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Hastings Bridge (in construction)
•Mississippi River Crossing near St Paul MN•Mississippi River Crossing near St. Paul, MN

•Replace Existing Bridge in SH61

MRB (in construction)MRB (in construction)
•Mississippi River Crossing in St. Louis

•New I‐70 Bridge
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ΣηiγiQi ≤ ΣϕiRi
Where: ηi = modifier for ductility, redundancy, and importance

γi = load factor
Qi = force effect
ϕi = resistance factor
Ri = nominal resistance

Technical Way to Say:  Factored Load ≤ Factored Resistance for each Load Case

My Experience with Bridges:

1. Structural Engineer provides Factored Loads (ΣηiγiQi) for each Load Case

2 F d ti E i id N i l R i t & R i t F t2. Foundation Engineer provides Nominal Resistance & Resistance Factors 
(ΣϕiRi)

3. Strength or Extreme Limit States controls Axial Design

4. Extreme Limit State controls Lateral Design

5. Service Limit State doesn’t control (perhaps not true for buildings)

Axial Design (helpful to interact with Structural Engineer):

1. Generate Nominal Resistance Values (perhaps at EOID and Long‐Term)

2. Recommend Appropriate Resistance Factors
•Different Limit States (STR, EXT, SER)
•Different Loading Direction (Compression vs Uplift)•Different Loading Direction (Compression vs. Uplift)
•Different Levels of Verification (Static Load Test, High‐Strain Dynamic, etc.) 
•Different Design Approaches (α, Β, λ, Nordlund, Meyerhof, Schmertmann, etc.)
•Redundancy (20% decrease if non‐redundant)

Lateral Design (requires interaction with the Structural Engineer):

1. Perform GROUP Analysis using Factored Loads (also useful for axial design)y g ( g )

2. Evaluate Most Heavily Loaded Member for Flexural Failure using LPILE

3. Divide Resulting Horizontal Load on Most Heavily Loaded Member by ϕ (0.67 or 0.80)

4. Evaluate Push‐Over of Most Heavily Loaded Member using Load from #3 & LPILE (can also 
use GROUP or others)
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Hastings Bridge

•Design/Build Awarded on Best Value•Design/Build, Awarded on Best Value

•Free Standing Arch

•Joint Venture Contractor:  Lunda/Ames

•Designer: Parsons Transportation Group (PTG)

•DBA Role:  Foundation Engineers
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Figure 4:  Pier 6, Single Vertical 42”x1” Open-Ended Pipe Pile. 
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Compression:
ϕ= 0.80 for Bridge Piers (STR, redundant group, load test & PDA/CAPWAP w/ Restrikes)
ϕ= 0.65 for Abutment & Retain Walls (STR, redundant group, PDA/CAPWAP w/ Restrikes)
ϕ= 1.0 (EXT)
ϕ= 1.0 (SER)

Uplift:
ϕ = 0.50 (STR, PDA/CAPWAP w/ Restrikes)
ϕ= 0.80 (EXT)

Lateral:
ϕ = 0.80 for push‐over (STR and EXT)
ϕ = 1.0 for flexure (STR and EXT)
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MRB

•Design Bid Build with ATC’s•Design‐Bid‐Build with ATC s

•Cable‐Stay Main Span with 2 River Piers

•Joint Venture Contractor:  Massman/Traylor/Alberici

•Designer: HNTB

•DBA Role:  ATC Foundation Development
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River Piers:
2x3 Group of Drilled Shafts2x3 Group of Drilled Shafts 

11ft Diameter Rock Sockets

Static Load Test

Fixed Heads (redundant)
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Anchor Piers
4 Shafts per Pier, Each Supporting an 
Individual Column (non‐redundant)

9.5ft Diameter Rock Sockets

Load Test
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Compression:
ϕ= 0.70 for River Piers (STR, redundant group, load test)
ϕ = 0.56 for Anchor Piers (STR, non‐redundant group, load test)
ϕ= 1.0 (EXT)
ϕ= 1.0 (SER)

Uplift:
No foundation elements in uplift in any load case

Lateral:
ϕ = 0.80 for push‐over (STR and EXT) at River Piers because fixed‐head
ϕ= 0.67 & 0.80 for push‐over (STR & EXT) at Anchor Piers because free‐headϕ  0.67 & 0.80 for push over (STR & EXT) at Anchor Piers because free head
ϕ = 1.0 for flexure (STR and EXT)

Load Load FX FY FZ MX MY MZ

Combination Case (k) (k) (k) (k-ft) (k-ft) (k-ft)
EXT_I_ MaxMz 119,100 2,990 -1,086 -425 50,385 468,283
EXT_I_ MaxFy 138,391 7,145 -870 -11,230 77,914 401,334
EXT_I_ MinMx 133,928 3,952 374 -20,224 114,171 342,586
EXT_II_ MaxFx 129,334 883 -316 503 8,461 208,016
EXT_II_ MinFz 128,055 756 -7,238 969 336,237 142,241
EXT_II_ MaxMy 128,055 754 -7,233 2,521 346,276 141,310
SER I MinMy 103,256 -389 642 -11,772 -239,734 30,590_ _ y , , , ,
SER_I_ MinMx 104,136 663 571 -53,553 -133,185 26,111
SER_I_ MinMz 103,242 421 186 -3,868 -84,601 -166,733
SER_II_ MinFy 104,919 -1,644 -158 2,169 -11,510 60,010
SER_II_ MinMy 104,035 -8 -73 1,868 -127,328 -788
SER_II_ MinMz 103,385 201 -154 671 4,409 -131,884
SER_III_ MinFz 103,012 -3 -247 -1,450 64,155 21,267
SER_III_ MinMx 103,338 693 -125 -32,409 4,374 10,624
SER_III_ MinMz 102,839 571 -189 628 8,605 -115,438
STR_I_ MaxFz 89,586 -199 -26 8,607 -144,899 90,857
STR_I_ MinMy 89,855 -451 -48 2,607 -181,828 13,989
STR_I_ MinMz 89,707 664 -161 912 4,633 -217,712

STR_III_ MinMx 135,214 492 2,640 -49,432 -600,485 89,513
STR_III_ MinMy 87,431 -353 2,640 -49,429 -600,487 83,555
STR_III_ MinMz 86,882 316 1,463 -17,443 -427,131 -107,186
STR_IV_ MinFy 86,271 322 -161 112 4,619 29,453
STR_IV_ MinMy 86,271 322 -161 112 4,619 29,453
STR_IV_ MinMz 86,271 322 -161 112 4,619 29,453
STR_V_ MaxMz 137,855 1,114 -903 7,615 164,208 502,449
STR_V_ MaxFy 134,579 3,210 -872 4,203 162,357 273,899
STR_V_ MinMz 89,079 500 348 -5,337 -124,077 -204,704
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Conclusions:

1. LRFD is not difficult, so don’t fear the change from ASD or the Greek terminology

2. LRFD provides a more logical framework that incorporates probability & reliability.  
The approach is also consistent with modern structural design.

3. Just as with ASD, accurately estimating the nominal resistance (ultimate capacity) 
is the difficult part.

4. The Structural Engineer provides the Factored Loads (generally) for several load 
cases

5. Factored Resistance must equal or exceed Factored Load

6. The resistance factors change with:
• Limit state (STR, SER, EXT)
• Load direction (compression, uplift)
• Resistance verification (load test, PDA) or Design Approach (α, Β, λ, etc.)
• Redundant & Non‐Redundant Groups


