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OWNER s ~ SHEETNO 1 - oF 4
SECTION ‘ . COMP.BY  JAK _ DATE  9/24/2012
DESCRIPTION Test 1 : . CHECKBY = DATE
Load Factor Load Rating of In-Service, Corrugated Metal Pipe Structures Based

on NCSPA Design Data Sheet No. 19 & AASHTO Standard Specification for Highway Bndges
Adapted by MDOT from the onginal spreadsheets developed by the Ohio DOT

Spreadsheet last modified: September 28, 2012

DO NOT use this spreadsheet to load rate Structural Plate Box Culverts

Design Dimensions

1. For typical structures, use the actual field measured span for calculations,

2. For unsymmetrical structures or those deflected over 5%:
a. use 2 x the top radius (2 Ry} in lieu of span for calculations.
b. base critical buckling stress calculations on the theoretical design span, reducing the resulting allowable buckling

stress by the appropriate multiplier to account for deflection " f * (NCSPA Design Data Sheet No. 19, Figure B.1.1).

3. For all long span structures (horizontal ellipse, low and high profile arches, inverted pear shapes and pear arches),

as well as other horizontal ellipses, use 2 x actual top radius (2R, in ali cases.

For typical structures : Design Span = Actual Span "S" (ft) =
Design Span (ft) = 2R,
Pipe Crown Deflection
Buckling Strength Reduction Factor, =
long span structures: Design Span (ft) = 2R,

For unsymmetrical or deflect more than
5% structures:

Structure Category:

Then, Span Length used in Load Rating Calculation(ft)
Then, R, used in Load Rating Calcuiation (ft)

Remax) = () =f
* Maximum Plate Radius allowed if Long Span Structural Plate Structures Selected

Design Properties
Mechanical Properties:

Metal Type:|

F, = Minimum Yield Point of the Metal
F, = Minimum Tensile Strength of the Metal
E,, = Modulus of elasticity of metal

Section Properties:
Corrugation:
Gage Number:
¢ (iny =
d (in)
t(in) =
t iy ™ (i) =

Warnings:

** Required Minimum Top Arc Thickness if Long Span Structural Piate Structures Selected

A, (in’fft) =
riny=| e :
178 0 78375
* r =radius of gyration of corrugation (in)

input these values based on metal type, corrugation, gage
number or pipe wall thickness, see tables in worksheet
|"section property tables”,
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SECTION COMP. BY JAK DATE  9/24/2012
DESCRIPTION Test 1 'CHECK BY DATE

Design Calculations:

Longitudinal Length of Structure "L" (&)

AASHTO minimum cover, h (ft)

Height of cover above crown "H" (ft}
(the lowest cover over the structure in a traffic area based on field measuremen

(Prss = Section Properties reduction factor on the basis of metal loss from the material

field evaluation

@4 = capacity modification factor for wall area and buckiing

@, = capacity modification factor for seam strength{

& = Soll density (K%}

k = soil stiffness factor =l

Calculate the F,, (critical buckling stress) :

2z

2
if. §< r |2E, Jthen F,_ = F, —-—* (E
’ k 3 48E \ r
if: S> r |24E, ,then F_ = —12-E~’1—2~
kY F, (s /r)
r |24E,
Compare: s (in) =| 183.96 < V== 38666
So:
. input the seam strength value based on metal
Calculate the T, {thrust capacity of the wall} : P . type, corrugation, gage number or pipe wall
@_eﬂ_n Strength (k/)fT); . . [|thickness, see tables in worksheet "seamn
T strength tables”
1. wall yield strength = @ @, F, A
Teqp = less of: 2. wall buckling strength = f @ Qies For A =
3. seam strength = @, X (seam strength)
sof Tews 2| 415 s 1
Calculate the T (pipe wall thrust due to earth cover) :
Te = higher value of : 1. HER) =
2. BHR =
sor| CTe=l B Tt
Caiculate the Ty, (pipe wall thrust due to live load plus impact) :
Tqy = higher value of : 1. Pow (52)= it
2. paw Ri= kit
30% for 0-0"<H < 10"
9, _an O
Based on AASHTO 3.8.2.3 Live load Impact, | = 20%  for 117<H <20
10% for 2-1"<H < 2-11"
0% for H=z3-0"

So, for this structure: Depth of Fili, H=
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OWNER ; S . SHEETNO = 1 OF 1
SECTION e COMP. BY JAK  DATE  9/24/2012
DESCRIPTION Test 1 : e CHECK BY ; . DATE

Surface Tire Contact Area 1Direction of Travel "
Saﬂe
ki istri 'y
{overlapping along the direction of travel)
Wheel Sppcing
| |
Wp Wop
| 1
W,
2 w
Distributed Load Area
W,
{no overlapping) © et
Distributed Load Area Wheeiloads distributed area
(overlapping perpendicular to the direction of travel)

Pressure on the tire contact area is distributed on the culvert through the cover depth, Dimension as:
Wi = W,y + 1.75H
Lp=Ly+1.75H

The surface tire contact area for HS20 foading (per AASHTO 3.30):
Wy = 20" = 1.67 ft
Ly = 10" = 0.83 ft

The tire surface contact area for Legal Ml Trucks is assumed to be the same as the HS 20 truck.
The tire surface contact area for M! overload vechicles is considered to be part of the measurement for wheel spacing on axle (out to out)

Fill depth, H (ft) #]

Structure Total Length, L (ft)

Clear Roadway Width (Face to face of gaurdrail) (ft)
Lane Width (ft)

Number of Lanes

Factored Truck Load at Depth
HS20 Ml 1-Unit M1 2-Unit Mi 3-Unit | Wi Overload
Controling Truck 1-Axie Truck 4 Truck 17 Truck23 | A |-
wheel spacing on axle 6.00 6.00 6.00 6.00 :
Wi et (1) 13.92 13.92 13.92 13.92

Wp actotsn 19.92 19.92 19.92 19,92 20.25

Max Wyllane provided by structure 13.42 13.42 13.42 13.42 55.25

Rating Wp 13.42 13.42 13.42 13.42 20.25

FACTORED Operating Truck Line Load + Impact (kift) 3.18 2.87 3.80 7.00
S FactoredLoadonCulvertpgs) 024 o021 0 ) 02 . 035
o Factored Tkl ez 484 00 b 208 | 285

Transverse pressure overlaps are considered. Longitudinal pressure overlaps are considered for each Mi truck configuration
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'OWNER : S SHEETNO = 1 o OF 4
SECTION _ : S COMP.BY = JAK DATE  9/24/2012
'DESCRIPTION Test 1 ; CHECK BY : DATE

Load Rating Factors for Ring Compression Structures:
Operating Load Rating Factor (RF,):
a. RF, based on wall strength

T, —1.95T;

RE =
o T(L+1)

*Note: T, is factored

b. RF, based on minimum cover requirements
H?
e-¢ T Cc(h)?

H
Where, C =236 E;‘ +0.528<1.0= 100 Note: The equation has an
upper imit of 1.0, therefore if
So, RFge the calculation is greater than
: 1.0 a value of 1.0 s to be
used.
"/ Operating Load Rating Factors, RF ; ComEERR e e
HS20 M1 1-Unit M1 2-Unit M1 3-Unit | Ml Overioad
TE}! 41.54 41.54 41.54 41.54 41.54
Te 6.44 6.44 6.44 6.44 6.44
Factored T, .y 1.82 1.64 2.06 1.78 2.65
Is culvert burried deep enough to neglect LL? NO NO NO NO NO
RFo.w 15.96 17.70 14.10 16.24 10.94
RFo. 13.34 13.34 13.34 13.34 13.34
RFq L S qsmd o 1334 1 1334 | 1094
Note: |-
2. Inventory Load Rating Factor (RF):
a. RF; based on wall strength
RF =3 RF
i-w T o-w
)
b. RF; based on minimum cover requirements
H*?
RE, . = 55—
h
“Inventory Load Rating Factor, RE;
HS20
RF., 9.57
RF,. 13.34
CURR L o gsT
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