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Abstract

This research project studies and compares the strength levels of reinforced concrete
bridge structures from static and dynamic tests. This is to present an appropriate testing scheme
for strength evaluation of bridge structures. Load rating factor of an appropriate scenario of the
dynamic test is similar to a value obtained from the static test. A ten-wheel truck knowing its
actual axle weight and axle spacing is utilized. Effects of the. related paraméters such as moving
truck speed and direction of the travel path in the traffic lane are studied. Measurement sensors
il;cluding strain gauges, accelerometer and displacement &ansducers are mounted at the bottom

surface of the bridge. deck. The member stresses and load rating factor of the bridge are analyzed
and calculated according to AASHTO standard.

However, testing procedure provided by the AASHTO standard requires a standard truck
of HS20-44 type which is not available in Thailand. The computer simulation of bridge structure
is therefore conducted. The bridge model is calibrated with respect to the test data carried out by
ordinary ten-wheel truck in Thailand. Thus, the load rating factor can be calculated through the
computer model by traveling a group of HS20-44 loading on the calibrated bridge model. It is
found that using deflection from displacement transducer in the calibration has more a;:curacy and
reliability than using strain gauges. In addition, the obtained bridge natural frequency exhibits
within 10% error.

From the results of the_study, it is observed that conducting the dynamic load test with
moving truck speed less than 20 km/hr pfovides the load rating factor with the error within 5%
only. Moreover, it is also indicated that testing at very slow truck speed can perform load rating
factor that is very close to the static load testing. By this means, the test duration can be reduced.
Besides, testing by traveling the truck at the Idifferent traffic lanes does not influence on the

evaluated strength levels.

Keywords : Evaluation strength, Existing Reinforced Concrete Bridge, Load testing, Load Rating

Factor, Dynamic testing
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2.5.1 “3%111h£|!!‘§ el (Allowable Stress Method, AS)
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9 LY ] 1 [] a J . o 1 1
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{ = 3 q SOI v :‘I { a ' 1 T
L gaganiavuiiesnindminussyanmuanasziiae Inseadwagwiu (liugual Load factor)

3 o o

¥ ] 1 Q- 1 ] Y ] '
naminusiyaasfiuaziminussynesliawnnuaimilsussiseuIdaiungui (ligua
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- ' = Y 2 ' v
Tagh R = wussussngenldvesrudulaseadng
¥ "
D =  HaveIMUNYIINNAWAD (Dead load) AoTudiulassadte
y 1 lhw L)
L = woawesdwminyussynes (Live load) aogudiulnssads
v 4 I 152
I = agauiliodnnMsnNIsunnveitninuIsYnNeg =
[+38
' ] = 1 a &£ o T
I = anwenywaswuluvdiowas Taeiiean lafu 1.3 Fuilusigega
' o e o U o ‘O’ L d‘ o 1
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252 3§ﬁlgmﬁ1ﬂﬁﬂﬂiiﬂﬂ (Load factor rating method, LFR)
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R, ~y,D
F:ﬂ.”_yD_ (2.13)
v, L(+1)
' d' J ) o 0o W o ’; @ d‘ o [
Tash RF = m Rating factor ﬂ'l‘H5‘1Jﬂ’|ﬁ\‘li‘1ju1ﬁ‘l‘lﬂ‘ljii1’jﬂ%ﬂ’lnl‘§ 1UIM Rating factor (¥U

H @ ¥ LY a { o o
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AU
d o o 30‘ Qs Qy T ’}
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_ , _ ' v
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Y T
Y, = AUTUIVUIMUAUIINNDG (1991 2.17 muuAs3 U AASHTO)
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ATUIUA Rating factor (RF) ﬁ1ﬂ‘3"u Inventory level 1fe Operating level laaeerunis (2.14) uay

LY

£ 4
(2.15) AU

- 6R 13D
RE ppinrory = 274D (2.14)
RF — M_ (2.15)
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a13199 4.1 doyaagdinmsiSuiisusuusiase Inssadwaswiuions Tassadeazmnuais

Load Case maawmn-fﬁh n’mamum{!ﬁz Fit By E | El ElL (%) f(Hz) | f(%)
S1-Center 30 1 AUTUNETBININ(8A) - Strain{ 0.370x10°| 0.014x10°| 5.329x10°| 1.90 { 5.935 | 46.74
S2-Left 10 1 dududneldmen) - Strain| 0.370x10°| 0.007x10° | 2.644x10° | 0.94 | 5.343 | 42.08
S3-Right 01 ULV NV (RBA) - Strain| 0.370x10° | 0.011x10° | 4.218x10°| 1.50 | 5.734 | 45.16
S4-2Left 10 2 AntudrelUaaiu@en) - Strain} 0.370x10°| 0.009x10°| 3.570x10°] 1.27 | 5504 | 44.05
S5-2Right 70 2 AuTLannaumuiisaan) - Strain| 0.370x10°| 0.019x10°{ 7.004x10° | 2.52 | 6.177 { 48.65
S6-2Center 0 2 futuidy 2 Foamaean) - Strain| 0.370x10°| 0.010x10° 3.778x10° | 1.34 | 5.641 | 44.42
D1-2Center(slow) 70 1 AUTLLEN 2 Taan(th) - Strain| 0.370x10° o._ino:qo6 3.778x10°| 1.34 | 5641 | 44.42
D2-Center(slow) 30 1 fudunasdasmati) - Strain| 0.370x10°} 0.014x10° | 5.329x10°| 1.90 | 5.935 | 46.74
D3-Center(medium) |0 1 AudLnatteImahunaia) - Strain| 0.370x10°| 0.014x10°| 5.329x10°| 1.90 | 5.935 [ 46.74
D4-Center(fast) 70 1 AUTUNAWTBINWATY) - Strain | 0.370x10° ,0.014x1o6 5.320x10° | 1.90 | 5.935 | 46.74
D5-Left(slow) 0 1 AududanluEn) - Strain| 0.370%10°] 0.011x10°| 4.105x10°| 1.46 | 5.711 | 44.98
D6-Right(slow) 10 1 ARTUENNR(E) - Strain| 0.370x10° 0.011x10° | 4.218x10°| 1.50 | 5.734 | 45.16
D7-Left({medium) 0 1 fududreluhunan) . Strain| 0.370%10° | 0.005x10° | 1.828x10°| 0.65 | 5.030 | 39.61
D8-Right(medium) |30 1 Auduznduhunans) . Strain] 0.370%10°] 0.011x10°| 4.218x10°| 1.50 | 5.734 | 45.16
Do-Left(fast) 0 1 fututaelEd) - Strain{ 0.370x10°] 0.005x10° | 1.962x10°| 0.70 | 5.090 | 40.09
D10-Right(fast) 10 1 Audinndus) - Strain| 0.370x10°| 0.007x10° | 2.644x10° | 0.94 | 5.343 | 42.08
S1-2nd-Left . 30 1 fududoleoan) Strain | 0.370x10°} 0.007x10° | 2.644x10°| 0.94 | 5.343 | 42.08
$2-2nd-Center . 70 1 fusLnaItaIa(aan) Strain| 0.370x10° | 0.008x10°| 3.084x10°| 1.10 | 5.476 | 43.12
D1-2nd-Left(siow) . 0 1 Audusre iy Strain| 0.370x10°| 0.008x10° | 3.084x10°| 1.10 | 5.472 | 43.09
D2-2nd-Center(slow) . 30 1 Audlnanedesmaequnang) | strain] 0.370x10°| 0.010x10° [ 3.778x10°| 1.34 | 5.646 | 44.46
D3-2nd-Left-(medium) . 30 1 Autudolhunan) Strain| 0.370x10°| 0.005x10°| 3.084x10°| 1.10 | 5.472 | 43.09
D4-2nd-Left(fast) . 30 1 Autuswlld) Strain| 0.370x10°| 0.013x10°| 4.940x10°| 1.76 | 5.866 | 46.20
D5-2nd-Right(slow) - 30 1 ALY NNaL(E) Strain | 0.370x10°| 0.013x10°| 4.940%10°| 1.76 | 5.866 | 46.20
S$1-2nd-Left . 30 1 Awtutnlileen) LvoT| 0.370x10° | 0.554x10°[0.205%10"| 72.90| 10.448| 82.28
S2-2nd-Center . 30 1 AuTLnanstaImaeen) LVDT| 0.370x10°| 0.549x10°|0.203x10"| 72.36 | 10.436 | 82.19
D1-2nd-Left(slow) . 30 1 futudanld@y LvDT| 0.370x10°| 0.591x10°[0.219x10""| 77.87| 10.578| 83.30
D2-2nd-Center(slow) - 30 1 Audinanstasmahunang) | LvoT | 0.370x10° [ 0.582x10° [0.216x10"] 76.75] 10.552 | 83.10
D3-2nd-Left-(medium) - 70 1 dutudelihunan) LVDT| 0.370%10°{ 0.561x10° 0.203x1012 73.99]10.477| 82.51
D4-2nd-Left(fast) . 0 1 Augitao i) LvDT| 0.370x10°| 0.558x10° [0.206x10™| 73.44 | 10.462 | 82.39
D5-2nd-Right(slow) . 30 1 gudbnauE) LVDT | 0.370%10° | 0.644x10°|0.238x10"| 84.84 | 10.752 84.67
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o o
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o s 1 9 o a 'd o ¥
dmsuawsanelumbhuladudeyalunsannadnieimaussanuainise

Y i‘,’ s . 5/ o [ ¥
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Ml 42 doyanjlvewsamelundininiisa HS2044 wdouRuunvuaeslaseadie

aewunmnmslSufounds

Moment Max. Shear Max. Moment Max. Shear Max. | Axial Force Max.
Load Case FitBy| On Slab(Kg.m/m) | On Slab(Kg/m) | On Beam(Kg.m) | On Beam{Kg) | On Column(Kg)
S1-Center Strain 3211.52 1594.50 1486.95 4193.54 7693.09
S2-Left Strain 3060.35 1775.80 2132.72 4310.37 7721.08
S3-Right Strain 3157.08 1653.97 1692.46 4235.38 7707.39
S4-2Left Strain 3120.69 1697.82 1845.77 4263.45 771437
S5-2Right Strain 3282.98 1522.84 1.253.\72 4438.38 7667.68
86-2Center Strain 3132.82 1682.71 1793.07 4254.08 7712.28
D1-2Center(slow) Strain 3132.82 1682.71 1793.07 4254.08 7712.28
DZ-Cénter(slow) Strain 3211.52 1594.50 1486.95 4193.54 7693.09
D3-Centé'r(medium) Strain 3211.52 1594.50 1486.95 4193.54 7693.09
D4-Center(fast) Strain 3211.52 15694.50 1486.95 4193.54 7693.09
D5-Left(slow) Strain 3018.55 1834.68 2358.00 4343.18 7721.08
DG-Right(leW) Strain 3157.08 1653.97 1692.46 4235.38 7707.39
D7-Left(medium) Strain 2995.01 1869.45 2495.82 4361.83 7721.04
D8-Right(medium) Strain 3157.08 1653.97 1692.46 4235.38 7707.39
D9-Left(fast) Strain 3006.73 1852.16 2426.10 4352.52 7721.63
D1 O—Right(fést) Strain 3060.35 1775.80 2132.72 4310.37 7721.04
S1-2nd-Left Strain 3060.35 1775.80 2132.72 4310.37 7721.08
S$2-2nd-Center Strain 3090.42 1735.47 1984.20 4286.90 7718.51
D1-2nd-Left(slow) Strain 3090.42 1735.47 1984.20 4286.90 7718.51
D2-2nd-Center(slow) -. | Strain 3132.82 1682.71 1793.07 4254.08 7712.28
D3-2nd-Left-(medium) | Strain 3090.42 173547 1984.20 4286.90 7718.51
D4-2nd-Left(fast) Strain 3193.48 1613.67 1652.29 4207.45 7698.34
D5-2nd-Right(slow) Strain 3193.48 1613.67 1552.29 4207 .45 7698.34
S1-2nd-Left LVDT 452253 982.20 581.24 3726.51 6828.41
§2-2nd-Center LVDT 4525.28 981.54 580.33 3726.80 6825.66
D1-2nd-Left(slow) LVDT 4528.03 980.86 579.31 3727.10 6822.90
D2-2nd-Center(slow) | LVDT 4530.68 980.16 578.39 3727.39 6820.15
D3-2nd-Left-(medium) | LVDT 4544.14 976.45 573.60 3728.75 6806.37
D4-2nd-Left(fast) LVDT 4549.44 974.86 571.76 3729.26 6800.86
D5-2nd-Right(slow) LVDT 4580.43 970.55 560.45 6767.72

3731.90
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DECKSLAB !
Load Case Fitby DL HS520-44 | | {Impact) | Ultimate | Capacity” | RF yyenrory | RForeration
, M (Tovm)| 657 321 03 1905 | s132 7.89 472
S1-Center Stain | V(T/m) | 055 159 03 452 33.44 18.83 11.28
*ATIUNNUVVLIATI I UF-4-101/1 YoIdNINIAINTTUNIHAWTULN
% 1 ] g LY g s a t o 1 2’,
**ﬂ1531ﬂ513ﬁ’ﬂ1U\3‘5ﬂ'J']llﬁ'llﬂiﬂiuﬂ'lii'l_lu"I'ﬁUﬂ‘lﬁTV,!ﬂWi]’]ﬁm”lﬂ’ﬂllluuﬂ'l]')ﬂl'ﬂ'luu
Tuuddn UL
- 51.32-1.3(6.57) 33.44-1.3(0.55)
REypipirion = 13 = RE,peparion = =12.18
3(3.21)(1.3) 1.3(1.59)(1.3)
51.32-1.3(6.57) 33.44-1.3(0.55)
REyenrory = =4.72 RF‘IVEIW'ORY = =730

2.173.2D)(1.3) -

©2.17(1.59)(1.3)

Py v ] 1 M 4:’1’ a ‘o‘ Y )
MTTNN 4.4 m‘nmmwquazﬂmwmmmmmiumsmumufnJﬁnﬂmmmummnmﬂmwm

a o g Y :
fT$W'IH‘UENﬂifilﬂ’li‘l/lﬂﬁ@ﬂtmﬂﬂﬂﬂﬂiﬂﬂﬁﬂu'\ﬂuﬂﬂiinﬂiuuuﬁﬁﬂﬂﬁ']ﬁﬁz‘v‘ﬂu

CROSS BEAM
Load Case Fit by DL HS20-44 |t (Impact)| Ultimate |Capacity* RFINVENTORY RF g peration
e _ M (T.m) 3.56 ;.49 03 8.77 5947 21.78 13.05
S1 -ﬁCPn'u_aru ) A ) §t.ra‘in N M (T.m) 353 0.71 0.3 7.98 -59.47 ' 4574 27.40
Vv (T) 849 419 0.3 24.71 28.06 6.84 4.10

*ATUIUDINLUVUIATFIU UT-4-103 Y 1INIAINTITUNWHANTUDN
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Tuwudda U ey
59.47—1.3(3.56) 28.06—1.3(8.49)
RE,,, = =21.78  RE ppion = =2.40
OPERATION ™1 3(1.49)(1.3) OPERATION ™1 3(4.19)(1.3)
RE, _5947-13(3.56) _, s 28.06-13(849) _, ,,

. RF e = ~1.
2.17(1.49)(1.3) [VENTORY 9 17(4.19)(1.3)
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PIER
Load Case Fitby DL HS20-44 | I (Impact) | Ultimate | Capacity* |RF enrory | RFoperaTiON
S1-Center. Strain Axial (T) 13.81 7.69 03 42.13 387.20 2841 17.02

*ATUIUVINLUULIATFIY UF-4-103 YBIF 1N IAINTIUN AR NFULIN
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DECK SLAB LFR Method LRFR Method Korean Standard
Load Case Fitby DL HS20-44 | 1 (Impact)| Ultimate | Capacity® | RF wyengory | RFoperanon | RFnventory | RFoperatms RF
M (T.m/m} 6.57 3.21 03 19.05 51.32 4.72 7.89 4.77 6.19 9.14
S1-Center Strain V(T/m) 0.55 1.59 03 4.52 3344 1128 18.83 7.11 9.22 14.38
M {T.nvVm) 561 3.06 03 16.97 5132 5.10 8.51 5.18 6.71 9.91
S2-Left Strain V (T/m) - 0.63 1.78 0.3 5.08 3344 10.06 16.79 6.33. 8.20 12.80
M (T.m/m) 6.25 3.16 03 18.36 51.32 4.85 8.09 4.90 6.36 9.39
S3-Right Strain V (T/m) 058 167 03 4.75 3344 10.73 17.92 © 6.76 8.76 13.67
M‘ (T.dm) 6.03 312 03 1787 5132 |- 494 825 5.00 6.49 39.39
S4-2Left Strain V (T/m) 0.60 1.70 03 485 3344 1054 1759 6.63 8.60 13.42
M {T.m/m} 6.94 3.28 0.3 19.88 51.32 457 763 4.61 5.98 8.84
S$5-2Right Strain V (T/m) 0.51 1.52 03 429 3344 11.81 19.72 7.45 9.66 15.06
M {T.nvVm) 6.10 3.13 03 18.02 51.32 491 8.20 4,98 6.45 9.53
S6-2Center Strain V (T/m) 0.60 1.68 03 4.80 3344 10.66 17.80 6.71 8.70 13.58
M (T.m/m)| 6.10 3.13 03 18.02 51.32 4.9 825 498 6.45 9.39
D1-2Center(Slow) Strain V (T/m) 0.60 1.68 03 4.80 3344 10.66 17.80 6.71 8.7 13.58
M‘ {T.m/m) 6.57 3.21 03 19.05 51.32 4.72 789 4.77 6.19 9.14
D2-Center(Slow) Strain V (T/m) 0.55 1.59 03 451 33.44 1128 18.83 7.11 9.22 14.38
M {T.m/m) 6.57 3.28 03 19.05 51.32 4.72 7.89 4.77 6.19 .84
D3-Center(Medium) Strain V (Tim) 0.85 159 a3 451 3344 1128 18.83 7.11 9.22 14.38
M (T.vm)| 657 321 03 1905 | 5132 472 7.89 4.77 6.i9 9.14
D4-Center(Fast) Strain V (T/m) 0.55 159 03 451 3344 1128 18.83 711 9.22 14.38
M (Tmm)| 520 | 302 | 03 | 1630 | s132 | 522 871 5.30 6.87 10.14
D5-Left(Slow) Strain V (T/m) 0.65 187 03 532 3344 9.57 1597 6.02 7.80 12.17
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DECK SLAB LFR Method LRFR Method Korean Standard: -
Load Case Fitby DL H520-44 {1 {lmpact)| Ultimate | Capacity” | RFyyenrory | RForeranion | REsvenrory | RFoperanc RF
M (T.wm)| 625 3.16 03 1836 | 5132 485 8.09 4.90 6.36 9.39
D6-Right(Siow) Stain |V (T/m) 0.58 1.65 03 4.70 3344 10.86 18.43 6.84 8.87 1384
M (Trvm)| 509 3.00 03 15.89 51.32 5.28 8.82 5.37 6.96 10.28
D7-Lef{Medium) Strain | V(T/m) | 086 1.87 03 533 33.44 9.57 15.97 6.01 7.80 12.16
M (Tovm)| 625 3.16 03 1836 | 5132 4.85 8.09 4.90 6.36 9.39
D8-Right(Medium) Swrain | V(Tim) | o058 165 03 470 3344 10.86 18.13 6.84 8.87 1384
M (Tmm)| 5.9 3.01 03 1610 | 5132 | . 525 8.76 5.34 6.92 10.21
D9-Lef(Fast) Strain | V(T/im) | 066 185 03 5.29 3344 9.67. 16.14 6.08 7.88 12.30
M (Tvm)| 561 3.06 03 1697 | 5132 5.10 8.51 5.18 6.71 9.91
D10-Right(Fast) Strain |V (T/im) 063 178 03 5.08 3344 10.06 16.79 6.33 8.20 12.80
M (Tavm)| 561 3.00 03 1697 | 5132 5.10 851 518 6.71 9.91
st2nd-Lleft Strain | V(Tim) | 063 178 03 5.08 3344 10.06 16.79 6.33 8.20 12.80
M (Tavm)|  5.82 3.09 03 17.42 5132 502 8.38 5.09 6.60 9.74
$2-2nd-Center Strain | V(T/m) 062 174 03 4.97 3344 1029 17.18 6.48 8.40 13.10
M (T.ovm)|  5.82 309 03 1742 | 5132 502 8.38 5.09 6.60 9.39
D1-2nd-Lef(Slow) Stain |V (Tim) 062 174 03 4.97 3344 10.29 17.18 6.48 8.40 13.10
M (T.wm)]  6.10 313 03 18.02 5132 491 809 4.9 6.45 9.39
D2-2nd-Center(Slow) | Swain | V(T/m) 0.60 1.68 03 4.80 3344 10.66 17.80 6.71 8.20 13.58
M (Tavm)| 582 309 03 17.42 51.32 502 8.38 5.09 6.60 9.74
D3-2nd-Lef(Medium) | Strain | V(Tim) 062 174 03 497 3344 1029 17.18 6.48 8.40 13.10
M (T.vm)| 647 3.19 03 1883 | 5132 477 7.96 4.82 6.25 9.23
D4-2nd-Lef(Fast) Strain | V(T/m) 0.56 161 03 4.58 3344 11.14 18.59 7.02 9.10 14.19
M (Tvm)| 647 3.19 03 18.83 51.32 aT7 7.96 4.82 6.25 9.39
D5-2nd-Right{Slow) Srain | V(Tim) | 056 161 03 458 | 3344 1114 18.59 7.02 9.10 13.10
M Tavm)| 067 452 03 2759 51.32 3.04 5.07 3.02 3.92 5.81
$1-2nd-Left wvoT | vm) | os7 0.98 03 3.39 3344 18.25 30.46 11.47 14.87 23.20
M (T.ovm)| 9.68 453 03 2763 | 5132 3.03 5.06 3.01 3.91 5.79
S2-2nd-Center VDT | V(T/m) 0.67 0.98 03 3.39 3344 18.25 30.46 11.47 14.87 23.20
M (T.vm)|  9.68 453 03 2763 51.32 3.03 5.06 3.01 3.91 5.79
D1-2nd-Left(Slow) ot | Vv (Tim) 062 0.98 03 3.39 3344 18.25 30.46 11.47 14.87 23.20
M (Tmim)| 969 453 03 2765 51.32 3.03 5.06 3.01 3.91 5.79
D2-2nd-Center(Slow) | LVDT | v (Tim) 0.68 0.98 03 340 | 3344 18.24 3045 11.47 14.86 23.19
M (Trvm)| 970 “454 03 2789 | 5132 302 505 3.01 3.90 5.78
D3-2nd-LefMedium) | LVDT | V(T/m) 0.68 098 03 340 3344 18.24 3045 11.47 14.86 23.19
M (Tovm)|  9.71 455 03 2773 | 5132 3.01 5.03 3.00 '3.89 5.76
D4-2nd-Lefi(Fast) LVOT | V(Tm) 0.68 0.97 03 3.38 3344 1843 3077 | 1158 15.02 23.43
M (Tvm)| 974 458 03 2785 | 5132 2.99 499 2.97 3.86 5.78
D5-2nd-Right(Slow) LVOT | V(Thm) 062 097 03 3.40 33.44 18.43 3076 | 1158 15.01 23.42
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CROSS BEAM LFR Method LRFR Method "|Korean standard
Load Case Fitby DL | HS20-44 | I(Impact) | Uitimate |Capacity*|RF, RF, RF, RF RF
M (Tm)| 356 1.49 03 9.77 59.47 13.05 21.78 13.38 17.34 25.55
S1-Center Strain | M (Tm) | 353 071 0.3 7.99 59.47 27.40 4574 28.10 36.42 53.66
v (T) 849 419 03 24.71 28.06 4.10 6.84 1.24 160 266
M' {T.m) 264 213 0.3 951 59.47 9.33 15.57 9.59 12.43 18.30
M(Tm) | 262 0.72 0.3 6.36 59.47 27.60 46.07 28.39 36.80 54.18
V() 9.15 431 03 26.18 28.06 391 6.53 112 1.45 243
M (Tm] 330 169 03 974 59.47 1157 "19.32 11.88 15.40 22.68
S3-Right Strain | M (T.m){ 327 01 03 752 5947 21.57 46.02 2830 - | 3668 54.03
v(m 870 424 03 2520 | 2806 403 6.72 119 1.55 2.58
M Ty 308 185 03 969 5947 1063 1774 1091 14.15 20.84
S4-2Left . Strain M (T.m) 3.06 0.72 03 7.16 5947 27.32 45.60 28.06 36.37 53.57
v (T) 8.85 426 03 2552 | 28.06 3.99 6.66 117 152 2.53
M (Tm)| 381 125 03 970 59.47 1546 25.81 15.84 20.53 30.26
S5-2Right Strain | M (Tm) | 378 0.70 0.3 843 -59.47 27.63 46.12 28.31 36.70 54.07
v(T) 825 414 0.3 2416 | 28.06 417 6.97 1.28 1.66 2.75
M‘ {T.m) 3.16 1.79 03 9.74 5947 10.96 1830 - 11.26 14.59 21.49
S6-2Center Stain | M (Tm) | 313 0T 03 727 5947 27.66 46.17 28.40 36.82 54.22
v(m 8.80 425 03 2541 28.06 4.01 6.69 118 1.53 2.55
M (Tm)| 316 179 03 9.71 59.47 10.96 1830 11.26 14.59 21.49
D1-2Center(Slow) Strain | M (T.m} | 313 071 03 727 5947 2766 4617 28.40 36.82 54.22
V{T) 8.80 425 03 25.41 28.06 401 6.69 1.18 1.53 2.55
M (Tm)| 356 149 0.3 9.77 59.47 13.05 21.78 13.38 17.34 25.55
D2-Center(Slow) Strain | M (Tm) | 353 071 03 7.99 -59.47 2740 | . 4574 2810 36.42 53.66
v(m 849 419 0.3 2471 28.06 4.10 6.84 1.24 1.60 266
M‘ (T.m) 3.56 149 0.3 977 59.47 13.05 2178 13.38 17.34 25.55
D3-Center(Medium) Stain | M (Tm) | 353 071 03 7.99 59.47 27.40 4574 28.10 36.42 53.66
v(T) 849 419 03 24.71 28.06 4.10 6.84 124 1.60 2.66
M (tm)| 356 149 03 9.74 59.47 13.05 2178 1338 17.34 25.55
D4-Center{Fast) Strain- | M (Tm) | 353 0.71 0.3 7.99 5947 27.40 4574 28.10 36.42 53.66
v(m 849 4.19 03 2411 28.06 4.10 6.84 1.24 160 2.58
M (Tm)| 226 236 03 933 59.47 8.49 1447 8.74 11.33 16.68
D5-Lef(Slow) stain | M (T} | 225 0.72 0.3 069 59.47 27.84 46.17 28.66 37.16 54.69
v(m 939 434 03 2668 | 2806 3.86 6.44 1.08 1.40 236
M (Tm)| 330 1.69 03 974 59.47 1157 19.32 11.88 15.40 22.68
D6-Right{Slow) Stain | M (Tm) | 327 071 0.3 752 59.47 27.57 46.02 28.30 36.68 54.03
v(T) 870 424 03 2520 28.06 4.03 6.72 119 1.55 2.58
M (Tm| 230 2.50 03 9.71 59.47 801 . 13.37 8.24 10.69 15.73
D7-LefMedium) Stain | M (Tm) | 201 073 0.3 527 -59.47 27.61 46.09 2845 36.88 54.27
v 955 436 0.3 2702 | 2806 383 6.39 1.06 137 231
_ M Tm| 330 1.69 03 9.74 59.47 1157 19.32 11.88 15.40 2.68
D8-Right{Medium) M (Tm) | 327 071 03 752 5947 21.57 46.02 2830 -| 3668 54.03
v(m 870 424 03 2520 | 2806 403 6.72 119 1.55 2.58
M (Tm)| 214 243 03 927 59.47 8.27 13.80 8.52 11.04 16.25
D9-Lef{Fast) Strain | M (Tm) | 213 0.72 03 547 -59.47 27.92 46.60 28.75 37.27 54.86
T . ) ) v(T) 9.47- 435 0.3 2685 | 28.06 384 6.41 1.07 139 2.34
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Load Case Fitby DL HS20-44 | I (Impact)| Ultimate |Capacity*{RF yenrory | RF oreranon| RF swventory | RE operaTG RF

M (T.m) 264 213 03 951 59.47 9.33 15.57 9.59 12.43 18.30

D10-Right(Fast) Strain | M (T.m) 262 0.72 03 6.36 -59.47 27.60 46.07 28.39 36.80 54.18
V(T) 9.15 431 03 26.18 28.06 391 6.53 112 1.45 243

M (T.m) 264 213 03 951 59.47 9.33 1557 9.59 12.43 18.30

S1-2nd-lLeft Stain | M (T.m) 262 072 03 6.36 -59.47 27.60 46.07 28.39 36.80 54.18
V(™ 9.15 4.31 03 26.18 28.06 391 6.53 112 1.45 2.43

M (T.m) 2.87 1.98 03 9.60 59.47 9.98 "16.66 10.25 13.29 19.58

S2-2nd-Cente M (T.m) 285 072 03 6.78 -59.47 27.46 45.83 28.22 36.58 53.86
v(m 8.99 429 03 25.84 28.06 3.95 6.59 114 1.48 2.48

M’ (T.m) 287 1.98 03 960 5947 9.98 16.66 10.25 13.29 193.58

D1-2nd-Lefi(slow) Strain | M (T.m) 285 0.72 03 6.78 -69.47 27.46 45.83 28.22 36.58 53.86
! V(T) 8.99 429 03 25.84 28.06 3.85 6.58 114 1.48 2.48

M {T.m) 3.16 1.79 03 a7 5947 1096 18.30 11.26 14.59 21.48

D2-2nd-Center(Siow) Stain | M (T.m) 313 0.71 03 27 -59.47 2766 4617 2840 36.82 54.22
v (T) 8.80 4.25 03 2541 28.06 4.01 6.69 1.18 1.53 2.55

M (T.m) 2.87 1.98 03 9.60 59.47 9.98 16.66 10.25 13.29 19.58

D3-2nd-Lef{Medium) Strain M (T.m) 285 0.72 03 6.78 -59.47 27.46 45.83 28.22 36.58 53.86
v(T) 8.99 429 03 25.84 28.06 3.95 6.59 1.14 1.48 243

M {T.m) 348 155 03 9.76 59.47 1257 20.98 12.89 16.71 24,61

D4-2nd-Left(Fast) Strain M (T.m) 345 0.71 03 785 -59.47 2745 45.83 28.16 36.50 53.77
v(m 8.56 4.21 03 24.88 28.06 4.07 6.79 122 1.58 2.63

M (T.m) 348 155 03 976 5947 1257 20.98 12.89 16.71 24.61

D5-2nd-Right(Stow) Strain | M (T.m) 345 0.711 03 7.85 -59.47 27.45 45.82 28.16 36.50 53.77
v(T) 8.56 4.21 03 2488 28.06 407 6.79 1.22 1.58 2.63

M (T .m) 231 0.58 03 5.49 59.47 34.51 57.61 35.53 46.05 67.79

S1-2nd-Left WOT | M (Tm) 229 048 03 523 -59.47 4172 69.64 X: 55.68 81.96
V() 466 3.73 03 16.72 28.06 5.08 8.47 194 251 4.02

M (T.m) 23 0.58 03 549 59.47 3451 57.61 35.53 46.05 67.79

S2-2nd-Center LVDT | M (Tm) 228 047 03 5.19 -59.47 4262 7114 43.88 56.88 83.72
v 465 373 03 16.71 28.06 508 848 194 252 4.02

M (T.m) 230 0.58 03 547 59.47 34.52 57.62 35.54 46.07 67.81

D1-2nd-Left{slow) LVOT | M (T.m) 227 047 03 547 -59.47 4263 71.16 43.89 56.89 83.74
v (T) 464 3.73 03 16.69 28.06 5.08 848 194 2.52 4.02

_ . M‘ {T.m) 229 0.58 03 545 59.47 34.53 5763 35.55 46.08 67.83

D2-2nd-Center(Slow) LVDT | M (T.m) 227 0.47 03 517 -59.47 4263 71.16 43.89 56.89 83.74
v (T) 4.64 373 03 16.69 28.06 5.08 8.48 1.94 2.52 4.02

M (T .m) 225 0.57 03 535 59.47 3517 58.70 36.21 46.93 69.09

03-2nd-Lef{Medium) WOT | M (Tm) 223 047 03 5.10 -59.47 42,67 22 43.93 56.95 83.83
v(m 4.60 3.73 03 16.62 28.06 5.08 8.49 1.95 2.52 4.03

M (T .m) 224 0.57 03 534 59.47 3517 58.71 36.22 46.95 69.10

D4-2nd-Lef(Fast) LVOT [ M (Tm)| 221 0.47 0.3 5.06 -59.47 42,69 7125 43.96 56.98 83.87
v{T 458 373 a3 1658 28086 500 848 195 252 404

M’ (T.m) 215 0.56 03 5.19 59.47 35.88 59.88 36.95 47.90 70.50

DS5-2nd-Right(Slow) LVDT | M (T.m) 213 0.46 03 4.89 -59.47 43.69 7294 45.00 58.34 85.87
v(m 4.49 3.73 03 16.42 28.06 5.10 851 196 2.55 4.06
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Load Case Fit by oL HS20-44 | I (Impact)| Uitimate |Capacity*|RF, RFgq mwe | RF RF gperatiNG RF

S1-Center Strain | Adal (T) | 13.81 7.69 0.3 4213 387.20 17.02 28.41 16.50 21.39 33.45
S2-Left Strain | Axial (T) | 1372 | 771 I 0.3 4201 387.20 16.98 28.35 16.47 2135 33.37
S3-Right Strain | Axial (T) l 13.865 l 771 | 03 41.88 387.20 16.99 28.35 16.47 21.35 33.38
IS4-2Leﬂ Strain | Axial (T) | 13.90 | 7.67 03 4225 387.20 17.06 2848 16.54 2144 33.53
|SS-2Right Strain | Axial (T) | 13.67 I .7 03 4192 387.20 16.99 28.35 "16.47 2135 33.38
S56-2Center I Strain ];al m l 13.67 | 771 l 03 41.92 387.20 16.99 28.35 ! 16.47 21.35 33.38
D1-2Center(Slow) l Strain | Awdal (T) l 1367 I 7.7 l 03 41.92 387.20 16.99 28.35 16.47 21.35 33.38
lDZ-Center(Slow) I Strain | Axial (T) | 13.81 I 7.69 I 03 4213 387.20 17.02 28.41 16.50 2139 33.45
ID3-Center(medium) Strain | Axial (T) | 13.81 I 7.69 I 03 42.13 387.20 17.02 28.41 16.50 21.39 33.45
[D4-Center(Fa'st) Strain | Axial (T) l 13.81 I 7.69 l 0.3 4213 387.20 17.02 28.41 16.50 21.39 33.45
[DS—Leﬂ(S(dw) | Strain | Axdal (T) I 13.39 l 772 I 0.3 4143 387.20 16.98 28,34 16.47 21.35 33.37
D6-Right{Slow) I Stain | Axial (T) | 13.72 l 7.71 I 03 42,01 387.20 16.98 28.35 16.47 21.35 33.37
D7-Lef(Medium) Strain | Axal (T) | 13.31 I 772 03 4129 387.20 16.98 28.35 16.47 21.36 33.38
D8-Right(Medium) Strain | Adal (T) | 13.72 l 772 0.3 4203 387.20 16.96 28.31 16.45 21.32 3333
|09-Leﬂ(Fast) Strain I Axial (T) l 13.35 I 7.72 I 0.3 41.36 387.20 16.98 28.35 16.47 21.35 33.38
lD10-Right(Fast) Strain | Axial (T)l 13.51 I 7.72 03 4165 387.20 16.97 28.35 16.46 2134 33.38
|S1-2nd-Leﬂ R l Strain Axial {T) 13.51 I 7.72 03 4165 387.20 16.97 28.35 16.46 21.34 33.36
ISZ-an-Cen!er Strain I Axial (T) | 1358 I 7.72 \L 03 41.78 387.20 16.97 28.32 16.46 21.35 33.53
|D1-2nd»Leﬂ(Slow) Strain | Axial (T) I 13.58 | 7.72 i 0.3 41.78 387.20 16.97 28.32 16.46 21.33 33.45
lDZ-an—Center(Slow) i Strain Axial (T) l 13.67 l 771 l 03 4192 387.20 1699 28.35 16.47 2139 33.38
IDS-an-Leﬂ(Medium) Strain I Axial (T) L 13.58 I 772 I 03 41.78 387.20 16.97 28.32 16.46 2133 3335
D4-2nd-Lef({Fast) Strain | Asdal (T) | 13.78 I 7.70J 03 4213 387.20 17.00 28.38 16.48 21.32 3341
lDS-an-Right(Slow) I Strain | Axial (T) I 13.78 l 7.70 l 03 42.10 387.20 17.00 28.38 16.48 21.32 3341
S1-2nd-Left | LvoT mal m | 1297 I 6.83 L 03 38.70 387.20 1922 32.08 18.65 24.17 37.78
$2-2nd-Center l LVDT | Adal (T) | 12.96 I 6.83 I 03 38.68 387.20 1922 32.09 18.65 24.17 37.79
IEnd-Leﬂ(Slow) LVDT | Axial (T) I 12.97 I 6.82 I 0.3 38.68 387.20 19.26 3213 18.68 24.21 37.84
D2-2nd-Center(Slow) LVDT | Axial (T) l 1295 ] 6.82 I 03 38.64 387.20 19.25 3213 18.68 24.21 37.84
D3-2nd-Lef{Medium) LVDT | Axial (T) | 1292 | 6.81 I 03 38.56 387.20 1828 32.18 18.71 24.25 37.90
D4-2nd-Lefi(Fast) LVDT | Axial (T) | 1291 l 6.80 l 0.3 38.52 387.20 18.31 32.23 18.74 24.29 37.96
D5-2nd-Right{Slow) LVDT | Axial (T) | 12.82 l 6.77 I 03 38.29 387.20 19.40 3239 18.83 24.40 38.14
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® Operating Rating Factor
= [nventory Rating Factor

Rating Factor of Shear Force in Deck Slab
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Rating Factor of Positive Moment in Cross Beam
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Rating Factor of Negative Moment in Cross Beam
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Rating Factor of Shear Force in Cross Beam

® Operating Rating Factor

™ |ventory Rating Factor
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= Operating Rating Factor
= |ventory Rating Factor

Rating Factor of Axial Force in Pier
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