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Outline

• IBC Wind Design
• Lateral Load Resistance of Piles
• Lateral Load Tests on Helical Piles
• Example Lateral Load Design
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Simplified Wind Loads

• Design Wind Pressure, Ps
– Ps = λ I ps30

Where λ = Adjustment Factor
I = Importance Factor
ps30 = Wind Pressure at 30 ft, 

Exposure B
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Adjustment Factors, (IBC 2006)
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Exposure Definitions

• Exposure B – Urban & Dense Suburban
• Exposure C – Open Terrain
• Exposure D – Shoreline, Flats, Lakes
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Basic Wind Speed, 3s Gust (IBC 2006)
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Design Wind Pressures, (IBC 2006)
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Design Wind Pressure, (IBC 2006)
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Lateral Capacity
Puri, Stephenson, Dziedzic, and Goen (1984)

-Helix piers can develop significant lateral resistance and 
this resistance is governed by shaft diameter

-Modified equations for p-y curves by Matlock & Reese

-Applied Cu parameter to account for disturbance
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Lateral Load Resistance of Piles
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Input Parameters for Different Soil Types

SPT Blow 
Count

Unit 
Weight

Horiz. Mod. 
of 

Subgrade 
Reaction

Angle of 
Friction Cohesion

Strain at 
50% Peak 
Strength

(b lows/ft) (pcf) (pci) (deg) (psf) (in/in)
Very Loose 0-4 70 5 25 - -
Loose 4-10 96 25 29 - -
Medium 10-30 110 90 33 - -
Dense 30-50 130 225 39 - -
Very Soft 0-2 82 30 - 200 0.06
Soft 2-4 86 100 - 400 0.02
Medium 4-8 92 500 - 800 0.01
Stiff 8-15 104 1000 - 1500 0.005
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Lateral Resistance Clay Soils
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Lateral Resistance Sand Soils
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Lateral Load Enhancement

Analysis Methods:
1. Broms
2. Brinch-Hansen
3. p-y Methods
4. Finite Difference 
5. Finite Element

Enlarged Shaft
Section

Bending Moment
Distribution in Pile
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Concrete
Enhanced

Helical Pier
Lateral Loads

Allowable Lateral Load (kips)
Post

Diameter Post Length
in 3 ft 6 ft

12 4.0 8.0

18 5.3 10.7

24 6.7 12.7

12 7.3 14.0

18 9.3 18.7

24 10.7 22.7

12 na 3.3

18 0.5 4.7

24 0.7 5.3

12 0.7 6.7

18 1.3 8.7

24 2.7 10.7
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Lateral Load Enhancement

Passive Earth
Pressure Resistance

Grade Beam & Pile Cap

Optional Lateral Tieback
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Lateral Load Enhancement
Battered
Piles

Pile Cap
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Lateral Load Testing
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Lateral Load Testing
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Dwyer Site Lateral Load Test Results
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Test Pier No. 3

Ultimate Lateral Capacity = 5,000 lbs

Soil Conditions at this 
Test Site consist of 
Sandy, Lean Clay with 
SPT N-values between 13 
and 21 in upper 7' of soil 
profile.
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Lateral Load Test Results
Site Soil Condition Average Design Capacity Pile Lead Configuration Ratio

N-Value Theoretical Measured Depth

University of Cincinnati, Ohio Silty Clay Fill 7.5 2550 1250 16 12" DCE 0.49

University of Cincinnati, Ohio Silty Clay Fill 7.5 2550 850 10 10" & 12" Circular 0.33

Dwyer Lot Sandy Clay 16 3850 1800 na na 0.47

Dwyer Lot Sandy Clay 16 3850 1500 18 8".10",12" DCE 0.39

Dwyer Lot Sandy Clay 16 3850 1050 12 8", 10", 12" Circular 0.27

West Chester Lot Clay 21 3850 2955 12 8" Circular 0.77

West Chester Lot Clay 21 3850 3485 12 8" Circular 0.91

West Chester Lot Clay 21 3850 5000 12 8" Circular 1.30

West Chester Lot Clay 21 3850 3430 12 8" Circular 0.89

West Chester Lot Clay 21 3850 2200 12 8" Circular 0.57

West Chester Lot Clay 21 3850 4400 12 8" Circular 1.14

West Chester Lot Clay 21 3850 2265 12 8" Circular 0.59

West Chester Lot Clay 21 3850 3185 12 8" Circular 0.83

Average = 0.69
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Lateral Load Test Results
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Example Lateral Load Design
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Example Calculations

8 ft

9 ft

6 ft40 ft

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8
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Design Wind Pressure, (IBC 2006)

Area D
Area C

= 8’x40’= 320 sf
= 9’x40’= 360 sf

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8
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Exposure Definitions

• Exposure B – Urban & Dense Suburban
• Exposure C – Open Terrain
• Exposure D – Shoreline, Flats, Lakes

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8

Exposure=D
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Adjustment Factors, (IBC 2006)

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8

Exposure=D

λ = 1.55
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Basic Wind Speed, 3s Gust (IBC 2006)

Frog Key

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8

Exposure=D

λ = 1.55
3s Gust=150 mph
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Design Wind Pressures, (IBC 2006)

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8

Exposure=D

λ = 1.55
3s Gust=150 mph
pS30, C= 31.9 psf

pS30, D= 22.0 psf
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Simplified Wind Loads

• Design Wind Pressure, Ps
– Ps = λ I ps30

Area D = 320 sf

Area C = 360 sf

Wind Parameters:

Mean Rf Ht= 19 ft

No. Piles= 8

Exposure=D

λ = 1.55
3s Gust=150 mph
pS30, C= 31.9 psf

pS30, D= 22.0 psf

– PsD = (1.55)(1.0)(31.9) = 49 psf
– PsC = (1.55)(1.0)(22.0) = 34 psf

– W = (49)(360)+(34)(320)=28 kips
– Wpile = 28/8 piles = 3.6 kips/pile
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Lateral Resistance Sand Soils
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Capacity/Pile = 7,300/2 = 3.7 kips >3.6 kips, okay!
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Conclusions

• Round-Shaft Helical Piles Have Small 
but Significant Lateral Load Resistance

• Steel Truss Assembly can be Used to 
Transfer Shear to Helical Piles without 
Concrete

• Field Tests Match Lateral Load 
Predictions in Dense Soils
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Questions?


