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 ASTMA 325 bolts. The structure would cross a lifeline
travelway on failure.
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E| 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 C4 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:

Ibf Ibf
— 025 =490 — g = 56.8—
tice == 0.25in Tsteel 2 Yice



Fy = 36ksi Eg = 29000ksi

Liotal = 30ft Total sign length

heota) = 20ft Height to the centerline of the tube
Sign:

byign = 241t hgjgy = 8t dggn =4t Pgg=Skip  EPAG, | = 3267

BendRadius := 10ft
Wind Loads:

Table 3.8-1—Mean Recurrence Interval

Risk Category
Traffic Volume Typical High Low
ADT<100 300 1700 300
100<ADT<1000 700 1700 300
1000<ADT=10000 700 1700 300
ADT=10000 1700 1700 300

Typical: Failure could cross travelway

High: Support failure could stop a lifeline travelway
Low: Support failure could not cross travelway

Roadside sign supports: use 300 years

MRIis 1700, therefore use Figure 3.8-2a
Vg1 = 120mph Figure 3.8-2a



Table Bl-1—Estimated Sectional Properties for Common Tubular Shapes

Property Round Tube Hexdecagonal Tube
Moment of inertia, J 3.14R°t 3.22R%t
Section modulus, § 3.14Rt 3.22R%¢

Area 4 6.28Rt 6.37Rt

Shape factor. Kp = Z/S 1.27 1.27

Radius of gyration. 0.707R 0.711R
Cross-sectional constant, C 3.14 322
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Tubes:
The bottom tube is 24" diameter, t = 11/16"
11
dy, ¢ := 24in ty, ., ;= —in
bot bOt 16
dpot out = dpot  thot = 24:7in
dpot in = dpot ~ thot = 23-3n
2 2
(o0t _ouc’ ~dhot in’)
Apot =T bot_out bot_in = 51,8'in2 Iyot =T

4

4 4
(dbot_out - d‘bot_in )

32 dbot_out

— 303.in°

Spot = T Tgybot =

4 4
(dbot_out - dbot_in )

Thend = 10ft Bend radius of the tube.

d 3
= n.(bT"tj tor = 3732-in*

— 3735.in*

2
/ dbot_out + dbot_in

2
= 8.49-in




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

dtop = 24in ttop = —in
digp out = diop * tiop = 244in

dtop_in = dTop ~lop = 23.6-in

2 2
(dtopiout N dtopﬁin )

) )
Atop =TT 2 = 28.3-in
4 4
d —diop i
. ( top_out opﬁm) _ .4
Itop =T o = 2036-in
4 4
(dop.out' = dop_in')
Siop = T PR — 167.in’
32'dtop_out
2 2
n / dtop_out + dtop_in — 8.49:in

T, =
gytop 4

T0-2-1
bend
]top = 144t lpot = T + 10ft = 25.71t



Load Factors:

Table 3.4-1-— Load Combinations and Load Factors

Permanent Transient Fatigue
Natural Combined
Wind Vortex- | Wind on |Galloping
Load Dead Live Gust Induced High- Induced
Combination Reference | Components Load | Wind | Truck Gust | Vibration |Vibration| level |Vibration
Limit State Description Articles (DC) (LL) | (W) (TrG) (NWG) (VVWV) Towers (GVW)
Max/Min| Mean Apply separately
35 36 and
Strength I Gravity 3.7 1.25 1.6
Extreme I Wind 35,38,39| 1.1/09 1.0°
Service I Translation 104 1.0 1.0°
Crack control for
Prestressed
Service I Concrete 1.0 1.00
Fatigue I Infimite-life 11.7 1.0 1.0 1.0 1.0 10 1.0
Fatigue I Evaluation 175 1.0 1.0 1.0 1.0 1.0 1.0
a. Use Figures 3.8-1,3.8-2, or 3.8-3 (for appropriate return period)
b. Use wind map 3.8-4 (service)
Resistance Factors:

d’ﬂexure =0.90 ¢’shear =0.90 d)weld =0.75 d)tOI'SiOIl =0.95 d)axial =10.90 Article 5.5.3.2

Pholt_tension = 0-75

Load Factors:

Ypc g1 =11 w g1 =

[«] Definitions And Assumptions

Pholt_shear = 0-33

1.0




[*] Dead Loads

Dead Loads
Pgign = 5.00-kip
b.:
d S8 g0t

7 sign = Lotal =
Tube weights:
Piube_top = AtOp'ﬁ{Steel'ltop = 1.35-kip
Ptube_bot = Apot Vsteel Tpot = 4-53-kip
Piube tot = Prube_top * Prube_bot = 5-88-kip

Tube moment arms:

lop
dzftopftube = Thend * - - 17.01t

4
bend
Thend -0 + (lbot - 1rbend)‘ Y
d2 bot_tube = " = 2.591t
bot
Moments at the base:
M; Dcsign = PSign'dzisign = 90.0-kip-ft

Back to Contents

Distance from the centerline of the bottom of the
tube to the centroid of the straight and bent tube.

MszCTube = dzﬁtopitube'Ptubeitop + dzﬁbotﬁtube'Ptubeibot = 34.7-kip-ft



Moments at the field splice:

ltop

Mz_DCSign_splice = Psign'T = 35.0-kip-ft

ltop

Mz_DCTube_splice = Ptube_top'T = 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:
Ao =beo he = 192f EPA - 2
sign "~ “sign’'sign ~ t sign x t

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

2 H .
Atube_vert = (htotal - rbend)'dbot_out = 20.61t Area of the tube perpendicular to the z axis

2-Tt14
bend 2
Atube_bend = (T]'dbot_out = 32.3ft

2
Atube = Atube_vert * Atube_bend = 5291t

Atubegc = htotal'dbotiout =41 ft2 Area of the tube perpendicular to the x axis



Pressures:

z = htotal =201t

Zg = 9001t
a:=95
2
hr™-1bf
Factor := d

4

2
z (¢4
K, = 2.00[-} =1
%g
G,=114

27878400-ft

Height above ground for pressure calculation. C3.8.4.

Constant based on exposure condition. C3.8.4.
Constant based on exposure condition. C3.8.4.
This units factor is needed for consistent units in the wind pressure

equations.

Equation 3.8.4-1

Gust effect factor, minimum value.

Extreme | Wind Speed - Figure 3.8-2b, 1700 year mean recurrence
interval.



Kd_tube =0.95
Kdﬁsign =0.85

Table 3.8.5-1—Directionality Factors, K;

Directionality
Support Type Factor
High-mast and Pole
Round 0.95
Square 0.9
Octagonal 0.95
Dodecagonal 0.95
Hexdecagonal 0.95
Traffic Signal 0.85
Dynamic Message Sign 0.85
Overhead Frame/Truss 0.85
Support with horizontal
arms or members
supporting sign and/or
signals 0.85

Directionality factor, see 3.8.5 for a round support.

Directionality factor, see 3.8.5 for a Dynamic Message Sign.



Tube:

Cd_tube_E1 = Cd_cylindrical(VE1»dbot_out) = 043

2
Pz_tube_El = 000256K2Kd_tubeGVEl -Cd_mbe_El.Factor = 161pSf

Pabe E1 = P2 tube E1'Atube = 0-85-kip Causes moment about the x axis

Piube E1 2= P2 tube El'Atube x = 0-663-kip Causes moment about the y axis (torsion at the
o -7 - base plate).

My E1 = Pube E1'92 bot tube = 2-21-kip-ft

h
total .
My_El = ptube_El_Z' = 663k1pft Y
Sign:
bsi X
. sign |
CdSign = Cdsign(h__j =1
sign .

_ 5 )
Pz sign_E1 = 0-00256-K Ky §ign°G-VE| ~Casign Factor = 38.1-pst
Psign E1 = P2 sign E1'Asign = 7-32°kip

My_sign_E1 = Psign_E1'Piotal = 146-kip-ft

M

y sign E1 = Psign E1'd

2 sign = 132-kip- ft Torsion at the base of the tube.

[«] Wind Loads




[*] Factored Loads
Factored Actions Back to Contents

Resistance Factors:

Pflexure = 0-90 Pghear = 090 Pyeld = 075 Prorsion = 095 Daxjal = 090

Extreme Event |, Maximum Wind plus Dead Y
Actions at the field splice:
Assume that all the moment from the sign is carried by the field splice.

M = 35.0-kipft M, pCTube splice = 9-43-kipft

z DCSign_splice

VDC_sign_splice = 3-00-kip VDC_tube_splice = 1-347-kip

2
1
. 2 top .
Msplice_El = \/I:’YDC_El'(MZ_DCSign_splice+Mz_DCTube_splice)] +(7W_E1'Psign_El’ ) J = 70.8-kip-ft

. 2 2 .
Vsplice E1 = \/ ['\/DC_El'(VDC_sign_splice + VDC_tube_splice)] + (’YW_EI'P sign_El) = 10.1-kip

Actions at the tube base:

MX_Sigl’l_El = 146k1pft MZ_DCSlgIl = 90k1pft Mz_DCTube = 347k1pft

M = 132-kip-ft

y_sign El



P | = 7.32:kip

sign E

Mube E1 = / (b E1-(Ms DCSign * Ma DCTube) |+ (YW E1"Mx_sign E1)° = 201kipft
Taube E1 =YW E1'My sign E1 = 132kip-ft torsion

Viube E1 =YW E1'(Psign E1 * Prube E1) = 8-18-kip

Pu_tube = NDC_EI'(Psign + Ptube_tot) = 12.0-kip

[«] Factored Loads

[*] Resistance at the Tube Splice

Resistances at the Splice Back to Contents
A _Mop 0 g =24in g = 0375n
shear_splice = — 5~ ~ n p P
3 3
d dop i

. _top_out  “top_in .3
Ztop e p p = 216-in
Ly splice = liop = 141t
Ltfsplice = ‘"'dtop =75in
Vi = Vn_roundTube(Ashear_splice’dtop’ttop’Es’Fy’LV_splice) = 305-kip

. . 4
JtOp = 2'It0p = 4072-in

Fe=Fpy mundTube(Fv’Es’dton’ttop’]"v_splice) = 21.60-ksi

d
) top .
Tn = Atop'Fnt' T = 610.7 ftklp



M, = Mn_roundTube(dtop’ttop’Es’Fy’Ztop’Stop) = 630-kip-ft

Mgplice E1 = 70-8-kipft Vplice E1 = 10.12-kip Tube E1 = 1318kip-fi

2
M..1; Vnls T
splice E1 N splice El . tube El 019
¢’ﬂexure'Mn d)shear'vn ‘btorsion'Tn

[«] Resistance at the Tube Splice

InteractionValue := [

[*] Resistance at the Tube Base

Resistances at the Base Back to Contents
A _ Abot 25.9.in2 dpot = 24-in ot = 0.688-in
shear base = =202
3 3
dbot out dbot in 3
2yt = = — = = 396-in
b()t 6 6
d
bot
=21 T, = 0.707-—— = 8.48-in
Kiube gytube 5
Kiube ltotal
kl_over_ry e = e o 89.1
Tgytube

Ly base = lotal = 301t

Lt_base = Tdp o = 75-in



Q=10
o= Vn_roundTube(Ashear_base’dbot’tbot’Es’Fy’LV_base) = 307-kip

4
M:: 2'It0p = 4072-in

Ant=F nt_roundTube(Fy’Es’dbot’tbot’Lv_base) =21.6-ksi

dbot

Tai= AporFog— - = 11201k
M= Mn_roundTube<dtop’ttop’Es’Fy’Ztop’Stop) = 630-kip-ft

Ppi= Pn_roundTube(Abot’Fy°kl—over—rtube’ES’Q) = 1229-kip

Miype g1 = 201-kip-ft Viube E1 = 8-kip Py ube = 11:97kip

P T
tub tube El
UM 0.010 SR 018
n n
M v T 2
. tube_E1 tube_E1 tube El

AnteractionYalue = + + =038

¢ﬂexure'Mn ¢shear'Vn d)torsion'Tn

[«] Resistance at the Tube Base




[*] Base Plate Design
Base Plate Design Back to Contents

@ 2ft. 9in. = Dbolt_pat

6"
P @ 2ft. Qin. = Dy,

@ 3ft. 4in.

@ 2.50in. = Dbolt

tnin = 2in Minimum base plate thickness, 5.6.3.
Bolts:

d>bolt_tension =0.75 d)bolt_shear =033

Dpolts = 12 Fy polts = 55ksi Fy_bolts = 70ksi

DbOlt := 1.00in



=I 2 = 0.79-in”
Apolt = 5 (Dpott)” = 0.79-in
Dbolt_pat = 33.0in

D
bolt_pat .
Cpolts = ——=—— = 17-in

2 . 4

11 = Apolt Coolts = 214
. 2 . 4
1y 1= Apoig( Cholts Sin(60deg)) -2 = 321-in
. 2 . 4
I3 := Apoit ( Cholts sin(30deg)) 2 = 107-in

. 4
Tholts = 2:(1) +1p +13) = 1283-in

Tension in bolts, Extreme Event [:

M -C
tube_E1 “bolts .
Pu bolt = —I .AbOlt = 243k1p
- bolts

Shearin bolts, Extreme Event I:

\%

tube El .
Vuﬁbolt == 0.68-k1p
Dpolts

Shear in bolts from torsion, Extreme Event I:

T
T = _ tube El = 4.00-kip
u_bolt ™
- bolt_pat Mbolts

See figure above for geometry.



Total Shear:
Nawbols = Vu_bolt + Tu_bolt = 4-68-kip

Bolt Resistances:
Py bolt = Pbolt_tensionFu_bolts Abolt = 41:2-kip
Vn_bolt = d)bolt_shear'Fu_boltS‘Abolt = 18.1-kip

Combined Bolt Resistance:

P SNaY 2
1 1
InteractionValuebolts = u_bolt + u_bolt =0.414
Pn_bolt Vn_bolt

F

y 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.

tWCld = 0.50in
D —d
dpolt = (Wj = 4.50-in Distance from the face of the tube to the center of a bolt.
Dyolt ’
o _pat _ .

diweld bolt = ~ tweld = 16:00-in %

. Qweld bolt _ .
ebp = T = o-'1n v

Ppott

M, . =P -e,, = 16.21-kip-ft

bp u_bolt *bp p /I
60
3 deg _ 30-deg I/’L

o Each bolt covers an arc of 30 degrees
bolts

Opolt =
Moment Diagram in Base Plate

@ dpot + tweld * Cbp

. = 16.25-in
b0
Pbp_section = 2-atan| —— |-do = 8.32in The width of a 30 degree arc at the location of eccentricty
tin = 2-in Table 5.6.3-1
2
b Lot
Z,, = bp_section tmin _33 2in?
p 4
Mnibp = Fyfbpsz = 25klp ft
M

ratiobp = op =0.72

Dlexure Mn_bp

[«] Base Plate Design




[*] Weld Design

Weld Design Back to Contents
‘bweld =1 FEXX = 70ksi Fn weld = 060FEXX = 42-ksi
Miype_E1 = 201-Kip-ft Viube_E1 = §'kip
tWCld = 0.5-in
d 0
radiusbot = T = 12-in
Sweld = 7T-radiusb0t2 = 452.in° Section modulus of the outer weld
pattern.
Mube £1)° [ Viwbe E1 ) ki
Vi weld = tube_ + tu e_— = 5.32-£ Resultant shear on the weld.
- Sweld 2-radiusy o in
ki .
Vi weld = tweld Fn weld = 21.0-£ Factored resistance of the outer weld.
— — m
Vi wel
u_weld 034

ratio =
'weld
Dyeld Vn_weld

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

The 1/2" weld supplies adequate capacity.

[«] Weld Design




[*] Fatigue Limits
Fatigue Limits

D = dp; = 24.0-in

DBC = DbOltjat = 33.0-in
NB =12

b 1= tyor = 0.6875-in

tTP = tl’l’llIl = 2.00-in

DOP = 4in

D
oP

Cop = —— = 0.17
Dt

D
BC
Cpe = —— = 1.38
BC
Dt

tgT =0
Ng1 =0
hgr =0
Ng =1

Ih =0

Back to contents
External diameter of a round tube.

Diameter of a circle through the fasteners in the
transverse plate.

Number of fasteners in the transverse plate.
Thickness of the tube.

Thickness of the transverse plate.

Diameter of the concentric opening in the tranverse plate.
Assume a value.

Stiffener thickness, not applicable for this case
Number of stiffeners, NA

Height of stiffeners, NA

Number of sides for multi-sided tube, NA

Inside bend radius, use 0 for a round tube



11/16" = tyaz—

0.50x0.25

tm-’n

I
~

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.
See included sheet.

Kf pole = K¢(13.D1,Dpc.Np.t1.t7p. Dop.tg: Ny hgp.Ng. 1) = 1.85
Equation 11.9.3.1-1

K1 pole = [(1.76 +183—

AFTH weld = Delta_F(KI pole

t
T Ky pole
J ~4.76:022 PF\Kp o = 5.04
) = 7.0-ksi
See Table 11.9.3.1-1,2.3

AFTHbeltS := 7.0ksi1

[«] 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.

Ip = 1.0 Table 11.6-1
Cysign = 119
Vinean = 11.2mph
CdJ)ole = Cdicylindrical(vmean’dtop) = 1.10 Table 3.8.7-1 V?/;Lfg;e;é:gw Cd due to lower
Ibf .
PNW _pole = 3-2=Cq_pole'If = 5.72psf Equation C11.7.1.2-1
ft
Ibf
PNW _sign = S'ZF'CdSign'IF = 6.19-psf
t
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
Mynw _pole = PNW_pole'htotal = 6.05-kip-ft ;
MxNWfsign = PNWfsign'htotal = 23.8-kip-ft X

MyNW _total = MxNW _pole + MxNW sign = 29-8-kip-ft z



dpot
MxNW_total' 5

ONW_weld =~ 1.149-ksi
bot
o
1
ratioNW = Lwed =0.16
AFTH_weld

[=] Natural Wind Gusts

[#] Truck Gusts
Truck Gusts (11.7.1.3): Back to contents
bsign = 241t dsign = 41t
b.:
. s1gn _
CdSign_Vertical = Cd_sign(d ; J =12
sign

PTG sign = 18-8P5-Cygign vertical' IF = 22.6-psf
PTG pole = 18:8psf-Cy poeIg = 20.7-psf

PTG sign = pTG_sign'(bsign'dsign) = 2.17-kip
PTG _pole = PTG _pole'(ltotal'dtOp) = 1.24-kip

. Osign .
MzTGfsign = PTGﬁsign' liotal = - )7 39.0-kip-ft



