S=2|2135t5] =23 263 62 (SH A|1505)

ISSN 1226-525X / elSSN 2234-1099
EESK J Earthaquake Eng Vol. 26 No. 6, 219-226
https://doi.org/10.5000/EESK.2022.26.6.219

ok 9l bl wEAEERY] (AT BA

Investigation of Seismic Responses of Single- and Bi-Directional Traffic

Light Poles

LAY - MY - 2BV - LB

Kim, Taehyeon"” - Hong, Sanghyun? - Oh, Jongwon® : Roh, Hwasung**

"ME St E2Fet SALRY, YOI ALI0[IM(F) HTHLHERN HTEY RHIZM ESARE B (MRS E2Z6tn U YHATME ng

"Ph.D, Student, Department of Civil Engineering, Jeonbuk National University, ?Senior Researcher, R&D Department, SD E&C Co. Ltd.,
3)Department Head, Civil Engineering Division, Lotte E&C, ‘”Professor, Department of Civil Engineering and Research Institute for Disaster

Prevention, Jeonbuk National University

/| ABSTRACT /

The seismic responses of traffic light poles are investigated using a finite element analysis. Among the traffic light poles, single- and
bi-directional traffic light poles are considered since such poles are frequently installed on vehicle roads. For a more detailed investigation,
three different lengths of the mast arm are considered for each directional pole. For a time-history analysis, six actual and two artificial
earthquakes are considered and applied to each direction of the poles (x and y) to investigate which direction input provides more
significant responses due to the unsymmetrical structural shape. Herein, the x and y directions are respectively parallel and perpendicular
based on the single mast pole case. From the analysis results, the average maximum displacement response is developed with the
x-direction input case for both types of light poles. Also, the bi-directional traffic light poles show a 13% larger response than the
single-directional traffic light poles. Even though the y-direction input case produces a smaller response, the response difference between
the single- and bi-directional light poles considerably increases by about 60%. The average maximum acceleration responses are almost

similar for both types of light poles.

Key words: Traffic light poles, Time-history analysis, Seismic responses, Finite element model
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Table 1. Analysis cases for traffic light pole types

Length |No. of mast Support (mm)
Case of arm arm
(m) (EA) Height | Diameter | Thickness
Case A-5 5 216.3 5.8
Case A-9 9 1 8,000 267.4 6.6
Case A-11 11 3185 6.9
Case B-5 5 216.3 5.8
Case B-9 9 2 8,000 267.4 6.6
Case B-11 11 3185 6.9

Table 2. Geometric conditions of mast arm

Length of Arm (m) | D, (mm) | D, (mm) | Thickness (mm)
5 180 90 32
9 220 110 32
11 220 110 45
Mast Arm
Support
Z-axis ™~
X-axis
Y-axis Base Plate +—

y' 4
(a) CaseA - Single-direcitonal traffic light pole
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Fig. 1. Finite element model of traffic light poles

220



50 12
_ —H— CaseA-5 —a— CaseA-11 —H8— CaseA-5 —a— CaseA-11
40 —6— CaseA-9 — —6— CaseA-9
= = 8 —
c j
Kl il
© ©
(0] ©
Q (0]
14 x
[0} [0]
(72} (2]
© ©
m m

0 0.2 0.4 0.6 0.8 1 0 0.4 0.8 1.2 1.6 2
Displacement (m) Displacement (m)
(a) Loc_A (X-direction) (b) Loc_B (Z-direction)

Fig. 2. Base reaction-displacement curve

Table 3. Natural frequency and mass participation factor of each mode in CaseA

CaseA-5 CaseA-9 CaseA-11
Mode a (%) a (%) a (%)

Frequency (Hz) X-Dir. Y-Dir. Frequency (Hz) X-Dir. Y-Dir. Frequency (Hz) X-Dir. Y-Dir.
1 2.30 69.00 0.00 1.89 0.00 38.37 1.50 0.00 26.93
2 2.37 69.00 79.06 1.99 24.29 38.37 1.57 573 26.93
3 4.93 69.00 81.03 3.59 24.29 81.97 3.76 78.08 26.93
4 7.14 84.78 81.03 4.08 81.87 81.97 3.85 78.08 82.61
5 20.15 84.78 94.23 11.69 81.87 82.01 8.08 78.08 83.38
6 20.69 93.38 94.23 13.07 86.91 82.01 8.82 85.09 83.38
7 - - - 24.63 86.91 94.95 19.95 85.09 83.38
8 - - - 25.65 93.78 94.95 21.11 88.56 83.38
9 - - - - - - 29.74 88.56 95.40
10 - - - - - - 31.79 94.68 95.40

o : Cummulative mass participation rate

Table 4. Natural frequency and mass participation factor of each mode in CaseB

CaseB-5 CaseB-9 CaseB-11
Mode a (%) o (%) a (%)

Frequency (Hz) X-Dir. Y-Dir. Frequency (Hz) X-Dir. Y-Dir. Frequency (Hz) X-Dir. Y-Dir.
1 1.86 43.73 32.15 1.54 20.19 18.72 127 13.50 11.70
2 1.91 76.64 75.85 1.80 41.18 42.46 1.50 21.12 21.58
3 3.60 77.28 76.02 2.06 4458 4575 1.58 22.43 21.88
4 6.73 78.73 83.86 2.90 49.71 51.98 1.89 28.06 28.13
5 7.06 87.43 86.03 3.77 59.95 81.16 3.32 28.53 84.90
6 7.90 88.40 86.79 3.92 86.78 86.65 3.38 84.72 85.17
7 20.60 94.89 86.85 10.57 86.82 86.66 713 84.81 85.17
8 20.79 94.96 93.00 12.68 86.86 89.84 8.63 85.55 87.95
9 - - - 13.10 90.35 89.92 8.82 88.93 91.69
10 - - - 14.34 90.47 90.05 9.47 90.50 91.70

« : Cummulative mass participation rate
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Table 5. List of earthquake

Earthquake Earthquake Magnitude PGA (9) A“é':;j;?odnr?;) Rettz;r;:;:‘nod

EQO1 El centro, 1940 6.9 0.31 0.80 500

EQ02 Gilroy, 1989 7.0 0.37 1.44 500

EQ03 Northridege, 1994 6.7 0.81 277 2500

EQ04 Tabas, 1974 74 0.73 247 2500

EQ05 Morgan Hill, 1984 6.2 0.23 0.68 100

EQ06 Cholame 8W, 1966 6.1 0.23 0.71 100

EQO7 Artificial Earthquake_S2 - 0.19 0.50 -

EQO8 Avrtificial Earthquake_S5 - 0.17 0.46 -
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Acceleration (g)
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Fig. 3. Acceleration response spectrum of ground motion
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Table 6. Maximum principal stress of 5 m length of arm

Loc_C (MPa) Loc_D (MPa)
€8x, | Y—dir. D”(f:t;‘zgce X—dir. | Y=dir. Dif(f:t')zgce
EQo1| 69 | 53 16 2 | 24 8
EQu2| 56 | 43 13 40 | 24 16
EQu3| 210 | 223 | 13 55 | 62 7
EQo4| 83 | 102 | 19 51 | 30 21
Ca_zeA EQos | 37 | 32 5 20 | 24 5
EQU6 | 37 | 32 5 25 | 24 1
EQU7 | 46 | 52 6 28 | 24 4
EQos | 47 | 48 1 25 | 24 1
Avg. | 737|731 | 98 |36 |205| 79
EQo1| 131 | 108 | 23 3% | 40
EQo2 | 103 | 101 2 46 | 42 4
EQo3 | 217 | 211 6 60 | 50 10
EQo4 | 151 | 159 8 53 | 50 3
Co%e8 eaos | a7 | 38 1 2% | 30 4
EQU6 | 40 | 39 1 27 | 2 1
EQu7 | 56 | 54 2 27 | 2 1
EQu8| 69 | 62 7 % | 27 1
Avg. [1005| 965 | 63 | 376|364 | 35

Table 7. Maximum principal stress of 11 m length of arm

Loc_C (MPa) Loc_D (MPa)
e x| Y—dir. D'f(f:t::’)ce X—dir.|Y~dir. D'f(f:ézf’)ce

EQ01 | 56 | 54 2 104 | 109 5

EQO2 | 608 | 49 | 118 | 104 | 104 0

EQ03 | 105 | 73 32 | 154 | 13| 19

EQo4| 170 | 135 | 35 | 160 | 118 | 42
C‘:sz EQO5 | 508 | 37 | 138 | 104 | 109

EQo6 | 51 | 38 13 | 104 | 108

EQo7 | 48 | 42 6 105 | 107

EQo8 | 51 | 37 14| 103 | 108

Avg. | 741 | 581 | 160 [117.3[1123] 103

EQo1| 84 | 83 1 104 | 107

EQo2 | 101 | o7 4 103 | 109

EQo3| 170 | 160 | 10 | 185 | 132 | 53

EQ04 |1755| 145 | 305 | 173 | 150 | 23
Cisz EQ05 | 61 | 61 0 103 | 107

EQO6 | 58 | 57 1 103 | 109

EQ07 | 67 | 63 4 104 | 107 3

EQo8 | 58 | 67 9 103 | 108

Avg. | 968 | 916 | 74 [1223[1161] 129
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