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Notes:

JTf signifiant section loss has occured, recaleulate the girder
section properties to reflect those losses
. DL1 moment and shear is due to weight of sieelgirders,
crossframes and details, structural deck concrete, haunches
and stay-in-place forms. These force effects are resisted
by the non-composite girder.

. DL2 moment ond sheor is due to weight af special concrete
overlay, parapets ond future weoring surface. These force
eifects are resisted by the composite girder.

LL+I moments and shears provided are critical (maximum)
farces ot the specific location indicated
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Hexure rating of an interior beam at 0.5L of Span 2 with an . 473012 33K Convert live load moment:
HS20 Rating Vehicle. Eora=— 50—
Mg =LLDF (M)
. Applied moment and section properties: 1478 12)
() = =93KSI Mz =0.762 (3,095) = 2358 K-FT
M = 7922 KFT (AASHTO Standard Specification 1904
eq. 10-129¢) Calculate nominal bending stress
LLDF = 0725 (AASHTOLRFD live load distribution 0.95(50)-(156) -(33)
=—————————— =1.84(does not control) _
factor) 1.6793) Fion =Rp (Fer)
Fy = 50KSI
Mbpry = 1,731 K-FT . . . Fin=1.0(70KSI) =70 KSI
Mo _ S EKFT . Calculate operating rating factor:
M = 2,038 K-FT (live load moment based on one 5 Calculate bending stress in bottom flange:
lane) ORF= 3 (IRB
Sp st = 1,332IN° M
Sb3n = L79N s =5
Spn = 104N ORF:E 158)=263 '
4796012
. Convert live load moment: o = 479612) =22.6KSI
. Calculate rating: (HS20 truck weighs 36 Tons) 2549
Mipy = LLDF (M) 1196012
IR = 1.58 (36) = 56.9 Tons 6y = 220D s 3pgr
Mia=0725(2,038)= 1,478 K-FT 2,686
OR =298 (36) = 107.3 Tons
. Calculate inventory rating factor based on strength: 2,35812)
Flexure rating of an interior beam at Pier 2 with an HS20 Rating E i = 2,686 =105K51

_ M, 71'3(M})L1 -1 -S(M)L)Lz

Vehicle.

IRF:
217(M),; . Applied moment and section properties: Calculate inventory rating factor based on strength:
R P22 L3ATBA3GT) | R, I B 130 oy 13 s,
2.17(1,478) Mput = 4796KFT B 217
Mbrz = 1196 K-FT
. Caleulate inventory rating factor based on serviceability: Mg = 3095KFT (live load moment based on one 70-13(226) —13(5.3)
lane) Rf=—_ 7 777 _
_ B 2.17(105
095 Fy - (fb )DLI - (fb )DLZ So stl - 2’549 H\T3 ( )
= T Sp neg = 2,686 IN'
b LI Fo = 70 KST (AASHTO Standard Specification Calculate inventory rating factor based on serviceabil
® ):M section 10.48.2)
B S, Ry = 1.0 (AASHTO Standard Specification eq. 10~ 0.95F, —(f, )py; — (6, oo
1,731(12) 103b) - 167(¢,
)ows T =15.6KSI LLDF = 0762 (AASHTO LRFD live load distribution €
? factor)

RATING EXAMPLE #1
FOUR SPAN CONTINUGOUS 2 OF 4
STEEL PLATE GIRDERS

WEST VIRGINIA
BRIDGE DESIGN MANUAL

LOAD RATING
SAMPLE SHEETS




095(70)—(22.6) —(5.3 562-1.3 (152)-13 (38
:M =2.20 (does not control) I :# =136

1.67105) 217007

Calculate operating rating factor: Calculate operating rating factor:

ORFzg (IRP) ORFzg (IRP)

5 5
ORF:§ (148)=247 ORF:5 136)=227

Calculate rating; (HS20 truck weighs 36 Tons) Calculate rating; (HS20 truck weights 36 Tons)
IR =148 (36) =533 Tons IR=136(36) =488 Tons
OR =247 (36) =88.9 Tons OR=2.27(36)=81.4 Tons
Shear Rating for an interior beam at Pier 2 with an HS20 Rating
Vehicle.
Applied shear and design data for section:
152K
38K
102 K (live load shear based on one lane)
562K
1.045 (AASHTO LRFD live load distribution
factor)
Convert live load shear:
Vipa = LLDF (V¥141)
Vipa=1.045(102K) = 107K

Calculate inventory rating factor

_ Vam13(V)py —13(V)oro
T 2.,

IRF:

WEST VIRGINIA LOAD _RATING FDTJARHSNPGANEXCAGMNPTLIENUSUS
BRIDGE DESIGN MANUAL SAMPLE SHEETS STEED PLATE GIRDERS




The following rating calculation reflects a section loss of 1/8 INin
the bottom flange and 1/16 IN in the web at Pier 2 (Section H) for
Rating Example No. 1.

Hexure rating of an interior beam at Pier 2 with an HS20 Rating
Vehicle.

Applied moment and section properties:

TOKSI

4796 K-FT

L1966 K-FT

3,095 K-FT (live load moment based on one
lane)

2,386 IN (Reduced Section)

2,499 TN’ (Reduced Section)

70 KSI(AASHTO Standard Specification
section 10.48.2)

1.0 (AASHTO Standard Specification eq. 10~
103b)

0.762 (AASHTO LRED live load distribution
factor)

Convert live load moment:

Mg =LLDF M)
Mig=0762 (3,095)=2358 K-FT
Calculate nominal bending stress
Fion =Ry (Fer)

Fin= 1.0 (T0KSD) = 70KSI

Calculate bending stress in bottom flange:

&)=

M
Sb

)pps = 279602) _ ) 1xst

2,386

1196(12)
T, o = =57KSI
( b )DLZ 2’499

2,35%12)
) )hpw = S0~ 113KSE

Calculate inventory rating factor based on strength:

- Fon— I'S(fb )DLI -1 'S(fb )DLZ
217, )y

g JO1304D 136)
217(11.3)

=127

Calculate inventory rating factor based on serviceability:

- 0'95Fy ’(fb )DLI - (fb )DLZ
LOTE, )ipa

[y 29509-04D -G 7)
167(113)

Calculate operating rating factor:

5
ORE=Z (IRP

5
ORF=-(127) _5 1

Calculate rating: (HS20 truck weighs 36 Tons)
IR =1.27(36)=45.7 Tons

OR =212 (36)=76.3 Tons

=1.94 (does not control)

Shear Rating for an interior beam at Pier 2 with an HS20 Rz

Applied shear and design data for section:

152K

38K

102 K (live load shear based on one lane)
475 K (Reduced Capacity)

1.045 (AASHTO LRFD live load distributic
factor)

Convert live load shear:

Vipa = LLDF (V¥141)
Vizar=1.045 (102K) = 107K
Calculate inventory rating factor

V13V 13V
2 W

IRF:

_475-13052)-13(38)
a 217(07)

IRF =098

Calculate operating rating factor:
5

ORF= 3 (IRB
5

ORF:§ 0.98) =163

Calculate rating: (HS20 truck weights 36 Tons)
IR =0.98 (36)=35.3 Tons

OR = 1.63 (36) =58.7 Tons

RATING EXAMPLE *1
FOUR SPAN CONTINUOUS
STEEL PLATE GIRDERS

WEST VIRGINIA LOAD RATING
BRIDGE DESIGN MANUAL SAMPLE SHEETS




These force

108.0
1lane

t BRG ABUT 2

1.94
3.23
69.8
116.3

#2

FIVE SPAN CONTINUGUS
STEEL PLATE GIRDERS

115

1.92
518
86.4

These force effects ore resisted

by the non-composite girder.
3.DL2 moment ond sheor is due to weight of special concrete

3.22
5.36

LOAD RATING (TONS)
64.4
107.2

LOAD RATING FACTOR

¢ BRG PIER 4
2 wheels).

RATING EXAMPLE

INVENTORY (IRF)
DPERATING (ORF)
INVENTORY {IR)
OPERATING (OR)

crassframes and details, structural deck concrete, haunches

of live load design moments and shears, obtained
from the refined analysis, to the live load moments
ond shears obtained from o standord line girder

effects are resisted by the composite girder.
4. LL+I moments ond shears pravided ore critical (maxirmum)

analysis with a live load distribution factor

overlay, parapets and future wearing surface
{1 lane

section properties to reflect those losses.
2.DLI moment and shear is due to weight of steelgirders,

forces at the specific location indicated.
5. The load ratings shown were obtained from a finite

and stay-in-ploce forms.

element onolysis progrom.
6. The conversion factors indicate the relatianship

L. If signifiont section loss has occured, recalculate the girder

Nates:

208-4"

LIVE LOAD
CONVERSION
FACTOR

LN3NOW

¢ BRG Pier 3
I

LOAD RATING
SAMPLE SHEETS

(14-34)
LN3WOW 270

208'-4"

o)
dv3HS 110

DESIGN SERVICE
MOMENT AND SHEAR

(L334
ANINOW 170

1n COMPOSITE
FOR PDSITIVE MOMENT

(GIRDER AND CONCRETE
WITH In MODULAR RATIO)

208'-4"

CND
914
noLLo8-s

WEST VIRGINIA
BRIDGE DESIGN MANUAL
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3n COMPOSITE
FOR POSITIVE MOMENT
(GIRDER AND CONCRETE
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Hexure rating of an interior beam at 0.6L of Span 5 with an
HS25 Rating Vehicle.

Applied moment, section properties and design data:

4261 K-FT

1,161 K-FT

3,984 K-FT (live load moment based on one
lane)

1.38 (conversion factor based on grid analysis)
352N

4052V’

4414V

70 KSI (actual member capacity)

TOKSI

13.156 FT

27275FT

6.38FT

168N (24INx 1%1IN)

Convert live load moment:

Mipa = CF M)
Mirg=1.38(3,984)= 5498 K-FT
Calculate lateral bending moments:

_ M@
12R) (H)

Tat

4261(13.156)
Moy = =353K-FT
12(27275) (6.38)

1161(13.156)

220 96K -FT
12(27275)(6.38)

Mg, =

5498(13.156)°
Mg = =456 K-FT
12(27275)(6.38)

Calculate primary bending stress in bottom flange:

M
(fb)fSb

_420102 =145KSI
3522

(fb )DLI

1161012

= =34KSI
4,052

(fb )DLZ

549812

€ == = 149KSI

Calculate lateral bending stress in bottom flange:

My
=3

vilg

35312

£, )on = =25KSI
( W )DLI 168

=0.7KSI

96012
()5 e

456(12)

£, = =33KSI
( W )LL 168

Calculate inventory rating factor based on strength:

The controlling rating factor will be given by the lesser of

IRF; or IRE,.

_ an B I'S(fb )DLI -1 'S(fb )DLZ
217

E, —13(f, +1, o —13, 45, )ors

IRE =
217, +£, e

IRE _T0713A45)7136D) ) 45 (does not o
217(149)

 70-13(145+2.5)-13(34+07) _
217(149+33)

IRE 108

IRF =1.08

Calculate operating rating factor:

ORF= g (IRB)

ORF-2 (105~ 1.0

Calculate rating; (HS25 truck weights 45 Tons)
IR =1.08 (45)=48.6 Tons

OR = 1.80 (36) = 81 Tons

RATING EXAMPLE #2
FIVE SPAN CONTINUBUS
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LRFD LIVE LOAD DISTRIBUTION FACTORS H20 TRUCK HS20 TRUCK/LANE
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Rating of an interior beam at 0.5L of Span 1 with an HS20
Rating Vehicle.

Applied moment, section properties and design data:

Mo = 3,348 K-FT
Moz = 372KFT
Mg = 1,741 K-FT (live load moment based on one
lane)
P = 1,208 K (effective prestress after losses)
Stomgene. = 14300IN°
Sbamgene. = 15,586 IN°
St flnge Conp. = 53,263 IN®
= 21,884 IV
908 IN'
2589 IN
7,000 PSI
0.704 (AASHTO LRED live load distribution
factor)
11134 K-FT

Convert live load moment:

Mi+1=LLDEM*LL+1)

Mir+1=0.704(1,741) =1,226K-FT
Concrete Stresses

Concrete tension (bottom of precast bearm)

Faz Mbri N Mbra

Softangarc. S flangeCornp.

3348(12)

372(12
Faz a2

D+ ——— (-1)=—-278KSI
15,586( ) 21,88 D

1 Ecc.
F=P =
Aveam  Spflangatc.

Fr=1,208 L‘F 25.89 =3.34KS8I
908 15,586

Mer+1

Sb flangeComp

Frri=

1,226(12
Fipr = 22602 (~1)=—0.67KSI
21,884
-6JIL (B, +E,+F)
K

1
-6/7.000 (——)—(-2.78+334+0
(1)000) ( )

IRF= =157

-0.67
Concrete compression (top of precast beam)

Fie Mbri Mbre

= 4"
Stflangevc. St flangeComp

Fd:Wer =2.89KSI
14,300 53,263

1 Ecc.
F =P ~ Ece
Aveam  Stflangavc,

1 2589
Fp=1208| ———— |=—0.86KSI
908 14,300
M+t

StflangeCornp

Froii=

1226012
53263

Fro.r 0.28KSI

Case 1
0.6f —(E +E +F)
- K

_ 42-(2.8%4-086+0)
028

IRF: 783

Case2

0.4f —0.5(F +F, +F)
- ]

_ 28-0.5(2.8%--086+0)
028

645

Positive Flexure

IRF=

ORF=

11134-[1.3(334 1337210
. 134136349 13372)10]

A, —[1.30M)y, +1.3(M) , + M ]
2.17(My, ¢

11134-[1.3(3348) +1.3(3723-0
ap [L341136349 +13672r0)

2.17(1,226)

M 7[1'3(M}DL1+1 'S(M%LZ+M]
1.3(My;

=395

1.3(1,226)

Rating of an interior beam at Right Bearing (Pier 1) of Span
with an HS20 Rating Vehicle.

Mprt
Mpra

Applied moment, section properties and design data:

OKFT
475 K-FT
-1,662 K-FT (live load moment based on or
lane)
303 K (effective prestress after losses)
14,300 IN’
15,586 IN’
= 3268
21,884 IN°
%08 IN’
1638 IN
7,000 PSI
0.704 (AASHTO LRFD live load distributic
factor)
-5,286 K-FT
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Convert live load moment:

Mi+1=LLDEM*LL+1)

Mi+1=0.704(-1662) = -1L170KFT
Concrete Stresses

Concrete tension (top of precast beam)

Fie Mbrt N Mbrz

Stfianganc. St flangeComp

Fd:m+_475(12) =-011KSI
14,300 53,263

F—P 1 Eecc.
Aveam  Stflangenc,

F, =303 11638 =-0.01KSI
908 14,300

Mr+1

St flangeCornp

Froii=

_-1170(12)
53263

Fro.r =-026KSI

-6, ~(F, +F, +E)
F

IRF=

- 7,000(@)7(-0.11+4101+0)
IRF= 2

-0.26

=145

Concrete compression (bottom of precast beam)

Fie Mbrt N Mbrz

S flangatc. Sb flangeComp

5,2 002) (71)+-475(12)

= (-1)=026KSI
15,586 21,884

F=P 1 N Ecc.
Aveam  Sb flangav c.

Fp =303] LJr 1638 =0.65KSI
908 15,586
Mr+1

Sb flangeComp

Froii=

_-1170(12)
21884

Fiet (-)=0.64KSI

Case 1

g 06~ HE +E)
]

_ 42-(0.26+065+0)
0.64

IRF: 512

Case2

- 0.4, ~0.5( +E, +F)
F

1

_ 28-0.5(0.26-0.65+0)
0.64

IRF: 3.65

Negative Flexure

TRE= M ZLL WM, + 1 3(M3, + M, |
217(Myy

. SB6L30) +13(47510]
2.17(-1,170)

ORF= M 7[1'3(M}DL1+1 'S(M%LZ+M]
1.3(My;

 —5286-{13(0) +1.3(-475)+0)
a 1.3(-1,170)

=307

Shear Rating for an interior beam in Span 1 with an -
Rating Vehicle.

Applied shear and design data at 0.7L:

46K

13K

59 K (live load shear based on one lane)
233K

0.849 (AASHTO LRFD live load distributic
factor)

Convert live load shear:
Vir+1=LLDRV*1L+1)
Vir+1=0.849(59)=50K

Wn ’[l -3(V)DL1 +1 -3(V}>Lz + Vs]
217(V)y,,

IRF=

_ 233-[1.3(46)+1.3(13)+0]
a 2.17(50)

IRF: =145

Py 1130V +1 30V 3+
L3(Vyps

ORF=

_233-[13(46)+13(13)+0]
a 1.3(50)

ORF =242

Applied shear and design data at H/2 from Pier 1:

108K

24K

84 K (live load shear based on one lane)
458K
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0.849 (AASHTO LRED live load distribution
factor)

Convert live load shear:
ViL+1=LLDRV*1L+1)

ViLe1=0849(84)=71K

AV, —[13(V)y, +1.3(V),+ 7]
217(Vy,.,

IRF=

_ 458-[13(109)+1.324)+0]
a 2.17(71)

IRF: =1.86

Wn ’[I-S(V)Dm*ls(v%m JrVs]
1.3(Vipu

ORF=

_ 458-[13(109+1.3(249)+0]
a 1.3(71)

ORF =3.10

Rating of an exterior beam at 0.5L of Span 1 with an HS20
Rating Vehicle.

Applied moment, section properties and design data:

Mo = 3,140 K-FT
Moz = 340K-FT
Mg = 1,741 K-FT (live load moment based on one
lane)
P = 1,208 K (effective prestress after losses)
Stfmgenc = 14300\
Sbmgenc, = 15,586 IN°
St flange comp. = 49,567 IN?
Sb fangeComp. = 21,644 TN
Apeamn = 03N
Bee. =  2589IN
= 7,000 PSI
0.812 (AASHTO LRED live load distribution
factor)
11,058 K-FT

Convert live load moment:

Mir+1=LLDFEM*11+1)

Mr+1=03812(1,74) =1414K-FT

Concrete Stresses

Concrete tension (bottom of precast bearm)

Mbri Mbrz
Fa= e
St flangarc. Sb flangeCornp.
34001

= 3140d2) (,1)+72) (-1)=—2.61KSI
15,586 21,644

Fq

1 Ecc.
F=P e
Aveam  Spflangavc,

F,=1,208 LJrﬁ =3.34KSI
908 15,586
Mer+1

Sb flangeComp

Frri=

1414012
21,644

Fivet (-)=-0.78KSI

-6/, —(E, +E, +E)
3]

1
-6/7.000 (——)—(-2.613.34+0
(1)000) ( )

IRF= =157

-0.78

Concrete compression (top of precast beam)

Fie Mbri N Mbre

Stflangevc. St flangeComp

Fy= 8002 3002, sy
14300 49,567

1 Ecc.
F =P ~ Eec
Aveam  Stflangenc,

F=1208 1258 =—0.86KSI
908 14,300
M+t

StflangeCornp

Froii=

1414412

Fro.r 0.34KSI

Case 1

_ 0.6f, —(F, +F, +F)
i

1

_ 42-(272+086+0)
034

IRF: 6.83

Case2

0.4f —0.5(F +F, +F)
- ]

_ 28-0.5(2.72--086+0)
034

IRF: 546

Positive Flexure

Rpe B 130y, +1.3(0My,, + M|
217(Myy

11058—[1.3(3140) +1.3(340)+0
rp 0S8 (13G3140 113G400]

2.17(1,414)

ORF= M 7[1'3(M}DL1+1 'S(M%LZ+M]
1.3(M)1

| etiaenan. |

st LaSRiEhde o




_11058-[13(3140) +13(340)+0]
a 1.3(1,414)

=355

Rating of an exterior beam at Right Bearing (Pier 1) of Span 1
with an HS20 Rating Vehicle.

Applied moment, section properties and design data:

OKFT
433 K-FT
-1,662 K-FT (live load moment based on one
lane)
303 K (effective prestress after losses)
14,300 IV’
15,586 IN'
= D367V
= 2L,6MIN
%08 IN’
1638 IN

7,000 PSI
0.812 (AASHTO LRFD live load distribution
factor)
4842 K-FT
Convert live load moment:

Mir+1=LLDEM*1r+1)
Mir+1=0.812(-1,662)=—1350KFT
Concrete Stresses

Concrete tension (top of precast beam)

Mbrt Mbrz

Fa= _—
Stfianganc. St flangeComp

~ 0012 N -433(12)

Fa= =—0.10KSI
14,300 49,567

F—P 1 Eecc.
Aveam  Stflangenc,

F, =303 11638 =-0.01KSI
908 14,300

Mr+1

St flangeCornp

Froii=

_-1350(12)
49567

Fr.r =-0.33KS8I

-6/, —(E, +E, +E)
E

1

IRF=

1
-6,/7,000 (g0~ (0-10--001+0)

-0.33

IRF= =117

Concrete compression (bottom of precast beam)

Fie Mbri N Mbre

St flangettc. Sb flangeComp

5,2 002) (71)+-433(12)

15,586 21,644

szl{ 1 N Ecc. }

Aveam  Sb flangav c.

(-1)=024KSI

Fp =303 L‘Fﬁ =0.65KSI
908 15,586

Mr+1

Sb flangeComp

Froii=

FLLH:LOOZ)(—I):O.EKSI
21644

_ 0.6f, —(F, +F, +F)
i

1

_ 42-(0.241065+0)

IRF: =442
0.75

Case2

0.4f —0.5(F +F, +F)
- ]

IRF:

_ 28-0.5(0.24r065+0)
0.75

IRF: 315

Negative Flexure

A, —[1.30M)y, +1.3(M) , + M ]
2.17(My, ¢

IRF=

| —4842-[13(0) +1.3(-433)+0)
a 2.17(-1,350)

IRF: =146

M 7[1'3(M}DL1+1 'S(M%LZ+M]
130My,.,

ORF=

 —4842-[13(0) +1.3(-433)+0)
a 1.3(-1,350)

| ommtthenta.




Shear Rating for an exterior beam in Span 1 with an HS20
Rating Vehicle.

Applied shear and design data at 0.7L:

BK

11K

59 K (live load shear based on one lane)
232K

0.812 (AASHTO LRED live load distribution
factor)

Convert live load shear:

ViLer=0812(59) = 48K

Wn ’[1-3(V)3L1 JrI-S(V%LﬁVs]
217(V),,,

IRF=

_232-[13(43)+1.3(1140]
a 2.17(48)

IRF: =155

Wn ’[I-S(V)Dm +1 -S(V})LerVs]
1.3(Viim

ORF=

_232-[13(43)+13011)+0]
a 1.3(48)

ORF =259

Applied shear and design data at H/2:

102K

2K

84 K (live load shear based on one lane)
MT7K

0.812 (AASHTO LRED live load distribution
factor)

Convert live load shear:
Vir+1=LLDRV*11+1)

ViLer=0812(84)= 68K

Wn 7[1 'S(V)DLI +1 -S(V})Lz + Vs]
217(V),,

IRF=

447-[13(102)+1.3(22)+ 0]
2.17(68)

IRF= =194

Wn ’[I-S(V)Dm +1 -S(V})LerVs]
13(V)s.q

ORF=

447-[13(102)+1.3(22)+0]
1.3(68)

ORF= =324
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