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NORDTANK 15M RO,!'OR WIND TURBINE

DIRECT EMREO PIER
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74' TUBE TOWER

DATE: 11-1-05

JOB NO. 05-066

Steel / C.,nerete / Bolts Geotechnical Data
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Friction Factor ~ =

Friction Factor (J.Ic) =

Upper Soil Conditions (Us) =

Low~r Soil Conditions (Ls) = L -Us =

Direct Sh~ar Ang\~ Abov~ Us (+s) =

Direct Sh~a.r Ang\~ for Ls (+L) =

Soil Density Abov~ Us ()..s) =

Soil D~nsity for Ls ()..L) =

Coh~sion Abov~ Us (Cs) =

Coh~sion for Ls (CL) =

Density of Soil Backfill ()..b) =

Design Wind Velocity 100 MPH (BASE WIND SPEED)

Turbine: Nordtank 15M Rotor

Tower: 74 Feet

CMP Inside Diameter (Oi) = 0

Tube Outside Diameter (Do) = 8.00

Inside Bolt Diameter (Bi) = 0

Outside Bolt Diameter (Eo) = 6.2927

Insde. Bse. Flng. Diameter (ld) = 6.03

Outside Bse. Flng. Diam. (Od) = 6.69

Diam. of Tower Wall (Dwall) = i 6.69

Base Shear (Fx) = 18,078

Dead Load (Fz) = 14,900

Ma.-omurn Moment (M) = 1,284,000

Length of Foundation (L) = 18.0

Area of Long Bolts (abl) = 0.606

Embedment Plate Width (pw) = 0.000

Tnsl. Stmgth. Twr. Bs. PIt. (fyb) ~ 36,000

Concrete Cmprsv. Stmgth (Pc) = i 4,000

Density of Concrete (A.c) = ! 150

Cncrt. Modulus ofElstcty. (Ec) =i 3,604,997

Steel Modulus of Elasticity (Es):: 29,000,000

Width orBs. Flng. on Twr. (lbf) = 4.0

Inside Width (lbfi) = 5.535

Diam. of Long Bolts (dbl) = 1.00

Ulbn. Strs. of Long Bits. (ful) = 120,000

Ulbn. Strgth. of Long Bits. (Ful) ~ 72,720

Nurn~r of Long Bolts (nbl) = 30

Post Tnsn. of Long Bolts (pbl) = 30,000

Base Flange Thickness (Bft) = 20

It = 3.141592654

Tower Tube Thickness(tt) = 0.375

CMP 14 Gauge (3 x I Helical)

Refer to Table 26 Sectional Properties of CMP,

Handbook of Steel Drainage & Highway Construction

Products by American Iron and Steel Institute 5th Edition, 1994

Uncoated Thickness (t) = 0.046

Developed Width Factor (b) = 1,243

Outside CMP Diameter (Do) = 8

Inside CMP Diameter (Oi) = 0

fT.

fT.

fT.

fT.

fT.

Fr.

LBS.

LBS.

fT.-LBS.

fT.
IN.A2

fT.
PSI.

PSI.

Lbs./Ft. A3

PSI.

PSI.

IN.
IN.

IN.

PSI.

LBf.

'V:o 

Concrek Volume

Safety Factor (Sf) =

34.44

3.60

CY

Dimnsions of Sq. Excvatin Uppr Soils (Deu) =

Dimension orfSq. E.xcvatin Lower Soils (Del)=

Average Density of Backfill ()..a) =

Dimnsions of Sq. Excvatin Mid Soils (Oem) =

Height Upper Slurry (Hsu) =

Height Mid Soil (Hms) =

10.00 f't.

9.00 f't.
150 l.bs/cu.ft.

9.00 Ft.

18 f;t.

9 Ft.

LBs.
IN.

IN.

IN.

Fr.
Fr. Cop}Tight ({;) 2005 by Patrick & Henderson, Inc.

IMPORTANT NOTE :

The infornlation, data and fomlulas in these calculations is prop.

rietary and is not to be used, reproduced, or copied without the

expressed written consent of Patrick and Henderson, Inc.
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I. TEI.tAL EART

A.

EQuivalent Fluid Pressures (!XI)

A's = As[(1 + sin,s)! (I -sin"'s)]

A's = 315

A'L = AL[(1 + sin+L)!(1 -sincilL»)

~'L = 358

B. Passive Resistance Soil Pressures (pst)

1. £1 = 2Cs

2,820.00

2,820.00

358.00 -44.04

f1=
2 fl = f1 + A's Us

fl =

3. £'2 = 2CL + A's Us

£'2=

4. f2= £'2+ A'L(z-Us)

f2=
5. £3 = f2+ A'L(L-z)

£3= 6,400.05

c.

111,038.49

514,836.76

Lateral Forces a,Bt)

I. Su = [(fl + fl)/2] [(Hsu)(Deu)+(Hms)(Dem)

Su = 407,160.00

2 SL = (£2 + f2)/2 (z -Us) De

SL = 1,790.02 z~2 + -440.38 z

3. R = (f2 + 0)/2 (L -z) Del

R = -1,611.02 z~2 396.34 z

4. Ff= mc fFz +(Del~2 -PI/4 Do~2) L I..a +PI/4(Do~2-Di~2)L Ac+ (PI/4Di~2IbL)]

Ff = 233,600.00

5. Fx = Base Shear

Fx = 18,078

D. Sum of Lateral Forces = Q

1. Su + SL -R -Ff -Fx = 0

3,401.04
1.00

z = 11.8841

2 Check Sum of Lateral Fooces

407,160

233,600

zA2

zA2

-836.72

-0.25

470,393.26

138.31

136,537

18,078

-737,655

-445,636

E. Copyright @ 2005 by Patrick &. Henderson, Inc.

IMPORTANT NOTE:

The infonnation, data and fonnuJAs in these calculations is prop-

rietary and is not to be used, reproduced, or copied without the

expressed written consent of Patrick and Henderson, Inc.

"..~ ~.l\'~~ Ah~... D~;_. ~.D~.n.;~- "A" (.,-r T RALuti... v. .,.v...c .~u.. VU'CVL .,vta..v.. ., ,. '-~~'!
I. al = z -[(Us/3)«2f1 + f1)/(f1 + 1:'1»]

.1 = 6.8072

2 a2 = (z -Us)[(l -«21:'2 + £2)/(3(£2 + 1:'2»]

a2 = 1.8140

3. a3 = «L -z)/3)«2£3 + 1:'2)/(1:'2 + £3»

a3 = 3.2683

4. Resisting Moment to Overturn = Mrt = .1 SIl + a2 SL + a3 R + (L-z) Ff

Mrt = 5,402,367

5. Overturning Moment at Point of Rotation "A" = Mo = Fx«M/Fx) + z)

Mo = 1,498,841

6. Safety Factor to Ove~rn = SF = Mrt/Mo
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4

SF= 3.60

ll. STEEL / CONCRETE ANAI.YSIS

Externallnad Inchlding.'i6()O R.sis liRe

Fext = «(4~)!(Dwall» -Fz

Fext = 152,813 LBf.

B.

Stiffness ConstAnts a,Bf/ft.)

1. Long Bolts

Cbl = «nb!) (Es) (abl»/L

Cbl = 29,290,000

2 Lower Concrete

Ccl = «1t/4)(Do~2 -Di~2)(Ec)/(L)

Ccl = 1,449,655,120

3. Outer Steel Pipe

Cpo = (Es)(P)(Do)(b)(t»/L

Cpo = 27,782,770,974

4. Inner Steel Pipe

Cpi = (Es)(It)(Di)(b)(t»/li

Cpi= I. 0

c.

Elongation of Foundation (Et.)

Fext = (Cbl + Ccl + Cpo + Cpi)t!uf

t!uf = O.(XXX) Ft. (Elongation of Foundation)

D. Tensile Forces in E"ch Elem"nt. of Frnlnd"tion IT.Rf)

1. Fbi = Force in Long Bolts = L\uf Cbl

Fbi = 754

2. Fpo = Force in Outer Steel Pipe = L\ufCpo

Fpo = 714,764

3. Fpi = Force in Inner Steel Pipe = L\uf Cpi

Fpi= 0

4. Fcl = Force in Lower Concrete = L\uclfCcl

Fcl = -37,295

Total = 752,813 = Fext total

5. Fbi = Force in E..ch Long Bolt == Fbl/nbl

FbI = 25 LBE

TRUE

E. Set Compressive Forces in Concrete to Counter Tensile Forces aRf)

1. Set Post Tension in Bolts

a. Long Bolts (£bl)

Fcl = 37,295
Pblm ' Fcl/nbl (min. post tension)

Pblm ' 1,243

Set Pbl = 30,00:> ' Pblm TRUE

P'bl = Pbl + F'bl

P'b! = 30,025

Fybl = (0.9)*(0.8*(FuI) = Max. Allowable Tensile Load

Fybl = 52,358

P'bl < Fybl = TRUE

III. RESISTANCE TO BASE SHEAR (LBf.)

Copyright I{) 2005 by Patrick & Henderson, Inc.

IMPORTANT NOTE:

The information, data and formulas in these calculations is prop-

rietary and is not to be used, reproduced, or copied without the

expressed written consent of Patrick and Henderson, Inc.
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Allowable Shear = Fv = (Q.17(ful)(abl»(nbl)

Fv = 370,872

Fx = 18,078

Fv»Fx= TRUE

IV. CONCRETE COMPRESSION / PIJI.IDIfr(PSi.)

A. Base Flan~ of Tower

Pbf= Total Load on Base Flange = P'bl nbl

Pbf= m,754 LBE.

Abf= Area of Base Flange = (1t/4)(Od~2 -Id~2)

Abf= 949 In.~2

Aab = Area of Anchor Bolts = (abl)(nbl)

Aab = 18.18 In.~2

fcbf = Conc~te Compression at Base Flange = Pbf/ (Abf -Aab)

fcbf = 967 PSi.

fcbf < fc = TRUE

B. Bearing Plates -None Requir"cJ

V. REQUIRED 'l'HICKNESS OF RASE FT.ANGE (In.)

tb '" Required Thickness '" Ibfi(SQRT(3)(fcbf)/(fyb*O.75)

tb '" 1.81 In.

Bft '" Base Flange Thickness Design by Others

Bft'" 200

Bft > tb '" TRUE

FOUNDATION SUMMA]~Y

Length =

Outside Diameter =

Inside Diameter =

18

8

0

Copyright (!:;) 2005 by Patrick & Henderson, Inc.

18 LF -

18 LF-

34.44 CY 6 Sack Concrete

23.94624919 CY 2 Sack Slurry

8

0

Fr. DiameterCMP

Fr. DiameterCMP

IMPORTANT NOTE:

The infonnation, data and fonnulas in these calculations is prop-

rietary and is not to be used, reproduced, or copied without the

expressed written consent of Patrick and Henderson, Inc.
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