in3
Section modulus = 691215476 42180.6

Loadings
Transverse Demand = 42 MN
Arm = 750 mm
Moment = 31500 MN-mm

Max/Min Stress = My/Sy
Max (MPa) Min (MPa) Max (ksi) Min (ksi)
Normal Stress 45.57 -45.57 6.61 -6.61

Add prestressing force
Force through stiffeners webs and diaphragms

Stress = 95.35 MPa 13.83 ksi
Max (MPa) Min (MPa) Max (ksi) Min (ksi) DIC
T 140.93 49.78 20.43 7.22 0.41

76

Made by:
Checked by:
Sheet No.:

Ok

PAR

7/24/2013




7/24/2013

Project: SFOBB - JN 3274 Made by:  PAR
I\ Subject: Crossbeam capacity Checked by:
MODJESKI-—MASTERS
Exparience groat beidges Content: Lateral loads at shear keys Sheet No.:
Prestressing force
80 76 diameter A354 Grade BD anchor bolts
Area= 3852 mm2 5.97 in2
Fu= 966 MPa 140 ksi
Assume that bolts are tensioned to 0.68 Fu
Tension/bolt=  2.510 MN/bolt 564 k/bolt
Total force = 201 MN 45133 k
Friction coefficient, u, steel to steel
- assume class B surface
pu= 0.5 Table 6.13.2.8-3
Lateral capacity at interface
- No other axial loads present
P= 201 MN 45133 k
Shear capacity
puxP= 100 MN 22567 k D/IC= 060 Ok
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Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Crossbeam capacity Checked by:

ODJESKI-~MASTERS
Expurience graat bridges Content: Cable load Sheet No.:

Cross Beam Estimated Section Properties

Top flange
Width = 10000 mm 393.7 in
Thickness = 20 mm 0.8 in
Stiffeners
Number = 20
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
"Effective" top flange
Width = 10000 mm 393.7 in
Thickness = 29.02 mm 1.1 in
Outer webs
Width = 5500 mm 216.5 in
Thickness = 20 mm 0.8 in
Stiffeners
Number = 13
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
"Effective" outer web
Width = 5500 mm 216.5 in
Thickness = 30.66 mm
Inner webs1
Widthl = 3275 mm 1289 in
Thicknessl = 20 mm 0.8 in
Stiffeners1
Number = 7
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
Width2 = 2225 mm 87.6 in
Thickness2 = 40 mm 1.6 in
Stiffeners2
Number = 4
Width = 200 mm 7.9 in
Thickness = 40 mm 1.6 in
"Effective" inner webl
Widthl = 3275 mm 128.9 in
Thicknessl = 29.64 mm 1.2 in
Width2 = 2225 mm 87.6 in
Thickness2 = 54.38 mm 2.1 in
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Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Crossbeam capacity Checked by:

ODJESKI-~MASTERS
Expurience graat bridges Content: Cable load Sheet No.:

Inner webs2
Widthl = 3275 mm 128.9 in
Thicknessl = 20 mm 0.8 in
Stiffenersl
Number = 7
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
Width2 = 2225 mm 87.6 in
Thickness2 = 40 mm 1.6 in
Stiffeners2
Number = 5
Width = 200 mm 7.9 in
Thickness = 40 mm 1.6 in
"Effective" inner web2
Widthl = 3275 mm 1289 in
Thicknessl = 29.64 mm 1.2 in
Width2 = 2225 mm 87.6 in
Thickness2 = 57.98 mm 2.3 in

Bottom flange

Widthl = 3000 mm 118.1 in
Thicknessl = 35 mm 1.4 in
Stiffeners1
Number = 7
Width = 310 mm 12.2 in
Thickness = 35 mm 14 in
Width2 = 4000 mm 157.5 in
Thickness2 = 35 mm 1.4 in
Width3 = 3000 mm 118.1 in
Thickness3 = 35 mm 14 in
Stiffeners 3
Number = 7
Width = 310 mm 12.2 in
Thickness = 35 mm 14 in
"Effective" bottom flange
Widthl = 3000 mm 118.1 in
Thicknessl = 60.3 mm 2.4 in
Width2 = 4000 mm 157.5 in
Thickness2 = 35.0 mm 14 in
Width3 = 3000 mm 118.1 in
Thickness3 = 60.3 mm 2.4 in
Area= 1791570 mm2 2776.9 in2
NAxx (from top) = 3236 mm 127.4 in
NAyy (from center) = 0 mm 0.0 in
Ixx = 8.19082E+12 mm4 19678521 in4
Sxtop= 2531494140 mm3 154481.3 in3
Sxbot = 3617160932 mm3 220732.7 in3
lyy = 1.55463E+13 mm4 37350231 in4
Sy = 777317000 mm3 47434.79 in3
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Project: SFOBB - JN 3274
Subject: Crossbeam capacity

Content: Cable load

Made by:  PAR

7/24/2013

Checked by:

Sheet No.:

Cable geometry (from Suspension Cable Layout No. 3)

WP1
X 393
Y 36045
z 266
Angle in XY plane West
Angle in XZ plane West

Estimated max cable force
Fa=
net area =
Pmax =

WPA
35852
29461
-3106

0.18359
10.519

0.09481
5.432

689
0.39848
275

Estimated forces in crossbeam at Pier E2

Mx=Xez+Zey=
My =Yex=

P/A + Mx/Sx + My/Sy =
Seismic shear force

Peq =
ez=

P/A + Mx/Sx =

Total stress =

50.1

154353.5

2296.6

73.6

120.0
3014.4

67.8

141.4

EP1
393
-36025
-1176

East

East

MPa

MN

MN
MN

mm
MN

MN-mm

MN-mm

MPa

MN
mm

MPa

MPa

EPA
34114
-29939
-4339

0.17856
10.231

0.09353
5.359

100
617.6
61719

11267
20
1033
425
98
118

113841
1694

10.67

26976
118.7

9.83

20.51
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radians
degrees

radians

degrees

ksi (From General Notes No. 1)
in2 (From Suspension Cable Layout No. 1)

k-ft
k-ft

ksi

ksi

ksi D/C= 041 Ok



Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Crossbeam capacity Checked by:

ODJESKI-~MASTERS
Expurience graat bridges Content: Cable load Sheet No.:

Cross Beam Estimated Section Properties

Top flange
Width = 4000 mm 157.5 in
Thickness = 20 mm 0.8 in
Stiffeners
Number = 6
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
"Effective" top flange
Width = 4000 mm 157.5 in
Thickness = 26.765 mm 1.1 in
Outer webs
Width = 5500 mm 216.5 in
Thickness = 0 mm 0.0 in
Stiffeners
Number = 0
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
"Effective" outer web
Width = 5500 mm 216.5 in
Thickness = 0 mm
Inner webs1
Widthl = 3275 mm 1289 in
Thicknessl = 20 mm 0.8 in
Stiffeners1
Number = 7
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
Width2 = 2225 mm 87.6 in
Thickness2 = 40 mm 1.6 in
Stiffeners2
Number = 4
Width = 200 mm 7.9 in
Thickness = 40 mm 1.6 in
"Effective" inner webl
Widthl = 3275 mm 128.9 in
Thicknessl = 29.64 mm 1.2 in
Width2 = 2225 mm 87.6 in
Thickness2 = 54.38 mm 2.1 in
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Project: SFOBB - JN 3274 Made by:  PAR 7/24/2013

‘\ Subject: Crossbeam capacity Checked by:

ODJESKI-~MASTERS
Expurience graat bridges Content: Cable load Sheet No.:

Inner webs2
Widthl = 3275 mm 128.9 in
Thicknessl = 20 mm 0.8 in
Stiffenersl
Number = 7
Width = 205 mm 8.1 in
Thickness = 22 mm 0.9 in
Width2 = 2225 mm 87.6 in
Thickness2 = 40 mm 1.6 in
Stiffeners2
Number = 5
Width = 200 mm 7.9 in
Thickness = 40 mm 1.6 in
"Effective" inner web2
Widthl = 3275 mm 1289 in
Thicknessl = 29.64 mm 1.2 in
Width2 = 2225 mm 87.6 in
Thickness2 = 57.98 mm 2.3 in

Bottom flange

Widthl = 3000 mm 118.1 in
Thicknessl = 0 mm 0.0 in
Stiffeners1
Number = 0
Width = 310 mm 12.2 in
Thickness = 35 mm 14 in
Width2 = 4000 mm 157.5 in
Thickness2 = 35 mm 1.4 in
Width3 = 3000 mm 118.1 in
Thickness3 = 0 mm 0.0 in
Stiffeners 3
Number = 0
Width = 310 mm 12.2 in
Thickness = 35 mm 14 in
"Effective" bottom flange
Widthl = 3000 mm 118.1 in
Thicknessl = 0.0 mm 0.0 in
Width2 = 4000 mm 157.5 in
Thickness2 = 35.0 mm 14 in
Width3 = 3000 mm 118.1 in
Thickness3 = 0.0 mm 0.0 in
Area = 909270 mm?2 1409.4 in2
NAxx (from top) = 3163 mm 1245 in
NAyy (from center) = 0 mm 0.0 in
Ixx = 3.48304E+12 mm4 8368031 in4
Sxtop= 1101169898 mm3 67197.51 in3
Sxbot = 1490409752 mm3 90950.38 in3
lyy = 1.31073E+12 mm4 3149037 in4
Sy= 163841041.7 mm3 9998.194 in3
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Project: SFOBB - JN 3274
Subject: Crossbeam capacity
Content: Cable load

Made by:  PAR

7/24/2013

Checked by:

Sheet No.:

Cable geometry (from Suspension Cable Layout No. 3)

WP1
X 393
Y 36045
z 266
Angle in XY plane West
Angle in XZ plane West

Estimated max cable force
Fa=
net area =
Pmax =

WPA
35852
29461
-3106

0.18359

10.519

0.09481
5.432

689
0.39848
275

Estimated forces in crossbeam at Pier E2

Mx=Xez+Zey=
My =Yex=

P/A + Mx/Sx + My/Sy =
Seismic shear force

Peq =
ez=

P/A + Mx/Sx =

Total stress =

50.1

150718.0

2296.6

170.3

0.0
3087.0

21

172.3

EP1 EPA
393 34114
-36025 -29939
-1176 -4339
East 0.17856
10.231
East 0.09353
5.359
MPa 100
m2 617.6
MN 61719
MN 11267
mm 20
MN 1033
mm 425
MN 98
mm 115
MN-mm 111159
MN-mm 1694
MPa 24.69
MN 0
mm 121.5
MPa 0.30
MPa 24.99
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radians
degrees

radians

degrees

ksi (From General Notes No. 1)
in2 (From Suspension Cable Layout No. 1)

k-ft
k-ft

ksi

ksi D/C= 050 Ok



Appendix 3B
TYLin Calculations

Steel Orthotropic Girder at Bearings
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TRANSFER OF LOADS TO OBG

Self-Anchored Suspension Bridge
San Francisco Oakland Bay Bridge East Span Seismic Safety Project

Caltrans Project No. 04-0120F4

T-YLININTERNATIONAL

a joint

heh " MOFFATT & NICHOL PGk

T.Y. Lin International / Moffatt & Nichol Joint Venture

July 27, 2013
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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

Formulas

Steel Plate Properties
Fy
E

Force Applied to OBG per Bearing
Transverse
Longitudinal

1) Key Plate

Transverse dimension
Longitudinal dimension
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

Shear Check

Design Shear Capacity
Shear Demand

D/C

3) Floorbeam Webs
t
Transverse dimension
no. of webs

Shear Check

Design Shear Capacity
Shear Demand

D/IC

345 MPa
200,000 MPa

30.5 MN
13.3 MN

2900 mm
5000 mm
85 mm

146.6 MN
13.3 MN

85.0 MN
30.5 MN

25 mm
3500 mm

17.5 MN
13.3 MN

35 mm
2900 mm
3

60.9 MN
30.5 MN

Reference

Sheet 423

Sheet 882A
Sheet 882A

Sheet 676
Sheet 676

Sheet 691
Sheet 883

Sheet 677
Sheet 883

99
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Comment

TC-RFI-34R1 allows key plate to be milled to 85mm



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 Comment

Sheet 423

Sheet 675
ASTM A354

Sheet 676 50mm cope hole at bottom
Sheet 676
Sheet 676

Middle stiffener reaction = 2 rods x 50%

BDS 10-152
BDS 10-150 OK

BDS 10-115 OK

OK

BDS 10.48.7 1.35F,
OK

100
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5) Vertical Stiffeners - Side
D 550 mm  Sheet 676 50mm cope hole at bottom
b 200 mm  Sheet 676
t 35 mm  Sheet 676

Load on Stiffener MN Side stiffener reaction = 1 rod x 50%
= Axial Check
r 10.1 mm
kL/r 54.4
sqrt (2 x T x E /Fy) 107.0
Fer 311 MPa BDS 10-152
Design Axial Strength 1.85'MN BDS 10-150 OK
D/C 0.45
- Shear Check
D#,, 15.7
6000 x sqrt(k) / sqrt F,, 323.0
Cc 1.0
Design Shear Strength 3.85|MN BDS 10-115 OK
D/C 0.22
Weld Check
PJP (E) Web to Stiff 29 mm
Weld Factored Resistance 232 MPa
Design Weld Strength 3.70|MN OK
D/C 0.23
- Bearing Check
Allowable 466 MPa BDS 10.48.7 1.35F,

Bearing Strength 3.26)|MN OK
0.26

6) Floorbeam Web

D 550 mm  Sheet 676

t 35 mm  Sheet677

Load on Web EMN 50% reaction from 4 rods
Shear Tearout of Web

Shear Capacity of Web 3.85|MN oK

D/C 0.87

101

Page 16 of 16



Appendix 3C
Design Drawings

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

102
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Appendix 5

Strut-and-Tie Model Calculations
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= N Project:
%JESKIM-MASTERS Subject:

SFOBB Peer Review

Experience great bridges.

Content:

Strut and tie models: LP B_Transverse

Pier E2 Cap: Bearings-column region

0 Specifications:

1 Principal Stress Directions from FEM

AASHTO LRFD Design Specs. 2012

Made by:
Checked by:
Sheet No.:

8/8/2013

8/8/2013

2 of

Pier WP
Steel Elev 42,026 m
crossbeam [{see Note 3)
||'_‘ 'j
| I A A A A A A VU T T TV TV U UV [TV VU U v oy uU‘I
1 ..'l
S e
]
| Y M u'{ = !
| | U T 0T [——F
= %’ﬁi 2% . (A il By s
k [ R S O [y iy A =
\ 7 r
\ /t o ®
\ w0 o +
\ 2 O
\,l‘ / | - o| =
\ [ - 1]
\ / ™ Ay r e
\ 7 T I - Ve
.\II / ! % L
Py Concrete |
\ crossbeam  / i
\ N -
IK ! L Pler EZ, Typ
— Shear key I i
I
assembly, Typ— ! i
! 1
e e e e a
e S S = = e — i
=
= A 17 |
53
=
= &= i
= i
=== = _E_ e it
e T et 0 B A IS
N R T
dil
1n Y
nan
i v
bl
2 Strut-tie Model:
Loadocasze: 6:EQ Transverse
Results file: Strut and tie TPM model Case B transy_End 2.mys
Ertity: Forcefoment - Bar
Component: Fx
it 8
-52.0034E3
" '!__ ’
-41 BOGTES
-31.205E3
r
-20.8034E3
-10.4017E3
on
104017ES
20.8034E3 - A
L
. 31.205E3 T X

Maximum 37 G685E3 &t node 3 of element 24

tfinirmum -55.74635E3 &t node 10 of element 19
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ﬁnesm MASTERS
Experience great bridges.

3 Boundary forces:

- Column:

Project: SFOBB Peer Review

Subject:  Strut and tie models: LP B_Transverse

Content:  Pier E2 Cap: Bearings-column region

Moment:

Axial force:

Distance between resultant internal forces:
Shear force:

Effective compression:
Effective Tension:

- Longitudinal Post-tensioning forces:

Total postensiong force at service:
No. of points where the load is applied:
Force at points of application:

- Bearing forces including PT forces:

4 Model forces:

Loadcase: 6:EGQ Transverse

Reszults file: Strut and tie TPM model Case B transv_End 2.mys

Enrtity: ForceMoment - Bar

Component: Fix

-52ABT1ES
-45 905TES
-39.3504E3

-32.T92ES
-26.2336E3
-196752E3

-131168E3

oo

-6 55535E3 "‘T

Made by: NYG 8/8/2013
Checked by: 8/8/2013
Sheet No.: 3 of 7
us Metric
641000 kip-ft 870 MN-m
25145 kips 112 MN
9.088 ft
13483 kips 60 MN
83105 kips 370 MN
-57960 kips -258 MN
32121  kips 143 MN
2
16061 Kips 71 MN
Top Hor. = 6853  Kkips 30 MN
Vert. =  -19344 Kkips -86 MN
Bottom Vert. = 15649 Kips 70 MN

Maximum 37 S655E3 at node 3 of element 24

Minimum -55 7463E3 &t node 10 of element 19

Loadoase: BEG Transverse

Results file: Strut and tie TPM model Case B transy_End 2.mys

Entity: FarceMoment - Bar

Component: Fx

oo
. 4.45515E3
5.81031E3

13.3655E3
17 .5208E3
22.2758E3
26.7309E3

31.1861E3 —"

- 35.6412E3

Maximum 37 8655E3 at node 3 of element 24

Minimum -55.7463E3 at node 10 of element 19

153




\ Project: SFOBB Peer Review Made by: NYG 8/8/2013
%,ESK, vasTers Subject:  Strut and tie models: LP B_Transverse Checked by: 8/8/2013
prmmemEEt - Content:  Pier E2 Cap: Bearings-column region Sheet No.: 4 of 7
5 Checks:
- Compressive struts:
Effective cross sectional area of critical strut: Acs = 13387.86 in2
Diameter of the reinforcement that anchors the strut: db = 224 in 57 mm
Distance between longitudinal bars in the column resisting compression: s= 7874 in 2000 mm
Horizontal projection of Width of strut: la= 105.67 in 2684 mm
Inclination of strut: Bs= 40.29 deg
Width of strut: b1= 6833 in
Depth of strut:
Assume an average width of cap beam between column and bearings d= 19593 in 4976.5 mm
Limiting compressive stress in the strut: fcu= 6.80 ksi
Compressive concrete strength: fc= 8 ksi
Angle between strut and adjoining tie: a= 79.71 deg
Tensile strain in the concrete in the direction of tie:
Assume prestressing compression has not been exceeded es= 0.0000
el= 6.59E-05
Resistance Factor: ¢= 0.70
Strut compressive resistance: oPn= 63726 Kips 284 MN
Critical Compression: Pu= 55576 Kips 247 MN
D/IC= 0.87 OK!
- Tension ties:
Area of longitudinal steel reinforcement in tie: Ast= 85290 in2 If uncut
677.97 in3 If all cut
Column vertical reinforcement: M bars: db= 224 in 57  mm
n= 96 If uncut
66 If all cut
db = 1.69 in 43 mm
n= 72 If uncut
51 If all cut
N bars: db = 1.69 in 43 mm
n= 20 If uncut
16 If all cut
Cap beam stirrups and bars: db = 1.69 in 43 mm
= 102
db= 098 in 25
n= 48
Yield strength of reinforcement: fy = 60 ksi
Resistance Factor: o= 0.90
Tie tensile resistance: oPn = 46057 Kips 205 MN
36610 Kips 163 MN
Critical Tension: Pu= 55634 Kips 248 MN
D/IC = NG  If uncut
D/C = NG  Ifall cut
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Project:

mSTERS SUbjeCt:

SFOBB Peer Review

Made by: NYG 8/8/2013
Strut and tie models: LB_Transverse Checked by: 8/8/2013
prmmemEEt - Content:  Pier E2 Cap: Interior shear keys region Sheet No.: 5 of
0 Specifications: AASHTO LRFD Design Specs. 2012
1 Principal Stress Directions from FEM
Fier WP
Elev 42. 866 m
[(see Note 3) /SjL_QEl
crossbeam
AR A v\ruuquuuuuuul'n:| I:'ﬂl
7 ! ‘ |f JT!-'H'U'. TUTT o UUov ] vUTT
N E E ] 4@ ! =)
[ a— //‘ L\ e
. 11 rfr—— | . — T ]
- .
A %ﬁ;%‘ %ﬁg 2% _ i
|
III :
\ /
III f"{
\
. a, /
i \ — 3 II' / ’Ill i
|Eep ) B R \ |
i assembly, Typ | (-—Corﬂcr‘eJre / !
\{ ' | crossheam ;‘f L]
T

2 Strut-tie Model:

Loadcase: 6:EC Transverse

Results file: Strut and tie TPM model Caze Ctransy_Middle mys

Enrtity; ForcemMoment - Bar

Component: Fx

-4d SFXEES
=37 1M07ES
-29 BEE6ES

-2 2BE4E3

-14.5443E3
-7 42214E3
0.0
T42214E3
14 5443E3

: & ¥

Maxirmum 20.3793E3 at node 5 of element 67

timitnum -46 4263 at node 9 of element 70
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Project: SFOBB Peer Review

mmm Subject:  Strut and tie models: LB_Transverse
prmmemEEt - Content:  Pier E2 Cap: Interior shear keys region

3 Boundary forces:

- Column: Moment:
Axial force:

Distance between resultant internal forces:

Shear force:

Effective compression:
Effective Tension:

- Longitudinal Post-tensioning forces:

Total postensiong force at service:

top
bottom

No. of points where the load is applied:

Midpoint:
End points:

- Shear key forces including PT forces:

- Shear key forces PT forces:
4 Maximum Model Forces:

Loadcase: 6:EQ Tranzverze
Results file: Strut and tie TPM model Case D transy_Middle mys
Entity; Forcemdoment - Bar

Component; Fix

-30.2015E3
-32.BETIEZ
-26.1343E3
-19.B003E3 -
-13.0672E3
-3.53309E3

o0 Lo

5.53359E3

- 13.0672E3

Maximum 15.8155E3 at node S of element 67

hinimum -42 9367E3S at node 9 of element 70

Midpoint:
Lateral point a:

Lateral point b:

T

156

Made by:
Checked by:
Sheet No.:

Hor.
Vert. =
Hor.
Vert. =
Hor.
Vert. =

P/2 =
P/4 =

NYG 8/8/2013
8/8/2013
6 of 7
us Metric
322754 Kkip-ft 438 MN-m
13351 kips 59 MN
13.15 ft
12424.3 Kkips 55 MN
17868.5 Kips 80 MN
-31219.5 Kips -139 MN
32121 kips 143 MN
3
16061 Kips 71 MN
8030  kips 36 MN
2284  Kips 10 MN
0 kips 0 MN
1142  Kips 5 MN
1641  Kips 7 MN
1142  Kips 5 MN
-1641  kips -7 MN
13538 kips 60 MN
6769  kips 30 MN
e




Project: SFOBB Peer Review

mmm Subject:  Strut and tie models: LB_Transverse

TR Content:  Pier E2 Cap: Interior shear keys region

5 Checks:
- Compressive struts:
Critical Compression:
Limiting compressive stress in the strut:
Compressive concrete strength:
Angle between strut and adjoining tie:
Tensile strain in the concrete in the direction of tie:
Assume prestressing compression has not been exceeded

Resistance Factor:

Reinforcement in direction of strut:

Required cross sectional area of critical strut:
Depth of strut:
Required width of strut:

Made by:
Checked by:
Sheet No.:

Pu

fcu =
fc=
a =
el=
£s=

(I):

Ts =
db =
N =
fy =
Acs =

d=
b1 =

NYG 8/8/2013
8/8/2013
7 of 7
42987 Kips 191 MN
6.80 ksi
8 ksi
90.00 deg
7.5E-36
0.0000
0.70
17087 Kips
2.24 in 57 mm
72
60.00 Kksi
5800.22 in2
154.72 in 3930 mm
37.49 in 952 mm

Required width is similar to the distance over which the reinforcement is distributed .. OK!

- Tension ties:

Area of longitudinal steel reinforcement in tie:

Yield strength of reinforcement:
Area of prestressing steel in tie:
Effective prestressing stress:
Resistance Factor:

Tie tensile resistance:
Critical Tension:

157

Ast =

db =
n=
db =
n:
db =
n:

fy =
Aps =
fpe =
b=
oPn =

Pu=
D/IC =

314.96

2.24
72
1.69
8
0.98
16

60

95.48

169.47

0.90

36727

15816
0.43

in2
in
in

in

ksi
in2
ksi

Kips

Kips
OK!

57 mm
43 mm
25

163 MN
70 MN





