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Strength Steel Bridge Piers
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Abstract

The objective of this research is to study the behavior of local
strain in steel bridge piers under earthquake conditions. This
research focuses on the analysis of major earthquakes in Japan
and Thailand by comparing the performance of steel bridge piers
made of normal strength steel and high-strength steel. It was
found that steel bridge piers suffered from low-cycle fatigue

damage in the large plastic region. The severity of such damage

was assessed by using the Finite Element Method (FEM) with the
concept of Effective Notch Strain introduced by the International
Institute of Welding (IIW). The result indicates that earthquake
waves result in higher local strain, strain rate, and plastic strain
energy in steel bridge piers made of high-strength steel than steel
bridge piers made of normal strength steel. In addition, high-
strength steel has a smaller yielding area compared to normal
strength steel. Therefore, the yielding energy per area index
should be considered to confirm the mode of failure of high-

strength steel bridge piers.

Keywords: low-cycle fatigue, steel bridge pier, earthquake, high-

strength steel, local strain
1. uni (Introduction)

1.1 (Background)
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1.3 Uszifinussveusiuguln (Farthquake acceleration

histories)
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Yield Density | Elastic
Steel | Stress Qinf X oo of Steel |Modulus Poisson’
type (@y) b Gamma (p) (3] s Ratio
MPa | MPa MPa X (t/m®) | (GPa)
SMa90 | 304 143 | 4| 233 33 7.85 200 0.3
SBHS500| 452 143 41 190 36 7.85 200 0.3

= a o o
M3 2 INYALLBYAIEINADUNIAN

Density of Concrete ( p ) Elastic Modulus (E)

(GPa)

Poisson's Ratio

(t/m?)

7.85 23.15 0.3

2. M5ATIEH (Analysis)

2.1 TupeumITIATISINgAnsTuYeuameNaae W (Procedure for

inspecting bridge pier behavior)
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2.2 JumpunsinTIzviUatgsesidou (Analysis flow of weld toe)
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(Finite Element Method - FEM)

2.2.1 wyyudiasaameseaswiu (Global model)
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2.2.2 Wyuiiaesyl (Corner model)
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2.2.3 yuudiaeslaresesiies (Weld toe model)
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b) Corner model
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c) Weld toe model

Effective notch shape
with notches of
radius 1 mm.

d) Auugihvesaatunsideusyrinalseine (Iw)

Ui 4 Analysis Flow

U

2.3 mImmuaaInsiuATIes (Analytical configurations)
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157199 3 NMIANUAAINITIASIEH

Earthquake
No. Pier Steel Type
Acceleration Histories
1 Typical bridge pier SM490
Kobe wave
2 Typical bridge pier SBHS500
3 Typical bridge pier SM490
Kobe wave 50%
4 Typical bridge pier SBHS500
5 Typical bridge pier SM490
Kobe wave 25%
6 Typical bridge pier SBHS500
7 Typical bridge pier SM490
Kobe wave 10%
8 Typical bridge pier SBHS500
9 Typical bridge pier SM490
Chiang Rai wave
10 Typical bridge pier SBHS500

3. WANT5IATIZH (Analytical results)

3.1 HANITAATILINGANTSUYNFINDLBFYWIU (Results of bridge

pier behavior analysis)
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3.1.1 Useifinsimaeusa (Displacement history)
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3.1.2 MAuAsendanaIadin (Plastic strain)
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0

e o : the stress
ep - the plastic strain

AWp : the plastic strain energy density

3.1.3 wawuAATeaazau (Plastic strain energy density)
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3.2 nanyiaTIzivalgsesiion (Results of weld toe analysis)

3.2.1 UszIfnisindeuda (Displacement history)
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3.2.2 yu1AveIRINIATALTIWa1a0 0 (Plastic strain
magnitudes)
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2 2
(Agp,X_Aep,y) +(A8p,y_A8p,Zj +

§ = |2
P49 2 3 2 9 2
(Agp,Z _Agp,X) +§(Ayp,xy +Ayp’ vz +Ayp, ZX)
2)
dle Aep : the normal plastic strain range
Ayp : the shear plastic strain range
X,¥,Z :X v,z directions, respectively
AEp : the equivalent plastic strain range
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3.2.3 UszIRonsImIuA3en (Strain rate histories)
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3.24 Effective notch strain range

lunisfnwinsed 1ddnrsasiuvutiasdlaedeniuuuiin
Effective Notch Strain lagl9'saidu195§711uv89 Effective Notch
Strain v uauelng International Institute of Welding (IW) iio
A1a4 Equivalent total strain range S9iANTieuiy Effective
notch strain range ﬁyz/ssnauw’"mmmm?amwuﬁ“ugu (Elastic
strain) UazAILASALTINAIGAN (Plastic strain) A2uauusT
uansluaunis (4) d1usenouveInIuATenUUUANT Uiay
AIsASEFanaradniisigasisenluaunis (5) uax (2) lagsums
Miaonarrvge vl udusumiageasunnauasendonaiain

(Plastic strain magnitudes)

_ Ao _
Aseﬁ =Agt = ?+A£p
(@)

he Aeeﬁ : the effective notch strain range
Agt : the equivalent total strain range
Ao : the equivalent stress range
AEp : the equivalent plastic strain range

1 (AO’X —AO'y)z +(A0'y —Ao'z)z

Ac =
2|4 (Aoz - Aax)z + 6(AT)2(y + A‘r?,z + Ar%x)
(5)
MR} Ao : the normal stress range
At : the shear stress range
X,¥,Z :X, Y,z directions, respectively

Ao : the equivalent stress range

nan1sieszsinelAifiunnsnssaneues Effective notch strain
Tusgyinauniuiulm Fauansl$luguil 17 wag 18 sUmaniuans
ANMUENWUGIEMINNTTNTEBUBY Effective notch strain Lagduau
souluszninsuauiulnin153iAsesi Effective notch strain range
geanluiamesioazmumanaeldimgnisalusiufulmduansisiu

weliiiunisnouauefiunnassznianiniidsgawazininids

Und Tuszndnsunudulngi suuse wu Inw imdnmdsgefigag

STR-43-8



Ll

N15UsEYNIVINTIANTIUTYS KA A

Sufi 28-30 wowAAY 2568 9.UszaUATIUS

¥
¥ o

3971 30  The 30t National Convention on Civil Engineering

1

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

0.8 T T

=)

o
:

Effective notch strain range
=)
'y

I

i

[— SBHS500|
|— SM490

sttt nmnsnsmesses e

=

M

iy

0 4 60 80 100 120 140
Number of cycles
U 17 n3nseane Effective notch strain range vaanaesioazwunelfinduusufiulwln
g 0.02 T ) N
g — SBHS500
o i —= SM490
= 0.015 = =
g
7
S 001+ |
e
L
.2 0.005 - &
1111
g | | | HRRRRRARERR AR RRENERER NS
5 10 15 20 25 30 35 40 45

Number of cycles

3UA1 18 n13nsean Effective notch strain range Yadanatodznuneldniuwiuiulnidese

ANsLATEABYsEMING 60% A9 80% luvairiimdnirdsuniaziide
ANsAIEARNIBET 209% 81 40% laevialy Effective notch strain
range voamaniaessuaniuualiuanacnielugas 20% v 0%
melfusuiulmimant wardmsuuiudulnidesedadanuguuss

o @ <

fpeni effective notch strain range suaW'Famﬁﬂmaqqa Laglvia

fdsnfogiiuszanas 1% Lﬂﬁﬁumﬁmﬁﬁ&lﬁﬁﬁﬁﬁuiwmﬁﬂﬁwé’aqqﬁ
Effective notch strain range 8¢ a7l g9n31mdnmdsuniegadl
toddgiienouaussiaurudulmiiguuss egrdlsfinig dmiu
wsiufulmiisuuseliosndn Effective notch strain range s¥1i1aiman

o @ I3 o @ a a Y a [}
Madsgawarmanindsunfvglenulndifssiu
4. unajd (Conclusion)
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