
Design Example 1 
Cantilevered Overhead Sign Support - Truss with Post

 Problem statement:

Location: I-85 Atlanta, GA
Design a structure to support a sign 22 ft. long and 11 ft. high.  The distance from the
center of the upright to the center of the sign is 24 ft.  The distance from the base of the
post to the center of the sign is 23 ft. and no walkway is included. 

Use API-5L-X52 round steel pipe (Fy=52 ksi) for the main structure members and ASTM

A-53 Grade B pipe for the secondary members.  Use AASHTO M314-90 Grade 55
anchor bolts.  The structure would cross a lifeline travelway should it collapse.



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example
problems.  These include functions to determine Cd and resistance values for flexure, shear, and torsion

for common steel shapes.  You may need to reset the path to this file for your computer by right-clicking
on the reference.
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Definitions And Assumptions

Definitions and Assumptions:  Back to Contents

Materials:

γsteel 490
lbf

ft
3

:= γice 56.8
lbf

ft
3

:=

Fy_main 52ksi:= Fy_sec 35ksi:= Es 29000ksi:= Fy_bp 36ksi:=

Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Sign:

bsign 22ft:= hsign 11ft:= wsign 7psf:= Psign bsign hsign⋅ wsign⋅ 1.694 kip⋅=:=

Wind Loads:

VE1 120mph:= Figure 3.8-2a

VS2 76mph:= Figure 3.8-4a

Post:

Assume the main post is 24" diameter, t = 5/16" 

dpost 24in:= tpost
5

16
in:=

Lpost 25ft:=



dpost_out dpost tpost+ 24.3 in⋅=:=

dpost_in dpost tpost− 23.7 in⋅=:=

Apost π
dpost_out

2
dpost_in

2−





4
⋅ 23.6 in

2⋅=:=

Ipost π
dpost_out

4
dpost_in

4−





64
⋅ 1697 in

4⋅=:=

Spost π
dpost_out

4
dpost_in

4−





32 dpost_out⋅
⋅ 140 in

3⋅=:=

rpost

dpost_out
2

dpost_in
2+

4
8.49 in⋅=:=

Zpost 1.27Spost 177.3 in
3⋅=:=

From Table 5.7.2-1 

λp_post 0.07
Es

Fy_main

⋅ 39=:= λr_post_comp 0.11
Es

Fy_main

⋅ 61.3=:=
λpost

dpost

tpost

76.8=:=

λr_post_flex 0.31
Es

Fy_main

⋅ 172.9=:=

Qpost 0.67
0.038

dpost

tpost









Es

Fy_main









⋅+ 0.946=:= Equation 5.10.2.2-1



Truss:

htruss 23ft:= Height at which the truss frames into the post
(centroid).

ltruss 35ft:= Length of the truss.

lpanel 4ft:= Length and height of a truss panel.

dtruss 3ft:= Depth of the truss along the z-axis.

The following section properties are from the AISC Steel Design Manual.

Assume that the truss chords are HSS 3.5 X 0.188

dchord 3.5in:= tchord 0.174in:= Achord 1.82in
2:=

Ichord 2.52in
4:= Schord 1.44in

3:= rchord 1.18in:=

Jchord 5.04in
4:= Zchord 1.93in

3:= Cchord 2.88in
3:=

wchord 6.66plf:=

λp_chord 0.07
Es

Fy_main

⋅ 39.0=:= Qchord 1.0:= Table 5.7.2-1
λchord

dchord

tchord

20.1=:=



Assume the vertical struts and diagonals are 1" Standard Pipe:

dvdiag 1.32in:= tvdiag 0.124in:=
Avdiag 0.460in

2:=

Ivdiag 0.0830in
4:= Svdiag 0.126in

3:=

rvdiag 0.423in:=
Jvdiag 0.166in

4:= Zvdiag 0.177in
3:=

wvdiag 1.68plf:=

λp_vdiag 0.07
Es

Fy_sec

⋅ 58.0=:= Qvdiag 1.0:= Table 5.7.2-1
λvdiag

dvdiag

tvdiag

10.6=:=

Assume the horizontal diagonals are 1.5" Extra Strong Pipe:

dhdiag 1.90in:= thdiag 0.186in:= Ahdiag 1.00in
2:=

Ihdiag 0.372in
4:= Shdiag 0.392in

3:= rhdiag 0.610in:=

Jhdiag 0.744in
4:= Zhdiag 0.549in

3:=

whdiag 3.63plf:=

λp_hdiag 0.07
Es

Fy_sec

⋅ 58.0=:= Qhdiag 1.0:= Table 5.7.2-1
λhdiag

dhdiag

thdiag

10.2=:=

Definitions And Assumptions



Dead Loads

 Back to ContentsDead Loads

Psign 1.69 kip⋅=

dx_sign 24ft:= Distance from post to sign centroid, lever arm

Post weight:

Ppost Apost γsteel⋅ Lpost⋅ 2.00 kip⋅=:=

Truss Weights:

Chords for truss:

nchords 4:= ltruss 35 ft=

wchord 6.66 plf⋅=

Pchords nchords ltruss⋅ wchord⋅ 0.932 kip⋅=:=

Vertical Diagonals (for truss):

nverticals 18:= ndiagonals 16:= ldiagonal lpanel
2

lpanel
2+ 5.66ft=:=

lvertical lpanel 4.0 ft=:=

Pvert nverticals lvertical⋅ wvdiag⋅ ndiagonals ldiagonal⋅ wvdiag⋅+ 0.273 kip⋅=:=

Horizontal Diagonals  (top and bottom):

nhorizontals 18:=

Phorz nhorizontals dtruss⋅ whdiag⋅ 0.196 kip⋅=:=



Totals:

PtoPost Pchords Pvert+ Phorz+ Psign+( ) 3.10 kip⋅=:=

PFrontTruss

Pchords

2

Pvert

2
+

Phorz

2
+ Psign+









2.39 kip⋅=:=

wtruss

Pchords Pvert+ Phorz+

ltruss

40.0 plf⋅=:=

PPostBase PtoPost Ppost+ 5.10 kip⋅=:=

Moments:

Mz_sign Psign dx_sign⋅ 41 kip ft⋅⋅=:=

Mx_sign Psign

dtruss

2
⋅ 2.54 kip ft⋅⋅=:= dtruss/2 is the eccentricity of the sign.

Mz_truss Pchords Pvert+ Phorz+( )
ltruss

2
⋅ 24.5 kip ft⋅⋅=:=

Chord Forces:

Dead load moment:

MinFrontTruss

Mz_truss

2
Mz_sign+ 52.9 kip ft⋅⋅=:= Assume that the sign load is carried entirely by the

front truss.

Pchord

MinFrontTruss

lpanel

13.23 kip⋅=:= Maximum chord force in the front truss.



Vertical Strut Forces:

PDC_VStrut PFrontTruss 2.39 kip⋅=:=

PDC_VDiag 2 PDC_VStrut⋅ 3.39 kip⋅=:=

Dead Loads

Wind Loads

 Back to ContentsWind Loads

Areas:

Conservatively consider wind acting simultaneously on both panels of the truss.

Post:

Apost_E1 Lpost dpost_out⋅ 50.7 ft
2⋅=:=

Truss Chords:

Achords_E1 dchord tchord+( ) ltruss⋅ 4⋅ 42.9 ft
2=:=

Truss Diagonals:

Adiag_E1 dvdiag tvdiag+( ) ldiagonal⋅ ndiagonals⋅ 10.89ft
2=:=

Truss Verticals:

Avert_E1 dvdiag tvdiag+( ) lvertical⋅ nverticals⋅ 8.66ft
2=:=

Truss Horizontals:

Ahorz_E1 dhdiag thdiag+( ) dtruss⋅ 2⋅ 1.043ft
2=:=



Pressures:

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

ztruss htruss 23ft=:=

zpost

Lpost

2
12.5 ft=:=

zg 900ft:=

α 9.5:= Article C3.8.4

Kz_truss 2.00
ztruss

zg









2

α

0.924=:= Equation 3.8.4-1

Kz_post 2.00
zpost

zg









2

α

0.813=:=



G 1.14:= Gust effect factor, minimum value.

Use MRI = 1700 as failure

VE1 120 mph⋅= Extreme I Wind Speed - Figure 3.8-2b, 1700 year mean recurrence
interval.

Kd_post 0.95:= Directionality factor, see 3.8.5 for a round support.

Kd_truss 0.85:= Directionality factor, see 3.8.5 for an overheard truss.

Kd_sign 0.85:= Directionality factor, see 3.8.5.



Post:

Cd_post_E1 Cd_cylindrical VE1 dpost_out, ( ) 0.45=:=

Pz_post_E1 0.00256 Kz_post⋅ Kd_post⋅ G⋅ VE1
2⋅ Cd_post_E1⋅ Factor⋅ 14.6 psf⋅=:=

Ppost_E1 Pz_post_E1 Apost_E1⋅ 0.74 kip⋅=:=



Sign:

CdSign Cd_sign

bsign

hsign









1.19=:=

Pz_sign_E1 0.00256 Kz_truss⋅ Kd_sign⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 39.3 psf⋅=:=

Psign_E1 Pz_post_E1 bsign⋅ hsign⋅ 3.53 kip⋅=:=

Truss Diagonals:

Cd_diag_E1 Cd_cylindrical VE1 dvdiag tvdiag+( ),   1.1=:=

Pz_diag_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_diag_E1⋅ Factor⋅ 36.3 psf⋅=:=

Pdiag_E1 Pz_post_E1 Adiag_E1⋅ 0.16 kip⋅=:=

Truss Verticals (same size as diagonals):

Cd_vert_E1 Cd_cylindrical VE1 dvdiag tvdiag+( ),   1.1=:=

Pz_vert_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_diag_E1⋅ Factor⋅ 36.3 psf⋅=:=

Pvert_E1 Pz_vert_E1 Avert_E1⋅ 0.31 kip⋅=:=

Truss Horizontals:

Cd_horz_E1 Cd_cylindrical VE1 dhdiag thdiag+( ),   1.1=:=

Pz_horz_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_horz_E1⋅ Factor⋅ 36.3 psf⋅=:=

Phorz_E1 Pz_horz_E1 Avert_E1⋅ 0.31 kip⋅=:=



Truss Chords:

Cd_chord_E1 Cd_cylindrical VE1 dchord tchord+( ),   1.1=:=

Pz_chord_E1 0.00256 Factor⋅ Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_chord_E1⋅ 36.3 psf⋅=:=

Pwchord_E1 Pz_horz_E1 Avert_E1⋅ 0.31 kip⋅=:=

Totals:

PE1 Phorz_E1 Pvert_E1+ Pdiag_E1+ Pwchord_E1+ Psign_E1+ 4.64 kip⋅=:=

wE1

PE1

ltruss

132.5 plf⋅=:=

Moments:

ME1 PE1

ltruss

2
⋅ Psign_E1 dx_sign⋅+ 166 kip ft⋅⋅=:=

Chord Forces:

Pchord_E1

ME1

lpanel

41.5 kip⋅=:=

Reactions to Post:

Rpost_E1 PE1 4.64 kip⋅=:= Parallel to the z axis

Torsion (My):

My_E1 ME1 165.964 kip ft⋅⋅=:=



Moment (Mz):

Mz_DC Mz_sign Mz_truss+ 65.2 kip ft⋅⋅=:=

Horizontal Strut Forces:

PE1_HStrut

Rpost_E1

2
2.32 kip⋅=:=

PE1_HDiag
5

3
PE1_HStrut⋅ 3.86 kip⋅=:=

Wind Loads

Wind Load Combinations

Wind Load Combinations  Back to Contents

From Article 3.9.3-1

By engineering judgement, Load Case 1 will control.

Wind Load Combinations



Factored Actions
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γDC_E1 1.10:= γW_E1 1.0:=

Dead Load Actions:

Pchord 13.23 kip⋅= PDC_VStrut 2.39 kip⋅= PDC_VDiag 3.387 kip⋅=

PPostBase 5.1 kip⋅=

Mz_DC 65.2 kip ft⋅⋅=
Mz_sign 40.7 kip ft⋅⋅= Mx_sign 2.54 kip ft⋅⋅=



Wind Load Actions:

Pchord_E1 41.49 kip⋅= PE1_HStrut 2.32 kip⋅= PE1_HDiag 3.86 kip⋅=

VPostBase_E1 Rpost_E1 4.64 kip⋅=:=

Factored Truss Chord Force:

Pu_chord γDC_E1 Pchord⋅ γW_E1 Pchord_E1⋅+ 56 kip⋅=:=

Factored Web Element Forces:

Pu_VStrut γDC_E1 PDC_VStrut⋅ 2.63 kip⋅=:=

Pu_VDiag γDC_E1 PDC_VDiag⋅ 3.73 kip⋅=:=

Pu_HStrut γW_E1 PE1_HStrut⋅ 2.32 kip⋅=:=

Pu_HDiag γW_E1 PE1_HDiag⋅ 3.86 kip⋅=:=

Factored Actions at the Post Base:

Pu_PostBase γDC_E1 PPostBase⋅ 5.61 kip⋅=:=

Vu_PostBase γW_E1 VPostBase_E1⋅ 4.64 kip⋅=:=

Mu_yPostBase γW_E1 My_E1⋅ 166 kip ft⋅⋅=:= Torsion

Mu_zPostBase γDC_E1 Mz_DC⋅ 71.7 kip ft⋅⋅=:=

Mu_xPostBase γDC_E1 Mx_sign⋅ 2.8 kip ft⋅⋅=:=

Mu_Total Mu_zPostBase
2

Mu_xPostBase
2+ 71.8 kip ft⋅⋅=:=

Factored Actions



Truss Chord Resistance
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ϕflexure 0.9= ϕshear 0.9= ϕweld 0.75= ϕtorsion 0.95= ϕaxial 0.9=

ϕbolt_tension 0.75= ϕbolt_shear 0.33=

Lchord lpanel 4 ft=:=

kchord 1.0:=

rchord 1.18 in⋅=

kl_over_rchord

kchord Lchord⋅

rchord

40.7=:=

Qchord 1.00=

Fcr Fcr_roundTube_compr Fy_main Es, kl_over_rchord, Qchord, ( ) 45.9 ksi⋅=:=

ϕPn_chord ϕaxial Fcr⋅ Achord⋅ 75.1 kip⋅=:=

Pu_chord 56 kip⋅=

DesignRatio
Pu_chord

ϕPn_chord
0.746=:=

ChordResistanceCheck if Pu_chord ϕPn_chord≤ "OK", "No Good", ( ) "OK"=:=

Truss Chord Resistance



Vertical Web Member Resistance
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LVDiag 2 lpanel 5.66ft=:= kVDiag 1.0:= rvdiag 0.423 in⋅=

kl_over_rVDiag

kVDiag LVDiag⋅

rvdiag

160.5=:=

Qvdiag 1.00=

Fcr Fcr_roundTube_compr Fy_sec Es, kl_over_rVDiag, Qvdiag, ( ) 9.75 ksi⋅=:=

ϕPn_vert ϕaxial Fcr⋅ Avdiag⋅ 4.04 kip⋅=:=

Pu_VDiag 3.73 kip⋅=

DesignRatio
Pu_VDiag

ϕPn_vert
0.923=:=

VWebResistanceCheck if Pu_VDiag ϕPn_vert≤ "OK", "No Good", ( ) "OK"=:=

Vertical Web Member Resistance

Horizontal Web Member Resistance  Back to Contents

LHDiag dtruss
2

lpanel
2+ 5ft=:= kHDiag 1.0:= rhdiag 0.61 in⋅=

kl_over_rHDiag

kHDiag LHDiag⋅

rhdiag

98.4=:=



Qhdiag 1.00=

Fcr Fcr_roundTube_compr Fy_sec Es, kl_over_rHDiag, Qhdiag, ( ) 21.3 ksi⋅=:=

ϕPn_horz ϕaxial Fcr⋅ Ahdiag( )⋅ 19.2 kip⋅=:=

Pu_HDiag 3.86 kip⋅=

DesignRatio
Pu_HDiag

ϕPn_horz
0.201=:=

HWebResistanceCheck if Pu_HDiag ϕPn_vert≤ "OK", "No Good", ( ) "OK"=:=

Second Order Effects

Second Order Effects  Back to contents

Approximate second order effects (4.8.1):

rgybot

dpost

2
0.707⋅ 8.484 in⋅=:= Radius of Gyration

rgytop rgybot:=

rgymid rgybot 8.48 in⋅=:=

Dp Ppost 2.00 kip⋅=:=



IB 3.14
dpost

2









3

⋅ tpost⋅ 1696 in
4⋅=:= Moment of inertia, pole base

IT 3.14
dpost

2









3

⋅ tpost⋅ 1696 in
4⋅=:= Moment of inertia, pole top

Lpost 25ft=

k 2.1:= Slenderness Factor, 2.1 for a cantilever pole

SlendernessRatio
k Lpost⋅

rgymid

74=:=



SlendernessLimit
2 π

2⋅ Es⋅

Fy_main

104.9=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "No"=:=

Pequivalent 0.38 Dp⋅ 0.76 kip⋅=:=

PEuler_bottom

π
2
Es⋅ Ipost⋅

k Lpost⋅( )2
1224 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.00=:=
Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.00=:=

Second Order Effects

Post Base Resistance
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kpost 2.1:= rpost 8.5 in⋅= Lv htruss 23ft=:=

kl_over_rpost

kpost htruss⋅

rpost

68.3=:=

Qpost 0.946=



Fcr Fcr_roundTube_compr Fy_main Es, kl_over_rpost, Qpost, ( ) 35.2 ksi⋅=:=

ϕPn_post ϕaxial Fcr⋅ Apost( )⋅ 746 kip⋅=:=

Mn Mn_roundTube dpost tpost, Es, Fy_main, Zpost, Spost, ( ) 681 kip ft⋅⋅=:=

Vn Vn_roundTube Apost dpost, tpost, Es, Fy_main, Lv, ( ) 636 kip⋅=:=

Fnt Fnt_roundTube Fy_main Es, dpost, tpost, htruss, ( ) 31.2 ksi⋅=:=

Tn Apost Fnt⋅
dpost

2
⋅ 735.1ft kip⋅=:=

B2 1.001=

Check Extreme Event I:

Pu_PostBase 5.61 kip⋅=

Vu_PostBase 4.64 kip⋅=

Mu_yPostBase 166 kip ft⋅⋅=
Torsion

Mu_zPostBase 71.7 kip ft⋅⋅=

Mu_xPostBase 2.8 kip ft⋅⋅=

Mu_Total 71.8 kip ft⋅⋅=

InteractionValueE_I

Pu_PostBase

ϕPn_post

Mu_Total B2⋅

ϕflexure Mn⋅
+

Vu_PostBase

ϕshear Vn⋅

Mu_yPostBase

ϕtorsion Tn⋅
+









2

+ 0.185=:=

PostResistanceCheck if InteractionValueE_I 1.00≤ "OK", "No Good", ( ) "OK"=:=

Post Base Resistance



Anchor Bolt Design
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dpost 2 ft= dbolt_pattern 27in:= dbolt 1.25in:=

ϕbolt_tension 0.75= ϕbolt_shear 0.33=

nbolts 6:= Fy_bolts 55ksi:= Fu_bolts 70ksi:=



Abolt
π

4
dbolt( )2⋅ 1.23 in

2⋅=:=

Dbolt_pat 30in:=

Cbolts

Dbolt_pat

2
15 in⋅=:=

Ibolts Abolt Cbolts sin 60deg( )⋅( )2⋅ 4⋅ 828 in
4⋅=:=

Tension in bolts, Extreme Event I:

Pu_bolt

Mu_Total Cbolts⋅

Ibolts








Abolt⋅ 19.1 kip⋅=:=

Shear in bolts from torsion, Extreme Event I:

Tu_bolt

Mu_yPostBase

Dbolt_pat nbolts⋅
11.06 kip⋅=:=

Total Shear in bolts, Extreme Event I:

Vu_bolt

Vu_PostBase

nbolts









Tu_bolt+ 11.84 kip⋅=:=

Bolt Resistances:

Pn_bolt ϕbolt_tension Fu_bolts⋅ Abolt⋅ 64.4 kip⋅=:=

Vn_bolt ϕbolt_shear Fu_bolts⋅ Abolt⋅ 28.3 kip⋅=:=



Combined Bolt Resistance:

InteractionValuebolts

Pu_bolt

Pn_bolt









2
Vu_bolt

Vn_bolt









2

+ 0.263=:=

InteractionCheckbolts if InteractionValuebolts 1.0≤ "OK", "No Good", ( ) "OK"=:=

Anchor Bolt Design

Base Plate Design
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Calculate an eccentricity equal to half the distance from the center of the bolt to the toe of the weld.  Assume a weld
size. 

tweld 0.625in:=

distbolt

Dbolt_pat dpost−

2









3.00 in⋅=:= Distance from the face of the tube to the center of a bolt.

Pbolt

ebp

Moment Diagram in Base Plate

dweld_bolt distbolt tweld− 2.38 in⋅=:=

ebp

dweld_bolt

2
1.19 in⋅=:=

Mbp Pu_bolt ebp⋅ 1.89 kip ft⋅⋅=:=

θbolt
360deg

nbolts

60 deg⋅=:=

Each bolt covers an arc of 60 degrees
de

distbolt tweld+ ebp+

2
2.41 in⋅=:=



2

bbp_section 2 tan
θbolt

2









⋅
dpost

2









⋅ 13.86 in⋅=:=
The width of a 60 degree arc at
the location of eccentricty

tmin 2.0in:= Table 5.6.3.-1

Zbp

bbp_section tmin
2⋅

4
13.86 in

3⋅=:=

Mn_bp Fy_bp Zbp⋅ 41.6 kip ft⋅⋅=:=

ratiobp

Mbp

ϕflexure Mn_bp⋅
0.051=:=

InteractionCheckbp if ratiobp 1.0≤ "OK", "No Good", ( ) "OK"=:=

Base Plate Design



Example 2 Design Review
Title:  Traffic Sign Support Strucuture
Location:  Chicago, Illinois
Project:  NCHRP 10-80
AASHTO Specification:  LTS 2009
Initial Date:  October 15, 2010
Engineers:   Puckett and Jablin
Revision Dates:  n/a Revision abstract: n/a  

Problem Statement:  A traffic signal pole is located in Chicago, IL.  The pole has three signals and adjoining
signs.  The geometry, signal and sign locations, and weights are provided in the figure below.  The pole 
location is windy and fatigue limit state must be checked.  The structure is located on a busy roadway
where typical traffic speed limit is 45 mph and the ADT is 5000.  The roadway is not a lifeline roadway.
Material properties, section data, and geometry are defined below.

Contents

Specification Checks In This Sheet:

 Interaction Check at Arm Base

 Arm Base Weld Check

 Shear Strength Check at Pole Base

 Pole Base Plate Check

 Galloping Fatigue Stress at the Arm Base Weld

 Natural Wind Fatigue Stress at the Arm Base Weld

 Truck Gust Fatigue Stress at the Arm Base Weld

 Galloping Fatigue Stress at the Arm Base Bolts



 Natural Wind Fatigue Stress at the Arm Base Bolts

 Truck Gust Fatigue Stress at the Arm Base Bolts

 Galloping Fatigue Stress at the Pole Base Weld

 Natural Wind Fatigue Stress at the Pole Base Weld

 Truck Gust Fatigue Stress at the Pole Base Weld

 Galloping Fatigue Stress at the Pole Base Bolts

 Natural Wind Fatigue Stress at the Pole Base Bolts

 Truck Gust Fatigue Stress at the Pole Base Bolts

 Part II Extreme Event Checks

 Part II Pole Base Fatigue Checks

General Calculation Sections In This Sheet:

 Definitions and Assumptions

 Dead Loads

 Ice Loads

 Wind Loads - Extreme I

 Wind Loads - Strength IV

 Wind Loads - Service II

 Wind Loads - Appendix C Method

 Factored Actions and Strength Checks - Base of Arm

 Arm Base Welds

 Factored Actions and Strength Checks - Base of Pole



 Base Plate Design



 Fatigue Design Assumptions and Definitions

 Fatigue from Galloping

 Fatigue from Natural Gusts, Arm Base

 Fatigue from Natural Gusts, Pole Base

 Fatigue from Truck Gusts, Arm Base

 Fatigue from Truck Gusts, Pole Base

 Arm Base Connection Details and Definitions

 Arm Base Fatigue Checks

 Pole Base Fatigue Checks
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Defintions and Assumptions

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example
problems.  These include functions to determine Cd and resistance values for flexure, shear, and torsion

for common steel shapes.  You may need to reset the path to this file for your computer by right-clicking
on the reference.

Define known properties:  Back to contents

Material Constants:

Es 29000ksi:= Fy 48ksi:= γsteel 490
lbf

ft
3

:= γice 56.8
lbf

ft
3

:=

Geometric and Self Weight Data:

Arm_taper 0.14
in

ft
:= tarm 0.3125in:= tpole 0.3125in:=

Arm_base_diameter 12in:= tice 0.75in:=

darm_base_out Arm_base_diameter tarm+ 12.31 in⋅=:= darm_base_out_ice Arm_base_diameter tarm+ 2 tice⋅+ 13.81 in⋅=:=

Arm_end_mast_CL_length 39.05ft:= darm_base Arm_base_diameter 1 ft=:=

Arm_angle 15deg:=

Arm_rise 4.00ft:=



Add 1 foot to the moment arm due to the thickness of the connection and diameter of the pole.

tconnection 1ft:= harm 17ft:=

Data are stored in a vector for computational convenience and reading clarity.  For example, the parameters for
three signs are defined below.  Sign no. 1 data is located on top, next two, and so forth.

signals 1 3..:=

Psignals

50

50

80











lbf:= dx_signals

20.83

29.75

40











ft:= dy_signals

4.0

4.0

4.0











ft:= Asignals

8.7

8.7

13.0











ft
2

:=

dx_signals_pole dx_signals tconnection+

21.83

30.75

41











ft=:= dy_signals_pole dy_signals harm+

21

21

21











ft=:=

signs 1 4..:=



Psigns

22lbf

15lbf

15lbf

10lbf















:= dx_signs

5.67

17.5

27.5

37.75















ft:= dy_sign1 dx_signs
1

tan 15deg( )⋅ 1.52ft=:=

dy_signs

1.52

4.0

4.0

4.0















ft:= Asigns

12.0

7.5

7.5

5.0















ft
2

:=

dx_signs_pole dx_signs tconnection+

6.67

18.5

28.5

38.75















ft=:= dy_signs_pole dy_signs harm+

18.52

21

21

21















ft=:=

lsigns

72

30

30

24















in:= wsigns

24

36

36

30















in:=

lluminaire_arm 20.5ft:= dluminaire_arm 3.8in:=

Aluminaire 3.3ft
2

:=

dpole_base 15in:= Pole_taper 0.14
in

ft
:= hpole 28ft:= dpole_tip dpole_base Pole_taper hpole⋅( )− 11.08 in⋅=:=

dpole_base_out dpole_base tpole+ 15.31 in⋅=:=

dpole_tip_out dpole_tip tpole+ 11.39 in⋅=:=



hluminaire 31.75ft:= dy_PoleBaseToArmBase 17ft:=



Load Data:  Back to contents

Wind Loads:

MRI 700:= Mean recurrence interval for a "typical" structure, Table 3.8-1.

G 1.14:= Gust effect factor, minimum value.

V 115mph:= Basic wind speed, Figure 3.8-1b

Kd 0.85:= Directionality factor, see 3.8.5



Load and Resistance Factors:  Back to contents

Live Loads:

No live loads for this traffic signal example.

Fatigue:

Vmean 12.9mph:= IFnw 0.80:= Natural Wind Velocity Importance Factor

IFtg 0.85:= Truck-Induced Gusts

γDC_E_I 1.10:= γDC_Fatgiue 1.00:=

γwind_E_I 1.0:=



Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Defintions and Assumptions

Dead Loads

Dead Load:  Back to contents

Mast Arm weight and actions:



Arm_length_to_bend
Arm_rise

sin Arm_angle( )
:=

Arm_length_to_bend 15.45 ft=

Arm_run_to_bend Arm_length_to_bend cos Arm_angle( )⋅:=

Arm_run_to_bend 14.93 ft=

Arm_length Arm_end_mast_CL_length Arm_length_to_bend+ Arm_run_to_bend−:=

Arm_length 39.58 ft=

Arm_tip_diameter Arm_base_diameter Arm_length Arm_taper( )⋅−:=

darm_tip_out Arm_tip_diameter tarm+ 6.77 in⋅=:= darm_tip_out_ice Arm_tip_diameter tarm+ 2 tice⋅+ 8.27 in⋅=:=

Arm_tip_diameter 6.46 in⋅=

Average_diameter
Arm_base_diameter Arm_tip_diameter+

2.0
:=

Average_diameter 9.23 in⋅=

Compute the center of gravity of the mast arm.  Assume it is a trapezoid, neglecting the bend in the arm.

htrap Arm_length:= atrap Arm_tip_diameter:= btrap Arm_base_diameter:=

x_bararm

btrap 2 atrap⋅+

3 atrap btrap+( )⋅
htrap⋅ 17.81ft=:=

Aarm_average
π

4
Average_diameter( )

2
Average_diameter tarm 2⋅−( )

2
−



:=

Aarm_average 8.75 in
2

⋅=

Parm Aarm_average Arm_length⋅ γsteel⋅:= Parm 1.18 kip⋅=

Mdead_arm Parm x_bararm⋅:= Mdead_arm 21 kip ft⋅⋅=



Signal weights and actions:

dx_signals

20.83

29.75

40











ft=
Psignals

50

50

80











lbf=

Mz_dead_signals Psignals dx_signals⋅( )
→

1.04

1.49

3.2











kip ft⋅⋅=:= (This is a term-by-term multiplication.)

Sign weights and actions:

Psigns

22

15

15

10















lbf= dx_signs

5.67

17.5

27.5

37.75















ft=

Mz_dead_signs Psigns dx_signs⋅( )
→

0.12

0.26

0.41

0.38















kip ft⋅⋅=:=

Actions at pole base:

dx_signals_pole

21.83

30.75

41











ft= dx_signs_pole

6.67

18.5

28.5

38.75















ft=



 

Mz_dead_signals_p Psignals dx_signals_pole⋅( )
→

1.09

1.54

3.28











kip ft⋅⋅=:=

Mz_dead_signs_p Psigns dx_signs_pole⋅( )
→

0.15

0.28

0.43

0.39















kip ft⋅⋅=:=

dpole_base 15 in⋅= hpole 28ft= Pole_taper 0.14
in

ft
⋅= dpole_tip 11.08 in⋅=

dpole_average

dpole_base dpole_tip+

2
1.09 ft=:= tpole 0.03ft=

Ppole π dpole_average⋅ tpole⋅ hpole⋅ γsteel⋅ 1.22 kip⋅=:=

Total Dead Load Actions At Arm Base:

Pdead_total Parm Psignals∑+ Psigns∑+ 1.42 kip⋅=:= (The summation adds all terms in the vector.)

Mdead_total Mdead_arm Mz_dead_signals∑+ Mz_dead_signs∑+ 27.9 kip ft⋅⋅=:=

Total Dead Load Actions At Pole Base:

Pdead_total_p Parm Ppole+ Psignals∑+ Psigns∑+ 2.64 kip⋅=:= (The summation adds all terms in the vector.)

Mdead_total_p Mdead_arm Mz_dead_signals∑+ Mz_dead_signs∑+ 27.9 kip ft⋅⋅=:=

Dead Loads



Wind Loads - Extreme I

Wind Loads for Extreme I Limit State:  Back to contents

See Table 3.4.1 - Extreme I Limit State for Maximum Wind.  Use 700 year mean recurrence interval. 

Main Method Wind Pressure:

z 28ft:= Height above ground for pressure calculation. C3.8.4.

zg 900ft:= Constant based on exposure condition. C3.8.4.

α 9.5:= Constant based on exposure condition. C3.8.4.

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr

2
lbf⋅

27878400 ft
4

⋅

:=

Kz 2.00
z

zg









2

α

:= Equation 3.8.4-1

Kz 0.96= Height and exposure factor, for a 28 foot high structure.

G 1.14= Gust effect factor, minimum value.

V 115 mph⋅= Basic wind speed, Figure 3.8-1a, 700 year mean recurrence interval.

Kd 0.85= Directionality Factor, see 3.8.5.

Sign drag coefficients based on sign aspect ratios:

lsigns

72

30

30

24















in⋅= wsigns

24

36

36

30















in⋅= ratiosigns

lsigns

wsigns

:=



ratiosigns

3

0.83

0.83

0.8















= Cd_signs

Cd_sign ratiosigns
1( )

Cd_sign ratiosigns
2( )

Cd_sign ratiosigns
3( )

Cd_sign ratiosigns
4( )



















1.19

1.12

1.12

1.12















=:=  Table 3.8.6-1

Wind pressures on signs:

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.

Pz_signs_E1 0.00256 Kz⋅ Kd⋅ G⋅ V
2

⋅ Cd_signs⋅ Factor⋅

37.61

35.39

35.39

35.39















psf⋅=:=

Wind actions on signs at arm base:

dx_signs

5.7

17.5

27.5

37.8















ft= dy_signs

1.52

4.00

4.00

4.00















ft=
Asigns

12

7.5

7.5

5















ft
2

=

Pw_signs_E1 Pz_signs_E1 Asigns⋅( )
→

451

265

265

177















lbf=:=

Mwx_signs_E1 Pw_signs_E1 dy_signs⋅( )
→

0.69

1.06

1.06

0.71















kip ft⋅⋅=:= Mwy_signs_E1 Pw_signs_E1 dx_signs⋅( )
→

2.56

4.65

7.3

6.68















kip ft⋅⋅=:=



Wind actions on signs at pole base:

dx_signs_pole

6.7

18.5

28.5

38.8















ft= dy_signs_pole

18.5

21.0

21.0

21.0















ft=
Asigns

12

7.5

7.5

5















ft
2

=

Pw_signs_pole_E1 Pz_signs_E1 Asigns⋅( )
→

451

265

265

177















lbf=:=

Mwx_signs_pole_E1 Pw_signs_pole_E1 dy_signs_pole⋅( )
→

8.36

5.57

5.57

3.72















kip ft⋅⋅=:=

Mwy_signs_pole_E1 Pw_signs_pole_E1 dx_signs_pole⋅( )
→

3.01

4.91

7.57

6.86















kip ft⋅⋅=:=

Signal drag coefficient:

Cd_signal 1.2:=

Wind pressure on signals:

G 1.14= Kz 0.96= Kd 0.85=



Eq. 3.8-1.  The value Factor is needed for
consistent units in this wind pressure equation.

Pz_signal_E1 0.00256Kz Kd⋅ G⋅ V
2

⋅ Cd_signal⋅ Factor⋅ 37.9 psf⋅=:=

Wind actions on signals at the arm base:

Asignals

8.7

8.7

13











ft
2

= dx_signals

20.83

29.75

40











ft= dy_signals

4.00

4.00

4.00











ft=

Pw_signals_E1 Pz_signal_E1 Asignals⋅

330

330

493











lbf=:=

Mwy_signals_E1 Pw_signals_E1 dx_signals⋅( )
→

6.87

9.82

19.72











kip ft⋅⋅=:=

Mwx_signals_E1 Pw_signals_E1 dy_signals⋅( )
→

1.32

1.32

1.97











kip ft⋅⋅=:=

Wind actions on signals at the pole base:

Asignals

8.7

8.7

13











ft
2

= dx_signals_pole

21.83

30.75

41











ft= dy_signals_pole

21.00

21.00

21.00











ft=

Pw_signals_pole_E1 Pz_signal_E1 Asignals⋅

330

330

493











lbf=:=



Mwy_signals_pole_E1 Pw_signals_pole_E1 dx_signals_pole⋅( )
→

7.2

10.15

20.21











kip ft⋅⋅=:=

Mwx_signals_pole_E1 Pw_signals_pole_E1 dy_signals_pole⋅( )
→

6.93

6.93

10.35











kip ft⋅⋅=:=

Arm drag coefficient:

TableValueMax V Arm_base_diameter⋅ 115 mph ft⋅⋅=:= Table 3.8.7-1 -- Functions are
defined in a separate file.  Double
click on the link below. TableValueMin V Arm_tip_diameter⋅ 61.9 mph ft⋅⋅=:=

Cd_arm_base Cd_cylindrical V darm_base_out, ( ) 0.45=:=

Cd_arm_tip Cd_cylindrical V darm_tip_out, ( ) 0.57=:=  Table 3.8.7-1

As the upper and lower bounds for Cd don't differ by much, and the outer portion of arm will contribute more to the
design moment, use 2/3 of the difference between the max and min.

Cd_diff Cd_arm_tip Cd_arm_base−:=

Cd_arm Cd_arm_base
2

3








Cd_diff+ 0.53=:=

Wind pressure on arm:
Eq. 3.8-1.  The value "Factor" is
needed for consistent units in this
wind pressure equation.

Pz_arm_E1 0.00256Kz Kd⋅ G⋅ V
2

⋅ Cd_arm⋅ Factor⋅ 16.72 psf⋅=:=



Wind force on arm:

Assume a trapezoid, this is the
projected area of the arm.  

Areaarm Arm_length
darm_base_out darm_tip_out+

2









⋅ 31.5 ft
2

=:=

Pw_arm_E1 Pz_arm_E1 Areaarm⋅ 526 lbf=:=

Moment from wind on the arm about the y axis:

Mwy_arm_E1 Pw_arm_E1 x_bararm⋅ 9.37 kip ft⋅⋅=:=

Moment from wind on the pole about the y axis:

Mwy_pole_E1 Pw_arm_E1 x_bararm tconnection+( )⋅ 9.89 kip ft⋅⋅=:=

Moment from wind on the arm about the x axis:

Mwx_arm_E1 Pw_arm_E1 3.0⋅ ft 1.578 kip ft⋅⋅=:= Assume lever arm of 3.0 feet

Note:  this conservatively accounts for the area of the arm behinds the signs and signals.

Moment at the pole base from wind on the arm about the x axis:

Mwx_arm_base Pw_arm_E1 3.0ft dy_PoleBaseToArmBase+( )⋅ 10.522 kip ft⋅⋅=:=

Note:  this conservatively accounts for the area of the arm behinds the signs and signals.

Pole drag coefficient:

TableValueMax V dpole_base⋅ 143.8 mph ft⋅⋅=:= Table 3.8.7-1 -- Functions are
defined in a separate file.  Double
click on the link below. TableValueMin V dpole_tip⋅ 106.2 mph ft⋅⋅=:=

Cd_pole_base Cd_cylindrical V dpole_base_out, ( ) 0.45=:=



Cd_pole_tip Cd_cylindrical V dpole_tip_out, ( ) 0.45=:=  Table 3.8.7-1

Cd_pole Cd_pole_tip:=

Wind pressure on pole:
Eq. 3.8-1.  The value Factor is
needed for consistent units in this
wind pressure equation.

Pz_pole_E1 0.00256Kz Kd⋅ G⋅ V
2

⋅ Cd_pole⋅ Factor⋅ 14.22 psf⋅=:=

Wind force on the pole:

Areapole hpole

dpole_base_out dpole_tip_out+

2









⋅ 31.2 ft
2

=:=

Pw_pole_E1 Pz_pole_E1 Areapole⋅ 443 lbf=:=

Moment from wind on the pole about the x axis:

ybar_pole hpole

hpole

3

2.0 dpole_base⋅ dpole_tip+( )
dpole_base dpole_tip+( )

⋅








− 13.3 ft=:=

Mwx_pole_E1 ybar_pole Pw_pole_E1⋅ 5.89 kip ft⋅⋅=:=

Total wind actions at the base of the arm:

Vwz_E1 Pw_signs_E1∑ Pw_signals_E1∑+ Pw_arm_E1+ 2.84 kip⋅=:=

Mwy_E1 Mwy_signs_E1∑ Mwy_signals_E1∑+ Mwy_arm_E1+ 67 kip ft⋅⋅=:=

Mwx_E1 Mwx_signs_E1∑ Mwx_signals_E1∑+ Mwx_arm_E1+ 9.71 kip ft⋅⋅=:=



Total wind actions at the base of the pole:

Vwzp_E1 Pw_signs_E1∑ Pw_signals_E1∑+ Pw_arm_E1+ Pw_pole_E1+ 3.28 kip⋅=:=

Mwyp_E1 Mwy_signs_pole_E1∑ Mwy_signals_pole_E1∑+ Mwy_pole_E1+ 69.8 kip ft⋅⋅=:=

Mwxp_E1 Mwx_signs_pole_E1∑ Mwx_signals_pole_E1∑+ Mwx_pole_E1+ Mwx_arm_base+ 63.8 kip ft⋅⋅=:=

Wind Loads - Extreme I

Arm Factored Actions and Strength Checks

Factored Loads and Strength Checks  Back to contents

ϕflexure 0.90= ϕshear 0.90= ϕweld 0.75= ϕRn ηi∑ γi⋅ Qi⋅≥

Extreme I:

γwind_E_I 1.00= γDC_E_I 1.10=

Actions at the Arm Base:

Vwz_E1 2.84 kip⋅= Mwy_E1 67.0 kip ft⋅⋅= Mwx_E1 9.71 kip ft⋅⋅=

Pdead_total 1.42 kip⋅= Mdead_total 27.9 kip ft⋅⋅=

Muy_E1 γwind_E_I Mwy_E1⋅ 67.0 kip ft⋅⋅=:=

Muz_E1 γDC_E_I Mdead_total⋅ 30.7 kip ft⋅⋅=:=

Mu_E1 Muy_E1
2

Muz_E1
2

+ 73.7 kip ft⋅⋅=:=

Tu_E1 γwind_E_I Mwx_E1⋅ 9.71 kip ft⋅⋅=:=

Vu_E1 γwind_E_I Vwz_E1⋅ γDC_E_I Pdead_total⋅+ 4.4 kip⋅=:=



Actions at the Pole Base:

Vwzp_E1 3281 lbf= Mwyp_E1 69.8 kip ft⋅⋅= Mwxp_E1 63.8 kip ft⋅⋅=

Pdead_total_p 2.64 kip⋅= Mdead_total_p 27.9 kip ft⋅⋅=

Pu_E1 γDC_E_I Pdead_total_p⋅ 2.9 kip⋅=:=

Tu_base_E1 γwind_E_I Mwyp_E1⋅ 69.8 kip ft⋅⋅=:=

Mux_base_E1 γwind_E_I Mwxp_E1⋅ 63.8 kip ft⋅⋅=:=

Muz_base_E1 γDC_E_I Mdead_total_p⋅ 30.7 kip ft⋅⋅=:=

Mu_base_E1 Mux_base_E1
2

Muz_base_E1
2

+ 70.8 kip ft⋅⋅=:=

Vu_base_E1 γwind_E_I Vwzp_E1⋅ 3.28 kip⋅=:=

Arm Tube Section Properties at Pole Connection:



rbase 0.707
Arm_base_diameter

2









⋅ 4.24 in⋅=:= radius of gyration

Arm_base_radius
Arm_base_diameter

2
6 in⋅=:=

Ibase π Arm_base_radius
3

⋅ tarm⋅ 212 in
4

⋅=:=

Abase π
tarm Arm_base_diameter+

2









2

⋅ π
Arm_base_diameter tarm−

2









2

− 11.78 in
2

⋅=:=

Abase 11.78 in
2

⋅=

karm 2.1:= kl_over_rarm

2.1 dx_signals
3

⋅

rbase

238=:=

Lt π Arm_base_diameter⋅ 37.7 in⋅=:=

Arm resistance:

do Arm_base_diameter tarm+ 12.31 in⋅=:= di Arm_base_diameter tarm− 11.69 in⋅=:=

Aarm
π

4
do

2
di

2
−



⋅ 11.78 in

2
⋅=:=

Sarm 0.098175
do

4
di

4
−

do

⋅ 34.47 in
3

⋅=:=

Zarm

do
3

6

di
3

6
− 45.01 in

3
⋅=:=



λarm
Arm_base_diameter

tarm

38.4=:=

λp 0.13
Es

Fy

⋅ 78.54=:=

The arm section is compact.

Mn Mn_roundTube Arm_base_diameter tarm, Es, Fy, Zarm, Sarm, ( ) 180.0 kip ft⋅⋅=:=

Lv_arm dx_signals
3

40 ft=:=
Ashear

Aarm

2.0
5.89 in

2
⋅=:=

Vn Vn_roundTube Ashear Arm_base_diameter, tarm, Es, Fy, Lv_arm, ( ) 46.5 kip⋅=:=



Jbase 2 Ibase⋅ 424.12 in
4

⋅=:=

Qarm 1.0:=

Fnt Fnt_roundTube Fy Es, Arm_base_diameter, tarm, Lv_arm, ( ) 28.8 ksi⋅=:=

Tn Aarm Fnt⋅
Arm_base_diameter

2
⋅ 169.6 ft kip⋅=:=

Pn Pn_roundTube Aarm Fy, kl_over_rarm, Es, Qarm, ( ) 52.4 kip⋅=:=

Check resistance interaction for Strength IV and Extreme I:

Extreme I:

Mu_E1 73.7 kip ft⋅⋅= Vu_E1 4.4 kip⋅= Tu_E1 9.71 kip ft⋅⋅= Pu_E1 2.9 kip⋅=

Pu_E1

Pn

0.06=

Tu_E1

Lt

Tn

0.02
1

ft
=

InteractionValue
Pu_E1

ϕaxial Pn⋅

Mu_E1

ϕflexure Mn⋅









+
Vu_E1

ϕshear Vn⋅









Tu_E1

ϕtorsion Tn⋅









+








2

+ 0.54=:= Equation 5.12.1-3

InteractionCheckArm_E1 if InteractionValue 1.0≤ "OK", "No Good", ( ) "OK"=:=

Arm Factored Actions and Strength Checks



Arm Base Welds

 Back to contentsWeld Strength at Arm Base:

Use fillet weld (E70xx electodes) to connect plate to mast arm.

Extreme I:

tweld 0.50in:= radiusbase
Arm_base_diameter

2
6 in⋅=:=

Sweld π rbase
2

⋅ 56.53 in
2

⋅=:= Lweld 2 π⋅ radiusbase 37.7 in⋅=:=

ϕweld 0.75= FEXX 70ksi:= Fn_weld 0.60 FEXX⋅ 42 ksi⋅=:=

Mu_E1 73.7 kip ft⋅⋅= Vu_E1 4.4 kip⋅=

Vu_weld_E1

Mu_E1

Sweld









2
Vu_E1

2 π⋅ radiusbase









2

+ 15.64
kip

in
⋅=:=

Vn_weld Fn_weld tweld⋅ 21.0
kip

in
⋅=:=

WeldDesignRatio
Vu_weld_E1

Vn_weld

0.74=:=

WeldCheck if Vu_weld_E1 ϕweld Vn_weld⋅< "OK", "No Good", ( ):= WeldCheck "OK"=

Arm Base Welds



Pole Factored Actions and Strength Checks

Pole Tube Section Properties:

radiuspole_base

dpole_base

2
7.5 in⋅=:= rGYpole_base 0.707 radiuspole_base⋅ 5.3 in⋅=:=

Kpole 2.1:=

Ipole_base π radiuspole_base
3

⋅ tpole⋅ 414 in
4

⋅=:=

Apole_base π
tpole dpole_base+

2









2

⋅ π
dpole_base tpole−

2









2

− 14.73 in
2

⋅=:=

Apole_base 14.73 in
2

⋅=

do dpole_base tpole+ 15.31 in⋅=:= di dpole_base tpole− 14.69 in⋅=:=

Spole 0.098175
do

4
di

4
−

do

⋅ 54.1 in
3

⋅=:= kl_over_rpole

Kpole hpole⋅

rGYpole_base

133.1=:=

Zpole

do
3

6

di
3

6
− 70.32 in

3
⋅=:=

Lt_pole π dpole_base⋅ 47.12 in⋅=:=



λpole

dpole_base

tpole

48=:=

λp 0.07
Es

Fy

⋅ 42.29=:= λr 0.11
Es

Fy

⋅ 66.46=:=

The pole section is non-compact.

Mn Mn_roundTube dpole_base tpole, Es, Fy, Zpole, Spole, ( ) 273 kip ft⋅⋅=:=  Table 5.8.2-1

Ashear

Apole_base

2.0
7.36 in

2
⋅=:=



2.0

Lv_pole hpole 28 ft=:=

Vn Vn_roundTube Ashear dpole_base, tpole, Es, Fy, Lv_pole, ( ) 94.4 kip⋅=:=

Jbase 2 Ipole_base⋅ 828.35 in
4

⋅=:= Qpole 1.0:=

Fn Fnt_roundTube Fy Es, dpole_base, tpole, Lv_pole, ( ) 28.8 ksi⋅=:=

Tn Apole_base Fn⋅
dpole_base

2
⋅ 265 ft kip⋅=:=

Pn Pn_roundTube Apole_base Fy, kl_over_rpole, Es, Qpole, ( ) 209 kip⋅=:=

Check Extreme I:

Mu_base_E1 70.84 kip ft⋅⋅= Vu_base_E1 3.28 kip⋅=

Tu_base_E1 69.8 kip ft⋅⋅= Pu_E1 2.9 kip⋅=

Tu_base_E1

ϕtorsion Tn⋅
0.28=

Pu_E1

ϕaxial Pn⋅
0.02=

InteractionValue
Pu_E1

2 ϕaxial⋅ Pn⋅

Mu_base_E1

ϕflexure Mn⋅









+
Vu_base_E1

ϕshear Vn⋅

Tu_base_E1

ϕtorsion Tn⋅
+









2

+ 0.40=:=

InteractionCheckpole_E1 if InteractionValue 1.0≤ "OK", "No Good", ( ) "OK"=:=

Pole Factored Actions and Strength Checks



Base Plate Design

2'-0" = BoltSpacing

2'-0"

Ø 1'-3" = dpole_base

Ø 1 3/4" = dbolt

16.97in. = dbolt_center

2" = dedge (typ.)

2'-4"

7.41in. = banalysis

3.70in. = dcorner_to_bolt_face

8.60in. = danalysis

19.80in.

2.83in.



Base Plate Design:  Back to contents

Compute the distance from the face of the pole to the face of a bolt.

BoltSpacing 24in:= Distance between bolts

dbolt 1.75in:= dedge 2in:= tplate 2.00in:=
dbolt_center 2.0

BoltSpacing

2.0









2

16.97 in⋅=:=

danalysis dbolt_center

dbolt

2.0
−

dpole_base

2.0
− 8.6 in⋅=:= Ibolts 1 dbolt_center

2
⋅ 288 in

2
⋅=:=

dcorner_to_bolt_face 2.0 dedge
2



⋅

dbolt

2.0
+ 3.70343 in⋅=:=

banalysis 2 dcorner_to_bolt_face⋅ 7.41 in⋅=:=

Splate

banalysis tplate
2

⋅

6.0
4.94 in

3
⋅=:=

Mu_base_E1 850.08 kip in⋅⋅= Moment at the bottom of the pole

Force in the bolt due to the moment
at the bottom of the pole.

Pbolt

Mu_base_E1

2dbolt_center

Pu_E1

4
− 24.3 kip⋅=:=

Mu_plate Pbolt danalysis⋅ 17.42 kip ft⋅⋅=:=

Mn_plate Fy Splate⋅ 19.75 kip ft⋅⋅=:=

BasePlateBendingRatio
Mu_plate

ϕflexure Mn_plate⋅
0.98=:=

BasePlateBendingCheck if BasePlateBendingRatio 1.0≤ "OK", "No Good", ( ):= BasePlateBendingCheck "OK"=

Base Plate Design



Fatigue Design Assumptions and Definitions

Fatigue Design  Back to contents

Use equaivalent static loading.

Vortex shedding is not applicable to traffic signals.

Arm-to-Pole Connection:  Ring-Stiffened Builtup Box

Pole and Arm Welded Base Connections:  Full penetration groove weld with back ring attached to base with continuous
interior fillet weld.

Importance Category = II

IFgal 0.65:= Galloping, Table 11-1.

IFnw 0.80= Natural Wind, Table 11-1.

IFtg 0.85= Truck-Induced Gusts, Table 11-1.

dy_PoleBaseToArm 21ft:=

Fatigue Design Assumptions and Definitions

Fatigue from Galloping

 Back to contentsGalloping:
IFgal 0.65=

wgalloping 21psf IFgal⋅ 13.65 psf⋅=:= Article 11.7.1

Apply galloping pressure vertically to the horizontal area of the signs and signals.



Actions from signs:

Asigns

12

7.5

7.5

5















ft
2

= dx_signs

5.67

17.5

27.5

37.75















ft=

Pg_signs wgalloping Asigns⋅( )
→

163.8

102.4

102.4

68.3















lbf=:=

Mg_signs Pg_signs dx_signs⋅( )
→

929

1792

2815

2576















lbf ft⋅⋅=:=

Mg_signs_pole Pg_signs dx_signs tconnection+( )⋅ 

→

1093

1894

2918

2645















lbf ft⋅⋅=:=

Actions from signals:

Asignals

8.7

8.7

13











ft
2

= dx_signals

20.8

29.8

40.0











ft=

Pg_signals wgalloping Asignals⋅( )
→

118.8

118.8

177.5











lbf=:=



Mg_signals Pg_signals dx_signals⋅( )
→

2474

3533

7098











lbf ft⋅⋅=:=

Mg_signals_pole Pg_signals dx_signals tconnection+( )⋅ 

→
2592

3652

7275











lbf ft⋅⋅=:=

Galloping actions at arm base:

Pg_arm Pg_signs∑ Pg_signals∑+ 852 lbf=:=

Mg_arm Mg_signs∑ Mg_signals∑+ 21.2 kip ft⋅⋅=:=

Galloping actions at pole base:

Mg_pole Mg_signs_pole∑ Mg_signals_pole∑+ 22.1 kip ft⋅⋅=:=

Fatigue from Galloping

Fatigue from Natural Gusts, Arm Base

Natural Wind Gusts (11.7.1.2):  Back to contents

The maximum yearly mean wind velocity of National Weather Stations in Chicago, Illinois is 12.9 mph.

Cd_signs

1.19

1.12

1.12

1.12















=

Cd_signal 1.2=



Cd_arm Cd_cylindrical Vmean Arm_base_diameter, ( ) 1.10=:= Table 3.8.7-1 Different arm Cd due to lower
wind speed.

Vmean 12.9 mph⋅=

PNW_arm 5.2
lbf

ft
2

Cd_arm⋅
Vmean

11.2mph









2

⋅ IFnw⋅ 6.07 psf⋅=:= Equation C11.7.1.2-1

PNW_signs 5.2
lbf

ft
2

Cd_signs⋅
Vmean

11.2mph









2

⋅ IFnw⋅

6.57

6.18

6.18

6.18















psf⋅=:=

PNW_signal 5.2
lbf

ft
2

Cd_signal⋅
Vmean

11.2mph









2

⋅ IFnw⋅ 6.62 psf⋅=:=

Wind Forces on Signs (Fatigue):

Asigns

12

7.5

7.5

5















ft
2

=

PNWw_signs PNW_signs Asigns⋅( )
→

78.8

46.4

46.4

30.9















lbf=:=



Moments on signs:

dx_signs

5.67

17.5

27.5

37.75















ft=
dy_signs

1.52

4.00

4.00

4.00















ft=

MNWwy_signs PNWw_signs dx_signs⋅( )
→

0.45

0.81

1.27

1.17















kip ft⋅⋅=:=

MNWwx_signs PNWw_signs dy_PoleBaseToArm⋅

1.65

0.97

0.97

0.65















kip ft⋅⋅=:=

Wind force on signals:

Asignals

8.7

8.7

13











ft
2

=

PNWw_signals PNW_signal Asignals⋅

57.6

57.6

86.1











lbf=:=

Wind moments on signals:

dx_signals

20.8

29.8

40.0











ft= dy_PoleBaseToArm 21 ft=



MNWwy_signals PNWw_signals dx_signals⋅( )
→

1.2

1.71

3.44











kip ft⋅⋅=:=

MNWwx_signals PNWw_signals dy_PoleBaseToArm⋅

1.21

1.21

1.81











kip ft⋅⋅=:=

Force on the arm:

PNWw_arm PNW_arm Areaarm⋅ 191 lbf=:=

Moment from wind on the arm about the y axis:

MNWwy_arm PNWw_arm x_bararm⋅ 3402 lbf ft⋅⋅=:=

Moment from wind on the arm about the x axis:

MNWwx_arm PNWw_arm 3.0⋅ ft 573 lbf ft⋅⋅=:=

For Fatigue, don't consider the area of the arm behind the signs and signals.

Signs:

lsigns

6

2.5

2.5

2















ft=



darm_signs Arm_base_diameter Arm_taper dx_signs( )⋅−

0.93

0.8

0.68

0.56















ft=:=

areasigns lsigns darm_signs⋅( )
→

5.6

1.99

1.7

1.12















ft
2

=:=

My_signs_adjust areasigns PNW_arm⋅ dx_signs⋅( )
→

0.19

0.21

0.28

0.26















kip ft⋅⋅=:=

Mx_signs_adjust_Pole areasigns PNW_arm⋅ dy_PoleBaseToArm⋅

0.71

0.25

0.22

0.14















kip ft⋅⋅=:=

Signals:

lsignals

2.00

2.00

1.25











ft:= dx_signals

20.83

29.75

40











ft=

darm_signals Arm_base_diameter Arm_taper dx_signals( )⋅−

0.76

0.65

0.53











ft=:=



areasignals lsignals darm_signals⋅( )
→

1.51

1.31

0.67











ft
2

=:=

My_signals_adjust areasignals PNW_arm⋅ dx_signals⋅( )
→

0.19

0.24

0.16











kip ft⋅⋅=:=

Mx_signals_adjust_Pole areasignals PNW_arm⋅ dy_PoleBaseToArm⋅

0.19

0.17

0.08











kip ft⋅⋅=:=

Moment to be subtracted:

My_adjustment My_signs_adjust∑ My_signals_adjust∑+ 1.53 kip ft⋅⋅=:=

Mx_adjustment_Pole Mx_signs_adjust_Pole∑ Mx_signals_adjust_Pole∑+ 1.77 kip ft⋅⋅=:=

Total Fatigue Moment about the y axis:

MNWfat_total MNWwy_arm MNWwy_signals∑+ MNWwy_signs∑+ My_adjustment− 11.93 kip ft⋅⋅=:=

Fatigue from Natural Gusts, Arm Base



Fatigue from Natural Gusts, Pole Base

Moment at base of pole from natural wind gusts:  Back to contents

Add 1 foot to the moment arm due to the thickness of the connection and diameter of the pole.

tconnection 1 ft=

Signs:

dx_signs

5.67

17.5

27.5

37.75















ft= dy_signs

1.52

4.00

4.00

4.00















ft=

MNWwy_signs_Pole PNWw_signs tconnection dx_signs+( )⋅ 

→

0.53

0.86

1.32

1.2















kip ft⋅⋅=:=

MNWwx_signs_Pole PNWw_signs tconnection dy_signs+( )⋅ 

→

0.2

0.23

0.23

0.15















kip ft⋅⋅=:=

Signals:

dx_signals

20.83

29.75

40











ft=

MNWwy_signals_Pole PNWw_signals dx_signals tconnection+( )⋅ 

→
1.26

1.77

3.53











kip ft⋅⋅=:=



dy_signals

4.00

4.00

4.00











ft=

MNWwx_signals_Pole PNWw_signals dy_signals tconnection+( )⋅ 

→
0.29

0.29

0.43











kip ft⋅⋅=:=

Moment from wind on the arm about the y axis:

MNWwy_arm_Pole PNWw_arm x_bararm 1.0ft+( )⋅:=
MNWwy_arm_Pole 3593 lbf ft⋅⋅=

MNWx_arm_Pole PNWw_arm 21ft( )⋅:=
MNWx_arm_Pole 4.01 kip ft⋅⋅=

Moment adjustment for arm behind signs:

My_signs_adjust_Pole areasigns PNW_arm⋅ dx_signs tconnection+( )⋅ 

→

0.23

0.22

0.29

0.26















kip ft⋅⋅=:=

Moment adjustment for arm behind signals:

My_signals_adjust_Pole areasignals PNW_arm⋅ dx_signals tconnection+( )⋅ 

→
0.2

0.24

0.17











kip ft⋅⋅=:=

Moment to be subtracted:

My_adjustment_Pole My_signs_adjust_Pole∑ My_signals_adjust_Pole∑+:=

My_adjustment_Pole 1.62 kip ft⋅⋅=



Total Fatigue Moment about the y axis and the base of the pole due to natural wind gusts:

This is the moment about the y-axis due to horizontal forces on the mast arm and its attachment.  This is a torsion
at the base of the pole.

MNWfat_total_Pole MNWwy_arm_Pole MNWwy_signals_Pole∑+ MNWwy_signs_Pole∑+ My_adjustment_Pole−:=

MNWfat_total_Pole 12.44 kip ft⋅⋅=

Total Fatigue Moment about the x axis and the base of the pole due to natural wind gusts:

This is the moment about the x axis due to horizontal forces on the mast arm and its attachments.  The lever arm
is the height of the arm above the pole base.

lluminaire_arm 20.5 ft= dluminaire_arm 3.8 in⋅=

Aluminaire 3.3 ft
2

=

dpole_base 15 in⋅=

hpole 28ft=

Aluminaire_arm dluminaire_arm lluminaire_arm⋅:= Aluminaire_arm 6.49 ft
2

=

Cd_Pole 1.1:= See Table 3.8.7.1-1

PNW_Pole 5.2
lbf

ft
2

Cd_Pole⋅
Vmean

11.2mph









2

⋅ IFnw⋅:= PNW_Pole 6.07 psf⋅=



Pluminaire_arm PNW_Pole Aluminaire_arm⋅:= Pluminaire_arm 39.41 lbf=

Mxluminaire_arm Pluminaire_arm hluminaire⋅:= Mxluminaire_arm 1.25 kip ft⋅⋅=

Pluminaire PNW_Pole Aluminaire⋅:= Pluminaire 20.03 lbf=

Mxluminaire Pluminaire hpole⋅:= Mxluminaire 0.56 kip ft⋅⋅=

dpole_top dpole_base hpole 0.14
in

ft









⋅−:= dpole_top 11.08 in⋅=

Apole
1

2
hpole⋅ dpole_base dpole_top+( )⋅:= Apole 30.43ft

2
=

y_barpole

dpole_top 2 dpole_base⋅+

3 dpole_base dpole_top+( )⋅
hpole⋅:= y_barpole 14.7 ft=

Ppole Apole PNW_Pole⋅:=
Ppole 184.71 lbf=

Mxpole Ppole y_barpole⋅:= Mxpole 2.72 kip ft⋅⋅=

Mx_signs_signals MNWwx_signs_Pole∑ MNWwx_signals_Pole∑+ 1.82 kip ft⋅⋅=:=

Mx_poles Mxluminaire_arm Mxluminaire+ Mxpole+ MNWx_arm_Pole+ Mx_adjustment_Pole− 6.77 kip ft⋅⋅=:=

MxNWfat_total_Pole Mx_signs_signals Mx_poles+ 8.59 kip ft⋅⋅=:=

Fatigue from Natural Gusts, Pole Base



Fatigue from Truck Gusts, Arm Base

Truck Gusts  Back to contents

Apply truck gusts to the 12 feet on the end of the mast arm.  This includes signals 2 and 3 and signs 3 and 4.

Truck gusts are applied vertically to the horizontal projection of the arm and all attachments.

Vtruck 45mph:=

Cd_signs

1.19

1.12

1.12

1.12















=
PTG_sign3 18.8

lbf

ft
2

Cd_signs
3

⋅
Vtruck

65mph









2

⋅ IFtg⋅ 8.58 psf⋅=:=

PTG_sign4 18.8
lbf

ft
2

Cd_signs
4

⋅
Vtruck

65mph









2

⋅ IFtg⋅ 8.58 psf⋅=:=

PTG_signal 18.8
lbf

ft
2

Cd_signal⋅
Vtruck

65mph









2

⋅ IFtg⋅ 9.19 psf⋅=:=

PTG_arm 18.8
lbf

ft
2

Cd_arm⋅
Vtruck

65mph









2

⋅ IFtg⋅ 8.42 psf⋅=:=

Wind Forces on Signs:

Asign3y 0.1ft
2

:= Asign4y 0.1ft
2

:=

PTGw_sign3 PTG_sign3 Asign3y⋅ 0.86 lbf=:=

PTGw_sign4 PTG_sign4 Asign4y⋅ 0.86 lbf=:=



Wind Moments on signs:

MTGwy_sign3 PTGw_sign3 dx_signs
3

⋅ 23.6 lbf ft⋅⋅=:=

MTGwy_sign4 PTGw_sign4 dx_signs
4

⋅ 32.4 lbf ft⋅⋅=:=

Wind force on signals:

Asignal2y 2ft
2

:= Asignal3y 2ft
2

:=

PTGw_signal2 PTG_signal Asignal2y⋅ 18.38 lbf=:=

PTGw_signal3 PTG_signal Asignal3y⋅ 18.38 lbf=:=

Wind moments on signals:

MTGwy_signal2 PTGw_signal2 dx_signals
2

⋅ 547 lbf ft⋅⋅=:=

MTGwy_signal3 PTGw_signal3 dx_signals
3

⋅ 735 lbf ft⋅⋅=:=

Force on the arm:

darm12feet Arm_tip_diameter 12ft 0.14⋅
in

ft
+ 8.14 in⋅=:=

AreaarmTG 12ft
darm12feet Arm_tip_diameter+

2









⋅ 7.3 ft
2

=:= Assume a trapezoid

PTGw_arm PTG_arm AreaarmTG⋅ 61.5 lbf=:=



Moment from wind on the arm about the y axis:

y_bararmTG 34ft:=

MTGwy_arm PTGw_arm y_bararmTG⋅ 2.09 kip ft⋅⋅=:=

Total Moment:

MTG MTGwy_sign3 MTGwy_sign4+ MTGwy_signal2+ MTGwy_signal3+ MTGwy_arm+ 3.43 kip ft⋅⋅=:=

Fatigue from Truck Gusts, Arm Base

Fatigue from Truck Gusts, Pole Base

Moment at Base of Pole:  Back to contents

Add 1 foot to the moment arm due to the thickness of the connection and diameter of the pole.

tconnection 1 ft=

Wind Moments on signs:

MTGwy_sign3_Pole PTGw_sign3 dx_signs
3

tconnection+( )⋅ 24.45 lbf ft⋅⋅=:=

MTGwy_sign4_Pole PTGw_sign4 dx_signs
4

tconnection+( )⋅ 33.24 lbf ft⋅⋅=:=

Wind moments on signals:

MTGwy_signal2_Pole PTGw_signal2 dx_signals
2

tconnection+( )⋅ 565.24 lbf ft⋅⋅=:=

MTGwy_signal3_Pole PTGw_signal3 dx_signals
3

tconnection+( )⋅ 753.65 lbf ft⋅⋅=:=

Moment from wind on the arm about the y axis:

MTGwy_arm_Pole PTGw_arm y_bararmTG tconnection+( )⋅ 2152.36 lbf ft⋅⋅=:=



Total Moment at the base of the pole due to truck gusts:

This is the moment about the z axis, due to upward force on the mast arm and its attachments.

MTG_Pole MTGwy_sign3_Pole MTGwy_sign4_Pole+ MTGwy_signal2_Pole+ MTGwy_signal3_Pole+ MTGwy_arm_Pole+ 3.53 kip⋅=:=

Fatigue from Truck Gusts, Pole Base

Arm Base Connection Details and Definitions

Detail 2.3 from Table 11.9.3.1-1: 



tarm_plate 2in:=
Abolts 12in:= Bbolts 20in:= ∆FTH_arm 7ksi:=

Aarm_fatigue 22.0 10
8

⋅ ksi
3

2.20 10
9

× ksi
3

⋅=:=



Detail 4.5 from Table 11.9.3.1-1:



Compute KI for the pole-base plate weld:

DT darm_base_out 12.31 in⋅=:= External diameter of a round tube.

DBC 24in:= Diameter of a circle through the fasteners in the transverse plate.

NB 4:= Number of fasteners in the transverse plate.

tT tarm 0.31 in⋅=:= Thickness of the tube.

tTP tarm_plate 2 in⋅=:= Thickness of the transverse plate.

DOP 3in:= Diameter of the concentric opening in the tranverse plate.  Wiring
opening on the example detail.

COP

DOP

DT

0.24=:=

CBC

DBC

DT

1.95=:=



tST 0:= Stiffener thickness, not applicable for this case

NST 0:= Number of stiffeners, NA

hST 0:= Height of stiffeners, NA

NS 1:= Number of sides for multi-sided tube, NA

rb 0in:= Inside bend radius, NA for a round tube.

KF_arm KF 13 DT, DBC, NB, tT, tTP, DOP, tST, NST, hST, NS, rb, ( ) 1.64=:=

KI_arm 1.76 1.83
tT

in
⋅+









4.76 0.22
KF_arm

⋅−








KF_arm⋅ 3.17=:= Equation 11.9.3.1-1

∆FTH_arm_weld Delta_F KI_arm( ) 10 ksi⋅=:=

∆FTH_arm_bolts 7.0ksi:= See Table 11.9.3.1-1 

Arm Base Connection Details and Definitions



Pole Base Connection Details and Definitions

DT dpole_base_out 15.31 in⋅=:= External diameter of a round tube.

DBC 2dbolt_center 33.94 in⋅=:= Diameter of a circle through the fasteners in the transverse plate.

NB 4:= Number of fasteners in the transverse plate.

tT tpole 0.31 in⋅=:= Thickness of the tube.

tTP tplate 2 in⋅=:= Thickness of the transverse plate.

DOP 4in:= Diameter of the concentric opening in the tranverse plate.  Assume
a value.

COP

DOP

DT

0.26=:=

CBC

DBC

DT

2.22=:=



tST 0:= Stiffener thickness, not applicable for this case

NST 0:= Number of stiffeners, NA

hST 0:= Height of stiffeners, NA

NS 1:= Number of sides for multi-sided tube, NA

KF_pole KF 13 DT, DBC, NB, tT, tTP, DOP, tST, NST, hST, NS, rb, ( ) 1.87=:=

KI_arm 3.17=
KI_pole 1.76 1.83

tT

in
⋅+









4.76 0.22
KF_pole

⋅−








KF_pole⋅ 3.84=:= Equation 11.9.3.1-1

∆FTH_pole_weld Delta_F KI_pole( ) 7 ksi⋅=:=

∆FTH_pole_bolts 7.0ksi:= See Table 11.9.3.1-1, 2.3 

Pole Base Connection Details and Definitions

Arm Base Fatigue Checks

Stress Range At Arm-to-Base Plate Connection  Back to contents

Arm_base_radius 6 in⋅=

Ibase 212.06 in
4

⋅=

MNWfat_total 11.93 kip ft⋅⋅= MTG 3.43 kip ft⋅⋅= Mg_arm 21.22 kip ft⋅⋅=

σFAT_Gal_weld

Mg_arm Arm_base_radius⋅

Ibase

7.2 ksi⋅=:= ∆FTH_arm_weld 10 ksi⋅=

GallopingRatio
σFAT_Gal_weld

∆FTH_arm_weld

0.72=:=



ArmWeldCheckGal if GallopingRatio 1.0≤ "OK", "No Good", ( ):=
ArmWeldCheckGal "OK"=

σFAT_NW_weld

MNWfat_total rbase⋅

Ibase

2.86 ksi⋅=:=

NaturalGustRatio
σFAT_NW_weld

∆FTH_arm_weld

0.29=:=

ArmWeldCheckNW if NaturalGustRatio 1.0≤ "OK", "No Good", ( ):=
ArmWeldCheckNW "OK"=

σFAT_TG_weld

MTG rbase⋅

Ibase

0.82 ksi⋅=:=

TruckGustRatio
σFAT_TG_weld

∆FTH_arm_weld

0.08=:=

ArmWeldCheckTG if TruckGustRatio 1.0≤ "OK", "No Good", ( ):=
ArmWeldCheckTG "OK"=

Stress Range for Arm Base Plate Bolts

Abolts 12 in⋅= Bbolts 20 in⋅= areabolts 1.41in
2

:= nbolts 4:=

Ilong nbolts areabolts⋅
Bbolts

2.0









2

⋅ 564 in
4

⋅=:=

Ishort nbolts areabolts⋅
Abolts

2.0









2

⋅ 203.04 in
4

⋅=:=

σFAT_Gal_bolts

Mg_arm

Abolts

2
⋅

Ilong

2.71 ksi⋅=:=



GallopingBoltRatio
σFAT_Gal_bolts

∆FTH_arm_bolts

0.39=:=

ArmBoltCheckGal if GallopingBoltRatio 1.0≤ "OK", "No Good", ( ):=
ArmBoltCheckGal "OK"=

σFAT_NW_bolts

MNWfat_total

Abolts

2
⋅

Ishort

4.23 ksi⋅=:=

NaturalGustBoltRatio
σFAT_NW_bolts

∆FTH_arm_bolts

0.6=:=

ArmBoltCheckNW if NaturalGustBoltRatio 1.0≤ "OK", "No Good", ( ):=
ArmBoltCheckNW "OK"=

σFAT_TG_bolts

MTG

Abolts

2
⋅

Ishort

1.22 ksi⋅=:=

TruckGustBoltRatio
σFAT_TG_bolts

∆FTH_arm_bolts

0.17=:=

ArmBoltCheckTG if TruckGustBoltRatio 1.0≤ "OK", "No Good", ( ):=
ArmBoltCheckTG "OK"=

Arm Base Fatigue Checks



Pole Base Fatigue Checks

Stress Range at Pole-to-Base Plate Weld  Back to contents

Pole section properties:

rpole_base

dpole_base

2
7.5 in⋅=:= tpole 0.31 in⋅=

Ipole_base 414 in
4

⋅=

Fatigue stresses:

MxNWfat_total_Pole 8.59 kip ft⋅⋅= MTG_Pole 3.53 kip ft⋅⋅= Mg_arm 21.2 kip ft⋅⋅=

σFAT_Gal_pole_weld

Mg_arm rpole_base⋅

Ipole_base

4.61 ksi⋅=:=

GallopingWeldRatio
σFAT_Gal_pole_weld

∆FTH_pole_weld

0.66=:=

PoleWeldCheckGal if GallopingWeldRatio 1.0≤ "OK", "No Good", ( ):= PoleWeldCheckGal "OK"=

σFAT_NW_pole_weld

MxNWfat_total_Pole rpole_base⋅

Ipole_base

1.87 ksi⋅=:=

NaturalGustsWeldRatio
σFAT_Gal_pole_weld

∆FTH_pole_weld

0.66=:=

PoleWeldCheckNW if NaturalGustsWeldRatio 1.0≤ "OK", "No Good", ( ):= PoleWeldCheckNW "OK"=

σFAT_TG_pole_weld

MTG_Pole rpole_base⋅

Ipole_base

0.77 ksi⋅=:=



TruckGustsWeldRatio
σFAT_TG_pole_weld

∆FTH_pole_weld

0.11=:=

PoleWeldCheckTG if TruckGustsWeldRatio 1.0≤ "OK", "No Good", ( ):= PoleWeldCheckTG "OK"=

Stress Range in the Pole Base Plate Bolts

From table 11-2, Detail 5, Anchor Bolts or other Fasteners in Tension - Stress category D. 

Ab_bolts 16.97in:= nb_bolts 4:= See figure for detailed
dimensions A and B.

areab_bolts 1.90in
2

:=

Ib_bolts nb_bolts areab_bolts⋅
Ab_bolts

2









2

⋅ 547.16 in
4

⋅=:=

σFAT_Gal_pole_bolts

Mg_arm

Ab_bolts

2
⋅

Ib_bolts

3.95 ksi⋅=:= Table 11-3, Detail Category D

GallopingBoltRatio
σFAT_Gal_pole_bolts

∆FTH_pole_bolts

0.56=:=

PoleBoltCheckGal if GallopingBoltRatio 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckGal "OK"=

σFAT_NW_pole_bolts

MxNWfat_total_Pole

Ab_bolts

2
⋅

Ib_bolts

1.6 ksi⋅=:=

NaturalGustBoltRatio
σFAT_NW_pole_bolts

∆FTH_pole_bolts

0.23=:=

PoleBoltCheckNW if NaturalGustBoltRatio 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckNW "OK"=



σFAT_TG_pole_bolts

MTG_Pole

Ab_bolts

2
⋅

Ib_bolts

0.66 ksi⋅=:=

TruckGustBoltRatio
σFAT_TG_pole_bolts

∆FTH_pole_bolts

0.09=:=

PoleBoltCheckTG if TruckGustBoltRatio 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckTG "OK"=

Pole Base Fatigue Checks

Part II Extreme Events Checks

Part II: An identical second arm is added to the structure above and positioned orthogonally to the first. Because of the ide
configuration, the load computations may be based upon the single-arm load effects. Article 3.9.3 is illustrated.  Extreme event and
fatigue limit states are checked.

 Back to contentsInvestigate Load Case 3 From 3.9.3:



Mu_base_E1 70.84 kip ft⋅⋅= Vu_base_E1 3.28 kip⋅=

Tu_base_E1 69.8 kip ft⋅⋅= Pu_E1 2.9 kip⋅=

Tu_base_E1

ϕtorsion Tn⋅
0.28=

Pu_E1

ϕaxial Pn⋅
0.02=

Assume that there is another mast arm with the same signs, signals, and dimensions.

Mu_n 0.75Mu_base_E1 53.13 kip ft⋅⋅=:=

Mu_t 0.75 Mu_base_E1⋅ 53.13 kip ft⋅⋅=:=

Tu_n 0.75Tu_base_E1 52.35 kip ft⋅⋅=:=

Tu_t 0.75 Tu_base_E1⋅ 52.35 kip ft⋅⋅=:=

Vu_n 0.75 Vu_base_E1⋅ 2.46 kip⋅=:=

Vu_t 0.75 Vu_base_E1⋅ 2.46 kip⋅=:=

Pu Pu_E1 γDC_E_I Parm Psignals∑+ Psigns∑+







⋅+ 4.47 kip⋅=:=

Mcombined Mu_n
2

Mu_t
2

+ 75.14 kip ft⋅⋅=:=

Tcombined Tu_n Tu_t+ 104.7 kip ft⋅⋅=:=

Vcombined Vu_n Vu_t+ 4.92 kip⋅=:=



InteractionValue2

Pu

2 ϕaxial⋅ Pn⋅

Mcombined

ϕflexure Mn⋅









+
Vcombined

ϕshear Vn⋅

Tcombined

ϕtorsion Tn⋅
+









2

+ 0.54=:=

InteractionCheckpole_E1_2 if InteractionValue2 1.0≤ "OK", "No Good", ( ) "OK"=:=

Part II Extreme Events Checks

Part II Pole Base Fatigue Checks

Fatigue  Back to contents

Natural wind gusts at pole base:

From Part I:

MxNWfat_total_Pole 8.59 kip ft⋅⋅= MzNWfat_total_Pole MxNWfat_total_Pole:=

MxNWfat_total_Pole_2 0.75 MxNWfat_total_Pole⋅ 0.75 MzNWfat_total_Pole⋅+ 12.89 kip ft⋅⋅=:=

Stress Range at Pole-to-Base Plate Weld

Pole section properties:

rpole_base 7.5 in⋅= tpole 0.31 in⋅=

Ipole_base 414 in
4

⋅=



Fatigue stresses:

σFAT_NW_pole_weld_2

MxNWfat_total_Pole_2 rpole_base⋅

Ipole_base

2.8 ksi⋅=:=

NaturalGustsWeldRatio2

σFAT_NW_pole_weld_2

∆FTH_pole_weld

0.4=:=

PoleWeldCheckNW_2 if NaturalGustsWeldRatio2 1.0≤ "OK", "No Good", ( ):= PoleWeldCheckNW_2 "OK"=

Stress Range in the Pole Base Plate Bolts

From table 11-2, Detail 5, Anchor Bolts or other Fasteners in Tension - Stress category D. 

Ab_bolts 16.97 in⋅= nb_bolts 4= See figure for detailed
dimensions A and B.

areab_bolts 1.9 in
2

⋅=

Ib_bolts 547.16 in
4

⋅=

σFAT_NW_pole_bolts_2

MxNWfat_total_Pole_2

Ab_bolts

2
⋅

Ib_bolts

2.4 ksi⋅=:=

NaturalGustBoltRatio2

σFAT_NW_pole_bolts_2

∆FTH_pole_bolts

0.34=:=

PoleBoltCheckNW_2 if NaturalGustBoltRatio2 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckNW_2 "OK"=

Part II Pole Base Fatigue Checks



σFAT_TG_pole_bolts

MTG_Pole

Ab_bolts

2
⋅

Ib_bolts

0.66 ksi⋅=:=

TruckGustBoltRatio
σFAT_TG_pole_bolts

∆FTH_pole_bolts

0.09=:=

PoleBoltCheckTG if TruckGustBoltRatio 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckTG "OK"=

Pole Base Fatigue Checks

Part II Extreme Events Checks

Part II: An identical second arm is added to the structure above and positioned orthogonally to the first. Because of the iden
configuration, the load computations may be based upon the single-arm load effects. Article 3.9.3 is illustrated.  Extreme event and
fatigue limit states are checked.

 Back to contentsInvestigate Load Case 3 From 3.9.3:



Mu_base_E1 70.84 kip ft⋅⋅= Vu_base_E1 3.28 kip⋅=

Tu_base_E1 69.8 kip ft⋅⋅= Pu_E1 2.9 kip⋅=

Tu_base_E1

ϕtorsion Tn⋅
0.28=Pu_E1

ϕaxial Pn⋅
0.02=

Assume that there is another mast arm with the same signs, signals, and dimensions.

Mu_n 0.75Mu_base_E1 53.13 kip ft⋅⋅=:=

Mu_t 0.75 Mu_base_E1⋅ 53.13 kip ft⋅⋅=:=

Tu_n 0.75Tu_base_E1 52.35 kip ft⋅⋅=:=

Tu_t 0.75 Tu_base_E1⋅ 52.35 kip ft⋅⋅=:=

Vu_n 0.75 Vu_base_E1⋅ 2.46 kip⋅=:=

Vu_t 0.75 Vu_base_E1⋅ 2.46 kip⋅=:=

Pu Pu_E1 γDC_E_I Parm Psignals∑+ Psigns∑+







⋅+ 4.47 kip⋅=:=

Mcombined Mu_n
2

Mu_t
2+ 75.14 kip ft⋅⋅=:=

Tcombined Tu_n Tu_t+ 104.7 kip ft⋅⋅=:=

Vcombined Vu_n Vu_t+ 4.92 kip⋅=:=



InteractionValue2

Pu

2 ϕaxial⋅ Pn⋅

Mcombined

ϕflexure Mn⋅









+
Vcombined

ϕshear Vn⋅

Tcombined

ϕtorsion Tn⋅
+









2

+ 0.54=:=

InteractionCheckpole_E1_2 if InteractionValue2 1.0≤ "OK", "No Good", ( ) "OK"=:=

Part II Extreme Events Checks

Part II Pole Base Fatigue Checks

Fatigue  Back to contents

Natural wind gusts at pole base:

From Part I:

MxNWfat_total_Pole 8.59 kip ft⋅⋅= MzNWfat_total_Pole MxNWfat_total_Pole:=

MxNWfat_total_Pole_2 0.75 MxNWfat_total_Pole⋅ 0.75 MzNWfat_total_Pole⋅+ 12.89 kip ft⋅⋅=:=

Stress Range at Pole-to-Base Plate Weld

Pole section properties:

rpole_base 7.5 in⋅= tpole 0.31 in⋅=

Ipole_base 414 in
4⋅=



Fatigue stresses:

σFAT_NW_pole_weld_2

MxNWfat_total_Pole_2 rpole_base⋅

Ipole_base

2.8 ksi⋅=:=

NaturalGustsWeldRatio2

σFAT_NW_pole_weld_2

∆FTH_pole_weld

0.4=:=

PoleWeldCheckNW_2 if NaturalGustsWeldRatio2 1.0≤ "OK", "No Good", ( ):= PoleWeldCheckNW_2 "OK"=

Stress Range in the Pole Base Plate Bolts

From table 11-2, Detail 5, Anchor Bolts or other Fasteners in Tension - Stress category D. 

Ab_bolts 16.97 in⋅= nb_bolts 4= See figure for detailed
dimensions A and B.

areab_bolts 1.9 in
2⋅=

Ib_bolts 547.16 in
4⋅=

σFAT_NW_pole_bolts_2

MxNWfat_total_Pole_2

Ab_bolts

2
⋅

Ib_bolts

2.4 ksi⋅=:=

NaturalGustBoltRatio2

σFAT_NW_pole_bolts_2

∆FTH_pole_bolts

0.34=:=

PoleBoltCheckNW_2 if NaturalGustBoltRatio2 1.0≤ "OK", "No Good", ( ):= PoleBoltCheckNW_2 "OK"=

Part II Pole Base Fatigue Checks



Example 3 Design Review
Title:  High Mast
Location:  San Francisco, CA
Project:  NCHRP 10-80
AASHTO Specification:  NCHRP 10-80
Initial Date:  May 9, 2011
Engineers:   Puckett and Jablin
Revision Dates:  8/1/2012 Revision abstract: n/a  

Problem Statement:  Design a high-level lighting pole with a height of 140 ft. to the mounting for the luminaires.  The

pole is a 16-sided tapered tube that supports the luminaires and mount with an EPA of 58 ft2 and a weight of
1800 lbs.  The pole could cross a travelway of typical importance with an ADT of 2000.   Additional input data
are provided in the example and are highlighted to indicate a given value.

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example
problems.  These include functions to determine Cd and resistance values for flexure, shear, and torsion

for common steel shapes.  You may need to reset the path to this file for your computer by right-clicking
on the reference.

Contents

Contents:

 Assumptions and Definitions

 Geometry Calculations

 Dead Loads

 Wind Load on Luminaires

 Service Level Wind Load on Luminaire



Contents, cont'd:

 Wind Load on Pole

 Service Level Wind Loads 

 Pole Base Actions

 Factored Actions (new Spec)

 Pole Resistances (new Spec)

 Base Plate Design

 Weld Design

 Fatigue Limits

 Fatigue

 Actual Stresses (old Spec)

 Allowable Stresses (old Spec)

 Combined Stress Ratio (old Spec)

Contents





Definitions and Assumptions

Define known properties:  Back to contents

Material Constants:

Es 29000ksi:= Fy 55ksi:= γsteel 490
lbf

ft
3

:=

Given: 55' long sections with slip-joint splices.

Hsec 55ft:= Ltot 140ft:=

Taper 0.14
in

ft
:= Dtop 9.0in:= nsides 16:= This is the flat-to-flat dimension of the

16-sided tube.

Given wall thicknesses:

twall1 0.2391in:=

twall2 0.3125in:=

twall3 0.5000in:=

Given: the effective projected area (EPA) of the Luminaires.

EPA 58ft
2:= Pluminaire 1.800kip:= blum 6ft:=

Given Wind Velocity:
See LTS LRFD section 3, table 3.8-2a, MRI =
1700 years.

Vbase 115mph:=



Assume inside bend radius of the pole:

ri 4in:=

Given: Bend Radius

rc 0.26:=

Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=



Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Definitions and Assumptions

Geometry Calculations

 Back to contents

D1_bot Dtop Hsec Taper⋅+ 16.7 in⋅=:= Diameter of the bottom of the topmost tube section

Splice1 1.5 D1_bot⋅ 25.05 in⋅=:=

Compute the exposed lengths and diameters of each section:

L1 Hsec 55 ft=:=

L2 Hsec Splice1− 52.9 ft=:=

D2_top D1_bot 2 twall1⋅− Taper Splice1⋅− 15.93 in⋅=:= D2_top_exposed D1_bot 2 twall1⋅− 16.22 in⋅=:=

D2_bot D2_top Hsec Taper⋅+ 23.6 in⋅=:=

Splice2 1.5 D2_bot⋅ 35.4 in⋅=:=

L3 Ltot L1− L2− 32.1 ft=:=

D3_top D2_bot 2 twall2⋅− Taper Splice2⋅− 22.6 in⋅=:= D3_top_exposed D2_bot 2 twall2⋅− 23 in⋅=:=

D3_bot D3_top Taper L3 Splice2+( )⋅+ 27.5 in⋅=:=



Compute the section areas at the top and bottom of each section:

A1_top 6.37
Dtop twall1−

2









⋅ twall1⋅ 6.67 in
2⋅=:=

A1_bot 6.37
D1_bot twall1−

2









⋅ twall1⋅ 12.54 in
2⋅=:=

A2_top 6.37
D2_top twall2−

2









⋅ twall2⋅ 15.54 in
2⋅=:=

A2_bot 6.37
D2_bot twall2−

2









⋅ twall2⋅ 23.2 in
2⋅=:=



A3_top 6.37
D3_top twall3−

2









⋅ twall3⋅ 35.2 in
2⋅=:=

A3_bot 6.37
D3_bot twall3−

2









⋅ twall3⋅ 43.0 in
2⋅=:=

Geometry Calculations

Dead Load

Pole self weight:  Back to contents

Ppole

A1_top A1_bot+

2








Hsec⋅

A2_top A2_bot+

2








Hsec⋅+

A3_top A3_bot+

2








L3 Splice2+( )⋅+








γsteel⋅ 10.08 kip⋅=:=

Luminaire:

Pluminaire 1.8 kip⋅=

Dead Load

Wind Load on Luminaires

Wind Loads  Back to contents

Mean recurrence interval = 1700 years, see Table 3.8-2a.

Vbase 115 mph⋅= Figure 3.8-2a, Basic Wind Speed, Extreme Event I

Cd 0.5:= Table 3.8.6.1

zg 900ft:= Article C3.8.4



α 9.5:= Article C3.8.4

Kz 2.0
Ltot

zg









2

α

⋅ 1.352=:= Equation C3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kd 1.0:= Directionality Factor, see 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ G⋅ Vbase
2⋅ Cd⋅ UnitsFactor⋅ 26.1 psf⋅=:=

Wlum Pz EPA⋅ 1.513 kip⋅=:=

Assume the luminaire is 6 feet in diameter:

blum 6ft=

elum 0.15 blum⋅ 0.9 ft=:= Article 3.9.4.2

Mz_lum Wlum elum⋅ 1.362 kip ft⋅⋅=:=

Wind Load on Luminaires



Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

ri 4 in⋅=

Calculate the value of rc along the length of structure (see Table 3.8.7-1, note e):





Based on the specifications, Cd will always be 0.55 with rc > 0.26 and V = 115 mph. 



Vwind_base 4.43kip:=

Mwind_base 289kip ft⋅:=

Wind Load On Pole



Pole Base Actions

Total Axial Dead Load:  Back to contents

PDL Ppole Pluminaire+ 11.88 kip⋅=:=

Total Wind Loads:

Mx Mwind_base Wlum Ltot 1ft+( )⋅+ 502 kip ft⋅⋅=:=

Vx Wlum Vwind_base+ 5.943 kip⋅=:=

Mz Mz_lum 1.362 kip ft⋅⋅=:=

Approximate second order effects (4.8.1):

rbot

D3_bot twall3−

2
13.50 in⋅=:=

rtop

Dtop twall1−

2
4.38 in⋅=:=

distmid L3 L2+( )
Ltot

2
− 15.0 ft=:=

rmid

D2_bot Taper distmid⋅−( ) twall2−

2
10.61 in⋅=:=

Dp Ppole 10.08 kip⋅=:=



IB 3.22 rbot
3⋅ twall3⋅ 3960 in

4⋅=:= Moment of inertia, pole base

IT 3.22 rtop
3⋅ twall1⋅ 64.7 in

4⋅=:= Moment of inertia, pole top

PT Pluminaire 1.800 kip⋅=:= Vertical concentrated load at the top of
the pole

rgy 0.711 rmid⋅ 7.54 in⋅=:= Radius of gyration at mid height

Ltot 140 ft=

k 2:= Slenderness Factor, 2.0 for a cantilever pole



SlendernessRatio
k Ltot⋅

rgy

445=:=

SlendernessLimit 2.0
π
2
Es⋅

Fy

144.3=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 10.93 kip⋅=:=

PEuler_bottom

π
2
Es⋅ IB⋅

k Ltot⋅( )2
100 kip⋅=:=

Equation 4.8.1-1

B2
1

1
Pequivalent

PEuler_bottom









−

1.122=:=

B2 max 1.0 B2, ( ) 1.12=:=

Pole Base Actions



Factored Actions

Factored Actions:  Back to contents

Vwind_base 4.43 kip⋅=

Mwind_base 289 kip ft⋅⋅=

PDL 11.88 kip⋅=

Total Wind Loads:

Mx_wind Mx 502 kip ft⋅⋅=:=

Vx_wind Vx 5.94 kip⋅=:=

Mz_wind Mz_lum 1.362 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Moments:

MxE_I γwind_E_I Mx_wind⋅ 502 kip ft⋅⋅=:=

MzE_I γwind_E_I Mz_wind⋅ 1.362 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind⋅ 5.94 kip⋅=:=

Factored Axial:

PE_I γDC_E_I PDL⋅ 13.07 kip⋅=:=

Factored Actions



Resistance at the Pole Base

Resistance:  Back to contents

ϕflexure 0.90= ϕshear 0.90= ϕweld 0.75= ϕtorsion 0.95= ϕaxial 0.90=

D3_bot 27.5 in⋅= twall3 0.5 in⋅= rbot 13.50 in⋅= rgybot 0.711 rbot⋅ 9.597 in⋅=:=

A3_bot 43.0 in
2⋅= Q 1.0:=

Av

A3_bot

2
21.5 in

2⋅=:= Equation 5.11.2.1.1-3

Effective width of the tube:

beff tan
180deg

nsides








D3_bot 2 twall3⋅− min 2 ri⋅ 8 twall3⋅, ( )−( )⋅ 4.47 in⋅=:=

Sbot 3.22 rbot
2⋅ twall3⋅ 293 in

3⋅=:=



Sbot 293 in
3⋅= Zbot 1.27 Sbot⋅:=

Ibot 3.22 rbot
3⋅ twall3⋅ 3960 in

4⋅=:= k 2= Ltot 140 ft= kL_over_r
k Ltot⋅

rgybot

350=:=

λ
beff

twall3

8.95=:=

1.12
Es

Fy

⋅ 25.7= Section is compact

Mn Mn_hexadecagonalTube beff twall3, Es, Fy, Zbot, Sbot, ( ) 1708 kip ft⋅⋅=:=

Vn Vn_hexadecagonalTube Av Fy, ( ) 709 kip⋅=:=

Pn Pn_hexadecagonalTube A3_bot Fy, kL_over_r, Es, Q, ( ) 88 kip⋅=:=



B2 1.122=

Check Extreme Event I:

MxE_I 502 kip ft⋅⋅= VxE_I 5.94 kip⋅= PE_I 13.1 kip⋅=

AxialRatio
PE_I

ϕaxial Pn⋅
0.165=:=

FlexuralRatio
MxE_I B2⋅

ϕflexure Mn⋅
0.367=:=

ShearRatio
VxE_I

ϕshear Vn⋅









2

0.000=:=

InteractionValueE_I AxialRatio FlexuralRatio+ ShearRatio+ 0.532=:=

InteractionCheckE_I if InteractionValueE_I 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance at the Pole Base



Base Plate Design

Base Plate Design  Back to contents

tmin 2in:= Minimum base plate thickness, 5.6.3.

tplate 3in:= Try 3-in plate

Bolts:

ϕbolt_tension 0.75= ϕbolt_shear 0.33=

nbolts 12:= Fy_bolts 55ksi:= Fu_bolts 70ksi:=

Dbolt 1.75in:=

Abolt
π

4
Dbolt( )2⋅ 2.41 in

2⋅=:=

Dbolt_pat 33.5in:= See figure below for geometry.

Cbolts

Dbolt_pat

2
16.75 in⋅=:=

Alternative computation

I1 Abolt Cbolts
2⋅ 674.8 in

4⋅=:=
J nbolts Abolt⋅ Cbolts

2⋅ 8098 in
4⋅=:=

I2 Abolt Cbolts sin 60deg( )⋅( )2⋅ 2⋅ 1012.2 in
4⋅=:=

I
J

2
4049 in

4⋅=:=
I3 Abolt Cbolts sin 30deg( )⋅( )2⋅ 2⋅ 337.4 in

4⋅=:=

Ibolts 2 I1 I2+ I3+( )⋅ 4049 in
4⋅=:=



Tension in bolts, Extreme Event I:

Pu_bolt

B2 MxE_I⋅ Cbolts⋅

Ibolts








Abolt⋅ 67.3 kip⋅=:=

Shear in bolts, Extreme Event I:

Vu_bolt

VxE_I

nbolts

0.495 kip⋅=:=

Bolt Resistances:

ϕPn_bolt ϕbolt_tension Fu_bolts⋅ Abolt⋅ 126.3 kip⋅=:=

ϕVn_bolt ϕbolt_shear Fu_bolts⋅ Abolt⋅ 55.6 kip⋅=:=

Combined Bolt Resistance:

InteractionValuebolts

Pu_bolt

ϕPn_bolt









2
Vu_bolt

ϕVn_bolt









2

+ 0.284=:=

InteractionCheckbolts if InteractionValuebolts 1.0≤ "OK", "No Good", ( ) "OK"=:=



Base Plate:

Fy_bp 36ksi:=



Calculate an eccentricity equal to half the distance from the center of the bolt to the toe of the weld.  Assume a weld
size. 

tweld 0.625in:=

dbolt

Dbolt_pat D3_bot−

2









3.00 in⋅=:= Distance from the face of the tube to the center of a bolt.

dweld_bolt dbolt tweld− 2.38 in⋅=:=

Pbolt

ebp

Moment Diagram in Base Plate

Distance to the point of contraflexure, assumed to be half the distance
from the bolt to the toe of the weld.

ebp

dweld_bolt

2
1.19 in⋅=:=

Mbp Pu_bolt ebp⋅ 6.66 kip ft⋅⋅=:=

θbolt
360deg

nbolts

30 deg⋅=:= Each bolt covers an arc of 30 degrees

de

D3_bot tweld+ ebp+

2
14.66 in⋅=:=



bbp_section 2 atan
θbolt

2









⋅ de⋅ 7.50 in⋅=:=
The width of a 30 degree arc at the location of eccentricty

Zbp

bbp_section tplate
2⋅

4
16.89 in

3⋅=:=

Mn_bp Fy_bp Zbp⋅ 50.7 kip ft⋅⋅=:=

ratiobp

Mbp

ϕflexure Mn_bp⋅
0.146=:=

InteractionCheckbp if ratiobp 1.0≤ "OK", "No Good", ( ) "OK"=:=

Base Plate Design



Weld Design

Weld Design  Back to contents

ϕweld 0.75= FEXX 70ksi:= Fn_weld 0.60 FEXX⋅ 42 ksi⋅=:=

MxE_I 502 kip ft⋅⋅= VxE_I 5.94 kip⋅= rbot 13.498 in⋅= tweld 0.625 in⋅=

radiusbot

D3_bot

2
13.75 in⋅=:=



2

Sweld π radiusbot
2⋅ 594 in

2⋅=:= Section modulus of the outer weld
pattern.

Vu_weld

MxE_I

Sweld









2
VxE_I

2 π⋅ radiusbot









2

+ 10.15
kip

in
⋅=:= Resultant shear on the weld.

Vn_weld tweld Fn_weld⋅ 26.3
kip

in
⋅=:= Factored resistance of the outer weld.

DesignRatio
Vu_weld

ϕweld Vn_weld⋅( )
0.516=:=

WeldCheck if Vu_weld ϕweld Vn_weld⋅< "OK", "No Good", ( ):= WeldCheck "OK"=

The 5/8" weld supplies adequate capacity.

Weld Design



KF_pole KF 13 DT, DBC, NB, tT, tTP, DOP, tST, NST, hST, NS, rb, ( ) 1.592=:=

Fatigue Limits

Fatigue Limits  Back to contents

DT D3_bot 27.5 in⋅=:= External diameter of a round tube.

DBC Dbolt_pat 33.5 in⋅=:= Diameter of a circle through the fasteners in the
transverse plate.

NB 4:= Number of fasteners in the transverse plate.

tT twall3 0.5 in⋅=:= Thickness of the tube.

tTP tplate 3 in⋅=:= Thickness of the transverse plate.

DOP 4in:= Diameter of the concentric opening in the tranverse plate.
Assume a value.

COP

DOP

DT

0.145=:=

CBC

DBC

DT

1.218=:=

tST 0:= Stiffener thickness, not applicable for this case

NST 0:= Number of stiffeners, NA

hST 0:= Height of stiffeners, NA

NS 16:= Number of sides for multi-sided tube, NA

rb ri 4 in⋅=:= Inside bend radius

4.6 Full penetration groove-welded tube-to-transverse plate connections welded from both sides with back-gouging
(without backing ring).  From Table 11.9.3.1-1.

Groove-welded tube-to-transverse plate connections:  Section Type 11-13. From Table 11.9.3.1-2.

See included sheet.



KI_pole 1.76 1.83
tT

in
⋅+









4.76 0.22
KF_pole⋅−








KF_pole⋅ 3.58=:= Equation 11.9.3.1-1

∆FTH_weld Delta_F KI_pole( ) 7.0 ksi⋅=:=

∆FTH_bolts 7.0ksi:= See Table 11.9.3.1, 2.3 

Fatigue Limits

Fatigue

Fatigue for High-Mast Lighting Towers  Back to contents

Vmean 10mph:= Figure 11.7.2-1

PFLS 6.5psf:=
Table 11.7.2-1

CD_fat 1.10:=

PCW PFLS CD_fat⋅ 7.15 psf⋅=:= Equation 11.7.2-1







MFat 89.5kip ft⋅:=

VFat 1.532kip:=

VFat_lum PFLS EPA⋅ 377 lbf=:=

MFat_tot MFat VFat_lum Ltot 1ft+( )⋅+ 142.657 kip ft⋅⋅=:=

VFat_tot VFat VFat_lum+ 1.909 kip⋅=:=

Stress in pole:

fb_nw

MFat_tot

Sbot

5.84 ksi⋅=:=

ratioweld_nw

fb_nw

∆FTH_weld
0.834=:=

WeldFatigueCheck if ratioweld_nw 1.00< "OK", "No Good", ( ):= WeldFatigueCheck "OK"=



Stress in anchor bolt:

fb_bolt

B2 MFat_tot⋅ Cbolts⋅

Ibolts

7.947 ksi⋅=:=

ratiobolt_nw

fb_bolt

∆FTH_bolts
1.135=:=

BoltFatigueCheck if ratiobolt_nw 1.00< "OK", "No Good", ( ):= BoltFatigueCheck "No Good"=

Fatigue



Actual Stresses

Allowable Stresses

Combined Stress Ratio

 Back to contents

CSR
fa

Fa

fb

Fb

+
fv

Fv









2

+ 0.934=:=

Combined Stress Ratio



Design Example 4
Monotube Overhead Traffic Signal and Sign Support Bridge

 Problem Statement:

Design a monotube overhead structure for Boston, MA to span a suburban road. It will
support two traffic signals and a sign 8 ft. long by 2.5 ft. high with the left edge located 5
ft. from the left upright.  One traffic signal is located 15 ft. from the right side upright and
has an EPA of 5.2 sq. ft. and weighs 52 lbs. The second traffic signal is 11 ft. to the right
of the first and has an EPA of 7.6 sq. ft. and weighs 70 lb.  The overall span of the
structure is 45 ft. and the distance from the post base to the center of the beam
supporting the traffic signals and sign is 23 ft.  Use ASTM A500 Grade B steel tubes and
AASHTO A490 anchor bolts.

H=23.0'

L=45.0'

E=6.0B=8.0'F=5.0' A=15.0'D=11.0'

Signal #2
Signal #1

C=2.5'



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example
problems.  These include functions to determine Cd and resistance values for flexure, shear, and torsion

for common steel shapes.  You may need to reset the path to this file for your computer by right-clicking
on the reference.
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Definitions And Assumptions

Definitions and Assumptions:  Back to Contents

γsteel 490
lbf

ft
3

:=

Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Sign:

hpost 23.0ft:= ORIGIN 1:= Es 29000ksi:= Fy 46ksi:= Gs 11200ksi:=

dsign 9ft:=

bsign 8ft:= hsign 2.5ft:= Asign bsign hsign⋅ 20.0 ft
2⋅=:= wsign 2psf:=

ysign 23ft:= Moment arm of the sign

Psign wsign Asign⋅ 40.0 lbf=:=

Signal 1: No dimensions given, so assume an area for ice.

dsignal1 30ft:= Psignal1 52lbf:= Asignal1 5.2ft
2:=

Signal 2:

dsignal2 19ft:= Psignal2 70lbf:= Asignal2 7.6ft
2:=



Assume the posts are HSS 10.000X0.250

As_post 7.15in
2:= Ipost 85.3in

4:= Jpost 171in
4:= Cpost 34.1in

3:=

wpost 26.06
lbf

ft
:= dpost 10.00in:= Fy_post 42ksi:=

Spost 17.1in
3:= Zpost 22.2in

3:= rgy_post 3.45in:=

tpost 0.233in:=

From Table 5.7.2-1:

λp 0.07
Es

Fy

⋅ 44.1=:= λr_flex 0.31
Es

Fy

⋅ 195.4=:= λr_comp 0.11
Es

Fy

⋅ 69.3=:=

λmax 0.45
Es

Fy

284=:= D_over_tpost 42.9:= Therefore, the shape is compact.



Assume the beam is an HSS 10x6x1/4

The beam is oriented with the strong axis resisting lateral loads.

As_beam 7.10in
2:= Iyy_beam 96.9in

4:= Izz_beam 44.1in
4:=

wbeam 25.82
lbf

ft
:= Zyy_beam 23.6in

3:= Zzz_beam 16.6in
3:=

Jbeam 96.7in
4:= Syy_beam 19.4in

3:= Szz_beam 21.2in
3:=

Lbeam 45ft:= ryy_beam 3.69in:= rzz_beam 2.49in:=

dbeam 6in:=
Cw_beam 26.2in

3:=

bbeam 10in:=

tbeam 0.233in:=

tw_beam 0.230in:=



λbeam 22.8:=
From section properties table.

λp_beam 1.12
Es

Fy

⋅ 28.1=:= From Table 5.7.2-1:

Definitions And Assumptions

Dead Loads

Structure Self Weight:  Back to Contents

Beam weight reaction on the posts:

Pbeam wbeam

Lbeam

2
⋅ 0.581 kip⋅=:=

Sign and signal vertical reactions to the posts:

Rsign_left Psign

Lbeam dsign−( )
Lbeam

⋅ 32.0 lbf=:=

Rsign_right Psign Rsign_left− 8.000 lbf=:=

Rsignal1_left Psignal1

Lbeam dsignal1−( )
Lbeam

⋅ 17.33 lbf=:=

Rsignal1_right Psignal1 Rsignal1_left− 34.7 lbf=:=

Rsignal2_left Psignal2

Lbeam dsignal2−( )
Lbeam

⋅ 40.4 lbf=:=

Rsignal2_right Psignal2 Rsignal2_left− 29.6 lbf=:=



Post self weight:

Ppost wpost hpost⋅ 0.599 kip⋅=:=

Total Weight:

Pleft Ppost

Pbeam

2
+ Rsignal1_left+ Rsignal2_left+ Rsign_left+ 0.980 kip⋅=:=

Pright Ppost

Pbeam

2
+ Rsignal1_right+ Rsignal2_right+ Rsign_right+ 0.962 kip⋅=:=

Ptotal Pbeam Psign+ 2 Ppost⋅+ Psignal1+ Psignal2+ 1.942 kip⋅=:=

Pleft Pright+ 1.942 kip⋅=

Dead Load Actions in the Beam:

Check the moment at midspan of the beam

Vbeam Rsign_left Rsignal1_left+ Rsignal2_left+ Pbeam+ 0.671 kip⋅=:=

Mmidspan_sign

Psign dsign⋅
Lbeam

2









⋅

Lbeam

0.180 kip ft⋅⋅=:=

Mmidspan_signal1

Psignal1 Lbeam dsignal1−( )
Lbeam

2









⋅








⋅

Lbeam

0.390 kip ft⋅⋅=:=

Mmidspan_signal2

Psignal2 dsignal2⋅
Lbeam

2









⋅

Lbeam

0.665 kip ft⋅⋅=:=



Mmidspan_beam

wbeam Lbeam
2⋅

8
6.54 kip ft⋅⋅=:=

Mmidspan Mmidspan_sign Mmidspan_signal1+ Mmidspan_signal2+ Mmidspan_beam+ 7.77 kip ft⋅⋅=:=
Dead Loads

Wind Loads

 Back to ContentsWind Loads:

zsign ysign 23.0 ft=:= Height above the ground at which the pressure is calculated, 3.8.4.

zposts

hpost

2
11.5 ft=:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

zg 900ft:= Article C3.8.4

α 9.5:=

Kz_sign 2.00
zsign

zg









2

α

0.924=:= Equation 3.8.4-1, the beam will use the same value.

Kz_posts 2.00
zposts

zg









2

α

0.799=:=

G 1.14:= Gust effect factor, minimum value.



VE1 150mph:= Extreme I Wind Speed - Figure 3.8-1b, 700 year mean recurrence
interval.

Kd 0.85:= Directionality factor, see 3.8.5 for an overhead frame.



Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

3.20=:=

CdSign Cd_sign ratiosign( ) 1.190=:=

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.

Pz_sign_E1 0.00256 Kz_sign⋅ Kd⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 61.4 psf⋅=:=

Pw_sign_E1 Pz_sign_E1 Asign⋅ 1228 lbf=:=

Mx_sign_E1

Pw_sign_E1 ysign⋅

2
14.12 kip ft⋅⋅=:=

Wind pressures on the signals for the various limit states:

Pressures on both signals will be the same, and the directionality factor is included in the EPA::

Pz_signal_E1 0.00256 Factor⋅ Kz_sign⋅ Kd⋅ G⋅ VE1
2⋅ 51.6 psf⋅=:=

Forces on signal 1:

Pw_signal1_E1 Pz_sign_E1 Asignal1⋅ 319 lbf=:=

Forces on signal 2:

Pw_signal2_E1 Pz_sign_E1 Asignal2⋅ 467 lbf=:=



Moments at the base of posts:

Mx_signal1_E1

Pw_signal1_E1 ysign⋅

2
3.67 kip ft⋅⋅=:=

Mx_signal2_E1

Pw_signal2_E1 ysign⋅

2
5.36 kip ft⋅⋅=:=

Shears in the beam from the sign and signals:

By inspection, the shear will be higher
on the left.

Vbeam_sign_E1

Pw_sign_E1 Lbeam dsign−( )⋅

Lbeam

982lbf=:=

Vbeam_signal1_E1

Pw_signal1_E1 Lbeam dsignal1−( )⋅

Lbeam

106.4 lbf=:=

Vbeam_signal2_E1

Pw_signal2_E1 Lbeam dsignal2−( )⋅

Lbeam

270lbf=:=



Moments in the beam for the sign and signals:

Mbeam_sign_E1

Pw_sign_E1 dsign⋅
Lbeam

2









⋅

Lbeam

5.52 kip ft⋅⋅=:=

Mbeam_signal1_E1

Pw_signal1_E1 Lbeam dsignal1−( )
Lbeam

2









⋅








⋅

Lbeam

2.39 kip ft⋅⋅=:=

Mbeam_signal2_E1

Pw_signal2_E1 dsignal2⋅
Lbeam

2









⋅

Lbeam

4.43 kip ft⋅⋅=:=

Wind pressures on the beam for the various limit states:

Ax_post dpost hpost⋅ 19.17 ft
2=:=

Az_post dpost hpost⋅ 19.17 ft
2⋅=:=

Cd_beam 1.7:= Flat members, Table 3.8.7-1

Pz_beam_E1 0.00256 Factor⋅ Kz_posts⋅ Kd⋅ G⋅ VE1
2⋅ Cd_beam⋅ 75.8 psf⋅=:=

Forces along the z axis:

wwz_beam_E1 Pz_beam_E1 dbeam⋅ 37.9 plf⋅=:=



Actions in the beam:

Vbeam_E1

wwz_beam_E1 Lbeam⋅

2
0.853 kip⋅=:=

Mbeam_E1

wwz_beam_E1 Lbeam
2⋅

8
9.59 kip ft⋅⋅=:=

Actions at the post base from wind on the beam:

Vpost_beam_E1 Vbeam_E1 0.853 kip⋅=:=

Mx_post_beam_E1 Vpost_beam_E1 hpost⋅ 19.61 kip ft⋅⋅=:=

Total wind actions in the beam:

Vbeam_total_E1 Vbeam_E1 Vbeam_sign_E1+ Vbeam_signal1_E1+ Vbeam_signal2_E1+ 2.21 kip⋅=:=

Mbeam_total_E1 Mbeam_E1 Mbeam_sign_E1+ Mbeam_signal1_E1+ Mbeam_signal2_E1+ 21.9 kip ft⋅⋅=:=

Wind pressures on the posts for the various limit states:

Ax_post 19.17ft
2=

Az_post 19.17 ft
2=

Cd_post 1.7:=

Pz_post_E1 0.00256 Kz_posts⋅ Kd⋅ G⋅ VE1
2⋅ Cd_post⋅ Factor⋅ 75.8 psf⋅=:=



Forces along the z axis:

Pwz_post_E1 Pz_post_E1 As_post⋅ 0.00 kip⋅=:=

Actions at the base of the posts:

Moments about the x axis:

Mx_post_E1 Pwz_post_E1 ysign⋅ 0.1 kip ft⋅⋅=:=

Forces along the x axis:

Pwx_post_E1 Pz_post_E1 Az_post⋅ 1.453 kip⋅=:=

Moments about the z axis:

Mz_post_E1 Pwx_post_E1 ysign⋅ 33.4 kip ft⋅⋅=:=

Total Wind Actions at the base of the posts:

Vpost_total_E1 Vbeam_total_E1 Pwx_post_E1+ 3.66 kip⋅=:=

Mx_post_total_E1 Mx_post_E1 Mx_post_beam_E1+ Mx_sign_E1+ Mx_signal1_E1+ Mx_signal2_E1+ 42.9 kip ft⋅⋅=:=

Wind Loads



Factored Actions

Factored Actions  Back to Contents

γDC_E1 1.1:= γwind_E1 1.0:=



Beam Actions

Extreme Event I (Dead plus Maximum Wind):

Bending about the strong axis of the beam.
Mz_E1 γDC_E1 Mmidspan⋅ 8.55 kip ft⋅⋅=:=

My_E1 γwind_E1 Mbeam_total_E1⋅ 21.9 kip ft⋅⋅=:= Bending about the weak axis of the beam.

Vz_E1 γwind_E1 Vbeam_total_E1⋅ 2.21 kip⋅=:=

Vy_E1 γDC_E1 Vbeam⋅ 0.738 kip⋅=:=

Post Actions

Extreme I (Maximum Wind):

Pu_E1 γDC_E1 Pleft⋅ 1.078 kip⋅=:=

Mpost_z_E1 γwind_E1 Mz_post_E1⋅ 33.4 kip ft⋅⋅=:=

Mpost_x_E1 γwind_E1 Mx_post_total_E1⋅ 42.9 kip ft⋅⋅=:=

Mu_post_E1 Mpost_z_E1
2

Mpost_x_E1
2+ 54.3 kip ft⋅⋅=:= Used for base plate design

Vpost_z_E1 γwind_E1 Vpost_total_E1⋅ 3.66 kip⋅=:=

Factored Actions



Beam Resistance

Resistance of the Beam:  Back to Contents

Flexural Resistance:

Mpzz_beam Fy Zzz_beam⋅ 63.6 kip ft⋅⋅=:=

Mnzz_beam Fy Szz_beam⋅ 81.3 kip ft⋅⋅=:=

ϕMnzz_beam ϕflexure Mpzz_beam⋅ 57.3 kip ft⋅⋅=:=

Check compactness of flanges for bending about the YY axis:

λbeam 22.8= λp_beam 28.1= Therefore, the flanges are compact.

Mp_yy Fy Zyy_beam⋅ 90 kip ft⋅⋅=:= Table 5.8.2-1

Mnyy_beam Fy Syy_beam⋅ 74.4 kip ft⋅⋅=:=

Check lateral torsional buckling:

Lp_beam

3750 ksi⋅ rzz_beam⋅

Mp_yy

Jbeam As_beam⋅⋅ 18.78 ft⋅=:=

Lr_beam

57000ksi rzz_beam⋅

Mnyy_beam

Jbeam As_beam⋅⋅ 347ft=:=

The length of the beam is between Lp and Lr, so use Equation 5.8.3.1.3-2:

Cb_beam 1.0:=

Mnyy_beam Cb_beam Mpzz_beam Mpzz_beam 0.7 Fy⋅ Szz_beam⋅−( )
Lbeam Lp_beam−

Lr_beam Lp_beam−









⋅−








⋅ 63.1 kip ft⋅⋅=:=

ϕMnyy_beam ϕflexure min Mp_yy Mnyy_beam, ( )⋅ 56.8 kip ft⋅⋅=:=



Shear Resistance:

Shear along the Y axis:

kv 5:=

LowerLimit 1.10
kv Es⋅

Fy

⋅ 61.8=:= Article 5.11.2.2

UpperLimit 1.37
kv Es⋅

Fy

⋅ 76.9=:=

tbeam 0.233 in⋅=



h_over_tw 22.8:= From section property table, less than the lower limit, so Cv = 1.0

Cv 1.0:= Equation 5.11.2.2-2

Fnv 0.6 Fy⋅ Cv⋅ 27.6 ksi⋅=:= Equation 5.11.2.2-1

Av_yy 2 dbeam⋅ tbeam⋅ 2.80 in
2⋅=:= Equations 5.11.2.2-7

ϕVn_yy ϕshear Av_yy( )⋅ Fnv( )⋅ 69 kip⋅=:=

Shear along the z axis:

b_over_tw 39.9:= From section property table, less than the lower limit, so Cv = 1.0

Cv 1.0:= Equation 5.11.2.2-2

Fnv 0.6 Fy⋅ Cv⋅ 27.6 ksi⋅=:= Equation 5.11.2.2-1

Av_zz 2 bbeam⋅ tbeam⋅ 4.66 in
2⋅=:= Equations 5.11.2.2-7

ϕVn_zz ϕshear Av_zz( )⋅ Fnv( )⋅ 116 kip⋅=:=

Beam Resistance



Beam Design Checks

Design Checks for the Beam

ϕMnyy_beam 56.8 kip ft⋅⋅= ϕMnzz_beam 57.3 kip ft⋅⋅=

Vz_E1 2.211 kip⋅= Vy_E1 0.738 kip⋅=

ϕVn_zz 115.8 kip⋅= ϕVn_yy 69.5 kip⋅=

ratioshear max
Vz_E1

ϕVn_zz

Vy_E1

ϕVn_yy
, 









0.019=:=

ratioflexure

My_E1

ϕMnyy_beam

Mz_E1

ϕMnzz_beam

+ 0.536=:=

CombinedRatio ratioshear ratioflexure+ 0.555=:=

BeamCheckyy if CombinedRatio 1.00< "OK", "No Good", ( ) "OK"=:=

Beam Design Checks



Resistance at the Post Base

Post Resistance  Back to Contents

HSS10.000x0.250 Round Section Properties:

Ipost 85.3 in
4⋅= Spost 17.1 in

3⋅= ϕaxial 0.90=

Ipost 85.3 in
4⋅= rgy_post 3.45 in⋅= Jpost 171 in

4⋅=

Zpost 22.2 in
3⋅= ϕflexure 0.90=

Ultimate Axial Capacity:

Kpost 2:= effective length factor

KL_over_r
Kpost hpost⋅

rgy_post

160.0=:=

Q 1.0:= The section is compact.

SlendernessLimit 4.71
Es

Q Fy⋅
⋅ 118.3=:=



Fe

π
2
Es⋅

KL_over_r( )
2

11.18 ksi⋅=:=

fcr_Q_1 0.658

Fy

Fe







 Fy⋅ 8.22 ksi⋅=:=

The slenderness ratio is greater than the slenderness limit, therefore:

fcr 0.877 Fe⋅ 9.81 ksi⋅=:= Equation 5.10.2.1-3

ϕPn ϕaxial As_post⋅ fcr⋅ 63.1 kip⋅=:= Equation 5.10.2.1-1

Ultimate Flexural Capacity:

Mp Fy Zpost⋅ 85 kip ft⋅⋅=:=



Flexural capacity:

ϕMn_post ϕflexure Mp⋅ 76.6 kip ft⋅⋅=:=

Resistance at the Post Base



Design Checks at the Post Base

Design Checks for the Posts  Back to Contents

Combined Actions Checks:

Extreme I:

AxialRatioE1

Pu_E1

ϕPn
0.017=:=

CombinedRatioE1

Pu_E1

2 ϕPn⋅

Mpost_x_E1
2

Mpost_z_E1
2+

ϕMn_post











+ 0.718=:=

PostCheck if CombinedRatioE1 1.00< "OK", "No Good", ( ) "OK"=:=

Design Checks at the Post Base

Base Plate Design

Base Plate Design  Back to Contents

Assume four anchor bolts will be used to connect structure to foundation.
Use a center-to-center bolt spacing of 12" in each direction.  Assume the
base plate is A36 Steel (preferred material specification for plates in AISC).

Fy_ab 55ksi:= Db 1.0in:= dedge 2.0in:= BoltSpacing 12in:=

Fy_plate 36ksi:=

tplate 2in:= Minimum, 5.6.3



Abolt

π Db
2⋅

4
0.785 in

2⋅=:= ϕRn_bolt 66.6kip:= AISC Table 7-2



cbolt 2
BoltSpacing

2









2

⋅ 8.49 in⋅=:=

Controlling moment at the column base
Mu_post_E1 54.3 kip ft⋅⋅=

Pbolt

Mu_post_E1

2 cbolt⋅
38.4 kip⋅=:=

Distance from the base plate corner to the inside face of the bolt:

dcorner 2 dedge( )2





Db

2
+ 3.33 in⋅=:=

Assume the bending plane in the base plate is at 45 degrees (shortest length, conservative)

bpl_analysis 2 dcorner⋅ 6.66 in⋅=:= danalysis 2.99in:=

Mu_plate danalysis Pbolt⋅ 9.57 kip ft⋅⋅=:=

Zplate bpl_analysis

tplate
2

4
6.66 in

3⋅=:=

Mn_plate Fy_plate Zplate⋅ 20.0 kip ft⋅⋅=:=

ratiobp

Mu_plate

ϕflexure Mn_plate⋅
0.533=:=

BasePlateCheck if ratiobp 1.00< "OK", "No Good", ( ) "OK"=:=

Base Plate Design



Base Plate Weld Design

 Back to ContentsBase Plate Welds

Use E70xx electodes.

Fv_weld 0.60 70⋅ ksi 42 ksi⋅=:= ϕweld_shear 0.75:= Table J2.5 AISC

Applied Actions:

Mpost_x_E1 42.9 kip ft⋅⋅= Mpost_z_E1 33.4 kip ft⋅⋅= Mu_post_E1 54.3 kip ft⋅⋅=

Vpost_z_E1 3.66 kip⋅=

Weld Properties:

Iweld π
dpost

2









3

⋅ 392.7 in
3⋅=:= Moment of inertia for bending about the x

axis

Vertical Shear:

fv

Mu_post_E1

dpost

2
⋅

Iweld

8.30
kip

in
⋅=:=

Horizontal Shear:

fh

Vpost_z_E1

π dpost⋅
0.117

kip

in
⋅=:=



Resultant Shear:

fr fv
2

fh
2+ 8.30

kip

in
⋅=:=

Weld Resistance:

tweld 0.3125in:=

ϕFV_weld ϕweld_shear Fv_weld⋅ tweld⋅ 9.84
kip

in
⋅=:=

ratioweld

fr

ϕFV_weld
0.843=:=

WeldCheck if ratioweld 1.00< "OK", "No Good", ( ) "OK"=:=

Base Plate Weld Design



Fatigue Limits

Fatigue Limits  Back to contents

DT dpost 10.0 in⋅=:= Outer flat-to-flat distance of a multi-sided tube.

DBC 2 cbolt⋅ 17.0 in⋅=:= Diameter of a circle through the fasteners in the
transverse plate.

NB 4:= Number of fasteners in the transverse plate.

tT tpost 0.2330 in⋅=:= Thickness of the tube.

tTP tplate 2.00 in⋅=:= Thickness of the transverse plate.

DOP 4in:= Diameter of the concentric opening in the tranverse plate.
Assume a value.

COP

DOP

DT

0.4=:=

CBC

DBC

DT

1.7=:=

tST 0:= Stiffener thickness, not applicable for this case

NST 0:= Number of stiffeners, NA

hST 0:= Height of stiffeners, NA

NS 4:= Number of sides for multi-sided tube, NA

rb 2.0in:= Inside bend radius, use 0 for a round tube



5.4 Fillet-welded tube-to-transverse plate connections.  From Table 11.9.3.1-1.

Groove-welded tube-to-transverse plate connections:  Section type for equation 11.9.3.1-13. From Table 11.9.3.1-2.

KF_pole KF 13 DT, DBC, NB, tT, tTP, DOP, tST, NST, hST, NS, rb, ( ) 2.34=:= See included sheet.

KI_pole 1.76 1.83
tT

in
⋅+









4.76 0.22
KF_pole⋅−








KF_pole⋅ 4.79=:= Equation 11.9.3.1-1

∆FTH_weld Delta_F KI_pole( ) 7.0 ksi⋅=:=

∆FTH_bolts 7.0ksi:= See Table 11.9.3.1-1, 2.3 

Fatigue Limits



Natural Wind Gusts

Natural Wind Gusts (11.7.1.2):  Back to contents

The maximum yearly mean wind velocity of National Weather Stations in Boston, MA is 11.2 mph.

C11.6 states the cantilevers supporting variable message may be classified as fatigue category 1.

IF 1.0:= Table 11.6-1 

CdSign 1.19=

Vmean 11.2mph:=

Cd_beam 1.70= Cd_post 1.70= Table 3.8.7-1 Different arm Cd due to lower
wind speed.

pNW_tubes 5.2psf Cd_beam⋅ IF⋅ 8.84 psf⋅=:= Equation C11.7.1.2-1

PNW_beam pNW_tubes

dbeam Lbeam⋅

2









⋅ 0.099 kip⋅=:= Force to each post

PNW_post pNW_tubes dpost hpost⋅( )⋅ 0.169 kip⋅=:= Force on each post

MxNW_beam PNW_beam hpost⋅ 2.29 kip ft⋅⋅=:= Moment at the base of each post

MxNW_post PNW_post

hpost

2
⋅ 1.948 kip ft⋅⋅=:=

From previous analysis, the total load on the sign and signals will be distributed very close to half to each post.  Assume
loads are distributed evenly.

CdSign 1.190=

Asignal1 5.2 ft
2= Asignal2 7.6 ft

2= Asign 20ft
2=

pNW_signals 5.2psf IF⋅ 5.20 psf⋅=:=



pNW_sign 5.2psf CdSign⋅ IF⋅ 6.19 psf⋅=:=

Force to each post.
PNW_sign_signals

pNW_sign Asign⋅ pNW_signals Asignal1 Asignal2+( )⋅+

2
0.095 kip⋅=:=

MxNW_sign_signals PNW_sign_signals hpost⋅ 2.19 kip ft⋅⋅=:=

MxNW_total MxNW_sign_signals MxNW_post+ MxNW_beam+ 6.42 kip ft⋅⋅=:=

σNW_weld

MxNW_total

dpost

2
⋅

Ipost

4.52 ksi⋅=:=

ratioNW

σNW_weld

∆FTH_weld

0.65=:=

CheckWeldNW if ratioNW 1.0≤ "OK", "No Good", ( ) "OK"=:=

Natural Wind Gusts

Truck Gusts

Truck Gusts (11.7.1.3):  Back to contents

As the sign and signals have small vertical surfaces, assume that truck gusts will not control.

Truck Gusts



Design Example 5 
Overhead Truss Span Type Support (Steel) 
 

Problem statement: 
 
Design a truss type overhead structure located near the coastline in Mobile Co., AL.  
The structure spans an interstate highway and supports two 20-ft. long by 12-ft. high 
signs.  The span is 90 ft. and the center of the first sign is 35 ft. from the right side 
upright.  The distance between the signs is 16-ft. and there is a 2-ft wide 
maintenance walkway (30 plf) in front of the signs. 
 
Use ASTM A500 Grade B round pipe for the upright posts and the chord members 
and ASTM A53 Grade B web members in the truss and for the struts and diagonals 
in the double pole uprights.   Use ASTM A687, Type II anchor bolts (105 ksi yield).  
The ground is level on both sides of the highway and the high point of the roadway is 
approximately 1 ft. above the baseline of the uprights. 

17.5'

Y=4.0'

H=24.5'

1'-0
S=90.0'

High point of roadway

8'-0

E=9.0' D=20.0'

F=12.0'

C=16.0'

L=74.0'

Maintenance walkway

A=25.0'B=20.0'

2.0'

8.0'

G=6.0'

W=4.0'

2.27'
0.84'

0.47'

0.47'

0.47'

1.42'

5.14'

5.14'

5.14'

5.14'
0.42'



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.
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Definitions And Assumptions

Definitions and Assumptions:  Back to Contents

Span 90ft:=

htruss 26.5ft:= Midheight of the the truss

Materials:

γsteel 490
lbf

ft
3

:= γice 56.8
lbf

ft
3

:=

ϕflexure 0.90:= ϕaxial 0.90:= ϕshear 0.90:= ϕtension_gross 0.95:= ϕtension_frac 0.80:=

Fy_main 42ksi:= A500 Grade B

Fy_sec 35ksi:= A53 Grade B

Es 29000ksi:=

Sign:

bsign 20ft:= hsign 12ft:= wsign 7psf:= dsignL 19ft:= dsignR 55ft:=

Psign bsign hsign⋅ wsign⋅ 1.680 kip⋅=:=



Wind Loads:

The structure would cross a lifeline highway on failure, MRI = 1700.

VE1 170mph:= Figure 3.8-2b

Posts:

The main posts are HSS12.75 X 0.375, Properties From AISC Design Manual.

dpost 12in:= tpost 0.349in:=

lpost 24.5ft:=

dpost_out dpost tpost+ 12.35 in⋅=:=

dpost_in dpost tpost− 11.65 in⋅=:=



Apost 13.6in
2:= Ipost 262in

4:= Spost 41in
3:= rpost 4.39in:=

zpost 6ft:= Distance between the posts.

Truss:

ltruss 90ft:=
Length of the truss.

lpanel 4ft:=
Length and height of a truss panel.

ztruss 4ft:=
Depth of the truss along the z-axis.

hpost_struts 5.14ft:=
See drawing.

The truss chords are HSS 5.563 X 0.258

dchord 5.563in:= tchord 0.240in:= Achord 4.01in
2:=

Ichord 14.2in
4:= Schord 5.12in

3:= rchord 1.88in:=

Jchord 28.5in
4:= Zchord 6.80in

3:= Cchord 10.2in
3:=

wchord 14.63plf:= nchords 2:=

λchord

dchord

tchord

23.2=:= λp_chord 0.07
Es

Fy_main

⋅ 48.3=:= Qchord 1.0:= From Table 5.7.2-1

All struts for the horizontal truss are 1-1/4 standard pipe.

dstrut 1.66in:= tstrut 0.130in:= Astrut 0.620in
2:=

Istrut 0.184in
4:= Sstrut 0.222in

3:= rstrut 0.543in:=

Jstrut 0.368in
4:= Zstrut 0.305in

3:=



wstrut 2.27plf:=

λstrut

dstrut

tstrut

12.8=:= λp_strut 0.07
Es

Fy_sec

⋅ 58=:= Qstrut 1.0:= From Table 5.7.2-1

Assume the diagonal members in the vertical trusses are 2-inch standard pipe.

dhdiag 2.38in:= thdiag 0.143in:= Ahdiag 1.00in
2:=

Ihdiag 0.627in
4:= Shdiag 0.528in

3:= rhdiag 0.791in:=

Jhdiag 1.25in
4:= Zhdiag 0.716in

3:=

whdiag 3.66plf:=

λhdiag

dhdiag

thdiag

16.6=:= λp_hdiag 0.07
Es

Fy_sec

⋅ 58=:= Qhdiag 1.0:= From Table 5.7.2-1

Definitions And Assumptions

Dead Loads

 Back to ContentsDead Loads

Psign 1.68 kip⋅=

dx_sign1 19ft:= dx_sign2 55ft:=

Post weight:

Ppost Apost γsteel⋅ lpost⋅ 1.134 kip⋅=:=



Truss Weights:

Chords:

ltruss 90 ft=

wchord 14.63 plf⋅=

Pchords 2nchords ltruss⋅ wchord⋅ 5.27 kip⋅=:=
both sides

Struts in the horizontal trusses:

lvertical lpanel 4.0 ft=:= ldiagonal lpanel
2
lpanel

2+ 5.66ft=:=

nverticals ceil
Span

lpanel









23=:= ndiagonals nverticals 1− 22=:=

nhorizontals nverticals 23=:= lhorizontals ztruss 4 ft=:=

Pvert 2 nverticals lvertical⋅ wstrut⋅ ndiagonals ldiagonal⋅ wstrut⋅+ nhorizontals lhorizontals⋅ wstrut⋅+( )⋅ 1.400 kip⋅=:=

Struts between the posts:

npost_struts 4:= lpost_struts 5.14ft( )
2

ztruss
2



+ 6.51ft=:=

Phorz npost_struts lpost_struts⋅ whdiag⋅ 0.095 kip⋅=:=



Sign Reactions:

RsignR

Psign dsignL⋅ Psign dsignR⋅+

ltruss

1.381 kip⋅=:=

RsignL 2 Psign⋅ RsignR− 1.979 kip⋅=:=

Totals:

PtoPostL

Pchords

2

Pvert

2
+ RsignL+









5.31 kip⋅=:=

PtoPostR

Pchords

2

Pvert

2
+ RsignR+









4.71 kip⋅=:=

wtruss

Pchords Pvert+ 2Psign+

ltruss

111.4 plf⋅=:=

PPostBase PtoPostL Ppost+ 6.45 kip⋅=:=
Left side is critical

Moments:

Mz_truss

wtruss ltruss
2

8
112.8 kip ft⋅⋅=:=



Chord Forces:

Dead load moment:

Half of the moment is carried by the front truss and half by the back
truss.

Pchord

Mz_truss

lpanel 2⋅
14.1 kip⋅=:=

Vertical strut force:

Pvert_DC

PtoPostL

2
2.66 kip⋅=:= One strut on each side of the truss

Vertical Diagonal Force:

Pdiag_DC Pvert_DC
2
Pvert_DC

2+ 3.76 kip⋅=:=

Dead Loads



Wind Loads

 Back to ContentsWind Loads

Areas:

Conservatively assume that both truss panels are loaded simultaneously.

Post:

Apost_E1 lpost dpost_out⋅ 25ft
2=:=

Truss Chords:

Achords_E1 2 dchord tchord+( ) ltruss⋅ 2⋅ 174.1ft
2=:=

Truss Diagonals in Horizontal Truss:

Adiag_E1 2 dstrut tstrut+( )⋅ ldiagonal⋅ ndiagonals⋅ 37.1 ft
2=:= ldiagonal 5.66ft=

Truss Verticals in the Horizontal Truss:

Avert_E1 2 dstrut tstrut+( ) lvertical⋅ nverticals⋅ 27.4 ft
2=:= lvertical 4 ft=

Struts between the posts:

Ahorz_E1 dhdiag thdiag+( ) lpost_struts⋅ 2⋅ 2.74 ft
2=:=



Pressures:

zg 900ft:= Article C3.8.4

α 9.5:=

Kz_truss 2.00
htruss

zg









2

α

0.952=:= Equation 3.8.4-1

Kz_post 2.00

lpost

2

zg











2

α

0.809=:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

G 1.14:= Gust effect factor, minimum value.

VE1 170 mph⋅= Extreme I Wind Speed - Figure 3.8-2b, 1700 year mean recurrence
interval.

Kd_post 0.95:= Directionality factor, see 3.8.5 for a round support.

Kd_truss 0.85:= Directionality factor, see 3.8.5 for an overheard truss.

Kd_sign 0.85:= Directionality factor, see 3.8.5



Post:

Cd_post_E1 Cd_cylindrical VE1 dpost_out, ( ) 0.45=:=

Pz_post_E1 0.00256 Factor⋅ Kz_post⋅ Kd_post⋅ G⋅ VE1
2⋅ Cd_post_E1⋅ 29.2 psf⋅=:=

Ppost_E1 Pz_post_E1 Apost_E1⋅ 736 lbf=:=

Mz_post_E1 Ppost_E1

htruss

2
⋅ 9.75 kip ft⋅⋅=:=



Signs:

CdSign Cd_sign

bsign

hsign









1.12=:=

Pz_sign_E1 0.00256 Kz_truss⋅ Kd_sign⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 76.5 psf⋅=:=

Psign_E1 Pz_sign_E1 bsign⋅ hsign⋅ 18.35 kip⋅=:=

Reactions:

Psign_E1_Right

Psign_E1 dsignL⋅ Psign_E1 dsignR⋅+

ltruss

15.09 kip⋅=:=

Psign_E1_Left 2 Psign_E1⋅ Psign_E1_Right− 21.6 kip⋅=:=

Truss Chords:

Cd_chord_E1 Cd_cylindrical VE1 dchord tchord+( ),   0.45=:=

Pz_chord_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_chord_E1⋅ Factor⋅ 30.7 psf⋅=:=

Pchord_E1 Pz_chord_E1 Adiag_E1⋅ 1.14 kip⋅=:=

Truss Diagonals:

Cd_diag_E1 Cd_cylindrical VE1 dstrut tstrut+( ),   1.1=:=

Pz_diag_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_diag_E1⋅ Factor⋅ 75.1 psf⋅=:=

Pdiag_E1 Pz_diag_E1 Adiag_E1⋅ 2.79 kip⋅=:=



Two diagonals contribute to the wind area for each
post.

Mzdiag_E1

2Pdiag_E1

ndiagonals

htruss

2
⋅ 3.36 kip ft⋅⋅=:=

Truss Verticals (same size as diagonals):

Cd_vert_E1 Cd_cylindrical VE1 dstrut tstrut+( ),   1.1=:=

Pz_vert_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_diag_E1⋅ Factor⋅ 75.1 psf⋅=:=

Pvert_E1 Pz_vert_E1 Avert_E1⋅ 2.06 kip⋅=:=

Two verticals contribute to the wind area for each
post.

Mzvert_E1

2Pvert_E1

nverticals

htruss

2
⋅ 2.37 kip ft⋅⋅=:=

Struts between the posts:

Cd_horz_E1 Cd_cylindrical VE1 dhdiag thdiag+( ),   1.1=:=

Pz_horz_E1 0.00256 Kz_truss⋅ Kd_truss⋅ G⋅ VE1
2⋅ Cd_horz_E1⋅ Factor⋅ 75.1 psf⋅=:=

Phorz_E1 Pz_horz_E1 Avert_E1⋅ 2.06 kip⋅=:=

Mzhorz_E1 Phorz_E1

htruss

2
⋅

1

2
⋅ 13.65 kip ft⋅⋅=:= Half of the moment carried by each post.



Horizontal wind reactions:

RH_E1_right

Pdiag_E1 Pvert_E1+ Phorz_E1+ Pchord_E1+

2
Psign_E1_Right+ 19.11 kip⋅=:=

RH_E1_left

Pdiag_E1 Pvert_E1+ Phorz_E1+ Pchord_E1+

2
Psign_E1_Left+ 25.6 kip⋅=:=

UniformWindE1

Pdiag_E1 Pvert_E1+ Phorz_E1+ Pchord_E1+ 2 Psign_E1⋅+

ltruss

0.497 klf⋅=:=

Moments:

My_truss_E1

UniformWindE1 ltruss
2

8
503 kip ft⋅⋅=:=

Chord Forces:

Half of the moment is resisted by the top panel and half by
the bottom panel.

Pchord_E1

My_truss_E1

ztruss 2⋅
62.9 kip⋅=:=



Vertical strut force:

There is one horizontal strut and one diagonal strut at the top
and bottom of the truss, therefore the total reaction is divided by
2 for the member force.

Phorz_W_E1

RH_E1_right

2
9.56 kip⋅=:=

Diagonal Force:

Pdiag_W_E1 Phorz_W_E1
2
Phorz_W_E1

2+ 13.5 kip⋅=:=

Wind Loads

Factored Actions

Factored Actions:  Back to Contents



γDC_E1 1.1:= γW_E1 1.0:=

Pchord 14.1 kip⋅= Pchord_E1 62.9 kip⋅=

Pu_chord_E1 γDC_E1 Pchord⋅ γW_E1 Pchord_E1⋅+ 78.4 kip⋅=:=

Pu_vert_E1 γDC_E1 Pvert_DC⋅ 2.92 kip⋅=:=

Pu_vert_diag_E1 γDC_E1 Pdiag_DC⋅ 4.13 kip⋅=:=

Pu_horz_E1 γW_E1 Phorz_W_E1⋅ 9.556 kip⋅=:=

Pu_horz_diag_E1 γW_E1 Pdiag_W_E1⋅ 13.51 kip⋅=:=

Factored Actions

Truss Member Resistances
 Back to Contents

ϕflexure 0.90= ϕaxial 0.90= ϕshear 0.90= ϕtension_gross 0.95= ϕtension_frac 0.80=

Truss chord in compression:

kchord 1.0:= Fy_main 42 ksi⋅= Effective length factor.

Lchord 8ft:= Longest unbraced section of chord.

rchord 1.88 in⋅=

kl_over_rchord

kchord Lchord⋅

rchord

51.1=:=

Qchord 1.00=



Fcr_chord Fcr_roundTube_compr Fy_main Es, kl_over_rchord, Qchord, ( ) 35.8 ksi⋅=:=

Fe

π
2
Es⋅

kl_over_rchord
2

109.8 ksi⋅=:= Equation 5.10.2.1-4

ϕPn_chord Achord Fcr_chord⋅ 143.5 kip⋅=:=

ratiochord

Pu_chord_E1

ϕPn_chord
0.55=:=

TensionCheckChord if ratiochord 1.00≤ "OK", "No Good", ( ) "OK"=:=

Vertical struts in compression:

kstrut 1.0:= Fy_sec 35 ksi⋅=

Lstrut 4.0ft:=

rstrut 0.543 in⋅=

kl_over_rstrut

kstrut Lstrut⋅

rstrut

88.4=:=

Qstrut 1.00=

Fcr_strut Fcr_roundTube_compr Fy_sec Es, kl_over_rstrut, Qstrut, ( ) 23.5 ksi⋅=:=

ϕPn_strut Astrut Fcr_strut⋅ 14.5 kip⋅=:=

ratiostrut

Pu_vert_E1

ϕPn_strut
0.201=:=

TensionCheckVStrut if ratiostrut 1.00≤ "OK", "No Good", ( ) "OK"=:=



Vertical diagonals in compression:

kdiag 1.0:= Fy_sec 35 ksi⋅=

ldiagonal 5.657ft=

rdiag rstrut 0.543 in⋅=:= Adiag Astrut 0.62 in
2⋅=:=

kl_over_rdiag

kdiag ldiagonal⋅

rdiag

125=:=

Qdiag Qstrut 1.00=:=

Fcr_diag Fcr_roundTube_compr Fy_sec Es, kl_over_rstrut, Qdiag, ( ) 23.5 ksi⋅=:=

ϕPn_diag Adiag Fcr_diag⋅ 14.5 kip⋅=:=

ratiodiag

Pu_vert_diag_E1

ϕPn_diag
0.28=:=

TensionCheckVDiag if ratiodiag 1.00≤ "OK", "No Good", ( ) "OK"=:=

Horizontal struts in compression:

khstrut 1.0:= Fy_sec 35 ksi⋅=

Lhstrut 4.0ft:=

rhstrut rstrut 0.543 in⋅=:=

kl_over_rhstrut

khstrut Lhstrut⋅

rhstrut

88.4=:=



Qstrut 1.00=

Fcr_hstrut Fcr_roundTube_compr Fy_sec Es, kl_over_rhstrut, Qstrut, ( ) 23.5 ksi⋅=:=

ϕPn_hstrut Astrut Fcr_strut⋅ 14.5 kip⋅=:=

ratiohstrut

Pu_horz_E1

ϕPn_hstrut
0.66=:=

TensionCheckHStrut if ratiohstrut 1.00≤ "OK", "No Good", ( ) "OK"=:=

Horizontal diagonals in compression:

khdiag 1.0:= Fy_sec 35 ksi⋅=

lhdiagonal ldiagonal:=

rhdiag 0.791 in⋅= Adiag 0.62 in
2⋅=

kl_over_rhdiag

khdiag lhdiagonal⋅

rhdiag

85.8=:=

Qhdiag 1.00=

Fcr_hdiag Fcr_roundTube_compr Fy_sec Es, kl_over_rstrut, Qhdiag, ( ) 23.5 ksi⋅=:=



ϕPn_hdiag Adiag Fcr_diag⋅ 14.5 kip⋅=:=

ratiohdiag

Pu_horz_diag_E1

ϕPn_hdiag
0.929=:=

TensionCheckHDiag if ratiohdiag 1.00≤ "OK", "No Good", ( ) "OK"=:=

Truss Member Resistances

Vertical Support Actions

Vertical Support Actions:  Back to Contents

Analyze the verticals as separate cantilevers.

RH_E1_left 25.6 kip⋅= Horizontal force at the top of the vertical support.

PPostBase_E1 γDC_E1 PPostBase⋅ 7.09 kip⋅=:= Vertical force at the bottom of a post.

Moment from the horizontal force at the top of the
vertical support, distributed between two poles.

Mx_vert_E1

RH_E1_left htruss⋅

2
340 kip ft⋅⋅=:=

Pvchord_E1

Mx_vert_E1

zpost

56.6 kip⋅=:= Chord force in the post due to bending.

Pchord_total_E1 Pvchord_E1 PPostBase_E1+ 63.7 kip⋅=:= Compressive force in the chord due to
pending plus axial.

Mu_z γW_E1 Mzhorz_E1 Mzdiag_E1+ Mzvert_E1+( )⋅ 19.39 kip ft⋅⋅=:=



Resistances at the base of the pole:

Ashear_base

Apost

2
6.80 in

2⋅=:= Effective shear area for a round tube.

dpost 12 in⋅= tpost 0.349 in⋅=

Zbot

dpost_out
3

6

dpost_in
3

6
− 50.3 in

3⋅=:=

ktube 2.1:= rtube 0.707
dpost

2
⋅ 4.24 in⋅=:=

kl_over_rtube

ktube htruss⋅

rtube

157.4=:=

Lv_base htruss 26.5 ft=:=

Lt_base π dpost⋅ 37.7 in⋅=:=



λp 0.07
Es

Fy_main

⋅ 48.3=:= λr_comp 0.11
Es

Fy_main

⋅ 76=:= λr_flex 0.31
Es

Fy_main

⋅ 214=:=

λpost

dpost

tpost

34.4=:=

Q min 0.67
0.038

dpost

tpost









Es

Fy_main









⋅+ 1.00, 












1.00=:=

Vn Vn_roundTube Ashear_base dpost, tpost, Es, Fy_main, Lv_base, ( ) 59.9 kip⋅=:=

Jtop 2 Ipost⋅ 524 in
4⋅=:=

Fnt Fnt_roundTube Fy_main Es, dpost, tpost, Lv_base, ( ) 25.2 ksi⋅=:=

Tn Apost Fnt⋅ 342.7 kip⋅=:=

Mn Mn_roundTube dpost tpost, Es, Fy_main, Zbot, Spost, ( ) 175.9 kip ft⋅⋅=:=

Pn Pn_roundTube Apost Fy_main, kl_over_rtube, Es, Q, ( ) 138 kip⋅=:=

Mu_z 19.39 kip ft⋅⋅= RH_E1_left 25.6 kip⋅= PPostBase_E1 7.09 kip⋅=

AxialRatio
Pchord_total_E1

Pn

0.462=:=

InteractionValue
Pchord_total_E1

ϕaxial Pn⋅

Mu_z

ϕflexure Mn⋅









+
RH_E1_left

ϕshear Vn⋅









2

+ 0.86=:=

By inspection, the load combination that maximizes the effect of wind along the z axis controls.

Vertical Support Actions



 Problem Statement:

Location:  Spokane, WA, State Highway
Design a structure to support two traffic signals and a sign 8 ft. long by 2.5 ft. high.  The

first traffic signal has an EPA of 5.2 ft2, weighs 52 lbs, and is located 15 ft. from the right

upright.  The second traffic signal is 11 ft. to the left of the first and has an EPA of 7.6 ft2

and weighs 70 lbs.  The left edges of the sign is located 5 ft. from the left upright.  The
structure span is 50 ft.  Minimum clearance from the high point of roadway to bottom of
the signal is 17.0 ft.



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.
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Definitions And Assumptions

Definitions, Assumptions, and Given Values:  Back to contents

ORIGIN 1:= tpole 0.22in:= Es 29000ksi:= Fy 46ksi:=
hpole 24.5ft:=

dsign 9ft:=

bsign 8ft:= hsign 2.5ft:= Asign 20ft
2:= wsign 2psf:=

dsignal1 35ft:= dsignal2 24ft:=

Asignal1 5.2ft
2:= Asignal2 7.6ft

2:=

Psignal1 52lbf:= Psignal2 70lbf:=

L 50ft:= Sag_limit 0.05:=

Sag Sag_limit L⋅ 2.5 ft=:=

wwire 0.273
lbf

ft
:= wsignal_cable 0.227

lbf

ft
:= dwire 0.375in:=

Nw_segs 1 50..:= Lw_segs
L

50
1ft=:= N 50:= Use 50 wire segments for the analysis

γsteel 490
lbf

ft
3

:=

dbot 11.25in:= Middle surface diameter.

taper 0.14
in

ft
:=

dtop dbot taper hpole⋅( )− 7.82 in⋅=:=

dbot_out dbot tpole+ 11.47 in⋅=:= rbot

dbot

2
5.625 in⋅=:=



dtop_out dtop tpole+ 8.04 in⋅=:= rtop

dtop

2
3.91 in⋅=:=

dbot_in dbot tpole− 11.03 in⋅=:=

dtop_in dtop tpole− 7.6 in⋅=:=

λpost

dtop

tpole

35.5=:= λp_post 0.07
Es

Fy

⋅ 44.1=:= λr_post 0.11
Es

Fy

⋅ 69.3=:=



Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:= 5.5.3.2 

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Definitions And Assumptions

Dead Loads

Dead Loads  Back to contents

Pole self weight:

dbot 11.25 in⋅= hpole 24.5 ft= taper 0.14
in

ft
⋅= dtop 7.82 in⋅=

dpole_average

dbot dtop+

2
0.795 ft=:= tpole 0.018ft=

Ppole π dpole_average⋅ tpole⋅ hpole⋅ γsteel⋅ 0.549 kip⋅=:=



Wire, Sign, and Signal Weight:

Ndists 1 51..:=
wtotal_wires wwire wsignal_cable+ 0.5

lbf

ft
⋅=:=

dsegs
Nw_segs

Nw_segs 0.5−( ) Lw_segs⋅:=

Pwire
Nw_segs

Lw_segs wtotal_wires⋅:= Pwire

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

...

lbf⋅= dsegs

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5

10.5

11.5

12.5

13.5

14.5

...

ft⋅=



Psign wsign bsign⋅ hsign⋅ 40 lbf=:=

PtotalDC Pwire:=

PtotalDC dsign

ft

PtotalDC dsign

ft

Psign+ ...=:=

PtotalDC dsignal1

ft

PtotalDC dsignal1

ft

Psignal1+ ...=:=

PtotalDC dsignal2

ft

PtotalDC dsignal2

ft

Psignal2+ ...=:= PtotalDC

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

40.5

0.5

0.5

0.5

0.5

0.5

...

lbf⋅=

MDC_aboutLeft PtotalDC dsegs⋅ 4.404 kip ft⋅⋅=:=

Rright

MDC_aboutLeft

L
88.08 lbf=:=

Rleft PtotalDC∑ Rright− 98.92 lbf=:=



Sum the moments about the point of maximum deflection to compute the horizontal reaction at the left:



Rright_h 0.625kip:=

Rleft_h Rright_h 0.625 kip⋅=:=

Compute the length of the span wire.  From LTS Appendix A:



Gwire
Nw_segs

PtotalDC
Nw_segs

:= Gwire
1

0:= Gwire

1

1

2

3

4

5

6

7

8

9

10

11

0

0.5

0.5

0.5

0.5

0.5

0.5

0.5

40.5

0.5

...

lbf=

Fy_DC
Nw_segs

Rleft

1

Nw_segs

i

Gwire
i∑

=

−:= Fy_DC

1

1

2

3

4

5

6

7

8

9

10

11

98.92

98.42

97.92

97.42

96.92

96.42

95.92

95.42

54.92

54.42

...

lbf=

Compute the wire length:

Lo

1

N

i

Rleft_h
2

Fy_DC
i( )2+

Lw_segs

Rleft_h

⋅








∑
=

50.3 ft=:=

Check the length by comparing to 2 straight lines with a 2.5 foot sag at the midpoint of a 50 foot span

Lest 2
L

2








2

Sag
2+⋅ 50.2 ft=:=



Tension in the wire from component dead loads:  Back to contents

TDC max Rleft
2

Rleft_h
2+ Rright

2
Rright_h

2+, 



:=

TDC 0.633 kip⋅=

Compute the deflection at the top of the poles due to the dead load:

Rleft_h 0.625 kip⋅= hpole 24.5 ft=

RA

dtop

2
3.91 in⋅=:=

RB

dbot

2
5.63 in⋅=:=

Es 29000 ksi⋅=

C 3.14:= Cross section constant from LTS Table B-1

tpole 0.22 in⋅=

∆DC

Rleft_h hpole
3⋅

2 Es⋅ C⋅ tpole⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB








3

RA

RB

−








⋅−








⋅ 1.936 in⋅=:=

Dead Loads



Wind Loads

 Back to contentsWind Loads:

z 28ft:= Height above the ground at which the pressure is calculated, 3.8.4.

zg 900ft:=

α 9.5:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kz 2.00
z

zg









2

α

:= Equation 3.8.4-1

G 1.14:= Gust effect factor, minimum value.

VE1 110mph:= Extreme I Wind Speed - Figure 3.8-1a, 700 year mean recurrence
interval.



Kd 0.95:= Directionality factor, see 3.8.5 for a round support.

Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

3.2=:=

CdSign Cd_sign ratiosign( ) 1.19=:=

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.

Pz_sign_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 38.5 psf⋅=:=



Pw_sign_E1 Pz_sign_E1 Asign⋅ 1 kip⋅=:=

Wind pressures on the signals for the various limit states:

Pz_signal_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Factor⋅ 32.3 psf⋅=:=

Pw_signal1_E1 Pz_signal_E1 Asignal1⋅ 0.168 kip⋅=:=

Pw_signal2_E1 Pz_signal_E1 Asignal2⋅ 0.246 kip⋅=:=

Wind pressures on the wire for the various limit states:

TableValueE1 VE1 dwire⋅ 3.4 mph ft⋅⋅=:=

Cd_wire_E1 Cd_cylindrical VE1 dwire, ( ) 1.1=:=

Pz_wire_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Factor⋅ 32.3 psf⋅=:=

wwire_E1 Pz_signal_E1 dwire⋅ 1.01 plf⋅=:=

Wind pressures on the support poles for the various limit states

Areapole hpole

dbot_out dtop_out+

2









⋅ 19.92ft
2=:=

ybar_pole hpole

hpole

3

2.0 dbot⋅ dtop+( )
dbot dtop+( )

⋅








− 11.516ft=:=



Extreme I:

TableValueMax VE1 dbot_out⋅ 105.1 mph ft⋅⋅=:=

TableValueMin VE1 dtop_out⋅ 73.7 mph ft⋅⋅=:=

Cd_pole_botE1 Cd_cylindrical VE1 dbot_out, ( ) 0.45=:=

Cd_pole_topE1 Cd_cylindrical VE1 dtop_out, ( ) 0.482=:=

Cd_diff Cd_pole_topE1 Cd_pole_botE1−:=

Cd_pole_E1 Cd_pole_botE1
2

3







Cd_diff+ 0.471=:=

Pz_pole_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Cd_pole_E1⋅ Factor⋅ 15.23 psf⋅=:=

Pw_pole_E1 Pz_pole_E1 Areapole⋅ 0.303 kip⋅=:=

Mwx_pole_E1 ybar_pole Pw_pole_E1⋅ 3.49 kip ft⋅⋅=:=

Wind Loads



Compute the reactions from the wire:  Back to contents



Extreme I Actions

Extreme I  Back to contents

γDC_E1 1.1:= γW_E1 1.0:=

wwire_E1 1.01
lbf

ft
⋅=

Pw_E1
Nw_segs

Lw_segs wwire_E1⋅:=

Pw_E1dsign

ft

Pw_sign_E1 Pw_E1dsign

ft

+:=



Pw_E1dsignal1

ft

Pw_signal1_E1 Pw_E1dsignal1

ft

+:=

Pw_E1dsignal2

ft

Pw_signal2_E1 Pw_E1dsignal2

ft

+:=
Pw_E1

1

1

2

3

4

5

6

7

8

9

10

11

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

770.105

1.01

...

lbf=

Mw_E1_aboutLeft Pw_E1 dsegs⋅ 19.4 kip ft⋅⋅=:=

Rw_E1_right

Mw_E1_aboutLeft

L
0.387 kip⋅=:=

Rw_E1_left Pw_E1∑ Rw_E1_right− 0.846 kip⋅=:=

Az_E1 Rw_E1_left 0.846 kip⋅=:=

Bz_E1 Rw_E1_right:=

Gwire_E1( )
Nw_segs

γDC_E1PtotalDC
Nw_segs

:= Gwire_E1
1

0:=

Wwire_E1
Nw_segs

γW_E1 Pw_E1
Nw_segs

⋅:= Wwire_E1
1

0:=



Gwire_E1

1

1

2

3

4

5

6

7

8

9

10

11

0

0.55

0.55

0.55

0.55

0.55

0.55

0.55

44.55

0.55

...

lbf=
Wwire_E1

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0

1.01

1.01

1.01

1.01

1.01

1.01

1.01

770.105

1.01

1.01

1.01

1.01

1.01

1.01

...

lbf=

Ay_E1 γDC_E1 Rleft⋅ 0.109 kip⋅=:=

Fy_E1
Nw_segs

Ay_E1

1

Nw_segs

i

Gwire_E1
i∑

=

−:=
Fy_E1

1

1

2

3

4

5

6

7

8

9

10

11

108.812

108.262

107.712

107.162

106.612

106.062

105.512

104.962

60.412

59.862

...

lbf=



Fz_E1
Nw_segs

Az_E1

1

Nw_segs

i

Pw_E1
i∑

=

−:= Fz_E1

1

1

2

3

4

5

6

7

8

9

10

11

844.841

843.831

842.821

841.811

840.801

839.792

838.782

837.772

67.667

66.658

...

lbf=

Now solve for Ax:

Fx_E1 720lbf:=

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

57.083ft= Lo 50.3 ft=

Ax_E1 root

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

Lo− Fx_E1, 










3.81 kip⋅=:=

∆E1

Ax_E1 hpole
3⋅

2 Es⋅ C⋅ tpole⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB








3

RA

RB

−








⋅−








⋅ 11.79 in⋅=:=

Compute the displacement due only to the factored wind:

∆wind ∆E1

∆DC

γDC_E1
− 10.03 in⋅=:=

Lj_E1 Lo 2 ∆E1 ∆DC−( )⋅+ 51.9 ft=:=



Compute the final reaction in the horizontal direction by convergence of the equations above:

Given

Lj_E1 Lo 2 ∆E1 ∆DC−( )⋅+=

Ax_E1 root

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

Lj_E1− Fx_E1, 










=

∆E1

Ax_E1 hpole
3⋅

2 Es⋅ C⋅ tpole⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB








3

RA

RB

−








⋅−








⋅=

Lj_E1

Ax_E1

∆E1













Find Lj_E1 Ax_E1, ∆E1, ( ):= Lj_E1 51ft=

Ax_E1 2.03 kip⋅=

∆E1 6.3 in⋅=

Extreme I Actions



Factored Actions Summary - Top of the Pole

Extreme I, Maximum Wind  Back to contents

Ax_E1 2.03 kip⋅=

Ay_E1 0.109 kip⋅=

Az_E1 0.846 kip⋅=

Factored Actions Summary - Top of the Pole

Factored Actions at the Pole Base

Factored Actions, Pole Base  Back to contents

Extreme I, Maximum Wind:

γDC_E1 1.10= γW_E1 1.00=

ME1 Ax_E1 hpole⋅( )2 Az_E1 hpole⋅( )2+ Mwx_pole_E1
2+ 54.1 kip ft⋅⋅=:=

VE1 Ax_E1( )2 Az_E1( )2+ γW_E1 Pw_pole_E1⋅( )2+ 2.22 kip⋅=:=

PE1 Ay_E1 γDC_E1 Ppole⋅+ 0.713 kip⋅=:=

The pole is relatively short with small axial loads and B2 is assumed to be 1.0

Factored Actions at the Pole Base



Pole Resistance

Resistance  Back to contents

Pole Tube Section Properties:

rbot 5.63 in⋅=

Ibot π rbot
3⋅ tpole⋅ 123.0 in

4⋅=:=

Abot π
dbot_out

2









2

⋅ π
dbot_in

2









2

− 7.78 in
2⋅=:=

Spole 0.098175
dbot_out

4
dbot_in

4−

dbot_out

⋅ 21.5 in
3⋅=:=

Zpole

dbot_out
3

6

dbot_in
3

6
− 27.8 in

3⋅=:=

rg_bot

Ibot

Abot

3.98 in⋅=:=



Mn Mn_roundTube dbot tpole, Es, Fy, Zpole, Spole, ( ) 103.3 kip ft⋅⋅=:=  Table 5.8.2-1

Ashear

Abot

2.0
3.89 in

2⋅=:=

Vn Vn_roundTube Ashear dbot, tpole, Es, Fy, hpole, ( ) 48.8 kip⋅=:=

Jbase 2 Ibot⋅ 246 in
4⋅=:=

k 2.1:=

kl_over_r
k hpole⋅

rg_bot

155.2=:=

λpost 35.5= λr_post 69.3= Q 1.0:= Equation 5.10.2.1-5

Pn Pn_roundTube Abot Fy, kl_over_r, Es, Q, ( ) 81 kip⋅=:=

Pole Resistance



Resistance Checks

 Back to contentsResistance Checks

Extreme I, Maximum Wind

InteractionValue
PE1

2ϕaxial Pn⋅

ME1

ϕflexure Mn⋅
+

VE1

ϕshear Vn⋅









2

+ 0.589=:= Equation 5.12.1-1

InteractionCheckArm_E1 if InteractionValue 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance Checks

Base Plate

Base Plate  Back to contents

Four anchor bolts, spaced at 12.25 inches on center both directions.  Assume the plate is thickness is 3 inches.

Nb 4:= BoltSpacing 12.25in:=

tplate 3in:= dbot_out 11.47 in⋅= Diameter to the outside of the post.

dedge 2in:= Dbolt 1.25in:=

Abolt

π Dbolt
2⋅

4
1.227 in

2⋅=:= ϕRn_bolt 66.6kip:= AISC Table 7-2

Fy_ab 55ksi:= Fy_plate 36ksi:=



cbolt 2
BoltSpacing

2









2

⋅ 8.66 in⋅=:=

rbot_out

dbot_out

2
5.74 in⋅=:=

Compute the distance from the outside edge of the post to the inside edge of the bolt:

danalysis cbolt

Dbolt

2
− rbot_out− 2.3 in⋅=:=



Compute the width of the base plate to resistance bending:

dcorner 2dedge

Dbolt

2
+ 3.45 in⋅=:=

bpl_analysis 2 dcorner⋅ 6.91 in⋅=:=

Ibolt_group cbolt
2
Abolt⋅ 92.1 in

4⋅=:=

ME1 54.1 kip ft⋅⋅= Controlling moment at the column base



Pbolt

ME1

2 cbolt⋅
37.5 kip⋅=:= ϕRn_bolt 66.6 kip⋅=

BoltCheck if Pbolt ϕRn_bolt≤ "OK", "No Good", ( ) "OK"=:=

Mu_plate danalysis Pbolt⋅ 7.19 kip ft⋅⋅=:=

Zplate bpl_analysis

tplate
2

4
15.54 in

3⋅=:=

ϕMn_plate ϕflexure Fy_plate⋅ Zplate⋅ 42.0 kip ft⋅⋅=:=

DesignRatio
Mu_plate

ϕMn_plate
0.171=:=

BasePlateCheck if Mu_plate ϕMn_plate≤ "OK", "No Good", ( ) "OK"=:=

Base Plate

Base Plate Weld Design

Base Plate Weld Design  Back to contents

Use E70xx electodes.

ϕweld 0.75= FEXX 70ksi:= Fn_weld 0.60 FEXX⋅ 42 ksi⋅=:=

Fv_weld 0.60 FEXX⋅ 42 ksi⋅=:= ϕweld_shear 0.80:=



tweld .625in:=

Sweld π rbot_out
2⋅ 103.3 in

2⋅=:= Section modulus of the outer weld
pattern.

Vu_weld

ME1

Sweld









2
VE1

2 π⋅ rbot_out









2

+ 6.28
kip

in
⋅=:= Resultant shear on the weld.

Vn_weld tweld Fv_weld⋅ 26.25
kip

in
⋅=:= Factored resistance of the outer weld.



ϕVn_weld ϕweld_shear Vn_weld⋅ 21.0
kip

in
⋅=:=

WeldRatio
Vu_weld

ϕVn_weld
0.299=:=

WeldCheck if WeldRatio 1.00< "OK", "No Good", ( ):= WeldCheck "OK"=

Base Plate Weld Design



Design Example 7:  Street Lighting Pole 
with 10-Foot Mast Arm

Problem statement

A round, tapered hexadecagonal tubular steel pole supports a
10-foot mast arm.  The mast arm supports a 50 lb. luminaire with

an EPA of 1.40 ft2.  The pole is located in Kentucky along a
life-line highway.

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that
is used in multiple example problems.  These include functions to determine
Cd and resistance values for flexure, shear, and torsion for common steel

shapes.  You may need to reset the path to this file for your computer by
right-clicking on the reference.
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Definitions and Assumptions

Definitions and Assumptions:  Back to Contents

Pole

γsteel 490
lbf

ft
3

:= Es 29000ksi:= Fy 50ksi:= Hpole 40ft:= tpole 0.1196in:=

dtip_out 3.25in:= dbase_out 8.85in:= taper 0.14
in

ft
:=

Luminaire

Plum 50lbf:= EPAlum 1.40ft
2:= xlum 10ft:= ylum 42.0ft:=



Mast Arm 

EPAarm 4.40ft
2:= yarm 40.5ft:=

Parm 75.0lbf:= xarm 4.50ft:=

Base Plate

bbp 11in:= tbp 0.750in:= Fy_bp 36.0ksi:=

tfillet 0.125in:= FEXX 70.0ksi:=

nbolts 4:= dbolt_pattern 12in:=



Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=

Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Loads

Vbase 120mph:= Figure 3.8-2b

Definitions and Assumptions



Geometry Calculations

Geometry and Section Properties  Back to Contents

dtip_out 3.25 in⋅= dtip_in dtip_out 2 tpole⋅− 3.011 in⋅=:= dtip_center dtip_out tpole− 3.13 in⋅=:=

radiustip

dtip_center

2
1.565 in⋅=:=

dbase_out 8.85 in⋅= dbase_in dbase_out 2 tpole⋅− 8.611 in⋅=:= dbase_center dbase_out tpole− 8.73 in⋅=:=

radiusbase

dbase_center

2
4.37 in⋅=:=

Atop 6.28 radiustip⋅ tpole⋅ 1.18 in
2⋅=:=

Abot 6.28 radiusbase⋅ tpole⋅ 3.28 in
2⋅=:=



Ibot π radiusbase
3⋅ tpole⋅ 31.3 in

4⋅=:=

Sbot π radiusbase
2⋅ tpole⋅ 7.16 in

3⋅=:=

Zbot 1.27 Sbot⋅ 9.09 in
3⋅=:=

rgybot 0.707 radiusbase⋅ 3.09 in⋅=:=

Geometry Calculations

Dead Load

Dead Loads  Back to Contents

Ppole

Atop Abot+

2








Hpole⋅ γsteel⋅ 0.303 kip⋅=:=

Luminaire:

Plum 50 lbf⋅=

Mz_lum Plum xlum⋅ 0.50 kip ft⋅⋅=:=

Arm:

Parm 75 lbf⋅=

Mz_arm Parm yarm⋅ 3.04 kip ft⋅⋅=:=

Dead Load



Wind Load on Luminaire and Arm

Wind Loads  Back to contents

Vbase 120 mph⋅= Basic Wind Speed, Extreme Event I, 1700 MRI, see Table 3.8-1 and
Figure 3.8-2b.

zg 900ft:= Article C3.8.4

α 9.5:= Article C3.8.4

ylum 42 ft⋅= Height of the luminaire

Kz 2.0
ylum

zg









2

α

⋅ 1.049=:= Equation C3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kd 1.0:= Directionality Factor, Table 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ G⋅ Vbase
2⋅ UnitsFactor⋅ 44.1 psf⋅=:= For elements with a given EPA, Cd is already included.

Plum_E1 Pz EPAlum⋅ 0.062 kip⋅=:=

Parm_E1 Pz EPAarm⋅ 0.194 kip⋅=:=

Mz_lum_E1 Plum_E1 ylum⋅ 2.59 kip ft⋅⋅=:=



My_lum_E1 Plum_E1 xlum⋅ 0.617 kip ft⋅⋅=:=

Mz_arm_E1 Parm_E1 yarm⋅ 7.86 kip ft⋅⋅=:=

My_arm_E1 Parm_E1 xarm⋅ 0.873 kip ft⋅⋅=:=

Wind Load on Luminaire and Arm

Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

CD will vary with height:



Vpole_E1 0.444kip:= Mz_pole_E1 9.872kip ft⋅:=

Wind Load On Pole

Second Order Effects

Second Order Effects  Back to contents

Approximate second order effects (4.8.1):

rgybot 3.09 in⋅=

rtop

dtip_out tpole−

2
1.565 in⋅=:= rbot

dbase_out tpole−

2
4.37 in⋅=:=



rmid

dbase_out taper
Hpole

2
⋅−









tpole−

2
2.97 in⋅=:=

Dp Ppole 0.3 kip⋅=:=

IB 3.22 rbot
3⋅ tpole⋅ 32 in

4⋅=:= Moment of inertia, pole base

IT 3.22 rtop
3⋅ tpole⋅ 1.5 in

4⋅=:= Moment of inertia, pole top

PT Plum 0.050 kip⋅=:= Vertical concentrated load at the top of
the pole



rgy 0.711 rmid⋅ 2.11 in⋅=:= Radius of gyration at mid height

Hpole 40ft=

k 2.1:= Slenderness Factor, 2.0 for a cantilever
pole

SlendernessRatio
k Hpole⋅

rgy

478=:=

SlendernessLimit
2 π

2⋅ Es⋅

Fy

107.0=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 0.25 kip⋅=:=

PEuler_bottom

π
2
Es⋅ Ibot⋅

k Hpole⋅( )2
8.8 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.03=:=
Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.03=:=

Second Order Effects



Factored Actions

Factored Actions:  Back to contents

Maginified Extreme Event Wind Load Actions:

Vx_wind_E1 Vpole_E1 Plum_E1+ Parm_E1+( ) 0.700 kip⋅=:=

Mz_wind_E1 Mz_pole_E1 Mz_lum_E1+ Mz_arm_E1+( ) B2⋅ 20.9 kip ft⋅⋅=:=

My_wind_E1 My_lum_E1 My_arm_E1+( ) B2⋅ 1.535 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Moments:

MzE_I γwind_E_I Mz_wind_E1⋅ γDC_E_I Mz_arm Mz_lum+( )⋅+ 24.8 kip ft⋅⋅=:=

MyE_I γwind_E_I My_wind_E1⋅ 1.53 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind_E1⋅ 0.700 kip⋅=:=

Factored Axial:

PE_I γDC_E_I Ppole Plum+ Parm+( )⋅ 0.471 kip⋅=:=

Factored Actions



Resistance at the Pole Base

Resistance:  Back to contents

ϕflexure 0.90= ϕshear 0.90= ϕweld 0.75= ϕtorsion 0.95= ϕaxial 0.90=

rgybot 3.09 in⋅= k 2.1= Hpole 40ft= kL_over_r
k Hpole⋅

rgybot

327=:=

Sbot 7.16 in
3⋅= Zbot 9.09 in

3⋅= Abot 3.28 in
2⋅=

Lv Hpole 40 ft=:= Q 1:=



Mn Mn_roundTube dbase_out tpole, Es, Fy, Zbot, Sbot, ( ) 33.9 kip ft⋅⋅=:=

Vn Vn_roundTube Abot dbase_out, tpole, Es, Fy, Lv, ( ) 39.5 kip⋅=:=

Fcr Fcr_roundTube_compr Fy Es, kL_over_r, Q, ( ) 2.35 ksi⋅=:=

Pn Fcr Abot⋅ 7.71 kip⋅=:=

Fnt Fnt_roundTube Fy Es, dbase_out, tpole, Hpole, ( ) 27.3 ksi⋅=:=

Tn Abot Fnt⋅
dbase_out

2
⋅ 33.0 ft kip⋅=:=

B2 1.03=

Check Extreme Event I:

MzE_I 24.8 kip ft⋅⋅= VxE_I 0.700 kip⋅= PE_I 0.471 kip⋅= MyE_I 1.535 kip ft⋅⋅=



InteractionValueE_I

PE_I

ϕaxial Pn⋅

MzE_I B2⋅

ϕflexure Mn⋅
+

VxE_I

ϕshear Vn⋅

MyE_I

ϕtorsion Tn⋅
+









2

+ 0.91=:=

InteractionCheckE_I if InteractionValueE_I 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance at the Pole Base

Base Plate Design

Base Plate Design (see figure below)  Back to contents

dbase_out 8.85 in⋅= dbolt_pattern 12 in⋅=

See Figure below.Base Plate Design

Bolts:

ϕbolt_tension 0.75= ϕbolt_shear 0.33= ϕweld 0.75=

nbolts 4:= Fy_bolts 81ksi:= Fu_bolts 105ksi:=

Dbolt 0.75in:=

nthreads 10:= Number of threads per inch for the bolts

Abolt
π

4
Dbolt( )2⋅ 0.44 in

2⋅=:=

Dbolt_pat 12.0in:=

Cbolts

Dbolt_pat

2
6 in⋅=:=

I1 Abolt Cbolts
2⋅ 16 in

4⋅=:=



Ibolts 2 I1( )⋅ 32 in
4⋅=:=

Tension in bolts, Extreme Event I:

Pu_bolt

MzE_I Cbolts⋅

Ibolts








Abolt⋅ 24.8 kip⋅=:=

Shear in bolts, Extreme Event I:

Vu_bolt

VxE_I

nbolts

0.175 kip⋅=:=

Bolt Resistances:

Pn_bolt ϕbolt_tension Fu_bolts⋅ Abolt⋅ 34.8 kip⋅=:=

Vn_bolt ϕbolt_shear Fu_bolts⋅ Abolt⋅ 15.3 kip⋅=:=

Combined Bolt Resistance:

InteractionValuebolts

Pu_bolt

Pn_bolt









2
Vu_bolt

Vn_bolt









2

+ 0.509=:=

InteractionCheckbolts if InteractionValuebolts 1.0≤ "OK", "No Good", ( ) "OK"=:=



Base Plate:

Calculate an eccentricity equal to half the distance from the center of the bolt to the toe of the weld.  Assume a weld
size. 

tweld 0.3125in:=

dbolt

Dbolt_pat dbase_out−

2









1.57 in⋅=:= Distance from the face of the tube to the center of a bolt.

de

dbase_out

2
tweld+ 4.74 in⋅=:=

Distance from center of anchor bolt to point of contraflexure is calculated as half the distance from the toe of the weld at the
base of the post to the center of the anchor bolt. 



Pbolt

ebp

Moment Diagram in Base Plate

ebp

Dbolt_pat

2
de− 1.262 in⋅=:=

Mu_bp Pu_bolt ebp⋅ 2.61 kip ft⋅⋅=:=

Distance from the center of base plate to the corner:

dcorner 2
bbp

2









2

⋅ 7.78 in⋅=:=

Distance from the corner to the plane of analysis:

dplane dcorner de− 3.04 in⋅=:=

Width of the section at the plane of analysis:

bbp_section 2 dplane⋅ 6.08 in⋅=:=

tmin 2.0in:= Table 5.6.3-1

Zbp

bbp_section tmin
2⋅

4
6.08 in

3⋅=:=

Mn_bp Fy_bp Zbp⋅ 18.2 kip ft⋅⋅=:=

DesignRatio
Mu_bp

Mn_bp

0.143=:=

InteractionCheckbp if Mu_bp Mn_bp≤ "OK", "No Good", ( ) "OK"=:=

Base Plate Design



Weld Design

Weld Design  Back to contents

ϕweld 0.75= FEXX 70 ksi⋅= Fn_weld 0.60 FEXX⋅ 42 ksi⋅=:=

MzE_I 24.8 kip ft⋅⋅= VxE_I 0.7 kip⋅= rbot 4.37 in⋅= tweld 0.313 in⋅=

radiusbot

dbase_out

2
4.42 in⋅=:=

Sweld π radiusbot
2⋅ 61.5 in

2⋅=:= Section modulus of the outer weld
pattern.

Vu_weld

MzE_I

Sweld









2
VxE_I

2 π⋅ radiusbot









2

+ 4.84
kip

in
⋅=:= Resultant shear on the weld.

Vn_weld tweld Fn_weld⋅ 13.13
kip

in
⋅=:= Factored resistance of the outer weld.

DesignRatio
Vu_weld

ϕweld Vn_weld⋅( )
0.492=:=

WeldCheck if Vu_weld ϕweld Vn_weld⋅< "OK", "No Good", ( ):= WeldCheck "OK"=

The 5/8" weld supplies adequate capacity.

Weld Design



Design Example 8:  Steel Roadside Sign Support

 Problem statement:

Location:  Rural highway in southeast Texas near the city of Galveston
Design a structure to support a sign 12 ft. long by 8 ft. high.  Use a breakaway type design with two
ASTM-A992 Grade 50 W8X18 wide flange sections embedded into 24 in. diameter concrete
cylinders.  The ground at the sign is level with the road surface.  Wind force along the length of the
sign has been neglected.  Roadside signs may be designed for an MRI of 300 years by Table
3.8.1-1.

10'-0

B=8'-0

D=3'-0D=3'-0

A=12'-0

C=6'-0

Figure 8-1.  Roadside Sign Support

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.
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 Wind Loads

 Ice Loads

 Factored Actions

 Resistance at the Post Base
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Definitions And Assumptions

Definitions and Assumptions:

hpost_exp 10.0ft:= ORIGIN 1:= tpole 0.22in:= Es 29000ksi:= Fy 50ksi:= Gs 11200ksi:=

bsign 12ft:= hsign 8.0ft:= Asign bsign hsign⋅ 96 ft
2=:= wsign 2psf:=

ysign 14ft:= Moment arm of the sign

Assume the post is a W8X18

As_post 5.26in
2:= dpost 8.14in:= bf_post 5.25in:= Ixx 61.9in

4:= Sxx 15.2in
3:= rxx 3.43in:=

wpost 18
lbf

ft
:= tf_post 0.330in:= Iyy 7.97in

4:= Syy 3.04in
3:= ryy 1.23in:=

hpost_total 18ft:= tw_post 0.230in:= Zxx 17.0in
3:= Zyy 4.66in

3:=



Jpost 0.172in
4:= ho 7.81in:=

Cw_post 122in
6:=

γsteel 490
lbf

ft
3

:=

Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:=

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Definitions And Assumptions

Dead Loads

Dead Loads

PDC_sign Asign wsign⋅ 0.192 kip⋅=:=

PDC_post wpost hpost_total⋅ 0.324 kip⋅=:=

PDC_base PDC_post

PDC_sign

2
+ 0.42 kip⋅=:=

Dead Loads



Wind Loads

Wind Loads:

zsign ysign 14 ft=:=

zposts

hpost_exp

2
5 ft=:=

zg 900ft:=

α 9.5:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kz_sign 2.00
zsign

zg









2

α

0.832=:= Equation 3.8.4-1

Kz_posts 2.00
zposts

zg









2

α

0.67=:=

G 1.14:= Gust effect factor, minimum value.

VE1 140mph:= Extreme I Wind Speed - Figure 3.8-3b, 300 year mean recurrence
interval.



Kd 0.85:= Directionality factor.

Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

1.5=:= ysign 14ft=

CdSign Cd_sign ratiosign( ) 1.12=:=

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.

Pz_sign_E1 0.00256 Kz_sign⋅ Kd⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 45.3 psf⋅=:=

Pw_sign_E1 Pz_sign_E1 Asign⋅ 4.35 kip⋅=:=



Mx_sign_E1

Pw_sign_E1 ysign⋅

2
30.5 kip ft⋅⋅=:= For one post.

Wind pressures on the posts for the various limit states:

Ax_post bf_post hpost_exp⋅ 4.38 ft
2=:=

Az_post dpost hpost_total⋅ 12.21 ft
2=:=

Cd_post 1.7:=

Pz_post_E1 0.00256 Kz_posts⋅ Kd⋅ G⋅ VE1
2⋅ Cd_post⋅ Factor⋅ 55.4 psf⋅=:=

Forces along the z axis:

Pwz_post_E1 Pz_post_E1 Ax_post⋅ 0.242 kip⋅=:=

Moments about the x axis:

Mx_post_E1 Pwz_post_E1

hpost_exp

2.0
⋅ 1.2 kip ft⋅⋅=:=

Forces along the x axis:

Pwx_post_E1 Pz_post_E1 Az_post⋅ 0.676 kip⋅=:=

Moments about the z axis:

Mz_post_E1 Pwx_post_E1

hpost_total

2.0
⋅ 6.09 kip ft⋅⋅=:=

Wind Loads



Factored Actions

Factored Actions

γDC_E_I 1.1:= γwind_E_I 1.0:=

Extreme I (Maximum Wind):

PE_I γDC_E_I PDC_base⋅ 0.462 kip⋅=:=

VE_I γwind_E_I Pwz_post_E1⋅ 0.242 kip⋅=:=

MzE_I γwind_E_I Mz_post_E1⋅ 6.088 kip ft⋅⋅=:=

MxE_I γwind_E_I Mx_post_E1⋅ γwind_E_I Mx_sign_E1⋅+ 31.7 kip ft⋅⋅=:=

Factored Actions



Resistance at the Post Base

W8x18 Section Properties:

Ixx 61.9 in
4⋅= Sxx 15.2 in

3⋅= rxx 3.43 in⋅= ho 7.81 in⋅=

Iyy 7.97 in
4⋅= Syy 3.04 in

3⋅= ryy 1.23 in⋅=

Zxx 17.00 in
3⋅= Zyy 4.66 in

3⋅= ϕflexure 0.9= ϕaxial 0.9=

All wide flange section properties and resistances
are calculated in respect to local axes.

Ultimate Flexural Capacity:

Lb 14ft:= Assume the posts are braced at mid-height of the
sign.

Cb 1.0:= For all cantilevers.

Lp 1.76ryy

Es

Fy

⋅ 4.34ft=:= 5.8.3.1.3-5

d' dpost tf_post− 7.81 in⋅=:= c 1:=

5.8.3.1.3-8
rts

Iyy Cw_post⋅

Sxx

:=

Lr 1.95 rts⋅
Es

0.7 Fy⋅
⋅

Jpost c⋅

Sxx ho⋅

Jpost c⋅

Sxx ho⋅









2

6.76
0.7 Fy⋅

Es









2

⋅++⋅ 13.51 ft=:= 5.8.3.1.3-6



Lr_alternative Lp π⋅ 13.65ft=:=
5.8.3.1.3-7

Fcr

Cb π
2⋅ Es⋅

Lb

rts









2
1 0.078

Jpost c⋅

Sxx ho⋅
⋅

Lb

rts









2

⋅+⋅ 33.3 ksi⋅=:= 5.8.3.1.3-4

Mn_xx Fcr Sxx⋅ 42.1 kip ft⋅⋅=:=

Mp_xx Fy Zxx⋅ 70.8 kip ft⋅⋅=:=

Mp_yy Fy Zyy⋅ 19.42 kip ft⋅⋅=:=

Mn_yy Mp_yy 19.42 kip ft⋅⋅=:=

ϕMn_xx ϕflexure Mn_xx⋅ 37.9 kip ft⋅⋅=:=

ϕMn_yy ϕflexure Mn_yy⋅ 17.48 kip ft⋅⋅=:=

Ultimate Axial Capacity:

Q 1.0:=

K 2.1:= Effective length, Specified in C5.10.2.1

Lb 14 ft=

KL_over_r_limit 4.71
Es

Q Fy⋅
⋅ 113.4=:=



KL_over_ryy

K Lb⋅

ryy

287=:=

Fe_yy

π
2
Es⋅

K Lb⋅

ryy









2
3.48 ksi⋅=:= Equation 5.10.2.1-4

Fcr 0.877 Fe_yy⋅ 3.05 ksi⋅=:=
Equation 5.10.2.1-3

Pn As_post Fcr⋅ 16.05 kip⋅=:=

ϕPn ϕaxial Pn⋅ 14.44 kip⋅=:=

Check Interaction at Base:



Axial effect is small and less
than 0.2

PE_I

ϕPn
0.032=

DesignRatio1

PE_I

2ϕPn

8

9

MxE_I

ϕMn_xx









+ 0.759=:= Equation 5.12.1-2

DesignRatio2

PE_I

2ϕPn

8

9

MzE_I

ϕMn_yy









+ 0.326=:=

0.75 factor is applied to the
moments within the interaction
equation Table 3.9.3

DesignRatio3

PE_I

2ϕPn

8

9

0.75MxE_I

ϕMn_xx

0.75MzE_I

ϕMn_yy

+








+ 0.805=:=

Resistance at the Post Base



Design Example 9
Cantilevered Monotube Support for a Dynamic Message Sign

 Problem Statement:

Design a cantileved monotube structure in Ft. Collins, CO.  It will support a dynamic
message sign weighing 5,000 pounds.  Assume a 24" diameter circular tube fabricated
from A36 steel.  Bolts are ASTM A 325 bolts.  The structure would cross a lifeline
travelway on failure.



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.
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 Definitions and Assumptions

 Dead Loads

 Wind Loads

 Factored Actions

 Resistance at the Tube Splice

 Resistance at the Post Base

 Base Plate Design

 Fatigue Limits

 Fatigue - Natural Wind Gusts

 Fatigue - Truck Gusts

Contents

Definitions And Assumptions

Definitions and Assumptions:  Back to Contents

Materials:

γsteel 490
lbf

ft
3

:= γice 56.8
lbf

ft
3

:=
tice 0.25in:=



Fy 36ksi:= Es 29000ksi:=

ltotal 30ft:= Total sign length

htotal 20ft:= Height to the centerline of the tube

Sign:

bsign 24ft:= hsign 8ft:= dsign 4ft:= Psign 5kip:= EPAsign_x 32ft
2:=

BendRadius 10ft:=

Wind Loads:

MRI is 1700, therefore use Figure 3.8-2a

VE1 120mph:= Figure 3.8-2a



Tubes:

The bottom tube is 24" diameter, t = 11/16" 

dbot 24in:= tbot
11

16
in:= rbend 10ft:= Bend radius of the tube.

dbot_out dbot tbot+ 24.7 in⋅=:=

dbot_in dbot tbot− 23.3 in⋅=:= I π
dbot

2









3

tbot⋅ 3732 in
4⋅=:=

Abot π
dbot_out

2
dbot_in

2−





4
⋅ 51.8 in

2⋅=:= Ibot π
dbot_out

4
dbot_in

4−





64
⋅ 3735 in

4⋅=:=

Sbot π
dbot_out

4
dbot_in

4−





32 dbot_out⋅
⋅ 303 in

3⋅=:= rgybot

dbot_out
2

dbot_in
2+

4
8.49 in⋅=:=



The top tube is 24" diameter, t = 3/8"

dtop 24in:= ttop
3

8
in:=

dtop_out dtop ttop+ 24.4 in⋅=:=

dtop_in dtop ttop− 23.6 in⋅=:=

Atop π
dtop_out

2
dtop_in

2−





4
⋅ 28.3 in

2⋅=:=

Itop π
dtop_out

4
dtop_in

4−





64
⋅ 2036 in

4⋅=:=

Stop π
dtop_out

4
dtop_in

4−





32 dtop_out⋅
⋅ 167 in

3⋅=:=

rgytop

dtop_out
2

dtop_in
2+

4
8.49 in⋅=:=

ltop 14ft:= lbot

π 2⋅ rbend⋅

4
10ft+ 25.7 ft=:=



Load Factors:

Resistance Factors:

ϕflexure 0.90:= ϕshear 0.90:= ϕweld 0.75:= ϕtorsion 0.95:= ϕaxial 0.90:= Article 5.5.3.2

ϕbolt_tension 0.75:= ϕbolt_shear 0.33:=

Load Factors:

γDC_E1 1.1:= γW_E1 1.0:=

Definitions And Assumptions



Dead Loads

Dead Loads  Back to Contents

Psign 5.00 kip⋅=

dz_sign ltotal

bsign

2
− 18.0 ft=:=

Tube weights:

Ptube_top Atop γsteel⋅ ltop⋅ 1.35 kip⋅=:=

Ptube_bot Abot γsteel⋅ lbot⋅ 4.53 kip⋅=:=

Ptube_tot Ptube_top Ptube_bot+ 5.88 kip⋅=:=

Tube moment arms:

dz_top_tube rbend

ltop

2
+ 17.0 ft=:=

dz_bot_tube

rbendft 0⋅ lbot rbend−( )
4rbend

3 π⋅
⋅+

lbot

2.59 ft=:= Distance from the centerline of the bottom of the
tube to the centroid of the straight and bent tube.

Moments at the base:

Mz_DCSign Psign dz_sign⋅ 90.0 kip ft⋅⋅=:=

Mz_DCTube dz_top_tube Ptube_top⋅ dz_bot_tube Ptube_bot⋅+ 34.7 kip ft⋅⋅=:=



Moments at the field splice:

Mz_DCSign_splice Psign

ltop

2
⋅ 35.0 kip ft⋅⋅=:=

Mz_DCTube_splice Ptube_top

ltop

2
⋅ 9.43 kip ft⋅⋅=:=

VDC_sign_splice Psign 5.00 kip⋅=:=

VDC_tube_splice Ptube_top 1.35 kip⋅=:=

Dead Loads

Wind Loads

Wind Loads  Back to Contents

Areas:

Asign bsign hsign⋅ 192 ft
2=:= EPAsign_x 32 ft

2=

Assume the tube is exposed all the way to the field splice.

Atube_vert htotal rbend−( ) dbot_out⋅ 20.6 ft
2=:= Area of the tube perpendicular to the z axis

Atube_bend

2 π⋅ rbend⋅

4








dbot_out⋅ 32.3 ft

2=:=

Atube Atube_vert Atube_bend+ 52.9 ft
2=:=

Atube_x htotal dbot_out⋅ 41 ft
2=:= Area of the tube perpendicular to the x axis



Pressures:

z htotal 20ft=:=
Height above ground for pressure calculation. C3.8.4.

zg 900ft:= Constant based on exposure condition. C3.8.4.

α 9.5:= Constant based on exposure condition. C3.8.4.

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kz 2.00
z

zg









2

α

1=:= Equation 3.8.4-1

G 1.14:= Gust effect factor, minimum value.

VE1 120 mph⋅= Extreme I Wind Speed - Figure 3.8-2b, 1700 year mean recurrence
interval.



Kd_tube 0.95:= Directionality factor, see 3.8.5 for a round support.

Kd_sign 0.85:= Directionality factor, see 3.8.5 for a Dynamic Message Sign.



Tube:

Cd_tube_E1 Cd_cylindrical VE1 dbot_out, ( ) 0.45=:=

Pz_tube_E1 0.00256 Kz⋅ Kd_tube⋅ G⋅ VE1
2⋅ Cd_tube_E1⋅ Factor⋅ 16.1 psf⋅=:=

Ptube_E1 Pz_tube_E1 Atube⋅ 0.85 kip⋅=:=
Causes moment about the x axis

Ptube_E1_z Pz_tube_E1 Atube_x⋅ 0.663 kip⋅=:= Causes moment about the y axis (torsion at the
base plate).

Mx_E1 Ptube_E1 dz_bot_tube⋅ 2.21 kip ft⋅⋅=:=

My_E1 Ptube_E1_z

htotal

2
⋅ 6.63 kip ft⋅⋅=:=

Sign:

CdSign Cd_sign

bsign

hsign









1=:=

Pz_sign_E1 0.00256 Kz⋅ Kd_sign⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 38.1 psf⋅=:=

Psign_E1 Pz_sign_E1 Asign⋅ 7.32 kip⋅=:=

Mx_sign_E1 Psign_E1 htotal⋅ 146 kip ft⋅⋅=:=

My_sign_E1 Psign_E1 dz_sign⋅ 132 kip ft⋅⋅=:= Torsion at the base of the tube.

Wind Loads



Factored Loads

Factored Actions  Back to Contents

Resistance Factors:

ϕflexure 0.90= ϕshear 0.90= ϕweld 0.75= ϕtorsion 0.95= ϕaxial 0.90=

γDC_E1 1.10= γW_E1 1.00=

Extreme Event I, Maximum Wind plus Dead

Actions at the field splice:

Assume that all the moment from the sign is carried by the field splice.

Mz_DCSign_splice 35.0 kip ft⋅⋅= Mz_DCTube_splice 9.43 kip ft⋅⋅=

VDC_sign_splice 5.00 kip⋅= VDC_tube_splice 1.347 kip⋅=

Msplice_E1 γDC_E1 Mz_DCSign_splice Mz_DCTube_splice+( )⋅ 
2

γW_E1 Psign_E1⋅
ltop

2
⋅









2

+ 70.8 kip ft⋅⋅=:=

Vsplice_E1 γDC_E1 VDC_sign_splice VDC_tube_splice+( )⋅ 
2

γW_E1 Psign_E1⋅( )2+ 10.1 kip⋅=:=

Actions at the tube base:

Mx_sign_E1 146 kip ft⋅⋅= Mz_DCSign 90 kip ft⋅⋅= Mz_DCTube 34.7 kip ft⋅⋅=

My_sign_E1 132 kip ft⋅⋅=



Psign_E1 7.32 kip⋅=

Mtube_E1 γDC_E1 Mz_DCSign Mz_DCTube+( )⋅ 
2

γW_E1 Mx_sign_E1⋅( )2+ 201 kip ft⋅⋅=:=

Ttube_E1 γW_E1 My_sign_E1⋅ 132 kip ft⋅⋅=:= torsion

Vtube_E1 γW_E1 Psign_E1 Ptube_E1+( )⋅ 8.18 kip⋅=:=

Pu_tube γDC_E1 Psign Ptube_tot+( )⋅ 12.0 kip⋅=:=

Factored Loads

Resistance at the Tube Splice

Resistances at the Splice  Back to Contents

dtop 24 in⋅= ttop 0.375 in⋅=
Ashear_splice

Atop

2
14.14 in

2⋅=:=

Ztop

dtop_out
3

6

dtop_in
3

6
− 216 in

3⋅=:=

Lv_splice ltop 14 ft=:=

Lt_splice π dtop⋅ 75 in⋅=:=

Vn Vn_roundTube Ashear_splice dtop, ttop, Es, Fy, Lv_splice, ( ) 305 kip⋅=:=

Jtop 2 Itop⋅ 4072 in
4⋅=:=

Fnt Fnt_roundTube Fy Es, dtop, ttop, Lv_splice, ( ) 21.60 ksi⋅=:=

Tn Atop Fnt⋅
dtop

2









⋅ 610.7 ft kip⋅=:=



2 
Mn Mn_roundTube dtop ttop, Es, Fy, Ztop, Stop, ( ) 630 kip ft⋅⋅=:=

Msplice_E1 70.8 kip ft⋅⋅= Vsplice_E1 10.12 kip⋅= Ttube_E1 131.8 kip ft⋅⋅=

InteractionValue
Msplice_E1

ϕflexure Mn⋅









Vsplice_E1

ϕshear Vn⋅

Ttube_E1

ϕtorsion Tn⋅
+









2

+ 0.19=:=

InteractionChecksplice_E1 if InteractionValue 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance at the Tube Splice

Resistance at the Tube Base

Resistances at the Base  Back to Contents

dbot 24 in⋅= tbot 0.688 in⋅=
Ashear_base

Abot

2
25.9 in

2⋅=:=

Zbot

dbot_out
3

6

dbot_in
3

6
− 396 in

3⋅=:=

ktube 2.1:= rgytube 0.707
dbot

2
⋅ 8.48 in⋅=:=

kl_over_rtube

ktube ltotal⋅

rgytube

89.1=:=

Lv_base ltotal 30 ft=:=

Lt_base π dbot⋅ 75 in⋅=:=



Q 1.0:=

Vn Vn_roundTube Ashear_base dbot, tbot, Es, Fy, Lv_base, ( ) 307 kip⋅=:=

Jtop 2 Itop⋅ 4072 in
4⋅=:=

Fnt Fnt_roundTube Fy Es, dbot, tbot, Lv_base, ( ) 21.6 ksi⋅=:=

Tn Abot Fnt⋅
dbot

2
⋅ 1120 ft kip⋅=:=

Mn Mn_roundTube dtop ttop, Es, Fy, Ztop, Stop, ( ) 630 kip ft⋅⋅=:=

Pn Pn_roundTube Abot Fy, kl_over_rtube, Es, Q, ( ) 1229 kip⋅=:=

Mtube_E1 201 kip ft⋅⋅= Vtube_E1 8 kip⋅= Pu_tube 11.97 kip⋅=

Ttube_E1 132 kip ft⋅⋅=

Pu_tube

Pn

0.010=
Ttube_E1

Tn

0.118=

InteractionValue
Mtube_E1

ϕflexure Mn⋅









Vtube_E1

ϕshear Vn⋅

Ttube_E1

ϕtorsion Tn⋅
+









2

+ 0.38=:=

InteractionChecksplice_E1 if InteractionValue 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance at the Tube Base



Base Plate Design

Base Plate Design  Back to Contents

tmin 2in:= Minimum base plate thickness, 5.6.3.

Bolts:

ϕbolt_tension 0.75= ϕbolt_shear 0.33=

nbolts 12:= Fy_bolts 55ksi:= Fu_bolts 70ksi:=

Dbolt 1.00in:=



Abolt
π

4
Dbolt( )2⋅ 0.79 in

2⋅=:=

Dbolt_pat 33.0in:= See figure above for geometry.

Cbolts

Dbolt_pat

2
17 in⋅=:=

I1 Abolt Cbolts
2⋅ 214 in

4⋅=:=

I2 Abolt Cbolts sin 60deg( )⋅( )2⋅ 2⋅ 321 in
4⋅=:=

I3 Abolt Cbolts sin 30deg( )⋅( )2⋅ 2⋅ 107 in
4⋅=:=

Ibolts 2 I1 I2+ I3+( )⋅ 1283 in
4⋅=:=

Tension in bolts, Extreme Event I:

Pu_bolt

Mtube_E1 Cbolts⋅

Ibolts








Abolt⋅ 24.3 kip⋅=:=

Shear in bolts, Extreme Event I:

Vu_bolt

Vtube_E1

nbolts

0.68 kip⋅=:=

Shear in bolts from torsion, Extreme Event I:

Tu_bolt

Ttube_E1

Dbolt_pat nbolts⋅
4.00 kip⋅=:=



Total Shear:

Vu_bolt Vu_bolt Tu_bolt+ 4.68 kip⋅=:=

Bolt Resistances:

Pn_bolt ϕbolt_tension Fu_bolts⋅ Abolt⋅ 41.2 kip⋅=:=

Vn_bolt ϕbolt_shear Fu_bolts⋅ Abolt⋅ 18.1 kip⋅=:=

Combined Bolt Resistance:

InteractionValuebolts

Pu_bolt

Pn_bolt









2
Vu_bolt

Vn_bolt









2

+ 0.414=:=

InteractionCheckbolts if InteractionValuebolts 1.0≤ "OK", "No Good", ( ) "OK"=:=

Fy_bp 36ksi:=



Calculate an eccentricity equal to half the distance from the center of the bolt to the toe of the weld.  Assume a weld size. 

tweld 0.50in:=

dbolt

Dbolt_pat dbot−

2









4.50 in⋅=:= Distance from the face of the tube to the center of a bolt.

Pbolt

ebp

Moment Diagram in Base Plate

dweld_bolt

Dbolt_pat

2
tweld− 16.00 in⋅=:=

ebp

dweld_bolt

2
8 in⋅=:=

Mbp Pu_bolt ebp⋅ 16.21 kip ft⋅⋅=:=

θbolt
360deg

nbolts

30 deg⋅=:=
Each bolt covers an arc of 30 degrees

de

dbot tweld+ ebp+

2
16.25 in⋅=:=

bbp_section 2 atan
θbolt

2









⋅ de⋅ 8.32 in⋅=:=
The width of a 30 degree arc at the location of eccentricty

tmin 2 in⋅= Table 5.6.3-1

Zbp

bbp_section tmin
2⋅

4
8.32 in

3⋅=:=

Mn_bp Fy_bp Zbp⋅ 25 kip ft⋅⋅=:=

ratiobp

Mbp

ϕflexure Mn_bp⋅
0.72=:=

InteractionCheckbp if ratiobp 1.0≤ "OK", "No Good", ( ) "OK"=:=

Base Plate Design



Weld Design

Weld Design  Back to Contents

ϕweld 1= FEXX 70ksi:= Fn_weld 0.60 FEXX⋅ 42 ksi⋅=:=

Mtube_E1 201 kip ft⋅⋅= Vtube_E1 8 kip⋅=

tweld 0.5 in⋅=

radiusbot

dbot

2
12 in⋅=:=

Sweld π radiusbot
2⋅ 452 in

2⋅=:= Section modulus of the outer weld
pattern.

Vu_weld

Mtube_E1

Sweld









2
Vtube_E1

2 π⋅ radiusbot









2

+ 5.32
kip

in
⋅=:= Resultant shear on the weld.

Vn_weld tweld Fn_weld⋅ 21.0
kip

in
⋅=:= Factored resistance of the outer weld.

ratioweld

Vu_weld

ϕweld Vn_weld⋅
0.34=:=

WeldCheck if ratioweld 1.00< "OK", "No Good", ( ):= WeldCheck "OK"=

The 1/2" weld supplies adequate capacity.

Weld Design



Fatigue Limits

Fatigue Limits  Back to contents

DT dbot 24.0 in⋅=:= External diameter of a round tube.

DBC Dbolt_pat 33.0 in⋅=:= Diameter of a circle through the fasteners in the
transverse plate.

NB 12:= Number of fasteners in the transverse plate.

tT tbot 0.6875 in⋅=:= Thickness of the tube.

tTP tmin 2.00 in⋅=:= Thickness of the transverse plate.

DOP 4in:= Diameter of the concentric opening in the tranverse plate.
Assume a value.

COP

DOP

DT

0.17=:=

CBC

DBC

DT

1.38=:=

tST 0:= Stiffener thickness, not applicable for this case

NST 0:= Number of stiffeners, NA

hST 0:= Height of stiffeners, NA

NS 1:= Number of sides for multi-sided tube, NA

rb 0:= Inside bend radius, use 0 for a round tube



4.6 Full penetration groove-welded tube-to-transverse plate connections welded from both sides with back-gouging
(without backing ring).  From Table 11.9.3.1-1.

Groove-welded tube-to-transverse plate connections:  Section type for equation 11.9.3.1-13. From Table 11.9.3.1-2.

KF_pole KF 13 DT, DBC, NB, tT, tTP, DOP, tST, NST, hST, NS, rb, ( ) 1.85=:= See included sheet.

KI_pole 1.76 1.83
tT

in
⋅+









4.76 0.22
KF_pole⋅−








KF_pole⋅ 5.04=:= Equation 11.9.3.1-1

∆FTH_weld Delta_F KI_pole( ) 7.0 ksi⋅=:=

∆FTH_bolts 7.0ksi:= See Table 11.9.3.1-1, 2.3 

Fatigue Limits



Natural Wind Gusts

Natural Wind Gusts (11.7.1.2):  Back to contents

The maximum yearly mean wind velocity of National Weather Stations in Ft. Collins, CO is 11.2 mph.

C11.6 states the cantilevers supporting variable message may be classified as fatigue category 1.

IF 1.0:= Table 11.6-1 

CdSign 1.19=

Vmean 11.2mph:=

Cd_pole Cd_cylindrical Vmean dtop, ( ) 1.10=:= Table 3.8.7-1 Different arm Cd due to lower
wind speed.

pNW_pole 5.2
lbf

ft
2
Cd_pole⋅ IF⋅ 5.72 psf⋅=:= Equation C11.7.1.2-1

pNW_sign 5.2
lbf

ft
2
CdSign⋅ IF⋅ 6.19 psf⋅=:=

PNW_pole pNW_pole Atube( )⋅ 0.303 kip⋅=:= Wind force times the area of pole exposed.

PNW_sign pNW_sign Asign( )⋅ 1.188 kip⋅=:= Wind force times the area of the sign.

PNW_total PNW_pole PNW_sign+:=

MxNW_pole PNW_pole htotal⋅ 6.05 kip ft⋅⋅=:=

MxNW_sign PNW_sign htotal⋅ 23.8 kip ft⋅⋅=:=

MxNW_total MxNW_pole MxNW_sign+ 29.8 kip ft⋅⋅=:=



σNW_weld

MxNW_total

dbot

2
⋅

Ibot

1.149 ksi⋅=:=

ratioNW

σNW_weld

∆FTH_weld

0.16=:=

CheckWeldNW if ratioNW 1.0≤ "OK", "No Good", ( ) "OK"=:=

Natural Wind Gusts

Truck Gusts

Truck Gusts (11.7.1.3):  Back to contents

bsign 24ft= dsign 4ft=

CdSign_vertical Cd_sign

bsign

dsign









1.2=:=

pTG_sign 18.8psf CdSign_vertical⋅ IF⋅ 22.6 psf⋅=:=

pTG_pole 18.8psf Cd_pole⋅ IF⋅ 20.7 psf⋅=:=

PTG_sign pTG_sign bsign dsign⋅( )⋅ 2.17 kip⋅=:=

PTG_pole pTG_pole ltotal dtop⋅( )⋅ 1.24 kip⋅=:=

MzTG_sign PTG_sign ltotal

bsign

2
−









⋅ 39.0 kip ft⋅⋅=:=



MzTG_pole PTG_pole

ltotal

2









⋅ 18.61 kip ft⋅⋅=:=

MzTG_total MzTG_sign MzTG_pole+ 57.6 kip ft⋅⋅=:=

σTG_weld

MzTG_total

dbot

2
⋅

Ibot

2.220 ksi⋅=:=

ratioTG

σTG_weld

∆FTH_weld

0.32=:=

CheckWeldTG if ratioNW 1.0≤ "OK", "No Good", ( ) "OK"=:=

Truck Gusts



Example 10 - Aluminum Pole Design Review
Title:  Luminaire Support
Location:  Arkansas
Project:  NCHRP 10-80
AASHTO Specification:  NCHRP 10-80
Initial Date:  May 9, 2011
Engineers:   Puckett and Jablin
Revision Dates:  n/a Revision abstract: n/a  

Problem Statement:  A round, tapered aluminum pole supports a post-top mounted luminaire.  The pole is located

in Arkansas on a regular highway where a failure could cross the travelway.  The ADT for the highway is 5000.
Aluminum is 6063-T6.

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.

Contents

Contents:

 Assumptions and Definitions

 Geometry Calculations

 Geometry Calculations with Ice

 Dead Loads

 Ice Weight

 Wind Load on Luminaires

 Wind Load on Ice on Luminaires

 Service Level Wind Load on Luminaire



Contents, cont'd:

 Wind Load on Pole

 Wind Load on Ice

 Service Level Wind Loads 

 Pole Base Actions

 Factored Actions

 Factored Stresses

 Pole Resistances

 Compression Resistances

 Flexural Resistances

 Shear Resistance

 Combined Stress Check

 Base Plate Design

 Weld Design

 Fatigue Limits

 Fatigue - Natural Gusts

Contents





Definitions and Assumptions

Define known properties:  Back to contents

Material Constants:

γal 165pcf:= Eal 10100ksi:=

Fty 8ksi:= Fcy 8ksi:= Ftu 17ksi:= Fsu 11ksi:=
Table 6.4.2-1 (6063-T6)

Fsy 0.6 Fty⋅ 4.8 ksi⋅=:=

Fy min Fty Fcy, ( ):= ; Fy 8 ksi⋅=

Gal

3 Eal⋅

8
3788 ksi⋅=:=

Ftuw 17ksi:= Ftyw 8ksi:= Fcyw 8ksi:= Fsuw 11ksi:=
Table 6.4.2-1

Luminaire:

Plum 55.0lbf:= EPA 2ft
2:=

Effective projected area (EPA) of the luminaire.

hlum 0.5ft:=
Height above the tip of the pole
(to centroid).

Pole Geometry:

Hpole 24.5ft:=

Taper 0.14
in

ft
:= Dtop 3.0in:=

Center of the wall diameter.

Dbot Dtop Hpole Taper⋅+ 6.43 in⋅=:=



Rbot

Dbot

2
3.215 in⋅=:=

Given wall thicknesses:

twall 0.2294in:=

MRI = 700 years, see Table 3.8-1 

Wind Velocity:
See draft Section 3, Table 3.8-1, MRI = 700 years.

Vbase 115mph:=

Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=



Resistance Factors:

ϕt_yielding 0.90:=
Tension yielding, for both axial and flexural tension, Tables 6.5.1-1 and 6.5.1-2.

ϕt_rupture 0.75:= Tension rupture, for both axial and flexural tension, Tables 6.5.1-1 and 6.5.1-2.

ϕc_columns 0.90:= Axial compression in columns, Table 6.5.1-3

ϕc_flexure 0.90:= Compression due to flexure, Tables 6.5.1-4 and 6.5.1-5

ϕshear 0.90:= Shear, Table 6.5.1-9

ϕbearing 0.75:= Bearing, Table 6.5.1-10

ϕtorsion 0.90:= Torsion, Table 6.5.1-11

ϕbolt_tension_al 0.65:= Tensile rupture, aluminum bolts, Table 6.5.1-14

ϕbolt_tension_st 0.75:= Tensile rupture, steel bolts, Table 6.5.1-14

ϕbolt_shear_al 0.65:= Bolt shear strength, Table 6.5.1-14

ϕbolt_shear_st 0.65:= Bolt shear strength, Table 6.5.1-14

ϕweld 0.75:= All welds, Table 6.5.1-14

Base Plate:

tmin 1.5in:= Minimum base plate thickness.

Definitions and Assumptions



Geometry Calculations

 Back to contents

Ibot 3.14
Dbot

2









3

⋅ twall⋅ 23.94 in
4⋅=:=

Sbot 3.14
Dbot

2









2

⋅ twall⋅ 7.45 in
3⋅=:=

rgybot

Dbot

2








0.707⋅ 2.27 in⋅=:=

Abot 6.28
Dbot

2









⋅ twall⋅ 4.63 in
2⋅=:=

Atop 6.28
Dtop

2









⋅ twall⋅ 2.161 in
2⋅=:=



Jbot

4 π
Dbot

2









2

⋅






2

⋅ twall⋅

π Dbot⋅
47.9 in

4⋅=:= Or, for round tubes, J = 2 * I.

Zbot 1.27 Sbot⋅ 9.46 in
3⋅=:=

Geometry Calculations

Dead Load

Pole self weight:  Back to contents

Ppole

Atop Abot+

2
Hpole⋅








γal⋅ 95.3 lbf⋅=:=

Luminaire:

Plum 55 lbf=

Dead Load

Wind Load on Luminaires

Wind Loads  Back to contents

Vbase 115 mph⋅= Figure 3.8-2a, Basic Wind Speed, Extreme Event I

Cd 0.5:= Table 3.8.6.1 (Drag Coefficient)

zg 900ft:= Article C3.8.4 (Function of terrain)



α 9.5:= Article C3.8.4

Kz 2.0

Hpole

hlum

2
+

zg











2

α

⋅ 0.939=:= Equation 3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kd 1.0:= Directionality Factor, see 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ G⋅ Vbase
2⋅ Cd⋅ UnitsFactor⋅ 18.1 psf⋅=:=

Wlum Pz
EPA

Cd

⋅ 0.072 kip⋅=:= Elements with a given EPA have Cd included.

Assume the luminaire is 6 feet in diameter:

blum 6ft:=

elum 0.15 blum⋅ 0.9 ft=:= Article 3.9.4.2

Mz_lum Wlum elum⋅ 0.065 kip ft⋅⋅=:= Minimum torque

Wind Load on Luminaires



Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

Calculate the value of rc along the length of structure:

Vwind_base 0.251kip:=

Mwind_base 3.312ft kip⋅:=

Wind Load On Pole



Pole Base Actions

Total Axial Dead Load:  Back to contents

PDL Ppole Plum+ 0.15 kip⋅=:=

Total Wind Loads:

Mx Mwind_base Wlum Hpole hlum+( )⋅+ 5.12 kip ft⋅⋅=:=

Vx Wlum Vwind_base+ 0.323 kip⋅=:=

Mz Mz_lum 0.065 kip ft⋅⋅=:=

Approximate second order effects  (4.8.1, Coefficient of Amplification):

radiusbot

Dbot

2
3.21 in⋅=:= ri radiusbot

twall

2
− 3.1 in⋅=:=

radiustop

Dtop

2
1.5 in⋅=:=

radiusmid

radiustop radiusbot+

2
2.36 in⋅=:=

Dp Ppole 0.095 kip⋅=:=



IB 3.14 radiusbot
3⋅ twall⋅ 23.94 in

4⋅=:= Moment of inertia, pole base

IT 3.14 radiustop
3⋅ twall⋅ 2.43 in

4⋅=:= Moment of inertia, pole top

PT Plum 0.055 kip⋅=:= Vertical concentrated load at the top of
the pole

rgy 0.707 radiusmid⋅ 1.67 in⋅=:= Radius of gyration at mid height

k 2.1:= Slenderness Factor, 2.1 for a cantilever
pole

SlendernessRatio
k Hpole⋅

rgy

370=:=



SlendernessLimit
2 π

2⋅ Eal⋅

Fy

157.9=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 0.154 kip⋅=:=

PEuler_bottom

π
2
Eal⋅ IB⋅

k Hpole⋅( )2
6.26 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.025=:=
Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.025=:=

Pole Base Actions



Factored Actions

Factored Actions:  Back to contents

Vwind_base 0.25 kip⋅=

Mwind_base 3.31 kip ft⋅⋅=

PDL 0.15 kip⋅=

Total Wind Loads:

Mx_wind Mx 5.12 kip ft⋅⋅=:=

Vx_wind Vx 0.32 kip⋅=:=

Mz_wind Mz_lum 0.065 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Axial:

PE_I γDC_E_I PDL⋅ 0.17 kip⋅=:=

Factored Moments:

MxE_I γwind_E_I Mx_wind⋅ 5.12 kip ft⋅⋅=:= MzE_I γwind_E_I Mz_wind⋅ 0.065 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind⋅ 0.32 kip⋅=:=

Factored Actions



Factored Stresses

Factored Stresses:

radiusbot 3.21 in⋅=
 Back to contents

Abot 4.63 in
2⋅=

Sbot 7.45 in
3⋅=

 Extreme I Limit State (Maximum Wind):

Factored Axial:

PE_I 0.17 kip⋅=

fa_E_I

PE_I

Abot

0.036 ksi⋅=:=

Factored Moments:

MxE_I 5.12 kip ft⋅⋅=

fb_E_I

MxE_I

Sbot

8.26 ksi⋅=:=



MzE_I 0.065 kip ft⋅⋅=

Table B2-1
fst_E_I

MzE_I

6.28 radiusbot
2⋅ twall⋅

0.053 ksi⋅=:=



Shear stress (beam shear):

VxE_I 0.32 kip⋅=

fvb_E_I

2.00 VxE_I⋅

Abot

0.14 ksi⋅=:= Table B2-1

Total Shear Stress:

fs_E_I fvb_E_I fst_E_I+ 0.19 ksi⋅=:=

Factored Stresses

Resistance at the Pole Base

Resistance:  Back to contents

ϕc_flexure 0.90= ϕt_yielding 0.90= ϕt_rupture 0.75= ϕc_columns 0.90=

ϕshear 0.90= ϕbearing 0.75= ϕtorsion 0.90=



Dbot 6.4 in⋅= twall 0.229 in⋅= rgybot 2.27 in⋅=

Abot 4.63 in
2⋅=

Sbot 7.45 in
3⋅= Zbot 9.46 in

3⋅=

Ibot 23.94 in
4⋅= k 2.1= kL_over_r

k Hpole⋅

rgybot

272=:=

Resistance at the Pole Base



Compression Resistance

Compression Resistance:
 Back to contents



κ 1.0ksi:= Table 6.5.2-2

Bc Fcy 1
Fcy

2250κ









1

2

+











⋅ 8.5 ksi⋅=:= Table 6.5.2-2



Dc

Bc

10

Bc

Eal









1

2

⋅ 0.025 ksi⋅=:=

Cc 0.41
Bc

Dc

⋅ 141.5=:=

Member Buckling (6.7.1):

λ2 Cc 141.5=:= k 2.1=

λ
k Hpole⋅

rgybot

272=:=

λ is greater than λ2, so use the elastic formula:

ϕFc_member ϕc_columns

0.85 π
2⋅ Eal⋅

λ2
2

⋅ 3.81 ksi⋅=:=



Local Buckling (6.7.2):



Compute the values from Table 6.5.2-2:

Bt Fcy 1
Fcy

50000κ









1

5

+











⋅ 9.4 ksi⋅=:=

Dt

Bt

4.5

Bt

Eal









1

3

⋅ 0.204 ksi⋅=:=

Btb 1.5 Fcy⋅ 1
Fcy

50000 κ⋅









1

5

+











⋅ 14.09 ksi⋅=:=

Dtb

Btb

2.7

Btb

Eal









1

3

0.583 ksi⋅=:=

Ctb

Btb Bt−

Dtb Dt−









2

153.3=:=

λ
radiusbot

twall

14=:= From Table 6.5.1-8

λ1

Btb Bt−

Dtb Dt−









2

153.3=:= From Table 6.5.1-8



ϕFlocal ϕc_columns Btb Dtb λ⋅−( )⋅ 10.7 ksi⋅=:=

ϕFa min ϕFc_member ϕFlocal, ( ) 3.81 ksi⋅=:=

Interaction between member buckling and local buckling (Article 6.7.3)

ϕPn ϕc_columns

0.85 π
2⋅ Eal⋅

kL_over_r
2











1

3

⋅
ϕFc_member

ϕc_columns









2

3

⋅ Abot⋅ 11.42 kip⋅=:=

Compression Resistance



Flexural Resistance

Flexural Resistance:  Back to contents





Member Analysis, 6.8.3.2 - Closed Shapes, Round Tubes, perform extreme fiber analysis according to Figure 6.8.1-2.

Cb 2.1:= 6.8.2

Lb Hpole 24.5 ft=:=

Section modulus on the compression side of the
member..

Sc Sbot 7.45 in
3⋅=:=

Iy Ibot 23.94 in
4⋅=:=

Check Equation 6.5.1-35:

From Table 6.5.2-1:

Btb 1.5 Fcy⋅ 1
Fcy

6500κ









1

5

+











⋅ 15.1 ksi⋅=:=

Dtb

Btb

2.7

Btb

Eal









1

3

⋅ 0.64 ksi⋅=:=

Ctb

Btb Bt−

Dtb Dt−









2

172.2=:=

λ
radiusbot

twall

14=:=



λ1

Btb Bt−

Dtb Dt−









13.12=:=

λ is less the λ2 and greater than λ1, so use the lower inelastic design stress.

ϕFb_lower_ie ϕc_flexure Btb Dtb λ⋅−( )⋅ 11.5 ksi⋅=:= Equation 6.5.1-35

Check Equation 6.5.1-20:

ϕFb_yielding ϕc_flexure 1.17⋅ Fcy⋅ 8.4 ksi⋅=:=

Check Equation 6.5.1-7:

ϕFt_yielding ϕt_yielding 1.17⋅ Fty⋅ 8.4 ksi⋅=:=

Check Equation 6.5.1-8:

kt 1.0:= Table 6.6.2-1

ϕFt_rupture ϕt_rupture

1.24 Ftu⋅

kt

⋅ 15.8 ksi⋅=:=



Closed section, therefore article 6.8.6 does not apply.

Select the minimum of the calculated stresses:

ϕFb min ϕFb_lower_ie ϕFb_yielding, ϕFt_yielding, ϕFt_rupture, ( ) 8.4 ksi⋅=:=

Flexural Resistance

Shear Resistance

Shear Resistance:  Back to contents

Table 6.5.2-2



Bs Fsy 1
Fsy

800 κ⋅









1

3

+











⋅ 5.67 ksi⋅=:=

Ds

Bs

10

Bs

Eal









1

2

⋅ 0.013 ksi⋅=:=

Cs 0.41
Bs

Ds

⋅:=

Rbot 3.215 in⋅= Mid-thickness radius

Lv Hpole:= Length of the tube from zero to maximum shear force

λ 2.9
Rbot

twall









5

8

⋅
Lv

Rbot









1

4

⋅ 46.7=:=

λ2

Cs

1.25
138.4=:=

λ1

1.3 Bs⋅ Fsy−

1.63 Ds⋅
117.5=:=

Therefore:

ϕFs ϕshear Fsy⋅ 4.32 ksi⋅=:=

Shear Resistance



Combined Stress Check

Combined Loading Check:  Back to contents

B2 1.025= Formerly CA

Check Extreme Event I:

InteractionValueE_I

fa_E_I

ϕFa

B2 fb_E_I⋅

ϕFb
+

fs_E_I

ϕFs









2

+ 1.016=:= Close enough

InteractionCheckE_I if InteractionValueE_I 1.02≤ "OK", "No Good", ( ) "OK"=:=

Combined Stress Check

Base Plate Design

Base Plate Design  Back to contents

Bolts:

ϕbolt_tension_al 0.65= ϕbolt_tension_st 0.75= ϕweld 0.75=

nbolts 4:= Fy_bolts 81ksi:= Fu_bolts 120ksi:= AISC Table 2-5



bbp 9.75in:=

Dbolt 0.75in:=

nthreads 10:= Number of threads per inch for the bolts

Abolt
π

4
Dbolt

0.9743in

nthreads

−







2

⋅ 0.33 in
2⋅=:=

Dbolt_pat 9.5in:=

Cbolts

Dbolt_pat

2
4.75 in⋅=:=

I1 Abolt Cbolts
2⋅ 7.55 in

4⋅=:=

Ibolts 2 I1( )⋅ 15.09 in
4⋅=:=

Tension in bolts, Extreme Event I:

Pu_bolt

MxE_I Cbolts⋅

Ibolts








Abolt⋅ 6.47 kip⋅=:=

Shear in bolts, Extreme Event I:

Vu_bolt

VxE_I

nbolts

0.081 kip⋅=:=

Bolt Resistances:

Pn_bolt ϕbolt_tension_st Fu_bolts⋅ Abolt⋅ 30.1 kip⋅=:=

Vn_bolt ϕbolt_shear_st Fu_bolts⋅ Abolt⋅ 26.1 kip⋅=:=



Combined Bolt Resistance:

InteractionValuebolts

Pu_bolt

Pn_bolt









2
Vu_bolt

Vn_bolt









2

+ 0.046=:=

InteractionCheckbolts if InteractionValuebolts 1.0≤ "OK", "No Good", ( ) "OK"=:=

Base Plate:

Use 6061-T6 material for base plate and use properties for welded material since the maximum stress will occur within 1 inch
of the weld (Table 6.4.2-2)

Ftuw_bp 24ksi:= Ftyw_bp 11ksi:=



Calculate an eccentricity equal to half the distance from the center of the bolt to the toe of the weld.  Assume a weld
size. 

tweld 0.25in:=

dbolt

Dbolt_pat Dbot−

2









1.54 in⋅=:= Distance from the face of the tube to the center of a bolt.

de

Dbot

2
tweld+ 3.46 in⋅=:=

Distance from center of anchor bolt to point of contraflexure is calculated as half the distance from the toe of the weld at the
base of the post to the center of the anchor bolt. 

ebp

Dbolt_pat

2
de− 1.285 in⋅=:=

Mu_bp Pu_bolt ebp⋅ 0.69 kip ft⋅⋅=:=

Distance from the center of base plate to the corner:

dcorner 2
bbp

2









2

⋅ 6.89 in⋅=:=

Distance from the corner to the plane of analysis:

dplane dcorner de− 3.43 in⋅=:=



Width of the section at the plane of analysis:

bbp_section 2 dplane⋅ 6.86 in⋅=:=

tmin 2.0in:= Table 5.6.3-1

Sbp

bbp_section tmin
2⋅

4
6.86 in

3⋅=:=

Mn_bp Ftuw_bp Sbp⋅ 13.7 kip ft⋅⋅=:=

InteractionCheckbp if Mu_bp Mn_bp≤ "OK", "No Good", ( ) "OK"=:=

Base Plate Design

Weld Design

Weld Design  Back to contents

Filler Alloy 4043, see Table 6.4.3-1 for properties and Table 6.4.3-2 for properties.  Try 1/4" fillet weld.

Ftu_filler 24ksi:= Fsu_filler 11.5ksi:=

ϕweld 0.75=

MxE_I 5 kip ft⋅⋅= VxE_I 0.32 kip⋅= rgybot 2.273 in⋅= tweld 0.25 in⋅=

radiusbot 3.21 in⋅=

Sweld π radiusbot
2⋅ 32.472 in

2⋅=:= Section modulus of the outer weld
pattern.



Vu_weld

MxE_I

Sweld









2
VxE_I

2 π⋅ radiusbot









2

+ 1.893
kip

in
⋅=:= Resultant shear on the weld.

ϕVn_weld ϕweld tweld⋅ Fsu_filler⋅ 2.156
kip

in
⋅=:= Factored resistance of the outer weld.

DesignRatio
Vu_weld

ϕVn_weld
0.878=:=

WeldCheck if Vu_weld ϕVn_weld< "OK", "No Good", ( ):= WeldCheck "OK"=

The 1/4" weld supplies adequate capacity.

Weld Design



Example 11 - Prestress Span Wire Pole

 Problem Statement:

Location:  Spokane, WA, State Highway
Design a structure to support two traffic signals and a sign 8 ft. long by 2.5 ft. high.  The first

traffic signal has an EPA of 5.2 ft2, weighs 52 lbs, and is located 15 ft. from the right upright.

The second traffic signal is 11 ft. to the left of the first and has an EPA of 7.6 f t2 and weighs 70
lbs.  The left edges of the sign is located 5 ft. from the left upright.  The structure span is 50 ft.
Minimum clearance from the high point of roadway to bottom of the signal is 17.0 ft.  Sag is
limited to 5% of the span.  The concrete pole is embedded in a drilled shaft.

H=24.5'

E=2.5' Sag

A=15.0'B=11.0'D=8.0'5.0'

Signal #2
Signal #1

C=11.0'

1.0'

2.0'
Crown of Road

L=50.0'

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.
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Definitions And Assumptions

Definitions, Assumptions, and Given Values:  Back to contents

ORIGIN 1:= tpole 0.22in:= Es 29000ksi:= Fy 60ksi:= f'c 10ksi:=
hpole 24.5ft:=

dsign 9ft:=

bsign 8ft:= hsign 2.5ft:= Asign 20ft
2:= wsign 2psf:=

dsignal1 35ft:= dsignal2 24ft:=

Asignal1 5.2ft
2:= Asignal2 7.6ft

2:=

Psignal1 52lbf:= Psignal2 70lbf:=

L 50ft:=



Sag_limit 0.05:= Sag Sag_limit L⋅ 2.5 ft=:=

wwire 0.273
lbf

ft
:= wsignal_cable 0.227

lbf

ft
:= dwire 0.375in:=

Nw_segs 1 50..:= Lw_segs
L

50
1ft=:= N 50:= Use 50 wire segments for the analysis

γsteel 490pcf:= γconcrete 170pcf:= For high density spun concrete and reinforcement

dtop_out 7.0in:= dtop_in 2.0in:= taperout 0.216
in

ft
:= taperin 0.18

in

ft
:=

dbot_out dtop_out taperout hpole⋅+ 12.29 in⋅=:= dbot_in dtop_in taperin hpole⋅+ 6.41 in⋅=:=

ttop

dtop_out dtop_in−

2
2.5 in⋅=:= tbot

dbot_out dbot_in−

2
2.94 in⋅=:=

dbot dbot_out

tbot

2
− 10.82 in⋅=:= dtop dtop_out

ttop

2
− 5.75 in⋅=:=

rbot

dbot

2
5.41 in⋅=:= rtop

dtop

2
2.88 in⋅=:=

Estimate Ec:

Ec 7315ksi:=



Resistance Factors:

ϕflexure 1.00:= ϕshear 0.90:= ϕtorsion 0.90:= ϕaxial 1.00:=

Definitions And Assumptions



Dead Loads

Dead Loads  Back to contents

Pole self weight:

dbot 10.8 in⋅= hpole 24.5 ft= dtop 5.75 in⋅= tbot 2.94 in⋅=

dpole_average

dbot dtop+

2
8.29 in⋅=:=

Ppole π dpole_average⋅ tbot⋅ hpole⋅ γconcrete⋅ 2.21 kip⋅=:= Use the bottom thickness (conservative).

Divide span into 50 segments for computations.
Use vector math available within MathCAD.Wire, Sign, and Signal Weight:

Ndists 1 51..:=
wtotal_wires wwire wsignal_cable+ 0.5

lbf

ft
⋅=:=

dsegs
Nw_segs

Nw_segs 0.5−( ) Lw_segs⋅:=

Pwire
Nw_segs

Lw_segs wtotal_wires⋅:= Pwire

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

...

lbf⋅= dsegs

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5

10.5

11.5

12.5

13.5

14.5

...

ft⋅=



Psign wsign bsign⋅ hsign⋅ 40 lbf=:=

PtotalDC Pwire:=

PtotalDC dsign

ft

PtotalDC dsign

ft

Psign+ ...=:=

PtotalDC dsignal1

ft

PtotalDC dsignal1

ft

Psignal1+ ...=:=

PtotalDC dsignal2

ft

PtotalDC dsignal2

ft

Psignal2+ ...=:= PtotalDC

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

40.5

0.5

0.5

0.5

0.5

0.5

...

lbf⋅=

MDC_aboutLeft PtotalDC dsegs⋅ 4.404 kip ft⋅⋅=:=

Rright

MDC_aboutLeft

L
88.08 lbf=:=

Rleft PtotalDC∑ Rright− 98.92 lbf=:=



Sum the moments about the point of maximum deflection to compute the horizontal reaction at the left:



Rright_h 625lbf:=

Rleft_h Rright_h 625 lbf=:=

Compute the length of the span wire.  From Appendix A:



Gwire
Nw_segs

PtotalDC
Nw_segs

:= Gwire
1

0:= Gwire

1

1

2

3

4

5

6

7

8

9

10

11

0

0.5

0.5

0.5

0.5

0.5

0.5

0.5

40.5

0.5

...

lbf=

Fy_DC
Nw_segs

Rleft

1

Nw_segs

i

Gwire
i∑

=

−:= Fy_DC

1

1

2

3

4

5

6

7

8

9

10

11

98.92

98.42

97.92

97.42

96.92

96.42

95.92

95.42

54.92

54.42

...

lbf=

Compute the wire length:

Lo

1

N

i

Rleft_h
2

Fy_DC
i( )2+

Lw_segs

Rleft_h

⋅








∑
=

50.3 ft=:=

Check the length by comparing to 2 straight lines with a 2.5 foot sag at the midpoint of a 50 foot span

Lest 2
L

2








2

Sag
2+⋅ 50.2 ft=:=



Tension in the wire from component dead loads:  Back to contents

TDC max Rleft
2

Rleft_h
2+ Rright

2
Rright_h

2+, 



:=

TDC 633lbf=

Compute the deflection at the top of the poles due to the dead load:

Rleft_h 625 lbf= hpole 24.5 ft=

RA

dtop

2
2.88 in⋅=:=

RB

dbot

2
5.41 in⋅=:=

Es 29000 ksi⋅=

C 3.14:= Cross section constant from Table B-1

tpole 0.22 in⋅=

∆DC

Rleft_h hpole
3⋅

2 Ec⋅ C⋅ ttop⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB









3
RA

RB

−








⋅−








⋅ 0.914 in⋅=:=

Dead Loads



Wind Loads

 Back to contentsWind Loads:

z 28ft:=

zg 900ft:=

α 9.5:= Article C3.8.4

Kz 2.00
z

zg









2

α

:= Equation 3.8.4-1

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr

2
lbf⋅

27878400 ft
4⋅

:=

G 1.14:= Gust effect factor, minimum value.

VE1 110mph:= Extreme I Wind Speed - Figure 3.8-1a, 700 year mean recurrence
interval.



Kd 0.95:= Directionality factor, see 3.8.5 for a round support.
One could argue to 0.85 as this structure is definately planar
(frame-like).



Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

3.2=:=

CdSign Cd_sign ratiosign( ) 1.19=:=

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.Pz_sign_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1

2⋅ CdSign⋅ Factor⋅ 38.5 psf⋅=:=

Pw_sign_E1 Pz_sign_E1 Asign⋅ 0.77 kip⋅=:=

Wind pressures on the signals for the various limit states:

Pz_signal_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Factor⋅ 32.3 psf⋅=:=

Pw_signal1_E1 Pz_signal_E1 Asignal1⋅ 168 lbf=:=

Pw_signal2_E1 Pz_signal_E1 Asignal2⋅ 246 lbf=:=

Wind pressures on the wire for the various limit states:

TableValueE1 VE1 dwire⋅ 3.4 mph ft⋅⋅=:=

Cd_wire_E1 Cd_cylindrical VE1 dwire, ( ) 1.1=:=

Pz_wire_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Cd_wire_E1⋅ Factor⋅ 35.5 psf⋅=:=

wwire_E1 Pz_signal_E1 dwire⋅ 1.01 plf⋅=:=



Wind pressures on the support poles for the various limit states

Areapole hpole

dbot_out dtop_out+

2









⋅ 19.69ft
2=:=

ybar_pole hpole

hpole

3

2.0 dbot⋅ dtop+( )
dbot dtop+( )

⋅








− 11ft=:=

Extreme I:

TableValueMax VE1 dbot_out⋅ 112.7 mph ft⋅⋅=:=

TableValueMin VE1 dtop_out⋅ 64.2 mph ft⋅⋅=:=

Cd_pole_botE1 Cd_cylindrical VE1 dbot_out, ( ) 0.45=:=

Cd_pole_topE1 Cd_cylindrical VE1 dtop_out, ( ) 0.577=:=

Cd_diff Cd_pole_topE1 Cd_pole_botE1−:=

Interpolate or conservatively use the
larger value.Cd_pole_E1 Cd_pole_botE1

ybar_pole

hpole








Cd_diff+ 0.507=:=

Pz_pole_E1 0.00256 Kz⋅ Kd⋅ G⋅ VE1
2⋅ Cd_pole_E1⋅ Factor⋅ 16.38 psf⋅=:=

Pw_pole_E1 Pz_pole_E1 Areapole⋅ 0.323 kip⋅=:=

Mwx_pole_E1 ybar_pole Pw_pole_E1⋅ 3.55 kip ft⋅⋅=:=

Wind Loads



Compute the reactions from the wire for the 2 limit states:  Back to contents



Extreme I Actions

Extreme I  Back to contents

γDC_E1 1.1:= γW_E1 1.0:=

wwire_E1 1.01
lbf

ft
⋅=

Pw_E1
Nw_segs

Lw_segs wwire_E1⋅:=

Pw_E1dsign

ft

Pw_sign_E1 Pw_E1dsign

ft

+:=



Pw_E1dsignal1

ft

Pw_signal1_E1 Pw_E1dsignal1

ft

+:=

Pw_E1dsignal2

ft

Pw_signal2_E1 Pw_E1dsignal2

ft

+:=
Pw_E1

1

1

2

3

4

5

6

7

8

9

10

11

1.01

1.01

1.01

1.01

1.01

1.01

1.01

1.01

770.105

1.01

...

lbf=

Mw_E1_aboutLeft Pw_E1 dsegs⋅ 19.4 kip ft⋅⋅=:=

Rw_E1_right

Mw_E1_aboutLeft

L
0.387 kip⋅=:=

Rw_E1_left Pw_E1∑ Rw_E1_right− 0.846 kip⋅=:=

Az_E1 Rw_E1_left 846 lbf=:=

Bz_E1 Rw_E1_right:=

Gwire_E1( )
Nw_segs

γDC_E1PtotalDC
Nw_segs

:= Gwire_E1
1

0:=

Wwire_E1
Nw_segs

γW_E1 Pw_E1
Nw_segs

⋅:= Wwire_E1
1

0:=



Gwire_E1

1

1

2

3

4

5

6

7

8

9

10

11

0

0.55

0.55

0.55

0.55

0.55

0.55

0.55

44.55

0.55

...

lbf=
Wwire_E1

1

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

0

1.01

1.01

1.01

1.01

1.01

1.01

1.01

770.105

1.01

1.01

1.01

1.01

1.01

1.01

...

lbf=

Ay_E1 γDC_E1 Rleft⋅ 0.109 kip⋅=:=

Fy_E1
Nw_segs

Ay_E1

1

Nw_segs

i

Gwire_E1
i∑

=

−:=
Fy_E1

1

1

2

3

4

5

6

7

8

9

10

11

108.812

108.262

107.712

107.162

106.612

106.062

105.512

104.962

60.412

59.862

...

lbf=



Fz_E1
Nw_segs

Az_E1

1

Nw_segs

i

Pw_E1
i∑

=

−:= Fz_E1

1

1

2

3

4

5

6

7

8

9

10

11

844.841

843.831

842.821

841.811

840.801

839.792

838.782

837.772

67.667

66.658

...

lbf=

Now solve for Ax:

Fx_E1 720lbf:=

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

57.083ft= Lo 50.3 ft=

Ax_E1 root

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

Lo− Fx_E1, 










3.81 kip⋅=:=

∆E1

Ax_E1 hpole
3⋅

2 Ec⋅ C⋅ ttop⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB









3
RA

RB

−








⋅−








⋅ 5.56 in⋅=:= ∆DC 0.914 in⋅=

Compute the displacement due only to the factored ice + wind:

∆wind ∆E1

∆DC

γDC_E1

− 4.73 in⋅=:=

Lj_E1 Lo 2 ∆E1 ∆DC−( )⋅+ 51.1 ft=:=



Compute the final reaction in the horizontal direction by convergence of the equations above:

Given

Lj_E1 Lo 2 ∆E1 ∆DC−( )⋅+=

Ax_E1 root

1

N

i

Fx_E1
2

Fy_E1
i( )2+ Fz_E1

i( )2+
Lw_segs

Fx_E1

⋅








∑
=

Lj_E1− Fx_E1, 










=

∆E1

Ax_E1 hpole
3⋅

2 Ec⋅ C⋅ ttop⋅ RB RA−( )3⋅
2 ln

RB

RA









⋅
RB RA−

RB









3
RA

RB

−








⋅−








⋅=

Lj_E1

Ax_E1

∆E1













Find Lj_E1 Ax_E1, ∆E1, ( ):= Lj_E1 50.7 ft=

Ax_E1 2.41 kip⋅=

∆E1 3.53 in⋅=

Extreme I Actions



Factored Actions Summary - Top of the Pole

Extreme I, Maximum Wind  Back to contents

Ax_E1 2.41 kip⋅=

Ay_E1 0.11 kip⋅=

Az_E1 0.85 kip⋅=

Factored Actions Summary - Top of the Pole

Factored Actions at the Pole Base

Factored Actions, Pole Base  Back to contents

Extreme I, Maximum Wind:

γDC_E1 1.10= γW_E1 1.00=

ME1 Ax_E1 hpole⋅( )2 Az_E1 hpole⋅( )2+ Mwx_pole_E1
2+ 62.7 kip ft⋅⋅=:=

VE1 Ax_E1( )2 Az_E1( )2+ γW_E1 Pw_pole_E1⋅( )2+ 2.58 kip⋅=:=

PE1 Ay_E1 γDC_E1 Ppole⋅+ 2.54 kip⋅=:=

The pole is relatively short with small axial loads and B2 is assumed to be 1.0

Factored Actions at the Pole Base



Resistance Checks

 Back to contentsResistance Checks

cov
er

3/4
"

2.96 in.

3/16" at 3" c-c

8 - 1/2" 

Gr. 270 Strand

Mn 94.3kip ft⋅:= From manufacturer

DesignRatio
ME1

ϕflexure Mn⋅
0.665=:=

InteractionCheckArm_E1 if DesignRatio 1.0≤ "OK", "No Good", ( ) "OK"=:=

Resistance Checks



Post Embedment

Post Embedment  Back to contents

The post is to be directly embedded into cohesive soil with n ultimate shear resistance of 1.5 ksf and backfilled
with crushed stone.  The diameter of the excavated hole is to be apporximately 12" larger than the average
diameter of the embedded portion of the pole.

MF ME1 62.7 kip ft⋅⋅=:=

VF VE1 2.58 kip⋅=:=

H
MF

VF

24.3ft=:=

Guess the average diameter based on an eight foot embedment:

Davg_guess

dbot_out 8ft taperout⋅+ dbot_out+

2
1.096 ft⋅=:=

Assume the ultimate shear resistance of the soil:

csoil 1.500
kip

ft
2

:=

qsoil

VF

9 csoil⋅ Davg_guess⋅
0.174 ft=:=

C13.6.1.1-1
Lembedment 1.5 Davg_guess⋅ qsoil 1 2

4 H 6 Davg_guess⋅+( )⋅ 
qsoil

++








⋅+ 6.47 ft=:=

Post Embedment



Design Example 12:  Street Lighting Pole 
with 10-Foot Mast Arm

Problem statement

A round, tapered prestressed pole supports a 10-foot mast
arm.  The pole is located in Kentucky along a highway.  The
pole has a void that begins 15 feet from the top of the pole.
The top of the void is 3 inches in diameter, and tapers out at
0.20 in/ft. The highway is a lifeline highway.



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.

Contents

 Definitions and Assumptions

 Geometry Calculations

 Dead Loads

 Wind Load on Pole

 Service Level Wind Loads 

 Second Order Effects

 Factored Actions

 Flexural Resistance

 Shear and Torsion Resistance

Contents

Definitions and Assumptions

Definitions and Assumptions:  Back to Contents

Pole

γconc 145
lbf

ft
3

:= Es 29000ksi:= Fy 50ksi:= Hpole 40ft:= tpole 0.1196in:= dtip_out 6.50in:=

dbase_out 13.70in:= taper 0.18
in

ft
:=



hvoid_top 25ft:= dvoid_top 3in:= tapervoid 0.20
in

ft
:=

dvoid_bot dvoid_top hvoid_top tapervoid⋅+ 8 in⋅=:=

Prestressing Strand:

fpu 270ksi:= Ep 28500ksi:= Ns 4:= Astrand 0.153in
2:=

finitial 0.50 fpu⋅ 135 ksi⋅=:=

floss 0.20 finitial⋅ 27 ksi⋅=:=

fse finitial floss− 108 ksi⋅=:= Aps Astrand Ns⋅ 0.612 in
2⋅=:=

Concrete:

f'c 7000psi:= f'ci 3300psi:= Ec 57000 psi f'c⋅ 4769 ksi⋅=:=

Luminaire

Plum 50lbf:= EPAlum 1.40ft
2:= xlum 10ft:= ylum 42.0ft:=

Mast Arm Truss

EPAarm 4.40ft
2:= yarm 40.5ft:= Parm 75.0lbf:= xarm 4.50ft:=



Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=

Resistance Factors:

ϕflexure 1.00:= ϕshear 0.90:= ϕtorsion 0.90:= ϕaxial 1.00:=

Loads

Vbase 120mph:= Figure 3.8-2b, 1700 MRI from Table 3.8.1

Definitions and Assumptions



Geometry Calculations

Geometry and Section Properties  Back to Contents

dtip_out 6.5 in⋅=

radiustip

dtip_out

2
3.25 in⋅=:=

dbase_out 13.7 in⋅= dbase_in dvoid_bot 8 in⋅=:= tpole_base

dbase_out dbase_in−

2
2.85 in⋅=:=

dbase_center dbase_out tpole_base− 10.85 in⋅=:=

radiusbase

dbase_center

2
5.42 in⋅=:= ro

dbase_out

2
6.85 in⋅=:=

Atop π radiustip
2⋅ 33.2 in

2⋅=:=



Itop π radiustip
3⋅ tpole⋅ 12.9 in

4⋅=:=

rgytip

Itop

Atop

0.623 in⋅=:=

Abot_tot π radiusbase
2⋅ 92.5 in

2⋅=:=

Abot π
dbase_out

2









2
dvoid_bot

2









2

−






⋅ 97.1 in
2⋅=:=

Ibot π radiusbase
3⋅ tpole_base⋅ 1430 in

4⋅=:=

Jbot 2 Ibot⋅ 2859 in
4⋅=:=

Sbot π radiusbase
2⋅ tpole_base⋅ 264 in

3⋅=:=

Zbot 1.27 Sbot⋅ 334.66 in
3⋅=:=

rgybot 0.707 radiusbase⋅ 3.84 in⋅=:=

Compute the volume of void:

Avoid_top π
dvoid_top

2









2

⋅ 7.07 in
2⋅=:=

Avoid_bot π
dvoid_bot

2









2

⋅ 50.3 in
2⋅=:=

Vvoid

Avoid_top Avoid_bot+( )
2

hvoid_top⋅ 4.98 ft
3⋅=:=



Compute the volume of the pole ignoring the void:

Vpole

Atop Abot_tot+

2
Hpole⋅ 17.5 ft

3⋅=:=

Abot Abot_tot Avoid_bot− 42.2 in
2⋅=:=

Compute the pole thickness at mid height:

dout_mid dtip_out taper
Hpole

2
⋅+ 10.1 in⋅=:=

din_mid dvoid_top hvoid_top

Hpole

2
−








tapervoid⋅+ 4.00 in⋅=:=

tpole_mid

dout_mid din_mid−

2
3.05 in⋅=:=

rgymid 0.707 dout_mid tpole_mid−( )⋅ 4.98 in⋅=:=

Geometry Calculations

Dead Load

Dead Loads  Back to Contents

Ppole Vpole Vvoid−( ) γconc⋅ 1.81 kip⋅=:=

Luminaire:

Plum 0.05 kip⋅=

Mz_lum Plum xlum⋅ 0.50 kip ft⋅⋅=:=



Arm:

Parm 0.075 kip⋅=

Mz_arm Parm yarm⋅ 3.04 kip ft⋅⋅=:=

Dead Load

Wind Load on Luminaire and Arm

Wind Loads  Back to contents

Vbase 120 mph⋅= Basic Wind Speed, Extreme Event I

Cd 1.00:= Table 3.8.6.1, assumed that the EPA considers the drag coefficient

zg 900ft:= Article C3.8.4

α 9.5:= Article C3.8.4

ylum 42 ft⋅= Height of the luminaire

Kz 2.0
ylum

zg









2

α

⋅ 1.049=:= Equation C3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kd 1.0:= Directionality Factor, Table 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ G⋅ Vbase
2⋅ Cd⋅ UnitsFactor⋅ 44.1 psf⋅=:=



Plum_E1

Pz

Cd

EPAlum⋅ 0.062 kip⋅=:= For elements with a given EPA, Cd is included.

Parm_E1

Pz

Cd

EPAarm⋅ 0.194 kip⋅=:= For elements with a given EPA, Cd is included.

Mz_lum_E1 Plum_E1 ylum⋅ 2.59 kip ft⋅⋅=:=

My_lum_E1 Plum_E1 xlum⋅ 0.617 kip ft⋅⋅=:=

Mz_arm_E1 Parm_E1 yarm⋅ 7.86 kip ft⋅⋅=:=

My_arm_E1 Parm_E1 xarm⋅ 0.873 kip ft⋅⋅=:=

Wind Load on Luminaire and Arm

Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

CD will vary with height:



Vpole_E1 0.502kip:=

Mz_pole_E1 10.03kip ft⋅:=

Wind Load On Pole



Second Order Effects

Second Order Effects  Back to contents

Approximate second order effects (4.8.1):

rgybot 3.84 in⋅= tpole 0.1196 in⋅=

rtop

dtip_out tpole−

2
3.19 in⋅=:=

Dp Ppole 1.81 kip⋅=:=



IB 3.22 radiusbase
3⋅ tpole⋅ 61.5 in

4⋅=:= Moment of inertia, pole base

IT Itop 12.9 in
4⋅=:= Moment of inertia, pole top

Vertical concentrated load at the top of
the pole

PT Plum 0.050 kip⋅=:=

r rgymid 4.98 in⋅=:= Radius of gyration at mid height

Hpole 40ft=

k 2.1:= Slenderness Factor, 2.1 for a cantilever pole

SlendernessRatio
k Hpole⋅

r
202=:=

SlendernessLimit
2 π

2⋅ Es⋅

Fy

107.0=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 0.77 kip⋅=:=

PEuler_bottom

π
2
Es⋅ Ibot⋅

k Hpole⋅( )2
403 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.002=:= Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.002=:=
Second Order Effects



Factored Actions

Factored Actions:  Back to contents

Maginified Extreme Event Wind Load Actions:

Vx_wind_E1 Vpole_E1 Plum_E1+ Parm_E1+( ) 0.758 kip⋅=:=

Mz_wind_E1 Mz_pole_E1 Mz_lum_E1+ Mz_arm_E1+( ) B2⋅ 20.5 kip ft⋅⋅=:=

My_wind_E1 My_lum_E1 My_arm_E1+( ) B2⋅ 1.493 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Moments:

MzE_I γwind_E_I Mz_wind_E1⋅ γDC_E_I Mz_arm Mz_lum+( )⋅+ 24.4 kip ft⋅⋅=:=

MyE_I γwind_E_I My_wind_E1⋅ 1.49 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind_E1⋅ 0.76 kip⋅=:=

Factored Axial:

PE_I γDC_E_I Ppole Plum+ Parm+( )⋅ 2.13 kip⋅=:=

Factored Actions



Resistance at the Pole Base

Resistance:  Back to contents

ϕflexure 1.00= ϕshear 0.90= ϕtorsion 0.90= ϕaxial 1.00=

Mn 75.6ft kip⋅:=

ϕMn ϕflexure( ) Mn⋅ 75.6 ft kip⋅=:= From the manufacturer

Mz_wind_E1 20.518ft kip⋅=

DesignRatio
Mz_wind_E1

ϕMn

0.271=:=

Resistance at the Pole Base

Shear and Torsion Resistance

Shear Resistance  Back to contents

Pps fpu Aps⋅ 165.2 kip⋅=:=

fpc

Pps

Abot

3.92 ksi⋅=:=

λ 1.0:= Lightweight concrete factor (7.4.2.4)

Ft 0.13 λ⋅ f'c ksi⋅⋅ 0.344 ksi⋅=:=



y_bar
2 radiusbase( )⋅

π
3.45 in⋅=:=

Aabove

Abot

2
21.1 in

2⋅=:=

Q y_bar Aabove⋅ 72.9 in
3⋅=:= Moment of area above the neutral axis

Vc

Ft
2

Ft fpc⋅+

Q

2 Ibot⋅ tpole_base⋅

135.4 kip⋅=:= Equation 7.6.2.2.2-2

Tc

Jbot

ro

Ft
2

Ft fpc⋅+⋅ 42.1 kip ft⋅⋅=:= Equation 7.6.3.4.2-3

CombinedRatio
VxE_I

ϕshear Vc⋅









2
MyE_I

ϕtorsion Tc⋅









2

+ 0.002=:=

Shear and Torsion Resistance



Example 13 Design Review
Title:  Luminaire Support - FRP
Location:  Arkansas
Project:  NCHRP 10-80
AASHTO Specification:  NCHRP 10-80
Initial Date:  May 9, 2011
Engineers:   Puckett and Jablin
Revision Dates:  n/a Revision abstract: n/a  

Problem Statement:  A round, tapered fiber-reinforced composite pole supports a post-top mounted luminaire.

The pole is located in Arkansas on a regular highway where a failure could cross the travelway.  The ADT for
the highway is 5000.

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.

Contents

Contents:

 Assumptions and Definitions

 Geometry Calculations

 Geometry Calculations with Ice

 Dead Loads

 Ice Weight

 Wind Load on Luminaires

 Wind Load on Ice on Luminaires

 Service Level Wind Load on Luminaire



Contents, cont'd:

 Wind Load on Pole

 Wind Load on Ice

 Service Level Wind Loads 

 Pole Base Actions

 Factored Actions

 Factored Stresses

 Pole Resistances (new Spec)

Contents





Definitions and Assumptions

Define known properties:  Back to contents

Material Constants:

γfrp 106pcf:=

Ftu 45ksi:= Fau 40ksi:= Fvu 15.0ksi:= Ebend 3100ksi:= Ecomp 3000ksi:=

E1 3100ksi:= E2 3000ksi:= ν12 0.26:= Gv

E1

2 1 ν12+( )⋅
1230 ksi⋅=:=

Luminaire:

Plum 55.0lbf:= EPAlum 2.0ft
2:=

hlum 0.50ft:= Height above the tip of the pole.

Pole Geometry:

Hpole 24.5ft:=

Taper 0.18
in

ft
:= Dtop 3.0in:= This is the flat-to-flat dimension of the

16-sided tube.

Dbot Dtop Hpole Taper⋅+ 7.41 in⋅=:=

Given wall thicknesses:

twall 0.125in:=

R1

Dbot

2
twall+ 3.83 in⋅=:=



Wind Velocity:
See Section 3, table 3.8-1b, MRI = 700 years, corresponds to Importance = 1 

Vbase 115mph:=

Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=

Resistance Factors:

ϕflexure 0.67:= ϕshear 0.55:= ϕtension 0.80:= ϕaxial 0.55:= From Table 8.6.3.1-1

Definitions and Assumptions



Geometry Calculations

 Back to contents

Ibot π
Dbot

2









3

⋅ twall⋅ 19.97 in
4⋅=:=

Sbot π
Dbot

2









2

⋅ twall⋅ 5.39 in
3⋅=:=

rgybot

Dbot

2








0.707⋅ 2.62 in⋅=:=

Abot 2 π⋅
Dbot

2









⋅ twall⋅ 2.91 in
2⋅=:=

Atop 2 π⋅
Dtop

2









⋅ twall⋅ 1.178 in
2⋅=:=

Geometry Calculations



Dead Load

Pole self weight:  Back to contents

Ppole

Atop Abot+

2
Hpole⋅








γfrp⋅ 36.9 lbf⋅=:=

Luminaire:

Plum 55 lbf=

Dead Load

Wind Load on Luminaires

Wind Loads  Back to contents

Vbase 115 mph⋅= Figure 3.8-2a, Basic Wind Speed, Extreme Event I

Cd 0.5:= Table 3.8.6.1

zg 900ft:= Article C3.8.4
α 9.5:=

Kz 2.0

Hpole

hlum

2
+

zg











2

α

⋅ 0.939=:=
Equation C3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=



27878400 ft⋅

Kd 1.0:= Directionality Factor, see 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ G⋅ Vbase
2⋅ Cd⋅ UnitsFactor⋅ 18.1 psf⋅=:=

Wlum

Pz

Cd

EPAlum⋅ 0.072 kip⋅=:= For elements with a given EPA, Cd is already included.

Assume the luminaire is 6 feet in diameter:

blum 6ft:=

elum 0.15 blum⋅ 0.9 ft=:= Article 3.9.4.2

Mz_lum Wlum elum⋅ 0.065 kip ft⋅⋅=:=

Wind Load on Luminaires



Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

Calculate the value of rc along the length of structure:

Vwind_base 0.247kip:= Mwind_base 3.30ft kip⋅:=

Wind Load On Pole



Pole Base Actions

Total Axial Dead Load:  Back to contents

PDL Ppole Plum+ 0.092 kip⋅=:=

Total Wind Loads:

Mx Mwind_base Wlum Hpole 1ft+( )⋅+ 5.15 kip ft⋅⋅=:=

Vx Wlum Vwind_base+ 0.319 kip⋅=:=

Mz Mz_lum 0.065 kip ft⋅⋅=:=

Coefficient of Amplification (4.8.1 in version 5 AASHTO LTS):

radiusbot

Dbot

2
3.71 in⋅=:=

radiustop

Dtop

2
1.5 in⋅=:=

radiusmid

radiustop radiusbot+

2
2.60 in⋅=:=

Dp Ppole 0.037 kip⋅=:=





IB Ibot 20.0 in
4⋅=:= Moment of inertia, pole base

IT 3.22 radiustop
3⋅ twall⋅ 1.4 in

4⋅=:= Moment of inertia, pole top

PT Plum 0.055 kip⋅=:= Vertical concentrated load at the top of
the pole

rgy 0.711 radiusmid⋅ 1.85 in⋅=:= Radius of gyration at mid height

k 2.1:= Slenderness Factor, 2.1 for a cantilever pole

SlendernessRatio
k Hpole⋅

rgy

334=:=

SlendernessLimit
2 π

2⋅ E1⋅

Fau

39.1=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 0.15 kip⋅=:=

PEuler_bottom

π
2
E1⋅ IB⋅

k Hpole⋅( )2
1.6 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.102=:=
Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.102=:=

Pole Base Actions



Factored Actions

Factored Actions:  Back to contents

Vwind_base 0.25 kip⋅=

Mwind_base 3.30 kip ft⋅⋅=

PDL 0.09 kip⋅=

Total Wind Loads:

Mx_wind B2 Mx⋅ 5.67 kip ft⋅⋅=:=

Vx_wind Vx 0.32 kip⋅=:=

Mz_wind Mz_lum 0.065 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Moments:

MxE_I γwind_E_I Mx_wind⋅ 5.67 kip ft⋅⋅=:= MzE_I γwind_E_I Mz_wind⋅ 0.065 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind⋅ 0.32 kip⋅=:=

Factored Axial:

PE_I γDC_E_I PDL⋅ 0.10 kip⋅=:=

Factored Actions



Factored Stresses

radiusbot 3.7 in⋅=
 Back to contents

Abot 2.91 in
2⋅=

Sbot 3.22 radiusbot
2⋅ twall⋅ 5.53 in

3⋅=:=

Axial Stress:

faE_I

PE_I

Abot

0.035 ksi⋅=:=

Bending Stress:

fbE_I

MxE_I

Sbot

12.3 ksi⋅=:=



Shear Stress (Torsion):

fvt

MzE_I

6.28 radiusbot
2⋅ twall⋅

0.073 ksi⋅=:=



Shear stress (beam shear):

fvb

2.02 VxE_I⋅

Abot

0.222 ksi⋅=:=

Total Shear Stress:

fvE_I fvb fvt+ 0.294 ksi⋅=:=

Factored Stresses

Resistance at the Pole Base

 Back to contentsResistance Foumula-based Estimate:

ϕflexure 0.67= ϕshear 0.55= ϕaxial 0.55=



Dbot 7.4 in⋅= twall 0.125 in⋅= rgybot 2.62 in⋅=

Abot 2.91 in
2⋅=

Sbot 5.525 in
3⋅= Zbot 1.27 Sbot⋅ 7.017 in

3⋅=:=
Ibot 20 in

4⋅=

k 2.1= Ltot Hpole 24.5 ft=:= kL_over_r
k Ltot⋅

rgybot

236=:=

Flexural Resistance:

K1 1.414 1 ν12

E2

E1









1

2

⋅+













E2

E1









1

2

⋅
Gv

E1









⋅













1

2

0.99=:=
See 8.6.3.2.

μ 1 ν12
2

E2

E1









⋅− 0.935=:= See 8.6.3.2.

ϕFbr ϕflexure

0.75 E1⋅ K1⋅

Dbot

twall









μ⋅

⋅ 26.9 ksi⋅=:= Equation 8.6.3.2-1

Axial Resistance:

k 2.1= rgybot 2.62 in⋅=

kl_over_r
k Ltot⋅

rgybot

236=:=



λ
2 π

2⋅ Ecomp⋅

Fau

38.5=:=

ϕFcr_1 ϕaxial

π
2
Ecomp⋅

kl_over_r( )
2

⋅ 0.293 ksi⋅=:=

ϕFcr_2 ϕaxial

0.57 E1⋅ K1⋅

Dbot

twall








μ

1

2⋅

⋅ 16.79 ksi⋅=:= Equation 8.6.3.5-1

ϕFcr min ϕFcr_1 ϕFcr_2, ( ) 0.293 ksi⋅=:= faE_I 0.035 ksi⋅=

fbE_I 12.32 ksi⋅=

Shear Resistance:

ϕFvr ϕshear

0.533Ftu 1 ν12+( )⋅

μ









⋅
Gv

Fvu









⋅
twall

R1









3

2

⋅ 8.6 ksi⋅=:= Equation 8.6.3.7-1

fvE_I 0.294 ksi⋅=

Combined Flexure and Axial:

B2 1.102=

Equation 8.6.4.1-1
ratio

faE_I

ϕFcr

B2 fbE_I⋅

ϕFbr
+ 0.623=:=



Check Extreme Event I:

InteractionCheckE_I if ratio 1.0≤ "OK", "No Good", ( ) "OK"=:=

Results from testing should be used in the final application.

Resistance at the Pole Base

Test-base Approach

 Back to contents
8.6.2—TESTING
Full-scale structural testing shall be used to verify the strength and deflection of FRP members.
The bending test criterion for FRP poles is summarized in Article 8.7.1. Other tests that may be
required are given in Article 8.7.2. The test methods shall be approved by the owner.

Per 8.6.2.1 the bending strength is determined with testing and the manufacturer supplies the nominal moment
capacity.

ϕMntest 6.2kip ft⋅:=

ratio
B2 MxE_I⋅

ϕMntest

1.009=:=

InteractionCheckE_I if ratio 1.0≤ "OK", "No Good", ( ) "No Good"=:=

Test-base Approach



Design Example 14:  FRP Roadside Sign Support

 Problem statement:

Location: Major highway in Oklahoma
Design a structure to support a sign 4 ft. long by 3.5 ft. high.  Use round fiberglass tube design with direct
embedment into the ground with a crushed stone backfill. Assume FRP is manufactured using the
filament winding process.  Check a 4-inch diameter tube with a 3/8-inch wall thickness.  The structure
could cross a life-line travelway on failure.  Roadside signs may use an MRI of 300 years.

C=2'-0

A=4'-0

8'-3

D=1'-0 D=1'-0

B=3'-6

Figure 14-1.  Roadside Sign Support

Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.



Contents

 Definitions and Assumptions

 Geometry Calculations

 Dead Loads

 Wind Loads

 Factored Actions

 Factored Stresses

 Resistance at the Post Base

Contents

Definitions And Assumptions

Definitions and Assumptions:  Back to contents

hpost_exp 8.25ft:= ORIGIN 1:= tpole .22in:=

bsign 4ft:= hsign 3.5ft:= Asign bsign hsign⋅ 14 ft
2=:= wsign 2psf:=

ysign 10ft:= Moment arm of the sign

E1 2000ksi:= Longitudinal Flexural Modulus,

E2 1000ksi:= Transverse Flexural Modulus,

Ec 3000ksi:= Compression Modulus,

ν12 0.33:= Poisson's ratio,

G1 450ksi:= In place shear modulus,

Ftu 45ksi:= Fau 40ksi:= Fvu 15.0ksi:=



Assume the posts are 4 inch center diameter tubes with a thickness of 3/8 ".

dtube 4in:= ttube 0.375in:= dout dtube

ttube

2
+ 4.188 in⋅=:= din dtube

ttube

2
− 3.81 in⋅=:=

wtube 3plf:=

htube_total ysign

hsign

2
+ 11.75ft=:=

γsteel 490
lbf

ft
3

:=

R1

dtube

2
ttube+ 2.38 in⋅=:=

Definitions And Assumptions



Geometry Calculations

Geometry Calculations  Back to contents

Ibot π
dtube

2









3

⋅ ttube⋅ 9.42 in
4⋅=:=

Sbot π
dtube

2









2

⋅ ttube⋅ 4.71 in
3⋅=:=

rgybot

dtube

2








0.707⋅ 1.41 in⋅=:=

Abot 2 π⋅
dtube

2









⋅ ttube⋅ 4.71 in
2⋅=:=

Geometry Calculations



Dead Loads

Dead Loads  Back to contents

PDC_sign Asign wsign⋅ 28 lbf=:=

PDC_tube wtube htube_total⋅ 35.2 lbf=:=

PDC_base PDC_tube

PDC_sign

2
+ 49.2 lbf=:=

Dead Loads

Wind Loads

Wind Loads:  Back to contents

zsign ysign 10 ft=:=

ztube

hpost_exp

2
4.13 ft=:=

zg 900ft:=

α 9.5:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kz_sign 2.00
zsign

zg









2

α

0.78=:= Equation 3.8.4-1

Kz_tube 2.00
ztube

zg









2

α

0.64=:=



G 1.14:= Gust effect factor, minimum value.

VE1 105mph:= Extreme I Wind Speed - Figure 3.8-3b, 300 year mean recurrence
interval.

Kd 0.95:= Directionality factor, see 3.8.5 for a round support.

Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

1.143=:=

CdSign Cd_sign ratiosign( ) 1.12=:=

Eq. 3.8-1.  The value "Factor" is needed for
consistent units in this wind pressure equation.

Pz_sign_E1 0.00256 Kz_sign⋅ Kd⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 26.6 psf⋅=:=



Pw_sign_E1 Pz_sign_E1 Asign⋅ 0.372 kip⋅=:=

Mx_sign_E1

Pw_sign_E1 ysign⋅

2
1.859 kip ft⋅⋅=:=

Wind pressures on the posts for the various limit states:

Ax_tube dtube hpost_exp⋅ 2.75ft
2=:=

Az_tube dtube htube_total⋅ 3.917ft
2=:=

Cd_tube 1.7:=

Pz_tube_E1 0.00256 Factor⋅ Kz_tube⋅ Kd⋅ G⋅ VE1
2⋅ Cd_tube⋅ 33.4 psf⋅=:=

Forces along the z axis:

Pwz_tube_E1 Pz_tube_E1 Ax_tube⋅ 92 lbf=:=

Moments about the x axis:

Mx_tube_E1 Pwz_tube_E1

hpost_exp

2.0
⋅ 0.379 kip ft⋅⋅=:=

Forces along the x axis:

Pwx_tube_E1 Pz_tube_E1 Az_tube⋅ 0.131 kip⋅=:=

Moments about the z axis:

Mz_tube_E1 Pwx_tube_E1

htube_total

2.0
⋅ 0.77 kip ft⋅⋅=:=

Wind Loads



Factored Actions

Factored Actions  Back to contents

γDC_E_I 1.1:= γwind_E_I 1.0:=

Extreme I (Maximum Wind):

PE_I γDC_E_I PDC_base⋅ 0.054 kip⋅=:=

VE_I γwind_E_I Pwz_tube_E1⋅ 0.092 kip⋅=:=

MzE_I γwind_E_I Mz_tube_E1⋅ 0.77 kip ft⋅⋅=:=

MxE_I γwind_E_I Mx_tube_E1⋅ γwind_E_I Mx_sign_E1⋅+ 2.2 kip ft⋅⋅=:=

Factored Actions



Factored Stresses

Factored Stresses  Back to contents

rgybot 1.414 in⋅=

Abot 4.71 in
2⋅=

Sbot 4.71 in
3⋅=

Axial Stress:

faE_I

PE_I

Abot

0.011 ksi⋅=:=

Bending Stress:

fbE_I

MxE_I

Sbot

5.7 ksi⋅=:=

Shear Stress (Torsion):

fvt

MzE_I

Sbot

1.96 ksi⋅=:=

Shear stress (beam shear):

fvb

2.02 VE_I⋅

Abot

0.039 ksi⋅=:=

Total Shear Stress:

fvE_I fvb fvt+ 2 ksi⋅=:=

Factored Stresses



Resistance at the Post Base

Resistances  Back to contents

Resistance Factors:

ϕflexure 0.67:= ϕshear 0.55:= ϕweld 0.75:= ϕtension 0.80:= ϕaxial 0.55:=

Flexural Resistance:

See 8.6.3.2.
K1 1.414 1 ν12

E2

E1









1

2

⋅+













E2

E1









1

2

⋅
G1

E1









⋅













1

2

0.626=:=

See 8.6.3.2.
μ 1 ν12

2
E2

E1









⋅− 0.946=:=

ϕFbr ϕflexure

0.75 E1⋅ K1⋅

dtube

ttube









μ⋅

⋅ 60.7 ksi⋅=:= Equation 8.6.3.2-2

Axial Resistance:

k 2.1:= rgybot 1.414 in⋅=

kl_over_r
k htube_total⋅

rgybot

209=:=

ϕFcr_1 ϕaxial

π
2
Ec⋅

kl_over_r( )
2

⋅ 0.371 ksi⋅=:=



ϕFcr_2 ϕaxial

0.57 E1⋅ K1⋅

dtube

ttube








μ

1

2⋅

⋅ 37.9 ksi⋅=:= Equation 8.6.3.4-1

ϕFcr min ϕFcr_1 ϕFcr_2, ( ) 0.371 ksi⋅=:= faE_I 0.011 ksi⋅= fbE_I 5.7 ksi⋅=

Shear Resistance:

ϕFvr ϕshear

0.533Ftu 1 ν12+( )⋅

μ









⋅
G1

Fvu









⋅
ttube

R1









3

2

⋅ 34.9 ksi⋅=:= Equation 8.6.3.7-1

fvE_I 2 ksi⋅=

DesignRatio
fvE_I( )
ϕFvr

0.057=:=

Combined Flexure and Axial:

B2 1.0:= Assume B2 = 1.0 for a short structure.

ratio
faE_I

ϕFcr

B2 fbE_I⋅

ϕFbr
+ 0.125=:=

Check Extreme Event I:

InteractionCheckE_I if ratio 1.0≤ "OK", "No Good", ( ) "OK"=:=

Final application should use test data for determining the flexural strength.

Resistance at the Post Base



Design Example 15:  Street Lighting Pole 
with 10-Foot Mast Arm

Problem statement

A round, tapered timber pole supports a 10-foot mast
arm.  The pole is located in Kentucky along a highway a
life-line highway.  The pole could cross the travelway
upon failure.  The pole is southern pine.



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.

Contents

 Definitions and Assumptions

 Geometry Calculations

 Dead Loads

 Wind Load on Pole

 Service Level Wind Loads 

 Second Order Effects

 Factored Actions

 Factored Stresses

Contents

Definitions and Assumptions

Definitions and Assumptions:  Back to Contents

Pole

γtimber 38
lbf

ft
3

:= Es 29000ksi:= Fy 50ksi:= Hpole 40ft:=

dtip 6.68in:=



taper 0.114
in

ft
:= dbase dtip Hpole taper⋅+ 11.24 in⋅=:=

Luminaire

Plum 50lbf:= EPAlum 1.40ft
2:= xlum 10ft:= ylum 42.0ft:=

Mast Arm

EPAarm 4.40ft
2:= yarm 40.5ft:= Parm 75.0lbf:= xarm 4.50ft:=

Load Factors:

γwind_E_I 1.0:= γDC_E_I 1.1:=



Resistance Factors:

ϕb 0.85:= ϕt 0.80:= ϕc 0.90:= ϕcp 0.90:= ϕE 0.85:= ϕv 0.75:=

Loads

Vbase 120mph:= Figure 3.8-2b, 1700 MRI based on Table 3.8-1.

Stresses

Fb 1.85ksi:= Table 9.4.3.3-1

Fv 0.110ksi:=

Fcp 0.250ksi:=

Fc 0.950ksi:=

E 1500ksi:=

Definitions and Assumptions

Geometry Calculations

Geometry and Section Properties  Back to Contents

Ctip π dtip⋅ 21.0 in⋅=:= Cmin_tip 21in:= Table C9.4.3.2-2
dtip 6.68 in⋅= radiustip

dtip

2
3.34 in⋅=:=

dbase 11.24 in⋅= radiusbase

dbase

2
5.62 in⋅=:= Cbase π dbase⋅ 35.3 in⋅=:= Cmin_base 33.5in:=

Atop π radiustip
2⋅ 35.0 in

2⋅=:=

Abot π radiusbase
2⋅ 99.2 in

2⋅=:=



bot base

Ibot
1

4
π radiusbase

4⋅ 783 in
4⋅=:= Itop

1

4
π⋅ radiustip

4⋅ 97.7 in
4⋅=:=

Sbot
1

4
π radiusbase

3⋅ 139.4 in
3⋅=:=

rgybot

Ibot

Abot

2.81 in⋅=:= rgytop

Itop

Atop

1.67 in⋅=:=

a 0.7:= Support Condition Parameter

drep dtip dbase dtip−( ) a 0.15 1
dtip

dbase

−








⋅−








⋅+ 9.59 in⋅=:= Equation 9.4.3.2.-1, representative diameter

radiusrep

drep

2
4.8 in⋅=:=

Irep
1

4
π⋅ radiusrep

4⋅ 416 in
4⋅=:=

Srep
1

4
π⋅ radiusrep

3⋅ 86.7 in
3⋅=:=

Arep π radiusrep
2⋅ 72.3 in

2⋅=:=

rgyrep

Irep

Arep

2.40 in⋅=:=

Geometry Calculations



Dead Load

Dead Loads  Back to Contents

Ppole

Atop Abot+

2








Hpole⋅ γtimber⋅ 0.709 kip⋅=:=

Luminaire:

Plum 0.05 kip⋅=

Mz_lum Plum xlum⋅ 0.5 kip ft⋅⋅=:=

Arm:

Parm 0.075 kip⋅=

Mz_arm Parm yarm⋅ 3.04 kip ft⋅⋅=:=

Dead Load



Wind Load on Luminaire and Arm

Wind Loads  Back to contents

Vbase 120 mph⋅= Basic Wind Speed, Extreme Event I, Figure 3.8-2b,
1700 MRI

Cd 1.00:= Table 3.8.6.1, assumed that the EPA considers the drag coefficient

zg 900ft:= Article C3.8.4

α 9.5:= Article C3.8.4

ylum 42 ft⋅= Height of the luminaire

Kz 2.0
ylum

zg









2

α

⋅ 1.049=:= Equation C3.8.4-1

G 1.14:= Article 3.8.5

This units factor is needed for consistent
units in the wind pressure equations.

UnitsFactor
hr
2
lbf⋅

27878400 ft
4⋅

:=



27878400 ft⋅

Kd 1.0:= Directionality Factor, Table 3.8.5

Pz 0.00256 Kz⋅ Kd⋅ UnitsFactor⋅ G⋅ Vbase
2⋅ Cd⋅ 44.1 psf⋅=:=

Plum_E1

Pz

Cd

EPAlum⋅ 0.062 kip⋅=:= For elements with a given EPA, Cd is included.

For elements with a given EPA, Cd is included.
Parm_E1

Pz

Cd

EPAarm⋅ 0.194 kip⋅=:=



Mz_lum_E1 Plum_E1 ylum⋅ 2.59 kip ft⋅⋅=:=

My_lum_E1 Plum_E1 xlum⋅ 0.617 kip ft⋅⋅=:=

Mz_arm_E1 Parm_E1 yarm⋅ 7.86 kip ft⋅⋅=:=

My_arm_E1 Parm_E1 xarm⋅ 0.873 kip ft⋅⋅=:=

Wind Load on Luminaire and Arm

Wind Load On Pole

Maximum Wind - Extreme I  Back to contents

CD will vary with height:



Vpole_E1 0.453kip:=

Mz_pole_E1 9.41kip ft⋅:=

Wind Load On Pole



Second Order Effects

Second Order Effects  Back to contents

Approximate second order effects (4.8.1):

rgybot 2.81 in⋅=

rgytop 1.67 in⋅=

radiusmid dbase taper
Hpole

2
⋅−









8.96 in⋅=:= Imid
1

4
π⋅ radiusmid

4⋅ 5062 in
4⋅=:=

Amid π radiusmid
2⋅ 252 in

2⋅=:=

rgymid

Imid

Amid

4.48 in⋅=:=

Dp Ppole 0.71 kip⋅=:=

IB Ibot 783 in
4⋅=:= Moment of inertia, pole base

IT Itop 97.7 in
4⋅=:= Moment of inertia, pole top

PT Plum 0.050 kip⋅=:= Vertical concentrated load at the top of
the pole



Hpole 40ft=

k 2:= Slenderness Factor, 2.0 for a cantilever
pole

SlendernessRatio
k Hpole⋅

rgymid

214=:=

SlendernessLimit
2 π

2⋅ Es⋅

Fy

107.0=:=

EquationApplies if SlendernessLimit SlendernessRatio≤ "Yes", "No", ( ) "Yes"=:=

Pequivalent

3
IB

IT

PT⋅ 0.38 Dp⋅+ 0.37 kip⋅=:=

PEuler_bottom

π
2
Es⋅ Ibot⋅

k Hpole⋅( )2
243 kip⋅=:=

B2
1

1
Pequivalent

PEuler_bottom









−

1.002=:=
Equation 4.8.1-1

B2 max 1.0 B2, ( ) 1.002=:=

Second Order Effects



Factored Actions

Factored Actions:  Back to contents

Maginified Extreme Event Wind Load Actions:

Vx_wind_E1 Vpole_E1 Plum_E1+ Parm_E1+( ) 0.71 kip⋅=:=

Mz_wind_E1 Mz_pole_E1 Mz_lum_E1+ Mz_arm_E1+( ) B2⋅ 19.9 kip ft⋅⋅=:=

My_wind_E1 My_lum_E1 My_arm_E1+( ) B2⋅ 1.492 kip ft⋅⋅=:=

 Extreme I Limit State (Maximum Wind):

γwind_E_I 1.0= γDC_E_I 1.1=

Factored Moments:

MzE_I γwind_E_I Mz_wind_E1⋅ γDC_E_I Mz_arm Mz_lum+( )⋅+ 23.8 kip ft⋅⋅=:=

MyE_I γwind_E_I My_wind_E1⋅ 1.49 kip ft⋅⋅=:=

Factored Shear:

VxE_I γwind_E_I Vx_wind_E1⋅ 0.71 kip⋅=:=

Factored Axial:

PE_I γDC_E_I Ppole Plum+ Parm+( )⋅ 0.92 kip⋅=:=

Factored Actions



Factored Stresses

 Extreme I Limit State (Maximum Wind):

Factored Moments:

fb

MzE_I

Sbot

2047 psi⋅=:=

Factored Shear:

fv

VxE_I

Abot

2

14.28 psi⋅=:=

Factored Axial:

fc

PE_I

Abot

9.24 psi⋅=:=

Factored Stresses



Resistance at the Pole Base

Resistances  Contents

Wet Service Factors, Table 9.4.4.2.1-1

CM_b 1.00:= CM_t 1.00:= CM_v 1.00:= CM_cp 0.67:= CM_c 0.91:= CM_E 1.00:=

Time Effect Factor, 9.4.4.3

λE_1 1.0:=

Untreated Factor, 9.4.4.4

Cu 1.18:=

LRFD Conversion Factors, 9.5.2.3

KF_b 2.54:= KF_t 2.70:= KF_c 2.40:= KF_cp 1.67:= KF_E 1.76:= KF_v 2.88:=

Stress Resistances:

F'b ϕb λE_1⋅ KF_b⋅ CM_b⋅ Fb⋅ 3.99 ksi⋅=:=

F'c ϕc λE_1⋅ KF_c⋅ CM_c⋅ Fc⋅ 1.87 ksi⋅=:=

F'cp ϕcp λE_1⋅ KF_cp⋅ CM_cp⋅ Fcp⋅ 252 psi⋅=:=

F'v ϕv λE_1⋅ KF_v⋅ CM_v⋅ Fv⋅ 238 psi⋅=:=

E' CM_E E⋅ 1500 ksi⋅=:=

ratio
fc

F'c









2
B2 fb⋅

F'b

+ 0.513=:=

ResistanceCheck if ratio 1.0≤ "OK", "NG", ( ) "OK"=:=
Resistance at the Pole Base



Design Example 16:  Timber Roadside Sign Support

 Problem statement:

Design a roadside sign support with wood posts.  The site is located in Phoenix, Arizona.  The support is
required to have a breakaway feature.  The sign is along a typical highway with an ADT of 5000.  Roadside
signs may use an MRI of 300 years Table 3.8.1-1.  Assume the posts are visually graded lumber post,
Southern Pine, No. 2, Nominal size:  4 in x 6 in.  



Reference:E:\BT\Projects\NCHRP 10-80\Examples\Release\SpecificationFunctions.xmcd(R)

Several commonly-used functions are stored in a separate include file that is used in multiple example problems.  These
include functions to determine Cd and resistance values for flexure, shear, and torsion for common steel shapes.  You may

need to reset the path to this file for your computer by right-clicking on the reference.

Contents

 Definitions and Assumptions

 Dead Loads

 Wind Loads

 Ice Loads

 Factored Actions

 Resistance at the Post Base

Contents

Definitions And Assumptions

Definitions and Assumptions:  Contents

hpost_exp 7.0ft:= ORIGIN 1:=

bsign 8.33ft:= hsign 3.00ft:= Asign bsign hsign⋅ 25.0 ft
2⋅=:= wsign 4psf:=

ysign hpost_exp

hsign

2
+ 8.5 ft=:= Moment arm of

the sign

Fb 1.25ksi:= Fv 0.175ksi:= Fc 1.60ksi:= Fcp 0.565ksi:= Ft 0.725ksi:= E 1200ksi:=
Table 9.4.2.3-1



dpost 5.50in:= bpost 3.50in:= γtimber 38pcf:=

Apost dpost bpost⋅ 19.25 in
2⋅=:=

Ipost

bpost dpost
3⋅

12
48.5 in

4⋅=:=

Spost

bpost dpost
2⋅

6
17.6 in

3⋅=:=

rgypost

Ipost

Apost

1.588 in⋅=:=

Qpost

bpost dpost
2⋅

8
13.23 in

3⋅=:=

wpost γtimber Apost⋅ 5.08 plf⋅=:=

hpost_total ysign

hsign

2
+ 10 ft=:=

Definitions And Assumptions



Dead Loads

 ContentsDead Loads

PDC_sign Asign wsign⋅ 0.100 kip⋅=:=

PDC_post wpost hpost_total⋅ 0.051 kip⋅=:=

PDC_base PDC_post

PDC_sign

2
+ 0.101 kip⋅=:=

Dead Loads

Wind Loads

 ContentsWind Loads:

zsign ysign 8.5 ft=:=

zpost hpost_exp 7ft=:=

zg 900ft:=

α 9.5:=

This units factor is needed for consistent units in the wind pressure
equations.

Factor
hr
2
lbf⋅

27878400 ft
4⋅

:=

Kz_sign 2.00
zsign

zg









2

α

0.749=:= Equation 3.8.4-1

Kz_post 2.00
zpost

zg









2

α

0.719=:=



G 1.14:= Gust effect factor, minimum value.

VE1 105mph:= Extreme I Wind Speed - Figure 3.8-3a, 700 year mean recurrence
interval.  MRI = 300 y

Kd 0.90:= Directionality factor, see 3.8.5 for a square support.



Wind pressures on the sign for the various limit states:

ratiosign

bsign

hsign

2.777=:=

CdSign Cd_sign ratiosign( ) 1.19=:=

Eq. 3.8-1.  The value "Factor" is
needed for consistent units in this
wind pressure equation.

Pz_sign_E1 0.00256 Kz_sign⋅ Kd⋅ G⋅ VE1
2⋅ CdSign⋅ Factor⋅ 25.8 psf⋅=:=

Pw_sign_E1 Pz_sign_E1 Asign⋅ 0.645 kip⋅=:=

Mx_sign_E1

Pw_sign_E1 ysign⋅

2
2.74 kip ft⋅⋅=:= per post

Wind pressures on the posts for the various limit states:

Ax_post dpost hpost_total⋅ 4.58 ft
2=:=

Az_post bpost hpost_total⋅ 2.92 ft
2=:=

Cd_post 1.7:=

Pz_post_E1 0.00256 Kz_post⋅ Kd⋅ G⋅ VE1
2⋅ Cd_post⋅ Factor⋅ 35.4 psf⋅=:=

Forces along the z axis:

Pwz_post_E1 Pz_post_E1 Ax_post⋅ 0.162 kip⋅=:=



Moments about the x axis:

Mx_post_E1 Pwz_post_E1

hpost_exp

2.0
⋅ 0.568 kip ft⋅⋅=:=

Forces along the x axis:

Pwx_post_E1 Pz_post_E1 Az_post⋅ 0.103 kip⋅=:=

Moments about the z axis:

Mz_post_E1 Pwx_post_E1

hpost_total

2.0
⋅ 0.517 kip ft⋅⋅=:=

Wind Loads



Factored Actions

Factored Actions  Contents

γDC_E_I 1.1:= γwind_E_I 1.0:=

ϕb 0.85:= ϕt 0.80:= ϕc 0.90:= ϕcp 0.90:= ϕE 0.85:= ϕv 0.75:=

Extreme I (Maximum Wind):

PE_I γDC_E_I PDC_base⋅ 0.111 kip⋅=:= VE_I γwind_E_I Pwz_post_E1⋅ 0.162 kip⋅=:=

MzE_I γwind_E_I Mz_post_E1⋅ 0.517 kip ft⋅⋅=:=

MxE_I γwind_E_I Mx_post_E1⋅ γwind_E_I Mx_sign_E1⋅+ 3.311 kip ft⋅⋅=:=

Factored Actions



Factored Stresses

 Contents
Extreme I (Maximum Wind):

fc

PE_I

Apost

5.76 psi⋅=:=

fv

VE_I Qpost⋅

Ipost bpost⋅
12.65 psi⋅=:=

fb

MxE_I

Spost

2.25 ksi⋅=:=

Factored Stresses

Resistance at the Post Base

Resistances  Contents

Wet Service Factors, Table 9.4.4.2.1-1

CM_b 0.85:= CM_t 1.00:= CM_v 0.97:= CM_cp 0.67:= CM_c 0.80:= CM_E 0.90:=

Time Effect Factor, 9.4.4.3

λE_1 1.0:=

Untreated Factor, 9.4.4.4

Cu 1.18:=



LRFD Conversion Factors, 9.5.2.3

KF_b 2.54:= KF_t 2.70:= KF_c 2.40:= KF_cp 1.67:= KF_E 1.76:= KF_v 2.88:=

Stress Resistances:

F'b ϕb λE_1⋅ KF_b⋅ CM_b⋅ Fb⋅ 2.29 ksi⋅=:=

F't ϕt λE_1⋅ KF_t⋅ CM_t⋅ Ft⋅ 1.57 ksi⋅=:=

F'c ϕc λE_1⋅ KF_c⋅ CM_c⋅ Fc⋅ 2.76 ksi⋅=:=

F'cp ϕcp λE_1⋅ KF_cp⋅ CM_cp⋅ Fcp⋅ 0.57 ksi⋅=:=

F'v ϕv λE_1⋅ KF_v⋅ CM_v⋅ Fv⋅ 0.37 ksi⋅=:=

E' CM_E E⋅ 1080 ksi⋅=:=

Second order effects:

KcE 0.3:= Section 9.9

Le 2.1 ysign⋅ 17.85ft=:=

FcE

KcE E'⋅

Le

dpost









2
0.214 ksi⋅=:= Equation 9.9-3

B2
1

1
fc

FcE

−

1.028=:=



ratio
fc

F'c









2
B2 fb⋅

F'b

+ 1.009=:= Equation 9.9-4

ResistanceCheck if ratio 1.0≤ "OK", "NG", ( ) "NG"=:=

Considered close enough

Resistance at the Post Base
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