PENRERE KEE
A LA

kB A

20044 7]



R & M OB

kB A

o FE TE RHLEMy HyroR SR

FMNEF ] TR ML Gwors AduEst

AL QR (FY)
% 8 (FY)
% H (F1)

RPN 2 N

20045 7H



Site—Specific Live Load Factor
by Reliability Analysis

Hyun-Soo Park
(Supervised by Professor Sang-Jin Kim)

A thesis submitted in partial fulfillment of the requirements

for the degree of Master of Engineering
2004. 7.

This thesis has been examined and approved.

Department of Civil & Ocean Engineering
GRADUATE SCHOOL
CHEJU NATIONAL UNIVERSITY



L ] s i
LIST OF TABLES +#ereeeersesessestesestetasasteantentesenteststentesestetstentesastestssesteassessssessesssessesensens iii
LIST OF FIGURES :++veseeeesessesessestsstssetssentsstnteststetstentsststetssestssesteststestssesssssssensssensssensens iv
N TS0 1 2 7N A vi
L A B s 1
1 AT A H EE i 1

2. AT S L H 2
IL RAIZ]A] O] B o 4
1o TR oottt 4

2. @.ﬁ]}g—gﬂ ...................................................................................................................... 5

3. BEAIAFE] BFSS wreerrersseessessssessssssssssssi sttt 7

4. AZA A ER b a R L b 10

1) AL E] A K] G2 woererennmreeeee e 10

2) 1A R E A F] A A4 HFH o 12

3) Hasofer-Lind A1Z]A] R ZEHFE o 14

5. Rackwitz-Fiessler Al 2] A Z] G5 HFH oo 17

) A& A3t Rackwitz-Fiessler HFE s, 17

2) H] A8 IAAEI ] o) 3F Rackwitz—Fiessler HFH coeeveemin. 29

6. AL F]A] O] Z Q] G cereerrrrrrr e 23
I JLBF ELRP Q] A B e 2
1o TR et 24

2. AASHTO LRED A|HFA 6] ©]8F A A Z 7] weererrreesreesseesssesssesssssssssssssssssssisssnsees 2%

1) AAATFAIAFERS] ZTF reeersseeeesseeessssesssssesss st 2%

2) /\]_3].% .................................................................................................................... 26

3) A A GE B TE cereeeerree e 27

A) B BFBFZE covererrererersseeeni e 29

5) THHO T SF JEA] oeeereererrreeeien 30

3. FLAP B AR et 31



41
41
51
63

31
32
33
33
35
38
38
39

70
w7
79

s

|

b L ixiiW

|

o oW A
s

W
mw fe NF
oo~

f

J
=
T

AT BHI A G2 AR oo
| <]
Q/]
}‘\l_

3

% %
wog

>

3) 75 Hdl AA EHEH]

2) AA E

N e

1
2
3
4
5}
6
4. A=A

IV. Al A
3}



LIST OF TABLES

Table 2.1 Reliability index, reliability, probability of failure e 11
Table 31 Brldge design parameters .......................................................................... 24
Table 32 Density .............................................................................................................. 27
Table 33 DynamiC load aHOWanCG: IM ...................................................................... 30
Table 41 Statistics Of design VaI‘iableS ..................................................................... 38
Table 42 Location Of bridges ........................................................................................ 40
Table 43 Parameters Of Selected bridges .................................................................. 40
Table 44 ADTT and number Of SurVeyed trucks .................................................. 41
Table 4.5 Maximum values of maximum moOMeNt ratiog «wwrwerremseemeseeneeen: 50

Table 4.6 Number of trucks vs. time period and probability

(AASHTO LRFD) ........................................................................................... 52
Table 4.7 Number of trucks vs. time period and probability ««:eeseeeeeeeeeeeeenes 53
Table 4.8 Maximum 75 years moment ratioS PEr SPAIS «rewrerrsseressssseseeane 62
Table 49 Site*SpeCifiC liVe load faCtorS ..................................................................... ’72
Table 410 Rehablhty indiceS DO SPATTE =k - e - ombome 28 e ot vvee s remvnensniincnninne e 73
Table 411 Rehablhty indices for girder SpaCil’lgS ................................................... 74
Table 4 12 Rehablhty il’ldiceS for girder helghtS ...................................................... ’75



Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig

Fig

LIST OF FIGURES

21 PDF,S Of load, resistance and Safety TESEIVE, #orrreerrresernsstnssernetunntuintiencune 8
22 PDF,S Of load and resistance ........................................................................... 9
23 Deﬁnition Of rehablhty indeX .......................................................................... 10
24 HaSOfer*Lind rehablhty indeX ......................................................................... 16
25 RaCkWitZ*FieSSler procedure ........................................................................... 21
31 Brldge model for Stmctural analysis ............................................................ 25
32 AASHTO LRFD deSIgn load HL793 ............................................................ 28
33 Typlcal liVe load TESPOIISE  rroessssrsssssssstenttttttiiti e 29
34 CTOSS SeCtiOl’l Of girder ................................................................................... 31

3.5 HL-93 loading for maximum moment
at midspan Of Simple ST *rreererrrrre st 34

4.1a Maximum moment ratios from truck survey and HL-93

for Simple SpanS(USZB/HR) .......................................................................... 42
4.1b Maximum moment ratios from truck survey and HL-93

for Simple spans (194/1\/[10) .......................................................................... 43
4.1c Maximum moment ratios from truck survey and HL-93

for Simple Spal’lS(USl2/194) .......................................................................... 44
4.1d Maximum moment ratios from truck survey and HL-93

for Simple spans (DA/MlO) ......................................................................... 45
4.1e Maximum moment ratios from truck survey and HL-93

for Simple spans (MBQ/MIO) ........................................................................ 46
4.1f Maximum moment ratios from truck survey and HL-93

for Simple spans (194/1’75) ............................................................................. 4’7
4.1g Maximum moment ratios from truck survey and HL-93

for Simple spans (M153/M39) ...................................................................... 48
4.1h Maximum moment ratios from truck survey and HL-93

for Simple spans (MBO/GR) .......................................................................... 49
42 Maximum ValueS Of maXimum moment ratiOS ........................................ 50

_iV_



Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig
Fig

Fig

4.3 Maximum and minimum of maximum MmOoment ratios - «wweeeeeeeeeeeeees 51

4.4a Extrapolation of maximum 75 years moment ratio (US23/HR) -+ 54
4.4b Extrapolation of maximum 75 years moment ratio (I94/M10) =« 55
44c Extrapolation of maximum 75 years moment ratio (US12/194) -« 56
4.4d Extrapolation of maximum 75 years moment ratio (DA/M10) - 57
4.4e Extrapolation of maximum 75 years moment ratio (M39/M10) -+ 58
4.4f Extrapolation of maximum 75 years moment ratio (I94/I75) «eweeeeees 59

4.4g Extrapolation of maximum 75 years moment ratio (M153/M39) - 60

4.4h Extrapolation of maximum 75 years moment ratio (M50/GR) 61
45 MaXimum 75 year moment biaS faCtOI”S ................................................... 62
46 FlOWChart fOr RaCkWitZ—FiSSler procedure .................................................. 69
47 Site—SpeCiﬁC liVe load faCtOI”S ....................................................................... 72
48 Rehablhty indices DEI SPATLS toreresrrresenssressnsernisentesenitiostisitisennaiotasssanisenasontes 73
49 Rehablhty indiceS for girder SpaCngS .......................................................... 74
410 Rehablhty indices for girder helghts .......................................................... 75
4.11 Relationship between deviation of reliability index

and deViation Of bias factor ......................................................................... 76
4.12 Relationship between bias factor and live load factor «eeeeeeeeeeeee 76



ABSTRACT

This study is determines the site-specific live load factors using the reliability
analysis and reviews the appropriateness of the live load factor of the AASHTO

LRFD bridge design specification.

The Rackwitz and Fiessler method is used for the reliability analysis. The
analysis are performed for the reinforced concrete T-girder bridges. The spans,
spacings, and depths of bridge girders are considered as main design variables
of the reinforced concrete T-girder bridges. Statistical characteristics of the
resistance of the T-girder bridges and those of the dead load are obtained from
the literature survey. The statistical characteristics of the site-specific live loads
are estimated from the data of the truck axle weights and axle spacings

measured in Michigan.

The results of the site-specific live load factors were varied from 1.2 to 3.9.
The decisive element for the determination of the live load factors had a
tendency to increase as the bias factors increase. If the design provisions are
satisfied, the change of the spacing and depth of the girders had little influence
on the reliability of the girders. The comparison between the site—specific live
load factors and those of the AASHTO LRFD live load factor could not

accommodate the various live load factors for various sites.
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Table 2.1 Reliability index(B), reliability, probability of failure

Reliability Probability of failure
P Py=1—-Pp Pr
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1 *
op= 212 PR ] (2.32)
fr(R)
(2.33)

R'=R"—0,0 '[Fp(R")]

stzol tai = okel I st A (234)3 4 (2.35) 2

o] AAsteEt}

(2.34)

(2.35)
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® 4 (2.36)F ol&ste] 2AbstE AP x2S Y A A5 5

__R-Q (2.36)

\/er + O'QQ

@ pE AN F A Q30T A @3)F olgstd Az dAM R, Q' 7

g 2
* e IO p
R =R —% (2.37)
\/O'Rr—FO'Q
* PN ﬁO-Q’
Q =Q —Q:RQ (2.38)
Vo +og

® Ryyu= Runy 5 Quu=Quw 7t 2 9 7344 @, @), @ o Hge wua
o},

Nowak ¥} Regupathy(1984)= Rackwitz-Fiessler oA Z=3HE 275HA

=l Fig 25 @, @, @ #}48& =AIg Aot o] el 57 At

ASE 2o AAAANN HAdEe 2o AATH.

_20_



0.8

0.5

tangent to

0.841

Fgr at Q* Fr \FR

Fo

tangent to Fr at R”

Fig 2.5 Rackwitz-Fiessler procedure
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FAFHETE g(X, Xy, -+ X,)7F 0148 A A FitS 27 AAHeR A
& F (X =X,), Taylor 355 AHgatel A3 HASBTFE A s
of ME3} Al71W 2 (238)% o] FASEM AFA AF8E (2392 H ™ol
p

0L X0 X)) = g (X5 X X+ 32 (X - X)) 239
=1

X, X, - X
ﬁ: g( 1 2}/ s 71) (240)
Oy
2 (2419 o= A 24D o] A2g @tk
o= (2 o) (2.41)
g i=1 8Xz X ! '
Mz AAMELE 2] (243)2 A HHFL
0 -
B (a)? *]»w?
X' =X/ - X (2.42)

o9t & HAAL Xy = Xy & WA BE T
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III. 23 FAe A3
1. M=

gatsATE AR st FAe AdsEs bgsfordtt mEA B 4
TFME ALZAYE TH Adus Fd diste 18, 72 AMEHe
AASHTO-LRFD(1998)¢] Aol ola Aike sttt stexd dura <l 2=
TS nHG N EFEFA AEFALH I E 1AL wFS GEAoR
kol U5 Agelnt A8ttt wFAES TY Agal FAoA AAHoz 7}
d wol 220l=9mF-H 24m7HA 3m A F7HAIA 67FA 9] B9 aEea, Ad
HAL 2mEH 275m 7HA 0.2omitA SR 47MAE 1 EFA
AASHTO LRFD 749 FHaEoldA oFE Fol 5emE ¢ ¢
15cm7kA] A &-35ke] @ 9e] &stF AFE 7] flete] F
Ao gHe nyAY & mHFIY FoAlRY AEE ZAYUE A=

f,=28MPa, A9 AAR%f =400 MPaS A}439 ).

o] &S A Table 3.1 #x wH

©
VXL
FU

03
w
o
i
o
5
g

Table 3.1 Bridge design parameters

B kis 9m, 12m, 15m, 18m, 21m, 24m
AH o] hmin+ 5¢m, hmin+ 10cm, hmin+ 15cm
AY 4 2.00m, 2.25m, 2.50m, 2.75m
T AY 74 0] 2.00m, 2.25m¢l 4% : 20cm
AY 740 2.50m, 2.75m¢l ¢ : 22cm
A Z¥o] 9m, 1291 74 35cm
W (&) A]7¥e] 15m, 18m<?l A% 40cm
A7ke] 21m, 24mel 4§ 45cm
AHEAE 2£:400MPa | 238 E:28MPa
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HZ2ZdelE T A0

(a) Elevation of bridge

(b) Cross section of bridge

bal

| |
| | _

A7 7] = T

- 7 SH teav

— ] bl = o

| | AU g
| | =0l h
| | o

(¢) Cross section of girder

Fig 3.1 Bridge model for structural analysis
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el =

X0

A

1) AA

(4.1
(4.2)

HA G, v =9}

Aol B

°

n=mnpngn;= 0.95

AASHTO LRFD(1998) A WA | M = SHAIGEIE A AFEA
nXv,Q; < ¢ R, (4.1)

o
el
)

1714 np

1 9

A%g 73

Nfo

o F Aol 23
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R IEE
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Table 3.2 Density

thol =ak thol =ak

XHJ—‘E,—'_ L.'A'B‘ (e} XHJE_,_ 1..‘14‘6‘

(kg/m’) (kg/m')

53 B AE e
SRuE I 2800 A 1600
s

A4 A 2250 iz A = 2 2250

"Zl‘%%]'zﬂ 7200 701'7H 7850

A 960 EHE 2725

A =2y, HE
A A4, 4 1925 teksk A 960
= HE =2
AH] 1775 TE A 800
ZAYE |Regf-A-v]F 1925 @G 1000
£
HE 2400 35 1025
G gdo] T
Bia e NE2TZ 0.30
(kg/mm)
3) AH &5

NFAAANA el Aoz 7|9 ZEQ A7 BF A7k uhel i
@) Aol e Fisb oA Zel diste] BE At A B

7Fs 3 dojtt. wElA AASHTO LRFD #3152 Highway Loding ¢ 2
¢ 93¢ o] AASHTO LRFDel AEH A= &nE 744 a1 HL-9338t5& AHE
sta At} HL-932 Fig 329 #o] AAEYs T, dANHs T, AAAAE ST 3
7HA FFO tFo® ol FolAlth AA AAEY T2 An EddHs I
3} & Zojt}, o F& 35kN, 4.3m FHoll 145kNe] o2 FHojglon AAEH)
F5 W9k 145kN= Hodrh. F5 Akele] 7El= 4.3melA 9mAte]dl

=
AAE W AL 5 AEE Ho] Ak oA A% WAN FHH FFs

4
uj
>

oBL

ol
-

o ol
L o

(
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thske] frAskAl A & ¢ =S Stolnh. &4 "MdstT& 110kN <1 7709 =
stgom Hojgla, FAE7E 1.2m=2 Al A Adetee & wEgoe
2t wHoer Ydd stee] aas e Ao SR X ST o R FHol 9l
1 A7) 93kN/m otk AAA AAE s Adetse] 233 AANH 8T
I ARG E 27 T 2 eads vebd £ e o dudr o &

3t Rde F3F A FH(Weight in Motion, WIM) W o2 AZE oA At A
=4 WIM 47+ Hwang 2(1991), Moses £](1985) 5ol 2ole] o] Foj %t}
ASSHTO LRFD #3l% Ed-2 Kulicki ¢ (1991)¢} Nowak(1993)e] <]s WIM
A5 Fote] A AT

145kN 145kN
35kN

\l
rd

43~90m | 43m

<

Y Y l 9.3kN/m

(a) Combination of design truck load and design lane load

110kN  110kN
1.2m

9.3kN/m

Y VY vYvvvevvuy

(b) Combination of design tandem load and design lane load

Fig 3.2 AASHTO LRFD design load HL-93
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4) sH &35
Aeke] FS & w) wFe] v X s FaNE ud 3 dF ot Fig 3304 B
v AAH zbgFo] FPE ufo = AR wjwmo 5o &7t v Zd AASHTO
LRFD Aol A= Agfo] Fas wjof A oS wf Be FdellAe] HAS
ugste] 54 % dHAE degudet 54 % oJFAE 4 33)7 2ol &
g3}, o] 23k B4 &% o fX = Table 3.391 A&t o] Al 7N =2 FEES b
SetAl EE I Ak 28 A o] 4 dF AfAE AAES sF AA WY
sZolnt GFS udstn AAANMTAE B4 8% ARFAE usA Fe
=3
IM = gdl'” (3.3)

AZNM Dz WA

AAD Dy BAGG @ F7h AR olr,

0.10
VT Static = ————-
Ddyn D .
L1 2 ynamic ——
) ~
/
/
£
- /
[ /
S /
8 0.05—
qq_.) i/
[m) (
[ /
® /
& /
o J
= /
//
0.00.=” \ \ \ \
0.0 0.2 04 0.6 0.8 1.0 1.2
Time, sec

Fig 3.3 Typical live load response (Hwang and Nowak,1991)
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Table 3.3 Dynamic load allowance: IM

Component IM

Deck joint — all limit states 75%

All other components

« Fatigue and fracture limit states 15%

< All other limit states 33%

)
o
Lo
B
B>
H
o
rr
2
o
Lo
24
o
filo
-
~N
mie]
S
>
rO
I
=
rO
on
o
=
rr
o
o
>
Iy

g o= 543000 o o5, (3.4)
30
o714 L& wgFe] A& YEda S& A9 A& YeRdth 2 Aol A
A A xS 498 wug A4 oY BEg Fusel dug
Agarn
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[e]

=<

2 o= gsts ATE AA4sy] st FAES A st 3 A
t}. Fig 34% A 2Zage T8 Ay wde Ay i S el 3o
AA7 9 212 vhe ) 2

« A7+ 18000 mm

« EALE

- AY3r4 2250 mm
7 80 mm, = =}

+ A1 %°]1350 mm
F5F7 200 mm YFA 400 mm
S AR f,= 400 MPa - FAYE 4EFUFE f./=28 MPa

2250mm
i80mm
200mm
1150mm
[«<—>|
400mm
Fig 3.4 Cross section of girder
) dHAE
A APA gl oJste] T Ao RE FAFgHh
@ vhekd 5 AE
fso = 252000 = 220053000 _ 17500 < 200mm OK
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@ AY xol AE(DEn AE)

hyin = 0.07 L= 0.07 x 18000 = 1260 mm < 1350 mm

® AYA AE

Sy = 200 < 20 = 4000 mm > 2250 mm

bl =12t+ b, =12 x 200+ 400 = 280 0 mm
b2 =0.25L =0.25 x 18000 = 4500 mm
b3 = §= 2250 mm

web SaZ AR ZE be = 2250 mm 7} D},

theo 2 (35)0.% Age & 9ok
3 ) AARA A
S 04 8\03( K, 0.1
mgij = 0. 06*[4300) (f] [Ltf’]

A ol g AARA At :

S 06 §\02 K, 0.1
mgil = 0075+[2900j (f) [Lt?’J

£

—r

avy

Hgwele et 2.
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1100 < S < 4900
110 < ¢, < 300
6000 < L < 73000

N, = 4

g g )04 (%0‘3 Kg 01
mgj} = 0.06 +(—4300] L) |7

2250j&4( 2250
4300 18000

S 06 0.2
mgM_oo75+(2900j }3 [Lt]

2250\%6 1 2250 01 _
2900] (18000) (1.0)™ =0.627

0.3
—0.06 +( j (1.0)0! = 0.474

=0.075 +(

webA Ay BEuj A= 0.6720] ).

3) Abekzel ojgt RulE

ApetEel o@ B RER Oy 348 olgdtn, FaE ¢

Fu

KN/m' LA o] @92 22.06 kN/m'S AF&3sto] 78 5 9t}

wRAEM)yn ot 22dE A5 98 § RAEM)nE o

Mpa = (0.08 x2.25x22.06) x (182/ 8) = 160.82 kN - m

Mpey = (0.22.25+0.4 % 1.15) x 23.54 = (182/8) = 867.57 kN - m

_33_



getzol o Ao FRUEE AAEYSE, AANH) S, 18 AARA
o 2oz 33 4 Q) Fig 35 @R TYA LA F EE fig
FFAE vEtd Blolth AAE-S T o RUE Mg, AARASZl 9
HE

JE L A7re] B A

9.3kN/m

vt v v v vy vy vy

|% 18m 7
I~ “1

(a) Combination of design truck load and design lane load

L/4 =
110N NQkN
1.2m
9.3kN/m
Y ¥ v v VoY Yvvyoyoyvovy
“ b 7

(b) Combination of design tandem load and design lane load

Fig 3.5 HL-93 loading for maximum moment at midspan of simple span
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My, = (145 % 2.35) + (145 X 4.5) + (35 % 2.35) = 1075.5 kN - m
My, = (110 X 4.5) + (110 X 3.9) = 924 kN - m
M;,=9.3x[(4.5x18)/2] = 376.65 kN - m
e AN wuEe] HelFade AdetEn e o xgow
AAnt. 5485 AFA 3B%E AAEHS T s BRulE 11
o AT E AFSetH vhE gk 2ol g R Aol A A

o] ARtE

M
M= mg MT}"(I + m)‘F M,

=0.627 1075.5 ><(1 —l—%}—&- 376.65 =1133.03 kN - m

nXv.Q, < ¢R, (3.6)
n=1.0 &= 3} ¢=0.90| B2 SHAGE] T2 thad 2ol 2(3.7) ZdHT
A fy(d—a/2) = 1.25(Mpa + Mpey) + 1.75 (M4 ) (3.7)

Tl 71A, a= B3 o] 4 (38) FdE

a=(A,f,)/ (0.85f.b,) (3.8)
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o
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I
2

G Asadds 9l SrdS zolek WA FAE Bohal THA st A% =

WE Zx2 Fate] sExg vl

My =1.25(Mpq + Mpe) 4+ 1.75 (Myy,, 1)
— 1.25(160.82 + 867.57) + 1.75 (1133.03 ) = 3268.29 kN - m

S My=$l0.85f.b.t (d—1/2))
= (0.9){(0.85) (28000 )(2.25)(0.2)(1.205 —0.2,/2 )}
= 10651.1 kN - m

My < ¢M,o017] w#ol 57} ot% 2ol @A ol ol weha] o] dwe
A AEL 7] fitel 9o 4 thgat o] A o) kel 4 (39) ¢ 7

o 4YT + Atk

2
¢ Ve (3.9)

—4.57143 A2+ 4338004, > 3268.29
WA Ew AFA =75.34 em®o] AXt )

6) Av] HE
AASHTO LRFD AlAel= fHa=d Ao s BAs7198 94 g
ZAow Aduet Ax Aoug AL ATk FHNEL Hod
Note] po= c/d, < 0.420]31, 2 A2uE py=0.03(f/f)oz ATg
o

o ol71A ¢ = dHe bS 2delM T

A
N
x
I
N
o

oM A A SA7EA ) Zlololty. Al whd e HarH|=

P
B A= 2aeEe] dudS tebdc A20E PR o 2o



A, 75.34

P =4 T 30(235) +40(1005) 00884

Puin=0.03 (f./ f,) = 0.03 (28 /400) = 0.0021
A Ao

a=(A,f,)/(0.85f.b,)
= (75.34(40000)}/{0.85 (2800 )(225 )} = 5.63 cm

P = ¢/d, = (a/6,)/d, = (5.63,/0.85 ) /120.5 = 0.055

Prin < P < Prax O]EE ;:(‘—;]E-LH] ‘FILXE)]:%_ E’_é—@'q
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IV. 224 34

i<}
1]
e
4>
1o

m
X
>
Hl

AT AHgHE 7 MFE AT 7E AT w39 T AEE 28435
o A ghell tigk B A A= Morris(1987), Mirza (1979)2} MacGregor(1979)9] #<
AHE BElaL, Abeksel tigh FA1X = Nowak® Zhou(1985)7F OHBDC (Ontario
Highway Bridge Design Code, 1983)2] 7@t 3} Ao A A etst =S AFE-35}9 T}
ada B4 25 (FA8%) n# W5AE Az A8l Hwang¥ Nowak
(1991)°] AAT T4 Fslg RS AMEEAT &etTe] AFTATE 7 A9
= £ HL-93 stz 93 ALtd
A RUER Y glolth, REE B S U= 2dY A9 Grant S (
1978), MacGregors (1983), Morriss (1987)0] AJet3t 342 AL-83F3ith. Table 4.1
ZF W] FAAREE AR E Aolh

Table 4.1 Statistics of design variables

SEHF ASAF=CD [ HEAF (V) SETXE
ZA8E 28MPa 0.85 0.18 A EE
A 400MPa 1.13 0.098 e A
A g AT T 1 0.03 ATt
Frazol 1 0.0152/dn AHEE
gy 1.01 0.046 X
RIS X% 1.00 0.25 X
ZAYE 1.05 0.10 R
o 1 =S . o) g
sAGets Hu=Egsd 75d HNPFF EHE x0.15
de=Ffr& zole T3k
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A AASHTO LRFD(1998) A4 9] &étg RelS FHWA =24 E(Goble et
al, 1991), Michigan DOT * & A E(Nowak and Nassif, 1991)¢] ZA}A5, NCHPR
X 2 A E (Tabsh and Nowak, 1991)2] ZAIxR & F Hl4 2327} %2 Ontario
Ministry of Transportation(Agarwal and Wolkowicz, 1976)o 4 A A3 E& 2 A}
ARE AR AFEHUT o] AP oW F AHS T4 SE 10,000t o] EE
| tigk SstEa 3 Agss ARSI o, o] F 9250t E AE st &ekTol

2

vn bgsela, e =d wE¥E W Ads f49nn Hgag

t}.(Nowak, 1993)

AT E AGEAL detsAlFE 857 $18 Nowak(1993) o] AlQtgh
o R FAAE AJh P F3F Ao FotFs AHgste] KW EE 5}
i 29 E= 39 st HAY EY WSS dAE vty st g 75
9 uEsds B FAS stk EY e @ 2AF AR S VAIF HEROEA
o oAy wFelA FAHE EYe] ST 3712 AR E AMEslt ERlu
2358 F3 = wEddES = (BWIM: Bridge Weigh-in-Motion) & & 9+
A7l ol SAE ghola, 4= T 49 5%, Faks 4
80% = H7tE o]t .(Kim et al, 1996) Table 42 E 3} ZFo 9
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Table 4.2 Location of bridges

e u ko] 94
US23/HR US-32 northbound over the Huron River in Arbor, Michigan
194/M10 [-94 eastbound to M-10 northbound in Detroit, Michigan
US12/194 US-12 eastbound to [-94 eastbound in Dearborn, Michigan
DA/M10 Davison Avenue eastbound over M-10 in Detroit, Michigan
M39/M10 M-39 southound toM-10 northbound in Southfield, Michigan
194/175 [-94 westbound to I-75 southbound in Detroit, Michigan
M153/M39 M-153 westbound to over M-39 in Detroit, Michigan
M50/GR M-50 over the Grand River in Jackson County, Michigan

Table 4.3 Parameters of selected bridges

w9IA A 3 4
(m) (m)
US23/HR 24.0 6 1.91 2
194/M10 23.2 5 2.70 2
US12/194 12.0 9 1.65 2
DA/M10 13.0 8 1.60 2
M39/M10 10.0 8 1.85 3
194/175 13.5 8 1.40 2
M153/M39 9.5 12 1.75 3
M50/GR 15.2 10 1.44 2




D 544 Efsts
= ATeME A4 EYsts & FTF0] T0kNo, 2570 -l = 45kN ©]
A A xFetAa ER 3 N8 ST 89kN o] el EYRt ZIFAZ
Table 448 dH T+ EY % Z(Average Daily Truck Traffic :ADTT)¥ =A%
=¢o] 58 vhEd Zlolt
Table 4.4 ADTT and number of surveyed trucks
WA e Y Zq8 2ee &
US23/HR 2,000 910
194/M10 1,500 878
US12/194 500 165
DA/M10 750 258
M39/M10 1,500 657
194/175 1,500 295
M153/M39 500 160
M50/GR 500 584

\)

AA EFe] Aol ZAE A
Zb oA A E ] A EY FatEy AR A7 9m, 12m, 15m,
18m, 21m, 24mel A< o) 3 BRWES 2AF T 18] AASHTO LRFD2
HL-933} 5ol o8] g e RuER Uil o] FEE&X &5 Fig 41a
ol A Fig 41h E= &5 93 HAulewlEs HL-93 850l <3 AdEE &
At gtE Ao EA] E8 3} HL-933t o o3¢ e
Aol Aol AR E ve Hjgs Uebd 2ol i Fig 42% Table 459 A}
& vEd Zlelth Fig 432 7F wwk Aol R EN] gt oz HAaghs vE
W Slojth,

)
1

S
o
o
o
~
=5
¢
W~
@]
rr
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o
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r_l
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Inverse Normal Distribution .

- 9m
—12m
———15m

— — 2Im

— - 24m

0 1 2
Truck Moment / HL-93 Moment

Fig 4.1a Maximum moment ratios from truck survey and HL-93 for
simple spans(US23/HR)
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Inverse Normal Distribution .

,/r;'?rr?.

—

|
w
L L L L

- 9m
—12m
—15m |

— — 21m
— - - 24m

o

1

Truck Moment / HL-93 Moment

2

Fig 4.1b Maximum moment ratios from truck survey and HL-93 for

simple spans (194/M10)




Inverse Normal Distribution .

- 9m
o | —12m
—— 15m
I — - —18m
-3 I — — 2Im
7 — - - 24m
-4
0 1 2

Truck Moment / HL-93 Moment

Fig 4.1¢c Maximum moment ratios from truck survey and HL-93 for
simple spans(US12/194)
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Inverse Normal Distribution

6
5
4
3
2
1
0
—1

- 9m

2 [ ——12m|

—15m

i — - —18m

=3 — — 21m

[ — - 24m
—4

0 1 2

Truck Moment / HL-93 Moment

Fig 4.1d Maximum moment ratios from truck survey and HL-93 for
simple spans (DA/M10)
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Inverse Normal Distribution .

6
5,
4
3,
2,
1
O,
-1
- 9m
oI —12m
—15m
! — - —-18m
3 — — 21m
I — - - 24m
—4

0 1 2
Truck Moment / HL—93 Moment

Fig 4.1e Maximum moment ratios from truck survey and HL-93 for
simple spans (M39/M10)
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Inverse Normal Distribution .

- 9
Ll ——12m
—— 15m
, — - —18m
S — — 21m||
— - - 24m
-4
0 1 p)

Truck Moment / HL—93 Moment

Fig 4.1f Maximum moment ratios from truck survey and HL-93 for simple
spans (194/175)
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Inverse Normal Distribution .

6
5_
4_
3_
2 |
y
O_
-1
- 9m
) 12m
—15m
i — - —18m
3 F ----21m
I — - - 24m
—4
0 1 2

Truck Moment / HL-93 Moment

Fig 4.1g Maximum moment ratios from truck survey and HL-93 for
simple spans (M153/M39)
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Table 4.5 Maximum values of maximum moment ratios

from truck survey and HL-93 for simple spans

s
= = 1+
oo 9m 12m 15m 18m 21m 24m | F g 2ok
US23/HR 1.79 1.78 1.71 1.68 1.63 1.64 1.63 1.79
194/M10 2.14 2.21 2.14 2.13 2.05 2.01 2.01 2.01
US12/194 1.27 1.28 1.23 1.29 1.25 1.25 1.23 1.29
DA/M10 0.94 0.96 0.95 0.99 0.98 0.99 0.94 0.99
M39/M10 1.02 0.99 0.96 0.95 09 0.87 0.87 1.02
194/175 1.41 1.35 1.26 1.25 1.23 1.24 1.23 1.41
M153/M39 0.6 0.57 0.53 0.51 0.53 0.55 0.51 0.6
M50/GR 1.25 1.28 1.25 1.26 1.24 1.25 1.24 1.26
2.5
- —m— US23/HR
—=—194/M10
o | E/E\E—E\EI\E —a—US12/194
I —— DA/M10
. H\'\'\-——- —e— M39/M10
3 15 | ——194/175
% i (:E: —e— M153/M39
— —o— M50/GR
X
o 17F m;t_éq:—‘;
2
'_
05 , ‘\‘\0\._——0———0
. i
6 9 12 15 18 21 24 27 30 33
Span (m)
Fig 4.2 Maximum values of maximum moment ratios

from truck survey and HL-93 for simple spans
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Ontario Ministry of Transportation(Agrwal and Wolkowicz, 1976)ol| 4 ZA}3k
10,000 te] E=lo] 25U 7ke] wE S tastota 7138ttt ol S35 7t &)

ol g WA e Vel Wk erevtn s, dee =Y wEY

% @ 4eE fA@a AFgekch Eee] 2A/10E Tebn sha 1 7|3k H¢
ZAEE F EFY e 253 EY wEEFe] 20008 olm® F EY uwEge
N=20,000,000t] o]t} Neofl tgt &4+ 1/N o2& 759 F EHuE o o
@ 8 £ 1/20,000,000=5x10"" ojtt. o] SEFEe it AT G
Z=0 '(5x10 %)=5.33°] ©th Fig 44914 AzHe o AR Eeln 7t
S EHEN olung Aaf FEAC ZAIE 7} A5 diste 75 v g
TR A3 &3t B F=HE ) Table 4.6 Nowak(1993)2] A A 7]
7 B wEHT 5 F£F0o02 AASHTO LRFD AA7]+#9 H Ao A& 5
Atk
Table 4.6 Number of trucks vs. time period and probability
(AASHTO LRFD)
7122 T EY9 N SE55E1/N A FEET Z
754 20,000,000 1/20,000,000 5.33
50 15,000,000 1/15,000,000 5.27
54 1,500,000 1/1,500,000 4.83
14 300,000 1/300,000 4.50
6714 150,000 1/150,000 4.36
204 50,000 1/50,000 4.11
171< 30,000 1/30,000 3.99
2T 10,000 1/10,000 3.71
14 1,000 1/1,000 3.09
BoFelt 7 made 2d EE 39 B9 S48 2YuERs 74 449 )
He g xsvy 7H4gsta vl GEFES A4 Fig 4128H 753 dEFE
7HA Ad o R Hitste] A RWIES AESTh AR WA fAHL A



@S A ogle

472 E-uE @y 759 A

A ke
e Jepd Aol

BRolmg Huhd Fig 4194 Uevs +3
(Cumulative Distribution Function ; CDF)¢] 7 3-& 1183}
Fol g dETFES
2 EZo wEFola /N FEFFo|H Z& IJAH

Beol A7t 12me] thgh 759 Hdf ZHE

hya
fn i

Table 4.7 Number of trucks vs. time period and probability

A
53

BV lday 2days 75years
N 455 910 12455625
US23/HR 1/N 0.002198 | 0.001099 0.000000080285
Z 2.849 3.0624 5.24
N 293 585 8011750
194/M10 1/N 0.003413 | 0.001709 0.000000124817
4 2.706 2.928 5.158
N 83 165 2258438
US12/194 1/N 0.012048 | 0.006061 0.000000442784
Z 2.2579 2.5107 4.9155
N 129 258 3531375
DA/M10 1/N 0.007752 | 0.003876 0.000000283176
Z 2.4232 2.664 5.0024
N 284 567 7760813
M39/M10 1/N 0.003521 | 0.001764 0.000000128852
V4 2.696 2.9182 5.152
N 148 295 4037813
194/175 1/N 0.006757 0.00339 0.000000247659
Z 24711 2.7086 5.0218
N 80 160 2190000
M153/M39 1/N 0.0125 0.00625 0.000000456621
Z 2.2462 2.4999 4.9095
N 292 584 7796400
M50/GR 1/N 0.003425 | 0.001712 0.000000128264
Z 2.7052 2.9273 5.1529
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Inverse Normal Distribution .
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Fig 4.4a Extrapolation of maximum 75 years moment ratio (US23/HR)
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4.4b Extrapolation of maximum 75 years moment ratio (194/M10)

_55_



6
5 b ——— —/byears
4
3
c _2days
(@)
5 “1day
3 2
k%)
o
= 1
£
(@)
=
o 0
2]
(O]
>
<
-1
- 9m
-2 —12m
——15m
— - —18m
S0 . 2m
— - - 24m
-4
0 1 P

Truck Moment / HL-93 Moment

Fig 4.4c Extrapolation of maximum 75 years moment ratio (US12/194)
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Fig 4.4d Extrapolation of maximum 75 years moment ratio (DA/M10)
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Fig 4.4e Extrapolation of maximum 75 years moment ratio (M39/M10)
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Fig 4.4f Extrapolation of maximum 75 years moment ratio (I194/175)
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Fig 4.4g Extrapolation of maximum 75 years moment ratio (M153/M39)
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Table 4.8 Maximum 75 years moment ratios per spans

LA T
EAC
9m 12m 15m 18m 21lm 24m
US23/HR 2.7 2.7 2.7 2.63 2.6 2.53
194/M10 2.99 2.83 2.88 2.92 2.71 2.71
US12/194 2.15 2.15 2.15 2.15 2.15 2.15
DA/M10 1.42 1.45 1.6 1.72 1.72 1.72
M39/M10 16 1.6 15 1.43 1.33 1.36
194/175 2.18 2.14 2.08 2.03 1.94 1.94
M153/M39 0.95 0.95 0.95 0.95 0.95 0.95
M50/GR 1.69 1.71 1.73 1.77 1.77 1.77
Nowak(1993) 1.35 1.35 1.33 1.32 131 1.32
4
3 -
- f § Ej:ﬁ: 5 [—=—Us23/HR
— —B—194/M10
g 5 ¢ ::5:‘9 ; —a— US12/194
L A— DA/M10
3 —e— M39/M10
@ —6—194/I75
1 ——¢—+———¢ | _4 \1153/M39
—o— M50/GR
—¥— Nowak
0 ‘ ‘
6 9 15 18 21 24 27 30 33
Span (m)

Fig 4.5 Maximum 75 year moment bias factors
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Table 4.9 Site-specific live load factors

Bridge Location Live Load Factor
US23/HR 3.5
194/M10 3.9
US12/194 2.75
DA/M10 2.2
M39/M10 2.05
194/175 2.8
M153/M39 1.25
M50/GR 2.25
AASHTO LRFD 1.75
5
4
3
| I [
0
Cb rb @ Q
fb\ \ Q/\\ \® \® V \Q N K
& \gv NE F ¢ ® @’% ¥ ,\o&
>
)
K

Fig 4.7 Site-specific live load factors
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Table 4.10 Reliability indices per spans

Bridge Span
Location 9m 12m 15m 18m 21m 24m
US23/HR | 35692 | 35943 | 36074 | 37515 | 38051 | 39251
04/M10 | 35866 | 3937 | 38414 | 37596 | 41503 | 41232
US12/194 | 36316 | 36501 | 36617 | 36604 | 36558 | 3.6431
DA/MIO | 46391 | 44927 | 39327 | 35947 | 35891 | 35747
M39/MI0 | 35815 | 35997 | 39352 | 41402 | 43953 | 4.2356
94175 | 35511 | 36762 | 38401 | 39579 | 41555 | 4.1167
MIS3/M39 | 35712 | 35827 | 35837 | 35688 | 35304 | 35071
M50/GR | 37855 | 37314 | 36785 | 3562 | 35591 | 35471
AASHTO
i 36653 | 36774 | 37545 | 37747 | 37769 | 37126

Reliability Index (B)

—— US23/HR
—=—194/M10
—A— US12/194
—a—DA/M10
—e— M39/M10
——194/175
—o— M 153/M 39
—o— M50/GR

—%— AASHTO LRFD

12

Fig. 4.8 Reliability indices

15

18 21
Span (m)
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Table 4.11 Reliability indices for girder spacings

Girder Spacing
Bridge location

2m 2.25m 2.50m 2.75m
US23/HR 3.5936 3.5947 3.5992 3.6004
194/M10 3.8282 3.8297 3.8334 3.8347
US12/194 3.6502 3.6509 3.6548 3.6557
DA/M10 3.9261 3.9271 3.9283 3.929
M39/M10 3.9293 3.9303 3.9311 3.9319
194/175 3.8304 3.8312 3.8341 3.8349
M153/M39 3.578 3.579 3.58 3.5807
M50/GR 3.6688 3.6693 3.6726 3.6733
AASHTO LRFD 3.7478 3.7486 3.7502 3.7509

| : — i

3 L —— US23/HR
—B8—194/M10
—a— US12/194

o | —A—DA/M10

—e— M39/M10
—e—194/175

1 r —e—M153/M 39
——M50/GR
—%— AASHTO LRFD

Reliability Index (B)

O Il
1.75 2 2.25 2.5 2.75
Girder spacing (m)

Fig 4.9 Reliability indices for girder spacings
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Table 4.12 Reliability indices for girder heights

Girder Height (m)

Girder Height
Bridge Location
hoyin + Dem hpin + 10cm hin+ 15cm
US23/HR 3.7465 3.7515 3.7559
194/M10 3.754 3.7596 3.7644
US12/194 3.6558 3.6604 3.6644
DA/M10 3.5907 3.5947 3.5983
M39/M10 4.1398 4.1402 4.1401
194/175 3.9548 3.9579 3.9605
M153/M39 3.5673 3.5688 3.5699
M50/GR 3.5577 3.562 3.5658
AASHTO LRFD 3.7728 3.7747 3.7762
5
° ® ®
| = $ y
g 3L —=— US23/HR
e —B—194/M10
> —&—US12/194
=5l —&—DA/M10
2 —e—M39/M10
o —e—194/175
1F —— M153/M 39
—o— M50/GR
—%— AASHTO LRFD
O Il
1.26 1.31 1.36 1.41 1.46

Fig 4.10 Reliability indices for girder heights
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Fig 4.12 Relationship between bias factor and live load factor
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