
Appendix 4

Strut Sectional Checks
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Appendix 5

Strut-and-Tie Model Calculations
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2       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LP B_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Bearings-column region Sheet No.:

0 Specifications: AASHTO LRFD Design Specs. 2012

1 Principal Stress Directions from FEM

2 Strut-tie Model:
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3       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LP B_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Bearings-column region Sheet No.:

US Metric
3 Boundary forces:

- Column: Moment: 641000 kip-ft 870 MN-m
Axial force: 25145 kips 112 MN
Distance between resultant internal forces: 9.088 ft
Shear force: 13483 kips 60 MN

Effective compression: 83105 kips 370 MN
Effective Tension: -57960 kips -258 MN

- Longitudinal Post-tensioning forces:
Total postensiong force at service: 32121 kips 143 MN
No. of points where the load is applied: 2
Force at points of application: 16061 kips 71 MN

- Bearing forces including PT forces: Top Hor. = 6853 kips 30 MN
Vert. = -19344 kips -86 MN

Bottom Vert. = 15649 kips 70 MN

4 Model forces:
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4       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LP B_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Bearings-column region Sheet No.:

5 Checks:

- Compressive struts:

Effective cross sectional area of critical strut: Acs = 13387.86 in2
Diameter of the reinforcement that anchors the strut: db = 2.24 in 57 mm
Distance between longitudinal bars in the column resisting compression: s = 78.74 in 2000 mm
Horizontal projection of Width of strut: la = 105.67 in 2684 mm
Inclination of strut: θs = 40.29 deg
Width of strut: b1 = 68.33 in
Depth of strut:
    Assume an average width of cap beam between column and bearings d = 195.93 in 4976.5 mm

Limiting compressive stress in the strut: fcu = 6.80 ksi
Compressive concrete strength: f'c = 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: f = 0.70

Strut compressive resistance: fPn = 63726 Kips 284 MN
Critical Compression: Pu = 55576 Kips 247 MN

D/C = 0.87 OK!

- Tension ties:

Area of longitudinal steel reinforcement in tie: Ast = 852.90 in2 If uncut
677.97 in3 If all cut

Column vertical reinforcement: M bars: db = 2.24 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
n = 102

db = 0.98 in 25
n = 48

Yield strength of reinforcement: fy = 60 ksi

Resistance Factor: f = 0.90

Tie tensile resistance: fPn = 46057 Kips 205 MN
36610 Kips 163 MN

Critical Tension: Pu = 55634 Kips 248 MN
D/C = 1.21 NG If uncut
D/C = 1.52 NG If all cut
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5       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LB_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Interior shear keys region Sheet No.:

0 Specifications: AASHTO LRFD Design Specs. 2012

1 Principal Stress Directions from FEM

2 Strut-tie Model:
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6       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LB_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Interior shear keys region Sheet No.:

US Metric
3 Boundary forces:

- Column: Moment: 322754 kip-ft 438 MN-m
Axial force: 13351 kips 59 MN
Distance between resultant internal forces: 13.15 ft
Shear force: 12424.3 kips 55 MN

Effective compression: top 17868.5 kips 80 MN
Effective Tension: bottom -31219.5 kips -139 MN

- Longitudinal Post-tensioning forces:
Total postensiong force at service: 32121 kips 143 MN
No. of points where the load is applied: 3
Midpoint: 16061 kips 71 MN
End points: 8030 kips 36 MN

- Shear key forces including PT forces: Midpoint: Hor. = 2284 kips 10 MN
Vert. = 0 kips 0 MN

Lateral point a: Hor. = 1142 kips 5 MN
Vert. = 1641 kips 7 MN

Lateral point b: Hor. = 1142 kips 5 MN
Vert. = -1641 kips -7 MN

- Shear key forces PT forces: P/2 = 13538 kips 60 MN
P/4 = 6769 kips 30 MN

4 Maximum Model Forces:
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7       of      7

Project: SFOBB Peer Review Made by: NYG 8/8/2013

Subject: Strut and tie models: LB_Transverse Checked by: 8/8/2013

Content: Pier E2 Cap: Interior shear keys region Sheet No.:

5 Checks:

- Compressive struts:

Critical Compression: Pu = 42987 Kips 191 MN

Limiting compressive stress in the strut: fcu = 6.80 ksi
Compressive concrete strength: f'c = 8 ksi
Angle between strut and adjoining tie: a = 90.00 deg
Tensile strain in the concrete in the direction of tie: el= 7.5E-36
    Assume prestressing compression has not been exceeded es= 0.0000

Resistance Factor: f = 0.70

Reinforcement in direction of strut: Ts = 17087 Kips
db = 2.24 in 57 mm
N = 72
fy = 60.00 ksi

Required cross sectional area of critical strut: Acs = 5800.22 in2
Depth of strut: d = 154.72 in 3930 mm
Required width of strut: b1 = 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: Ast = 314.96 in2

db = 2.24 in 57 mm
n = 72

db = 1.69 in 43 mm
n = 8

db = 0.98 in 25
n = 16

Yield strength of reinforcement: fy = 60 ksi

Area of prestressing steel in tie: Aps = 95.48 in2

Effective prestressing stress: fpe = 169.47 ksi

Resistance Factor: f = 0.90

Tie tensile resistance: fPn = 36727 Kips 163 MN
Critical Tension: Pu = 15816 Kips 70 MN

D/C = 0.43 OK!
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