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Structural Assessment of Beam Ledge in Rama 2 U-Turn Bridge
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Alawnsd 26+470 fengnsldemannnd 25 ¥ wudifisesduuuideunss (Direct Shear Crack) Usnguil Beam
Ledge Tneifunainainanmnisasasiiiusnntu dafulassnul Sajudulumslinseiliasedmostudiu Beam
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Abstract

The beam ledge is an important element of the bridge structure since there was collapse of bridge
owing to failure at the beam ledge in other country. Therefore, the assessment of such damage should be
performed as they may affect the safety and property of people. Aging bridges designed under live loads
following the old standard which is significantly less than that of current traffic loads. As a result, the steel
reinforcement in the beam ledge region is insufficient to withstand current loads. Rama 2 U-turn Bridge at
26+470 km has been serving for over 25 years. It is observed that direct shear cracks were found at the beam
ledge caused by the increasing traffic conditions. Therefore, in this project, we focus on structural analysis of
the beam ledge region using 3D Finite element method (3D-FEM) by 3D-ATENA program under live load
according to AASHTO LRFD 2007 standard in order to determine the shear strength and potential failure modes
of the beam ledge for predicting future damages.

Keywords: condition assessment; beam ledge; finite element analysis; direct shear crack
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2.1 U197 1UN1IBNLUY Beam Ledge
E‘ULL‘UUﬂﬁLLmﬂ%’ﬂmummgw AASHTO LRFD 2007 484

Beam Ledge wispanidu 4 wuusail

- msuandnluszuud 1 Seuseie (Flexure Force) , usd
130U (shear) WAy L5abLUIsIU (horizontal forces)

- asuandaluszunudl 2 deuseite (Tension force) Tu
Fudhusesdu

- answandnlussunud 3 dasusadeunza (Punching
shear) AumMLaLsInszeh

- msuandnluseunud 4 meuswunyiu (Bearing force)
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V, =cA, +u(Af, +PR) (2.1)
el ¢ = 0 MPa (@ 5U Bearn Ledge) , A, = bod , 1 = 0.6
P =0,As= i fauveamdniisunsadeuluiiui Aa
Tnefientiesfignivonsuldmaingms

A > O'?’fﬂ 22)
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V,, 97naunis 2.1 agdesialdifuaitdesvesaunisaneluil

(FwSumpunInaUrLLLLTLY)
V. =0.2f.b,d, (2.3)
V, =5.5b,d, (2.4)
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b, = Min[S,W +4a,,2c]
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vy (W+5a) %39 2C
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1NN AT INTIVDITEHZW1TE N 1WA UTOINU Beam Ledge

S/2:

V, =0.328,/f, (W +2L+2d,)d, (2.8)

- fludlusesuueniiszezans ¢ fadeundt A3 milwes
IBYENINTENINLHUTONY Beam Ledge S/2 way c-0.5W
fJauni1 AANANUSYANSHE d,;

,=0.328,/f, (W +L+d,)d, (2.9)
- fudusesduueniisrezUas c fafesniingmieea
TEHTUIITENINLAUTOINIY Beam Ledge S/2 e c-0.5W dlAn

171171 MANNENUTEEVSHE d.:
V, =0.328,/f (0.5W +L+d, +C)d, (210

Tnef £ Ao AIAAITULIIORTLNIZYDIADUNIATI 28 TU
(MPa) , W A9 mNuNT9U8IuNuses , L fin A2UE19090AUT0S
(mm) , d.f® S¥ezanls Beam Ledge Sananewiindiawmanieasy
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V. = A“'(OS )(W 3a,) (2.11)

- é’m%’uamax%ﬂfﬁ’wﬁmﬁmﬁwé’q:

At
vV, =—"s (2.12)
S
Tnaf Ah,ﬁa N U7 VD9 Hanger Reinforcement 1 91 , S Ao
SEUEINETENINULELSEI(MM) | s A SYEEWnssEInaman Hanger

wiiazidu (mm) , f, Ao A1dsasinveundniaiy (MPa) , a, fie
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Load 1993) siil#nsBsamnanidbues Kulicki and Metz (1991)
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- Design Tandem Usgnausmenss 110 kN 2 159 1191589119
U 1.20 wns fsv29ina083don1u2e 1.80 wms Huduiin
ausfunuutneuwuzios i dssevisunsalmanms

- Design Truck Usgnauna8U59 35, 145, 145 kN 5388%19
sewinsdemuenauandlu U 2 szogrinassninsdevaslilden
FENIN 4.30-9.00 wns lnedaaneinumisdesaliiinnuieusauy
AYNIUGIAN WALTTEEUYRTBlULLIVINAUAZN LYY 1.80
s

- Design Lane Load Usznoudsivinurnszaeaseae

UM 9.30 kN/m nd19 3.00 a5 lagusiaandmdnuuun

(Concentrated Load)
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neAils
Component M
Deck Jomnts—All Limit States 75%
All Other Components
e Fatigue and Fracture 15%
Limit State
¢ All Other Limit States 33%

71951991 1 usInszUVA (Dynamic Load Allowance, IM)
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AASHTO LRFD 2007 (A, required) nnsinnaiioldfmsei 2

FUMUUNSTTULTS As odsting | As requied | Ratio
(mm?) (mm?)
Fuusadou (falw) 1206 34556 | 0.35
Fuuseeou (fuen) 1206 2772 0.44
Fuusednuay 4419 887.3 4.98
LI9R019 (Falw)
Fuusednuay 1473 887.3 1.66
$IRIUYIN (Fuen)
Hanger Reinforcement 2946 813.1 3.62
(Service Limit State)
Hanger Reinforcement 2946 230.4 12.79
(Strength Limit State)
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3.3 AnTziusadaudinsaz Bearing Pad faalusunsu
SAP2000

° o g o P |
nsAwIMLsIRslminsausnildluniseenuuudeani
1 [ a 1w a
11nN1ANLLTND3E LAgaINNNSATINEBUNUINR Beam Ledge 6
ANansalunssuusadeulsifisane 151399 p9n15MALT T
Indfestuaruduasanniigalaglilumalassasaasniuld

IndigemanuaTasaelsunsa SAP2000 fagu

U 5 lumalassaisaenny

Y uIN15ld Moving Load 904350U551NAINNIATFIU
ASSTHO LRFD 2007 1%50U550nT A5 0 Girder #1391 4 310
v v - v 2 a Y o
memudaielidulumuzuuuunsiwessaiilaainnisdisa

fasu
Y

31]17'; 6 NM5td Moving Load Tu model

Togeussimauloiunlilinszifonusigegail Bearing
Pad suvnvudadusiumissesindinauls Tasddedause
AsEUNA (Impact Load , IM) fiA1=33% maqﬁmﬁ’usmﬂﬂﬁ ¥tk
Adhmiinusanngan 10y 1 wihwesdmiinussynasit sy 1.33
Whestninussynas (OL+133LL) uarlasegegaifntulunsd

sodslufwinuuuivile Bearing Pad weduarlarussoanudisgy

JUN 7 Aussgegaiiinuuly Bearing Pad f1uvinuy



ntuAIwseflianlusunsy SAP2000 sauduAdnin
usTnAsTvesuHuiuaznulaedAwiniu 60.5 kN itelildAiuse
finszyiasusaz Bearing Pad TndlAssauduaswiniign lng

foaulasrrnsadu Load Pressure nautualuldiiasigilian

FlauanNa
Bearing
Location unit
1 2 3 4 5
Between Load
69.63 100.26 138.46 200.79 143.49
girder 4 (kN)
(+IM=33%) Add 60.5 60.5 60.5 60.5 60.5

Sum 130.13 160.76 198.96 261.29 203.99

217 2.68 3.32 4.35 3.40
(MPa)
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4.1 denviuanazsgazideanisadiswuuinasy
- AnuaudRiag (Material Properties)
® apunIMITABIsULTIAlAlUToand1 300 nn. / @2
o lyudusivesauaudlidosndn 350 an./ .
o wdnasufilddan Young’s Modulus 200 GPa, Yeild

Strength 300 MPa ez Ultimate Strength 500 MPa

- Boundary Condition
e Constraint for Surface td un157191un Support 198y
Tuwnavinadundwedumalnesinnsiadeudiiaauny
X, Y ey Z
e Monitor for Point L un 1A 1mung AL odsinausa
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suitaule TneUsznausie AounIn waniasy uwaz Bearing Pad
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S ja < a o o a v . <,
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- nsdlil 2 duvdnasusuusadewiissyasesiusilulinefse
n133uLsadeau (Interior Case)
WnUSanaundnieSuusiald Bearing Pad dalu Wusummia
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aa a < a o a = v o o a
- NIl 3 WnwdnasuSussedeuiisagasesiudiueniived
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a a < a a v . @ &
WwuUSunamdnasuusiiule Bearing Pad dausnilu
faunysas 14 1du wazuSiaale Bearing Pad #aludl

YSunaumanaafiu

- nsdl 4 WumEnasusuusadeunaualine fdenisiuunse
1@ou (All Case)
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gﬂﬁ 9 599517989 Beam Ledge 7 Service Load
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#i Load Capacity
AMNNITIUATIZY Beamn Ledge Aaalusunsu 3D-ATENA lag
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- Load Capacity
uRaznsalaunsanIAl Load Capacity eonunlansdl Actual
Case = 3,163 kN , Interior Case = 3,067 kN , Exterior Case =

3,182 kN waz All Case = 3,149 kN Inguanisiausnaznsdiiie

1%

= A o vyve &
Wsuieuiulanail

Load and Displacement
(Capacity)
3500
3000 —
2500

2000 ——Actual

Load (kN)

1500 Ext
1000 Int

500 Al

L] 20 40 60 80 100 120

Displacement(mm)

N34 1 Load and Displacement 53u9nN5el
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g‘tJ‘ﬁ 10 598517989 Beam Ledge“ﬁ Load Capacity

(Actual Case)

§1J17i 11 598571299 Beam Ledgeﬁ Load Capacity

(Interior Case)

§U17i 12 598517999 Beam Ledge‘ﬁ Load Capacity

(Exterior Case)
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