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Detail Category | Threshold (ksi)
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B DR BP0 ﬁ%?%#ﬁlﬂ?l b inpa: 5558 7 (Fatigue Design of

Highway Sign, Luminaire and Traffic Signal Structure)?‘ﬂn :
%Hﬂ Dr. Sougata Roy, ATLSS Center Lehigh University

Dr. Robert J. Connor, Purdue University

Dr. Karl H. Frank, University of Texas at Austin
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Figure 2.5 Fatigue Crack at End Plate Weld Toe in Laboratory Specimen
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Figure 4. Mast Arm Fatigue Failure
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40-031topslip 60 Slip Joints—C1F37

40-031 60 Slip Joints—C2F2T1

Mark made by ring roller—top joint

Visible Weld Crack
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2. [P F%%Y‘*EI[J ( Design Criteria)
pe e R U s B (R DR e e
ﬁ[ﬁrf?*fﬂ’;l f:lﬁilfk[*” l'%L—&[ﬁHIJ[‘P“Jﬁ”T‘%zﬁ?J
F1Pn£W%%ﬁ§§ﬁ”’F? PRSP S UE . (CAFL)

S TR SR E 0[S CAFL
® RAPTE.pt I A
F[ﬁr_ﬁw)} 5] S RIZEE | VRIS | H PR
*F'JT@J 7E | I i
T [V AR I I 1T
R ) | T i
E i I I Il
® 5 uEr MEE#%#”J@T%
R
PRI A S [ 58 I et B
PR
PR = 1
N BTRING s it
[ TL'?1E| N ai=a|
][R i@ “*fgﬁ% =
S EF[|
FIRIi =B ] (Nature wind gusts )
S Hr 58 [ <] (Truck induced gusts )
AR IRy (Galloping)
I IE 52 (Vortex shedding )
® [P S E Eifel [N IE
ﬁij _g[%l FR=7 e
7?7 PR [ OEEY | FOIRREE | L EaE
Galloping \ortex Nature wind Truck induced
shedding gusts gusts
I AR 1.0 X 1.0 1.0
S A 1.0 X 1.0 1.0
ﬁh}ﬁ‘ X 1.0 1.0 X
A5 0.65 X 0.75 0.89
L 0.65 X 0.80 0.84
ﬁ:[ G X 0.65 0.72 X
MIRCEE 0.31 X 0.49 0.77
AGORET 0.30 X 0.59 0.83
lﬁq@ﬁ} X 0.30 0.44 X
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Ve=fnd/Sn Ve <20 mph

Pvs=0.613V Cd I /28

Pvs=0.00118 V' Cd Ir /23

(Pa)

(psf)

IJ Pos (2 OS5 F e ]
A AR E[ |§FF'TJ'1'——¢\ Ho Tt [F[J;_[/ i #jag,ﬁ

g ’Hi;'?nff I%E:[ i —
DVE Tl }]ﬁg}iju
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ﬁ'?-[,_[/f—;* [BAENEE ﬁ%lﬁiy

AAIGHEE R £ (ZHINEEE > Vmean > 11.2mph V3 =.019% )
Pw=5.2Cd I¢ (psf) Eq (11-5)

PNW:250 Cd Ir (Pa)
B p;l [Plj’;[é‘j —Lffrl jﬁ%}ﬁ

I%W?‘P»I[ﬂ DR 8 —zmi?ﬂﬁ‘fr'lJﬂfﬁ"Jf‘%?%?‘ﬁ

® HIFELE —

e 2 = R [ i< B

12 NP Y = ] R R T Ve

R A Ee e )

Prx=18.8 Cd Ir (psf) Eq (11-8)

PTG=900Cd IF (Pa)

SRS [ i
ISR [ i
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Galloping * Truck induced gusts fif E1 {5 ™ foI %
AT {2 1| 200mm ELE(REERE )

FI\ l*%ﬁzﬂ/é

v Lg Signals:
' il Vertical Projected
AL b | 1 Ayt
1 L3 "]
e o | i Horizontal Projected
I w® A B Area (Aggy=1 fi2
o tef Tof ) Importance:
Signabl  Signal2  Signadl3  Capegory Il
N Columns 1 e e Mast A
ol Column Iength L1°22 ft2505 0 ength to Sighal 1 L;=25
Length to mast-arm L. .+ Length to Signal 2 L,=37 ft
Diameter'at base d,=13 i “.:Length to Signal 1 g
Diameter at tip di=1 : Diameter at base d,
ERR Thickne 2391 .Diameterat tlp d
r | L : : hlckness 1—0 23,
-f@ I’EHIGH A‘:v‘i:;cu:‘l T.d:no«o,;y for Large Siructwal Sysiems Center
fidhss T Ovarsity

Example (2)

Galloping Natural Wind Gusts

Fatigue Importance Factor Fatigue Importance Factor

fe=0.65 (Table 11-1) /z=0.80 (Table 11-1)

Vertical Shear Pressure Equivalent Static Natural Wind Gust
Py =21/-=13.65 psf (Eq. 11-1) Pressure

Pnw = 5.2 /- C,;=4.16 C, (Eq. 11-5)
Vertical Shear t.oad i
=Py (Agy)y =122.85 Ibs Drag Coefficient
-Applied at each signal. Cy=1.2 for traffic signals (Table 3-6)
C,=1.1 for cylindrical members (Table 3-6)

Vortex Shedding

As per Section 11.7.2 commentary, vortex
shedding effects negligible for tapered sign
and signal supports.

IN

F’I..\{‘{IQ H (ﬁ e gz;.‘cg‘;::xlm for Large Structural Systems Cenler

Example (3)

Natural Wind Gusts Truck-Induced Gusts

Column Equivalent Static Load Fatigue Importance Factor

(Fa)eor = Praw (L dave) = 96.48 Ibs /= 0.84 (Table 11-1)

Mast Arm Equivalent Static Load Equivalent Static Truck Gust Pressure
(F&)arm = Paw (Ls ave) = 135.47 ibs Pyq =188 /[ Cy= 15.79 C, (Eq. 11-6)
Signal Equivalent Static Load Mast Arm Equivalent Static Load
(Fo)sig = Paw (Asighy= 44.93 lbs -Applied to 12 ft length at end of arm

yo = 4.8in = 0.4 ft
(Fra)em = Prg (12 dgy) = 83.37 Ibs

Signal Equivalent Static Load
(F TG)slg = PYG (Aslg)v= 18.95 Ibs

LEHIGH e




Example (4)

Galloping Moment Truck-Induced Gust Moment

Mg=Fg(la+Ls+Ls) = 163.6 kip-in Pressure applied over the last 12 ft of the
arm, (Fyglam centered at (Ls - 6)

Natural Wind Gust Moment (Mz)vo = (Fra)am (Ls - 6) + n
(Fra)sig (La + Ls) = 62.6 kip-in
(Mnw = (Fa)eot (Ls /2) + (Fglam Lo +
3(Fa)sig Lz = 71.1 Kip-in X X )
Controlling Case: Galloping Moment

Note: Assumed that column gust load acts at mid-

height of column, M = 163.6 kip-in
(Mpw = (Federm (Ls / 2) + (Fo)sig (Ls + Ly +
Ls) = 99.7 kip-in
@ IF I_,I IGH f::';‘ﬂ'f'...::fﬁ:;"“”" {or Large Structural Systems Center
Stress Range Calculations - 4
....... !
feor = 195.18 int e
" L i -
(Sodeot = Mg €/ leqy = 5.4 ksi e s eld
Determine Category from Table 11-2 /28 S i 7d|
Detail 16: Fillet-welded tube-to-transverse \,.,., Bl Witd
plate connection e 16)
Stress Category E'
_ ; Redesigns:
CAFL =2.6 ksi (Table 11-3) 1) Column increased to 19 in diameter.
2) Full-penetration weid, 15 in diameter.
{Sidea > CAFL NO GOOD! 3) Full-penetration weld, 5/16 in thickness.
I :‘Eﬁ:!ig I'_g '& e ﬁxcm _1;::‘:-;1:;" for Large Structural Systems Center

Example (6)

Stress Range Calculations

Lo = 101.49 i
Fillct Weid —/

(Sedarm = Mg €/ Ly = 8.5 ksi ety
Determine Category from Table 11-2 3
A \— Falle: Weld
Detail 16: Fillet-welded tube-to-transverse (D 16)
plate connection
Stress Category E’
_ . Redesigns:
CAFL = 2.6 ksi (Table 11-3) 1) Arm increased to 19 in diameter.
2) Full-penetration weld, 15 in diameter.

(Sr)ews > CAFL NO GOODI 3) Full-penetration weld, 5/16 in thickness.

I_:EI.’IJIGH' 'ﬁ ” ad‘:.‘m M’::::;ﬂoy for Large Structural Systems Center
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NCHRP project 10-70

Texas Pooled Fund Study

University of Minnesota

University of Wyoming

NCHRP project 10-70

(] ‘L—FJ g*nj P | [EEI'S‘UISI‘
AR
2. Connection L‘/;'iE'IﬁIT

o — jbilEs

B S R R
‘“ﬁwﬂﬁm@‘%@%—4%ﬁﬁﬂt

L 758 SUHOR

(L 1 B —— S 2387

(2)sgE V7t

() AT A —— % ZUeF - Bilfe™¥ (Groove weld) <

(AYESR) 0 S S~ SRR L

° fg*ffﬁ*%ﬁ%}ff’?;[f Connection
*ﬁﬂ"?’”ﬁ”" L&l 5 S

S SR BT T AR (2in) > JRIEEY S R b RS

® LT BT
a7 2 B0
S DR SR
Pring & f@ﬁ

3. GROOVE &

© B TISEY TR R

® iR —REE D 2in 1L
@%ﬁ?g&wgﬁw——wﬁﬁﬁyuﬁﬁTﬁﬁ

U e WAt =R R e (55 :gf FHE)
%}I%Lﬁ&?’*“ﬂa%ﬁﬁfga FF#W@H’%[E’[ ( H }-EH’;?{’V“‘@F.:
R RRo U SRR

ﬁ@@%ﬁ%ﬁf« VYR RSRTENE DR HINTE
GROOVE 4 B i 7931 %

7J[[}EI§I%LT7LE%TFBIE‘ /\7 WFE! (E l:l:# )—El

GROOVE 5§ [E8Ed i — R A4S (8 di"?a"l Tk My

S iRt Y GROOVE M54 ' #[it i %7% CAFL .V D % (Tksi)
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° E@}%ﬁjﬁ@%connecﬁen =

<o [P R R

o

. ﬁgjﬁﬁ*ﬁﬁfﬁﬁ ffij)[*’?:_lf Connection

® LA VRIS SR

® Connection ./ J[i5p

g JETV;? PR T A IS [

ISP RV ETRERLY 1.25 Fft', Fife

[IE JETV;? FOHIEE I E] P S5 CAFL VD Ak (7ksi)
5. Connection JViZp3 I3

® L% ring stiffener

Ring Stiffened Connection

No fatigue crack found It

_@ LEHIGH ::;mdm::;ym o LacgsSiucirs Systams Center

® i HY Guesset Plate
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6. HHE)= LAY

® I gy

P~ S AR S
1. HgEPRE Ay

Typical Socket Connection
Fillet Welded Connection

2. FyE ¥ Socket Connection [t .ﬁﬁ[%ewpg

Socket with External Collar
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3. [Ef=%3L (stool) Connection
Stool Connection

4. 2B

Full Penetration Weld Details

Texas Wyoming

5. ZBEEEBITH ﬁFJFg*‘/PJ? ERELN]
Full Penetration With External
Collar/Ground Sleeve




6. ”Flr’z;k?“lg_[j%’ Socket Connection : %A5'Fl VS P 5778 SRERAS I
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9. EeHTEEMGIREE VS AP 5% FhER U

Bending of Base Plate and Mast Wall

s

Y
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12, 8 O S ]

External Collar Details

Socket External Collar

Smaller Hole

External Collar Details

Wyoming External Collar

External Collar Details

Texas External Collar

30



13. Gt S IR A — RAY R L

External Collar Details - Fracture

Failure at base weld toe: Socket EC, Texas EC

O e D e

External Collar Details - Fracture

Stiff Connection

Wyoming External Collar

15. S0 FASSH BT SRR

Typical Weld Toe Fatigue Crack

Base Plate
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16. 91 GRSV ——2 35 BT i 24 Socket

17. Rt S SRRl PRy AR 1 F

Connection Detail %%ﬂiiﬁ[ | AR | 2R TEAH | e [T
(in) (in) | BAdr | (x10) CEE=r
g‘fﬂf ?“igf_l}%’ 24 2.5 2 0.36 0.18 X
Socket 2 2 1.64 1.18 X
3 4 0.45 6.90 E’
F’ﬁ?r 8 5.25 6.45 E’
23%5 24 2 1 2.31 0.00 X
Full Penetration 3 6 11.31 6.25 E
32.625 3 6 5.23 2.89 E’
13 3.75 E’
JHEENsy External 24 3 5 19.65 12.75 E
Co{Iar
= A kT Full 24 5 5 68.56 9.65 C
Penetration External
Collar
#3 Stool 24 2 8 24.12 10.01 D
Total 35
» R AR L ey
S U
ARkl Eﬁ‘ﬁ‘ﬁl 2| SR | B TIS A | ARYEE Ty
Connection Detail (in) (in) A (x10%) i 577
g?sz ?“igi_l}% 10 1 3 5.85 3.86 E’
Socket 15 11 4.68 3.72 E’
1.75 12 9.1 411 X
2 12 14.59 23.72 E’
3 2 10.10 5.09 E’
12 2 3 1.35 0.15 X
F’ﬁ?ﬁ 43 8.98 15.40 E’
By i '8 2 2 110.84 10.62 C
Full Penetration 10 1 8 26.10 1.7214.93 D
15 2 12.86 29.88 E
2 5 95.15 95.18 C
3 12 118.09 7.13 C
12 2 2 56.43 3.55 C
3 2 42.94 0.00 D




ERe ] 13 2 1 7.85 72.50 E’
Full Penetration FIEJF 34 72.50 C
2% (MELET) 10 3 3 44.26 25.37 C
Full Penetration (peened)

I EE ISy External 8 2 2 34.00 5.79 D
CoJIar 10 15 2 55.68 22.43 C
1.75 5 57.64 24.35 C
2 8 93.91 64.13 C
12 2 4 21.72 4.68 E
Cier 21 62.17 49.06 C

Total ' 91
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