APPENDIX J1: PIPE STRENGTH CALCULATIONS
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J1 - SCHEDULE 80 PVC PIPE STRENGTH CALCULATIONS

Purpose:

Approach:

References:

Assumptions:

Calculations:

To evaluate the pipe strength of 6” diameter, Schedule 80 PVC leachate collection piping
in the base system of the Adams County Landfill under the maximum overburden stress
from the Vertical Expansion.

Use referenced formulas to determine the loads applied to leachate collection piping and
determine whether the applied loads are within the required factor of safety for the pipe to
adequately perform throughout its service life. The collection pipe with the greatest
overburden load under permitted final grades is in the center of proposed Phase 4 (Figure
J1).

1.) Uni-Bell Handbook of PVC Pipe Design & Construction 6™ Edition.

2.) Professional Plastics, Inc. PVC Pipe Specifications, Sizes & Pressure Ratings,
(Attachment 1).

3.) Adams County 2018 Plan of Operation Plan Set.

4.) Figure J1: Pipe Strength and Settlement Evaluation.

1.) Live loads are negligible above the piping.

2.) All installed PVC Schedule 80 piping meets the specifications of ASTM D1785;
“Standard Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80,
and 120”.

3.) Top of Composite Liner Elevation = 966.63 ft msl

4.) Final Cover Elevation = 1073.49 ft msl

4.) The maximum fill height over the leachate collection pipes is 105.81 feet. This consists
of 2.33 feet of bedding material, 97.98 feet of waste, 0.5 feet of grading layer material,
2 feet of clay, 1 foot of granular drainage, 1.5 feet of rooting zone, and 0.5 feet of
topsoil.

4.) The unit weight of waste is 90 pounds per cubic foot (pcf) based on final waste grades
(after settlement of intermediate waste grades).

Pipe Loading Py=DL +LL

where,
Py = Pipe Load, Ib/in?
DL = Dead Load, Ib/in?
LL = Live Load, Ib/in?
vk Hys
Dead Load DL =y, 1 i
—_— 144
where,

v = Fill Unit Weight, Ib/in3
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Hrin= Height of Fill, ft
DL = Dead Load, Ib/in?

Calculations: A summary of the height and unit weight of all material covering the leachate collection
(Continued) pipe at its maximum depth is provided below:

Fill Type Height, Hin Unit Weight, ymu Dead Load
(ft) (pcf) (psi)
Topsoil 0.50 105 0.36
Rooting Zone 1.50 120 1.25
Granular Drainage Layer 1.00 135 0.94
Clay / Soil Barrier Layer 2.00 130 1.81
Grading Layer 0.5 125 0.43
Waste 97.98 90 61.24
Pipe Bedding Material 2.33 135 2.18
Total 105.81 - 68.21

In our case the live load (LL) = 0, due to limited live loads above the piping after placement.

Therefore,
Py = DL =68.21 Ib/in?

Deflection

A deflection of 5 to 7.5% has become the standard for limiting deflection in flexible
pipes. Based on Figure 7.16 in Uni-Bell, 1992, a vertical strain of greater than 5%
will never be reached for flexible pipe bedded in compacted gravel, independent

of vertical soil pressure. At 90% compaction the vertical strain will always be less
than 2%. The height of fill over the pipe is not a factor when the pipe is well bedded

in gravel.
. T
Wall Crushing o=~
where,
A = Area of Pipe Wall, in%/in
T = Wall Thrust, Ib/in
o = Compressive Stress, Ib/in?
and,

_ Py*Do
2

T

With 6” diameter Schedule 80 PVC piping,
Outer Diameter of Pipe (Do) = 6.625 in
Min. Pipe Wall Thickness (A) = 0.432 in
(from Attachment 1)
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Calculations:
(Continued)

Result:

A summary of the calculation is below.

DL, psi 68.21
LL, psi 0
Py, psi 68.21
Do, in 6.625
T, Iblin 225.95
A, in?fin 0.432
o, psi 523.04
Oallowable, PSi 9600
Factor of Safety 18.35

The calculated maximum compressive stress for in-place Schedule 80 PVC leachate

collection pipes is 523.04 psi. This is below the maximum allowable compressive stress of
9600 psi, by a safety factor of 18.35. The factor of safety against wall crushing of the pipe
is acceptable for the existing Schedule 80 PVC 6” diameter pipes.



Attachment 1 - PVC Specifications

Professional Plastics

PVC Pipe Specifications, Sizes & Pressure Ratings

PVC Pipe Physical Properties |

140°F | |
| Water Absorption % increase 24 hrs@25°C /005 ____|ASTMD570 |
 Poisson'sRato@73°F 0410 | |
| Hazen-WilliamsFactor ____________________________|C=150 | |
MECHANICAL
| [Tensile Modulus of Elasticity. psi @ 73°F 420000 |ASTMD638 |
| [Compressive Strength. psi @ 73°F 9600 __[ASTMD6%5 ||

THERMAL

Coefficient of Linear Expansion (in/in/°F) 29x10 ASTM D696

Coefficient of Thermal Conductivity ASTM C177
(Cal.)(cm)/(cm2)(Sec.)(°C)
BTU/in/hr/ft.2/°F
Watt/m/°K

ELECTRICAL

FIRE PERFORMANCE

Flame Spreadindex ______________________[<o [ |
FlashlgnitonTemp. ________________________[70F | |
|Average Extent of Burning (mm) __________________[<t0 | |




Attachment 1 - PVC Specifications

Softening Starts (approx.) 250°F |
Material Becomes Viscous 350°F ]
Material Carbonizes 425°F ]

Limiting Oxygen Index (LOI) ASTM D2863
Clean Room Materials Flammability Test FM 4910

SCHEDULE 40 & 80 - DIMENSIONS

Schedule 40 Dimensions

Nom. Pipe Size (in)| O.D. | Average I.D. | Min. Wall | Nom. Wt./Ft. | Max. W.P. PSI**

12" 0840 | 0602 | 0109 | 0170 | 600
6 |6625| 6031 | 0280 | 3733 | 180
8 |8625| 7942 | 0322 | 5619 | 160

Schedule 80 Dimensions

Nom. Pipe Size (in)| O.D. | Average I.D.| Min. Wall | Nom. Wt./Ft. | Max. W.P. PSI**

8 | 405 | 195 | 0095 | 0063 1230
0.119 0.105 1130

0.126 0.146
0.147 0.213
1.050 0.154 0289 | 690




Attachment 1 - PVC Specifications

| 6 16625| 5709 | 0432 | 5610 | 280 |
8 |8625| 7565 | 0500 | 8522 | 250

SCHEDULE 120 - DIMENSIONS

Nom. Pipe Size (in) | O.D. Average l.D. Min.Wall| Nom. Wt./Ft. | Max. W.P. PSI**
34 ]1050] 690 | 0170 | 0311 | 770
114" 1660 1204 | 0215 | 0649 | 600

6" [6625| 5434 | 0562 | 7132 | 370 |
8 [8625| 7189 | 0718 | 11277 | 380 |

PROFESSIONAL PLASTICS, INC.
Phone (888) 995-7767

www.professionalplastics.com
E-Mail: sales@proplas.com
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