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Hastings Bridge (in construction)
*Mlississippi River Crossing near St. Paul, MN
*Replace Existing Bridge in SH61

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

*New I-70 Bridge
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Where: 1, = modifier for ductility, redundancy, and importance
v, = load factor
Q, = force effect
¢, = resistance factor
R; = nominal resistance

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

My Experience with Bridges:
1. Structural Engineer provides Factored Loads (£n,y,Q;) for each Load Case

2. Foundation Engineer provides Nominal Resistance & Resistance Factors
(ZoR)

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)
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Axial Design (helpful to interact with Structural Engineer): Il ASSOCIATES

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

2. Recommend Appropriate Resistance Factors
eDifferent Limit States (STR, EXT, SER)
*Different Loading Direction (Compression vs. Uplift)
*Different Levels of Verification (Static Load Test, High-Strain Dynamic, etc.)
«Different Design Approaches (a, B, A, 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)
2. Evaluate Most Heavily Loaded Member for Flexural Failure using LPILE
3. Divide Resulting Horizontal Load on Most Heavily Loaded Member by ¢ (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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TABLE 10-2  AASHTO (2007) LIMIT STATES FOR BRIDGE DESIGN

Il ASSOCIATES
Limit State Type | Case Load Combination
I Normal vehicular use of the bridge without wind
1 Use of the bridge by Owner-specified special vehicles, evaluation penmit
vehicles, or both, without wind
111 Bridge exposed to wind velocity exceeding 55 mph
v Very high dead load to live load force effect ratios
v Normal vehicular use of the bridge with wind of 55 mph
I Load combination including earthquake
Iee load, collision by vessels and vehicles, and certain hydraulic events
il with a reduced live load other than that which is part of the vehicular
collision load, C7
7 1 Normal operational use of the bridge with a 55 mph wind and all loads taken at
their nominal values
11 Intended to control yielding of steel structures and slip of slip-critical
@ conneclions due to vehicular live load
111 Longitudinal analysis relating to tension in prestressed conerete supersimuetures
with the objective of crack control and to principal tension in the webs of
segmental concrele girders
v Tension in prestressed concrete columns with the objective of crack contral

Fatigue

FHWA-NHI-10-016
Drilled Shafts Manual

Repetitive gravitational vehicular live load and dynamic responses under the
effects of asingle design truck

10-LRFD for Drilled Shall Design
10-7 May 2010

T0o0

N SPECIFICATIONS

Table 10.5.5.2.4-1—Resi Factors for of Drilled Shafts BROWN
Method Soil/Condition Resistance Factor BT ASSOCIATES
Side resistonce i clay wemethod 045
(0" Neill and Reese. 1999)
Tip rasistance in clay Total Stress 040
(0" Neill and Reese. 1999)
Side resistance in sand Pemethod 0.55
{0 Neill and Reese. 1999)
Tip rasistance in sand O'Neill and Reese (1999 050
Nominal Axial - - _ —
Compressive Side resistance in IGMs O'Neill and Reese (1999) Q.60
Resistarce of Tip rsistance m [GMs O'Neill and Reese (1999) 0.55
Single-Drilled Sude resistance i rock Horvath and Kenney (1979) .55
Shafts, Qe O'Neill and Reese (1999)
Side resistance in rock Carter and Kunlhawy (1988) 0.50
Tip resistance in rock Canadian Geotechnical Society 050
(1985)
Pressuremeter Method (Canadian
Grevechuical Sociely, 1985)
0" Neill and Reese (1999)
Block Failure. gy | Clay 0.55
Clay a=method 0.35
Uplift Resistance of [ ; (0" Neill and Reese. 1999) T
single-Drilled sand p-method "
Slll‘lh&'i_ O {0"Neill and Reese, 1999)
. Rock Horvath and Kenaey (1979) 040
Carter and Kulhawy (1988)
Group Uplift . 045
Resistance, oy Sand and clay
Honzontal All matenals [«ET>)
Geotechnical
Resistarce of Single
Shaft or Shaft
Group
Stanc ) Lc.md. Test All Matesials 070 K ——
(compression). ..
Stanc  Load Test | All Matenials 060
(uplift). pupes

3/4/2011



3/4/2011

Table 10.5.5.2.3-1

of Single Pile—Dynamic

Methods. @gn

Nominal Bearing Resistance

Analysis and Static Load Test

* Dyunamic testing

sigmal

calibrated to the static load test, when available.

Il ASSOCIATES
Resistance Factors for Driven Piles
Hesistance
Condilion/Resistance Detennination Method Taclor
Driving criteria cstablished by successful static load test of at 080€ —
least one pile per site condition and dynamic testing® of at
least two piles per site condition. but no less than 2% of the
production piles
Driving criteria established by successful static load test of at 0.75
least one pile per site condition without dyvnamic testing
Driving criteria established by dynamic testing* conducted on 0.75
100% of production piles
Driving criteria established by dynamic testing® qualiry 0.65
control by dynamic testing® of at least rwo piles per site
condition. but no less than 2% of the production piles
Wave equation analysis, without pile dynamic measurements 0.50
or load test but with field confinnation of hammer
performance
FHWA-modified Gares dynamic pile formula (End of Drive 0.40
condition only)
Engineermg News (as defined in Article 10.7.3.8.5) dynamic 0.10
pile formula (End of Drive condition only)
and best estimates of il resist are made from a resinke. Dynanue tests are

10-46 AASHTO LRFD Brinee Destoy seecireations [l H0AN
Table 10.5.5,2.3-1—Resistance Factors for Driven Piles (continned) mﬁﬁI::S'DIBIITESI
Condition/Resistance Deternmination Method Resistance Factor
Side Resistance and End Bearing: Clay and Mixed Soils
a-method (Tomlinson. 1987: Skempton. 1951) 0.35
p-method (Esrig & Kirby. 1979 Skempton, 1951) 0.25
Nominal Bearing -method (Vijayvergiya & Focht, 1972; Skempton, 1951) 0.40
Resistance of
Single Pile—Static | sjde Resistance and End Bearing: Sand
Analysis Methods, Nordlund Thurman Method (Hannigan et al., 2005) 0.45
Parar SPT-method (Meverhof)
030
CPT-method (Sclunermann)
End bearng i rock (Canadian Geotech. Sociery, 1985) g:e
Block Failure, g Clay 0.60
Nordlund Method 035
a-method 025
p-method 020
Uplift Resistance s-method 0.30
of Single Piles. g,, | SPT-method 025
CPT-method 0.40
Static load test 0.60
Dynamic test with signal matching 0.50
Group Uplift All soils 0.50
Resistance, gy,
Lateral All soils and rock Qo)
Geotechnical
Resistance of
Single Pile or Pile
Group
X L Steel piles See the provisions of Amicle 6.5.4.2
:;‘[‘:'"ml Limit IC‘_oncmc_p‘jlcs See the provisions ol'f\.m:clc 55421
Timber piles See the provisions of Article 8522 and 85.2.3
Steel piles See the provisions of Article 6.5.4.2
Pile Drivability Concrete piles See the provisions of Amicle $.54.2.1
. 4 Tumber piles See the provisions of Aricle 83522
Analysis, g,
In all three Articles identified abov identified as “tesistance during pile dri
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Limit State

Component of
Resistance

Geomaterial

Equation, Method, or | Resistance
Chapter Reference

Factor, @

Strength 1 through
Strength V

Geotechnical Lateral
Resistance

Pushover of individual
elastic shafl; head free 1o
rotate

Pushover of single row,
retaining wall or abutment;
head free to rotate
Pushover ol elastic shall
within multiple-row group,
with moment connection to

cap

All geomaterials

All geomaterials

All geamaterials

p-y method pushaver

analysis; Ch. 12

p-y pushover analysis

p-y pushover analysis

Extreme Event T and
Extreme Event 11

Axial geotechnical uplift
resistance

All geomaterials

Methods cited above for
Strength Limit States

0.80

Geotechnical lateral
resistance

All other cases

All geomaterials

All geomaterials

p-y method pushover
analysis; Ch. 12
Methods cited above for

Strength Limit States

1.00

TCurrently not addressed in AASHTO (2007)
an-sign equation differs from AASHTO (2007)

FHWA-NHI-10-016

Drilled Shafts Manual

TResistance factor different from AASHTO
¥ See AASHTO Table 10.5.5.2.3-1
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10-LRFD for Drilled Shalt Design

May 2010

*Design/Build, Awarded on Best Value

*Joint Venture Contractor: Lunda/Ames
eDesigner: Parsons Transportation Group (PTG)

*DBA Role: Foundation Engineers

Hastings Bridge

*Free Standing Arch
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Pile Size Geotechnical Nominal Resistances (k) | BROWN
42” X 7/8” 2,900 IR TIT ASSOCIATES

42" x 1”7 3,300

660 ‘ ‘

650 ----End of Initial Drive

640 |y - - Pre-Scour Compression

630 :.ll\ ——Post-Scour Compression

620 [+ \ Post-Scour Tension

610 b - - ~Bedrock @ 505ft

600 :‘ ‘\ — - Nominal Resistance = 3,300k

590 N\

580 |
570

560 -
550
540 -
530
520
510
500

Elevation (ft)

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 3000 3250 3500
Nominal Resistance (kips)

Figure 4: Pier 6, Single Vertical 42"x1” Open-Ended Pipe Pile.

| 4 [21]
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Compression:
¢=0.80 for Bridge Piers (STR, redundant group, load test & PDA/CAPWAP w/ Restrikes)
¢=0.65 for Abutment & Retain Walls (STR, redundant group, PDA/CAPWAP w/ Restrikes)
¢= 1.0 (EXT)
¢= 1.0 (SER)

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

Lateral:
¢ = 0.80 for push-over (STR and EXT)
¢ = 1.0 for flexure (STR and EXT)
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Tied Arch Foundation Loads

Strength |
\ Fx Fy Pix My
Pler 6 28,130 715 - 58,160 51,484
Pler 5 31,870 710 - 58,538 68,915
Pler 4 14,500 264 a7 36,166 18,949
Pler 3 14,519 393 97 20,439 22,068
Pler 2 14,355 393 97 15,814 22,345
Pler 1 13,672 264 97 33,908 12,745
Exfreme Il (Longitudinal}
\y Fx Fy Pix My
Pler & 25,198 851 - 15,826 52,049
Pler 5 28,736 2,041 - 16,201 125,776
Pler 4 13,484 1,251 92 6,568 44,247
Pler 3 12,748 1,286 92 5,791 41,570
Pler 2 12,592 1,286 92 5,196 40,477
Plar 1 12,715 1,761 97 4,415 24,338
Exfreme Il {Transverse)
W Fx Fy P iy
Pler 6 25,198 601 500 33,326 43,299
Pler 5 28,736 591 2,900 153,081 57,336
Pler 4 13,484 251 2,002 66,933 18,047
Pler 3 12,748 286 2,002 58,098 18,141
Pler 2 12,582 286 2,092 57,503 16,277 Hom
Pler 1 12,315 251 2,092 56,783 12,138 | BROWN
Id T ASSOCIATES
Total Moment
0.000F +01]
3050 10§
7.900E+0f
1105640
1.580F 107
1.975E407
2AT0E0
2.765F 107
. 3.160E+07
I5HSEH0
AUB0E 0
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Tolal Shear
5.640E-58

16700.02
33400.0
50100.002
GABO0.109
BIS00.137
- LODZEA0f
- 1.169E+0Y

1.336E 405
1.503E+04
1.6T0F 405

IR TIT] ASSOCIATES

Total Dl:m:c’t
5.970E-53

0.836
1.672
2.508
3.344
4.180
5.016

- 6.852

b6.688
7.524
A.360

| [ [L1]
1|1 BROWN
IR TIT] ASSOCIATES
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Lateral Deflection (in) Bending Moment {in-kips}
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0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200

Load (kips)

MRB

*Design-Bid-Build with ATC’s

HOEOAN
BROWN

B 1111 ASSOCIATES

*Cable-Stay Main Span with 2 River Piers

eJoint Venture Contractor: Massman/Traylor/Alberici

*Designer: HNTB

*DBA Role: ATC Foundation Development

3/4/2011
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River Piers:

2x3 Group of Drilled Shafts
11ft Diameter Rock Sockets
Static Load Test

Fixed Heads (redundant)

BT ASSOCIATES

3/4/2011

13



5 Tr' —3[ sottan or ool um . T . § o
St { ‘ WA \
% IR E) (N AR j
i e s - bt [ J]
i : R s e b S
e o e it i teh Wt
E () i
£ El Estinofed T of Aok Elev. 408.00
s
|
By Lo Anchor Piers
i = ] . )
o e 4 Shafts per Pier, Each Supporting an
J— Individual Column (non-redundant)
% Emln;::-:an_ockmmﬂ

DRILLED SHAFT AND ROCK SOCKET ELEVATION

9.5ft Diameter Rock Sockets
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Top of Rock Blevation: 319 | Completion Date: __ 21610 _

Datum sl

DESCRIPTION OF MATERIAL

GRAPHIC LOG

SPT BLOW COUNTS
CORE RECOVERY/RQC
SAMPLES

DRY UNIT WEIGHT (pef]

| | l | DEPTH
INFEET

I
o
1

I
a
1

il

[ [T ]T1s]]]

I
B
1

I
5
a

1

l

Fiard, gray. very fvely crystalling, (hick E=dded, fresh
LIMESTONE with chert nodules

"‘\‘\ clay seam from 1.7 10 1.8 feet
Unconfined Compressive Strength = 26,592 psl

[~~ Unconfined Compresaive Strength = 29,829 pai

“\‘H Unconfined Compressive Strength = 22,616 pei
maderatity hard, sightly pited from 5.4 to 9.9 fest

[~ Unconfined Compressive Strength = 21,518 psi
[~ Unconfined Compressive Strength = 19,767 pai

[~ clay seam (025 inches)

[~ with shale partings fram 20.0 1o 20.4 feet
™= with shale partings from 307 85 31,5 feet

[~ shale seam from £3.0 to 43 2 feet

%

MX1

NXS

1008 ey

NX9

i

:

PX10

|- a5

Boring terminated at 44 feet
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Compression:
¢=0.70 for River Piers (STR, redundant group, load test)
¢ = 0.56 for Anchor Piers (STR, non-redundant group, load test)
¢=1.0 (EXT)
¢=1.0 (SER)
Uplift:
No foundation elements in uplift in any load case
Lateral:
¢ = 0.80 for push-over (STR and EXT) at River Piers because fixed-head
¢=0.67 & 0.80 for push-over (STR & EXT) at Anchor Piers because free-head
¢ = 1.0 for flexure (STR and EXT)
1]
| BROWN
Load Load Fx Fy Fz Mx My Mz Il ASSOCIATES
Combination| _Case (K) (K) (K) (k-ft) (k-ft) (k-ft)
EXT_| MaxMz | 119,100 2,990 | -1,086 -425 50,385 | 468,283
EXT | MaxFy | 138,391] 7,145 -870 | -11,230 | 77,914 | 401,334
EXT | 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_Il_ MaxMy | 128,055| 754 7,233 | 2,521 | 346,276 | 141,310
SER | MinMy | 103,256 | -389 642 -11,772 | -239,734 | 30,590
SER | MinMx | 104,136 | 663 571 -53,553 | -133,185 | 26,111
SER_| MinMz | 103,242 421 186 -3,868 | -84,601 | -166,733
SER_II MinFy | 104,919] -1644 [ -158 2,169 | -11,510 | 60,010
SER I MinMy [ 104,035] -8 -73 1,868 | -127,328 | -788
SER_II MinMz | 103,385 201 -154 671 4,409 | -131,884
SER _IIl 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_II MinMz_ | 102,839 [ 571 -189 628 8,605 | -115,438
STR | MaxFz_| 89,586 | -199 -26 8,607 | -144,899 | 90,857
STR_| MinMy | 89,855 | -451 -48 2,607 | -181,828 | 13,989
STR_| MinMz_ | 89,707 | 664 -161 912 4,633 | -217,712
STR_II MinMx_| 135,214 492 2,640 | -49,432 | -600,485 | 89,513
STR_II MinMy | 87,431 | -353 2,640 | -49,429 | -600,487 | 83,555
STR_II_ 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

3/4/2011
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Total Moment
L129E-10

SAF7ED
1007 E+01
1631 E+0i]
2175E 408
2 TTHE+0H
1.262E 400
J.B0GE +01

. 4. 349E +01]

BT ASSOCIATES

1LOIZE-11
5.020F +05
1.164E+0f
1.740E +06)
2.328E108
2.910E+0g
JA92E+06
- 4.0/4E10q

4656 E+0f
l 5.230F +06
H.H20E 110G

Total ShearJ
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Total Deflection
AADIE-07]

0120
0.240
0.361
0.481
0.601
0.7
- 0N

0.961
l.o82
1.202

Ul
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Pile Head Deflection (in)
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20 | e
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. | BROWN
o 5000 10,000 15,000 20,000 25,000 w000 15,000 [l ASSOCIATES

O-cell Load [ kips )

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:
e Limit state (STR, SER, EXT)
¢ Load direction (compression, uplift)
e Resistance verification (load test, PDA) or Design Approach (a, B, A, etc.)
¢ Redundant & Non-Redundant Groups

lE.m
IR TIT ASSOCIATES
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