Practical Considerations Related to the Design
& Installation of Corrugated Metal Pipe




Design Considerations

Hydraulics
Structural
Durability
Economics
Installation




Structure Selection

End Area Requirement
Design Flood Q (cfs)
Height of Cover




Structural Design

Based on Pipe Type

Flexible Pipe Structures
Rigid Pipe Structures
Semi-Rigid Pipe Structures

Flexible Pipe Structures

Can deflect 2% or more without structure distress
Are less stiff than the soil envelope surrounding them




TYPE OF PIPE / DESIGN BASIS (CON

FLEXIBLE PIPES
CORRUGATED METAL PIPE STRUCTURES
CORRUGATED STEEL OR ALUMINUM PIPE
CORRUGATED STRUCTURAL PLATE
STEEL OR ALUMINUM

PLASTIC PIPE
PVC / HDPE / ABS




FLEXIBLE PIPES
RING COMPRESSION FORCE
BUCKLING STRENGTH CHECK
WALL AREA CHECK
SEAM STRENGTH CHECK (IF APPLICABLE)
INSTALLATION STIFFNESS
DEFLECTION CHECK (IF APPLICABLE)




CONFINED IN A WOODEN "FILL", CAN WILL
SUSTAIN MUCH GREATER LOADS
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UNCONFINED CAN IS EASILY FLATTENED

THIN STEEL RINGS SUPPORTS A RELATIVELY LARGE DISTRIBUTED LOAD




THIN STEEL RINGS SUPPORTS A RELATIVELY LARGE CONCENTRATED LOAD
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SPONGE RUBBER

NON—-UNIFORM BACKFILL SUPPORT MAY CAUSE DEFORMATION
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FUNDAMENTAL FORCE DIAGRAM




LIVE LOAD

] EARTH COLUMN LOAD
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TOTAL LOAD = P
P = PL + PE
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TYPICAL LOADING AND PRESSURE DAGRAMMS  FOR
AN ELLIPTICALL STRUICTURE







BENDING STRENGTH IS NOT IGNORED

NEED IT FOR:
MANUFACTURE
SHIPMENT
HANDLING
INSTALLATION

ALSO HAS EFFECT ON MINIMUM COVER
THEO. H min =D/4

PRACTICAL H min = D/8



FLEXIBILITY FACTOR “FF”

- _D* (INCHIESZ
El  (PSH(IN*/IN)

D = DIAMETER
E = MODULUS OF ELASTICITY
STEEL 30 x 10° PSI

ALUMINUM 10 x 10° PSI
| = MOMENT OF INERTIA OF THE PIPE WALL
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MINIMUM COVER

AL*d
El

D/8 OR 12" MINIMUM ~ H 3 0.55D\/

WHERE: (ASTM A796)

D = DIA. (FT)

AL = AXLE LOAD (KIPS)

d = DEPTH OF CORRUGATION (IN.)

| = MOMENT OF INERTIA OF PIPE WALL (IN4/IN)
E = MODULUS OF ELASTICITY (KSI)
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MINIMUM COVER (Cont.)

Minimum Cover

The minimum cover for highway design loads shall
be Span/8 but not less than 12 inches. (The
minimum cover shall be measured from the top of a
rigid pavement or the bottom of a flexible pavement.)
Applies to highway live loads (H20/HS20/H25/HS25).

For other live loads — E80 RR loading, construction
loads, etc. — greater minimum cover heights normally
are required.
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Table HC-5 Height-of-Cowver Limits for Structural Plate Pipe

H 20 LIVE LOAD 6 x 2 in. Corrugations
Diameter Min. Maximum Covwer, ft
or Span Cower Specified Thickness, in.
ft. in. in. 0.109 0.138 0.168 0.188 0.218 0.249 0.280
5.0 60 12 81 120 157 176 205 234 264
5.5 66 74 110 143 159 186 213 240
6.0 72 68 101 131 146 171 19 220
6.5 78 62 92 121 135 157 180 203
7.0 84 58 86 112 125 146 168 188
7.5 90 54 80 105 117 137 156 176
8.0 96 12 51 75 98 111 128 146 165
8.5 102 18 48 71 92 103 120 137 155
9.0 108 45 67 87 97 114 130 146
9.5 114 43 63 82 92 108 123 139
10.0 120 40 60 78 87 102 117 132
10.5 126 39 57 74 83 97 112 126
11.0 132 37 54 71 79 93 106 120
11.5 138 35 52 68 76 89 102 114
12.0 144 18 34 50 65 73 85 97 110
12.5 150 24 32 48 63 70 82 93 106
13.0 156 31 46 60 67 79 90 101
13.5 162 30 44 58 65 76 87 98
14.0 168 29 43 56 62 73 83 94
14.5 174 28 41 54 60 70 80 91
15.0 180 27 40 52 58 68 78 88
15.5 186 26 39 50 56 66 75 85
16.0 192 24 25 37 49 54 64 73 82
16.5 198 30 36 47 53 62 71 80
17.0| 204 35 45 51 60 68 77
17.5| 210 34 43 49 57 65 74
18.0| 216 33 42 a7 55 63 71
18.5| 222 40 45 52 60 68
19.0| 228 38 43 50 58 65
19.5| 234 37 41 48 55 62
20.0| 240 30 35 40 a7 53 60
20.5| 246 36 38 45 51 57
21.0( 252 36 43 49 56
21.5( 258 35 41 47 53
22.0| 264 39 45 51
22.5| 270 38 43 49
23.0( 276 36 41 46
23.5( 282 36 40 45
24.0( 288 42 38 43
24.5| 294 36 41
25.0| 300 35 39
25.5( 306 37
26.0 35




DESIGN IN TWO WAYS

1. Using Heights of Cover Tables

2. Following the Simple Procedure:
a) determine Loads on the pipe
b) calculate ring compression
c) check wall strength
d) check seam strength
e) check handling stiffness
f) ensure minimum cover

g) check corner bearing pressure on multiple
radius structures
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PROPER INSTALLATION

STEPS
* ALIGNMENT/LOCATION

EXCAVATION/FOUNDATION PREPARATION
ASSEMBLY

BACKFILL PLACEMENT AND COMPACTION
END TREATMENT

MINIMUM COVER

i



GRANULAR
MATERIALS

85 - 90%
COMPACTION

CONTROLLED
PLACEMENT & LIFTS

HAUNCH SUPPORT
MONITOR SHAPE
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BACKFILL MATERIALS SHOULD BE
SELECTED BASED ON:
« BEARING STRENGTH

« DURABILITY
 ABILITY TO BE COMPACTED
LIFT THICKNESS
COMPACTION EQUIPMENT REQUIRED
« GRADATION
e MOISTURE CONTENT
 SUITABILITY
MIGRATION

PIPING









How will you repair your failing
culverts...

REHABILITATION

OR

REPLACEMENT?
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Considerations:

Structural/Hydraulic Capacity
Cost

Environmental Impact
Life Cycle
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Traffic Disruptions
Detours

Permitting

Too Much Time
Historic Preservation
High Costs

_ack of Funding
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SLIPLINING ADVANTAGES

Eliminates roadway closure

Minimizes the need to disturb the
environment.

No interference with existing utilities

Minimizes damage to trackbed, pavements
and other structures

Minimizes the need for spoil removal
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Available Stream Geometry
Hydraulic Design Parameters
Structure Selection Process
Structural Design

Foundation

Scour and Durability Consideration
End Treatment

Cost Considerations

Inspection

Rehabilitation/Repair

T






