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Design 
Approaches

ASD
allowable 

stress design

LSD
limit state 

design with 
partial 
factors

LRFD
load and 

resistance 
factor design



Capacity Calculations

LRFD Method US and Canada
AASHTO, FHWA, ACI and DOTs

Calculate each soil resistance 

Apply different resistance 
factors on resistances based on 
soil type and methods used for 
calculation and installation, get 

Ri

Apply load factors on loads, get 
factored loads Qi

Check Qi < summation of Ri 

Limit State Design EC7

Apply factors to material 
properties m such as c and 

Get Resistance R

Apply load factors on loads, F
Get the applied factored loads E

Check E < R

ASD Method, old BS8004 and 
many local codes around the world

Apply no factors and get 
ultimate resistance Qs and Qb

Apply FS1,FS2 or FS3 and FS4 
and get Qall

Check Qapplied < Qall



Analysis for structural design

LRFD Method US and Canada
AASHTO, FHWA, ACI and DOTs

Calculate each soil T-z Q-z 
or P-y

Analyze sections as their 
code-based stress strain 

relations (such as for 
concrete and steel).

Analyze for response using 
elastic or FEM methods. 

Use resulted Mu,Vu,Pu directly 
for structural design as factored 

actions on sections. 

Mu < Mn, Pu<Pn , Vu<Vn
etc..

Limit State Design EC7

Apply factors to material 
properties m such as E, c 

and , 

Apply load factors on loads, 
F

Analyze for response using 
elastic or FEM methods. 

Use resulted Mu,Vu,Pu directly 
for structural design as factored 

actions on sections. 

Mu < Mn, Pu<Pn , Vu<Vn
etc..

ASD Method, old BS8004 and 
many local codes around the world

Apply no factors on 
materials or loads.

Analyze for response using 
chosen stress strain 

relations.

Get results M,V,P

Apply average load factors to 
resulted M,V,P for structural 
design as factored actions on 

sections Mu,Pu,Vu. 

Mu < Mn, Pu<Pn , Vu<Vn
etc.. As
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Analysis for deformations at service loads

LRFD Method US and 
Canada

AASHTO, FHWA, ACI and 
DOTs

Calculate each soil T-z Q-z or P-y

Add multipliers to the curves as 
material factors (if they exist in 

SLS conditions). Analyze sections 
as their code-based stress strain 

relations (such as for concrete and 
steel). Analyze for response using 

elastic or FEM methods. 

Results are deformations 
and stresses under service 

load conditions

Limit State Design EC7

Apply factors to material 
properties m such as c and  for 

SLS conditions.

Apply SLS factors on loads, F
Analyze for response using elastic 

or FEM methods. 

Results are deformations 
and stresses under service 

load conditions

ASD Method, old BS8004 
and many local codes around 

the world

Apply no factors on materials or 
loads.

Analyze for response using chosen 
stress strain relations.

Get results M,V,P

Results are deformations 
and stresses under 

service load conditions
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Capacity Calculations Resistance factors (LRFD) or material factors (EC7) (or 
safety factors if ASD), methods for calculations

Deformations Under 
Service loads

SLS factors on loads (LRFD or EC7) or no factors for 
ASD, no material factors or SLS material factors 

especially if P-Y, T-z and Q-z are applied

M,P,V under Ultimate loads
Apply material factors for ULS in EC7, apply strength 
reduction factors in LRFD, get ultimate actions, for 

ASD no factors are applied

Interaction Diagrams and 
Capacity Ratio

Get Stress- strain relations, apply strength reduction 
factors on Interaction diagrams, check with applied 

Mu and Pu



෍ 𝜂௜𝛾௜𝑄௡௜ ≤ 𝜑𝑅

𝑤ℎ𝑒𝑟𝑒
𝛾௜ 𝑖𝑠 𝑎 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑐𝑎𝑠𝑒 𝑖 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 
     𝑙𝑜𝑎𝑑 𝑐𝑎𝑠𝑒 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑒𝑖𝑜𝑛 𝑜𝑓 𝑖 𝑐𝑎𝑠𝑒𝑠
𝑄௡௜ 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑙𝑜𝑎𝑑 𝑜𝑓 𝑐𝑎𝑠𝑒 𝑖
𝑅 𝑖𝑠 𝑡ℎ𝑒 𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑏𝑦 𝑡𝑟𝑎𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 
     𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙, 𝑜𝑟 𝑒𝑚𝑝𝑖𝑟𝑖𝑐𝑎𝑙 𝑚𝑒𝑡ℎ𝑜𝑑𝑠  𝑜𝑟 𝑓𝑟𝑜𝑚 𝑎 𝑙𝑜𝑎𝑑 𝑡𝑒𝑠𝑡
𝜑 𝑖𝑠 𝑎 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑙𝑜𝑐𝑎𝑙 𝑐𝑜𝑑𝑒 𝑜𝑓 𝑝𝑟𝑎𝑐𝑡𝑖𝑐𝑒
𝜂௜ 𝑖𝑠 𝑎 𝑑𝑢𝑐𝑡𝑖𝑙𝑖𝑡𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 𝑡ℎ𝑎𝑡 𝑔𝑖𝑣𝑒𝑠 𝑤𝑒𝑖𝑔ℎ𝑡 𝑡𝑜 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑙𝑜𝑎𝑑 𝑐𝑎𝑠𝑒𝑠

𝑓𝑜𝑟 𝑔𝑟𝑜𝑢𝑝𝑠:

෍ 𝛾௜𝑄௡௜ ≤ 𝜑 ෍ 𝜂𝑅௝
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Resistance, kips

Ultimate shaft resistance

Ultimate tip resistance

Ultimate total resistance

Ultimate shaft resistance (RSPile)

Ultimate tip resistance (RSPile)

Ultimate total resistance (RSPile)



Perimeter?

Area?





1/0.45= 2.22= old FS

𝜑𝑅 = 0.45 ∗ 1289.74 = 580.4 𝑘𝑖𝑝𝑠 𝑡𝑜 𝑏𝑒 𝑐𝑜𝑚𝑝𝑎𝑟𝑒𝑑 𝑤𝑖𝑡ℎ ෍ 𝛾௜𝑄௡௜ ≤ 𝜑𝑅
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