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Referenced Specifications

. ASHTO Standard Specifications for Highway
Bridges-Division 1, Section 12

. AASHTO LRFD Bridge Design Specifications —
Section 12

. ASTM Standard Practice for Structural Design of
Corrugated Steel Pipe, Pipe Arches, and Arches
for Storm and Sanitary Sewers and Other Buried
Applications — ASTM A796

. AREMA Manual for Railway Engineering — Section
4.9




On-line Resources

» Www.transportation.org
» Www.astm.org
» Wwww.NCSPA.org
» NCSPA Corrugated Steel Pipe Design
Manual
* Design Data Sheet #19 — “Load Rating
and Structural Evaluation of In-Service,
Corrugated Steel Structures”




On-line Resources

CORRUGATED

NCSPA Desicn Data SHEeT No. 19

LoaD RATING AND STRUCTURAL EVALUATION OF
IN-SERVICE, CORRUGATED STEEL STRUCTURES

LOAD RATING AND STRUCTURAL EVALUATION OF
IN-SERVICE, CORRUGATED STEEL STRUCTURES

oad rating, and other structural evaluations of

in-service corrugated steel structures, is a two-step
process. As with any major structure, both a complete
field evaluation of the structure's condition, as well as
an analytical evaluation of that structure’s load carrying
capabilities are required. The analytical evaluation is
based on the structure’s actual in-service shape and
condition, as well as actual field and design loading
needs.

* The FHWA CULVERT INSPECTION MANUAL (Ref. 1)

d. Mid-ordinate of each radius arc segment
(for multi radius structure shapes)

2. Unsymmetrical Structures, structures
deflected more than 5% from design shape,
or those that show localized distortions
require that the actual maximum radius be
determined in those distorted areas as shown
in Appendix B.2. Use two times the actual
maximum radius rather than the span in
structural design checks. Typically this

Design Man

ual
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CMP (Corrugated Metal Pipe)
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Metal Culvert Rating in BrR 7.4.1
Example of a CMP
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etal Culvert Rating in BrR 7.4.1
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" EXISTING STONE BLOCK ARCH "

T

- -
1
121.5° - 24
. = 680,00 —7_

T i 1L
1 cmrg_J \_
APPROX. TOP

TYPE &, FO7.0
FiL. Bar.8

PROFILE ALONG CENTERLINE CULVERT
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BENCHMARK NO. 4

BERNS TEN MARKER LABELED SURVEY CONTROL
STA. 151+05.31, 6641 LT.
ELEV. T08.42

BENCHMARK DATA

BENCHMARE NO. 10¢

BERNS TEN MARKER [ABELED SURVEY CONTROL
STA, 152+75,55, 87.68° LT,

ELEV, T05.70

LEGEND

4 BORING LOCATION
o ROCK CHANNEL PROTECTION

7.58 SOUARE MILES
V (25) = 8.TO FI/5
Vol = .32 FTAS

DRAINAGE AREA =
O (25} = 1370 OFS
0 (100} = 1840 CFS

BORING STATION OFFSET m{an arm
ELEVATION

8-001-1-12 15H-9) 7.5 RT. .4
8-001-2-12 152+56 SPELT, 04,8
8-001-3-12 152423 M52 LT, oz2.8
B-003-0-2 5I+50 4FILT. .l
B8-004-0-12 153439 852 RT, 1324
8-l 5d+36 aJLT. 720.3
B-2 B2+78 B.0RT. 120.2

EXISTING STRUCTURE

TYPE: STONE BLOCK SPANDREL ARCH
SPaM:  £20°-0°

ROADWAY: 231"=07 FAF RAIL

LOADING:  LINKNORN

SKEW: 21°-0% L.F.

APPROACH SLABS: NONE

ALIGMMENT: TANGENT .
CROWN: 0.015s

STRUCTURAL FILE NUMBER: 3502102

DATE BUILT: 1830

PROPOSED STRUCTURE

TYPE: STRUCTURAL STEEL PLATE ARCW ON REINFORCED
CONCRETE SPREAD FOOTING

SPANe  Fd4-0° “/

ROADWAY: 28°-0° FF RAIL

L OADING: WL-33

SKEW: 4°30°00° L.F.

APPROACH SLABS: NONE

ALICMUENT: TANGENT

CROWM: 0018 FTAFT

LATITUDE N4I*IG'I3®

LONGITUDE  W82*3415

COORDINA TES:




Metal Culvert Rating in BrR 7.4.1

Example of field measurements

Aek .\ .020A
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CORRUGATED METAL STRUCTURE (CIRCULAR & PIPE ARCH} & ARCHES

S

1

I l
=]
Section A-A
[ARCH)

Section A-A
{(CIRCULAR)

Section A-A
(PIPE ARCH)

Longitudinal Length of Structura "L

Minimum Depth of Fill
above crown "H”

W=

Straight edge mid ordinate to check curvature:
Radius = M/2 + P3f(8M)

P =Length of straight edge

M = Mid Ordinate

Determining Actual Radius *

{from field measurement}

DETAIL B
{METAL CORRUGATEION & GAGE INFORMATION}




Metal Culvert Rating in BrR 7.4.1

Example of field measurements

Wang, Cindy

From: Wisse, Geoffry

Sent: Tussday, October 5, 2021 2:32 PM
To: ‘Wang, Cindy: Waheed, &mjad
Cc Eilerman, Les

Subject: RE: Load Rating

Follow Up Flag: Follow up

Flag Status: Flagged

Cindy,

Span =925, 27 degres skew = 10.7" along center line

Rize =6.5

Metal Corrugation= C=6", d=2"
Guage/thickness =0.158"

Depth of fill= 4

Radius = | don’t know.

Geoff Wisse

From: Wang, Cindy <Cindy. Wang@dot.ohio.gov>

Sent: Tuesday, October 5, 2021 10:11 AM

To: Waheead, Amjad <Amjad Waheed@dot.ohio. gove; Wisse, Geoffry <Geoff Wissei@dot.ohio.gov:=
Subject: RE: Load Rating

Geoff,
I need little more information regarding the load rating of this CMP. Can you send someone to the field and do some
measurements? | need the span, rise, radius and metal corrugation, gage information, and depth of fill information.







Metal Culvert Rating in BrR 7.4.1




Load Rating of CMP

Load Factor Rating
Basic AASHTO Equation

Operating rating factor
RFO = 15—3 - B*D /(L +I)

S = Strength

D = Dead load effect
L = Live Load effect

| = Dynamic effect

B = Dead load factor

. . 3
Inventory rating factor (RFI) = p *RFo




Metal Culvert Example 1
BrR 7.4.1




Metal Culvert Rating in BrR 7.4.1

% MetalCulvertExamplel - O s
Template v/| Superstructures
Bridge ID: ‘ MetalCulvertExample1 ‘ MBI structure ID (8): | MetalCulvertEx1 Bridge completely defined |v/| Culverts |Z[

| Substructures

|. Description --""| Description {cont'd) ] Alternatives | Global reference point--]' Trafﬁc-w Custom agency fields .-\"|

Name: MetalCulvertExample 1 [ ﬂ 73
g i = Ry
Validate Sawve Close Export Refrest

Description:
Bridge

- YA~ el -
Location: Workspace 1

Facility carried (7): Brl'dge Components
Feat. intersected (6): = M MetalCulvertExample1
) #- [ Components
Default units: US Customary v - [E7 Diaphragm Definitions
- [ Lateral Bracing Definitions
= & CULVERT DEFINITIONS
) -- [l Cutvert1 - Civip

- [O] Culvert2 - Metal Box

=- 3 BRIDGE ALTERNATIVES
#- M culvert] (E) (C)

17
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Metal Culvert Rating in BrR 7.4.1

Workspace

o

M MetalCulvertExamplel
2 Components
2 Diaphragm Definitions
& Lateral Bracing Definitions
- &5 CULVERT DEFINITIONS
- @{:ulw_-m - CMP
= 1 Impact/Cynamic Load Allowance
ﬂ? Roadway Plan View
E Culvert Loads
=3 CULVERT ALTERNATIVES
- (O 10ftCmP ) (Q
(D Metal Pipe Culvert Geometry
v« Metal Pipe Culvert Properties
----- ) Metal Pipe Culvert Loads
- () 16ft spiral rib steel
(D Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties
----- ¢ Metal Pipe Culvert Loads
Et- @ Culvert? - Metal Box
-1 % Impact/Cynamic Load Allowance
ﬂ? Roadway Plan View
& Culvert Loads
i) CULVERT ALTERMATIVES
v metal box 20ft span (E) (C)
I v Metal Box Culvert Geometry
----- v Metal Box Culvert Properties
7 alum box 16ft span alt
I 7 Metal Box Culvert Geometry
----- v Metal Box Culvert Properties
E- |:_.5 ERIDGE ALTERMNATIVES




Metal Culvert Rating in BrR 7.4.1

Components

B B3 LRFR

’ LRFE 2018 (2021 Interim) AASHTO
LRFE 2018 (2021 Interim) AASHTO
- [ LRFD Substructure Design Settings
- |2 Materials
f;‘ 3 Aluminum

" Structural Plate test

7 Concrete

E Prestress Bar

&7 Prestress Strand

- [£7 Reinfarcing Steel

=8 E Soil

B8 standard Sail 1

= E Structural Steel

| T ste=l- Corrugated
T steel - test

[ ﬁ'Timber

19

LRFR 2018 (2021 Interim) AASHTO LRFR madified H

LDCD Cmen

| v Structural Plate 0.176-0.250 7

M Bridge Materials - Aluminum

Name: __|[Structural Plate 0.176-0.250

Description:

Structural plate (thickness 0.176"-0.250")

Material properties

Specified minimum yield strength (Fy): | 24 | ksi
Specified minimum tensile strength (Fu): | 34 | ksi I}
Coefficient of thermal expansion: | 0.000013 | 1/F
Density: |0475 |t
Modulus of elasticity (E): | 10000 | ksi
Copy to library... | | Copy from library... ‘ | oK




Metal Culvert Rating in BrR 7.4.1

= M MetalCulvertExampleT

- @ Components M Culvert Definition Impact[yn..  — O X
Ej Diaphragm Definitions
[ Lateral Bracing Definitions Standard impact factor
MFF LRFD Multiple Presence Factors Standard AASHTO Impact
EC Environmental Conditions _
) LRFD dynamic load allowance
OF Design Parameters B - _
n AASHTO DLA IM=33(1.0-0.125DE)>=0%
) SUPERSTRUCTURE DEFIMITIONS
= &) CULVERT DEFINITIONS
-1 Impact/Dynamic Load Allowance ——)
E" Roadway Plan View
Culvert Loads & Culvert Roadway Plan View - m} X
& CULVERT ALTER IVES
(O 1oftcMP () (©) Culvert Strucire Defntion !
i K Reference Line — ./
O 16ft spiral rib steel !
]
B- @ Culvert2 - Metal Box i Left Opening Rotation
- ImpactIDynamlc Load Allowa ,'
ERoadway o /
. Culvert L Culvert Loads O X Cbert Lengh i to A
2 CULVERT e wmimief = . . Poadway Reference Line
b Mmetal  Seil material: Standard Soil 1 v
- v alum
. 5 opimerc alTeon,  Water unit load: | 62.4 pcf
Skew angle: l:l Degrees
! Left opening rotation: | 90 Degrees
Jht Opening Rotation Il
Right opening rotation: | 90 Degrees
Culvert length along culvert structure definition reference line: | 50 ft
QK | ‘ Apply ‘ | Cancel |
OK | | Apply ‘ | Cancel

20
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Metal Culvert Rating in BrR 7.4.1

[ LaTeral Bracing Lennimons
= &3 CULVERT DEFINITIONS

=8 @{:mw_-rﬂ - CMP

— 1 Impact/Dynamic Load Allowance
E Roadway Plan View

E Culbvert Loads

|=3 CULVERT ALTERMATIVES
. O-m,& CMP (E) [C) D Metal Pipe Culvert Geometry I} — | x

I:D Metal Pipe Culvert Geometry =}
vw Metal Pipe Culvert Properties

----- ) Metal Pipe Culvert Loads = i s "

: O 16ft spiral rib steel ‘h R I -
I:::l Metal Pipe Culvert Geometry ¥ _— ‘ |
- " Metal Pipe Culvert Properties " ‘

----- ) Metal Pipe Culvert Loads
#- [0 Culvert2 - Metal Box
= [ BRIDGE ALTERNATIVES Circular Arch Pipe Arch

Span length (S): - Actual top radius

Rize (R): 10 ft ® Design Plans Field measurement
Rise above haunch (RA): | 5 ft Straight edge length (C): ft
Mid-ordinate (M): fi
Actual top radius: ft Compute
OK | | Apply | | Cancel

21
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Metal Culvert Rating in BrR 7.4.1

Field measurements

Check this option to enter field measurement values. Checking this box enables the options below and the compute button:

Straight edge length (C)
Enter the straight edge length for the metal pipe culvert.

Mid-ordinate (M)
Enter the Mid-ordinate value for the metal pipe culvert.

Actual top radius

Enter the top radius of the metal pipe culvert or use the Compute button to calculate the actual top radius based on the formula shown
below. This value is required if the structure category type is Long Span, Unsymmetrical or Deflect over 5%. This value must be entered.

Compute
Computes the actual top radius of the metal pipe culvert based on the following equation:
LM
~ 72 am
Where,

R = actual top radius
M = Mid-ordinate
C = Straight edge length (C)

Straight edge mid ordinate to check curvature:
Radius = M/2 + P/(BM)

P = Length of straight edge

M = Mid Ordinate

"ZATION

Determining Actual Radius

(from field measurement)




Metal Culvert Rating in BrR 7.4.1

[= Lateral bracing LeTinimons

= &3 CULVERT DEFINITIONS

=8 @Cuhrern CMP

— 1 Impact/Dynamic Load Allowance

M Metal Pipe Culvert Properties — O e
E Roadway Plan View I}
E Culbvert Loads
[ CULVERT ALTERMATIVES Structure type: | Corrugated metal pipe
) O 10ft CMP (E) () Material type: @ Steel | Aluminum Material: | Steel - Corrugated v
I:D Metal Pipe Culvert Geometry
vw Metal Pipe Culvert Pr-::-perties=> Section properties Condition
""" O Metal Pipe Culvert Loads | Copy from library Pipe crown deflection: 0
: O161"t spiral rib steel Buckling <t adiust ot
(1) Metal Pipe Culvert Geometry Narme: 5% 1 Corrugated stl. pipe Heing SHEngE arjuEment facon
"« Metal Pipe Culvert Properties Seam strength adjustment facton: 100
""" O Metal Pipe Culvert Loads Gage: Percent thickness remaining: 100
#- [0 Culvert2 - Metal Box
= &3 BRIDGE ALTERNATIVES Thickness: 0.102 in
A 1.39 in"2/ft
r 036770004 | in
H 15.85 in*4/in x 10*-3
Mp: 2.66 kip-ft/ft
Seam strength: | 62 kip/ft
0K | | Apply ‘ | Cancel

23




Metal Culvert Rating in BrR 7.4. 1

& Metal Pipe Culvert Loads
= LaTEral Lracing LETnImons

= &3 CULVERT DEFINITIONS Clear roadway width

=8 @Cuhrern CMP
— 1 Impact/Dynamic Load Allowance s
E Roadway Plan View —

E Culbvert Loads
| CULVERT ALTERMATIVES

- (D10t CMP () (C) / \
I:D Metal Pipe Culvert Geometry
- Metal Pipe Culvert Properties

----- €3 Metal Pipe Culvert Loads o
: O 16ft spiral rib steel

Metal Pipe Culvert Geomet 1
':D P Y ELEVATION
“w Metal Pipe Culvert Properties ;
_____ U Metal PIPE Culvert Loads - Flexibie Pavement Rigid Pavement
[} IE Culvert? - Metal Box Base Course Base Course
= =) BRIDGE ALTERMATIVES N M Subbase H o= Hy, Subbase
/Fle:nm) Cef’lm\\l
I

—

\_ N

Average depth of fill (H): ft Wearing surface density: 0 pcf

Minimum cover depth (Hmin): 2 ft Wearing surface thickness: 0 in
Water height: 0 £ Thickness field measured (DW = 1.25 if checked)
Clear roadway width: 24 ft

Comment:
Pavement reduction factor: %

24

OK || Apply || Cancel |




Load Rating of CMP

Wheel Load distribution
through fill

Wheel Load P, P=1,/2 Axle Load

Tire Contact Area

iﬂirectinn of Trawvel

N )

o
L F @& Pw
¥
E P ® -1 ]
!
Wheel SEalacing
7|
W W

Distributed Load Area

Distributed Load Area

[no overlapping)

5'Eu:ln!

L L NS
Ltl-_lul-u I

*p Ly
o]

fAxle loads distributed area
[owerlapping zlong the direction of travel)

L“I Po| | P

i W,
- * Wy

- III'I'IIIZ"I'.uIJH

Wheel loads distributed area
[overlapping perpendicular to the direction of travel)

Where, W5 = Tire contact width, Ly = Tire contact length, Wy = Distributed load width, Ly = Distributed load length




Metal Culvert Rating in BrR 7.4.1

- 5 CULVERT DEFINITIONS
=[O Culvert] - CMP

j Impact/Dynamic Load Allowance
ﬂ? Roadway Plan View
& Culvert Loads % Metal Pipe Culvert Geometry
=3 CULVERT ALTERNATIVES %
- (O10ftCMP (B) (C)

= (}) Metal Pipe Culvert Geometry . 5
- " Metal Pipe Culvert Properties I}, s —
----- O Metal Pipe Culvert Loads 4 ‘ RA
- () 16t spiral rib steel = R '
I:Dh-"letal Pipe Culvert Geametr}'= ‘
-« Metal Pipe Culvert Properties

----- ) Metal Pipe Culvert Loads
- IE Culvert2 - Metal Box Circular

Arch Pipe Arch

Span length (S): f Actual top radius

Rise (R): 16 ft

®) Design Plans Field measurement
Rise above haunch (RA): | & ft Straight edge length (C): #
Mid-ordinate (M): ft
Actual top radius: ft Compute
QK | | Apply ‘ ‘ Cancel

26
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Metal Culvert Rating in BrR 7.4.1

B 5 CULVERT DEFINITIONS

Culvertl - CMP

— Impact/Dynamic Load Allowance

ﬂ? Roadway Plan View

E Culvert Loads

|=) CULVERT ALTERNATIVES

- (O10ftCMP (B) (C)

= (}) Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties

----- O Metal Pipe Culvert Loads

- () 16t spiral rib steel

(D Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties
----- ) Metal Pipe Culvert Loads

Culvert2 - Metal Box

M Metal Pipe Culvert Properties L\\s — O
Structure type: | Spiral rib metal pipe
Material type: @ Steel | Aluminum Material: | Steel - Cormugated v
Section properties Condition
| Copy from library Pipe crown deflection: %
Nagg: 3/43 1 x 11 1/2 Spiral rib stl. Buckling strength adjustment factor:
Pipe Seam strength adjustment factor: %
Gage: Percent thickness remaining: %
Thickness: 0.109 in
A 0.883 in®2/ft
r 0.355 in
H 9260 in*4fin x 104-3
Mp: kip-ft/ft
Seam strength: kip/ft
QK | | Apply | | Cancel




Metal Culvert Rating in BrR . 4.1

M Metal Pipe Culvert Loads

- (=) CULVERT DEFINITIONS
- @ Culvert] - CMP
= |mpact/Dynamic Load Allowance Cizer roaduzy v
ﬂ? Roadway Plan View
E Culvert Loads %
== CULVERT ALTERMATIVES

- (1ot cMe () (Q)

(}) Metal Pipe Culvert Geometry )
v Metal Pipe Culvert Properties I}, \
----- O Metal Pipe Culvert Loads
- () 16t spiral rib steel

I:D Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties

----- {3 Metal Pipe Culvert Loads = |

A
E- IE Cubvert? - Metal Box Flaxible Pavement Rigid Pavement
Base Course Base Course
H Hpin Subbass H = Hpyin Subbass
_
Flexible F’IDe\II ( Flexlblel’lpe\
v U
Average depth of fill (H): ft Wearing surface density: pcf
Minimum cover depth (Hmin): 5 ft Wearing surface thickness: in
Water height: 0 ft Thickness field measured (DW = 1.25 if checked)
Clear roadway width: 30 ft
Comment:
Pavement reduction factor: %

28 oK || Apply || Cancel




Metal Culvert Rating in BrR 7.4.1
| e
H] |r_J CULVERT DEFINITIOhS
@ Culvert] - CMP ™ Metal Box Culvert Geornetry — O >
@{:uh.renz Metal Box %
- = —1 Impact/Dynamic Load Allowance
E Roadway Plan View
E Culvert Loads
= [ CULVERT ALTERNATIVES
v metal box 20t span (E) (C)
' v Metal Box Cubvert Geometry =
----- v Metal Box Cubvert Properties
v alum box 16t span alt
' 7 Metal Box Culvert Geometry
----- v Metal Box Culbvert Properties
= &) BRIDGE ALTERNATIVES

N T,
Span (5) ft Delta: 60 Degrees
Rize (R): i ft D: 4 ft
rc: 20 ft L 3 ft
rh: 5 ft Height of cover (H): | 3 ft
Pavement reduction factor: | 100 %
Comment:
oK | | Apply | | Cancel
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Metal Culvert Rating in BrR 7.4.1

BT R A e e a9 =
H—]-- |r_}l CULVERT DEFINITIONS

- [Olculvert1 - cup
@Cuwertz Metal Box
. =l 3 Impact/Dynamic Load Allowance M Metal Box Culbvert Properties
E Roadway Plan View
&} Culvert Loads
= [ CULVERT ALTERNATIVES

v metal box 20ft span (E) (C)

' ™ Metal Box Culvert Geometry

----- «v Metal Box Cubvert Properties D

Material type: @) Steel () Aluminum

Section properties

| Copy from library ‘

7 alum box 16ft span alt Mame: St 15" x 5 1/4" Corrugated Pipe
' ™ Metal Box Culvert Geometry Mo Rib
----- v Metal Box Culvert Properties
= &) BRIDGE ALTERMNATIVES Mp crown: | 25.3 kip-ft/ft
.. T T,
Mp haunch: | 25.3 kap-fi/ft

30

Material: | Steel - test

Condition

Mp crown adjustment factor:

Mp haunch adjustment factor:

oK

Apply | | Cancel




Metal Culvert Rating in BrR 7. 4.1

& Metal Box Culvert Properties

Material type: ® Steel () Aluminum

Material:

Steel - test vl

— Section properties

Copy from library

Condition

Mp crown adjustment factor: %

MName: S15" %51
Mo Rib

\Cormugated Pipe ‘

Mp haunch adjustment factor: %

Mp crown: | 25.3 kip-fi/ft

Mp haunch: kip-fifft

™ Library Data: Metal Box Culvert - Steel Metal Box
N

i () 16t spiral rib steel
@ Metal Pipe Culvert Geometry
" Metal Pipe Culvert Properties
----- {9 Metal Pipe Culvert Loads
@ Culvert2 - Metal Box
= 1 Impact/Dynamic Load Allowance
fF Roadway Plan View
f& Culvert Loads
|5 CULVERT ALTERMATIVES
7 metal box 20ft span (E) (C)
r v Metal Box Cubvert Geornetry
----- - Metal Box Culvert Properties
4 alum box 16ft span alt
r v Metal Box Culvert Geometry
----- " Metal Box Culvert Properties
B &) BRIDGE ALTERNATIVES
= D cubvert (B 0C)

31

[

‘ Name Units Thgess Rib Spacing m::tﬁ Mp
Stl 8"x2" Carrugated Plate Angle Rib US Customary 30" 0.225

Stl 8"x2" Carrugated Plate Angle Rib US Customary 30" 0.2 187
Stl 6"x2" Corrugated Plate Angle Rib US Customary 30" 0.23 177
Stl 8"x2" Carrugated Plate Angle Rib US Customary 30" 0.225 1687
Stl 8"x2" Carrugated Plate Angle Rib US Customary 30" 0.2 156
Stl 6"x2" Corrugated Plate Angle Rib US Customary 30" 0175 149
Stl 8"x2" Carrugated Plate Angle Rib US Customary 30" 0.25

Stl 6"x2" Corrugated Plate Angle Rib US Customary 24" 0111 142
Stl 6"x2" Corrugated Plate Angle Rib US Customary 24" 015 157
Stl 8"x2" Carrugated Plate Angle Rib US Customary 24" 0175 17
Stl 6"x2" Corrugated Plate Angle Rib US Customary 24" 0.2 178
Stl 6"x2" Corrugated Plate Angle Rib US Customary 24" 0.225 19
Stl 8"x2" Carrugated Plate Angle Rib US Customary 24" 0.25 202
Stl 6"x2" Corrugated Plate Angle Rib US Customary 24" 0.2 213
Stl 6"x2" Corrugated Plate Angle Rib US Customary 30" 013 137
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Metal Culvert Rating in BrR 7.4.1

= @Culverﬂ Metal Baox

= % Impact/Cynamic Load Allowance
ﬂ? Roadway Plan View
E Culvert Loads
i=3 CULVERT ALTERNATIVES
v metal box 20ft span (E) (C)
r v Metal Box Culvert Geometry
----- + Metal Box Culvert Properties
v alum box 16ft span alt
r v Metal Box Culvert Geometry
----- " Metal Box Culvert Properties

3 3 BRIDGE ALTERNATIVES
@My culvert] (B) (C)
B ([ CULVERTS

32

M Metal Box Culvert Properties

Material type: () Steel (@ Aluminum

Section properties

Copy from library |

MName: Alum 9 x 2 1/2 Corrugation
Metal Box

Mp crown: | 20,09 kip-ft/ft

Mp haunch: | 20.09 kip-ft/ft

N

- O
Material: Structural Plate 0.176-0.250 w
Condition
Mp crown adjustment factor: | 100 %
Mp haunch adjustment factor: | 100 %
OK | | Apply | ‘ Cancel




Metal Culvert Rating in BrR 7.4.1

Analysis setting

BRIDGE WORKSPACE WORKSPACE

3x

==
Analysis
Settings

Analysis

Workspace

Bridge Components

2 M MetalCulvertExample1

.

33

TOOLS

Res

Ej Components

ﬂ’ﬁ Diaphragm Definitions

[£7 Lateral Bracing Definitions

MFF LRFD Multiple Presence Factors
EC Environmental Conditions

OF Design Parameters

&) SUPERSTRUCTURE DEFINITIONS
=3 CHIVERT DFFINITIONS

Rating method: LRFR w
Apply preference setting: | None W
| Refresh | | Tempaorary vehicles | | Advanced

Vehicle summary

EI--Rating vehicles
&-LRFR
E"Design load rating
~Inventory
L.-HL-93 (US)

~Operating

Add ta L..HL-93 (US)

Remove from

H-Legal load rating
~Routine

"""

Save template

[=-Permit load rating
-EV3
L Adjacent vehicle
-RPL 60T
Lo Adjacent vehicle
~RPL 65T
----- Adjacent vehicle

h | OK || Apply || Cancel




Metal Culvert Rating in BrR 7.4.1

- [ Components

2 Diaphragm Definitions
& Lateral Bracing Definitions
= & CULVERT DEFINITIONS

M Culvert Definition L} — O x

- @Culw_-m -CMP
— % Impact/Dynamic Load Allowance
fﬂ Roadway Plan View

E Culvert Loads

l=9 CULVERT ALTERNATIVES

- (D10t CMP (E) (O)
I:D Metal Pipe Culvert etry
- " Metal Pipe Culvert Properti

----- {9 Metal Pipe Culvert Loads
: O 16ft spiral rib steel
(_D Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties
----- ) Metal Pipe Culvert Loads
E- @ Culvert? - Metal Box
-1 — Impact/Dynamic Load Allowance
ﬂ? Roadway Plan View
E Culvert Loads
=) CULVERT ALTERNATIVES
v metal box 20ft span (E) (C)

Mame:

Description:

P |culvert1 - CMP

MI example 52032-C05

Default units: | US Customary e
""“'-.: | Existing | Current | Culvert alternative name | Description
* 10ft CMP
T~ [l Ol 16ft spiral nb steel

| oK || Apply || Cancel |

HIVE

r ™ Metal Box Culvert Geometry
----- v Metal Box Culvert Properties

L TR RSy IR I -8 RIS F

34

s Event Metal Culvert Engine...
Warning - The HL-g3 (US) lane load will not

talCulvertFramnlel




Metal Culvert Rating in BrR 7.4.1
== o5~

3
=
Analysis Analyze Engine
Settings Outputs Ana |}_,.{ IS
Analysis Results
o Analysis - MetalCulvertExample1
Workspace
. ) FENEL o BN LR
Igﬂ Components & Analysis Event Info - Analyzing metal b
- M MetalCulvertExamplel 4 (@ MetalCulvertExampleT }I_etal_Culvert Engme... .
B @ - o Warning - The HL-g3 (U
~ Lomponents 4 @ CULVERTS Info - Performing LRFR
B Diaphragm Definitions @ Culvert 1 [Culvert] - CMP ] [10ft CMP] Info - metal box 2oft spa
- [ Lateral Bracing Definitions - -STAGE g
=- & CULVERT DEFIMITIONS @ Culvert 2 [Culvert2 - Metal Box ] [metal box 20ft spa - Culvert - metal hox ¢
B[O Culvert! - CMP Completed Specificatior
e | Impact/Dynamic Load Allowance Info - LR.FRQHEI}'SIS S1CH
{1} Roadway Plan View Info - Analysis completec
- B Culvert Loads
- |2 CULVERT ALTERNATIVES

-- (O 10ft CMe () (C)
[+ o 16ft spiral rib steel
=[O Culvert? - Metal Box
: j Impact/Dynamic Load Allowance
~ {i] Roadway Plan View
E Culvert Loads
- | CULVERT ALTERNATIVES
& metal box 20t span (E) (C)
- ™ alum box 16ft span alt
E- | BRIDGE ALTERNATIVES
= @ cubvert] (E) (C)

- [ CULVERTS

35
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Metal Culvert Rating in BrR 7.4.1

ERIDGE WORKSPACE WORKSPACE TOOLS VIEW | DESIGMN/RATE |

& o BB 8 >~ H

Analysis Analyze Analysis | Tabular Specification Engine Save
Settings Events | Results Check Detail Outputs Results
Analysis Results
Workspace r x || Scheme

= M MetalCulvertExample

#- [ Components

ﬁ' Diaphragm Definitions

Ej Lateral Bracing Definiticns

= &3 CULVERT DEFINITIONS

=[O Culvert1 - CMP

j Impact/Dynamic Load Allowance

ﬂ? Roadway Plan View

E{Zul?ert Loads

- &3 CULVERT ALTERNATIVES
“Otrcme® (©

I:D Metal Pipe Culvert Geometry
v Metal Pipe Culvert Properties

----- {9 Metal Pipe Culvert Loads

- (O 16t spiral rib steel

(D Metal Pipe Culvert Geometry
" Metal Pipe Culvert Properties

----- U Metal Pipe Culvert Loads

= [O] Culvert? - Metal Box
r =1 |mpact/Dynamic Load Allowance




Metal Culvert Rating in BrR 7.4.1
= RESULTS - Workspace

Print
Print
Report type: Laneflmpact loading type Display Format
Rating Results Summary o ® As requested Detailed Single rating level per row
: . . Load .
Live Load Lw_?y:;ad hi:tt:'bnng-d FLaet\::Igl Rating E:E:;? Limit State Impact Lane
(Ton)
EV2| Axle Load LRFR Legal 26.32 0.915 | STRENGTH-I Plastic Moment | As Requested | As Requested
HL-93 (US) | Axde Load LRFR | Inventory 3943 1.095 | STRENGTH-I Plastic Moment | As Requested | As Requested
HL-93 (US) | Axle Load LRFR. | Operating 51.11 1420 | STRENGTH-I Plastic Moment | As Requested | As Requested
HL-93 (Us) Tandem LRFR | Inventory 5047 1402 | STRENGTH-I Plastic Moment | As Requested | As Requested
HL-93 (US) Tandem LRFR | Operating 68542 1.817 | STRENGTH-I Plastic Moment | As Requested | As Requested
OH-2F1| Axle Load LRFR Legal 23.00 1.533 | STRENGTH-I Plastic Moment | As Requested | As Requested
OH-3F1 | Axle Load LRFR Legal 41.4% 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
OH-5C1|  Axle Load LRFR Legal 7215 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
SU4 | Axle Load LRFR Legal 48.70 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
SU5| Axle Load LRFR Legal 55.92 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
SU6 | Aue Load LRFR Legal 62.63 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
SUT|  Auxle Load LRFR Legal 69.90 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
Type 3| Axle Load LRFR Legal 4510 1.804 | STRENGTH-I Plastic Moment | As Requested | As Requested
Type 3-3| Axle Load LRFR Legal T6.66 1.917 | STRENGTH-I Plastic Moment | As Requested | As Requested
Type 352 | Axle Load LRFR Legal .22 1.978 | STRENGTH-I Plastic Moment | As Requested | As Requested
EV3| Axle Load LRFR Permit 7734 1.799 | STRENGTH-II Plastic Moment | As Requested | As Requested
RPLE0T | Axle Load LRFR Permit 126.45 2,108 | STRENGTH-II Plastic Moment | As Requested | As Requested
RPLE5T| Axle Load LRFR Permit 166.10 2.555 | STRENGTH-II Plastic Moment | As Requested | As Requested

AASHTO Metal Culvert LRFR Engine Version 7.4.1.3001
Analysis preference setting: None L\\s




Metal Culvert Rating in BrR 7.4.1

RESULTS - Workspace

=
Print
Print
Report type: Lane/lmpact loading type Display Format
Rating Results Summary = ®) As requested Detailed Multiple rating levels per row Bt
Invento Operatin al Permit - .
Live Load Live Load | Rating Lc:ladryI pLo._ad : t?:f_ad Lo.ad In;:;;;ry OPR:;::;‘Q é:::lg ;::Eg Irw?ntor}r Olpﬁrating ) L_egal ) P‘_ermit
Type Method | Rating Rating Rating | Rating Factor Eactor factor | Factor Limit State Limit State Limit State Limit State
(Ton) (Ton) (Ton) (Ton)
b EV2| Axle Load LRFR 26.32 0.915 STRENGTH-I Plastic Moment
HI-03(US)| Auelosd| LRFR| 3943 5111 1005 1420 STRENGTH-| Plastic Moment | STRENGTH-| Plastic Moment
HL-93 (US) Tandem LRFR 5047 6542 1.402 1.817 STREMNGTH-I Plastic Moment | STRENGTH-I Plastic Moment
OH-2F1 | Axle Load LRFR 23.00 1.533 STRENGTH-I Plastic Moment
OH-3F1 | Axle Load LRFR 4149 1.804 STRENGTH-I Plastic Moment
OH-5C1 | Axle Load LRFR 72,15 1.804 STRENGTH-I Plastic Moment
SU4|  Axle Load LRFR 48,70 1.804 STRENGTH-I Plastic Moment
SU5| Axle Load LRFR 55.92 1.804 STRENGTH-I Plastic Moment
SU6 | Axle Load LRFR 62.68 1.804 STRENGTH-I Plastic Moment
SU7| Axle Load LRFR 69.90 1.804 STRENGTH-I Plastic Moment
Type 3| Axle Load LRFR 4510 1.804 STREMGTH-| Plastic Moment
Type3-3| Axle Load LRFR 76.66 1.917 STREMGTH-| Plastic Moment
Type 352 | Axle Load LRFR .22 1.978 STRENGTH-I Plastic Moment
EV3 | Axle Load LRFR T77.34 1.799 iTH-1I Plastic Moment
RPLEOT | Axle Load LRFR 12645 2,108 iTH-1I Plastic Moment
RPL6E5T| Axle Load LRFR 166.10 2.555 iTH-1I Plastic Moment
4 Il J
AASHTO Metal Culvert LRFR Engine Version 7.4.1.3001 I

38




Metal Culvert Rating in BrR 7.4.1

leport type: Lane/Impact loading type Display Format @3, = %E \El—l 5o
Rating Results Summary v ® As requested Detailed Single rating level per row Analysis Analyze Analysis | Tabular Specification Engine
Settings Events | Results Check Detail Qutputs
Analysis Results
e
_ _ _ Load _ Workspace
: Live Lead | Rating Rating - Rating -
Live Load - Method Level R[-T—tln]g Factor Limit State IF Components
e - iy MetalCulvertExample
EVZ| Axle Load LRFR Legal 41.38 1.439 | STREMGTH-1 Plastic Moment | As & [ Components
HL-93 (US)| Axleload  LRFR| Inventory 3002  1.084  STRENGTH-I Plastic Moment | As [ Diaphragm Definitions
- : -~ [ Lateral Bracing Definitions
HL-93 (US) Lxle Load LRFR | Operating 57.81 1.606 | STREMGTH-| Plastic Moment | &s = ) CULVERT DEFINITIONS
HL-93 (Us) Tandem LRFR | Inventory 44,70 1.380 | STREMGTH-| Plastic Moment | As -- [O) culvert] - CMP
HL-03 (US) Tandem | LRFR Operating  73.63 2045 STRENGTH-I Plastic Moment | As = @{3_“1"“*”2 - Metal Box
- - 4 Impact/Dynamic Load Allowance
OH-2F1 fxle Load LRFR Legal 4077 2718 | STRENGTH-I Plastic Moment | As ' {T} Roadway Plan View
OH-3F1 Axle Load LRFR Legal 4137 1.790 | STRENGTH-1 Plastic Moment | As E} & Culvert Loads
— . - |3 CULVERT ALTERMATIVES
OH-5C1 Axle Load LRFR Legal 71.60 1,790 | STRENGTH-| Plastic Moment | As Y metal box 20ft span (E) (C)
SU4|  Axle Load LRFR Legal 41.32 1530 | STRENGTH-I Plastic Moment | As B alum box 16 span alt
US| Axle Load LRFR Legal 51.15 1.650 | STRENGTH-I Plastic Moment | As & QE BRIDGE ALTERNATIVES
: hvertl (E
SUS | Aueload  LRFR|  legal 4050 1427 STRENGTH-I Plastic Moment As Nabeusibaie
SUT|  Axle Load LRFR Legal 48.73 1,258 | STREMGTH-| Plastic Moment | As Reguest
Type 3 Axdle Load LRFR Legal 41.25 1.850 | STREMGTH-1 Plastic Moment | As Request
Type 3-3 Axle Load LRFR Legal 7478 1.870 | STREMGTH-1 Plastic Moment | As Reguest
Type 352 | Aule Load LRFR Legal 721 2003 | 5STREMGTH-I Plastic Moment | As Request
EV3 Axle Load LRFR Permit 75.85 1.764 |STRENGTH-II Plastic Moment | As Request:
RPL&0T| Axle Load LRFR Permit | 134.75 2,246 | STREMGTH-II Plastic Moment | As Request
RPLGST |  Axle Load LRFR Permit | 128.60 1.978 |STRENGTH-II Plastic Moment | As Request:

39 IASHTO Metal Culvert LRFR. Engine Version 7.4.1.3001




Metal Culvert Rating in BrR 7.4.1

B S Fat g P RESULTS — Bridge Explorer

System of units Lane/impact loading type Display format:
® U5 customary [ 51/ metric ® As requested Detailed Single rating level per row v
bridgeD | Vewce | Rotng | Rating | Rofg | Copacty | e | Rad |

MetalCulvertExamplel | EV2 Legal 0.915 | LRFR 26.317 | Thursday, August 3, 2023 11:53.... | awaheed | /
MetalCulvertExamplel | HL-93 (US) | Inventory 1.084 | LRFR 39.024 | Thursday, August 3, 2023 11:53.... | awaheed | ¢
MetalCulvertExamplel | HL-83 (US) | Cperating 1.420 | LRFR 51.109 | Thursday, August 3, 2023 11:533... | awaheed | /
MetalCulvertExamplel | OH-2F1 Legal 1533 | LRFR 22.909 | Thursday, August 3, 2023 11:53:.. | awaheed |/
MetalCulvertExamplel | OH-3F1 Legal 1.790 | LRFR 41171 | Thursday, August 3, 2023 11:53:... | awaheed |/
MetalCubvertExamplel | OH-5C1 Legal 1.790 | LRFR 71.602 | Thursday, August 3, 2023 11:53... | awaheed | /
MetalCulvertExamplel | SU4 Legal 1530 | LRFR 41.319 | Thursday, August 3, 2023 11:53... | awaheed |/
MetalCulvertExamplel | SUS Legal 1.650 | LRFR 51.148 | Thursday, August 3, 2023 11:53.... | awaheed | ¢
MetalCulvertExamplel | SU6 Legal 1427 | LRFR 49,589 | Thursday, August 3, 2023 11:53... | awaheed | /
MetalCulvertExamplel | SUT Legal 1.258 | LRFR 48728 | Thursday, August 3, 2023 11:53:... | awaheed |/
MetalCulvertExamplel | Type 3 Legal 1650 | LRFR 41,249 | Thursday, August 3, 2023 11:53:.. | awaheed |/
MetalCulvertExamplel | Type 3-3 Legal 1.870 | LRFR 74.781 | Thursday, August 3, 2023 11:53.... | awaheed | /
MetalCulvertExamplel | Type 352 Legal 1.978 | LRFR 71.222 | Thursday, August 3, 2023 11:53.... | awaheed | ¢
MetalCulvertExamplel | EV3 Permit 1.764 | LRFR 75.848 | Thursday, August 3, 2023 11:53... | awaheed | ¢
MetalCulvertExamplel | RPL 60T Permit 2108 | LRFR 126.455 | Thursday, August 3, 2023 11:53.... | awaheed

MetalCulvertExamplel | RPL 65T Permit 1.978 | LRFR 128,602 | Thursday, August 3, 2023 11:53.... | awaheed

R




Metal Culvert Rating in BrR 7.4.

Br | AASHTC

FOLDER RATE TOOLS VIEW

BRIDGE EXPLORER BRIDGE
6 Import I
O Batch -

Find

Bridge Manage
-7 Favorites Folder
[ Recent Bridges
- @ All Bridges | Mil=

ﬁ Delsted Br ,m, Mew BridgE

Template
Bridge ID: | 4706693 MBI structure 10 (8): | 47060693 Bridge completely defined

Description .I| Description (cont'd) | Alternatives | Global reference point | Traffic | Custom agency fields ."|

MName: LOR-301-2256 Year built: 27
CMP Culvert

Description:

Location: 0.29 Mi N of 5R 254 Length: 15

Facility carried (7): SR 301 Foute number: | 301

Feat. intersected (6): | Ditch Mi. post: 22.56

Default units: US Customary M

41

1

— O

Superstructures
v Culverts

Substructures

OF TRANS

*



Metal Culvert Rating in BrR 7.4.1

25K4?5K All Axle Loads in kips
0.64 KIFT
24 33.5
15'
8K 32K 32K )
L_14FT__|_ 141030FT A EN

('.) 0.64 K/FT

rHMwHHﬂHHHH”M

EV2, weight = 57.5 kips (28.75 tons)

' 50 FT '
‘ 0.64 K/FT

IXEXEX %HHHHH\H K

HL-93 Design Loading

42



Metal Culvert Rating in BrR 7.4.1

Bridge

Workspace

e

=k My 4706603

43

2 Components

[ Diaphragm Definitions
[ Lateral Bracing Definitions
i) CULVERT DEFINITIONS

i) BRIDGE ALTERMATIVES

Manage

o o x
M Culvert Definition — O
Mame: CMP Cubvert
Description:
Default units: | US Customary ¥

Existing | Current | Culvert alternative name Description
QK | | Apply | | Cancel
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Metal Culvert Rating in BrR 7.4.1

R

1 L 1 1

Workspace

- Dy 4706693
w Components
- B Diaphragm Definitions
[ Lateral Bracing Definitions
=- 3 CULVERT DEFINITIONS
=[O cMP Culvert
— Impact/Cynamic Load Allowance
- {f Roadway Plan View
E{Iulw:rt Loads

..... 3 CULVERT ALTERNATIVES g

----- |5 BRIDGE ALTERNATIVES

Schematic

% Mew Culvert Alternative

Culvert type:
RC Box

Metal Box




Metal Culvert Rating in BrR 7.4.1

Hipidas &M Culvert Alternative Description -
Workspace
Culvert alternatives: | CMP Cubvert
Iga Components
- {4 4706602 Description "| Specs ] Factors ] Control options h

E?Componems
- B Diaphragm Definitions New CMP Culvert
E:T Lateral Bracing Definitions Description: Culvert type: Metal pipe, arch, pipe arch

E- 3 CULVERT DEFIMITIONS
B [0 cMP Culvert

-] Impact/Dynamic Load Allows Default units: US Customary ¥ |  Default rating method: | LRFR M
g Roadway Plan View Structure type: Corrugated metal pipe
Culvert Loads )
i . [l ted metal
_____ £ CULVERT ALTERNATIVES MCSPA design data sheet no. | Conmmugated m pipe

_____ &3 BRIDGE ALTERNATIVES 19 II. A. structure category: Spiral rib metal pipe

Duncan and Drawsky Structural plate pipe

Backfill material type: GW.GP&SW 5P A

Relative compaction (34): | 90 w
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Questions

Amjad Waheed, PE
OHDOT Bridge Rating Engineer

Amijad.Waheed@dot.ohio.gov
614-752-9972
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