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The Problem
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ASD Design

Q

v max < v allowable

• v allowable is a presumptive 
allowable bearing capacity

• Obtained from AASHTO Specs
• Based on a limiting settlement 

only (usually ½ to 1”)
• Shear failure of foundation 

assumed to be not controlling
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• Presumptive (AASHTO 2006 Table 10.6.2.6-1 from 
NAVFAC DM-7)



LRFD Design
Service Limit State
• Compute 

displacements and 
compare to tolerable 
displacement

Strength Limit State
• Check sliding failure
• Check overturning (e)
• Check bearing failure

z

x
Controlled for soft, 
fractured rocks
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1. 10.6.3.5 allows flexibility in the method used
2. Many engineers use equation 10.8.3.5.4c-2
3. This is equivalent to the  Nms method that was 

presented in the old ASD specifications

Current LRFD Methodology

  un qssmsq 



 

Nms Coqult =ASD
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 qn >  V 1 + 6e
B B
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Research 
(50 lbs of geotech reports)
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Estimate of  RMR based 
on logs and descriptions

Recommended allowable 
bearing capacity (presumptive)

Estimate of  GSI and other rock 
mass strength parameters



Spread Footings

Drilled Shafts

Distribution of 
Data
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Design Recommendations
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• Needed to be as objective as possible
• Needed to be easily implemented in the field
• Needed to provide results consistent with 

previous successful practice



Design Recommendations
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• RMR as published in AASHTO selected as a 
reasonable basis for bearing resistance 
determination

• Different methods for RMR < 50 and RMR > 50



• Empirical correlation of RMR to C and f (Serafim
and Pereira, 1983; Bieniawski, 1989

Design Recommendation for RMR < 50

2
5

104
RMRFriction

RMRCCohesion

f 





(in PSF)
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• General bearing resistance equation

Design Recommendation for RMR < 50

qn = c Ncm +  Df Nqm Cwq + 0.5  B Nm Cw

V

 qn > __ V__
B – 2eb

B – 2eb

eb



• m & s (AASHTO 2006 10.4.6.4-4) Hoek and Brown

Design Recommendation for RMR > 50
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• Lower bound equation (AASHTO 2006 10.8.3.5.4c-2)

Design Recommendation for RMR > 50

  un qssmsq 
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Design 
as Soil
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Design 
as Soil
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Implementation
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Implementation of RMR

Inspector HandbookContract Documents
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Implementation of RMR

7-3-10-20-4
(44)
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Implementation of Design Procedures
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Performance of implemented solution
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Performance of implemented solution
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Issues

• Discontinuity at RMR=50
• Resistance factor
• Confusion about design methodology
• Presentation of recommended bearing 

resistance for RMR < 50
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Resistance Factor

Calibration to ASD:

FS =  / 
Average load factor  = 1.4

For  = 0.5; FS = 2.8

For  = 0.45; FS = 3.1

 = 0.45 will be recommended in BDM



Confusion about Design Procedures
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Presentation of Bearing Resistance
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Conclusions

• RMR = 50 is appropriate split between 
methods
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Conclusions

• Not an LRFD statistical approach but a 
calibration to past successful practice 
retaining as much of AASHTO as 
possible
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Conclusions

• Many fewer complaints about 
“unreasonable” bearing resistance

36



Creating Value …

… Delivering Solutions

Scott Zang, P.E. 
Michael Baker Jr., Inc.

Questions?

Joe Carte, P.E. 
W.V Department of Transportation


