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ABSTRACT
TITLE : DYNAMIC RESPONSES OF CURVE SEGMENTAL BOX
GIRDERRAILWAY BRIDGES
BY : SOMBUT SANLEART
DEGREE : MASTER OF ENGINEERING
MAJOR : CIVIL ENGINEERING
CHAIR : ASSOC. PROF. KITTISAK KUNTIYAWICHALI, Ph.D.

KEYWORDS : SEGMENTAL BOX GIRDER / RAILWAY BRIDGE / DYNAMIC
RESPONSES / CURVATURE EFFECT

This thesis presents the radius effect of curvature on dynamic responses of segmental
box girder railway bridge under passing train. The dynamic responses were evaluated in terms of
displacement and acceleration responses. The dynamic behavior was also compared with that of
the straight bridge. Moreover the parameters effecting dynamic responses of the bridge including
number of bridge span, number of train bogie, train velocity and traffic directions were studied.
From the natural frequency analysis, it expresses that the curved bridge has lower natural
frequency than the straight bridge due to the stiffness reduction in the vertical direction. Increasing

in bridge span causes the reduction of natural frequency. For dynamic response of the curved

bridge subjected to 1 passing train and 2 passing trains, the maximum vertical displacement was
found for the small radius due to the stiffness reduction of the bridge. The maximum vertical
acceleration was found for the cases of straight and curved bridge with large radius. The
maximum responses of the bridge for both cases were found when the train velocity was closed to
the critical speed of the train. The radius of the bridge has no significant effect of the maximum
vertical acceleration. When the length of the train was less than the bridge span, the maximum
vertical response increased approximately 20%. In contrast, the length of the train has no effect on

both vertical and horizontal acceleration responses.
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MNN 2.8 MINADUAIA
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mi + cx + kx = F(t) 2.3)
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2.4.2 HaNMINIaBINISIAABUNNYY Multi-Force Model
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243 MIsrasamsinasuiiuyy Vehicle-Bridge Interaction Model
o 4 4 = awv o da 1 [y
A1ssasImsndoud lasnmsnnsanmsiUfdunusoussnnedzwiuny
. . . g ° ia
500 (Vehicle-Bridge Interaction) v&iiun1ss1anafiinisanianlavessalvnanssnuves
sTUUNUALINOU (Suspension) AIETLAIONAIY (Energy Dissipation) A1 lgsiuausves
. : i o
52UVS N (rregular Elevations) lagaunismsindounazll 2 ya auaisusnezitluvesazmiy
. 4 3 i 4 , 2
(Bridge Element) arunisfaasazitluvasuiase llindou (Moving Mass) Lagnagosauns

sieusenu laous adule (Contact Force) (Yang, Yau and Wu, 2004)
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a ° 4 a Lty ¥
NN 2.18 NIT910991LUY Sprung mass model LHOWIITUUWYI 1 09

~ ' y ° a ¥ g ' -
NNIAN 2.18 WLZABIVINITUENAITUT IAsIasvoonilu 2 aaufe
s Iuazdivvesazniu aaaaslunini 2.19

6

H ° a 14
ﬂ'l‘ﬂﬁ 2.19 LUUNAINNAUATITATVDY Sprung mass model

¥ L
amsuddymaunsvesisaesseuy Tnoudaumsvesuinse IWneu (Sprung
1 4
Mass Equation) #td2891sanludiuvesazwiuasil

TUNITUDN Sprung Mass Equation

|:mw O}{Zl}_l_ ¢ —CG Z] + kv —kv Z _ p+f;

= 2.11
0 M Z, —Cv cv 2.'2 —kv k 22 O ( )

v

fc=kB(<Nc>{ub}+rc—z])ZO (2.12)
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o m,, A lump mass ¥93yAdD
M, 1o lump mass ﬂaﬂuﬁm'lﬂ
¢, Ao dulszantammiznesluisew
Z 9 nodal displacement
p 0 total weight ﬂﬂﬂ‘ljﬂﬁ‘ﬂﬁuiuﬁifﬂﬂ =(M,+m,)g
f, A® contact force fifetusznsdefuazmi
N c f0 cubic Hermitian interpolation functions
kp 719 Ballast stiffness

= . . . . .
r. 9 elevation of rail irregularity at contact point

2 d . o
Faaun1sh 2.14 uag 2.15 ansoliouliegluagilves equation of motion

WS WAV sprung mass 1AAIAUNTTN 2.17

TUMIUDITIHWIU
[y J{din } +[ep {p } + R J{n } = {5} = {N} £ (2.13)
Je=-ptmyi + M7 (2.14)

r o a a oo o
st lsAaudimannuugussvesslianieoniomisalidnyuzh
= ° [ o L4 a ° v o o o
Sou Mmitludesmiisdannd , Tuaumsi 2.2 ilda £, Tanievasdroildnainlden
a o a [ . o = o
11535151 1AYR91581 sprung mass 1 moving load 1iA11nARYaA NN (Yang, Yau and Wy,

2001)

25 msmﬁauﬁvhua:muiﬁa (Curved Beams subjected to moving loads)

TaotlnantesaTrezalsznouldaemaenss 92anldou 18 924183 desa TW3 e
azmuTﬁ'aﬁﬂﬁ'tﬁﬂusﬂuumimn?auswﬁgmtﬁﬁﬂﬁu (Centrifugal Force) Fasluusafi
ﬂszmﬁﬁﬁmaaaﬂﬂmﬁ;ﬂgrutfﬂaNﬂmmwiﬁmazwawwﬁﬂﬁ'sn'lwmf'ﬁ (Overturn) 113
uﬁﬂmﬁuﬁaaaNaﬂizwummmﬁaﬂdnﬂxﬁﬂmmwﬂszﬁusNﬁ'muaﬂﬁu AIHITUINS
sonuuueziinisasiudangianssudrunamani lnoiidlmuiondn 2 fee fie dwnany

Y o o 2
lasany uazﬁmﬂmmwmwmj (Running Safety and Ride Comfort of Railway Vehicle) 4
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[ a s 2 4 4 a [y =
L‘].I‘LIﬂ'ﬁﬂﬂﬂu‘ﬂ‘lJWi]ﬂﬂiillﬁ"]uWﬁﬁ']ﬁﬂi "‘lf\iﬂ']Wﬁ 2.20 UAAIHAVRIANNLIIINGANUNITHGN

73199950 W (Pombo and Desprets, 2009)

Bogie and Carbody Stability

0% of critical
damping

4 5% of
,/  cntical damping

-~
-

Critical speed —
\
/
/
/
]

stable area

Equivalent conicty ~———

Bogie hunting

AN 2.20 AnuEInganumsnanavessaly
2.5.1 MINVIIVNBLAUVVITUYIN (Track Geometry)

] 14
1‘14ﬂ1588ﬂLL1J1J5$'1J‘1J5Ni]ﬁ.lﬂ'liﬂi]'lim'lﬁﬂﬂﬂvlﬂu

2.5.1.1 msaemmummﬂi’nsn (Track gauge)

track gauge

/ top of rail (tor)

—_ » track plane

MNA 2.21 VUIAYOITNAWYIATFIUAD 1435 mm
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2.5.1.2 N1IPOAUBLMILNIAY (Track cant)

v J (Y v g; S = '
Track cant, h, ﬁﬂﬂWﬂ’ﬂUﬂNiSﬂ‘UiSﬂ'ﬂ\ﬁN‘VN 2 919 (15uNDNBYIY

4 . e o P . 4 o X 4
111971 Superelevation) AIMHN 2.22 Fa3 PiNorarronnusslunuinuienadvens e
& ¥ ¥

@2 laam1aen

/ 2bo

outer rail —=
track plane

inner rail
horizontal plane ¢,

ﬂ' sy [ 1
NN 2.22 IHNITIAANT cant

h

t
2.15)
2b

0

¢, = asin
e 2b,=1.500 m #1115V standard track gauge
2.5.1.3 N1399NUUNIFIA931Y (Horizontal curve)

1] % ’ o~ é
anwalumsesnuuuIfssuie asalinaulfe (R) Feauso
uaaslalugivesnduIas (Curvature, k=1/R) Aauaaslunmi 2.23

v outer rail

track centre line

inner rait . .
4 8 = coordinate of
distance

curve radius
R(s) = R = constant

mwﬁ 2.23 Horizontal curve



27

2.52 MINVIIVNBOAUVVAIUAINII (Acceleration on Car body)

~

dosa I azwiuIdahidinan nuE sluuuasuvs eaus aniiau

ud
Aavy (Centrifugal Acceleration, Ac) mmts'q‘?iLﬁmJ1%1nusﬂuumsmﬂ?ausmﬂqutT
(Centrifugal Force) lun1sesnuuagiimsfinsanmsonseausisdinuentumndn vliina
msaﬂmmus'eﬁxﬁﬂnmmusﬂuumsmn‘%auswﬁg{utﬂﬁ' A159BNULUILINITNIITUIA
ATFALYUNI DAAN IS (The Non-Compensated Acceleration, NCA) (Pombo and Desprets,

2009)

NCA= 4, -4, (2.16)

A4, #o anuissiidannnuseluiuasy
4, Fi0 anusfiAaueausa g asvesTan
Taor Nca suiludvendrugaunmnisdudiie Lildinanansznusy
Flavmsimiduimsso W Tasfimsdmuadt Nca Tudasoogii 1 ms’
253 maninsaneenuuuusFuadelunn udsusdhunnfe (Y/Q Ratio)
usaduiasennadonduseesiizugene U5 N1 (Longitudinal) useluy
HIILAIRIAAYI (Y) usaluuuane Q) msfiosans v/Q sefludauendudunany
Yavasvazvenuud 1un1sTlus1euesde n1sansis mswdnnivesso W iwunisiisoTuidh
malfalaelisilaennu513ng (Critical Speed) (Pombo and Desprets, 2009)
T lliennulasass i1 Y/Q vzimualviogluse 0.8-1.2 oR1
asantvean1sAusn Tagaasg1uezd1999De UIC 776-2
254 muadeuismuazmuldauy (Single Moving Load)
NIANVIIANUANIE Vertical Moving Load
msAnuinsduvesazniuIfs lunuaduilud sfivunfissansusuusn
YoIns AN IHGANT SUMINamaaivesaz L Tasaumsnisinaeuiidiugell (Yang, Yau

and Wu, 2004)



28

PINT 2.24 sprung mass model voaazwIu IR

y

. u;
PJb, + £l [u" -H—x]+GJ g —-L
R R R

” u"
mii +E1[u;"-&]+gi[e" ——y]
R

R

(2.17)

(2.18)

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)



o) =\/al +b +\/(“1 _bl)z +4ab,

2
2
5o b —(7v/L)
- 2
b +a) - o} —(7v/L)
Ty
S =
vl Lwﬂ
2f, 1 1
m Dy 1"Svl

2m,g 1 1
t)=- t
qyl( ) L w31 1—S31 ﬂ'//vl( )

. vt .
wy1(¢)=sin - S,1 sin @,

110 E = Elastic Modulus
G = Shear Modulus

I =Moment Of Inertia

@, = Fundamental Frequency Of Vibration For Vertical Direction

m = UIDVDIATHIUADNUIUAINYTY Mass/Length

Sy1 = Speed Parameter

J = Torsional Constant

29

(2.24)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)

(2.31)
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2.6 N3NNI 519TZ NI Segmental Box Girder

2.6.1 mmgm‘lum:aammudnq (Design standard and Codes of practice)

lumseonuuuauauuIassadamesa IMienszdu oasaatl uazms

y [ T a o 1 ¢
ponuuuna 1 daulnglaiimsdredunasgiussaeliil

ACI

AASHTO

AISC

AWS
ASTM
PCI

BS
AREMA

ASBI
UBC
UIC
Caltrans
JIS
CEB-FIP

American  Concrete  Institute, “Building Cod
Requirement for Reinforced Concrete” (ACI 318-95)
Analysis and Design of Reinforced concrete Guide way
Structures ACI 358 1R-92

American Association for State Highway and
Transportation Officials Standard Specifications for
Highway Bridges 15" Edition 1992 Including Interim
Specifications through 2002

Guide Specification for Design and Construction of
Segmental Concrete Bridges “1989 Including Interim
Specifications through 2002”

American Institute of Steel Construction: “Manual of
Steel construction”

American Welding Society

American Society for Testing and Material

Prestressed Concrete Institute

British Standard

American Railway Engineering and Maintenance-of-
way Association

American Segmental Bridge Institute

Uniform Building Code

International Union of Railways

California Department of Transportation

Japanese Industrial Standard

MODEL CODE 1990
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UINTg mou Specification for Highway Construction, 1994 98930354
Mmanan, Mssa st seme lne nsunanang,
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ny =94.76x L, 748 (2.32)
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ngis the first natural frequency of an unloaded bridge
L is the span for an isostatic bridge or L é for other types of bridge

NINT 2.25 VOUIUAVDIANNDEITUTIAVBIALHINGD T (UIC, 2009)
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START

~

V < 200 Km/h

yes

Continuous yes

bridge

no

no

For the dynamic
analysis use the
natural modes
for torsion and
for bending

natural modes
for bending
sufficient

A
Dynamic analysis required
Calculate bridge deck
acceleration and ¢'4,,, etc. or
modify the structure and verify

yes

Use Tables 8 and 9

yes

ViimMp < (VNg)tim

y

Dynamic analysis not required
Verification with regard to the
acceleration not required at
resonance. Use © with static
analysis in accordance

4 a o a ¢ ¢
mwﬁ 2.26 llNuﬂ'l'Wﬂ'li'Wil'liﬂl'lﬂ')'m%'llﬂuiuﬂ'ﬁ’)lﬂi'IZ‘H‘VINWﬂﬁ'lfTﬂi‘UﬂQﬁZW'luiﬂ"M

(UIC, 2009)
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2.6.2.2 AIANMTIVOITZHIU
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18 o ]
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ANUIIGITAVBIATWINIZBYNALNUIAIAANATWIN TRgAIILSS
d' 9 9/ [y 4' -~ 1 d' =2 ! o - =2
nldvzdeeluifiu 0.35g 1lle g Ao A1 uiiosninus sRsgavesTan iy 9.81 was/ i
2.6.2.3 AINSENAIVBIAZTWIUIHBININNIITA
' v aa & 9 9/ N & o 4
AINITENAININATUITADINDENIT 0.4 WU./Y. FININITENAINA

t 4
1NAVNIT U

[TXLJ
I=Sxe=Sx GxJ
L L

(2.34)

]

1o ! AD AMINMSUNAIVDIATHIU

&

£ ¢
flo szuzitipaguivedT i

1

9 Torsion
fio A214812UBI%¥29 Element

10 Shear Modulus of Elasticity

QNN O

fio Torsional Constant

2.6.2.4 WUY¥iUNYA3833Y (End rotation limits)

yunyungasesiudes lunumnldnnaums

-3
0< ﬁo—radian (2.35)
h(m)

g ] o o
do A A9 32UZITHINVUYAVBITNAUYAFUINANYOY Bearing
2.6.2.5 YBLIVAVBINIIADDUANUUNIAINAALWIN (UIC, 2009)

M517 2.1 MYoLIAvBINISAaaUAL luuuIAINaNaT Y

ANUBIVNNSWIUANAT) Span/Deflection Ratio
32 1065
36 1000

>54 800
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1 Impact factor Uaz 1 Speed parameter (Yang, Yau and Wu, 2004)

navBIusIINamani sz litainsaeuaussliaiganiumssiinsshuuuaia
2 1 9 a 1 9 .3 2 dad a 3
Fevzaawa Iinaus wagnilouslulassad g Fansenunanamansiinayuanse

a a ' & o 2 ° ¥ =
13UNDNBYINHUINAMN Impact factor ( 1 ) WQﬂ‘lﬂJ]iﬂﬂ]uqm.lﬂﬂ]ﬂﬂuﬂ]iﬂ 2.36

I= Ry (x)_Rs (x)
Ry (x)

A A o
149 Rd (x) f9 ﬂ'lﬂ']iﬂf)ﬂﬂuﬂﬂﬂ'nwaﬁ']ﬂﬂiQQQQQIEJQ?{SW'IN

(2.36)

Ry (x) Ao mmsmouauesmaainmaas gagavoasniy

1 v a) ' [ 1 1 4
- @211 Speed parameter (S) WumuaasdaaIusEnINNVRVEVLIUID TN
(Exciting frequency) NUAINDTITUFIAVDIALWIN AIAIUNISN 2.37

ny
S=" (2.37)
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A A g
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L A9 ANNEIv0IaEmIY

A1 Impact factor 142 A1 Speed parameter (1011 1U@ounsMazyhididrlanms
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N
°
-
w
o
w
Id-
\
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Speed Parameter §;
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Impact Factor /

151 Speed parameter AUAINITIANOUAIIUUWIAL (Yang, Yau and Wu, 2004)

e_e IJ’jlhlllllillIlllllllllLLllL]llljlllll lllllllllIllllllllll]llllllllll!lilll')
] —— Moving Loads (Undamped) - r
1 ---- Moving I.oads (IDamped) . |
40— . Moving Masses {Lndamped) .
- . .
h J Moving Masses (Damped) -
2.0 -
0.0 Yl'lI'l"||']|l¥lllll'lf'l'lllll]lI_ITTTIIIIV']'I!I!IIII‘I'III!'ll‘ﬁ7r71]r|‘7‘l|1l(
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Speed Parameter S,

2NN 2.28 N5 Speed parameter N1 Impact factor (Yang, Yau and Wu, 2004)
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2105 1 uN1541A1 Impact factor 1A A1 Speed parameter ¥ NVIUNTIH AY
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3.1 AanliAved Segmental Box Girder fiimsfnm
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1 909 32 1uAs 1.703 1.687 1.627 1.604 10 5
1 929 36 luAS 1.405 1.382 1319 1.290 10 4
2 9N 44-44 1A5 0.994 0.950 0.943 0.941 8 38
3 ¥4 44-72-44 (A3 1.260 1.120 1.090 1.074 5 2.7
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99

g‘l.l!l‘l.l‘lj AN Maximum Vertical Acceleration (m/sz) Check
aznu (m) Straight R698m R300m R250m <343 mis’
1 99 32 0.936 1.063 0.86 2.02 0O.K.
1 ¥ 36 0.696 0.55 0.54 0.66 0.K.
290 44-44 0.266 0.24 0.28 0.25 OK.
39N 44-72-44 0.079 0.143 0.091 0.086 OK.

1d91nTalsunsy SAP2000 iAtTounn 0.4 mm/m

443 AINMIENAHIVBITTIIMHBINNNIITA

4 Q 4 = J \ 4 o {
ﬂ'lﬂ'litlﬂﬁ’lﬁlﬂﬂ‘lmﬂzﬁﬂﬁﬁ’ﬂﬂﬂ’ﬂ 0.4 mm/mm 1AUAINITUNAIVOIAEMIUN

a o ' o A a
M1919N 4.16 Naﬂ’liﬂ.ﬁU’Jl“flU’Jﬂ’lﬂ’liUﬂﬁ')‘UﬂQﬁzw'lun‘lﬂ\ﬁnﬂui\ﬂJﬂ

Jluy | Aanuem Deck Twist (mm/m) Check
v (m) Straight R698m R300m R250m t < 0.4 mm/m
1929 32 0.28 0.285 0.157 0.235 OK.

199 36 0.24 0.096 0.12 0.296 OK.

2929 44-44 0.124 0.256 0.32 0.345 OK.

3939 | 44-72-44 0.14 0211 0.24 0.255 OK. J

4.4.4 WUVUNYAT0I5Y (End rotation limits)

4' o 1Y [ - J d‘ é o Y 1
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0.00963 radians lagmyunyuiigasesiuvesazniui laninlisunsy SAP2000 fianieundi

v £ 4
0.00963 radians luynasdinaasiazniuditnu luinnidnusatuiidimmasg vic
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M3 4.17 wamsuSouiouanumyungasessy

sy | Aaem Check
TN (tuers) End Deck Rotations(radians) <0.00963
radians
Straight R698m R300m R250m O.K.
1 %39 32 0.00081 0.00082 0.00082 0.00081 oK.
1939 36 0.00161 0.0014 0.00089 0.00132 oK.
290 44-44 0.00063 0.00051 0.00044 0.00042 oK.
399 44-72-44 0.00002 0.00017 0.00016 0.00014 oK. J
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Train Speed Max. Vertical Acceleration | Wamsnageuluaum
Radius of Curve

(km/hr) (m/s") (m/s”)
R250m 48 0.46 0.47
R250m 58 0.484 0.5
R250m 68 0.46 0.5
R698m 100 0.55 0.58
Straight 100 0.696 0.65
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M3199 5.1 MANVOTITUFIRVBIATHIUMIATAN

Radius of Natural Frequency (Hz)
Curve (m) 1 %29 32 A3 1 %29 36 14AT 2 29 44-44 1UAT | 3 %29 44-72-44 A3 |
Straight 1.703 1.405 0.994 1.260 j
R698 1.687 1.382 0.950 1.120
R300 1.627 1.319 0.943 1.090
R250 1.604 1.290 0.941 1.074
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