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Capacity Calculations

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

ASD Method, old BS8004 and

Limit State Design EC7 many local codes around the world

Calculate each soil resistance

Apply different resistance Apply factors to material
factors on resistances based on properties ym such as ¢ and ¢ Apply no factors and get
soil type and methods used for Get Resistance R ultimate resistance Qs and Qb

calculation and installation, get s ADpPly FS1,FS2 or FS3 and FS4
Ri Apply load factors on loads, yF PPYY and get Qall

Apply load factors on loads, get Get the applied factored loads E Check Qapplied < Qall
factored loads Qi Check E <R

Check Qi < summation of Ri



Analysis for structural design

l

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 < dMn, Pu<¢Pn , Vu<pVn
etc..

|

Limit State Design EC7

Apply factors to material

properties ym such as E, ¢
and ¢,

Apply load factors on loads,
YF

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<dPn , Vu<dVn
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<dPn , Vu<dVn
etc..

Assuming working stress
design is obsolete



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 ym such as ¢ and ¢ for
SLS conditions.

Apply SLS factors on loads, yF

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




Resistance factors (LRFD) or material factors (EC7) (or
safety factors if ASD), methods for calculations

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

Deformations Under
Service loads

Apply material factors for ULS in EC7, apply strength
== V,PV under Ultimate loads reduction factors in LRFD, get ultimate actions, for
ASD no factors are applied

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

Interaction Diagrams and

Capacity Ratio




z NiYiQni < @R

where

v; is a load factor for the load case i specified for the
load case in the load combinateion of i cases

Qi is the nominal load of case i

R is the nominal resistance estimated by traditional
theoretical, or empirical methods or from a load test

@ is a resistance factor specified by the local code of practice

n; is a ductility factor that gives weight to dif ferent load cases

for groups:

z YiQni < @ Z nR;



Table 3.4.1-1—Load Combinations and Load Factors

DC Use One of These at a Time

DD

DWW

EH

EVv | LL

ES M

EL CE
Load PS BR
Combination | CR PL
Limit State SH LS WA WS | WL | FR v IG| SE | EQ | BL IC CT cv
Strength I Tr 175 | 100 | — — [ 1.00 [ 050/120 (yre | Y | — | — e — e
(unless noted)
Strength I Yp 1351100 | — — | 100 | 0501120 |yr6 | ys£ | — | — — — —
Strength ITI Yp - 100 | 100 | — | 100 050/120 |[yre | vs£ | — | — — — —
Strength IV Yp — | 100 | — — | 1.00| 0501120 | — | — — | — — — —
Strength V Yo 135|100 ] 1.00 | 100|100 | 050120 |yr6| ys£ | — | — — — —
Extreme 100 | ye0 | 1.00 — — | 1.00 - — | — | 100 | — - - -
Event I
Extreme 100 [ 050 | 1.00 | — — | 1.00 — — | — | — | 100 1.00 [ 1.00 | 1.00
Event II
Service | 100 | 1.00 | 1.00 | 100 | 100 {100 ]| 1.00/)120 |y | v | — | — — — —
Service I 100 | 130 | 100 | — — |100] 1.00/120 | — | — — | — - - —
Service ITI 100 | vz | 1.00 | — — | 100 1.00120 |yr6 | v | — | — - .- B
Service IV 100| — [ 100 100 | — |100 (| 100/120 | —[100| — | — — — —
Fatigue I— —_ 175 | — —_— —_— ] - _— —_—] - —_— | - -_— —_— —
LL IM& CE
only
Fatigue II— — | 080 | — — — | — — — | — — | — — — —
LL IM& CE
only

Note: For Service I, the load factor for EV equals 1.2 for Stiffness Method Soil Failure as shown in Table 3.4.1-2.




Table 10.5.5.2.3-1—Resistance Factors for Driven Piles

Resistance CPT-method (Schmertmann) 0.50
Condition/Resistance Determination Method Factor End bearing in rock (Canadian Geotech. Society, 1985) 045
Driving criteria established by successful static load test of at least 0.80 Block Failure, gs: Clay 0.60
one pile per site condition and dynamic testing® of at least two piles Nordlund Method 0.35
per site condition, but no less than 2% ofthe production piles a-method 0.25
Driving criteria established by successful static load test of at least 0.75 fi-method 0.20
one pile per site condition without dynamic testing Uplift Resistance of ~-method 0.30
Nominal Bearing Driving criteria established by dynamic testing® conducted on 100% 0.75 Single Piles, ¢up SPT-method 0.25
Resistance of Single of production piles CPT-method 0.40
Pile—Dynamic Driving criteria established by dynamic testing®, quality control by 0.65 Static load test 0.60
Analysis and Static dynamic testing® of at least two piles per site condition, but no less Dynamic test with signal matching 0.50
Load Test Methods, than 2% of the production piles Group Uplift All soils 0.50
Patym Wave equation analysis, without pile dynamic measurements or load 0.50 Resistance. Qur
test but with field confirmation of hammer performance Lateral Geotechnical All soils and rock 1.0
FHWA-modified Gates dynamic pile formula (End of Drive condition 0.40 Resistance of Single
only) Pile or Pile Group
Engineering News (as defined in Article 10.7.3.8.5) dynamic pile 0.10 Steel piles See the provisions of Article 6.5.4.2
formula (End of Drive condition only) Structural Limit State Congcrete piles See the provisions of Article 5.5.4.2
Side Resistance and End Bearing: Clay and Mixed Soils Timber piles See the provisions of Articles 8.5.2.2 and 8.5.2.3
a-method (Tomlinson, 1987; Skempton, 1951) 0.35 Steel piles See the provisions of Article 6.5.4.2
f-method (Esrig & Kirby, 1979; Skempton, 1951) 0.25 Pile Drivability Concrete piles See the provisions of Article 5.5.4.2
Nominal Bearing #-method (Vijayvergiva & Focht, 1972; Skempton, 1951) 0.40 Anslysis o Timber piles See the provisions of Article 8.5.2.2
Resistance of Single = “ =% =8 = D ) = e e =
Pile—Static Analysis Side Resistance and End Bearing: Sand In all three Articles identified above, use @ identified as “resistance during pile driving™
Methods, @ s Nordlund/T hurman Method (Hannigan et al., 2005) g;fl *Dynamic testing requires signal matching, and best estimates of nominal resistance are made from a restnike. Dynamic tests are

SPT-method (Meyerhof)

calibrated to the static load test, when avalable




Table 10.5.5.2.4-1—Resistance Factors for Geotechnical Resistance of Drilled Shafts

Method/Soil/Condition Resistance Factor
Side resistance in clay a-method 045
(Brown etal., 2010)
Tip resistance in clay Total Stress 040
(Brown etal., 2010)
Side resistance in sand B-method 0.55
(Brown et al., 2010)
Tip resistance in sand Brown et al. 2010) 0.50
Nominal Axial Side resistance in cohesive | Brown et al. (2010) 0.60
Compressive IGMs=
Resistance of Tip resistance in cohesive | Brown et al. (2010) 0.55
Single-Dnlled IGMs
Shafts, Qo Side resistance in rock Kulhawy et al. (2005) 055
Brown et al. 2010)
Side resistance 1n rock Carter and Kulhawy (1988) 0.50
Tip resistance in rock Canadian Geotechnical Society 0.50
(1985)
Pressuremeter Method (Canadian
Geotechmical Society, 1985)
Brown et al. (2010)
Block Failure, 0s; Clay 0.55
Clay a-method 035
bl
Uplift Resistance of S R bomeoik wb, BON) 535
Single-Drilled - B-method 4
(Brown etal.. 2010)
Shafts, .y
Rock Kulhawy et al. (2005) 040
Brown et al. (2010)
Geowp Uplit Sand and clay 4
Resistance. Qur
Honzontal All matenals 1.0
Geotechnical
Resistance of Single
Shaft or Shaft
Group _
Static Load Test Al Materials 0.70
(compression), Dioad
Static Load Test | All Matenals 0.60
(“Phﬁ) Qupicat




Vsat ¥ ' N ( N 1) 60 Es ¢ i Sy kc E50
ksf f Ib/in®
51t i pe
15 ft 25
1.Loose Silty V105 426 6 9 128 33 - -
Fine Sand (SM) 10 ft I = 20
2. Medium Dense
Coarse Sand 25 ft 112 496 14 17 340 36 - 60 2
Little Silt (SP)
%
3.Dense Gravel
with Sand (GW)
(Occasional a7 ft 125 626 66 59 1416 40° ~ 125 2
Cobbles)

4.Limestone Bedrock

HP 12x74
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Define Pile Section Properties

[Jpiesectons
M Pile Section 2
B Pile Section 3
M Pile Section 4
B Pile Section 5

W4 80OV

Name: Pile Section 1

Cross Section
Cross Section:
Type of Rolled Section:
Section Name:
Pile Perimeter for Skin Friction:
Tip Area for End Bearing:

User-defined Area of Tip (ft2);

Rolled Section v

Select Area?
HP12 x 74

Box Perimeter v

Box Area v

[Juse this area for volume displaced per unit length

Display Units
Cross Section Units: ft v

Stress Strength Units: ksi

Perimeter?



Total Skin Friction End Bearing Unit Skin Friction Unit End Bearing
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U('Tz':;a"'e (Skin D";‘;;?g;:;“" (Skin (End Dg;:_?g:;'d (End (Unit Skin skin (UnitSkin | (UnitEnd |End Bearing)| (UnitEnd
(kips) 2] (kips). iicon) Eenina (kips) Eens) S fcion) Exicron) Searing s bearngl
1230.194 801.010 801.010 £01.010 429.184 429.184 429.184 4811759 4811759 4811759 | 417600251 | 417600251 | 417600.251
1239.978 810.794 810.794 810.794 429.184 429.184 429.184 4839.291 4839.291 4839.291 | 417600.251 | 417600.251 | 417600.251
1249.818 820.634 820.634 820.634 429184 429184 429.184 4866.822 4866.822 4866.822 | 417600.251 | 417600.251 | 417600.251
1259.714 830.529 830.529 830529 429.184 429184 429.184 4894354 4894354 4894354 | 417600.251 | 417600.251 | 417600.251
1269.666 840.481 840.481 840.481 429.184 429.184 429.184 4921.885 4921.885 4921.885 | 417600.251 | 417600.251 | 417600.251
1279673 850.489 850.489 850.489 429.184 429.184 429.184 4949.417 4949.417 4949.417 | 417600.251 | 417600.251 | 417600.251
1289.736 860.552 860.552 860.552 429184 429.184 429.184 4976.948 4976948 | 4976948 | 417600.251 | 417600.251 | 417600.251

alils

4] 4] #] » | M\ Total A Skin Friction A\ End Bearing A Unit Skin Friction A Unit End Bearing A Combined Driven Results /' + |




Table 10.5.5.2 3-1—Resistance Factors for Driven Piles

P — Methods, @ Nordlund/Thurman Method (Hannigan et al., 2005) 0-15
Condition/Resistance Determination Method Factor SPT-method (Meyerhof) 030
Driving criteria established by successful static load test of at least 0.80 CPT-method (Schmeramann) 0.50
one pile per site condition and dynamic testing® of at least two piles Lt B . 1
per site condition, but no less than 2% of the production piles _ End bearing in rock (Canadian Geotech. Society. 1985) 250
Driving criteria established by successful static load test of at least 0.75 Block Failure, gs: = 0.60
one pile per site condition without dynamic testing Nordlund Method g;;
Nominal Bearing Driving criteria established by dynamic testing® conducted on 100% 0.75 a-method s
Resistance of Single of production piles Uolift Resi ¢ P'""’“"’d 030
Piir.;l‘)ynamic ) Driving criteria established by dynamic testing®, quality control by 0.65 5.p II Pt'r:clslameo :;’H;Clh)llimd 0'25
Analysis and Static dynamic testing® of at least two piles per site condition, but no less HF0 1108 P A Fome 0'40
Load Test Methods, | than 2% of the production piles g”’"ﬁ:;’" 0.60
Pty Wave equation analysis, without pile dynamic measurements or load 0.50 leuc it "’;S:‘.lh sl iciitolil 0:50
test but with field confirmation of hammer performance G Unhint A“"mf‘l:c est with $ignal MElChing 050
FHWA-modified Gates dynamic pile formula (End of Drive condition 0.40 sty i S ;
only) Resslan?c. Pur i _
Engincering News (as defined in Article 10.7.3.8.5) dynamic pile 0.10 :{"’“‘f"’“‘“"‘f’ﬂ‘.““"’] All soils and rock 1.0
formula (End of Drive condition only) P.e: s(aj;c_:;oﬁmmy o
Side JEBRIGE il Bt e N MSINUBL S E— Steel piles Sce the provisions of Article 6.5.4.2
a-method (Tomlinson, 1987; Skempton, 1951) 0.35 5 e G e £ Ve : 4
B-method (Esrig & Kirby, 1979; Skempton, 1951) 0.25 Structural Limit State Congcrete piles See the provisions of Article 5.5.4.2
Nominal Bearing h-method (Vijayvergiya & Focht, 1972; Skempton, 1951) 040 i B
Resistance of Single q v bﬁlccl piles . h\ee the provisions of.'\n!cle 6.5.4.2
Pile—Static Analysis | Side Resistance and End Bearing: Sand R Pile Drivability ol e e g e
Methods, @ s Nordlund/Thurman Method (Hannigan et al.. 2005) \g_;%_/ Analysis, 94 fher plles @ The provisions of Aricle 8.2.2.
SPT-method (Meyerhof) c In all three Articles identified above, use ¢ identified as “resistance during pile driving”

*Dynamic testing requires signal matching, and best estimates of nominal resistance are made from a restnke. Dynamic tests are
calibrated to the static load test, when avalable

1/0.45=2.22=old FS

@R = 0.45 * 1289.74 = 580.4 kips to be compared withz: YiQni < @R



Thank You



