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Galvanized Steel Cantilever Sign Truss
IH 90 WB, City of La Crosse, Wisconsin
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DESIGN mil = 0.001in  kip = 1000-lb  ORIGIN = 1
Ib . ki Ib
plfzf— k5|z—p psf = —
t in2 ft2
References

e AASHTO Standard Specifications for Structural Supports for Highway Signs, Luminaires,
and Traffic Signals, Fifth Edition, 2009 (Sign)
e AASHTO Standard Specifications for Highway Bridges, 17th Edition, 2002 (AASHTO

Standard Bridges)

Supports (NCHRP 412)

WisDOT Bridge Manual Standard Details, July 2012 (WisDOT Standard Details)
AISC Specification for Structural Steel Buildings, February 2010 (AISC 360-10)
AISC Steel Construction Manual, 14th Edition, 2010 (AISC 14th)

NCHRP Report 412: Fatigue-Resistant Design of Cantilevered Signal, Sign and Light

e NCHRP Report 469: Fatigue-Resistant Design of Cantilevered Signal, Sign, and Light

Supports (NCHRP 469)

1.0 Loads & Load Combinations

Group Loads

I Dead

Il Dead + Wind

" Dead + Ice + 0.5(Wind*)
v Fatigue

% of Allowable Stress

100
133
133

*%

*  Minimum value of 25 psf for Group III.
** See Section 11 of AASHTO Sign Specifications for fatigue loads and stress range limits.

1.1 Select Member Size

Type in member selection exactly as it is found in the "AISC_Manual_Label" column of the

AISC Shapes Database, Version 14.
Chord := "HSS4.500X0.375"
Tower := "HSS20X0.500"
Boxed_End := "L3X3X1/4"

Trans_Web := "L2-1/2X2-1/2X1/4"

Top_Bottom_Web := "L3X3X1/4"

Front_Rear_Web := "L3X3X1/4"

Tower_Web := "L4X4X1/2"

(Not Applicable to a Single-Column Cantilever Sign Truss)
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1.1.1 Properties of Selected Member Shapes
1.1.1.1 Chord Members Chord = "HSS4.500X0.375"

Acp = 4.55-in” Dghy = 45in  (OD) to = 0349-in  (t design)
Iy = 9.87-in" Sepy = 4.39-in° thom_ch = 0.375+in _(t nominal)
reph = 1.47-in (Radius of gyration) Jeh = 19.7-in4

1.1.1.2 Tower Members Tower = "HSS20X0.500"

Ao = 28.5:in° Dy = 20-in  (OD) t,, = 0.465-in  (t design)
I = 1.36 x 10%in" Sy = 136-in° thom to = 05in (¢ nomina)
o = 6.91-in (Radius of gyration) Jig=2.72x 103-in4

1.1.1.3 Boxed End Members Boxed_End = "L3X3X1/4"
Ape = 1.44.in’ the = 0.25-in bpe = 3-in (Longer leg length)
lpo = 1.23-in" Spe = 0.569-in° dpe = 3n  (Shorter leg length)
b = 0.926:in Jpe = 0.031-in"

1.1.1.4 Transverse Web Members Trans_Web = "L2-1/2X2-1/2X1/4"
Ay = 1.19:in° t = 0.25-in by = 254n  (Longer leg length)
ly = 0.692-in" Sy = 0.387-in° d, = 25in  (Shorter leg length)
ry = 0.764-in Jy = 0.026-in*

1.1.1.5 Top and Bottom Web Members Top_Bottom_Web = "L3X3X1/4"

A = 1.44.in’ ty, = 0.25:in byp = 3:in  (Longer leg length)
Iy = 1.23-in” Sy = 0.569-in° dy=3in  (Shorter leg length)
fyp = 0.926-in Jyp = 0.031-in"

1.1.1.6 Front and Rear Web Members Front_Rear Web = "L3X3X1/4"
Ag = 1.44.in’ tg = 0.25-in bg = 3-in  (Longer leg length)
Ity = 1.23-in’ S, = 0.569-in’ de, = 3in  (Shorter leg length)

rgy = 0.926-in Jg = 0.031-in”
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1.1.1.7 Tower Web Members Tower_ Web = "L4X4X1/2"
Ay = 3.75-in2 tyy = 0.5:in byy = 4-in  (Longer leg length)
Lo = 5.52-in4 Stw = 1.96~in3 dyy = 4-in  (Shorter leg length)
Mw = 1.21-in Jw = 0.322-in4

1.1.2 Define Material Properties
Fy Hss = 42ksi (WisDOT Standard Details 39.02 & 10, for round HSS members (chord, tower))

Fy_angle = 36ksi  (WisDOT Standard Details 39.02 & 10, for single angles)
Fy_plate := 36ksi (WisDOT Standard Details 39.02 & 10, for plates)

Fy = 58ksi (AISC 14th, for the HSS, angles, and plates)

E := 29000ksi

1.2 Dead Load
1.2.1 Self Weight

Included In Computer Model

1.2.2 Truss Information

Depth of Truss: diryss == Bft (vertical dimension of truss)
Width of Truss: Biruss := 3-75ft (width of truss cross-section)
I-web_section = iryss I-web_section =5ft

(Length of each design web section for the purpose of calculating equivalent forces
on chord nodes in RISA-3D model. For WisDOT 4-chord galvanized steel sign
structures, this length equals the spacing of nodes along the chords.)

(In RISA-3D model, use d,,,. for spacing of nodes in the first panels next to tower

columns so that the axial force applied to web members will be maximized.)

Length of Angles:

Lpe = Giryss = 5 ft (length of vertical boxed-end member)
Lbe_hororiz = byss = 375 ft (length of horizontal boxed-end member)

. 2 2 : 2 2
Lir = J\Prruss + dtruss ) = 6-251t Lth = | Lweb_section * Ptruss ) = 625t

2 2
L= \/(Lweb_section + diryss ) = 70711t Ly = V2 dyyyss = 7.071 ft
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1.2.3 Sign
Lstructure = 311t (Span length of sign structure)
Lsum_signs = 15ft (Total maximum design sign length)
I-sum_signs = 151t
268ft2 . . . .
Dsign - _17.867ft (Maximum Design Sign Height)
I-sum_signs
Ib
Wsign = 3

? (Weight of Sign, per square foot)

(2.45 psf minimum per Plate No. A5-2.9 "Aluminum Extrusions for
Type | Signs" of the Wisconsin Sign Plate Manual.)

Per WisDOT Standard Detail 39.09:

Ml
T

" =——WENAT (ALUM.) SIGN SUPPORT
- BRACKET. SEE "TYPICAL SIGN

_..,_l.,_ COMNMECTION" DET AIL

e B I
f 1- 5" ¢ STAMLESS STEEL U-BOLT
* WITH LOCK WASHERS & HEX HUTS.
FAR SIDE OF WEB,

S 4
B \.{\ // | |
TI - N A I
s e I
Ay

WSX3.T (ALUMS I
LIGHT/CATWALE [

SUPPORT BRACKET \\
O I

1- Yo" # STAMLESS STEEL
U-BOLT WITH LOCK WASHER &
HEX NUT. HEAR $II:IE\ OF WEE.

ALUM. RAILING
[ e

BACE RAL 13" 0.0, % Hg" ALUM. RAILING MEM. WITH

5" ¢ U-BOLT, WAHSERS, & LOCKNUTS (STAIMLESS
STEELN FLACE BACK RALLS AT SAME HEIGHT AS
RAILS ON FRONT RAILING AND RUM LEMGTH OF
CATWALE.

BOTTOM OF SIGH

=T HE" L
1
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- 4

o I—GﬁL'ﬂ'. STEEL CATWALE WITH
= ANTI-SKID SURFACE & TOE &
TES.
CEE DETALL D" . HEEL SIDEPLATES
Ti THR ALKWAY SHIM A% REW.7

Derivation of Equivalent Dead and Ice Loads:

V_DBLsign = Wsign'DsignLweb_section (Total design sign weight per design section of truss)
V_DLgjgn = 2681b

V—DLsign . . o
V_DLSign node = —————— (Vertical force applied to each node, evenly distributed
- 2 between top and bottom chord node locations)

V_DLgign node = 1341b

D
. . ch
Sffyn 8 Al - o (Eccentricity of sign load from C/L of chord)
(Thickness of sign panel + Depth of sign support bracket + Radius of chord)

esign = 9.25-in

V_DLgjign Esign

H_DLsign_node = q
truss

H—DLsign_node =41.3171b (Horizontal force on chord node due to eccenttricity)

1.2.4 Sign Support Bracket and Catwalk Support Vertical Bracket
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= 2ft LA (Distance from catwalk to C/L of truss)
catwalk_to_CL _truss = ="' * 75

V_DLy support_node = 5

(Bottom of catwalk to bottom of a future 12-ft deep sign
+ Bottom of the 12-ft sign to the centerline of truss)

dcatwalk_to_CL_truss = 8ft

dtruss

Lv_support = Dsign * {dcatwalk_to_CL_truss + (T + 0-5ftﬂ

(Length of support for design sign depth + Length of catwalk vertical support)

(The maximum spacing of vertical sign supports is 9'-0" per Plate No. A4-7.3 "Type | Sign
Connection to Overhead Sign Support" of the Wisconsin Sign Plate Manual.

The maximum spacing of catwalk support brackets is 8-0" per WisDOT Standard Details
39.009.

For analysis purpose, the spacing of vertical support brackets is taken to be the same as
the length of design web section.)

Lv_support = 28.867 ft

1 (Weight of W5x3.7 aluminum wide flange section per linear foot)

V_DL

DLy support = Wsupport'Lv_support

V_DL

DLy sypport = 106807 b

V_DLy support

V_DL = 53.4031b

—~"-v_support_node
(Vertical force applied at each chord node (top and bottom) where the
sign support and catwalk support will be located. It is assumed that the
force is distributed evenly between the top and bottom chords.)

; D
ey support = Al + —n (Eccentricity of vertical support from C/L of chord)
= 2 2
€y _support = 4.75-in
V_DL

v_support ®v_support

H_DLy, support_node = d
truss
H—DLv_support_node =8.456Ib (Horizontgl force on chord node due to
eccentricity)
1.2.5 Catwalk and Sign Lights (per design section)

Galvanized Steel Catwalk (WisDOT Standard Details 39.09)
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DL = 0E along the length of sign truss
catwalk = ft

Toe and Heel Side Plates

(2) - /4" x 6 plates > 2'(1inj-(6in)~490'—b _ 102082 (approximately 10 Ibft)
4 i3 ft
~ 0 along the length of sign t
DLsideplates = Of_t along the length ot sign truss

Front and Back Aluminum Rails, 1.75" O.D. x 3/16 " thick
2 3. 2
Cross-sectional area of a rail: uy (1.75in)" - (1,75in - 2~—in) =0.92-in
4 16

Weight of arail: 173 E.o,gzin2 = 1,105% (approximately 1.2 Ib per linear foot)

ft3
DL, =0 Ib
h_rails = ™| g two front and two back horizontal rails, along the length of sign truss
DL, s (o E) two vertical rails at each catwalk support bracket
- ft
Light Fixture
DLIight = 0lb (assumed weight, one light per lane width of 12 feet)

Catwalk Support Horizontal Bracket
DLy, catwalk_support = 0

DLh_catwaIk_support =0 each catwalk horizontal support bracket

(Catwalk support vertical bracket was accounted for in the previous section
along with sign support vertical brackets.)

Catwalk and related items per web section

DL,

catwalkl ‘= I-web_section'(DLcatwaIk + DLsidepIates)
DLcatwalkl = ©
DLcatwalk2 = I-web_section'DLh_raiIs + DI-v_rails
DLcatwalk2 = 0
L. .
web_section
DL, = DLyjqpp —————
catwalk3 light 12t DLcatwalks = 0
DLcatwalks = DI-h_catwalk_support DLcatwalka = 0

V_DLcatwalk = Plcatwalk1 * Plcatwalk2 + Plcatwalk3 * Plcatwalk4
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V_DLcatwalk = 0
g D
| (2ft + 3in) . . ch .
€catwalk = [T + 8in| + 5in + T €catwalk = 28.75-in

(C/L of catwalk to vertical support + Depth of vertical support + Radius of chord)
Vertical catwalk loading to apply to each chord node:

V_DLcatwalk

V_DLcatwalk_node = 5

V—DLcatwaIk_node =0

V DL -8
H DL catwalk “catwalk

catwalk_node = d
truss

H—DLcatwaIk_node =0

1.2.6 Sum of Dead Load of Sign, Vertical Supports, and Catwalk

Vertical point loads applied at top and bottom chord nodes, where design sign is located:

V_DL =1341b V_DL = 53.4031b

sign_node V_support_node

V DL, 4= V_DL +V_DL

node - sign_node V_support_node

V_DL e = 187.403-Ib

Horizontal point loads applied at top and bottom chord nodes where design sign is located:

H_DL =41.3171b H_DL =8.4561b

sign_node V_support_node

H DL, qe:= H_DL + H_DL

node - sign_node V_support_node

H_DLoge = 49.772 Ib (to model the torsional effects of the dead load of sign,
vertical supports, and catwalk on the truss)

1.3 Ice Load

Apply 3 psf ice load to exposed surfaces of components and to one side of each sign.

Wice = 3psf

1.3.1 Truss Members

Load will be applied as a distributed load on members in RISA-3D.

If necessary, revise the perimeter formulas below
depending on the shape of cross section of member.

Chords Members: Pch = ™Dch Pch = 14.137-in V_Ice .y i= Pepy Wice = 3.534%
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Tower Members: Pi = D Pi = 62.832-in b
to to to V_lcey, = Ptg'Wice = 15.708 r
Boxed End Members:  p,..:= 2:(b,, + d Ppe = 12:in Ib
be = 2(be + dpe)  Ppe V1085 = P Wige = 32
Transverse Web .
Members: Ptr = 2'(btr * dtf) Py = 10-in V_lcey = Pyy-Wice = 2.5%b
Top and Bottom Web Py = 2-(byy + d Pipy = 12-in Ib
Top and B o= 20+ dp) P V_Ioeyy = Py e = 32
Front and Rear Web P = 2-(bg + d Pge = 12-in Ib
Members: fr ( fr fr) fr V_|cefr = pfr’Wice =3 E
Tower Web Members:  Ptw = 2'(btW * dtW) Pty = 16-In V_lceyy = Py Wice = 4%
1.3.2 Sign
Vertical:
V_ICesign = Wice DsignLweb_section = 268 Ib

(Vertical load due to the ice on the sign, per each design section of truss)

V_Icesign

V_ICesign_node = >

(Vertical load to apply to each chord node where the sign is located.
Assumes the vertical load is distributed evenly between the top and bottom chord)

V—Icesign_node =1341b

Horizontal (due to torsion):

V_IcegiqnEci
 V_1%sign"Esign
H_Icegign node =

dtl’USS

(Horizontal force couple to apply to each chord node where the sign is located)

H_Icegign_node = 41-3171b

1.3.3 Sign Support and Catwalk Support Vertical Brackets

OIcatwalk_to_CL_truss = 8ft

Ly_support = 28.867 ft

(Combined length of sign support bracket and catwalk vertical support
bracket per design section. It is assumed that there are one sign support
bracket and one catwalk support bracket at each design web section.)

W5x3.7 Aluminum wide flange section
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bsupport = 3in (Flange width of support bracket)

Psupport = 2(5in + bsupport) Psupport = 16-In (perimeter of support bracket)

V_lce L + = 115.467 Ib (per design section)

v_support = Wice Psupport “v_suppor

V_lcey support

V_Icey support_node = >

(Vertical force applied at each chord node (top and bottom) where the sign supports will be
located. Assumes the force is distributed evenly between the top and bottom chord.)

V—lcev_support_node = 57.7331b
€y support = 4.75-in (Eccentricity of Vertical Supports from C/L of chord)
V_Icey support®v_support
H_Icey, sypport_node = q
truss
H—lcev_support_node =9.1411b
1.3.4 Catwalk
Galvanized Steel Catwalk
Icecatwalk = 0
Icecatwalk = O along the length of sign truss
Toe and Heel Side Plates
dsideplate := 6in (depth of catwalk side (toe & heel) plates)
Icesideplates =0 (two sides of two side plates)
'Cesideplates =0 along the length of sign truss

Front and Back Aluminum Rails, 1.75" O.D. x 3/16 " thick

Iceh_rails =0 (four horizontal rails)
Iceny rails = 0 two front plus two back horizontal rails, along the
- length of sign truss
Icey rajls =0
Icey rajls =0 two vertical rails at each catwalk support bracket
Light Fixture
lcelight =0 assumes a 2 ft x 2 ft x 1 ft light fixture covered

with ice all around
Ice”ght =0
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Catwalk Support Horizontal Bracket

I, catwalk_support == 0

Icey, catwalk support = 0 each catwalk horizontal support bracket
(Catwalk support vertical bracket is accounted for in the previous section along with sign

support vertical brackets.)

Catwalk and Related Items per Web Section

IC€catwalkl = I-web_section'(lcecatwalk+ Icesideplates)
Icecatwalk1 = O
IC€catwalk2 = Lweb_section'I®h_rails + €8y rails
L _ Icecatwalk2 = O
lce — lcer o web_section
catwalk3 light 12ft Icecatwalka = O
IC€catwalka = 1C8n_catwalk_support Icecatwalks = O

(It is assumed that the spacing of catwalk support bracket is the same as length of
design web section.)

V_ICecatwalk = IC€catwalkl + !€catwalk2 + !€catwalk3 + !C€catwalk4

V_Icecatwalk = 0

€catwalk = 28-75:In
(C/L of catwalk to vertical support + Depth of vertical support + Radius of chord)
Vertical catwalk loading to apply to each chord node:

V_ICe atwalk

V_ICecatwalk_node = >

V_IC€catwalk_node = 0

Horizontal catwalk load: (force couple to be applied to the top and bottom chord nodes)

V_ICecatwalk Ecatwalk
H_lce

catwalk_node = q
truss

H_Icecatwalk_node = 0

1.3.5 Summary of Ice Load on Sign, Vertical Supports, and Catwalk

V_Icenoge = V_ICesign node * VI8 support_node
V_lcepoge = 191.733 1b
H_Icenogde = H_IC€sign node + H-IC® support_node

H_lcep e = 50.458 Ib
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1.4 Wind Load

e Wind loads on the truss members will be applied as distributed loads.

e Wind loads due to the sign will be applied as nodal forces on the chords, similar to the
previous dead and ice loads.

e Since the sign will shield the truss members from wind loading, sections of members that
are shielded by the sign will not receieve wind loads.

1
Basic Wind Pressure: P,:= 0.00256KZ-G-V2~Ir-Cd psf (Sign Eq. 3-1)

K Height and Exposure Factor (Sign 3.8.4, Eg. C3-1)
ZoL truss = (713.36 + 18.25 + 0.5-16.5)ft

(Elevation at C/L of sign truss.)
ZCL_trUSS = 739.86 ft

Z

Zpatum = 713.36ft
Zpatum = 713:36ft

z:= maX(ZCL_truss - zDatum,16.4ft) z=265ft

For exposure C:

2
Zq:= 900ft —

7 Q
o= 95 K, = 2.01(—)
Zg

K, = 0.957

G Gust Effect Factor
G:.=114 (Stign 3.8.5)

MW
\ Basic Wind Speed (mph)
= 90mph (Sign Figure 3-2b)

Importance Factor
For Recurrence Interval of 50 Years:

(Sign Table 3-2)

l:=1.0
Cq Drag Coefficient, varies by element type. (Sign Table 3-6)
Velocity Conversion Factor: (Sign Table 3-4)

C,:=10 (For Recurrence Interval of 50 Years)

Chord Members: Cylindrical. Apply wind load to both front and rear chords.
Cy-V-D¢p = 33.75-mph-ft

(Sign Table 3-6)
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Cg_chi= |10 if C\V-Dgy < 39mph-ft
129

1 13
C..-V-D.pom———
( v ch mph-ft)

0.45 otherwise

if 39mph-ft < C,,-V-D.p, < 78mph-ft

Cq_ch=11

Tower Members: Cylindrical. Apply wind load to both front and rear columns.

CyV-Dyg = 150-mph-ft (Sign Table 3-6)

Cq_to:= |10 if C\-V-Dyy < 39mph-t
129

1
C.-V-Dy..———
(covop—r]

0.45 otherwise

if 39mph-ft < C,-V-Dy, < 78mph-ft

Cy_to = 045

Angle Members:
Apply wind load to both front and rear members.

Cq flat:= 1.70 (Flat member, including plates and angles)

Catwalk Side (Toe & Heel) Plates:

Cd_flat =17 (Flat member)

Sign:
W

=1.20 (Conservative. For Ly, /Wg;q, of up to 5.)

Cd _sign'*

Wind Pressure for Drag Coefficient C, of 1.0:

Ib
0= 22621—

ft?

P

Z_

v 2
= 0.00256-K,-G:| —— | -I.-(1.0)psf P
0 z (mph) r(10)p Z_

Wind Load:

) Distributed wind load per linear foot of member:
Truss Members:

Chord Members: H_Wind, == P2 0'Cd_ch'Deh H_Wind, = 9.331 b
- ft

. . Ib
Tower Columns: H_Windi, := P, 5:Cq to'Dto H_Windy, = 16.966;
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Boxed End Members: H_Windpe = P, 5-C4 flatPbe Ib

H_Windbe = 9.614 E

(In the AISC Shapes Database, b is the longer leg length of angle.)

. Atruss
Transverse Web H_Windi =P, o-Cq flatOtr| ——
Members: - - Lir
. Ib
H_Wind,, = 6.409 —
ft
dtruss

= Ratio of the length of member projected on a vertical plane parallel to sign faces
Ltr  to the actual length of member.

Top and Bottom Web H_Windy, = (Pz_o'cd_flat'btb)'o H_Windy, = 0
Members:
(Top and bottom web members are shielded by the chords.)

. I
Front and Rear Web H_Wind¢ .= P, o-Cq flat Psr H_Windg, = 9.614—b
Members: - - ft
Tower Web Web H_Windy,, = (PZ oCd flat.btw)-o H_Wind,, = 0
Members: - -
(Tower web members are shielded by the tower columns.)
Sign:

Sign Configuration:

=P = 27.145.psf (Wind pressure on sign panel)

Wsg = Pz o°Cd_sign Wsg

2 .
A Agq = 89333Ft"  wey-Agy = 2.425-kip

sg = I:)sign' I-web_section g

Wey-A
959 H_Wind

H_Windgjgn node = 5 sign_node = 1-212-kip

(force to apply to each top and bottom chord node)

Catwalk:

dsideplate = 6-in (depth of catwalk side (toe & heel) plates)

Pwind_catwalk = 0

(Wind force on the two catwalk side plates per design section, increased 30% to
account for the wind load on exposed catwalk vertical supports, rails, future lights, etc.)

Pwind_catwalk =0

Equivalent Wind Load Derivation:
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F*a
Fré d
D —]— {_:I —ll-{:}-ll—
e —_—-r d — F' —_— - —
— (F" & — Pee
Ps2 a4
o—* o —0—
=
= -

P .
. wind_catwalk
H_Windcatwalk node centered = 5

|"—Windcatwalk_node_centered =0

d =8ft (Eccentricity of horizontal force on catwalk from C/L truss)

catwalk _to_CL_truss

I:’wind_catwalk'dcatwalk_to_CL_truss

|"—Windcatwalk_node_eccentric = d
truss

H_Windcatwalk_node_eccentric =0

H_Windcanvalk_top_node = H-Windcanwalk node_centered ~ H-Windeatwalk_node._eccentric
H_Windcatwalk_top_node = ©

H_Windcatwa|k_bottom_node = H_Wi”dcatwalk_node_centered + H—Wi”dcatwalk_node_eccemric

H_Windgatwalk _bottom_node = 0-1P

Summary of Wind Load on Sign and Catwalk:

H_Windoy node = H-Windsign node
. 3
H_Windyop noge = 1:212 x 10°Ib

H_Windpsttom_node := H-Windsign node
H_Windpotom node = 1212 x 10°1b
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1.5 Summary of Applied Strength Loads

Table 1.1

Disributed Loads to Apply to Each Member

Strength Loads
Element Type Ice (Ib/ft) | Wind (Ib/ft)
Chord 3.5 9.3
Tower 15.7 17.0
Boxed End 3.0 9.6
Transverse Web 2.5 6.4
Front & Rear Web 3.0 9.6
Top & Bottom Web 3.0 0.0
Tower Web 4.0 0.0

Table 1.2
Point Loads to Apply to Chord Nodes Where Design Sign is Hung
Strength Loads
Dead Load (Ib) Ice (Ib) Wind (Ib)
Element Type: Vertical |Horizontal| Vertical | Horizontal | Horizontal
Sign, Top Node 134 -41 134 -41 1212
Sign, Bottom Node 134 41 134 41 1212
Catwalk, Top Node 0 0 0 0 0
Catwalk, Bottom Node 0 0 0 0 0
Alum. Vert. Support, Top Node 53 -8 58 -9 0
Alum. Vert. Support, Bot. Node 53 8 58 9 0
Top Node 2 187 -50 192 -50 1212
Bottom Node Node 2| 187 50 192 50 1212
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Load Combinations Used in RISA-3D for Strength Analysis:
I: 1.33x1.45DL

[I(al): 1.45(DL+1.0NW+0.2TW)

[1(@2): 1.45(DL-1.0NW+0.2TW)

[1(b1): 1.45(DL+0.6NW+0.3TW)

[1(b2): 1.45(DL-0.6NW+0.3TW)

[11(al): 1.45(DL+ICE+0.5(NW+0.2TW)

[11(@2): 1.45(DL+ICE+0.5(-NW+0.2TW)

Notes:

NW: Normal component of Basic Wind Load (Sign 3.9.3, Figure 3-3)
TW: Transverse component of Basic Wind Load (Sign 3.9.3, Figure 3-3)
Load combinations 1.45(DL+ICE+0.5(+/-0.6NW+0.3TW) do not control.

In RISA-3D, under Global Parameters >> Codes >> Hot Rolled Steel, select "AISC 9th:
ASD." See the notes at right in Mathcad file for an explanation.

Modeling:

e The tower columns are fixed at the bottom.

e The space truss is simply supported by tower columns. See a note in Mathcad file for details.
e Angles are pinned at their ends.
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2.0 Summary of RISA-3D Strength Load Output

Divide RISA-3D output results by 1.92:

1.45 x 1.33 = approximately 1.92.

e For Strength Analysis, second-order effects are considered. The applied loads in RISA-3D are
multiplied by a factor of 1.45. To convert the factored load effects to working load effects, the
results from RISA-3D need to be divided by a factor of 1.45. (Detailed method in accordance
with Sign 4.8.2.)

e By dividing the results further by 1.33, no overstress factors (133%) shall be computed above
normal (100%) allowable stresses in the strength design calculations.

To select the controlling member and load combination for each member set (Chord,
Top and bottom web members, etc.):

e ldentify several candidate members with high axial forces and moments.

e Display Detail Report of a candidate member.

e Record a combined stress of f, (axial stress) + either f, (compressive stress from bending

moment) or f, (tensile stress from bending moment).

e Obtain the combined stresses for the rest of the candiate members.
Compare the combind stresses.
The member and load combination with the highest combined stress, is the controlling
member and load combination.

The contribution of shear stress is usually very small and disregarded in the selection process.

Take the absolute maximum axial force for design of single-angle members.

The design of single-angle web members in this Mathcad file is determined by the maximum
compressive force applied to the members, in accordance with AISC 360-10 E5.

The actual constructed sign truss can have an arrangement of web members different from the RISA-3D
model. The magnitude of maximum compression and tension can switch.

Therefore, we will use the absolute maximum axial force for the design of single-angle web members.

Dead Load Deflection and Camber:

Via RISA-3D, unfactored dead load deflection with actual signage on truss including future catwalk

below actual signage is: Deflp = 2.5:in (Not Applicable to a Single-Column

Cantilever Sign Truss)

Additionally, provide permanent camber equal to L/1000 per Sign 10.5.

L
structure _ 0.372:in
1000
Lstructure
Camber := Ceil| Deflp + ———,0.125:in Camber = 2.875-in
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RISA-3D Output of Forces:
Table 2.1 Maximum Demands on Chords and Tower Columns

P V, | V. | My [ M, [Torque| Load
Element (kip) | (kip) | (kip) | (k-ft) | (k-ft) | (kip-ft) |Comb |Location

Chord, comp. | 54.8 | 135 | 10.0 | 0.9 1.3 0.0 | li{al) |Rear Bottom Chord

Chord, tens. 372 | 5.6 1.0 2.1 0.4 0.0 | li{al) |Top Front Chord

Tower, comp. | 14.5 29 14.1 | 373.4 | 192.4 | 273.8 | ll(a2) |Base of Column

Tower, tens. 9.0 22.5 6.5 24 4.0 101.4 | li(a2) |.9 ft Top Column

comp.: Maximum compression and associated forces and moments.
tens.: Maximum tension and associated forces and moments.

Table 2.2 Maximum Demands on Angles*

P V, | V. | My [ M, [Torque| Load
Element (kip) | (kip) | (kip) | (k-ft) | (k-ft) | (kip-ft) [Comb |Location
Boxed End 11.8 | 0.0 0.0 0.0 0.0 0.0 | li(a2) [Rear Next to Cloumn
Trans. Web 5.7 0.0 0.0 0.0 0.0 0.0 | lii(al) [Front Next to Cloumn
F/RWeb 103 | 0.0 0.0 0.0 0.0 0.0 [ I(a2) |Front Next to Cloumn
T/BWeb 13.9 0.0 0.0 0.0 0.0 0.0 li(al) |Bottom next to Column
Diagonal 0.0 0.0 0.0 0.0 0.0 0.0 lli(al) |Middle of Left Tower

* The combination of forces and moments that causes the maximum stress in a member set,
regardless of whether the combined stress is compressive stress or tensile stress.

After dividing the RISA-3D results by 192 :

Table 2.3 Maximum Demands on Chords and Tower Columns for Strength Analysis
P V, V, M, M, |Torque
Element (kip) | (kip) | (kip) | (k-ft) | (k-ft) | (k-ft)
Chord, comp. | 286 | 7.0 5.2 0.5 0.7 0.0
Chord, tens. 19.3 2.9 0.5 1.1 0.2 0.0
Tower, comp.| 7.6 1.5 7.3 |1945|100.2 | 1426
Tower, tens. 4.7 11.7 34 1.3 2.1 52.8

Table 2.4 Maximum Demands on Angles for Strength Analysis
P Vy V, M, [ M, |[Torque

Element (kip) | (kip) | (kip) | (k-ft) | (k-ft) | (k-ft)
Boxed End 6.2 0.0 0.0 0.0 0.0 0.0
Trans. Web 3.0 0.0 0.0 0.0 0.0 0.0
F/RWeb 5.4 0.0 0.0 0.0 0.0 0.0
T/BWeb 7.2 0.0 0.0 0.0 0.0 0.0

Diagonal 0.0 0.0 0.0 0.0 0.0 0.0
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3.0 Design of Members Based on Strength
3.1 Chord Analysis  Chord = "HSS4.500X0.375"
Properties:
Fy Hss = 42ksi  Fy=58ksi E=29x10%ksi  kgyi=1
Lp ch= 2-dtruss (Maximum unbraced length of member)
Acp = 4.55-in” Dy = 45in  (OD) to = 0349-in  (t design)
lopy = 9.87-in” Sepy = 4.39-in° thom_ch = 0.375-in _(t nominal)
reph = 1.47-in (Radius of gyration) Jeh = 19.7-in4

Demands
Pch_comp = 28.552-kip
Vych_comp = 7.031-kip
Vzch_comp = 5.208-kip
Mych_comp = 0.474-Kkip-ft
Mzch_comp = 0.677-kip-ft

Torq“ech_comp = 0-kip-ft

Bending Stress

Pch_tens = 19.349-kip
Vych_tens = 2.927-kip
Vzch_tens = 0.521-kip
Mych_tens = 1.099-kip-ft
Mzch_tens = 0.224-kip-ft

Torq“ech_tens = 0-kip-ft

Combine My and Mz for a circular cross section:

2 2 2 2
Mch_comp = JMych_comp +MZzeh comp Mch_tens = JMych_tens + MZgh tens

Mch_comp = 0-826-kip-ft

Mch tens = 1.122-kip-ft

D
ch D
M — ch
fo oh __onomp Meh_tens =~
—ch_comp Ich fo_ch tens = I
fb_ch_comp = 2.261-ksi fb_ch_tens = 3.068-ksi
Local Buckling (Sign 5.5.2, Table 5-1)
For round tube sections:
D
Xch = _ch Ach = 12.894 (Width-Thickness Ratio)
t
ch
xp_ch = 0.13 xp_ch = 89.762 (Compact Limit)

Fy Hss
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>‘r_ch = 0.26- = >‘r_ch = 179.524 (Noncompact Limit)

y_HSS
) E Maxi Limit
Amax ch = 0.45- Amax ch = 310.714 (Maximum Limit)
- Fy_Hss -

Allowable Bending Stress

For round tube sections:

Fb_Ch = OGGFy_HSS if >\Ch < >\p_Ch

0.09-

Dch

teh

0.09- E

Dch

teh

Fb_Ch = 27.72-ksi

Ratio of Applied Stress to Allowable Stress

f
b_ch_comp 0082
Fb_ch
Tensile Stress
P
h t .
£ = o83 ks
t ch A
ch

Allowable Tensile Stress

Ft ch= 0.6Fy Hss

Ratio of Applied Stress to Allowable Stress

ft_ch

= 0.169
Ft_ch

Compressive Stress

. F)ch_comp
c ch-
- Ach

Fy Hss

Fy Hss

(Sign 5.6, Table 5-3)

if Xg ch <Xch <Xr ch

otherwise

fb_ch_tens
Fb _ch

=0.111

(Sign 5.9)

Ft ch = 25.2-ksi (Allowable tensile stress on gross area)

=— fo_ch = 6:275ksi
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Allowable Compressive Stress (Sign 5.10)
Keh =1
Ly ch = 10ft (Maximum unbraced length of member)
Kapn L
feh = 1.47:in _ch b_ch = 81.633 (Slenderness rato)
fch
(kch'Lb_ch]
E fch
Cech= 2~7r2- Ce ch = 116.745 Xeh=——FT—— Xch = 0.699
- I:y_HSS - Cc_ch
Xe 2
h
==~ ]Fy_Hss
Fc_ch = if Xch<1 Fc_ch = 16.824 ksi
5,3 X
3 greh” g
2
12-7-E
T if Xch >1
keprLpy o)
ch’=b_ch
fch

Ratio of Applied Stress to Allowable Stress

fc ch

=—— =0.373
Fc_ch

Shear Stress

Combine Vy and Vz for a circular cross section:

2 2 2 2
Veh_comp = \/ VYeh comp t VZeh_comp Veh tens = \/ VYeh tens t VZch tens

Veh_comp = 875kip Veh_tens = 2:973-kip

Deh
Torque.p, | —
£ ) 2'Vch_comp . ch_comp{ >
v_ch_comp -~
_comp Ach

Jeh

(2V/A is based on the shear stress equation for thin-walled tubes,
Mechanics of Materials by Gere and Timoshenko, 3rd Edition)

Dch
Torquegp, comp| 5~
2-V, _
2 7ch.COmP _ 3 g46.ksi 2 ) _ 0ksi
Ach

Jeh
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fv_ch_comp = 3.846-ksi
Torque %
. . 2'Vch_tens . ch_tens 2
v_ch_tens =
- Ach Jeh
Torque [DCh]
2-V, ch_tens’| —5
ch_tens - 2
——— = 1.307-ksi = 0-ksi
Ach Jeh
fv_ch_tens = 1.307-ksi
Allowable Shear Stress:
For round, tubular shapes: (Sign 5.11.1)
2
D 3
N _ 1280 1.16. = 90.62
teh y_HSS
2
D 3
ch E
F = | 0.33F if — <1.16- .
v_ch- HSS Sign Eqg. 5-11
_ y_ ten (Fy_HSS] (Sign Eq )
2
041E ., Deh E 3
3 if . > 1.16- e (Sign Eqg. 5-12)
= ch y_HSS
2
Ach
Fv_ch = 13.86-ksi
Ratio of Applied Stress to Allowable Stress
fv ch comp fv_ch tens
———F =0.278 ——— =0.094
Fv_ch Fv_ch
Combined Stress Limits: (Sign 5.12)
(Sign 5.12.2.1)

Compression, Bending, and Shear:
fc_ch fb_ch_comp N (

Ratio ; = +
¢_combined 1 ch-
- - 06F yss Fb_ch

2
f
v_ch_comp (Sign Eq. 5-17)
I:v_ch
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f f f 2
c_ch _ 0.249 b_ch_comp — 0.082 v_ch_comp 0,077
0.6 Fy_HSS Fb_ch Fv_ch
Ratioc_combined_l_ch = 0.408 Check 1 ch:= |"OK" if Ratioc_combined_l_ch <1

"NOT OK, REDESIGN" otherwise

Check_1_ch = "OK"

12.7%E
Fe ch= > Fe_ch = 22.409-ksi (Sign Eq. 5-18)
K. L
93. ch’™~b_ch
fch
f f f 2
Ratio ~_‘c_ch . b_ch_comp . v_ch_comp
c_combined_2 ch = i .
- - Fc_ch fc_ch Fv_ch (Sign Eq. 5-18)
=== |Foeh
e _ch
f f f 2
c_ch _ 0373 b_ch_comp 0113 v_ch_comp 0077
Fc_ch fc_ch Fv_ch
=== Fo_ch
e _ch

Ratioc_combined_Z_ch = 0.563 Check 2 _ch:= |"OK" if Ratioc_combined_Z_ch <1.0

"NOT OK, REDESIGN" otherwise

Check_2_ch = "OK"

Tension, Bending, and Shear:

2
ft_ch fb_ch_tens N (fv_ch_tensj

(Sign 5.12.2.2)

Ratiot_combined_ch = - + - - (Sign Eg. 5-20)
t ch b_ch v_ch
f f f 2
t ch — 0.169 b_ch_tens 0411 v_ch_tens _ 8.89 x 10—3
Ft_ch Fb_ch Fv_ch
Ratiot_combined_ch = 0.288 Check 3 ch:= |"OK" if Ratiot_combined_ch <1.0
"NOT OK, REDESIGN" otherwise

Check_3_ch = "OK"

3.2 Tower Analysis  Tower = "HSS20X0.500"
Properties:

Fy Hss = 42k Fy=58ksi E=29x10"ksi k=21

Lp to:= (26.25 + 2.5)ft (Height from column base to C/L of truss)
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Lp to=28.751t
Ao = 28.5-in° Dy = 20-in  (OD) ty = 0.465-in  (t design)
3.t in° i (t nominal)
lig = 1.36 x 10"-in Sio = 136:in tnom_to = 0.5:in
o = 6.91-in (Radius of gyration) Jig =272 x 103-in4
Demands
Pto_comp = 7.552-kip Pto_tens = 4.682-kip
Vyto_comp = 1.505-kip Vyto_tens = 11.703-kip
Vzto_comp = 7.339-kip Vzto_tens = 3.375-kip
Myiq comp = 194.479-kip-ft MVig tens = 1.25-Kip-ft
Mz, comp = 100.207-kip-ft Mz tens = 2-083-Kip-ft

Torq“eto_comp = 142.604-Kip-ft Torq“eto_tens = 52.813-kip-ft

Bending Stress
Combine My and Mz for a circular cross section:

2 2 2 2
Mto_comp = \/ MYto comp * Mz _comp Mto tens = \/ MYio tens * MZio tens
Mto_comp = 218.778-kip-ft Mto_tens = 2.43-kip-ft
Dto Dto
IV'to_comp'T IV'to_tens'T
fo_to_comp = | fo_to_tens = |
to to
fb_to_comp = 19.304-ksi fb_to_tens = 0.214-ksi
Local Buckling (Sign 5.5.2, Table 5-1)
For round tube sections:
Do . . .
No=— Ay = 43.011 (Width-Thickness Ratio)
0T to
to
: E C t Limit
Np_to = 013 Np_to = 89762 (Compact Limit)
y_HSS
E .
A 1o = 0.26- A o = 179.524 (Noncompact Limit)
r_to = r_to
y_HSS
. E Max Limit
Amax_to = 0452 Nmax_to = 310714 (Maximum Limit)
y_HSS

Allowable Bending Stress (Sign 5.6, Table 5-3)
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For round tube sections:

Fb_to = 0-66Fy_HSS if N < xp_to
0.09- - E
y_HSS .
0-39'Fy_HSS' 1+ T if >‘p_to <X £ >‘r_to
(0]
Yo
0.09- - E
y_HSS .
0-39'Fy_HSS' 1+ D— otherwise
to
to
Fb_to = 27.72-ksi
Ratio of Applied Stress to Allowable Stress
fb_to_com fh_to_tens -
2-0.COMP _ 4 696 D20 7734 1073
Fb_to I:b_to
Tensile Stress
P
to_tens .
ft_tO = = 0164|(SI
to
Allowable Tensile Stress (Sign 5.9)
Ft_to = O'GFy_HSS Ft_to = 25.2-ksi  (Allowable tensile stress on gross area)

Ratio of Applied Stress to Allowable Stress

ft to

Ft to

6.519 x 10 °

Compressive Stress

B Pto_comp

f =
c to-
- Ato

Allowable Compressive Stress

Lp 1o = 28.751t

fo_to = 0.265-ksi

(Sign 5.10)

(Maximum unbraced length of member)
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KoL
o = 6.91-in b to = 104.848 (Slenderness rato)
to
(kto'Lb_toJ
2 E "o
Cc_to = |27 U Cc_to = 116.745 Xtg = B Xto = 0.898
y_HSS c_to
X 2
1o

=== ]Fy_nss
5,3 Xo
3 g0 g

2

12-7"-E
_ TR ezl
keoLp 1)
to"-b_to
"o

Ratio of Applied Stress to Allowable Stress

f
20 _ 502

Fe to

Shear Stress

Combine Vy and Vz for a circular cross section:

2 2 2 2
Vio_comp = \/ VWio_comp + VZto_comp Vio_tens = \/ Wio tens + VZto_tens
Torque %
; . 2'Vto_comp . to_comp’{
v_to_comp -~
~io-comp Ato Jio

(2VIA is based on the shear stress equation for thin-walled tubes,
Mechanics of Materials by Gere and Timoshenko, 3rd Edition)

Torque (_Dtoj

Y to_comp’

2Vi0.00mp _ e 1 22 = 629k
0 o

£ = 6.817-ksi

v_to_comp
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Torque %
; ' 2'Vt0_tens . to_tens’|
v_to_tens -~
- Ato Jo
Torque (Dtoj
2.V, to_tens’| 5
to_tens . - 2 .
———— = 0.855-ksi = 2.33-ksi
Ato Jto
Allowable Shear Stress:
For round, tubular shapes: (Sign 5.11.1)
2
D 3
0 _ 43011 116 —E = 90.62
to Fy Hss
2
D 3
to E
F = | 0.33F if — <1.16- .
v_to HSS Sign Eq. 5-11
_ y_ to (Fy_HSSj (Sign Eq )
2
041E . Dio E )?
2 if t_ > 1.16- = (Sign Eq. 5-12)
= to y_HSS
2
Mo
Fv_to = 13.86-ksi
Ratio of Applied Stress to Allowable Stress
fv to comp fv_to_tens
——— =0.492 ——— =10.23
Fv to v_to
Combined Stress Limits: (Sign 5.12)
Compression, Bending, and Shear: (Sign 5.12.1)

CAZ: 1

(The detailed procedure of Article 4.8.2 is used to calculate second-order effects.)

2
. fc_'[o fb_to_comp fv_to_comp (Sign Eqg. 5-16)
Ratiog combined_to = 06F CAF + F
0Ty HSS A"b_to v_to
f f f 2
0.6-Fy Hss CaFp 1o Fv to
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Ratioc_combined_to = 0.949 Check_ 1 to:= |"OK" if Ratioc_combined_to <1

"NOT OK, REDESIGN" otherwise
Check 1 to = "OK"

Tension, Bending, and Shear: (Sign 5.12.2.2)

2
ft_to fb_to_tens N (fv to_tens]

Ratiot_combined_to = (Sign Eqg. 5-20)

+
Ft_to I:b_to Fv_to
f f f 2
t to —'b_to_tens — | 'v_to_tens
—— =6519%x10 ————=7734x10 |——— | =0.053
Ft_to Fb_to Fv_to
Ratiot_combined_to = 0.067 Check_2_to:= |"OK" if Ratiot_combined_to <1.0
"NOT OK, REDESIGN" otherwise
Check 2 to = "OK"
3.3 Boxed End Analysis Boxed_End = "L3X3X1/4"
Properties:
Fy angle = 36ksi  F = 58ksi Lpe = 5Tt
Ape = 1.44-in° the = 0.25-in bpe = 3-in (Longer leg length)
lpe = 1.23-in4 She = O.569-in3 dpe = 3-in (Shorter leg length)
Mhe = 0.926-in Jpe = 0.081-in*
Demands: P _ 6.167-kip
Phe_comp = 6:167-kip be_tens = *
TENSION ANALYSIS: (Sign 5.9)
Applied Tensile Force: Pbe_tens = 6.167-kip

Allowable Tensile Force:

U:=0.85 (Sign C5.9, for three or more bolts per line in the direction of load.
Minimum three bolts per WisDOT Standard Details.)

dpolt angles = 0.75in (Diameter of bolt, when angles are connected to gusset
- plate by bolts. WisDOT Standard Details.)
. 1). _
dholt_hole = dpolt_angles * )" dholt_hole = 0-875-in

An_be = Abe ~ the'dbolt_hole
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2
Ac be= UAn pe  Ag pe = 1.038:in

0.5-F-Ag pe = 30.104-kip 0.6Fy, angle Ape = 31.104-kip
Pt be_allow = Min(0.5F-Ag 1e.0.6Fy angieApe) Pt pe_allow = 30-104-kip

Tension Check:

Phe tens
__ "OK" , "NOT OK" )

= 0.205 Check; pe = if(Pbe_tens <Pt pe_allow:

F)t_be_allow
Checkt_be = "OK"

COMPRESSION ANALYSIS:
Local Buckling:

Nencompact Limit. (Sign 5.5.4, Table 5-2)
by
Noe = — Npe = 12
the

E
Api= 045 [—— A= 12772
I:y_angle

Checkpe pe = if(>‘be < X\p,"OK" ,"Section Not Permitted")
CheCknc_be = "OK"

Applied Compressive Sbeess:

Phe comp
fc_be = ;— fc_be = 4.282-ksi
be
Allowable Compressive Sbeess: (Sign 5.10)
L
E = 64.795
"be
Effective Slenderness Ratio:
Lpe Lpe (AISC 360-10, E5(b), Single
KL_r_effyg := | 60 + 0'8'? I ? = Angle Compression Members,
€ € Space beuss)
L L
45 + _be if _be > 75
"be "be

(The effects of eccentricity on single angle
members are permitted to be neglected when

KL_r_effy, = 111.836
using the effective slenderness ratio.)
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. 5 E . KL_r_effe
Cc_be = [2-TC F— Cc_be = 126.099 Xbe = C— Xbe = 0.887
y_angle c_be
X 2
g Xee o
2 y_angle .
Fc_be = — 1 if Xpe <1 (Sign Eqg. 5-9)
3+ 5 Xoe) ~ 5Xbe
12-7:2-E ' (Sign Eq. 5-10)
if Xpe =1
23: KL_r_effbe2
Fe_pe = 11423 ksi
Compression Check:
fe b fe b
C%® _ 0375 Check_c_be == |"OK" if | === <1|A (Npe <)
Fc_be Fc_be
"NOT OK" otherwise
Check_c_be = "OK"
3.4 Transverse Web Analysis Trans_Web = "L2-1/2X2-1/2X1/4"
Properties:
Fy_angle = 36-ksi Fy = 58-ksi L = 6.25ft
Ay = 1.19-in2 ty = 0.25-in by = 2.5-in (Longer leg length)
ly = 0.692-in” Sy = 0.387-in° dy = 25in  (Shorter leg length)
ry = 0.764-in Jy = 0.026-in*
Demands:
Ptr_comp = 2.969-kip Ptr_tens = 2.969-kip
TENSION ANALYSIS: (Sign 5.9)
Applied Tensile Force: Ptr_tens = 2.969-kip
Allowable Tensile Force:
;=085 (Sign C5.9, for three or more bolts per line in the direction of load.

Minimum three bolts per WisDOT Standard Details.)

Aot lag,= 0.75in (Diameter of bolt, when angles are connected to gusset
- plate by bolts. WisDOT Standard Details.)
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. 1 H -
Iboltmhales= doolt_angles *+ )" dholt_hole = 0-875-In
An_tr = Ar — trdpolt_hole
.2
A 1= UAy ¢ Ag i = 0.826-in
05-F-Ag 1 = 23.94Lkip 0.6Fy, angleAgr = 25.704-kip
Pt tr allow = min(0.5- Fu'Ae_tr’0'6Fy_angle'Atr) Pt tr_allow = 23-941-kip
Tension Check:
Ptr_tens . H < n non "
o — =014 Checky g = if (Py_tens < Pt_tr_allows "OK","NOT OK" )
t tr_allow

Checkt_tr = "OK"

COMPRESSION ANALYSIS:

Local Buckling:

Noncompact Limit:

(Sign 5.5.4, Table 5-2)
b
tr
N = t_ A =10
tr

’ E
M= 0.45- F— A =12.772
y_angle

Checkpe g = if(>‘tr < X\p,"OK" ,"Section Not Permitted")

Checknc_tr = "OK"
Applied Compressive Stress:

P
tr_comp .
for=—0 fe gr = 2495 ksi
tr
Allowable Compressive Stress: (Sign 5.10)
L
il = 08.168
Ttr
Effective Slenderness Ratio:
KL et lo0s o8 Lir o< Lir .75 (AISC360-10, E5(b), Single
Sl 0 T ! == Angle Compression Members,
o5 o7 Space Truss)
L L
tr . t
45+ — if — >75
"tr Ttr

(The effects of eccentricity on single angle
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KL_r_eff;, = 143.168 members are permitted to be neglected when
using the effective slenderness ratio.)
5 E KL_r_eff;,
Cc_tr = |27 F— Cc_tr = 126.099 Xir = C— Xgr = 1.135
y_angle c_tr
X 2
tr
1- 2 'Fy_angle _ .
Fc_tr = — if X <1 (Sign Eq. 5-9)
3+ g0e) - gxe
12~7r2-E (Sign Eq. 5-10)
—— if xy 21
23 KL_r_ef“ftr2
Fc_tr = 7.286-ksi
Compression Check:
f f
c_tr c_tr
—=— =0.342 Check_c_tr:= ["OK" if ( =— < 1J A (M=)
F F
c_tr c_tr
"NOT OK" otherwise
Check _c_tr = "OK"
3.5 Front and Rear Web Analysis Front_Rear_Web = "L3X3X1/4"
Properties:
Fy_angle = 36-ksi F, = 58ksi Lg = 7.071 1t
Af = 1.44-in2 te = 0.25-in b = 3-in (Longer leg length)
Iy = 1.23-in’ S¢, = 0.569-in° de, = 3in  (Shorter leg length)
rg = 0.926-in Jgr = 0.031~in4
Demands:
Pfr_comp = 5.365-kip Pfr_tens = 5.365-kip
TENSION ANALYSIS: (Sign 5.9)
Applied Tensile Force:
ob P tons = 5.365-Kip

Allowable Tensile Force:

U :=0.85 (Sign C5.9, for three or more bolts per line in the direction of load.
Minimum three bolts per WisDOT Standard Details.)
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dpol los= 0.75in (Diameter of bolt, when angles are connected to gusset
- plate by bolts. WisDOT Standard Details.)
. 1 H -
Iboltmhales= doolt_angles *+ )" dholt_hole = 0-875-In
An_fr = Atr ~ Y dpolt_hole
.2
A fr=UAy g Ag_fr=1.038:in
0.5-F,-Ag g = 30.104-kip 0.6Fy angleAfy = 31.104-kip
Pt fr allow = min(0.5- Fu'Ae_fr’O'6Fy_angle'Afr) Pt fr_allow = 30-104-kip
Tension Check:
Ptr_tens . . o .
o — =01 Checky g := i (Pfr_tens < Pt fr_allows "OK","NOT OK" )
t_fr_allow

Checkt_fr = "OK"

COMPRESSION ANALYSIS:

Local Buckling:

Noncompact Limit:

(Sign 5.5.4, Table 5-2)
bfr
>‘fr = t_ )\fr =12
fr

’ E
D= 045 F— A =12.772
y_angle

Checkpe fr = if(>\fr < X\p,"OK" ,"Section Not Permitted")
Checknc_fr = "OK"

Applied Compressive Stress:

3 I:)fr_comp

fC_fI’ = A— fC_fI’ = 3.725-ksi
fr

Allowable Compressive Stress:

(Sign 5.10)
L
i
91634
T

Effective Slenderness Ratio:
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Lfr it (AISC 360-10, E5(b), Single
KL_r_effy == |60 + 0.8 ? if 0< ? = i Angle Compression Members,
r r Space Truss)
L L
45 + il if il > 75
Tfr Tfr
(The effects of eccentricity on single angle
KL_r_effs = 136.634 members are permitted to be neglected when
using the effective slenderness ratio.)
5 E KL_r_eff,
Cc_fr = 2 — Cc_fr = 126.099 Xfl’ = C— Xfl’ = 1.084
y_angle c_fr
( y angle .
Fo fri= if xg <1 (Sign Eq. 5-9)
5 3 3
35l Xfr) _Xfr
12.7t2%.E (Sign Eq. 5-10)
if Xfr = 1
23 KL_r_el’“ffr2

Compression Check:

Fe fr = 7.999-ksi

f f
I _ .66 Check_c_fri= ["OK" if | 221 <1| n (x <)
F F
c_fr c fr
"NOT OK" otherwise
Check _c_fr = "OK"

3.6 Top and Bottom Web Analysis
Properties:

Top_Bottom_Web = "L3X3X1/4"

Fy_angle = 36-ksi Fy = 58-ksi Lty = 6.251t
A = 1.44~in2 typ = 0.25-in by = 3-in  (Longer leg length)
Iy = 1.23+in” Sy = 0.569-in° dy = 3in  (Shorter leg length)
fyp = 0.926-in Jyp = 0.081-in*

Demands:

Pt comp = 7-24-kip

TENSION ANALYSIS:

(Sign 5.9)
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Applied Tensile Force:

Allowable Tensile Force:

M=085 (Sign C5.9, for three or more bolts per line in the direction of load.
Minimum three bolts per WisDOT Standard Details.)
dhol log,= 0.75in (Diameter of bolt, when angles are connected to gusset
- plate by bolts. WisDOT Standard Details.)
. 1 H -
Iboltmhales= doolt_angles *+ )" dholt_hole = 0-875-In

An_th = Ath ~ Lo dholt_hole

2
Ae th=UAn ity  Ag tp=1038in

05F,-Ag = 30.104-kip Ay, = 31.104-kip

0'6':y_angle

Pt_th_allow = min(0.5~Fu~Ae_tb,O.6Fy_ang|e~Atb) Pt tb,_allow = 30-104-kip

Tension Check:

Ptb_tens . o "
—=— =024 Check; ¢ = If (P tens <Pt th_allow: OK" . "NOT OK")

F’t_tb_al low
Checkt_tb = "OK"

COMPRESSION ANALYSIS:

Local Buckling:
Noncompact Limit:

(Sign 5.5.4, Table 5-2)

Ap = — Ap = 12

’ E
D= 045 F— A= 12772
y_angle

Checkp g = if (>‘tb < X\p,"OK" ,"Section Not Permitted")
CheCknc_tb = "OK"

Applied Compressive Stress:

P

tb_comp .

fotp=—"7" fo tp= 5027 ksi
— Atb —

Allowable Compressive Stress: (Sign 5.10)

L
—® _ go.004

"th

Effective Slenderness Ratio:
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L L F
) th tb (AISC 360-10, E5(b), Single
KL_r_effyy, := |60 + 0.8 E if 0< E = Angle Compression Members,
Space Truss)
L L
52 i R
"tb "tb

(The effects of eccentricity on single angle
members are permitted to be neglected when
using the effective slenderness ratio.)

KL_r_effy, = 125.994

2 E KL_I’_efftb
Coth= |27 ——— Coth=126099  Xgp=— X¢p = 0.999
Fy_angle c_tb
th
y angle
Fo b= if wep < 1 (Sign Eq. 5-9)
c tb 5 3 3 Xtb
37 th —th
12-71'2-E (Sign Eq. 5-10)
23 KL_r_efftb2

Fe th = 9407 ksi

Compression Check:

fc_tb fe th

= 0.534

Check ¢ _tb:= ["OK" if[

< 1} A (Mo =)

otherwise

Fc_tb Fc_tb

"NOT OK"

Check _c_tb = "OK"

3.7 Tower Web Analysis Tower_Web = "L4X4X1/2"

Properties:
Fy angle = 36-ksi F, = 58-ksi Ly = 7-071
Ay = 3.75-in° tyy = 0.5+ byy = 4-in  (Longer leg length)
lyy = 5.52in" Sy = 1.96-in° dyy = 4in  (Shorter leg length)
fyy = 1.20-n Iy = 0.322:in”

Demands:

Ptw_comp = 0-kip Pow_tens = 0-Kip

TENSION ANALYSIS:

(Sign 5.9)
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Applied Tensile Force: .
Ptw_tens = 0-Kip
Allowable Tensile Force:
U :=0.85 (Sign C5.9, for three or more bolts per line in the direction of load.
Minimum three bolts per WisDOT Standard Details.)
WWG&:: 0.75in (Diameter of bolt, when angles are connected to gusset

plate by bolts. WisDOT Standard Details.)
. 1 H -
Iboltmhales= doolt_angles *+ )" dholt_hole = 0-875-In
An_tw = Atw ~ tw 9bolt_hole
.2
Ao tw= UAn y  Ag = 2816:in
0.5F-Ag gy = 81.653-kip 0.6Fy, angleApy = 8Lkip

Pt tw_allow = MiN(05-Fy-Ag 14, 06Fy angleAtw)  Pt_tw_allow = 8LKip
Tension Check:
P
tw_tens
— = -0

> Checky gy = if (Pow tens < Pt_tw_ allow: "OK"."NOT OK")
t tw_allow

Checkt_tw = "OK"
COMPRESSION ANALYSIS:

Local Buckling:

Noncompact Limit:

(Sign 5.5.4, Table 5-2)

b
tw
>\tW = _t >\tW =8
tw

’ E
D= 045 F— A= 12772
y_angle

Checkpe gy = if(>‘tw < X\p,"OK" ,"Section Not Permitted")
Checknc_tW = "OK"

Applied Compressive Stress:

P
tw_comp .
fow=—p fe_w = Ok
tw

Allowable Compressive Stress:

(Sign 5.10)

L
_w =70.126

Mtw

Effective Slenderness Ratio:
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L L F
_ tw . tw (AISC 360-10, E5(a), Single
KL_r_effgy = |72+ 0'75.r_ iF 0= o < Angle Compression Members,
W 4 Planar Truss)
L L
tw -t
32+ 125—— if —~ 575
Mtw Mtw
3 (The effects of eccentricity on single angle
KL_r_effy,, = 124.595 members are permitted to be neglected when
using the effective slenderness ratio.)
KL_r_eff
2 E ——=Ttw
Cc_tw = |27 U Cc_tw =126.09 X4y = c Xt = 0988
y_angle c_tw
% 2
t
AL P
2 y_angle _
3+ g w) ~ X
12'7r2~E _ (Sign Eq. 5-10)
» if Xy 21
23-KL_r_effy,,

Fe tw
Compression Check:
f
c_tw =0 Check_c_tw :=
Fe tw

4.0 Connection Design Based on Strength

4.1 Chord Coupling Plate Design
(Not Applicable to a Single-Column Cantilever Sign Truss)

"NOT OK"

= 9.614-Kksi

f
"OK" if ( L 1} A P =N

FC_tW
otherwise

Check_c_tw = "OK"

[l
4.2 Weld at Base of Upright
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Conservativelv ianore stiffners
v STIFFENER
UPRIGHT n (IGNORED IN ANALYSIS)
weld
[ : |
[ |
_____ |
F- A T~ gaserLate
twel
Demands:
Pto_comp = 7.552-kip Pto_tens = 4.682-kip
Mto_comp = 218.778-kip-ft Mto_tens = 2.43-kip-ft
Properties:
Fexx = 70-ksi (Nominal tensile strength of weld metal)
5. . . .
to_weld_bp = Em (Fillet weld leg size along the outside of the base plate)
¢ 0313 (3/16-inch minimum for a thickness of tube of
o_weld_pp = 0:313-In over 1/4" to 1/2", AISC 14th Table J2.4)

ti_weld_bp = to_weld_bp

ti_W8|d_bp = 0.313-in

to weld bp * ti_weld_bp

(Fillet weld leg size along the inside of the base plate,
WisDOT Standard Details 39.03)

(Sum of the effective throats of the

te weld_bp =

\/E

te_weld_bp

) :=2.00
N

0-6' FEXX

Howeldi= Q Fuweld

7 Dy = 62.832-in

Aweld_bp = (“'Dto)'te_weld_bp

Do
2

"weld_bp * "wel

. 2
Sweld_bp = ™Tweld_bp "te_we

outside and inside fillet welds)

0.442-in
(Safety Factor, AISC 14th p. 8-8 and Table J2.5)

= 21-ksi (Allowable shear stress of weld metal)

(Length of weld)
AWE'd bp = 27.768'"12

d_bp= 10-in (Average radius of the outside
- and inside welds)

-3
d_bp Sweld_bp = 138.84-in
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. _ Pto_tens . Mto tens
weld_bp_2 -~
=P AWeld_bp SWeld_bp

, . Pto_comp . Mto_comp
weld_bp_1 -~
=P AWeld_bp SWeld_bp

P M M
to_com to_com . to_tens .
_o.comp —0.comp = 0.169-ksi ————— = 0.21-ksi

Aweld_bp Sweld_bp

= 0.272-ksi = 18.909-ksi

I

I

I

I

| F)to_tens
AWeld_bp SWeld_bp I
I
I

fWEld_bp_l = 19.181-ksi fWEld_bp_Z = 0.379-ksi

fweld bp = max(fweld_bp_lﬂfweld_bp_z)

fWEld_bp = 19.181-ksi

f
Id_b Id_b
u = 0.913 Checkp M weld bp = if (u < l,"OK" ,"NOT OK..J

weld Fweld

Checkp M weld_bp = "OK"

4.3 Anchor Bolts at Base Plate

Anchor Bolts with a bolt circle diameter equal to D, + 6" (WisDOT Standard Detail 39.03)

Dig + 6in (@b hor bol
N =8 r - ab: anchor bolt
b bp- BG_bp -
an_op — 2 bp: baseplate)
dbOltS_bp = 2.00in
= 2in "If the base plate thickness is equal to [at

t .
base_plate -
= least] the anchor bolt diameter,... prying

effects may be neglected.” (Sign C5.17.3)

anb bp

O Npp = 4.5 (Number of threads per inch)
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__ 360deg
“ab_bp T
ab_bp - 45.d

Oap pp = “°-0€g
()Lab_bp = 0.785 (radlan)

Tensile Stress Area:
. \2

T 0.9743in .
Aab_bp = Z'(dbolts_bp - n— (Sign Eq. 5-23)
bp

.2
Aab_bp = 2.498-In
ABG bp = Nab_bpPab_bp

2
ABG_pp = 19.986-in

Section Modulus of Bolt Group:

b _bp = 'BG_bp

aab_bp = 13-in

Cab_bp =

0 otherwise

Cab bp =0-in

2 2 2
IBG bp = ab_bp'(aab_bp +2:bap pp +2:Cap pp )'2

3.4
IgG_pp = 1689 x 10™in

B bp
SBG_bp =
4ab_bp

3
SgG_pp = 129.907-in

2
. Dto
IBG_bp = Nab_bpab_bp'| =~

3.4
JBG_bp =1.999 x 10™-in
Demands:

3,. .
Mto_comp = 2.625 x 10" -Kip-in

(Tensile Area of one anchor bolt)

(Total tensile area of all anchor bolts)

babh pp = rBG_bp'COS(O‘ab_bp)

bab_bp =9.192-in

(rBG—bp-COS(ZOLab_bp)) if Nab_bp >8

(This formula can accomodate
up to 12 bolts.)

(This formula can accomodate
up to 12 bolts.)

(Polar moment of inertia of anchor bolt group)

Mto_tens = 29-155-kip-in
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an ~ramn = 7491k|p VtO tens = 1218k|p
Torqueto comp = 1.711 x 1O3~kip-in Torqueto tens = 633.75-Kip-in
MVYin ~amn = 2.334 x 103-kip~in MYito tens = 15-Kip-in
3. . - -
Mzto_comp = 1.202 x 10 -kip-in Mzto_tens = 25-kip-in

Anchor Bolt Stresses:

Maximum axial stress applied to an anchor bolt:

From tensile force and its
associated moments:

From compressive force and
its associated moments:

Pto_comp Mto_comp Pto_tens Mto_tens

= 0.378-ksi = 20.209-ksi = 0.234-ksi

|

|

|

I = 0.224-ksi

ABG bp SBG_bp | ABG bp SBG_bp

|

|

|

|

|

Pto_comp M to_comp
fC ab = +
— A S
BG_bp BG_bp

fo_a = 20.587ksi

Pio tens  Mto tens
ft = + =

ABG bp  SBG bp
fy gy = 0.459-ksi

Maximum shear stress applied to an anchor bolt:

Vio_comp . Torqueyy comp'BG_bp

f =
v_ab_comp *
~ap_comp Nab_bp'Aab_bp ‘]BG_bp
V. Torque T
0_COMP__ _ 4 375.ksi to_comp BED _ 1 139 ki
Nab_bp'Aab_bp JBG_bp
fy_ab_comp = 11.506-ksi
. Vio_tens Torquéy, tens''BG_bp
fv ab tens = N A + 3
ab_bpab_bp BG_bp
V. Torque 31
to_t to_t BG_b
— 0 0.609-ksi 01 B5 P _ 4122-ksi
Nab_bp'Aab_bp JBG_bp
fy ab_tens = 4.732-ksi
Allowable Anchor Bolt Stresses:
Fy ab = 55ksi (Grade 55 Bolts, WisDOT Standard Details)
Tensile stress
Ft ab= 0.50-Fy g Ft_ab = 27.5-ksi (Sign Eq. 5-21a)
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Compressive stress
Fc_ab = 0.60~Fy_ab Fc_ab = 33-ksi (Sign Eq. 5-21b)
Shear stress
Fv_ab = 0-30'Fy_ab Fv_ab = 16.5-ksi (Sign Eq. 5-22)
Anchor Bolt Stress Check:
f 2 g o\
b t t ab .
Checkgy, 1= if| | —=—=—= | +| =<2 | <1,"0K","NOT OK" (Sign Eq. 5-24)
- Fv_ab Ft_ab
f 2
b t t ab -
b tens | o, LB o782k 10
v ab Ft_ab
b_t ft ab
v ab_tens a 0,083
v ab t ab
Checkyp 1 = "OK"
f 2 0t )
b b .
Checkgy, o= if| | —== R | | Z8 | <4 »OK","NOT OK" (Sign Eq. 5-25)
- I:v_ab I:c_ab
f 2 £\
b b
VEOMP 1 _ 0486 e
Fv ab Fc ab
f 2 )
v_ab_comp N c_ab _ 0875
Fv_ab Fc_ab
Checkyy o = "OK"
4.4 Base Plate Thickness Check
Check Base Plate Thickness to Carry Tensile and Bending Forces:
Ppp = Ppp = 7-854-in (Tributary perimeter of tower per bolt)
P N p
ab_bp
g = % (Moment arm, from bolt to outside face of tower)
0 _bp-~ 'BG_bp 2 '

go_bp = 3-in
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P M
Tholt bp = to_tens to_tens.Aab bp (Maximum applied tensile force
- Nab bp  SBG bp  — of a bolt.)
P M
©0TEMS _ 0.585-kip =% A p = 0561-Kip
Nab_bp SBG_bp -
TbOlt_bp = 1146k|p
c _ IDto_comp Mto_comp A (Maximum applied compressive
bolt_bp = Nab_ bp + SBG_bp “Aab_bp force of a bolt.)
P M
—0COMP _ §944-kip — = | &t bp = 50.487-Kip
Nab_bp SBG_bp B
_ (Maximum applied axial
Pholt_bp = M(Tholt_bp: Cbolt_bp) force of a bolt.)
PbOlt_bp = 51431k|p
M =P ‘g
bp_bolt bolt_bp™~o_b
P —op =0_op (Moment at the junction of base
- plate and tower resulting from
Mbp_bolt = 154.293-kip-in tensile force from one bolt)
Php-t 2 2
__ "bp“base_plate 3 .3 S = (bh?)/6
pr == pr = 5.236-in b=p
M h = thickness of plate
bp_bolt .
fb_bp = — fb_bp = 29.468-ksi
pr
Fb_bp = O75Fy_p|ate Fb_bp = 27-ksi (Slgn 5.8, Eq. 5-8)
f
Fb—ﬁ = 1.091 Checkyy = if(fy_pp < Fp_pps "OK","NOT OK" )
b_bp - - -

5.0 Fatigue Analysis
5.1 Galloping

Checkp, p = "NOT OK"

This check does not consider
stiffener contributions. Plate
thickness OK.

(Not Applicable to a WisDOT 4-Chord Single-Column Cantilever Sign Truss)

"Overhead cantilevered sign and traffic signal support structures shall be designed for
galloping-induced cyclic loads by applying an equivalent static shear pressure vertically to the
surface area... of all sign panels... mounted to the cantilevered horizontal support” (Sign 11.7.1).

Noncantilevered sign structures are not susceptible to this type of loading (Sign Table 11-1).
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Equivalent Static Shear Pressure:

Pg = 2L 1" (Sign Eq. 11-1)

Ip:= 1.0 Fatigue Importance Factor for Galloping for (Sign 11.6, Table 11-1)
Cateroty | Sign Support Structure

Equivalent Static Galloping Shear Pressure:

Ib
PG = 2L Ig-psf Pg=21—

ft2
Galloping Load on Sign:

Dsign = 17.867ft (Design sign depth)
VA i =P~D.:oo L . . . .
G_sign G ~'sign’ -web_section (Vertical wind load on the sign panel per
3 design section of truss)
VG_sign = 1876 x 1071

V, .
Vg sign_node = _G_sign (Vertical force applied to each node, evenly distributed
-0 2 between top and bottom chord node locations)
VG_sign_node =938Ib
2in+ 5in+ 01
Nsigay= <IN+ 1N+ o (Eccentricity of sign load from C/L of chord)
(Thickness of sign panel + Depth of sign support bracket + Radius of chord)
€sign = 9.25-in
. VG_sign€sign
HG_sign_node = d
truss
HG_sign_node = 289.217Ib (Horizontal force on chord node due to eccentricity)

5.2 Vortex Shedding

Vortex shedding needs to be considered in the design of high-level,
high-mast lighting structures, not sign structures. (Sign Table 11-1 & 11.7.2)

5.3 Natural Wind Gust

Equivalent Static Natural Wind Gust Pressure Range:

[ | .
PnwG = 92CyIg (Sign Eqg. 11-5)
Ige=1.0 Fatigue Importance Factor for Natural Wind (Sign 11.6, Table 11-1)
Gust for Cateroty | Sign Support Structure

Cyq Drag Coefficient, varies by element type. (Sign Table 3-6)

Vnwe = 11mph Yearly mean wind velocity (Sign 11.7.3)
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Velocity Conversion Factor: (Sign Table 3-4)
Cy=1 (For Recurrence Interval of 50 Years)

Chord Members: Cylindrical. Apply wind load to both front and rear chords.

Cy'Vnwe Dep = 4-125-mph-ft (Sign Table 3-6)

Cd_Ch_NWG = |1.10 if C,-VNwG DPeh < 39mph-ft
129

if 39mph-ft < C,-VNwa Den < 78mph-ft

1
C.-V D —
( v YNWG ~'ch mph~ftj

0.45 otherwise

Cd ch NnwG =11
Tower Members: Cylindrical. Apply wind load to both front and rear columns.
Cy'VNWG Dyo = 18.333-mph-ft (Sign Table 3-6)

Cd_tO_NWG = [1.10 if CV.VNWG'D'[O < 39mph-ft
129

1
C..-V, Dye—m———
( vV YNWG -to mph~ft)

0.45 otherwise

if 39mph-ft < C,-Vywag Do < 78mph-ft

Cd to NwG =11

Angle Members:
Apply wind load to both front and rear members.

Cq flat=17 (Flat member, including plates and angles)

Catwalk Side (Toe & Heel) Plates:

Cd_flat =17 (Flat member)

Sign:
W

=12 (Conservative. For Lo /Wg;q, of up to 5.)

Cd_sign

Equivalent Static Natural Wind Gust Pressure Range for Drag Coefficient C, of 1.0:
Ib

ft2

Natural Wind Gust Load:

) Distributed wind load per linear foot of member:
Truss Members:
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Ib

Chord Members:  wn\wG chord = PNWG_0'Cd_ch NWG'Pch  WNWG_chord = 2'145E

Ib

Tower Columns: WNWG_tower = PNWG 0°Cd to NWGPto  WNWG_tower = 9:933 T

Boxed End Members: W, =P .C b Ib
NWG_be NWG_0"~d_flat™~be WNWG_be = 2_21F

(In the AISC Shapes Database, b is the longer leg length of angle.)

. b . druss
ransverse We WNWG_tr = PNWG_0 Cd_flatPir|
Members: - I tr

Ib
WNWG_tr = 1473

dtl’USS

= Ratio of the length of member projected on a vertical plane parallel to sign faces
Ltr  to the actual length of member.

Top and Bottom Web
Members:
(Top and bottom web members are shielded by the chords.)

WNWG_th = (PNwG_0°Cd_flatPin) 0 WNWG_th = ©

Front and Rear Web

WNWG_fr = PNWG_0°Cd_flat Pfr Ib
Members: - - -

WNwG_fr = 2212

Tower Web Web

WNWG_tw = (PNWG_0'Cd_flatPth) 0 Wnwe_tw = 0
Members:

(Tower web members are shielded by the tower columns.)

Sign:
Sign Configuration:

WNWG_sg = PNWG_O'Cd_singNWG_sg = 6.24.psf  (Wind pressure on sign panel)

2 .
Asg = Dsign"-web_section Asg = 89.333ft WNWG_sg'Asg = 0.557-kip
W -A
NWG_sg''sg

HNWG_sign_node = 5 HNWG_sign_node = 278.72:-Ib

(Force to apply to each top and bottom chord node.)

Catwalk:
dsideplate = 6-in (Depth of catwalk side (toe & heel) plates)

PNWG_catwalk = 0

(Wind force on the two catwalk side plates per design section, increased 30% to
account for the wind load on exposed vertical support brackets, future lights, etc.)

PNWG_catwaIk =0
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Equivalent Wind Load Derivation:

_ Pnwe_catwalk
HNWG_catwaIk_node_centered = 2

HNWG_catwaIk_node_centered =0
=8ft (Eccentricity of horizontal force on catwalk from C/L truss)

deatwal k to CL_truss

F’NWG_caltwalk'dcatwalk_to_CL_truss

HNWG_catwalk_node_eccentric = d
truss

HNWG_catwalk_node_eccentric =0
HNWG_catwaIk_top_node = HNWG_catwaIk_node_centered - HNWG_catwaIk_node_eccentric
HNWG_catwaIk_top_node =0

HNWG_catwaIk_bottom_node = HNWG_catwaIk_node_centered + HNWG_catwalk_node_eccentric

HNWG_catwalk_bottom_node = 0-1b

Summary of Equivalent Natural Wind Load on Sign and Catwalk:

HNWG_top_node = HNWG_sign_node
HNWG._top_node = 278.721b

HNWG_bottom_node = HNWG_sign_node
|"NWG_bottom_node = 278.721b

5.4 Truck-Induced Gust

An equivalent static truck gust pressure range is applied in the vertical direction along any 12-ft
length to create the maximum stress range, excluding any portion of structure not located directly
above a traffic lane (Sign 11.7.4)

Equivalent Static Truck Gust Pressure Range:

Prg:= 188CyIg" (Sign Eq. 11-6)
Je=10 Fatigue Importance Factor for Truck-Induced Gust  (Sign 11.6, Table 11-1)
for Cateroty | Sign Support Structure
Cq Drag Coefficient, varies by element type. (Sign Table 3-6)
V1g = 65mph (Default truck speed) (Sign 11.7.4)

Velocity Conversion Factor: (Sign Table 3-4)
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Cy=1

(For Recurrence Interval of 50 Years)
Note:

Truck gust is not applicable to tower columns and tower web members, because they
are not located directly above a traffic lane.

Chord Members: Cylindrical. Apply wind load to both bottom and top chords.
Cy VTG Dch = 24.375-mph-ft (Sign Table 3-6)

129

1 13
Ci, VreD oo ———
( v YTG ~ch mph-ftj

if 39mph-ft < C,,-V1g:Dp < 78mph-ft

0.45 otherwise

Cd_ch 16 = 11
Angle Members:

Apply wind load to both front and rear members.

Cq flat= 1.7 (Flat member, including plates and angles)

Catwalk Side (Toe & Heel) Plates:

Cd_flat =17 (Flat member)

Sign (the area projected on a horizontal plane):

Cyq sign_TG = 2.0 (Flat with sign panel extrusions one above
- = the other.)

Equivalent Static Truck Gust Pressure Range for Drag Coefficient Cg of 1.0:

Ib

ft?
Truck Gust Load:

Truss Members:

Distributed vertical wind load per linear foot of member:

Chord Members: 1y

WTG_chord = PTG_0"Cd_ch_TG ' Peh WTG_chord = 7-755 =

Boxed End Members: WTG_be = PTG_O'Cd_fIat'bbe WiG pe = 7199&
— ft

(In the AISC Shapes Database, b is the longer leg length of angle.)

P -C -b
Transverse Web TG_0"~d_flat™tr

WTG_tr = = b
Members: - V2 WrG_tr = 4708 ﬂ
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\/E = Ratio of the actual length of member to
the length of member projected on a horizontal plane.

Ib
Top and Bottom Web  wrg = Prg_o'Cd_flat Pt g i = PR
Members: - - - -

Front and Rear Web

wrG_fr = (PrG_0°Cd_flatPrr)-0
Members:

WG fr=0

(Front and rear web members are shielded by the chords.)

Derivation of Equivalent Truck Gust Loads on Sign Panel and Catwalk:

e |P/2
o— o E'~—<£
- d — =

CP*B " FPre Fre

o—1 o ?
Fl
P
1
- - -
Sign:
Sign Configuration:
tsign = 2in (Thickness of sign panel per Plate No. A5-2.9 "Aluminum Extrusions

for Type | Signs" of the Wisconsin Sign Plate Manual.)
VTG_sign = (PTG_O'Cd_sign_TG'tsign)'Lweb_section

(Vertical wind load on the horizontally projected area

VTG_sign = 31.3331b of sign panel per design section of truss)

VTG_sign

(Vertical force applied to each node, evenly distributed
2

VTG_sign_node = :
between top and bottom chord node locations)

VTG_sign_node = 15.6671b
Deh
Nsighy= alli - alli T (Eccentricity of sign load from C/L of chord)
(Thickness of sign panel + Depth of sign support bracket + Radius of chord)

esign = 9.25:in
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 V1G_signSsign
HTG_sign_node =

diruss
HTG_sign_node =4.8311b (Horizontal force on chord node due to eccentricity)
Catwalk:
bwalkway := 2ft + 3in (Width of catwalk)
bWalsz:ly = 2.251t

VTG_catwalk == 0

(Vertical wind force on the catwalk walkway per design section, increased 30% to
account for the wind load on exposed horizontal support brackets, future lights, etc.)

VTG_CBIW&”( =0

; D
Loatwalk= [@ + 8in} + 5in + TCh €catwalk = 28.75-in
(C/L of catwalk to vertical support + Depth of vertical support + Radius of chord)
Vertical catwalk loading to apply to each chord node:

) VTG_catwalk
VTG_catvvaIk_node = 2

VTG_catwaIk_node =0

VTG_catwalk catwalk

HTG catwalk_node = d
truss

|"TG_catwaIk_node =0

Summary of Equivalent Truck Gust Load on Sign and Catwalk:

VTG_node = VTG _sign_node

VIG_node = 156671b

HTG_node = HTG_sign_node

HTG_node = 4:8311b
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5.5 Summary of Applied Fatigue Loads

Table 5.1
Disributed Loads to Apply to Each Member
Fatigue Loads
Natural Wind (Ib/ft) | Truck-Induced* (Ib/ft)

Element Horizontal Vertical
Chord 2.15 7.76
Tower 9.53 0.00
Boxed End 2.21 7.99
Transverse Web 1.47 471
Front & Rear Web 2.21 0.00
Top & Bottom Web 0.00 7.99
Tower Web 0.00 0.00

* Applied along any 12-ft length, excluding any portion of structure
not located directly above a traffic lane.

Table 5.2
Point Loads to Apply to Chord Nodes Where Design Sign is Hung
Fatigue Loads
Galloping* (Ib) Natural Wind (Ib) Truck-Induced** (Ib)
Element Vertical |Horizontal Horizontal Vertical [Horizontal
Sign, Top Node 938 -289 279 16 -5
Sign, Bottom Node 938 289 279 16 5
Catwalk, Top Node 0 0 0 0 0
Catwalk, Bottom Node 0 0 0 0 0
Top Node 2 938 -289 279 16 -5
Bottom Node 2 938 289 279 16 5

* Apply to a cantilevered sign structure, not to a noncantilevered sign structure.
** Apply along any 12-ft length, excluding any portion of structure
not located directly above a trafficlane.

Load Combinations Used in RISA-3D for Fatigue Analysis:

IV(al): Natural Wind Gust (1.0N+0.2T)
IV(al): Natural Wind Gust (-1.0N+0.2T)
IV(b1): Natural Wind Gust (0.6N+0.3T)
IV(b2): Natural Wind Gust (-0.6N+0.3T)

Notes:

N: Normal component of Basic Load of Natural Wind Gust (Sign 3.9.3, Figure 3-3)
T: Transverse component of Basic Load of Natural Wind Gust (Sign 3.9.3, Figure 3-3)
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5.6 Summary of RISA-3D Fatique Load Output

For Fatigue Analysis, second-order effects are not applicable/considered.

The applied fatigue loads in RISA-3D are not multiplied by a factor of 1.45, and the fatigue output
results are not divided by a factor of 1.45.

The factor 1.33 was not used either.

Handhole placed 1'-6" from bottom of base plate (WisDOT Standard Detail 39.02)
From RISA-3D, retrieve My and M, at the location of the tower hand hole.

Use a height of 14" from the bottom of tower to the bottom of hand hole.

From RISA-3D, retrieve M, and M, at the location of the termination of the stiffeners.

hetif = 14-in  (stiffener height)

Table 5.3
Maximum Demands*

Pl V| V.| M| M | T | Load
Element (kip) | (kip) | (kip) | (k-ft) | (k-ft) | (k-ft) | Comb. [Location
Chord 6.99 | 0.74 | 1.38 | 0.15 | 0.10 | 0.00 | IV(al) |Bottom Rear Chord
Tower 0.00 | 0.46 | 2.28 |57.33 | 11.34 | 42.40 | IV(a1) |Base of the Column
Top of Stiffener 0.00 | 0.46 | 2.28 (54.65| 10.80 | 42.40 | IV(al) |Base of the Column
Bottom of Hand Hole | 0.00 | 0.46 | 2.28 [55.04 | 10.87 | 41.45 | IV(al) |Base of the Column
Boxed End 0.39 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | IV(a2) |Front next to Column
Transverse Web 0.46 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | IV(al) |Next to Column
F/RWeb 0.33 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | IV(al) |Front next to Column
T/BWeb 2.10 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | IV(al) |Bottom next to Column
Tower Web 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | IV(al1)

* The combination of forces and moments that causes the maximum stress in a member set,
regardless of whether the combined stress is compressive stress or tensile stress.

[+]
5.7 Stress Range Calculations
Constant Amplitude Fatigue Limits (CAFL) for Steel: (Sign 11.9, Table 11-3)
CAFL p := 24ksi CAFL[ := Tksi CAFL o := 1.0ksi

CAFLg:= 16ksi  CAFLg := 4.5ksi
CAFLg = 12ksi  CAFLg := 2.6ksi
CAFLG:= 10ksi  CAFLgy:= l.2ksi

5.7.1 Anchor Bolts (NCHRP 412 Example 2)
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Properties:

(Previously calculated in section Anchor Bolts at Base Plate)

'BG_bp = 13-in (Radius of anchor bolt circle)

SBG_bp = 129.007-in>  (Section modulus of Anchor Bolt Group)
.2 .

Aab_bp = 2.498-in (Tensile Area of one bolt)

Agg bp = 19.986-in2 (Total Tensile Area of Anchor Bolt Group)

Demands:

2 2
Mfat_to = \/ MYio fat + MZio fat
Mg to = 58441 kip-ft
Pio_fat = 0-kip

Anchor Bolt Stress Range

5 M
_tofal _ oksi T8I0 _ 5 398 ki
ABG_bp SBG_bp
F)to_fat Mfat_to
SR_ab *

- ABG bp  SBG_bp

SR_ab = 5:398-ksi

Anchor bolts are classified as Category D fatigue detail (Detail 5, section 11.9).

CAFLp = 7-ksi

SR_ab
CAFLp

P Checkay fatigue = If (SR_ab < CAFLp,"OK" ,"NOT OK, Redesign" )

Check = "OK"

ab_fatigue

5.7.2 Tower-to-Baseplate Connection Weld (NCHRP 412 Example 2)
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d column + ]-2.

Yauff
L |
]-g‘t.lF"F: &'
stiffener
Properties:
Nstiffener bp == 8
Dy = 20-in stiff := 6in
ti = 0.465-in .
to tetifr := 0.5in
3.4
lig = 1.36 x 10™-in Do |stiff
(etiffener = | — | +| —— | = 1083t
2 2
360deg Istiffener = 13-
Qst pp =

Nstiffener_bp
Qst pp = 45-deg
Area of stiffener at tower base:
Astitf = lstif Lstiff

.2
Astiff =3-in
Radius to the centroids of stiffeners at baseplate:

st bp = Istiffener bst pp = rstif‘fener'‘:os(o‘st_bp)
ast pp = 13-in bst_bp =9.192-in

rstiffener'‘305(20‘st_bp) it Ngtiffener bp =8

0 otherwise

Cet bp = 0-in

Cst bp =

Moment of Inertia of Stiffeners:

'st_bp = Astiff'(ast_bpz + Z'bst_bp2 + 2'Cst_bp2)'2 (This formula can accomodate

3 4 up to 12 stiffeners.)
'st_bp =2.028 x 10™-in
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Moment of Inertia at Tower Base:

ltowerbase = hto * Ist_bp

3.4
'towerbase = 3.388 x 10 -in

Stress Range, Tower-to-Baseplate Connection:

D
to
Pto_fat _ 0k Mfat_to'(Tj
Ato * Nstiffener_bp Astiff .- 2.07-ksi

towerbase
Moy o] 2
Pto_fat fat_to’|

SR_thp = A TN +—

- to + Nstiffener_bp Astiff towerbase

SR_top = 207-ksi

The fillet-welded tower-to-baseplate connection is classified as Category E” fatigue
details (Detail 16, section 11.9).

CAFLg: = 2.6:ksi

SR_tbp

AL 0.796  Checkypy fatigue = if(SR_tbp < CAFLE,"OK","NOT OK, Redesign” )

Checkipp fatigue = "OK"

5.7.3 Stiffener-to-Baseplate Connection

(NCHRP 412 Example 2)

Dto
fstiff out = | —— | + (Istiff) -
stiff_ou 2 Tstiff_out = 16-in

P
to_fat = 0-ksi Mfat_to Tstiff_out _ 3310.ksi
Ato * Nstiffener _bp Astiff I T
towerbase
Pto_fat Mfat_to'"stiff_out
RSP A N A 1 N
- to + Nstiffener_bp “stiff towerbase

SR_sbp = 3.312-ksi
The fillet-welded stiffener-to baseplate connection is classified as Category C fatigue
details (Detail 23, section 11.9).

. (WisDOT Standard Detail 39.03)
tStiﬁ = 0.5in
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CheCkfiIIet_sbp := | "Check note d, Table 11-2" if tetiff > 0.5in
"Use CAFL_C" otherwise

CheCkfiIIet_sbp = "Use CAFL_C"

CAFL = 10-ksi
S
R_shp . o -
—CAFLC =0.331 CheCksbp_fatigue = 'f(SR_sbp < CAFL:,"OK" ,"NOT OK,Redesign )
Checkshp fatigue = OK"
5.7.4 Termination of Stiffener (NCHRP 412 Example 2)

My ts_ fatigue = 10-8-Kip-ft

M 2

2
cr_ts_fatigue = \/ IV'y_ts_fatigue + IVlz_ts_fatigue

Mcr_ts_fatigue = 55.707-kip-ft

5 Do
to_fat 0-Ksi Mer ts_fatigue’ Py
B = 4.915-ksi
Y |
to
Mo Do
. Pto_fat cr_ts_fatigue 2
SR_tS = A +

to lto
SR_ts = 4-915-ksi

The fillet-welded at the termination of the stiffener is classified as Category E fatigue
details (Detail 21, section 11.9).

WisDOT referring to older AASHTO Sign Spec
tStiff = 0.5in

CheCkfiIIet_t_stiff := | "Check note d, Table 11-2" if tetiff > 0.5in

"Use CAFL_E" otherwise
CheCkfiIIet_t_stiff = "Use CAFL_E"

CAFLg = 4.5ksi

SR_ts . AL I

AL 1.092 Checky giif fatigue = If (SR _ts < CAFLE,"OK","NOT OK, Redesign” )
ChEth stiff fatigue = "NOT OK, Redesign"

WisDOT Standard stiffener detail -- consider
fatigue at termination of stiffener OK
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5.7.5 Tower Handhole

From standard detail 39.13:

(NCHRP 412 Example 3, NCHRP 469
Examples 4 and 6)

TOWER COLUMN

HANDHOLE PIPE

My hh fatigue = 5.504 x ]_04ft.|b

4
Mz hh_fatigue = 1.087 x 10 ftIb

Mecr hh_fatigue = Mz_hh_fatigue
Mecr hh_fatigue = 10-87-kip-ft

I = 1.36 x 10>-in"

Ato_hh = Ato - 5.562in~tto
.2
Ato_hh = 25.914-in
Stress Range:

Mcr_hh_fatigue'(?

The handhole on the opposite side of
sign truss, subjected mainly to Mz.

Do

) = 0.959-ksi

P
to_fat
°=& _ 0eksi
Ato_hh
" I
Pto_fat cr_hh_fatigue’ 2
SR b= +
- Ato_hh lto

SR_hh = 0.959-ksi

lto

Assume CAFL for Category E based on Sign Figue 11-1, Example 13, Detail 20.

CAFLg = 4.5ksi

SR_hh
CAFLg

=0.213

Checkyp fatigue = if(CAFLE 2 Sg_pp,"OK™ ,"NOT OK, Redesign” )

Checkpp fatigue = “OK"
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5.7.6 Chord-to-Coupling Plate Weld and Gusset Plate-to-Chord Weld

(Not Applicable to a Single-Column Cantilever Sign Truss)

5.7.7 Chord Coupling Plate Bolt Connection (NCHRP 469 Example 6)

(Not Applicable to a Single-Column Cantilever Sign Truss)

5.7.8 Angle-to-Gusset Connection Weld (NCHRP 469 Example 3)

5.7.8.1 Boxed End
Pbe fat = 0.391-kip

Mzbe_fat = 0-kip-ft

Stress Range:

Phe_fat MZpe fat ~

= 0.272-ksi
Abe Sbe

0-ksi

Phe fat  MZpe fat
SR_be = A + S
be be
SR_be = 0.272-ksi
For angle-to-gusset connections with welds terminating short of the plate
edge, a Category E fatigue detail (Detail 14 in Table 11-2)
CAFLg = 4.5ksi

SR_be
CAFLE

=006  Checkgtigue pe = If(CAFLE 2 Sg_pe."OK","NOT OK, Redesign” )

Checkfatigue be = "OK”

5.7.8.2 Transverse Web

Stress Range:

Pr fat Mz ot -

= 0.385-ksi
r Str

0-ksi

Pir fat  MZr fat
SR tr= A_ + S_
tr tr

SR_tr = 0.385-ksi

For angle-to-gusset connections with welds terminating short of the plate
edge, a Category E fatigue detail (Detail 14 in Table 11-2)
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CAFLE = 4.5ksi
SR_tr

CAFLE 0.086  Checkpatigye tr = If (CAFLE 2 Sg ¢, "OK" ,"NOT OK, Redesign" )

ChecKratigue_tr = "OK"

5.7.8.3 Front/Rear Web

Pfr_fat = 0331k|p
szr_fat = Oklpft

Stress Range:

Ptr £ Mzg ¢
et 6 23ksi et ki
r Sfr
Pir fat Mg fat
SR_fr = +
- Afr Sfr
SR_fr = 0.23ksi

For angle-to-gusset connections with welds terminating short of the plate
edge, a Category E fatigue detail (Detail 14 in Table 11-2)

CAFLg = 4.5 ksi

SR_fr
CAFLg

= 0051  Checkgyrigue fr:= if(CAFLE 2 Sy g, "OK","NOT OK, Redesign" )

Checkfatigue_fr = "OK"

(Note: For front and rear web members, the stress from truck gust is higher than
that from natural wind gust. But since we make the size of front and rear web
members match the size of top and front web members, natural wind gust controls
the design of top/bottom and front/rear web members.)

5.7.8.4 Top/Bottom Web

Stress Range:

P Mz
At ) 458 ksi bt i
Ath Sth
~ Pio_fat Mz far
SR_tb = +

Ath Sth
SR_tp = 1-458-ksi

For angle-to-gusset connections with welds terminating short of the plate
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edge, a Category E fatigue detail (Detail 14 in Table 11-2)
CAFLg = 4.5ksi

SR th

CAFL, =0.324 ChecKeatigue_th = |f(CAFLE > SR_tp"OK" ,"NOT OK, Redesign )

Checkfatigue th = "OK”

5.7.8.5 Tower Web
Pow_fat = 0-Kip

Stress Range:

P Mz
tw_fat — Ooksi tw_fat — Oksi
Atw Stw
o Prw_fat N Mz fat
R_tw -~
- Atw Stw
SR_tW = OkSI

For angle-to-gusset connections with welds terminating short of the plate
edge, a Category E fatigue detail (Detail 14 in Table 11-2)
CAFLg = 4.5ksi

S
R_tw ) o -
—CAFLE =0 CheCkfatigue_tw = |f(CAFLE > SR_tW’ OK" ,"NOT OK, Redesign )
Checkgatigue_tw = “OK”
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6.0 Summary of Analysis Results

Design of Members Based on Strength

Applied Stress
Member Loading / Allowable Stress |Acceptability
Chord Compression, Comb. 1 (Sign Eq. 5-17) 0.41 OK
Chord Compression, Comb. 2 (Sign Eq. 5-18) 0.56 OK
Chord Tension (Sign Eq. 5-20) 0.29 OK
Tower Compression (Sign Eq. 5-16) 0.95 OK
Tower Tension (Sign Eq. 5-20) 0.07 OK
Boxed End Compression 0.37 OK
Transverse Web Compression 0.34 OK
Front & Rear Web Compression 0.47 OK
Top & Bottom Web |Compression 0.53 OK
Tower Web Compression 0.00 OK

Fatigue Analysis

Detail | Stress | CAFL [Stress Range | Range
Connection No. |Category| (ksi) (ksi) / CAFL |Acceptability
Anchor Bolts 5 D 7.0 5.4 0.77 OK
Tower-to-Baseplate 16 E 2.6 2.1 0.80 OK
Stiffener-to-Baseplate 23 C 10.0 3.3 0.33 OK
Termination of Stiffener 21 E 4.5 4.9 1.09 NG
Tower Handhole 20 E 4.5 1.0 /0.21 OK
Chord Coupling Plate Bolts 5 D 7.0 2.3 / 0.33 OK
Boxed End-to-Gusset Plate Weld 14 E 4.5 0.3 0.06 OK
Trans. Web-to-Gusset Plate Weld 14 E 4.5 0.4 0.09 OK
F/R-to-Gusset Plate Weld 14 E 45 0.2 / 0.05 OK
T/B-to-Gusset Plate Weld 14 E 4.5 15 []| 032 OK
T/W-to-Gusset Plate Weld 14 E 4.5 0.0 \/, 0.00 OK

Note: CAFL = Constant Amplitue Fatigue Limit WisDOT Standard stiffener detail -- consider
fatigue at termination of stiffener OK

The Stress Category shown above for "Termination of Stiffner" is the stress category that works for a
WisDOT 4-chord cantilevered sign truss.

Camber:

Camber = 2.875-in



ychun
Line


Structure S-32-58 Job No. 8384B (1071-06-78) Sheet 65 of 65
Designed by VJD Checked by YC Backchecked by
Date 05/29/2014 Date 05/30/2014 Date
[
Base Plate: /a_ -
A/ ™\
to weld_bp = 0-313-in .' :\l I\ m |
P / !
thase_plate = 2'In e —~ " =k (\A\_/
tstiff = 0.5+in = el A
WETES T / fTvea f
cee = 144 SRl BaLT: SielL BE E o /
FLATE M0 TGP TEMPLATE.
e e 4o (3 |y i _
CORCRETE SETS o } B £
Anchor Bolts: T L i ~
LEVELIMG AUTS —] | i
I

Nab_bp =8

dpolts_pp = 2°iN

hOR-RETALLE COMDLATIS:

T =

i 11 In
\ +

] -

PICIERTAL TO "SICN SUPPDATS

COKCRETE MASCRATS,
ELFCTHESL rLam DETAL SHEETS.
WGhLY SEOD IF ELECTRICALLY

PETALLED CHYM THE -~
ATRUCTURE. -

— % amcHoR BOLT

L —

I

i | 3

T Tt
H™— pouele wirs 1
ITYR)

) 1] \
r

- L TEWPLATE

SECTION A-&

-1 FOA U4 ANCHOR ECLTS
F-0F FOR 45" ANCHOR BOLTS
F-4"FOR L¥a" ANCHDR BOLTS




e

s

R AT P

Cantilever- & xfj n Bl cig'}@. o a“i?&"zi?

el

2013~ 08 0]

Y. C f-m&‘n_.

f2
1
[

Sevvice L'\thcl an__(j

oh. g i(,} 0" PK{ et

i_a\it hcj Infy  accounid
c{:‘*ﬁmﬁ coetdicve vt

AT h

* }f@"fcehmﬂc,m :

% o4 enei e, os oo sy i
= AASHTO dign Spec. Hhh
A 3 -

= pCt

Faaoced

O F(,{ L,’m‘reé

P, -
Vu =

319 -1

Y J. o

{OQ c[s ok

5 e

MU\ o 4?}0 5 -éii'ﬁiz\_y

T T

265 f{. LTEPS

e

. "F’ Lrem W hg

4 Coye Fooh no .
%

- . "L e

LS

o )
1« 2o G evvwe

{on d
MRSt Sed Spec . For Hwy Bafyes, 175

Jop of £ T‘Cﬁ{_g}_ﬂ} ) b d vy _RIQA ~3N oud i
Vﬁ*:y Stiodt,
D\Sb‘eq(;‘h A tw

cal Cm{‘o\'ﬁfoh .

{ QQSL&'TM‘K&? \% \ij end 2 C oy E s

;




3T

Wt

Cavtileyer Q}g‘n B\iJ@@ Fbo#{s%ﬁ Po2 /"7

o FIQX MPQQ B’eh-\?f‘ﬁov*(:e hy c=\,\‘j,

. AY ¥ i
‘sf\] i’\ 7{ h@y Ay GRfD WAL i@,i\‘:}t e (,( {060 j‘z C,i:)! when

{\ fi 283 )DC’> g t{ f’i’m«\'-;(nx‘" te g L ofy, oke ath QJ
H i > o
i:!\/l \)Jc’i(",, iﬂ s DH{" iRy AT )

PDee 42" — o (3"4 By 7
g o2l vy T

i\ e l) @1:" ¥ E‘ oo B C}(E“:Z i ,cilg\,,;;‘ !‘;i

r}\ - 0.4 n -+ ml DS = 0.4 ¥4 n’“ - ,u_;?ﬁgw,m- -
) ) :3

(4-2)
L

¢Mn = gAS{HJJ Z My . J—»

s M “y oo MbAE
0.95 x 600DD ‘-if;}x Q- %/ ,28 ih

Pl O “G Ty i/ Czal r\‘,] \‘1 o . O . OO&i]q >< 43 O
= 3.8 > For -1% og $ lwxg}c
The ‘0\3“@95‘ O{ .Efq;{”’f ! f 2o *5 ]” >00 E‘ SJ l /(s J islj

ik

Cbpd T X
£, \

1 = 00 XAHQ,{Q& th/g om0
200 by "!/$ = 3,06 .2 é—COé‘RO\S

AS,haih. =




Coantilever Sign Budge Foolr

6 Sheay romnforcement

He = #2047 by d LA & (1-3))

Qs v 2 JSSDOPS; ¥ AHL2 i x 28 in.
= {02,700 |[b

= ‘02 7 k{};&‘ v 0.5 VM = .5 {\5 {%"?P R N {4:‘(\?&)

— N 0o L g\ @ ac e \;\{ 73%.)4:"“(1;;» ey \j %i f)ﬁ‘ ” ~ J‘
| (i 4. 6.0)
C‘O‘fa\P 61!']‘.&"0\\ st l\ f\!\g B LQF:D Eh‘d\cjg De,*)i'g—“ B nec, i oth 4. 2010,

b, < 42 W (ARITo LoD 5.9.2.9 )
I Q‘, On B, 2

lo= B4 Do 7 | (7 s gy (05.2.0.9-2)

[ 5 i . . : --%=. . : E

B fi:) "h § 3% 1 {i }3"1

] \ 3. {4

T

dy = 0.9 de = 0.9 v 318 = 236,

Ve = 0. 02163 (\]Mf”jg

----- 0,026y 2.0 3.5 %40x28.6" [ AASHTO LRFD 5.8 .3.4.1)

. JDy Clv (papsnto Lepp £q (58333
34

- ‘4"2 kléﬁg




et i s
A »

s

Caniileu’er*

o  Torcion

b Thieshold  {ossion _
— . R IWNQLB ih_r)_m_
BN A7, ( f}c:a) 0. 75 | ynlzbo&g_k ﬁ"gz .
i TR
= 644200  Wn-lb o HITE T}
= B3.7 fhk om0 b
2. <y e .
Ao = 2D - 7 f400) 1295 in thof.
gl A.

Torsion

i Bridee  Fooline
Sign B td\c}e oliing

N
ey ‘n"f B we ks

= B3y Ak

must he

22

LOh Q';f‘c:s?*\*--f?‘! .

B £

CrOssS-

Lo c}:‘{O‘-{:. {a ESa R ixau?r:? Lo

Sfreup  owk-to —out Alimen ion

{ hen

i

IS‘()O() b Y n
:,) iﬂ"{bzg \ “‘

FJ“’("{‘B" Y e s

SAES Fsi <

b

| he cross-— Se ki v

[%GS&’{“

s
J‘)?

4 Jodde =

t at"\cﬁ [

Y
N2
“jt%’j:) e q

83 ihl

15000 Ho 2

b R o e T

4!.2"x39.1

H‘Lu

| } !.aoa{; L e
| BF Y (QW’ W )“‘

= 444

&y C—'L*i._’?g ‘!ﬂ .

0.75 103

) - (BDD‘L Nigo;%‘ %;*.LV(

MHJ

e e

2500 m‘

P‘N

Ok,




i F
f 0Dy

Sf{{}h Bh .’}dﬁ © y
o

C C\V\;l’f ](" ey

P {orgion  Shegu £

0.5 » 232

ST e
0. ‘N’{ 2% &
FLbyps

,,,,,

0. 000180 &1 "
= 0.00016p x 2657HEY

=  0.0424 ii)f)\/{h,

(hex £¢.(0-21) |

f f'//{;,g N

i‘)DD

2w 00424 WA = 000848

B NS O
CoyrPime e

;t‘ f :m) jZ\g "L e 'f ] [ER A

T 5 R PR A 4 3 i
. - — B ‘/" oL } .
A lj'h SN ou = A4 b,
,,\I E i\ 5,; 'E .
i; ‘3“" . it \‘ 1
L B0 by - 50 4).20h

{ il 60 000 ?s]

,T\ s
CONTROLS
=, O {2-4% ‘m"{/i 0

. _)(’!"'EL{;}J s

= 0,034

i
AN
1 :_?

Moo B o

Q .
\ é/y A i T §) LA )
;\P‘C el »Qn;il.n,i.f}' s ' O\J ! / h} \:? "{:’”PL- '"(x"% ‘i
S \ "‘l C) K.: '.3




Reidge Footy 5
o <

/Pt‘%'

Ct’»*\‘\;tﬂv\!(;-s» LN (.}‘.\

AA); O
The shadler o {
S chosenn = 6 (n . 4]
pe . N . i oo
> {oreion ‘Gw@rhﬂdwwdv e toece me i
4

JT&(}LX. = _
\2_ v e

A EYPA
Dot X Pa (?,L) cot™ O

dy

!\Q)B(’(bd

e

S
= 0.0178 T, TS
2“‘.‘?\(’

- 0.0lyg w2657

N2

f\",.Qn win, P Fop

e Q

= /\}35130 3 [39 =y E» .;'
66000

=  £.83 W — 5.972 i

= N T
Y Iﬂ@‘?@ 3 X jif, o ﬁ(w‘r\gﬁ‘, \(’ 6‘(,5()5 i3 E}
3

ERT

M e i'aﬂ U 8 "—‘ncn :

M‘“‘I‘)M_h\ d.l‘ahxeﬁ; g 0\{; h 9 {(3 airs
0.0 8 shignp = 0L 04

2 thy e

&

= The lagger o {

"To”mw \’iu‘*ow\p S@mm@ , /
{ (A= ag= 3 g5,

iﬁ'( &‘L‘!ﬁ. Fs - P‘ A{S‘ ]
ST 60000 pii o )2

&0 000 by

oo A N A
d { 5?‘%:;?’5"'1 é')L{?{P r! 2yve \\){\/

( /\ — 03107 . 0,057 8> o
) C';\‘) Sey o : - w{;;

‘é) f¥y

25 J)N o )‘w/ 4\ 2!;») = 0. 0[}:[‘21 “‘
fsz()()\)

Pg = 12 v,

(het s )
CACT 118, 3.7)

= COWMTROLS

Pi
/ 1t

o b5 60000
th A 6000 ["3"

Wby

(Per 1.5.¢.2)

B 6 ‘""" 0*25) ],’




Coadhrlover

O Mro’t“cxﬂ

iy P s
S‘)E}‘r\ tth@c? 6"05%‘7&23 P 7 ‘7

| owl 9 rad e og ,

Yo
\f:’ Gme "{i(.)(” f, e £ ! gx

25 (Ag Jov & of shaft) 4 Ay

l\)umbeﬂ «7;6 No . 7

2 Sm,_i‘-_ -
o 6‘{) E‘ - /‘/L‘c‘u

\j .

;
bars oo
el B0 Y £ 2

f] [4

f@vw&a) 'q’iu dined

0.8 —— 21 bang

\ ' ?
Az in. dlameter o %‘xa.é;ﬁ; _,
" Yy |
{2 2500 P

S Q
i\]C} .5 li:e(x‘{“..ﬁ

ok A

Aoy

(, LAYy oy ‘.t oy

@) 1 o cmadl o

~ 35 °% heok  Geound

4N ;3. 211 iy z% Ey & 53 AR R
) . P HE *

®

N Y ,A‘,;:.._,*_,‘_.Vu,-wuz‘fyw -2 { E\! (S tf §') 11'-\}‘—‘5)

.J_i the comdiimg - Shovon:
O Shtéi“ f @xir{:

30 P3P Sevvice wind ov
Slow

-} cc«ﬂwdk -t )2” l\o‘qzoni&\j

dl-ﬁah(e l)é'[ween (E 3[“;!\ th(l ‘1,(‘0(

o Sevvite Aing

e 23 i)s:{‘ A

e ‘;:‘.‘;!.A‘-‘

i 5

1he ¥ 20
e

7 l)&mg

(‘(
OO en




KSA Consultants
3636 N. 124th St.
Wauwatosa, WI 53222

TEL: (262) 821-1171
FAX: (262) 821-1174

COMPUTATION BY DATE

VJD 5/30/14
CHECKED BY DATE KSA PROJECT NO.
YC 5/30/14 8384B
CLIENT CLIENT PROJECT NO.
Ayres Associates, Inc./WisDOT 1071-06-78

S-32-0059,58 Shaft Embedment Length
AASHTO Sign Specification 13.6.1

Soil Type Cohesionless RISA 3D Output
Overload Factor 2.00 My= 190.34 |k-ft
Undercapacity Factor 0.70 Mz= 132.607 |k-ft
Safety Factor (Over/Under) 2.86 Vy= 1.92 |kt
Drilled Shaft Diameter, D 3.50 |[ft Vz= 10 k-ft
Cohesion, ¢ 0.00 |k/ft2
Friction Angle, ¢ 30.00 |[deg
Friction Angle, ¢ 0.52 rad
Unit Weight Soil, y (k/ft?) ‘ 0.15 |kef
45 deg= 0.79 |rad
Service M = 231.98 |[k-ft VMY + M2
Service V = 10.18 |k YWy + V7
Factored Mr = 662.80 |k-ft Safety Factor * Serv. M
Factored VF = 29.09 |k Safety Factor * Serv. V
Kp= tan’(45 + ¢/2) 3
Assumed Depth, L 10.74 10.73 ft
L3 - 2VFL/KpyD - 2MF/KpyD 0.412 -2.676 AASHTO Sign Eq. C13-7
Lreq= 10.74 ft
Lmin= 13 ft
OK

Note: Since this calculation disregards contributions from the wings, the required embedment
lengths are conservative

Minimum Embedment Per WisDOT Standard
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