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Abstract

A fatigue load spectra for the life estimation of steel railway bridges was developed based
on weigh-in-motion (WIM) data. The train traffic loadings were monitored at three different sites
located along the main transportation routes between Bangkok and the northern, northeastern,
eastern, and southern regions of Thailand. Additionally, the experimental program was conducted on
two steel railway bridges to investigate the structural responses under routine train traffic. The
collected traffic data were simulated and used as input loadings for various analytical bridge models.
Based on Miner’s hypothesis, the damage accumulation caused by each car type was evaluated.
The results indicate that the percentage of the fatigue damage caused by each car type can vary
dramatically from site to site, depending on the number of occurrences and axle weights. In addition,
the collected WIM data were used as crucial information in developing the axle weight database.
Based on this database, the stochastic simulation procedure and the simplified live load model for
estimating the effective moment range were developed. The results indicate that the proposed model
can provide a reasonable estimate of the effective moment range for bridges with various span

lengths. Therefore, the model may be used as another alternative in the fatigue evaluation.
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8.05m 3.04m_ 10.23m 2.08m 10.23m
<S> S
2@1.85m 2@1.85m  1.75m 1.75m 1.75m 1.75m

) WULRNAIUIMTINUTINNILIUIDAUA 15 5L (FREIGHT15)

DINY 2-9 UULA1ADIUNUTINUIINNAMFUNITLIUAIINAY
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2.2.3 frususavasmsaulug
mﬁ‘ﬂﬁ‘xl,ﬁufo‘iqmm@mmm@zﬁimﬁmﬁ*uﬂtymmmé’ﬂ azldauausa e LLYin
m@amaﬁz’q'“uvlm 38 Equivalent Number of Cycles per Passage %ﬁmu@‘lﬁmm Schilling g
A.A. 1984 TUn AN 1EIB9ANNNITLARBUENLLDIENUN MUERI U &Z N LA E RN IR A
sy ARminausshiiaanududan feunnldaan1siimsziidaeda Rainflow  Cycle Count
Method (ASTM E1049-85) azdnu1sanenisesmninsusaann iiiludoanaaniaausanan
(Primary Stress Range) wazuuiausagag InaniiausandanNAANIUANLANA19T84
mifmLmqngmLL@:ﬁﬁ@mmﬂaﬂi:f?ﬁumﬂLm WINNANNIINIFTINHATBIANIA LN

Miner's Rule (1945) az@1819011ANA" U Uauaedn 134U i auwin ldannaunisi 2-2

k S.
N, =1+ X+ (2-2)

i=l1

= A o ~ ' o a ' | o .
A Ne AR @’]UQU?QULWEULWW?@\‘]ﬂ"I?@uVLVIQ, Srp AR TINUUILILLINEBEURN (Prlmary

A | 1

Stress Range) WaSri A mwmmw\‘ﬁ;i'ﬂﬂ%uﬂ

1 '
aa o o

e LI AEUANNHANUIUTALVAIN AU I WINAUA UILTa LA s LNaL 1T AN
al I o = dl a z a I -dld % Y =3 FZ
WRemagzauintuANidauiaNnaTuaInlssd AUt N A NTFUT a1 aziiulgan
17U ANN17U898911 1 LN AR Mg UWINATdat anA NG UEaLURIN19ALATIE Y
Tyunaudaviaiiasainanudn s Tnaandauannisrasanuiusauaaanisdulu

al I o al a a ds{ % 4 dl
WNEULNIREATNITOATUIUAINLAL U ENLNAY "Luimmmwimmnmumm 2-3

N S?
D:ZL: e ® (2_3)
N, 10°

i

A o o 1%

Wa NI A8 ANAIAMNAIUNIUFARANNANNdaARAaI U LA 9Lt kel se TRuLaE

133 uazb A AAARWNLLILLELAIW S-N Curve

224 ﬁh@mLﬁ'N‘wNwa'ﬁ (Dynamic Amplification Factor)

ANQRIANNINATRYTRAY DAF luA ldanuNe1e1 8NN 1IRaLAUeI N ANTTN

NNADAANARTIHTINNAAINN19F U re9TAT98519 IHasaNLNNNTLnI RN 71 Asuu ag
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YUNALAEAANIIATNIIAT DNIINANHULITIULIINIZUNN  BIUNARINNITNILNIUDILIIFID
792519 TeanuualiiAn DAF  1UaRI149U s MINANNLANANIAINITAALAUAIN Y
NAAERTEIGA (R,,)  UATNITARUAUBINNATAAARTHIGA (R, ) FiB NITADLAUBININ

ATAANARTAIAR FIANNITN 2-4

a

R, -R
DAF = 7“;{ "% 100(%) (2-4)

sta

e Rdyn = mam@u@ummqwam@m?@;mmmmwm

R, = NIMBLAUBNNADAANANTFEIGAUBIATNY

sta

o

1 a Yy dl =< ¥ v A o dl [
AN Rdyn m’]mﬁ‘ﬂﬂ?muimﬂsm@mmuumimmnm?mqmmmwmm Fazlilu

a

©

NARALAUAINNNAANAASI29TANETI A5 UNIN a1 N7 N9 T ALLILIATIA L6

D

ATAINITOIATITIN N ANTINNNIRRL AU LR lATIaTaneatinAans Tnanisindeyad
16aNN13R9aTANIINAANARTHNETUNITLAUNNINIBIATYEY1EUAN (Low - pass filter) LiVe
UENAIUTBINTADLAUBINNATAAARTULLIELLYN (Psuedo — static) BNNIAINNIT
FALAUBININNAANAATAILARSTUNINT 2-10 TnannsaauaueIn Al AAIaRSLLLLTaLLYN
Hazialeudunginssunisneuauasaaslasaafiansiwnienseanisiatsannie s
90/ % o | a dl %’ o dl o dl dl ] 1=
wminnsgindusiuaisa Wealiwinfinsgiedaun llmuanueasesdasaswulng i
naannsdulnaasiaseaiiadanninandas An R, NldlunisAruanluannisdnesiuay

{UANg94AT89INIFDLAUBIN NATAANAA FULLLARLILYING

Strain (LLE)
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=

muﬂmmfmmezl,wmmNmMﬁNﬁifaimm’éwmwmﬁlﬂuﬁqLLﬂizﬁwﬁmiummizLﬁu
ANNIBIATNIY HINTTIUNBNUUL bazssiiuaninazniusninesaniesiznilu T
A.A. 2002 ﬁwumiﬁﬂ'ﬂ@Jmﬁumm@iﬁ%u@ﬁﬁuﬁwmmﬂfnuﬂ’wfm@m:wmlﬂmfaﬂw
pan atnglafinainuanimadaunInaud aasazniulasaiuudniaeinddaaaiaang
wudn uanangasArNENaTesazILLdl Seflilaseiu I fifluasiaA1u AT sUIINTZUNN
80 enficiu &nmnuzianaessaln Aanufiresnlil wazswniesiugaulaseaily
aennuilugu frunisnageudzna WnFNRe AnE1Tnegeusnszwn Wesannsalyl
fdlulszmalnaseazniulaseaiamdn azdenlfidlatenniinssusesazniuanlnlu
Usemanefislsetiomanudn l§FE e

fwiuniseenuuugzniusoliiiu nannssalwiadsynelneas 146 DAF - A

[

NIRT3IU AREMA (2002) eiidiarinuunlunisldiaannisi 2-5 uaz 2-6 fail

2

DAF(%) = RE + 40— = \Ha L tasndn 24.4 w. (2-5)
48
180 S L N 24.4 2-6
DAF(%)=RE+16+ \Ha L 11NN91 24.4 4. (2-6)
Wa  RE =  waresAddldannanavassan inlaeinlu@edly 10%
L = avxgedesresdzniwinaingugnasgusesiuisguinang

o = ng 1 v o dJ al
FIUIBNEU (W) viFRRINENTUdulATIaFI9aINgusesiLnil lan

UL, .

A1 DAF &1uiuniseanuuulaseaiisasniuaz@atunsntinun klunislsziduannu
Fuadndeiuinminaedasaivasniuld Tnedetinisfuuien DAF  luaunisd 2-5
WAZ 26 AINTUIATINAZNIULAZANNESITe9rLUTn I dAnFunisdssiiuaaudnues
TA9a5 982N NIMTFIU AREMA (2002) iuua i lden DAF oA (Mean DAF) Tnsiiipn

WiINTLAN DAF 28481R9g N1 senkuLAniiuALFILT Aauanslunigen 2-1
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a J o ¥ o o a % %
AN519% 2-1 ANUFULNAUTLNNTU I UANNA19 AN AT INAZ N

A3 AUV T ANLSunA
(/3.
0.80
< 1.00 - —2= (60— 0.62S)? > 0.20
< 96.54 2500( )
> 96.54 1.00

duiunistsziliuindeiurimingedlnsaaine N ImIgau AREMA (2002) Auua i
14A1 DAF LAl DAF 289n1mnsgIuniseenwuugmfne Aliuwd Salaunsaua)

AuAHIFaarLIun i (S) Aananalumnsen 2

A1519N 2-2 AUFULAAUTUNTU s iiunaesUTvnaa9lAa 51

ANTNEINIRZNY, . ANLFuLA
<9.15 1.00
>9.15 0.65

2.3 BULANADILATIASINAZNIU

NIRALAUBINNNAA1ARFIRsazWIUTn N TFiudnnszuuLLIA R e UN 1R 9L

solliflutlyundasiatsanludumaueanuuuuaziingedneg AU lalawidun

NN INANHDIIAINN AN HANNUS T2 UI19U9N 721122990 I AU TATI AT IR WIUA LILTIA
11uaan91 100 T atinglaAminlugag 10 TAnauun TEHN1AAAULLILA AN RAMNF LA
9098270 INMARBUANIUAZNNW  (Xia H, 2000) S9HAANMISINA19NN NI LD
AR NN UETZUINNITAAUAUAINNNAAIAAT LU AILATIUI T UADIAZNIWTLNT
AAAUNURI7D TN ATV NN UA NI ULATNLINNIZANHINITAAL AU UAIAZNIWADNNT
dl dl 2 %’/ = o Y % 1% a I's [J dl aa
AARLNYR9Ra 0 IiuT A NFUFauLarfaa ldaun 1IN AAANAATITNANWIUNAN B0 E
Finite element 1fuagnnsuilsnarunsainan lflunnsimmedilym  Tnaadallsunsa
d13agU 0 Tun1sAuIn
[ d‘ 1 dl =8 dl [ % dl
LUUANaeTNNeNgaIeIn1sAnneiunaftanilassassuansun g 2-11 Tag

o

sruvazilsznausaging (Mass, m) ARUaNTRvIasANEiaE (Stiffness, k) wazdagadL

v 1 ¥
=

o dl o % A dl ) 1 4 o
NawW1Y  (Damper, c) TAENNATUINLUARLAUNUTIARNNAMNE ATEMIN9ARALINY
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v
a o o v o

Aoduda vl wnadsanunsnaaaui idanislulursu szuuigniFansdn Single-degree-
of-freedom (SDOF) nnn1siadaunaasszuuiliilusantauenuinseniuaz ldiaaumiag
o e 4 4 4 4 a 4 44
azBandndunisirdeuiuuudase (Free vibration) T4@NN1929N17ARDUN LHE v

ABANNTRaLAuettealaTaaFasaLanaluannisi 2-7

my +ky =0 (2-7)

TagmanudiFay (©,) vosmandeuiiawidy K
m

—v(r)

p(t)

AT 2-11 Single Degree of Freedom System (SDOF)

o o Al ° 4 A = >
@’]M?Uﬂ?m‘ﬂ?ﬁ‘uuqmﬂ?zﬁvm@qﬂLL?\?ﬂqﬁluﬂﬂ p(t) ANNITNNTLARNRAUNRKAINITO L‘ﬂﬂuiﬂ

FaaunIaT 2-8
my + cy + ky = p(t) (2-8)

2.3.1 UANNI9AI1AIN1FLARBUNLLLL One-Force Model
PANNITANAAINITLANDUNUBILINNTENAMLL One-Force Model Aaza@NuA 1HLsaLnAa
anTunsaln 1 Tun JAwinduLseunilansAaaunann Node 1 1184 Node n fagimanaiia

ANV AN 2-12

node | node 2 I"_’I noden-l  node D
{

P 4 Ay @ ~
LWILUULARAUN P LARRUNAIEAITNLTIANT V

)
it}

ANT 2-12 AN
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¥ a = 1 dl a d%l ¥ dl d‘
fAUNNNANTULUALS 1 Element Wuausaniniaaule  Element nnalAusamnanun P

AN AERIAFININD 2-13

f l<s)(t) f;s) ©
F 3 P a
RN i -
&) A element s -\
£, ' - -

v i

NN 2-13 waainiaauly Element

1 1 v 1 1
e £, (1) uaz £, (1) Asuseifelululumsfiusiazlaeaas Element daw f,° (1)

1 ]
=S

waz £,/ (1) Aeluwudiinluiudazilanaees Element 39 Wu (2000) Ifiawadnlaifasrin
1 rdl 1 a o Q} a -z dl a

ATHLUETIaALaneTausias Element 11AN30N TUNSATLIAMLINTAATULTEEIANTIAY
HasiaaufUAIINE19989 Element A9tid 15U Element ARAHNEN (1) a2@1117090

AN IFRNNANNTN 2-9 LAy 2-10

£ (1) =P(1—§) (2-9)
£,°(t) = P(?) (2-10)

Avsunannlglunisiaaauseain Node 1 Tsia Node i @nunsnmrunnslgann

ANNIN 2-11

G S (2-11)
\%

A A 1 A A Y, A A
$V13} AX ADAINYNIVDILINAY Element, ()Ci — Xi—l)’ t, ﬂ@ljaqﬂlli\iﬁl%iuﬂ'lﬁlﬂa@u‘ﬂinﬂ Node

<
1 vlﬂ‘l/ﬂ Node i UagV ApAMISE?
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2.3.2 UANNIFINABINITLARDUTILLL Multi-Force Model
o o o -ﬂl dl -Ql-aid | dl [ o
ANUFUNN991809N191AABUN TSI TUNI AT LININNG 1 wee Tadudneuzaes
4 Ky sdae y y - .
niswraaunaasTufmnndauudanndaelilauatinueainum Teazaauna lida o
] Adl dl 1 [ o ¥ ddgl ij/ 1 % o ‘dl %
PA9UTINTTIULLIARUAWINAUA T WIUAe  lunsdlilussiaunnazlildnazinilaseaing
% o ] o o o dl 1 [ % o 1 1 a6 v ai o dl
wianiu wiaznazynlUmua1ALIeNANINaUuaY FatnuduaNuR liieed 1 nazind
Node 1 Wal2a1 t=0 LaYWIN 2 AzlAaauiuINgziIf Node 1 Waatdiuld t, wiad

(Fan91 Time delay TagunsaA1uInslianaunish 2-12

SZ
t=1 (2-12)

v
dll A 1 I 1 ! d‘ ndl ] [ = ndl
WAV ARAIMNLTIURILTY UATS, ARTEUSUINTEUINLUINN 1 LAZUIN 2 AIUTLNTTUARILTIN

3 ldautauseil n Adu130AUINIMT Time delay t@aNnn1sRaITUNsLaIzinasendnausai

NANTNTLLIT 1

= [ (L 2
2.3.3 NOBUASUANNITURINAAIAASLATING
aunTIRugIUnIenarianirasiaseaiielszneuday annisan19zaNna 4NnI9
ARTHANTUSTLUI UL LI WAZAINIATEATAITAR LATANNITAIINADLUAITENIS

dl ' Aﬂg’ o 1 = = o -13’
Lﬂ@ﬁluLLﬂ@\?gﬂ?’]\‘i LAZANTWNIDLILUR MJmiwugmmﬂmqmwmmﬂmmmiﬂu

1) dun1Tan1zduna (Equilibrium equation)

Tasaaielnesanuazuday Element azdasatnelianI1azannasendnausanszii

1 o

ananeuaniaznie i %QN@?"JN?J@\‘ILLN’Q’Wﬂﬂ’Wﬂu‘ﬂﬂ‘%ﬁﬁﬂlﬂL‘Vl’]ﬂ‘LIN@?"JN?J‘ﬂ\‘ILLﬁ\‘m’]EIeLu‘lI@\‘]

Element 04 9asia  (Node) yianamnaadszunlnsaainaiu nadieuladiannisaniozauns

k4 ]

AuuTudiuiuazfiasannndaaiuannisaNsaLiasradqaseiuion  dudunqnse

1 v 1
nelulasea¥ie 3 85 azdeadulinueulazesannisaanannara 6 annis Asaunisi

2-13

XF,=0,2F,=0,2F,=0 (2-13)

XM, =0,2M,=0,XM,=0
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2) ANNANRUSIE NI NN LIAYNIATEAUBTAR (Stress-strain relationship)
lunediRannisaanduiugszndnenidaguseiuanupTenazgnanu s by
AHNANNUSITLAY (Linear stress-strain relationship) Tuaaamanueinveju (Elastic) 1997940

v 1
TnaanuduiudidaduilannsnFananasnaniledn nuesga (Hook's Law) Usenaudu

[ % = o

anavgnansF Wiuwuy Isotropic iuRadanariananimnanamanfiuilauiu Tnels

Q q

o

1 a dl = o/ v v o L% o % 3| 4
UBYNUNANIN LUBIRIMNNAINTUTDUUDE V]’]SLVﬂ’]?ﬂ’\uQmLL@$LLﬂ@Nﬂ’]ﬁ‘Lﬂu1ﬂvL®@$WJﬂ

2D

uazdng
AMNAMNANATUS T A UTBIMULIITUANLIATEA LavdanTlulLL Isotropic

AnsaNRENavesianarldin1siingzii 2 A1 Ae Alugdaaeenistinneis(Modulus of

elasticity, E) WAZANERINE112T8Y (Poisson’s ratio, V) ANN1TANNANNUTIENINNULNY

v ! 3
waaiuAYINIATE A TR uIRdAAULY 3 HR annsn@aulifsannisi 2-14 Al

1 v v 5 9 0
E E E
€2 v v o1 62
Bl |=m 5= 5 0 0 0)
_| E E E (2-14)
1 1 21
Y 0O 0 0 — 0 07"
v2 G 1 131
0O 0 0 0 — 0
| v3] G 123 ]
0O 0 0 0 0 1
L G|

ANTHARALINADU (Shear modulus, G) M ldaInANANRUsTesA TgAAtiANE 1 (E) uas

ANSRINEIUTINTRT (V) AMNANNNTN 2-15

_E
C2(14v)

(2-15)
o o . . Yy a A 1 o A 1 1o ]
AU Isotropic material WaaiiNeANTNgAaE ALY (E) UazAdnsndiutlages (V)
dl % = 3 v 1 va o 1 a -] 1 73 d91
nFasEiniauun S ldlain e vus AN I ld sunsumaniamasdaulunjas ldannnsiilu

N13AIUITUAT Shear modulus
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3) AwsaitiasasnalanulasglsiarRaulaaauwn (Compatibility and
Boundary conditions)

v o 1 dl [ % £ [~ dl o a 6

dan1uunresainfeiieaiuazdaaduldniunnivus lunis3meedszuy

a o

1A79%519784 Element dulasunils ¥3ann Element NRnsatudasa azfaslfAuainig
q

d dd e vau d . , 9 N
waRunNWAAU i liAINNsAaaUNa93Asa (Node displacement) 1@t nsilasugt

[

(Deformation) 784 Element fiazgnAusnilaainnisldannisiugiuesisznanin
14N199As29 Finite  elementlpsitinndnuadnIsLAAaUN N1TADAAFAITULBINITLARDUN
gastasaaziiuldpuRanlannivualy
lTunsnuuaRaularaunazfasnivua ligaanndasiuan AN AT a N La
4199any 1 grusesfuuuuvyulduwiinaeunlld (Hinge)  giusesfuuuvaaunls
s e 44 .
ANNZUWIURY (Roller) g8 liayy nlilin sy uuaziAfeuil (Fixed) wazg useeiy
. [ 1% 1 < a a dl 1
wULaL3a (Spring) HIusu 289 l3ARINANINYRIFIUIDIRNARNY ANTTUNN] FENTINFIUTEN

Ay > o Py o & A v o o
V]‘lﬂﬂ@qqgsl’]'ﬂ\? 3 ﬁﬂuqumﬂﬂimqqq?mty’]msluﬂ'ﬁ‘l,@@ﬂLLUUV]LMN']ﬁ@NLL@gsLﬂ@Lﬂﬂ\?ﬂUﬂQWN

\uazannign

2.3.4 N534A5IZA2E Finite Element

WANN1928998 Finite  element  MnlAlaensutislnseaFreasalifiauindnuanes)
Fudou Insdudouinusiaziudanin Element luusaz Element ﬁmumimmmm@ﬁugm
NNNAAAATIATATIS Usznaufog aNnN1IaN1zaNAa ANNITANNANTUEITUdanaY
LIUATANNLATEATBITAR LL@zZﬁﬁJﬂ’]’a‘ﬂfﬂNﬁi'ﬂL“fi@x‘l"]]’ﬂ\iﬂﬂiLﬂaﬂuLLﬂ@\igﬂi‘NLL@Z@J‘]’W\I
P9UA antusunTesiudauyniazgnihinssneufuduszuuaunisrestassaing
Togsau uazinnisinsuasnmasuaastyudsanduinnsuszunaunis deun
HUAIRDLAIENIZUIUNITTIFILAT mzﬁLﬂm:ﬁﬂi:ﬂ@ué’w%umuﬁmj ATNATAL

el

1) Agden e mnin Element
A Y a Qal 1 | = 1 2’/ % A a Qw 1
Ansaan MalaAIa9TUdUNTaEaN9T Element tiuazfiadlaanailauadiidq
W munzauiuanur1a4lA79a519939919101991A9 29 IaaRalaeaTudiuasfasi
a -dl v a o [~ a -dl 1 173 a & aa
wopnssunindipesivaninaniduadannnign iy enaasldiefwuwd 1§56 (Beam

A . @ v v o & &
element 1198 Frame element) W Girder ARIAENIU WUAY panAALasAaIAILaNNNNg
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o % o ?:/ = A g Y A A ¥ a g aa
NFENVBIUNUTN TINTNANNASLBEANEILATIZIFBIN1TAR BIAazlaan [IAINYWR 2 R

u

111 151ie Plate 3@ Shell element L1146

v

2) nnsutialAgagieaznuiluTudqueias

nsutielaseaieazniuaselieenifunane ) Iudiutes InauAasdudiuazhein
v X 4 e A o ST S ! . Y o = = .
AutudiuinufeaiuqarauresTudIuTaFandn 9ase (Node) Lazazfada1ibanagiing
o v a ¥ ~ ' A ° L. [ =
anwauzaeslarairuinlinInnganape WILA1a8INe Finite Element azsiadinilea
= v o Y a = Pa S v Y A A A P
viradanAaRaiLIANATIUANNINNgR [W UTnunRdiudn doulas Tel] vTeLTuii

dl ! 1 o v &O | ¥ ¥ ng ! <3 e~ dl 4
naiasuutlasglinesedunauianidudesunussadudiuauiadniieanenazlinis

k%4 !

Apszitiugnaeudun douiFnnildanisdasuelasuanin fenaunudoasiudouni

¥ v
10 aTL widuuudnaesiauugudsunnniiullfazinlinanlunisaunigs uas

analdansarinnulaiireniomasidedninluFamogaiiuen uaznisinauedeya

3) NMFABNHARTUNNTUR

n1sanazeaadanldieidunisadn (Displacement function) nneluTudauled
ABAARBNNTLIATUIUAF D IINTUAIUVTEADAARBITUTLAUAYNLET (Degree of freedom)
B9TUAU Wi TuN13daRtan1EAe neduaRaaiaridy faanaazifluneduaile an 189
o o = o [ ] 6 o/ dl | a [~3 A v 1 [~ dl
ANAYE4 wizan1asay doudeidumiluaynsunivsuatinfaiusodan el
a :// d” o a = t% 1 = a & aa
Han etmezAsidunaduamsalinnuazaanuinnan lunsdlaasilounieaiuus 1 16
Weridunsadnnqaseazitauetlumanaesiinvesss iy wuszuny xy s Aarfdu
nnsrdanaziaanldazfasnilifuaiaasdaumaiiaaian1aluiugdqs LashUUaNa91ed

TCULTIN

4) NIININUAAHANRUFILUINANNLATLATLNIFUIALA TN LIITL AN LATE
ANTUIANNITNIG Finite Element 289uAaTud91 Aanilufasa1AuaNNaNnwus
FLUINNANNLATUATLNITURA LAZAINANNUSIZ NI 9L T UANNLATE A TN TR D

al

Ty ddieen n1stiavasaesdudiu (u)  luiAanlafieniamilady fdnne x ezl
o o so = PP Ny Y o ' , oA '
PNNANTUSAUAMATEA € Tunatin € Heties €, = du/dx uazdndanat ludastinuey

AINNIVBNEA ATAINITDUAAIANNANAUTLDIMUILUNALANNATEALARIANNTN 2-16
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6. =Ese (2-16)

Toen G, Ao wiiaussluiAne x uaz E Ae TNgAatnviey

HALRAYTBINIITAR UUIELIY ANNLATHA tAERE Finite Element Azgneindusiue

Wesle denauegiuguaniinienazesiagniiunldlunisAiuiniuaz A NAnAus

FLUINANMHNIATEANUNNTUNA WAL AU UAINLATE AT UAN I UANN 91T LA

yira i uaunITITLd U

5) NIMNARNLUALNFATNLAZANNTUDILOALNUG
e T R . .
Tnaunalae Rl aNaengn Fea1unI0Yn Stiffness matrix WATANNITANAALD

o A A o - o =
LL?QIHLV]@NHW?ﬂ?ﬁ@@V]@mm@sﬂﬂ\‘i Element M?@L?Hﬂgwumu% ImﬂLﬁﬂuLLmﬂq?@N@@m@\‘]

q

Qw ! ! ¥ le ! aa a ! !
Tudougiuunazldun Stiffness matrix 189TUAIUNARLITN A5 aulany wan uay

1
=

A fusy  Taeenduannisannanqasia inazldannisannateusslumanassanniy
ANFTNTRILBALNUA ULAZNNINTEARTIqARaTad Element ann1gaInanaauianideulug

YALNFINAIANNNTN 2-17

[f] = [K][d] (2-17)

dll A I's o dl 1 A a a a & A
Wa [f] AR NRATIBILTNTENINAAAD, [K] AB ARNWLUALNFINUDUAALNUG LaZ[d] AB

AUIUN9NIEAnNqAsaNdTlins LAY

6) miﬁwumf&wﬁﬂmmﬂ

f&mﬁﬂmmﬂmﬁ' ﬁ@{imﬁﬂmmﬂﬁ'm‘tzﬁqﬁi@mwm@%’ma@mmﬂqmﬂ%ﬁmmﬁu S
AalAsaaFiaies u?faﬂwrmﬂuﬁwﬁﬂmmﬂmﬁLﬂ'wﬁu i fiugaesns Idunew  udu
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8) NMIIATILHUNINITIRBALALEIR UL IATNAFNaE WL

8.1) NITAATIZHULILIADS

wisannivunFeulareuian sivedenlarefufaunish 2-18 udrazanunsaninig
nazdn d1, d2, d3,...dn Miaanisufannisigadianians fuAan1suiniansedn {d}
anaayld  Gauss's elimination method %78 Iteration method  #37B8191IA1N
nnagausiae [K1' maenlag [K] azfeslaiilu Singular matrix
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[K-®MIp = 0 (2-19)
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Eurocode (Cen, 1992) uwas Bjorhovde (1990) létiniaueni1sanlszinnueinig
ITaNAaAIuAASTUNIN 2-15 WAy 2-16 Wa El, A8 Bending rigidity 1a4AunsaLmian, L,
= A o o o L . d‘ | d‘
ABAYINENTATY WAz M, AR NNaeFuTamus (Moment capacity) 2esauseden gl
n13dndszinynes Bjorhovde aziiluAnlagtlszannuiiesanlaldnatsaunngmnssuyianun
109lAsadauds 9209 Eurocode  ATNANTUNGANITNINUNAUGAFBIN19918AZLDEARY
nasrealasedaudalussunlanseadrannn anieldlinansainan Ductiity we9n19@eNme

wieenelafimn Eurocode fldganiunisandszinnianisilszanning Bjorhovde



Flexible

0.50 fr
MppLe
B
M
Myp
| i i I .f‘lexible
o 0.125 0.20 V050
MppLo
1) Braced Frames EL,

m‘wﬁ 2-15 mm’mﬂi:mmmmﬂ%mr}i@mmzuu Eurocode (Cen, 1992)
unneLue El, = Bending rigidity of connected beam L, = Beam length

M,,= Moment capacity of connected beam

M El
M E‘[b M = _E &
bp L mM=2bpg 10d

/ 2d |

1.0 / /./
/ Rigid &
07 & / : .
| Semi-Rigfd/ S Ductility Requirement
e
0.2
Flexible \
1.2 2.7\ B

Mpp(5d)

_L_!__

El, = Bending rigidity of connected beam d = Beam depth

M,,= Moment capacity of connected beam

A 2-16 N1sdALsTmEesNIsLdeNsian 1y Bjorhovde (Bjorhovde, 1990)
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AN519N 3-3 AN DAF anuzsinansdinunnulasaaiaasniulndanniisn W@

ANLEY ANUTRINNAID TN ANULITEZEU AN

(NN./TH.) DAF (%) Lfiﬁlﬂ SD. DAF (%) Lfiﬁlﬂ SD. DAF (%) Lfiﬁlﬂ SD.

0-40 6.52 2.9 6.79 1.4 10.82 3.3
40-60 8.71 3.1 8.72 2.8 12.72 4.5
60-80 12.85 4.4 11.79 3.2 19.58 5.7
80-100 14.74 3.0 11.01 1.8 20.34 4.5

A9 3-4 A1 DAF anuzaLnusnnaslnaanstdnuuulasaadeazwulndaniisn Wsedn

ALY mmﬂwmumw AULILE1U ATULIN

(NN./13.)  DAF (%) 1@@e  SD. DAF (%) 1@a8  SD.  DAF (%) 1aasl SD.

0-40 7.71 1.5 8.01 2.9 14.12 2.5
40-60 12.35 3.4 9.70 3.3 22.82 54
60-80 16.39 3.8 13.49 3.5 25.03 5.5
80-100 18.96 3.3 15.28 4.3 32.38 5.2

AN519N 3-5 A1 DAF 20z aL0usnAmas Nt unnulasasgsniulnganisn W@

AINLEY ANUTRIUNAID I ANULITZEU AN

(NN./TH.) DAF (%) L@Zdﬂlf;l SD. DAF (%) Lfiﬁlﬂ SD. DAF (%) L@Zdﬂlf;l SD.

0-40 14.01 - 7.13 - 19.71 -

40-60 13.21 52 9.33 1.2 20.13 5.7
60-80 14.83 1.7 1212 5.0 26.70 5.1
80-100 21.59 - 15.12 - 34.99 -

A1519N 3-6 AN DAF AUt usanWARA I N[N ulaaafazniuwlndannfisn Insedn

ALY ANUIRIVNAUTD I ATULTZaU ANUUIN

(Na./13.)  DAF (%) 1a@8l  SD. DAF (%) w@asl SD.  DAF (%) w@dsl  SD.

0-40 9.84 1.3 9.21 0.9 9.12 3.3
40-60 13.30 2.6 9.38 2.3 12.25 3.4
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M151990 3-7 ARRY AIG94R AIAGA LazANDEULUNIATTINLR9AN DAF Tuudasudan

Taseaing Wasnlldszinmsingr druaznulndanitisn nied@n

Fuganlnsadng szinnsalnl DAF (%)  DAF (%) DAF (%) AL

AlORE  ANGIgR AIRNgA WNIRTTIN

ANUIDIUNDL $in904aNg 10.70 14.74 6.52 3.76
saln snlaeiang 13.85 18.96 7.71 4.91
ALTATN 15.91 21.59 13.21 3.84
INAUAN 11.57 13.30 9.84 2.44
ATULTEEU $ingn4aNg 9.58 11.79 6.79 2.27
snlaeans 11.62 15.28 8.01 3.35
ALTAT 10.92 15.12 7.13 3.46
INRUAN 9.29 9.38 9.21 0.12
AN $in904NT 15.86 20.34 10.82 4.80
snlaeiansg 23.59 32.38 14.12 7.52
ALTATN 25.38 34.99 19.71 7.16
INAUAN 10.68 12.25 9.12 2.21

A1 DAF aesazniulndaniisnlnunadong wazAideauuninsgiuluurasiudou
TAgeaing druiuwsiavdasresranmiiaresauausn indssinnsne uanslunieein 3-8 s 3-
11 WazANII99 3-12 UAAIAILRAE ANGIEA ANANEA LATANLENILUNIATIINLEIAY DAF

Tuusazriudaulnsaaing druduauausnlndssinnsnge

A19199 3-8 AN DAF ansztindnsdnuiulasea¥sazniulndaniiisn unsiiong

AN muimummﬂw AULTLE1U ATULIN

(NN./13.)  DAF (%) @@l SD. DAF (%) 1@asl  SD.  DAF (%) Lads SD.

0-20 7.30 4.5 2.96 0.7 2.76 1.0
20-30 7.35 2.4 5.14 2.2 3.87 1.6
30-40 9.45 3.8 5.92 4.0 5.03 2.2

40-60 10.38 4.1 9.34 8.4 5.86 0.8




A1919N 3-9 AN DAF UL aLUIONMN AR NEUTATIAT9RZ WU

Indanntisn Wlunationg

ANNLEY ANUIDINNALID TN ANULITEZEU AL

(NH./14.)  DAF (%) L@),a‘lf;l SD. DAF (%) L@),a‘lf;l SD. DAF (%) LQ?QIF;I SD.

0-20 253 1.2 8.01 2.9 153 0.2
20-30 9.79 6.6 9.70 33 3.60 2.1
30-40 11.91 6.9 13.49 35 6.81 5.1
40-60 - -

A15199 3-10 AN DAF U04ZALAUTDAIAT NI NENUTATIAFI9REN U

Indanniisn Wunetiong

ANNNIEY ANUIBINNUTD W AU TEAU ANUUIN

(NA./14.)  DAF (%) 1@asl  SD. DAF (%) 8@el  SD. DAF (%) L@@t SD.
0-20 -

20-30 - - - - - -
30-40 14.42 3.1 4.75 2.0 3.65 34
40-60 14.90 4.7 7.75 2.6 8.16 59
A15197 3-11 A1 DAF 2nuzaLausanasduddusiulnssaieasni
Indannisn Wlunationg
ANNIEY  AUTRIuNausn I AULTZEU

AN
(NN./13.)  DAF (%) 1@@el  SD. DAF (%) a8l SD.  DAF (%) 1adsl SD.

0-20 2.74 0.9 2.32 0.2 1.72 0.0
20-30 4.75 2.5 2.19 - 4.07 1.2
30-40 3.76 2.9 5.07 1.9 4.08 0.1

40-60 - -
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< G e (oA . .
AFI9N 3-12 ALRAE AENAR AR LAZATNLENILUNTIATITUIBNAN DAF luusa

Tudaulnsaie Wesnlszinmsing druasnwlndanitisn uneiong

Fudanulnsaasng szinnsaln DAF (%)  DAF (%) DAF (%) Adlsai

'
! ! 4

ALBAE  AIGNEA  AENER  NIRIFIU

ANUIAINNDL 904N 8.62 10.38 7.30 1.54
snln snlnaans 8.08 11.91 2.53 4.92
ALTAT 14.66 14.90 14.42 0.34
TNRUA 3.75 475 2.74 1.01
AULTEEU #iN904ang 5.84 9.34 2.96 2.65
snlaeang 10.40 13.49 8.01 2.81
ALTATI 6.25 7.75 4.75 2.12
TNAUAN 3.19 5.07 2.19 1.63
AULINY 7in904aNng 4.38 5.86 2.76 1.35
snlneans 3.98 6.81 1.53 2.66
ALIATI 5.91 8.16 3.65 3.19
TNAUAN 3.29 4.08 1.72 1.36

Ansuazniulndanisn nssd@n annuan1seaiianelidiugn  iaauousn i

v 1
FAUNIUAENU TudulaTaad19asnIuniaAn DAF annuinlduntasna A1919AIUIEY

'
vy

wnausn W uazAuLlszsu mNANRL IHasangUsanEdnTeIA U Nas ety Tednd
e gjasvinliifianiaaussties TnadaAeauaglugos 9% -25% Ussinnaessnlniiien
4 - o < y « a% o
DAF 11n14AR8 1UIUINALIATNLHEIAINAIR uATNIUID IAe AYNLEIge uazHTinutin
4 o o =

wiemeauiuauausalndssinmau

AmFuazniulndanifsnlunationg anuanisinssiwandliiiugn  Weauou
solndni Az Tudaulnsaaiisazniunial DAF anunldesfea Ausasne
50l A9 wazAulszsnu muansy TnadiAanegludag 4%  -15% dszinnaeg

50 WANNAY DAF HINNGARE TLIUTDALTATIN

'

=

HANINTIUIRNNIATITUNITADN UL AR AREMA luaunng 2-5 TaaldmA RE = 10%

azlfAuLANAI9AINNIMAge L IUNARUNNAIA139N 3-13 1AL 3-14 HaT83A1 DAF 91
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mfaﬁmi‘umMum%ﬁmﬁfaﬂﬂdﬂmmﬂmmi@@ﬂLLUM@Q AREMA  TagilANILANFNS
annIngadnassluniaauIneg ugag 30% 09 85% wazAn DAF aNn19RgaadnfiaIu

29193 HAMNUANANAINAILINIATFIU AREMA NINTIgA

A15199 3-13 NaifFaLiiauAl DAF a1nuImsgii AREMA fiunisasadaasdluninguis

Asulazeasngezniulndanifisn lnsedns

Fugdaulasaing DAF (%) DAF (%) % AN
2199 AREMA  @484AANNN1IMIIRIA WANFN

AUTRSMNALID W (L=3.33) 49.76 21.59 56.61
ANULT¥EU (L=10.08) 47.88 15.28 68.08
ANUAI9(L=3.10) 49.79 34.99 29.72

AN519N 3-14 N9ulFeLeuAn DAF ANNNIAIFIU AREMA AUNIIATIATART b

meawndmiuinseaieaznulndanitisnlnuneiong

Fudauinsaaing DAF (%) DAF (%) % AN

189 AREMA  g9gAannnisnsiadn uwansng

ANLIBIUNDUTD TN (L=3.33) 49.76 14.90 70.05
AL 9811 (L=19.98) 41.68 13.49 67.63
ANUAY (L=2.90) 49.82 8.16 83.62

3.3 LL‘LI‘LI'ﬁ,’mﬂﬁtﬂ‘i\?ﬂ%{’]dﬂz‘iﬁﬂu?ﬂlw

= Y Ao o v A A \ ¥ o o
ﬂ'\ﬁ‘qLﬂﬁ"]zﬁiﬂﬁ\?@ﬁ‘qﬂmmﬂqqﬂsﬁusﬁ@uﬁﬁ‘ﬂmmuqWGLVQ_JQzm@\‘]@’]@ﬂﬂiﬂﬁ\?@ﬁ‘qﬂjﬁugﬂsﬂﬂ\‘]

[ a o‘d‘d 1 [ 1 v o v a dl ada
Lmum@mmmmmmmmmugﬂiw@m@m:rmxmﬂ lmﬂf\]Lﬂﬁl\iﬂﬂiﬁﬁ‘\?@ﬁ"]\ﬂﬁ\?ﬂ’]mﬂ@‘ﬂ i)

o A

dlta Y o ad c a rd‘ k2 a2 LS

nlenldiuludaqiuae 5 lnludiefimudnanunsaldluntsiinszinisneuauedaes
Tngeaiag aqldunnisuausn nisausamiinaulugudaus1e) wazaandsssun s s
Tpeazuiianismszieanidu 2 491 teun n13aesziiuuataediedsiu (2 H5) waznng

AATzFluLaaedLuaziasn (3 AR)
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1) N99ATIFLLLANABALTIBIFY (2 RF)

¥

a % d’l ¥ o dl % 49{ 1 %
n19aATelassas1ilasAuas lduuUaIaesnas I IuaInLLLLla RN a5 euwa

a

fayanraniannaesdzvnurininer Touwuudiaeasld Beam Element iitesnAnusg
nelularANTiNUARATALLNY 2 kN ?ﬁlqﬁ@mﬁgmﬁ@ sUdsuaz AN 9 ANejL
ATTRARAAITNEN 9T T UAY Lmzaﬁxmumﬁm?{ﬂugﬂéwﬁqmLﬂui:mmﬁuiu 1
Element azisznaumieqnse (Node) [1UIU 2 9m IA8AzaINI903LATITHAILIS

Aelunaslumudldnuaianuaelnraadie sananalunini 3-28

Plone '{_‘ T r{
\

Space ’J&K.T,j_//’l,"ﬁ

Truss 20 3D -—=— -—

NINN 3-28 FinRsiNgaad Beam Element

2) N3ATZFLLLANAR9aIRA (3 HR)

a P = P = . P =
n13atATIlATaTILuLaziBenar i uasiaeaglsaresinsaainaasniui

1 1 dj ° v % g o ¥ dl 1
AEUTN9ge Taziin liANgNAaeNInaY TuluudNaesarld Plate Element [aU1ATLIN
5119 Tulageadne 1w 1 Element avtlsznaudaeqmsie (Node) 19t 3 9A%38 4 90

v -&I 1 o o dl = £ 5 [
LazAvFaIaNseiuiy Element 8% TngAINAZIBEAR9AINYNABITURE ALNNS

(=3 =

L1931149U Element Taaifindanuau Element uanfiazlAinugnaedge tnaazaiunsn

[ %

AarzvAnsan g luna s TumuA A lusz Uy 3 86 F9lanelunIng 3-29
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NINN 3-29 Faatinguad Plate Element

TUN19a519ULLA1989 G15BIN19ANNYNAL LWL ALFIANULLANAEY ANENILD

b

=

WUIELIUATAINATEA TUTAN LA AT azAaudiedudan Asiu  AsdAanu

©

uflunazsewinuuudnaediinisifannAgiusie Wileengawinnazidulld vl dun

k74 a v

NIUABAINLLIN AN MaNNFR g Ut NsaaziagaNInuazas 19981 1un12A 1190

a9
1

] 4 o aa '
unuFazINan1INKIENANGT

3.3.1 AMANNDEITNTNAUDILATIAFIIAZTNIY
A3NLLANaediATaaE 9z nIuazyinlaeAE Finite element Taaildsunsn STAAD

PRO @3zl Beam Element lunissnaaslnssaiisasniu 2 G5 seasldievlauasde

ANNAFIUAINNG ] 299 Bernoulli-Euler g szuiureanthinlasaaiiazdsaaiuszuiy

Anndsaninisulasunilasgilsneliluds uas Plate Element dm3unnsanassinseaing

'
aa = %

azwuli 3 1A T9FAeIN19ANYNABIIUIEALAN HAINABINITANHIILIBINUIELINLAY
AYINLATEA U ANIUA TR UIerne Nireudnadudeu Shape function 7l lunstlsrann
A1Nela89N15249R (Displacement interpolation) 2424 Plate element Maanld Nanwsoue
il Linear shape function lun1snauuuanaedasldansmir1893mIa95uLLL Simply
aa a rd‘ [V~ a F%3 a . a

support  Aan1Azvin MidunuLidadu Inaldngud) Small  displacement  uazfin
WO ANIINLDTARWAN Ta9E ANE L

auiulvuanisduluauuy 2 Ahveslareairsazniulndaniisn WS dnuazanl

snivluatinuguansAtaannisdulm luisiay ua lHanNIwa 3-30 waz3-31 AINRAL
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N Mode 1 = 23.767
o Mode 2 = 27.371 Hz
T * o % -
S\ Mode 3 = 75.439 Hz Mode 4 = 91.96 Hz
== P | a
,T‘! y il 7| % T

‘__,\._-:\-x';;'\'-i\\_\ Mode 1 =12.987 Hz '\.\—\’\'\\ Mode 2 = 14.714 Hz

42,240 Hz

AW 3-31 uannsduluauuy 2 Afueslassairsazniulndanitsnlnunationg
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anfuTuuanisdulyauuy 3 AnveslasaseazniulndanniisnWdnuazanii

uwtiuguansatananisdulialusas luunlddannm 3-32 uaz 3-33

26.025 Hz 30.740 Hz

\%X Mode Shape 1 \%K Mode Shape 2

61.899Hz
61.842 Hz

Yix Mode Shape 3 Yix Maode Shape 4

76.051 Hz 88.833 Hz

Tix Mode Shape 5 EX Mode Shape 6

AN 3-32 uan1dulnuuy 3 IRaealaraadeazniulndaniiisn Wsadn
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13862 Hz 15.786 Hz

;| Load 1 Made Shane 1 laad1:Mode Shana 7

19.446 Hz

Land |: Made Shape 3 Load 1: Mode Shape 4

: 1 ond 1 ¢
-| Loaid 1 - Made Shane § Load | : Made Shape &

w9 3-33 Tunanisdulvouuy 3 HRreslasaaiwasniulndanifisnlwunaiong

ANANNTLAZALERIN AU IMTadL L LA AR TATIaF19 RN uNA ATz AR
TUsunsuanunTouansluansen 3-15 way 3-16 aeluuanisduluqusnazifunisdulunaag

TanaidzniunlgannimagauluN1AgUIN LHatNAMININIIATIAs AN LLTY LN LRY
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wuUAaeslaseaieaznIuie 2 HAuar 3 85 wudiwuuanaesiasaieazniuiuy 3 16
Azl ngnaeslndipesiuAf ldannimaaeuninndd esuLLaNaed 3 NANeazi@en
AIUAzARNALANINANNTUATITIFIALNIUNINNIIULUANABS 2 HE UAANAIAIINTN 3-17

wae 3-18

=i o ° 9 aa
M990 3-15 Iﬂll@m'\?’&uiﬁ'}?l‘ﬂﬂLL‘Ll'Ll“]'\@‘ﬂ\ﬂﬂ?\‘]@?’]\‘]@ﬁwquuuu 2 A

Bridge 2-D model Mode Frequency (Hz) Period (s)
1. Indan ilisdn 1 23.767 0.042

2 27.371 0.036

3 75.439 0.013

4 91.96 0.010
2. Indanntiunsiinng 1 12.987 0.077

2 14.714 0.067

3 42.24 0.023

4 49.446 0.020

=i o ° 9 aa
M990 3-16 I‘Villﬂﬂ']?muvlaﬁqmﬂﬂLL‘]J'U@q@“ﬂ\ﬂﬂ?\‘]@?ﬂ\‘]@ﬁﬁwquuuu 3 4R

Bridge 3-D model Mode Frequency (Hz) Period (s)

1. Indan iisdn 1 26.025 0.038
2 30.74 0.032
3 61.842 0.016
4 61.899 0.016
5 76.051 0.013
6 88.833 0.011

2. Indanfiunetiomg 1 13.862 0.072
2 15.768 0.063
3 19.449 0.051
4 19.46 0.051
5 30.442 0.032
6 30.447 0.032
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AN519N 3-17 ANANDEIINTNAURILLLANAD IANAT A TN ILLATNANIN AZaL 1

NIAAUIN

AU ANNDEIINTINR (Hz)

aa

LULRNARY 2 HF  WULRN999 3 HE NAK8U MNIAZ1NN

1. Indannii5aam 23.767 26.025 27.64

2. Indannfiunainng 12.987 13.862 14.04

A15199 3-18 N19TELNILANNDETINTN ATBUL AN AR lATIAF AT NI ULAZNANTT

nagauluniAauny
ATNU % puuANFaEadELfuNmAgeU iU ARy
LULANADY 2 5 WULANABY 3 HF
1. Indan115Em 14.01 % 5.84 %
2. Indan tiunationg 7.50 % 1.26 %

3.3.2 MIINADIUIUUNUTTNNINTEIFBULUIADITATIATINREWIY

annigazaadndeyalunirauiy divtinassauausn wazituldunausninan

v XK 1 dl Y 1 a 1 % o
udnasnneasAusennausn W Geazlddayanesnguilssiiunisdnauivinaesnwansalu
(Wheel load distribution) lunnsatasnziidaganisnsaaaunisuisiiinaaanasnin
onaasgazniuiuazlinisudedininauninsgiuees AREMA - Tngazutatiminiman

aanidu 3 dounnuszazaesldunauauanaluning 3-34

Wheel Load
3@ 33%95
Track Structure l @]
l
Spacing

AN 3-34 nsutistiutinnasn RINNIRsgIL AREMA
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andayanismagauluniagunn ANIInsyAeag L IRATuLAAS LN g 3-35

uanaNtl  liamAagaLnITuLauutnmansn lnaas AREMA aqldvinnisifzaumiaunng

wiaTInaanly 1 494, 2 49U wa 3 @91

141687
=l I I IC I I A I Jrar
56 11 G614 56 15
- : 18
56 13 se2 5617
- | I
[
0.48 . 165 | 048
’7 -89.17 ksc STRINGER -148.53 ksc -73.99 ksc
227 14 ksc 44012 ksc 182.35 ksc
¥ = v a
n) aznulndannilsn WiEm
1360T
TG 15 5% 14 SG o
G 1 sgl cm
01 015
_F - STRINGER
1
-129.18 ksc -314.32 ksc - 11561 ksc
111.28 ksc 32252 ksc 11016 ksc

2) aznulndaniien unatiing

1 1 ¥
MNN 3-35 ANIINTEANENE LLfNﬁLﬂ mﬁu‘lnmm@wmmmiﬂ/\l FAINAIN

ANANRUSARINITIUIRINTNINA T I AuAT TN HUAN IR ATUA AT AT

AAguN Tnaiansanantiusnmatsa il (W) Tuwusd (M) wazusaeu (V) sawanaly

AW 3-36 LAZAIINN 3-19 waadAN TN IUFMIR AR INANTILN T Nataanidly 1 dou,
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2 491 LAY 3 491 ANNITILATIZEAREILLLIANARY Finite element 1ad@i (2 N5) WUy Rigid

connection
Wi W2 W3
Q.45 0.51 o 048 047 0.54
- P oo
| Ny |
; i
=
4 56 1 oo 14 SE 15
( ‘ 5G 13 552 5G 17 )
M1 W1 4 V2o M2
1865
0.48 aBa3 0.48
STRINGER

o

1 14 1
MNN 3-36 NFULNINUTIN wansn eeslnsad gz nuininnmagey

a . el a S & ) ) )
A15199 3-19 A THINRENIA A NNNTLLNTMINIAN aanLTlL 1 A1, 2 AU LAy 3 49U

ANNNTILAINIZHAELLLANAY Finite element

AT TaufaN ULt man-M1 (kg-cm)
1 dqu 2 d4ou 3 dau NINARAL
1. Indan i5@n 165360 161221 156518 141778
2. Indanntiunsiing 137708 133759 129272 123748

LHaM9R 80 LA IHINWETN IHRANN17M 993 ANLAN TN UAN AR AN FuLauNwin LT
1 al v a o [~1 a dl =3 A 1 901 o [~1 1 1
3 dauazilanlndAeniuannuiiluasige asmannisussdmsinmaiu 3 daulunnslden

A ULLLIRNA8Y Finite element 129TA451928 W11

3.3.3 nsidSauiaunNaniIsatAsIzntaanllswnsy

Tunsneldnmaaeupanupaapdeutastanauauasiildainnisszannigon
WULRNA9 2 HA war3iF funanimaaaylun1Aauis TmﬂﬁmimwmL%Wimwdwmu
909UNAUTN IWULAZ AU N TBIULILANGD 2 F Tuaasdnsuzha Flexible connection WAy
Rigid connection Lﬁ'@mmm@f;@@ﬂ’]imrﬂuz@u@wmz@:wm AIULLLAAB9 3 WA Azinng

] v
21ae44lu Rigid connection @alunstid Flexible connection TuHANEReINTUN19AA09
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=< ¥ o = 1 a2 c a dl 1 1 a .
N’}ﬂ’NVLS\IVLﬁVI’]ﬂ’W?Lﬂ?EI‘LILVIEI‘U TALAINITIATIEHRENANTUNN AN MUE LIS AT B (Static

stress) MiinauludaanlassaFrefinginssnagludatinngy ludeusasiminmanfitiu

| ]
A a

AAreiluuuidanassinaitsazniuazlddayaainnisdeinudnninanzinaaun

v 1 v
(Weigh-In-Motion) uaznMsULNUMINNGNINANATNNIATFIN AREMA FeaziLiarinmingas

wanuwaenidu 3 dauawiawin fu Asuandluning 3-37 Ds 3-39

] v ! v
AN 3-37 faedrsthutinmansn ananisutisiuinnguinaiu 3 dewseuuuanaes

TATNAFINAEWILLLL 2 HFA WU Rigid connection

AN 3-38 Fhatrsiuinmansa lniiinisudsiiwinngunaniiu 3 dauseutiusanaeg

TAT9A5194ENWBLL 2 WA WL Flexible connection
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=i o 1 % o dlo 1 2 o ! ] o
NNy 3-39 ﬁl')‘ﬂﬂ’]ﬂu’]ﬂuﬂLW@’]?DVLWVW]’]T]’]‘J‘LL‘]_I\‘iu’]ﬂuﬂﬂ@‘NLW@’]L‘ﬂu 3 AMUFABLLLANADY

TATIAFINATNIULLIL 3 HR WU Rigid connection

IALILANITILATIZITANUBIN UL N A D ATDILL LA A IATIAF19RZWIULLIL 2 NFAY
lduanisimszfaad Beam element @aulunitanandlpsaad1adsniuby 3 NAas kieua

NN33LATIEIiaaY Plate element LansaanuLilu Stress contour T9AzdstazUAFINGT A

LA 1NINA 3-40 LAY 3-41

Beam Stress

MNA 3-40 AvaeLsadATaLLLAaelATNAE9dsnIU 2 UR LU Rigid connection

IIIBEEIIIIIIII_II‘i
'si.

PEURUBIE InEEREE

—

MNN 3-41 ATMUNELNATALRLLLANa89lATNAF9@ZNNY 3 BF LUL Rigid connection



72

3.3.3.1 laseaseazwiulnagailsean

NANNTILATIZFLLLANA R IA AT N A WU INAZ DN TTIAR WudLHalFaLAaual
PUILLNADANULLURNABILLY 2 HA WA 3 XA AUN1INAFaUIUAIAZUIN LAY

LULANAAIATIATINATNIULLL 3 AANANINALALNAUN1TIAT9AT AaseFaLan TN INg

3-42 014 3-48
700
—3-D
600 —
— 2-DRigid
500 —

Measurement

\
AMFRVAWA

T v - (0
D 5 10 35 40

Static stress (ksc)
N w N
o o o
S S S

L L

-100

Distance (m)

MNA 3-42 AvngusaiATeluLaIaesiun1magaslund ARLNNNTINA19T1BIAY

9091NAUID AT (Section 1) 1e9dznulndanii5adn

700
600 = P -
o0 A N 2D Rigié |
/ /\ / \ 2-D Flexible
/\ Measurement | |

g s
~
—~
|~

N
o
o

Static stress (ksc)

l I Al
| \ // [\ /Q\
T~ o o/ » VY v\/é%s

0} 20
-100 ~

-
o
o o
Il
—

-200

Distance (m)

ANT 3-43 AvtneLainTedLU LS et LN agas lun AduN TN a9 9AY

209112130 INAINANY (Section 3) W9dzN1UINARDN TSR



-100

-150

Static stress (ksc)

-200
-250
-300
-350

-400

nNT 3-44

400

350

N N N W
a o (&) o
o O o O

Static stress (ksc)

-
o
o

AN 3-45 ANUUNLLNAD ATAILLLANANAUN19INAZaL 1 UN1ARUINN T NA19UD

\ 5 10 15 20

T L
25 30 ﬁﬂ 4

A7

— 3D

—— 2-D Rigid

2-D Flexible

Measurement

Distance (m)

AVULELTNAT ATRULILAN A9 LN AL luN AN AT NLILa9AY

1/9287% (Section 4) a8 N WINAAD TSR

— 3D

—— 2-D Rigid

2-D Flexible

Measurement

25 30 35 40

Distance (m)

ANWL9281 (Section 4) aa9dnIulnAdnNTIAn

0
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[
(@}

o

)] \ 5 10 15 20 25

30

5\ 40 4

a

/|

PN N\

Static stress (ksc)
N A ,
o (6] o a
o o o o
|

-250

-300

-350

NN/
;‘\ \ / \ / /
\V/ \/
U N

— 3D

—— 2-DRigid

2-D Flexible

Measurement

-400

Distance (m)

MNA 3-46 ARELNETATRLLLAYaeeLN1INAdas lun ARLNNTINU TR

400

ALY (Section 5) 1a9dzNBINAaDT59AR

350

300

250 ~

200

150

Static stress (ksc)

100

50 A

0

3-D

2-D Rigid
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ATNY (2-D Flexible) (2-D Rigid) (3-D) NIAFUN
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AU AU 245.62 255.16 211.02 195.04
ANUAINN 363.64 379.72 373.75 389.67
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% ANNUANGNY IeuiUN1TAdal  2-D Flexible 2-D Rigid 3-D
ATUIAIVNAUID I 42.67 4.23 1.86
ANULTEAIU 25.93 30.82 8.19
AU 6.68 2.55 4.08
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LIl 1= 1T [T 1
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22,69 ksc 4.85 ksc 17.85 ksc

= +

1300 ksc  -4.85ksc 17.85 ksc

) aznulndannilsn i@

NI =i

S5G10

D1r5_|

60.11 ksc 4116 ksc 18.95 ksc

- +

-22.22 ksc -471.16 kst 18.95 ksc

2) azwulndaniiisn unationg

ANN 3-56 N19NTZANLNUILUINTINATUNAAFABLTONTDIAUIINNEAUID IWTL ALY

A5 324 AheuaanaameNsevasaznusnNlndann g

Stringer Measurement (ksc) Analysis (ksc)
top 22.69 32.35
bottom 13.00 6.75
axial 17.85 19.55
Moment Mp = 5236.93 kg -cm Mf = 12789.63 kg-cm

=l ! 1 nzll &I ' ¥ = o
AN 3-25 m‘wmﬂmemmmmmamzwmiﬂmﬂmmumqmuﬁ;

Stringer Measurement (ksc) Analysis (ksc)
top 60.11 116.19

bottom -22.22 -93.08
axial 18.95 11.55

Moment Mp = 44494.94 kg -cm Mf = 104509.43 kg-cm




82

3.4 NISANEIANUIUTDLURINITAULUILAZAMNLALUILLTDIAINANA

TR E AN UALA LA UIUTA LN L ULYINT RS T UL e LT U1 I R LR S

Ay ldlunisaiieanndniugszudnanganssnsuanudnzesinsaaiieniuusangzin

ERoe Do

FRURLLAIT (Constant Amplitude Fatigue Behavior) LL@:anm‘?s\l“ﬂ@\ﬂmmﬁ”"]\iﬁ?‘i_lLLiN

nrzng1deunuylimed (Variable Amplitude Fatigue Behavior) Iagiaanui@evineNiin

A9 NN IENITIERULL LA NI U ATDIN Ut LI T UM e se s AN B NALATH
ANUIUIDLNIIAU MY A LA LI UL L ULVINUDIT UL LA R AN AU AN A BNl
N o ¥ L ddae . 4o Y
MARIUHAIR NN TENIE1Ea UL TP N HANWIUTaLIa9N17 8w AN A ANwA 15
o ?:/ [ % al % dlv o % £ ] -dl 1 1

Fratiu szduraamaddavnglulaseadne Afunsansenigdaunuuliasi atgigu
TAMaF19gTNLAa 170U s Ru A e lE AN a9 ug e A LA TIRUWIAWINTL

ANT9URE LN 32 ANENg IAEeAEUANNITIRIULLANABIANNIAEMNEAZANTRS Miner's

Rule 1WA liAdi@enneasauNAnaul AN UNATINTAIANN LRI URILARY

T9nReILgaEiagl ANTAeULNeILINs AN TNAAZAINITD AU IFANNANNTTN 3-1

Sre = (Zflsil )é (3'1)

18 Sre ABANTAINUUILINLIZANTNA WAT fi AAANAINDUBITIINUIEI LI RR UL AN AL
Sri
[ dl b7 1 1 a a v 1 o [ %
PAIANNN LA AN BTN UL T2ANTNALAIA A 181702 UAINIAIANN

\
Y A a a

FuMIusaANNANTILTgAseNRa s lAAINANNIT 3-2 WTAAINUNUNIN S-N TIUARY

ANANNUTUDIANTINUE L IILAZAINIAIAMNAIUNIUABAINNAN TN TN LN UAD AABN

au (Log-Log Graph) sasasinaianslunini 3-57

\a b AaqadaLNLlung W S-N Curve



83

100 et e :

500
e o
75} [
i =
[

] 4100
2 2
é <T
T (nef
2 9
L w
: £
1'.I'l',l w

LEE CONSTANT AMPLITUDE . o
FATIGUE LIMIT - --____ 4 10 £
14 L 1
165 106 107 108

N - NUMBER OF CYCLES

ﬂﬁW‘ﬁ 3-57 WHUNINW S-N ATNNIATTU AREMA

yananAtaaireLssLlsAnBHaLEa SrutusaLteennsduaiiAna 1esann
guausniwindeuduaznuidanudidglunislssiduegnisldeudasafoves
Tasea¥ne siail iflesannussiinssindelasaaieasnuilaunalined wasiiaaudude
Favi lunsimseimanuuseuaesnnsdulmasdeen deaannslunisuandaamniteuss
dagaanuaNnltussRdutausanana Tnslu ASTM E1049-85 (Standard Practices for
Cycle Counting in Fatigue Analysis) 1A 1PARNNIMAN AR NN T U N TR Re LSl nelEd Baus
sy A0t Mne usILAzAIusa RN AU M RLANsNeTY atnglsfR Rainflow
Cycle Counting Method Lﬂuﬁ‘ﬁﬁﬁﬂlﬁumﬁLmq::ﬁﬂtymmmé’wmimmﬁ”‘wmwm
fFasann BnsdendnnanansnlfFirestaanianusaiigniesniu Hysteresis Loops 1
LTS ansEdFaunLlaedt el lunnsuandasineusadaeAa Rainflow Counting
Method azfesinniadnliunumanzesszdfviianus (Stress History) atluuuaniuazd
fAtTaET Feuanedaetng Tunwil 3-58 mnﬁuﬁﬁ@ﬁimﬁLzﬁﬁ@ud’]ﬁﬁﬂmmmmnam

! v 1
uugaaedllszifmiauss Teasldusazdosduniesnisinasesinlunistsandas usetoel

svdindasusanaznivus liintsisasias ilaruousataednisdulvaminiusasay



84

WU
-40 -30 -20 -10 O 10 20 30

| L Ao

\U

I

w
P

MW 3-58 Nn9AzFlseRunaenselneds Rainflow Counting Method

Fa1i UsedRaasningusaiinaainuaanseniddauunuu liaaiazanuisananaan

1alugaeutne uaatiag ANUIUIALALAN LA UTALNITA WM N ULANFANAY TeTaanuasLtias
1 a’l’ 1 Y a a 1 % dl ] o dl o v a
WaRAzna WINAAMNAANFAa TATAFNATNIWNLANANNAY AN lnAANaAan 11
o a al % =) val o [J = 1

N1TANUIUAANLLLLAZUIZ IR WA MR s 889 AT AT19R AR NN U LA LT ILILYAN
22992918 179N 1E 11N 1785 19AN N AN N USILNIN19ANHLR ML NN AT LTIAIAN LI
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3.5.1 Stochastic Simulation
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ABSTRACT : Fatigue damage accumulation of steel railway bridges was evaluated using weigh-in-motion (WIM) data collected
at Donmuang station. The collected train traffic data were simulated over simple-span analytical bridge models with various span
lengths to investigate the moment responses of bridge structures under actual train traffic loadings. Based on Miner’s hypothesis, an
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ABSTRACT : The dynamic amplification factors of a through plate girder railway bridge with 11- m span length was evaluated
using field investigation. Strain gage instrumentation and accelerometer measurement were utilized to monitor the actual bridge
behavior under routine train traffic loadings. The equivalent static and dynamic responses for each train passage were first
determined using the fast fourier transform (FFT) technique. The dynamic amplification factors in several bridge members were
obtained from the ratio of maximum instantaneous dynamic response and maximum static response. The results indicate that the
dynamic response can be notably overestimated by the current available standards. The averages of dynamic amplification factor for
each bridge member were found to be in a range of 9% - 25%, depending on the axle weights and train velocity. Therefore, the more

accurate life prediction can be obtained using the measured amplification factors.

KEYWORDS : Dynamic amplification factor , Natural frequency

- NCCE12 - Volume 7 (STR) - Page 240 -



1. uni
f’hsllENLLi\‘1ﬁﬂigﬁWﬁUIﬂﬁﬂﬁg']ﬂﬁgW']ULﬁ@iﬂulwsfhll

' Y 4 2} o = 3’ o

NTL!5]3ﬂi%’,ﬂﬂﬂllﬂﬂ']ﬂﬂT"U@QH"lﬁuﬂﬁlﬁ“If\ﬁﬂi]"lﬂlﬂﬁﬂﬂ"l]ﬂ\i

wad’ a o A Y
5ﬂll‘l’\lllﬂﬁiL!i\’]Wﬂ'N\‘ﬂLﬂﬂﬁl'lﬂﬂ']iﬁ‘l!ﬁglﬂﬂuﬁl]ﬂﬂiﬂi\iﬁﬁ'l\i
E4
ALY Naimmmuiﬂmmﬁ%ﬁﬂﬁ}mﬂWamuﬁum‘ﬂnwa

ija"llENﬁZ‘V‘ﬂ‘NﬁﬂulV\l ’G%TT%J‘]JGI.Uﬂ1§’EJE]ﬂLL°]J1JTﬂ§\1’cT%’Nﬁ$W1M

v v
o

Y a 2 o vas a
ﬂz@ﬂﬂWiﬂimWﬂﬂﬂTLlTVi'L!ﬂ‘iﬂvlﬂ!,!a%!,liﬂwa’Nl‘ﬂlﬂﬂ%?ﬂﬂﬁ
o A o =R = o o A
qdUASINOU TﬂElfﬂu\1’E]\1i8@]‘1Jﬂ’ﬂll‘ﬂﬁf)ﬂﬂ&l°ﬂ@lﬂﬂﬂ15lm$

= a1 d e a1 de 2
Tamﬁmmum"M%mmumuﬂmummmwuﬂ “]NI@EJ

A uIATIIUMIONULUAZHIUIE A IMUANILTINAIA

]

E4 < '

= 1 = A d? g’ @ a d‘ Y a 4
Hduarunmuvuamimiianaadan laann1s iz
9 £ S J dyl J A wa
TA33a519 F392138nA1H91 A1gaNNNIINAIA (Dynamic
Amplification Factors, DAF) [1]
s a 2 4 A
HANTZNUNWAF AN AT UIBYVIUTD TN
9 1 ] 9 9 1
JrudIudznIuaInsodizuimediagnaesldernnii
Aa a 4 4 Aa
WYANTTUN DA AN Y9 IATIaT 19 199NN ANTTY
9
4 LY [ 1 a wvAa
nanamans vz Iuegnuilatenaleodis ey guaula
4 |
manamansvodlassad wazwiu vazvurusa v (udu
1 I [l [ Ya o
p19l5na TumsesnuunTasarulngrzldismstivua
Y
AuN1506199181UMITAIUIUNANTENUNINARITAS 1)
A A ' v ° Y A
Nz liniseenuuuainisonildedaazain nazi
anugndeslusgdunils  dmsumasgiunsesnuuy
Tassadraazwiuso Walslulszmelne 18d81989uun
NNMITVONUVVUDININTTIU AREMA (American Railway
Engineering and Maintenance-of-way Association) Qg
¥19331U UIC (International Union of Railways) FIANHUY
v o Aq ¥ o
VI lATIAI 19T WINLAZUTINT LR IN T TUNIT WU
Y
WIATFIUHATH §19TANULANAIIDE1INININENINAT 1%
v v
Nuvodazmiuso W ludszmea’lne daiu Tunsideiised
~ = A 4 9
ANuaulINIZANEINGANTTUNNNAMTATU0I IATIAT I
d'd| 3’ @ 1 d' 9 1
agmuniaoiminvesvuiuse liszinneaieg dldeglu

Uszma'lng are3smanaaouluniaauy

\ Q' U
z.mgmmumawmﬂ
[ A vAa A 1 I~ VoA 9 d'
MAUNNNNWAIN 1T0A1 DAF LﬂUﬂ1ﬂ1%ﬂm!W®
a a o
GllfJ'lfJWﬁﬂ'liGl@‘Uﬁu@\TWi]ﬁﬂiill‘ﬂ']\?ﬁﬂﬁﬁ']ﬁﬁiclﬁ}iﬁlllWai]'lﬂ

o v A < o A =
ﬂﬁﬁuvh’i’ml’t]\ﬂﬂiﬂﬁﬁN HRINUSINNIEIUMSlasu

a = & A o <3|
wdasvurauaznanIea NIl annelanyaztdungg
A

N3zuNN (Impact ~ Force) ~ FunAINMIITUTINON 11
4
oMU UAUDININTTIM AREMA (30081 DAF 191 Impact
o Pl I @ 1 1
Factor  lagfiviualnal DAF (Judasiadiussninnny
HANANYBIMIABUAUDUFINATAGITA (R,,)  1ATAS
ADUAUDUFIADAGIGA (R, ) AONIIABUAUDATIANA

g Aaaumsn 1

R VN _RSII
DAF:%AOO(%) (1)

sta

1i/o R, = MIADUAUDUTINAIAGIZAVDIALNIY

dyn

= MIADUAUDUFIADAGIGAVDIALWIU

L=

AR, awnsadsziulaslddeyaniiudinldnm
v A va & < o
MIATIIAFINATA Tzl unanoUAUININAR TS YD
Tasear$a dwsunsain lueusaimsasiiauuvadala
a o a
LANNTOAATIZHMINGANTTUMTABUAUDIVDA IATIET 14
a 4 o 9 Ay ¥ v A wa
nuadasnaas lagmsiideyan lAninmsasaiaFinaia
VIHUNTZUIUMTNTOIT Y IUAT (Low - Pass Filter) 110
HENAIUVDINTAD VAU UFIADAUUVINGUNT  (Psuedo —
Static) DOANININAITADVAUDUFINAIA 1AINITADUAUD
Y
WeadauuueuiaziailoungAnssuNITABUAUBIVDT
9 d' o ] d' 9 a Y g’ @ o
Tassasandruandesansnasanaeldiivinnsgii
< a S o A o A A
Wunuuade uazihminnnsziuaasun llamwanueives
¥raazwiuTas ilinavinnisdu Imaveslaseadiadiun

= v ' aq 9 o Y v S
o909 A1 R, Nlglumsaiialuaunsieauaziiuy

4
ﬂ1@"\1f,’!ﬂ"llENﬂ”l'iG]f)Uﬁu@ﬁlﬂﬁﬁﬂmmﬂlﬁﬂUMWﬁ [2]

Btrain (LLE)

-30

-40

-50

! : ; Max Dyn:amic Re-;ipnse
R RRRREEE - k4t ] ! :

1] 10 20 30 40 50 1] o
Time (ms)

M 1. ugaInsneUaueIFINaIALazadngIga

- NCCE12 - Volume 7 (STR) - Page 241 -



3defvuavoIA g NNIINATAI USRIV

azwiuse iludszmalne
Y
fvsumseonuuvazwIusa iy n1amssa il
ursznalneaz 1961 DAF 150 Impact  Factor A1
A £ NY o v
WIAITIU AREMA [3] unil 15-1-18 Faliveimviualunisle

o A o &
ANTUNITN 2 1AL 3 AU

2

L A £ '
DAF(%):RE+40—4—8 Wwo LWosni244u4. (2)

DAF(%) = RE +16— 50 o LA 244 1. (3)
L-9

1o RE = waveinny luaivauevossiesa v
™ a I
Tae lalaanly 10%
L = AnNen¥vesasinuiannguina1an

AuINaNg IO, .

4.msnagevlassadvazmuse IWluamnu

4.1 Twazibeavesazniusa iiimsasieia
azwusa i 1F lumsAne erinisnsnda

NngAnTINYedlaseaduazAINsAoUAUDINIINAMIAAT

v A v < Y < ' ' <
‘LluuﬁﬂﬂmglﬂuﬁZWWUIﬂiﬂﬁﬁleﬁaﬂl!‘]J‘]JLLiJLLﬂil“H’dﬂLLNQ
Y

eyt 3 ¥ 5 i

MNA 2. aasdnazaziusa Inimsasieda

Y Y v
azvuso iiaseghnusnalndnuaniisalusda
9 d%' A = = 1
190l w2471 UANNEIFSWIU 10.89 Y. FITDITY
N1595195VUAITTHINNTUNND AUAIAK T LaznIn
AL IUBDNINBUNIID TATIAT T WIUTFINNNVEIIVIAIY

soasurvousav 3 ¥19ANNeINIMIAY AT TTIY

v ' Y v A [ 4
Argagal wulassasaswniugalaninedlunumi
AoUYA 1o InTIiNMIKHNToUIINATUTIDY
1 1 I~ 4?
azvusa Iuuuuluasmanupavuazlsznon
Y ay 1 Y d’ o [ dyd!
areFudiulassaiundnnasiiae
1.0111352 51 (Main Girder) o AuNsznoUAIY
I o @ 1 < 1 <
Wunihdagilaale Gllnuu  Inar vagmdnurueniy
23n152nou 141191952119z U0TUHA (Abutment) W30
Y Y
azaona191i (Pier) mulszsrudusudiulnseadandn
Y
vosazyulumsdumuimiinanvuiuse v
12 . I Qy 1
20145095 UMNOUTD I (Stringer) 1JuFUaIU
) 4 A 2 g g <
Tassasviandseaovvwilussuunvvesas iy Wuau
1 Y d! [ 09/ @
5350 Idvueuazwiu Fesviimiinainsa I laenss uay
v
BRIV GRIETRRE
& 2 }
3.014921 (Floor Beam) WuduaiuInssad1aniig
~ [ dgl I~ dy
Nsznounuyuussuuny (Floor System) YBITZWIUATY
' v v
vannsviiming e Tdnoeu1anausessunyeu
Y
50 19(Stringer) Tawaeniwiin lgaiulsz 511 (Main Girder)
SMMSUALIUNANMITVUIAVDIHTIAAVD A AL
A ] v
yudiuIassade awaaslunnn 3 taza1snan 1

3- UPPER COVER PLs 250 x 10
0

2- Ls 90x80x1
1- UPPER COVER PLs 250 x 10
2- Ls 90x90x10
1- WEB PL 1000x10
1- WEB PL 610x10
2- Ls 90x90x10
2- Ls 90x80x10 1- LOWER COVER PLs 260 x 10
3- LOWER COVER PLs 250 x 10
MAIN GIRDER FLOOR BEAM

1- UPPER COVER PLs 150 x 10
I 1- 1 - BEAM 410x150x12x20
STRINGER

H v
MW 3. uaaeT1eazd amm%umuimm?n

v E4
mseil. uaasguaniasudulnseadi

Fudnlazaati ufivthda Tuwudanuidos
(W) ()
mMulsesu 9.903 x 10’ 2.129x 10’
AUV 8.177 x 10° 6.170 x 10°
MusoIrueuIn Il 7.680 x 10° 1.793 x 10°

- NCCE12 - Volume 7 (STR) - Page 242 -



K4 ]
a % = =
4.2 MIanauATeNNeNaaa
Tumsasrniaasslumaauiy 1diinsasiaiam
Y
ANUIAT BAUDITUAIU TATIEAIII 1AZAINNWITIVDIAE I
li‘ Q' 1 [ 1 = 03;
Tuvaznvuiuse I3k lunisasiaiasianunssaiy
9 = a qs/’
1% Strain Gage IAsUMIAAAIINATHUVY Full Bridge 1u
ANBUZIUY Load Cell [4] 1iial# lasNigndsaniniigauaz
I [ A ~ a A o
HumsilesduanuaaianasunernnanmMsganadiniy
Y ]
gaurniveelnsead s wiawaninanuevesaoaon b
[ d‘ A d' 9 =) =
N u nseaNenlylunisnaasulalivazioealunis
Y ¥
732970049 1.0 x 10° € wonanil lumsdanuidaldinseile
FANIU159 (Accelerometer) (o IAn13du lvi1veIaz WU

A ' 9 LAy v ° Y
Elummzﬂ]ﬂ’)u5ﬂ“lwlﬂaﬂuw']u Sllﬁmuaﬂﬂmﬂwnlﬂu%umﬂ%

v
A o w

a 4 vAa vAa

Gluﬂ"l'i"JLﬂ'i"I%‘HﬂiLlﬁll‘]JGI‘VIWQWQUWV]ﬁWﬂﬂJﬂlﬂQIﬂiQﬁ%}WQ

A A a A = o
AENIU AD AITUDTITUBIN ﬂi@ﬂ?1ﬂﬂ1ﬂﬂﬂﬂ1iﬁu1ﬁ')
(Natural Frequency)

a osz’ . a P 1

ATAAAY Strain  Gage  9zAn 13N1na149 (Bottom
Flange) 14az1n1U (Top Flange) U09mUUI2 51U AMUT0I5U
‘HN'E]‘L!?E]“],‘V\I LATZATUUIN 1“U§l?ﬂ!cﬁ3\‘]ﬂ31ﬂﬂ"ﬂlliﬂ Iy
YFnannaazuauaaluning 4 HAZNIND 5
1110991NA1AI19ZINANNUIAT oAAA (Bending strain) 11NAEA
A Yy v ' 2 Ao o
L‘W@GlﬁlrlﬂW'ﬁﬂ'li@l@1]ﬁu@ﬁiuu@]ﬁ?ﬁ“ﬁuﬁ?u‘ﬂﬁ’]ﬂmﬂl@ﬂ

Y
Tassadaazniu S1SUnITAAA Accelerometer 32Aa 17

U?!’Jﬂ!ﬁ\‘lﬂﬁN’dZ‘WWﬂ Lﬁﬂﬁ1ﬁ1ﬂ31waﬁiiuﬁ1aﬂlﬂﬂIﬂi\iﬁ?’l\i

asnIy

v B :
MW 4. LTAIAIDENNTAAAY Strain gage VUATWIU

m3siuiindoyasz1d Data Logger 3 SDA-810C

@

Dynamic Strain Meter VOILTHN Tokyo Sokki Kenkyujo 09

=

Falinnuawsalunisnadoudlenuazidengagais

1 I = dy 9 ] o R
50,000 Hz 0813 15nalumsanmiilennusilumsiuin

Y030 500 Hz  FawinweNvziufinmsaeuduedves

]
Tasearswaewiu
363 363 363
g
& guousnlv
3 g
- sec 3 s;'c 2 sec 1
E o
sec 5 sec 6 sec 4
_ SG6 sG4 ACC.
se&t_ion :1
section SG1,8G2 =
- section 5 section 4 section 6
section 2 I SG7 SG5
L scs3

MW 5. Laasd I ARd AT 0L AN
Y ~ Y o o
4.3 wayﬁw']ﬁmmimaﬂm
TumsnaaevlaminsasiniaainsnouaUsIved
| a 1 o % o o ]
Tassaadunadaasiu 7 Su Tasiimstiuingianan
[ A [ <3
w0350 IugazvurunIsruaz iy anuis1veasn 1l vay
3 1 I~ 1
Uszinnveasn I Feaunsoutaenson Il uvuiusanig
Taga1s VUIUTONNTUA 1azVUIUTDAFATI ATV
~ ' M 3 Ay v
VOIANWIAT BA ANVTIVDINTFU 1117 azawsIN 199
msasaninazih lnmgAnssuveslasasaazmgauiy

manadaaeli

o a a d
5. MR UHUMSUATIZHITOY
50 MIWIAIAIYATITUYIA HALAITATIVADUYIN
ﬁ@@7m5un3u@m?§mmm Fast Fourier Transform
(FFT)
o o A 0o ¥ Ao =y
WanMIVed FFT Hufe mathdeyaftiudinlden
4! 1 va . .
ManaaeudiegluglisziAveanal (Time History) 11
nilasldeglugddnyaran1ud (Frequency Domain) Tae
manudranveInsdu 1y sziluanudndvinavean
duilszaninSosqaga [5]
1 ~ a I 1 ~ o
AANasIsuIavziduainud lunsdul
HUUD A0 IATIA5 9 (Free Vibration) (19159052311
d' Y A A 1 [ 1 d‘ a
219D 1nd1AINTBINIANVAIAIINDTTSNYIA NaNIT
ADVAUDIVLI NI TUNDY (Resonance) M 1A NTLAUNT

ARUAUDIGININNANIN  AIMTUMIMIAINNVDTITNIA

- NCCE12 - Volume 7 (STR) - Page 243 -



P ~Aq ¥ = 2 v vy '
voalassadwazmiunlslumsanuiil 18 1¥douan1iuisa

U

voamsdu I lusamsdunuudasy

1800 T T T

2t ¥ 2764 ]

1641
1400 | 4

1200 - o

1000 - B
=

Am

800 B

B00 B

400 B

200 B

0 L 1 h 1
] a0 1a0 180 200 280

Hz

m‘wﬁ 6. LLﬁﬂ\iﬂ"lﬁ?’hﬂ'J"lllﬁd;'ﬁﬁillﬂﬂaéllﬂ\TﬁZW"lu

Taohimdaaaiinsniaudinnzidieiinsves
FFT waz I@nadadaslunmndi 6 m1nmsTinazinu
AeUTAANUATIINNRINIY 27.64 Hz

dmsumiainndeurndyanasuniusg1§isms
¥0d FFT asadouduyaafui 1dain Stain Gage 1151929
mmﬁlagj“lwﬁnﬁagapmﬁnﬁﬂmﬂufnwa’iﬁw?@"laj udaiims
ﬁﬂﬁ’muﬂunmiumu@aﬂﬁaﬂ%%mammﬁmtypméﬁ (Low - Pass
Filter) 18235 IAATINT Y19 (Band - Pass Filter)
5.2 HAano VAN vaNA Y I

A o @ Y o a2 9
LiJE]‘VHﬂ']ﬁﬂiﬂ\iﬁﬂluﬂﬁmiﬂﬂ’JuLm’Jﬁiyﬂﬂﬂl‘Vlulﬂﬁl

bg

ee

<3| a wa & o o
WuwanmsaevaueusInaia @Q%zﬁa\?ﬂ']ﬂ'ﬁﬂi@qamﬂ]u']m

o

v Y ¥ 1
1 (Low - Pass Filter) DNATINILY 1NBLONAIUUDINGANTTY

AMIABUTUDUTIADA DONVINNYANTIUNITADUAUDY

v

o Y
R RGERG AR
250 / /nr[umnwmﬁ'nni’m
200
150 numaTenuIaa lavms
3
£ 100 ;
z FEREIEN AL EETA RS (Enn MO0 UTER MR TR R CHE T

o
o

dinmiag 1 fdudnmmnum .

o
3000 3200 3400
-50

3600 3800 4000 4200 4400

time (ms)

M 7. dygnaneadaidumsnsesdyaiaunda

o Ay ¥ a

ayyInUN ﬂ’ﬂZLLﬁﬂQWQG}ﬂiiﬂm@iﬂﬁﬁﬂﬂﬁu@\u%\i

'
] S

a 9 )=} A =\ o
ﬁﬂﬁﬂm\ﬂﬂiﬁﬁiNLIIE]‘UTJ’J‘L!SQIIV\"NWWM UINYATIDYAAILT A

{ ' { a g <3|
Tunmin 7 Tasaanunioageganinadusziunavodns

4600 4800 5000

v
o o o 1 @ @ 1 3
N3EMMIMUNNGUINAIVOINIIDINTHAZYLIUTONINTIY
1an
a '
6.4 TANTITHVDYA
1AMIATINIATzIIUT0 Iiien1A1T  DAF wun
A A ] 9 < a J A
Wi AW IuazudI8AWSINIZIAAA1 DAF AN
dgl 9 [ d' 1
Vuarwaauaadlumni 8 TagaA1 DAF  v94AIUT09HNOY
a Py A A =\ <
solufaundaiuan 10% - 20% Wevuiuse Iniianus)
Q‘ d H 1 H
TN 40 NY/FY. 1Y 70 PUL/BN. A1519N 2 LEAIAIRAY
Agaga AAIA LazANTEAVUNINTTIUYDIA1 DAF Tua

Y 1
azyuauIasaadie wesa lviszanaraguaz

Bl e
WA§1 AREMA
40 +sadng (49.72%)
= yuIusan 9 Tasas
5
& UUIUTARILASTY

S 30 . . .
= * UUIUSON NWFUAT .
TN aom e, mLE
g . R LT .

20 I D FLEta .

e
B R R CUR T
. T e, el
10 £2 Y il i 3 + L2 I +
*
[] &‘:’ ..%OQ . : .
*
0 T T T T
0 20 40 60 80 100

AYIIEY (Al 20d.)

y o ] o <
ﬂTINﬁ 8. LAAIRIPE1NNTINTZHII9A1 DAF AUANIEIUDY

so lvl)sznnaien Anusesrueusalil

M3197 2. 1AAITDYAINHANITUATIZH

F2
Fudaiu

sz1an DAF DAF DAF i
Tasaada 509 (%) (%) ©) | deunu
Aunde 3ga @‘iﬁm 1ATTIY
AUITOY 1230903 9.95 14.74 6.52 4.24
nuousalvl | salaeans | 1351 | 1896 | 7.71 4.50
Alyase 1490 | 2159 | 14.01 3.04
soaum 1238 | 1081 9.84 2.70
AmMulszsIu 1#23509N3 9.55 11.01 6.79 3.25
solagans | 1114 | 1528 8.01 4.02
Gl GERN 1147 | 1512 7.13 4.48
soaum 9.87 1673 | 921 277
AMUVIN 1#2509N3 14.95 20.34 10.82 5.92
solaoans | 2287 | 3238 | 14.12 6.42
Arasng 2547 | 3499 | 19.71 6.11
FRAUM 1196 | 17.60 | 9.12 3.76

a L4 Y A a
il'lﬂwaﬂ']ﬁ']mi'lgﬂllﬁﬂ\ﬂWLWU'ﬂlllﬂiﬂVl‘V\l'NW'I‘L!

s A

v 1
aENIU %umuiﬂim%mzwmﬁum DAF ¥1nfo ATUUINN

- NCCE12 - Volume 7 (STR) - Page 244 -



o U = d’
ﬂmimwmuia”l%l ngﬂ'lul]iﬁiﬁ'lu ATNAINY Iﬂﬂuﬂ'lmaﬂ
[ 1 d'd 1 d' A
E)QJJG],L!"H’N 9% -25% ﬂizmmmm'lwﬂum DAF iﬂﬂﬂ’q@ﬂ@

a A a Y 3
muaummmmmummmqmuﬁzwmm"lwmaﬂmmi’;f;m
Lﬁ@ﬁﬂ1ﬁﬁﬂiﬂﬂiJW]iﬂTuﬂ1i@E]ﬂLl1J‘U5U®\1 AREMA

ﬂz“lﬁ’mmzmwhqmﬂmmsaﬁ@ium%umﬁmnsnﬁ 3

mM3ah 3. uaaamanfSeuifisunl DAF 9101195911 AREMA U3

a529995 ¢ lumaau
SuduTasead DAF (%) DAF (%) % AN
Y9I AREMA | gagavn HANAN
MINTINIA
AMuseerineusa 'l 49.72 21.59 56.57
mulszsiu 47.52 16.73 64.79
ATUYIN 49.79 34.99 30.89

HaveIA1 DAF  insiaialuninauinaziiaidos
NIWINTFIUNITOONIVUYDI AREMA  0g1u%1930% B9
o . . 4
65% Tasimuilszsuazinnuuanalsnniige
' Y
We915wIA1 DAF  nuihwiinvesnguimaiso lu
v Y 1 '
Tagorodoyanissainiingn llvuzindoun (Weight - In
. < D) d y A 4
Motion) 910M3tNU5IWTIMToyariminmar Tagldiniots
v
iminse Iuuuwam (Portable Train Weighing System)
nanlaguTHn WEIGHWELL v04152aA0ingy 1304940
[ ' o g’ o 4 A ~
aananansaassaiminmald luvazfvuause bl
A A A v v 3 9 ' A [
NADUNHIUIATEIFIAIOANT 1T 0N KHTOIMINY - 5
v 1 Y
A Tawasaedd Tue wudulorhminngumwaining) DAF &

S 9

9y A o ~
uuﬂuumzmmaﬂm ﬂﬂllﬁﬂﬂiuﬂ1w1/l 9

+ ¥hsndns -
20 H = dsmaniug
[ ] " ot
— u
] 8 s _'_ 3,
w [ | n .4
g 1M = = 3 "‘
w® = am ] W
1 pm . A ‘o
5 =t .
D T T T T
0 10 20 30 40 50

dmatinnaaea (du)

v Y
2NN 9. aarNaveRiIinmalse Wiy DAF yean1u

d
7.a3UwamsInazH

v v
@ 1 1 a 1

U % o A A A A
1) MatedriunuranemMgaununIanaIanionl

o Q

v 1
] @ 1 =}

A <
DAF  Apa11m5290950 19l uaztimiinnguimaiso Il 1o
a < = g’ @ ' 9 A
yuauso liinnuiunnuaziiviminnguimaidesaziia
v Y
AUINNN WA IANINAY
2) msarvialumaamuansaliamganssy
9 A 9 v W Y
MIADVAUDIVDI IATIES NN aoANd0INUANULNT IFa1U
a 5 T A wa
159 Tagranmsnaaouuaasliimiuimgaunumianaianie
A1 DAF deonnandiuialannnasgiumsesnuuuued
AREMA 08110113 65%
1 A va A A 2
3)  agauiuninadasdluaguiuildninms
nageulunaauinarnsoiin ldldlumsdsasiuany
< Y o Y Y
uAan5909 1n59e519 tazinee1gns 15auvesInsaasne

Yt y A2
Gl'ﬁilﬂ'ﬂﬂJQﬂ@ﬂQchllu

8.nadAnssNlszma
AUZAUAIVOUDUNTEAUMTANUAYUAUNUIIY
10 ANNUNINUATUAYUNTIY  HAZVOVBUNITEAM
] ~q Y s A A Y
m3so uvalszma lnenIianweynsiziiniesiionson

v 9y A 5 v
mwum‘luﬂmﬂmaumwumga

9.19NE1501909

[1] David IM. and Lee M.L.(1998). “Dynamic Impact Factors for
Bridge.” Synthesis of Highway practice 266, Nation Research
Council, Washington D.C.

[2] Lee M.L. and Chiu.W.K.(2005).“ A Comparative Study on
Impact Force Prediction on a Railway Track-like Structure.”
Structural Health Monitoring, Vol.4, pp.355-376.

[3] American Railway Engineering and Maintenance-of-Way Association
(AREMA). (2002). Steel Structures, Washington D.C.

[4] Dally J.W.(1993). “ Measuring Instruments.” Instrumentation for
Engineering Measurements, New Y ork.

[5] Johan Weisberg.(2006).* Bridge Monitoring to Allow for Reliable

Dynamic FE Modeling.”, Bulletin 81.

- NCCE12 - Volume 7 (STR) - Page 245 -



d’ v YA
10. tHEINUNLVEY

U

W oAsy Tmes aleiui 4 we. 2524
a a @ 4 a a
WMsAnEM)TyanasMnumInedeineasmans  71AIFIAINT Y
o o A aw a o ¢ o o
yadszmu Tagiiuihaunusan $nit Talas aoudauaus $1na
a a @ o a a
wmsAnemlSyanasnnumInedeineasmans  21AIFIAINTIY

@

o o A aov a o J o
¥alsemu ﬂﬂ@uuwmuwuiw NN vl?liﬂi ADUFALUAUN 1NA

a3. Uz TwdAnlns  audlSoanInen
UWIINGIAY Texas at Austin HAZIVYTYYUBNIIN WHIINGIAY Purdue
szmaauigomin Pagiiudisedumnise1nsd maiminnssy

Tosn Mﬂ13ﬂ61ﬁﬂ!ﬂﬂﬁiﬂ1ﬁ@§' AINPUUALIUY

- NCCE12 - Volume 7 (STR) - Page 246 -



114

unANNYIaualun1slsedudan1g The Tenth East Asia-Pacific Conference on

Structure Engineering and Construction %‘zwiw"i’uﬁ 3-5 A9UIAN 2549



The Tenth East Asia-Pacific Conference on Structural Engineering and Construction
August 3-5, 2006, Bangkok, Thailand

FATIGUE LOAD SPECTRA FOR STEEL RAILWAY BRIDGES USING
SIMULATION AND FIELD DATA

Piya CHOTICKAI' and Torkul KANCHANALAI

ABSTRACT: A fatigue load spectra for the life estimation of steel railway bridges was developed
based on weigh-in-motion (WIM) data. The train traffic loadings were monitored at two different sites
located along the main transportation routes between Bangkok and the northern, northeastern, and
eastern regions of Thailand. The collected traffic data were simulated and used as input loadings for
various analytical bridge models. Based on Miner’s hypothesis, the damage accumulation caused by
each car type was evaluated. The results indicate that the percentage of the fatigue damage caused by
each car type can vary dramatically from site to site, depending on the number of occurrences and axle
weights. In addition, the collected WIM data were used as crucial information in developing the axle
weight database. Based on this database, the stochastic simulation procedure for estimating the
effective moment range was demonstrated. The results indicate that the procedure can provide a
reasonable estimate of the effective moment range for bridges with various span lengths. Therefore,
the procedure may be used as another alternative in the fatigue evaluation.

KEYWORDS: Axle load, Damage accumulation, Fatigue, Stochastic simulation, Steel railway
bridges

1. INTRODUCTION

Steel railway bridges are normally subjected to a large number of stress cycles over their service life.
The damage accumulation caused by these stress cycles can initiate fatigue cracks in members. An
accurate evaluation procedure for determining the remaining life is, therefore, desired so that
appropriate decisions regarding inspection, repair, or maintenance could be properly performed. There
are two primary tasks in the fatigue calculation: 1) an evaluation of the fatigue strength for given
details and 2) an estimation of the bridge responses under actual train traffic loadings. The American
Railway Engineering and Maintenance-of-Way Association (AREMA) [1] utilizes a family of S-N
curves to represent fatigue strengths for typical details used in railway bridges. In the AREMA code,
the fatigue strengths are prescribed as categories A through E’. In addition to the fatigue resistance
model, proper fatigue load models are required for the accurate assessment of the remaining fatigue
life. Train traffic loadings are random in nature and can vary considerably from site to site. To
accurately estimate a fatigue life, it is, therefore, essential to incorporate train traffic characteristics
into the fatigue life calculation. However, in many cases, the information on the traffic characteristics
is not available at an investigated site.

A potential benefit of using the stochastic simulation to estimate the fatigue load spectrum for railway
bridges was examined in the study. Weigh-in-motion (WIM) data collected at two different sites in
Thailand were simulated over analytical bridge models to investigate the structural responses under
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actual train traffic loadings. Based on Miner’s hypothesis, the damage accumulation caused by each
car type was evaluated. In addition, the traffic flow model was generated using the stochastic
simulation procedure. The estimate of the effective moment range obtained from the simulation was
investigated and compared with the value provided by the actual train traffic loadings.

2. FATIGUE LOAD MODEL

The fatigue loadings generally contain variable amplitude stress cycles. Therefore, a linear cumulative
fatigue damage rule of Palmgren-Miner [2] is widely adopted to estimate the cumulative fatigue
damage. Miner’s rule neglects sequence and mean stress effects. The damage of each stress cycle in a
stress history is, therefore, independent. Based on Miner’s rule, the total fatigue damage (D) can be
determined from:

D=) AD =Z% 1)

Where n; is a number of cycles of stress range S;;, and N; is the total fatigue life in cycles under the
repeated constant stress range S,;. According to this relationship, the fatigue damage caused by each
stress range is proportional to the number of cycles of the particular stress range.

An effective stress range is generally used to relate a variable amplitude fatigue behavior to a constant
amplitude fatigue behavior. The fatigue damage caused by a given number of cycles of the effective
stress range is the same as the damage caused by a variable amplitude fatigue loading with an
equivalent number of cycles. By means of the effective stress range, a fatigue life can be predicted
with the constant amplitude S-N data. Based on Miner’s hypothesis, the effective stress range (S;.) can
be calculated from:

Sre = (Zflsil )% (2)

Where f; is the frequency of occurrences of the stress range S;. By utilizing the S-N curves, the total
fatigue life corresponding to a given stress range spectrum can be determined from:

10

= —3
Sre

N 3)

Where b is the intercept of S-N line for the detail being evaluated.
3. DATA COLLECTION

Train traffic was monitored continuously for 48 hours at two different sites. The first site is at
Donmuang Station located on the main transportation route connecting Bangkok to the northern and
northeastern regions of Thailand. Passenger trains account for approximately 60 percent of the total
train population at this station. The second site is located near Chachoengsao Station along the main
route between Bangkok and the eastern region of Thailand. Freight trains govern more than 70 percent
of the train traffic at this station. The axle weight data of all trains in both traffic directions were
obtained using a WEIGHWELL portable train weighing system, as presented in Figure 1. The system
has a capability of measuring axle weights with 2-percent accuracy when trains run over the system
with slow speed.



Figure 1. WEIGHWELL portable train weighing system

The histograms of the WIM data recorded at both sites are presented in Figure 2. The train traffic at
Donmuang Station includes 107 passenger trains, 50 diesel railcars, and 27 freight trains, in a total of
184 trains. Meanwhile, the WIM data collected at Chachoengsao Station are composed of 16
passenger trains, 9 diesel railcars, and 80 freight trains, in a total of 105 trains. The histograms indicate
that although the train traffic characteristics at both stations are different, the axle weight distributions
are relatively comparable. The maximum axle weight was observed to be as high as 18 tons; however,
most of the recorded data were less than a 15-ton maximum axle weight allowed for train traffic in
Thailand.
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Figure 2. Axle weight histogram of all train types

The statistics of the collected WIM data for each car type are summarized in Table 1. The statistics
revealed that most of the freight trains at Donmuang Station were unloaded in the northbound
direction and fully loaded in the southbound direction. Meanwhile, freight trains at Chachoengsao
Station were a mixed composition of loaded and unloaded trains. In addition, the average axle weights
of locomotives, diesel railcars, and passenger coaches were relatively close at all monitored locations.

Table 1. Statistics of axle weight for each car type

Traffic Locomotive Diesel Railcar | Passenger Coach | Freight Car
Station Direction | Mean | Std. Mean | Std. Mean | Std. | Mean | Std.
Northbound | 13.59 | 0.86 10.48 1.50 8.14 1.11 4.86 0.83
Donmuang | Southbound | 13.80 | 0.96 10.48 1.36 8.28 1.07 | 13.08 1.93
Westbound | 13.74 | 0.73 9.62 0.39 7.59 0.85 9.52 3.91
Chachoengsao | Eastbound 13.64 1.37 9.36 0.35 7.58 0.83 7.77 3.69

4.  ANALYSIS OF WIM DATABASE

A sample of the axle weight data collected at two sites was used to examine the structural responses of
railway bridges under actual train traffic loadings. The collected trains were simulated over simple-
span analytical bridge models with spans ranging from 2 m to 50 m. Static moment ranges were
monitored at the middle span. The moment cycles caused by each train passage were decomposed by



using rainflow counting method [3]. The maximum moment range and number of stress cycles caused
by each train crossing was then evaluated. This procedure was applied to all trains in the database.

Based on Miner’s hypothesis, the fatigue damage cause by each train type at Donmuang and
Chachoengsao Stations were determined, as presented in Figures 3 and 4. The results indicate that the
fatigue damage in both traffic directions at Donmuang Station is dominated by passenger trains.
However, the percentage of the fatigue damage caused by freight trains tends to increase in long
bridge spans for train traffic in the southbound direction. Although the numbers of freight trains in
both traffic directions are similar at Donmuang Station, freight trains in the southbound direction
governed a higher percentage of the fatigue damage than those in the northbound direction. The main
factor causing this variation is the percentages of loaded and unloaded trains in a specific direction.
For the train traffic at Chachoengsao Station, freight trains dominate most of the fatigue damage in
both traffic directions.
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Figure 3. Percent fatigue damage of each train type at Donmuang station
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Figure 4. Percent fatigue damage of each train type at Chachoengsao station
5. APPLICATION OF STOCHASTIC SIMULATION IN TRAIN CONFIGURATIONS

The WIM data obtained from the field investigation were used to develop the axle weight database for
locomotives, diesel railcars, passenger coaches, unloaded freight cars, and loaded freight cars. The
cumulative probabilities of some car types in the axle weight database are presented using the normal
probability plot in Figure 5. The plots indicate that the locomotive axle weights are quite well
approximated by a normal distribution. In addition, it has been found that the right hand tails of the
axle weights for diesel railcars, passenger coaches, and unloaded freight cars tend to be higher than the
values predicted by the normal distribution.

Based on the axle weight database, the train traffic flow can be generated using the stochastic
simulation illustrated in Figure 6. The number of occurrences, car dimensions, and bridge span must
be first determined at an investigated site. The axle weights for each car can then be predicted using
the stochastic simulation. During the simulation, random numbers are generated from the uniform



probability density function between 0 and 1.0. The axle weights for a specific car type are obtained
from the values in the corresponding weight distribution with cumulative probabilities equal to the
generated numbers. The structural responses of railway bridges under actual train traffic loadings can
then be estimated from the train configurations simulated from the procedure.
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Figure 5. Normal probability plot of sample axle weights in database

| Car Occurrences | | Car Dimensions | | Bridge Span
| I
| Axle Weight Database I_>
A4
Stochastic
Simulation

!

| Moment Range Histogram |

Figure 6. Flow chart of load model for fatigue evaluation

To evaluate the accuracy of the proposed simulation procedure, the effective moment ranges obtained
from the simulated trains were compared with those provided by the actual train configurations
observed at Donmuang and Chachoengsao Stations. Although the fatigue life is expressed in terms of
the effective stress range in Equation 3, it can also be calculated from the effective moment range for
linear elastic behavior based on the assumption that they are proportional. Therefore, the effective
moment range can be written as:

M, = (ZfiMzi )% 4)

Where f; is the frequency of occurrences for the moment range M,;. Table 2 presents the ratio of the
effective moment ranges obtained from the simulated and actual train configurations for bridge spans
ranging from 5 m to 25 m with a 5-m increment. Figure 7 presents a comparison of the moment range
histograms provided by the two train configurations for a 20-m bridge span at Donmuang and
Chachoengsao Stations.



Table 2. Ratio of the effective moment ranges obtained simulated and actual train configurations

Span Length (m)
Station Direction 5 10 15 20 25
Northbound 1.02 | 1.01 | 1.03 | 1.03 | 1.02
Donmuang Southbound 1.00 | 1.00 | 1.00 | 1.00 | 1.01
Westbound 1.02 | 1.02 | 1.02 | 1.04 | 1.03
Chachoengsao Eastbound 0.95 1093 | 091 | 0.94 | 0.95
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Figure 7. Moment range histogram for 20-m bridge span

The results indicate that although the moment range histograms obtained from the simulated and
actual train populations are not similar, the effective moment ranges predicted by the stochastic
simulation procedure are relatively close to those provided by the actual train configurations at the two
stations. An error of less than 10 percent was observed in the study.

6. CONCLUSIONS

Train traffic data collected from two different sites were simulated over simple-span analytical bridge
models to investigate the moment range responses of bridge structures under actual train traffic
loadings. Based on Miners’ hypothesis, the fatigue damage caused by actual train traffic loadings was
evaluated. In addition, the potential benefit of using the stochastic simulation procedure to estimate the
effective moment range in steel railway bridges were investigated. The results indicate that the
effective moment ranges provided by the actual train traffic loadings at the two different sites could be
reasonably evaluated by using the proposed simulation procedure. Therefore, the procedure may be
employed as another alternative in the fatigue evaluation.
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