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TITLE: STRENGTH PARAMETERS OF THE 18" RISER PIPES

Problem Statement:

Demonstrate that the proposed leachate cleanouts will have sufficient access and strength to
resist crushing, kinking and consolidation downdrag forces.

EARTHLOADS CALCULATION

Determine the maximum earthload (W) on the 18" risers due to landfill at final grade.

Given:

5.
6.

Assumptions:

Gravily Sanitary Sewer Design and Construction, ASCE Manuals and Reports on
Engineering Practice - No. 60, pp. 166-191 {refer to October, 2007 application).

Caterpillar Performance Handbook, Edition 37 (refer to October, 2007 application).
KWH Sclairpipe® product information (refer to attached pages).

Maximum waste thickness (MSW and chemical waste} overlying leachate collection
sumps taken from design specifications.

Landfill design specifications contained in the October, 2007 application.

LLaboratory test data contained in the October, 2007 application.

Final Landform

1.

Marston’s formula utilized to calculate the prism load (reference ASCE No. 60):

W =C, 11?15’(2

Where,
W_= Load on pipe (psf)
C. = Load coefficient, obtained from figure 9-7 of ASCE No. 60
w = Unit weight of overlying fill (pcf)
B, = Outer diameter of pipe (ft)
H = Height of fill above the top of the pipe (ft)
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7.

Calculations:

Assumed embankment conditions over a positive projecting pipe since the pipe is
located in a wide trench and the top of the pipe is near the surface of compacted soil.
Therefore, Marston’s formula equals:

W_ = HwB,_
B, = 18 in = 1.5 it for an 18-inch SDR 17 pipe (reference KWH Sclairpipe®)
Moist unit weight of final cover soil is based on the average dry density and water

content values determined from Standard Proctor data (refer to Appendix H of the
October, 2007 application).

Ve = Vollt w)
The chemical waste will have a maximum thickness over the riser pipes of 115.8 feet.
The MSW waste will have a maximum thickness over the riser pipes of 12.8 feet.
Unit weight of the chemical waste is conservatively assumed to be 90 pcf.

Unit weight of the MSW is conservatively assumed to be 75 pcf.

Loading on Pipe due to Landfill at Final Grade (W)

MAXIMUM 1.OAD ON L EACHATE COLLECTION PIPE - FINAL GRADE
Layer Thickness, t (ft) Density, Y {pcf) t x Y (psf)
Final Cover 4 128 512
MSW Waste 12.8 75 960
Chemical Waste 115.8 90 10,422
Granutar Drainage Material 1 130 130
Total Thickness = 133.6 feet Yitxy) = 12,024 psf
Y {t x y) / total thickness = Average Density (w} = 90.0 pcf
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For a 6-inch SDPR 11 Pipe:

W = H'w*B, = (133 1} (90.0 pcf) (1.54 ft) = 18,433 ibfft = 1,536.1 Ib/in

Results:

The maximum load on the leachate collection pipe (W) was determined to be 1,543.1 Ib/in for an 18-
inch SDR 17 pipe. The maximum load corresponds to the load imposed by the weight of the landfill
after final cover has been placed. The resuits are summarized below.

For an 18-inch SDR 17 Pipe:

W =1,536.1 Ib/in

WALL BUCKLING, WALL CRUSHING AND RING DEFLECTION

Problem Statement

Determine if the proposed leachate collection pipe possesses sufficient strength to support the
overlying landfill materials, in accordance with 35 1ll. Admin. Code Section 811.308 (e}, considering
the following failure modes:

1. Wall buckling

2. Wall crushing

3. Ring Deflection
Given
1. Calculation Earthloads on the Leachate Colfection System contained in this response.
2. KWH Sclairpipe® product information (refer to attached pages).
3. ISCO product information (refer to atlached pages).

4. ASTM Standard F 1962-99, Standard Guide for Use of Maxi-Horizontal Directional
Drilling for Placement of Pofyethylene Pipe or Conduit Under Obstacles, Including
River Crossings (see October, 2007 application).
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5. Harrison, Steven and Watkins, Reynold K., HDPE Leachate Collection Pipe Design By
Fundamentals of Mechanics, presented at the Nineteenth International Madison Waste
Conference, September 25-26, 1996,

6. Formula used to calculate the safe allowable buckling load for the pipe (reference
KWH Sclairpipe®):

0.5
L AR
_(pr)| 22RBEED
q(? - D}
avg
Where,
q, = Safe allowable buckling load (psi) e=2718
DF = Design Factor H = Height of fill above pipe (ft)
R, = Water Buoyancy factor = 1-0.33(h_/h) h = Height of fill above pipe {in)
B’ = Cosfficient of elastic support = (1+4¢0%65)? h,, = Height of water above pipe {in)
D.. = Mean pipe diameter = O.D. - 1, £’ = Modulus of soil reaclion {psi)

E = Long-term modulus of elaslicity of the pipe materiai {psi)

b= Moment of inertia of the pipe wall for ring bending (in%inch) = t__3%12

N

An equivalent form of the equation is derived as follows:

2
32[ ]

327 V12 . 267 267

N 5= 267 J = T 7
Do (0.0-1,,) (0.0-1,,)) (oD ]]‘ (SDR- 1)

’mm . "i
g o HTREER)”
Where, o4 F (SDR-1 J

S
DR = (Standard) Dimension Ratio = {pipe outer diameter)/(pipe wall thickness)

7. Formula used to calculate compressive stress which will exist in the leachate collection
pipe due fo overlying loads (reference KWH Sclairpipe® ):

Where,
g, = compressive stress acting on leachate collection pipe (psi)
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W = Maximum earthloads acting on leachate collection pipe (Ib/in)
1., = thickness of leachate collection pipe walt (inch)

8. Modified lowa formula was conservatively used to calculate the defleclion of a
cylindrical horizontal pipe under earth load (reference KWH Sclairpipe® ).

D WK »’
Where Ay = ——~1— T3
Ay = Vertical EI+0.061E"r deflection of pipe (in}
D, = Deflection lag factor
W = Earthioad on pipe (lbfin)
K, = Bedding constant
r = Mean pipe radius {in) = (O.D. -t )/2
0O.D. = Pipe outer diameter (in)
tin = Minimum wall thickness of pipe (in)
E = Modulus of elasticity of polyethylene (psi)
| = Moment of inertia of pipe wall =t %12
E’ = Modulus of soil reaction (psi)

An equivalent form of the equation is derived as follows:

y DWKr _ DWK,
ELVO06IE' T BT g o615

z;in 3
7 1 2] 201 Y
Wher@ I—‘; - i{g:f,);fjimm,\i: - —5 OD’3 B 5{ SR )
Ape 2F1), WK
e S e 1 0L0GLE”
3(SDR-1)

FAProjects\2007\128017 - Clintan TCSAWSERPA Response\denial response aftachments\pipe strength.wpd



Page: 6 of 12
Client: Clinton Landfill No. 3, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

ShaW“’ Shaw Ervironmental, INc.  calculated By: Jwp Date:  2/6/09

Checked By: JPV Date:  2/9/09

TITLE: STRENGTH PARAMETERS OF THE 18" RISER PIPES

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

Calculations

Wall Buckling

The worst case scenario is the leachate collection piping within the Chemical Waste
Unit which specifies an 18-inch SDR 17 HDPE pipe.

DF = 0.4 (reference KWH Sclairpipe® )

hw = 1.0 inch (conservative estimate)

H = 133.6 ft (reference attached “Earthloads” calculation)

h =1,603.2 inches

E = 30,000 psi (reference KWH Sclairpipe® )

E' = 3,000 psi (reference KWH Sclairpipe® )

O.D. = 18 inches for an 18-inch SDR 17 Pipe (reference KWH Sclairpipe® }

t.., = 01.059 inches for an 18-inch SDR 17 Pipe (reference ISCO pipe specifications)
W = 1,536.1 Ibfin for an 18-inch SDR 17 Pipe (reference "Earthloads” calculation)
o, (max allowable) = 800 psi (reference KWH Sclairpipe® }

D, = 1.5 (reference KWH Sclairpipe® )

K, = 0.083 (reference KWH Sclairpipe® )

Landfill design literature recommends a maximum allowable pipe deflection of 7% of

the pipe diameter o allow for cleaning (refer to Harrison and Watkins in the October,
2007 application).

Calcutate g, for an 18-inch SDR 17 Pipe:
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h
R =1-0.331—"{=1-0.33 —_—1——] =0.99979
" h 1,603.2

-

B = (1+ 402} =1+ 4(2.718}'“"“"""3] = 1.0

05

(2.67){0.99979)(1){3,000)(30,000)
(17-1)’

2.67R BEE
(DR - 1)’

=096.9

=(0.4)

q, =(DF)

Verify that the landfill load is less than the safe allowable buckling load for an 18-inch SDR 17

Pipe:
W
R | —|<
W 6
R, |— :-0.99979( 1,536.1 =90.65
D,.. 18-1.059
Factor of Safety = 202 =1.07
i 90.69
Wall Crushing

Verify that the compressive stress, g, is less than 800 psi for an 18-inch SDR 17 Pipe:

_ W _ 1,543.1
TR 2(1059)

Factor of Safety = 800 _ 1.10
729

g

= 729 psi

Ring Deflection

For an 18-inch SDR 17 Pipe the deflection is calculated as foliows:

1.5)(1,536.1){0.0
Dy — 2K, __ 9 )(0.083) =1.018in
2E . 2(30,000)
woeee—y £ 00618 TD2 250 4 0.064(3,000)
3(SDR 1) 3(17 - 1) '
%Deflection — - ‘081 81N (100%) - 5.65%
in
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Results

In accordance with 35 lli. Admin. Code Section 811.308 (e), the proposed leachate collection pipes
will possess sufficient strength to support the overlying landfill, as shown by the calculated faciors

of safety against pipe wall buckling and pipe wall crushing and the calculated ring deflection for an
18-inch SDR 17 Pipe.

18-inch SDR-17
Pipe Failure Mode Factor of Safety/Deflection
Wall Buckling FS=1.06
Wall Crushing FS=1.10
Ring Deflection Deflection = 5.65%
AXIAL THRUST CALCULATION

Determine the axial thrust on the leachate sumps due to the 18" leachate riser pipe with the landfill
at final grade.

Given

1. Maximum waste thickness (MSW and chemical waste) overlying leachate collection
sumps taken from design specifications.

2. ISCO product information (refer to attached pages).

3. Landfill design specifications and drawings contained in the October, 2007
application.

4. Information from the Geosynthetic institute (refer to attached pages).

5. ASTM Standard D4833 — Standard Test Method for Index Puncture Resistance of

Geomembrane and Related Products
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Assumptions

1. The axial thrust exerted from the end of the pipe on the geomembrane rub sheet
can be calculated as follows:

r=F, sin(B)+F, —F,

Where,
T = Axial thrust on the pipe (psf)
F, = Stress exerted by the weight of the pipe (psf)
F.= Stress on the pipe due to overlying waste and final cover downdrag (psf}
F, = Stress of the pipe due to frictional resistance (psf)
B = angle of pipe

[-{p = Iyp X Lf)

Where,
W, = Unit weight of the pipe
L, = Length of the pipe

I, =q' xcos(B)x tan(g)+C,

and

I =gq' xsin(f)xtan(¢) + C,

Where,
q', = average vertical siress exerted on the pipe by the waste and final cover
3 = angle of pipe
¢ = friction angle of waste-to-HDPE pipe interface
C, =cohesion of waste-to-HDPE pipe interface

2. The riser pipes are 18" diameter SDR-17 HDPE pipes.

3. The unit weight of the 18" HDPE pipe is 24.638 Ibs/ft. (See ISCO pipe
sepcifications)

4, The thickness of the 18" HDPE pipe sidewall is 1.059 in. Knowing that the outside

T\Projects\2007V1 28017 - Clinton TCSAWSERA Responseldenial response altachments\pipe strength.wpd



Page: 10 of 12
Client: Clinton Landfill No. 3, Inc
Project: Clinton Landfill No. 3 Chemical Waste Unit
Proj. #: 128017

Shaw “ Shaw Environmental, INC.  calcutated By: Jwp Date:  2/6/09

Checked By: JPV Date:  2/9/09

TITLE: STRENGTH PARAMETERS OF THE 18" RISER PIPES

10.

11

Calculations

pipe diameter is 18", the cross-sectional area of the pipe (A,) can be calculated as
56.35 in? (0.391 1t?). (ISCO)

The length of the pipe is 210 feet. (See design drawings)
The angie of the pipe (cell sideslope) is 18.4°.

The friction angle and cohesion for a smooth HDPE-to-cohesive soil (chemical
waste) interface are 11° and 146 psf, respeclively. (Geosynthetic Institute)

The friction angle and cohesion for a smooth HDPE-to-geonet interface are 11° and
0 pst, respectively. (Geosynthetic Instituie)

The thicknesses of the final cover, MSW waste and chemical waste are 4 feet, 0
feet and 100 feet, respectively, at the point where the average vertical stress will
be acting on the 18" riser pipe. (Calculated from design drawings)

The in-place densities of the final cover, MSW and chemical waste are
conservatively assumed to be 128 pef, 75 pcf and 90 pcf, respectively.

The puncture resistance of 60 mit HDPE geomembrane is 108 Ib (Geosynthetic
institute). ASTM D4833 states that the steel rod used to test for puncture resistance
has a diameter of 0.315 in; by calculating the surface area of the steel rod, the
stress exerted by the rod on the geomembrane is shown to be 199,561 psf.

Stress exerted by the weight of the pipe

I4 AP
24.6381b/ fix 210 fi
*,,:( e ”:13,222;74
0.391 /i
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Stress on pipe due to overlying waste and final cover downdrag

g' = Z(thickness of cach overlying layer x density of each layer)
g', = (4/1x128 pef ) +(0 /i x 75 pef ) + (100 fix 90 pef )

q' =9512psf

Fo=q' xsin(F)xtan(g)+ C,

F, = 9,512 psf xsin(18.4°)x tan (11°) + 146 psf

f ="7T729.6psf

Stress on the pipe due to frictional resistance

F.=gq'" xcos(f)xtan(g)+C,
F, =9,512 psf x cos(18.4°) x tan (11°) + 0 psf
F =1,754 4psf

Axial thrust on the pipe

I'=F,sin(p)+F, ~F,
T = (13,222 psf xsin(18.4°) )+ 729.6 psf - 1,754.4 psf
T =3,148.7 psf

_ Allowable Stress 199,561 3

Factor of Safety = - = =063
Axial Thrust 3,149
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Results

The design of the landfill sump will ensure adequate protection of the underlying liner system from
forces associated with deflection, kinking or consolidation.
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Rules for Choice of Pipe Weight

PRESSURE CLASS DESIGNATION

SCLAIRPIPE® high density polyethylene (MDPE) pipe pressure class ratings are designated by a Dimension Ratio (DR)

number. This is a common “mrinfg" system specified by ASTM, AWWA and CSA for polyethylene pipes. The DR num-

ber is also used for pressure classification of other non-mealiic piping materials such as PVC, ABS and polypropylene.
A dimension ratio is defined as the ratio of ousside pipe diameter to minimum allowable wall thickness. The relation-

ship of a pipe’s dimension ratio to a pipe’s standard pressure rating is described in the modified 150 formula as detaited

below:

P = (2HHDS)H)
DO -1
where: P = maximum operating pressure at 73.4°F under steady stare conditions
HDS = Hydrostatic Design Stress at 73.4°F
t = minimum pipe wall thickness
Do = pipe outside diameter
and: DR = Do/t

By substituting the above relationship into the modified 15O formula, it reduces to:
g 2 {(HDS)

PR-1

This simplified reladionship shows the pipe pressure rating, P, as a function of the pipe DR number and the hydrostaric
design stress of the resin used 1o extrude the pipe.

The HDS is derived from the extrapolation of a series of hydrostatic pressure tests used to define the pipe’s time-to-fail-
ure envelope. Circumtberential wall stress (hoop stress) is developed by pressurizing a number of pipe samples and record-
ing the time o failure. This data is analyzed according to the method described in ASTM D2837 10 extrapolate and pin-
paoint the pipe compounds Long-Terrn Hydrostaiic Surengeh (LTHS). The LTHS is then used o cazegorize the pipe’s
Hydrostatic Design Basis (HDB) based on the respective range that it fits into. Once the HDB is assigned to the pipe’s
hydrostatic capabilities, it is reduced by a design factor of 6.50 to determine the Hydroszatic Design Stress (HDS). This
allows an appropriate safety margin and permits operation with the reasanable expectation that the pipe will have indef-
inite life (i.c. 50 years or more),

DESIGN CRITERIA

For each pipe DR number, there is a corresponding maximuim allowable continuous operating pressure at 73.4°F when
used in water service. This pressure rating varies when different pipe design hoop suress values (HDS) are substituted into
the pipe design equation.  Typically. HMIDPE pipes arc made from materials qualified as PE 3408 which means the
compound has a HDS of 800 psi.

This pipe design methodology bas been checked against long term pipe strain. Strzin in polyeshylene pipe has been
found to govern the life of the pipe system. Operation at che design stress level should induce no greater than 3% strain
over 50 years of continuous service at 73.4°F This is consistent with other investigations where the long term strain
design limit of 3% to 4%, incorporating a .5 design factor, has been designated.

SUMMARY OF RULES FOR PIPE SELECTION

As described previously, a specific DR and material hydrostatic design stress, HDS, produces the same continuous
standard maximum operating pressure for 50 years life at 73.4°F incorporating a 2:1 safery factor, regardless of the
nominal pipe size (INPS).

In design, it is this "pressure” rating which can be factored 1o provide a “service” rating depending on the conditions of
service, Service factors can vary from 1.0 (or more) o 0.25 {or less) and will depend on the relationship between the
pipes’ operating conditions, the pipes’ intended use and expected lifetime.

Cereain operating conditions may not necessarily utilize a design service factor such @ buckling and pipe deflection in
buried pipe applications. Here, design performance limits have been defined for each pipe DR rating. How service
factors and design performance limits are defined, are discussed in the appropriate sections of this manual.

s H R
4 cr s H éf AT e i d g iy

Instailation of 24 inch SCLAIRPIFE for a twin sewage siphon line

SCLAIRPIPE used in a tailing applications at a molybdenum mine
in Victoria, B.C. The pipe is cormpletely resistant to seawaler and its in Arizona. Inclusion of 2% finely dispersed carbon black ensures
smooth surface discourages the adherence of algae and other that the pipe is resistant to ultraviolet light degradation enabling it to
marine growlhs. be installed at grade. Anchoring of the pipeline is achieved simply

by dumping a load of tails on the pipe al regular infervals.
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Internal Pipe Pressure
T T e —" - v ————

Pressure performance requirements for SCLAIRPIPE at 73.4°F are as follows:
ASTM F714  The pipe shall not fail, when tested by the methods detailed in ASTM D1599, in 60 to 70 seconds
at a pressure less than 3.63 times the standard pressure rating,
ASTM F714  The pipe shall not fail, when tested in accordance with ASTM D1598, in 1,000 hours at a
ressuse equal te 2 times the pipe standard pressute rating.
ASTM D2837  The pipe shall withstand a pressurc equivalent to 1.97 times the pipe’s standard pressure rating
for a period of 11.4 years (100,000 hours).

It should be noted thac che above requirements are test requirements under laboratory conditions and-therefore must be
adjusted by a design factor to be used for pipe pressure rating purposes. Although a basic design factor of 0.5 is used for
determining long-term (50 years) operating limits, shorter term phenomena may be refated (o the “safe strain limit” which
laboratery investigations demonstrate o be approximately 3% to 4%, The following maximum stress levels are therefore
recommended for protection against varying terms of pressure exposure for Sclairpipe preduced from a PE3408 material;

Duration of Surge Maximum Allowable
or_Pressure Phenomena Hoop Suress at 73.4°F
Instantancous (up o 60 sec.) | 1606 psi.
Up to | hour 1465 psi
< 1 hour to 1,099 hours 1070 psi
Suswained pressure, 50 years 800 psi

The above recommendations are based on the assumption that the pipe wiil not be subjected to other imposed stresses.
They refer to phenomena which cease within the time limits given and the pipe then rewurns to s “normal” operating
pressure. These phenomena may be repeated with reasonable expectation that the service life expectancy of the piping
will nat be significantly affecred.

Regular pressure eycling, outside of hydraulic transient situations, should net be accommedated in this way. When
such cycling is expected as a regular condition of operation, the highest pressure anticipated for the majority of the
operating time should be considered as the operating pressure and treated as though it would persist cantinuously for the
design life of the system.

SHOCK LOADS

Hydraulic shock loads (sometimes called “water hammer™) can be difficult to caleulate in complex systems, however, their
presence and cause can be predicted. For further information reference should be made to the “Waterhammer and
Hydraulic Transients” section of this manual.

It is often more economical o eliminate the cause rather than attemprt 10 accommodate seresses by increasing the
standard pressure rating of the selected pipe. It is known that under some conditions, a fighter weight pipe will be more
resistant to damage under these conditions than a heavier weight pipe and thas rigid materials and steuctures will increase
the magaitude of!;rhe stresses. Overpressure is not likely to be a limiting factor in design. Negative pressures, resulting

from column separation and pressure shocks resulting from the collapse of the separation, are mare likely to be limiting
tactors in design.

EXTERNAL LOADS

Performance limits with regard to earthloading design and external hydraulic loading follow the recommendations given
in “Earthloading - Design of Underground Piping Systems™ and “Vacuum and External Hydraulic Overpressure” sections
of this manual, Strcngﬁz requiremnents under these conditions are functions of the cube of the Dimension Ratio (DR)

ENVIRONMENTAL CONDITIONS

Temperature is the mosi tmportant environmental consideration. For operation at temperatures in excess of 73.4°F a
thermal service factor should be applied w0 the pressure rating as described in “Design Considerations Relared 1o
Environment” section of this manual.

Corrosive canditions are nermally not a consideration with SCLAIRPIPE, but they da occur in industrial processing
uses associated with strong oxidizing chemicals (see section on “Chemical Resistance and Permeability™).  Oxidation,
which results from exposure to certain aggressive chemicals is usually manifested by embrittlement of the surface and a
significant reduction in the fong-term stress resistance of the material.

The polyethylene material used in the manufacture of SCLAIRPIPE has a high resistance to cnvironmental stress
cracking. However, when the pipe is suressed in the presence of certain surface active chemicals, e.g. wetting agents,
environmental stress cracking can take place with a detrimental effect to the products projected long-term life.

When chemical resistance is in doubs, exposure tests are recommended. Generally these tests follow the pracedures
described in ASTM D543, Changes in tensile propetties can be measured on ting tensile specimens in accordance with
the procedures described in ASTM D2513, paragraph 8.6. Significant variation between control specimens and those
exposed to the chemical is generally accepted as evidence of corrasive degradation and decisions as to use of SCLAIRPIPE
in this application shall be made accordingly.

Direct assistance of KWH technical personnel is recommended where further explanation and assistance is reguired.
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Earthloading - Design of Underground Piping Systems

INTRODUCTION

This section defines the performance limits for SCLAIRPIPE polyethylene pipe in the following three burial
cnvironments - in varying soils and soil compaction levels, in firm soils where the buried pipe is subjected 1o external
hydrostatic pressure and in firm and loose soils with the buried pipe subjected to internal vacuum or net external
hydrostatic pressure. In all cases, the pipe is considered to be empty with no resistance to deflection contributed by
internal pressure.

Flexible conduits react to earthioads or external hydroszatic loads very differently than rigid pipes do. The natural ring
stiffness of the flexible pipe contributes only 2 smali portion of the toral resistance 10 deflection; most of the resistance
arises from the soil stitfness. When the buried pipe deflects stightly in the vertical axis, the accompanying outward
movement of the pipe side walls mobilizes the support available due to the stiffness of the surrounding soil envelope.
Figure 2 provides an illustration of this mobilization process. The pipe is supported against turther movement and
exiibits load-bearing capabilitics far greater than unsupported pipe. The amount of support which is avaitable in the
embedment soil is a direct consequence of the installation procedure. The stiffer the embedment materials are; the less
deflection occurs and the maore stable the pipe-seil system is.

DESIGN CRITERIA

When selecting the most appropriate wall thickness or DR for Sclairpipe to resist anticipated burial conditions or when
confirming, the adequacy of a selection which was made based on pressure class requirements three design criterion are
considered separately; vertical deflection, wall buckling and wall compression or crushing. The amount of deflection
which can be expected under specific burial conditions may be estimated using the form of the Towa pipe deflection
formuta presented below. The estimated vertical deflection as a percentage of the mean pipe diameter is then compared
to the safe design limits presented in Table 1. Tn order to verify the adequacy of the pipe-soil sysrem against wall buckling
or collapse the safe allowable buckling load {4.) is determined using the equation presented and compared o the
anticipated applicd loads. Compressive stress in the pipe walls may also be estimated and compared w0 the safe
compressive strength of HDPE which is conservatively estimated as 800 psi.

DEFLECTION WALL BUCKLING
Ay = (DWe + Wi} Kx 13 The safe allowabte buckiing load for the soil-pipe structure (g:}
£] + 0.061E'3 (1.0} is estimated as {ollows;

Where, Ay = predicted verticat pipe deflection in inches.
~-3. Do = the deflection lag factor o compensate for the
time-consolidation rate of the soil,
dimensionless.
Normally estimated as 1.5.

W = vertical scil load on the pipe per unit length, in
pounds per linear inch. We is estimated by
mulliplying the appropriate vaiue from Table 2 by
the outside diameter {in inches) of the pipe.

W, = live load on the pipe per unit iength, in pounds
per linear inch, W is estimated by multiplying the
appropriate value from Figure 3 by the outside
diameter (in inches} of the pipe.

e Kx = deflection coeflicient, dimensionless, Use 0.083
for most installations. .

r = mean pipe radius in inches.

r = (0D )2

tmn = mminimum wall thickness of pipe in inches.

—e E = Apparent modulus of elasticity of the pipe material
in psi. A fong-term apparerd modulus of 20,000
psi may be used in most situations.

I = the moment of inertia of the pipe wall for ring
bending in inchesinch.
I = t?12
e E' = modulus of soil reaction, in psi. The appropriate
value for E' should be seteclion from Table 3.
Table 1
SAFE DESIGN LIMITS
Dimension Allowable Vertical Ring
Ratio Deflection as a % of Diameter
BT (PR I
-1 _ . B0
A7 , ‘ 40
1" a3
9 2.6

@ = (DF) (32 Bw B E' EVDu0% 2.0}

Where: g. = sale allowable buckling load in psi.
DF = design factor, 0.40 <.
Rw = water buoyancy factor, calcuiated as follows;
Rw = 1-0.33(hsh); 0= h.2 K
Where: fiv = height of ground water surface
above top of pipe in inches.
h = height of ground surface above top of
pipe in inches.

H3

It

Soit toading
Iromn weight of
soil gbove pipe

Force mobilkized
through passive
resistance of
embedmeni matenal

Lateral outward
movement of pipe wall

Figure 2: Mobilization of Enveloping Soif through Pipe Deformation
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Table 3
Table 2 Embedment Classes per ASTM D-2321
Vertical Soil Load in Ibs.Jint

Depthto Top | Soil Density | Soil Density Soil Density Soil Densily §
e i a > 3 Degrez of Compaction

of Pipg in .fl. 90 bs i 100It_>sjt’ $10 1bs i ) _120 ibs.1t of fmbedmenl Naterial '
3 s y (Standard  Proclor)

Average Vake of £

Claes Soit Description Soil Dumped Slight  Moderale  Heaw
Group 8% W > %%
Symbol
1A Manufactured aggregate None 500 1600 3000 3000

angular open-graded and
clean. Inciudes crushed
slone, crushed shelis,

B Frocessed aggregaie, None 200 1000 2000 3000
angular dense-graded angd
clean. Includes Class 1A
material mixed with sand
and gravel to minimize

migration, ey
1l Coarse-graingd soifs, GW, GP, 200 1000 2000 ;3000
<lean. Includes gravels, Swy, sp § et

gravebsand mixtures, and
well and poory graded
sangs. Contains litle to
no fines {fess than 5%
passing ¥200).

i Coarse-grained soils, GW.GC, 200 000 2000 3000
borderling clean 1o “with SP-SM
- tines™. Comains 5% 0
30 12% fines (passing #200).
m Coarse-grained soils G, GC, 100 200 1000 2000
- CoRtaining 12% to 50% M, 5C
. . lines. Includes clayey
H-20 H:ghwﬁay Loading gravet, silly sands. ang
£:72 Railway | oading | clayey sands.

va  Fre-grained soils ML CL 50 260 400 1000
— ,\\3 (inorganic). Includes
= A : wnorganic silts, rock fiour,
= /E/S R silty-line sands, clays of
2 Spe, low 1o medium plasticily,
F] i3 s H and silly or sandy clays.
@ 'Oé?cr : Wb Fine-grained soils MM, G Mo date avaitable; consult a
b {inorganic). includes competent 50ils engineer,
L oo+ .t T distomaceous sills, ¢lastic Clhenvise use £’ equals ze10.
g im silts, lal clays.
(=} L Pact A Qrganic sois, includes O, OH, No date available; consuit a

q organic sills or clays and P competent soils engineer
peat. Cihenwise use £ equals zero.
07 35 6.9 X 10.4 13._9 .
Load (p.S.i:.} R £ values taken from Bureaw of Beclamation labie of average values and

modified stightiy herein to make Ihe valugs more conservative.
Figure 3: Live loading duc 1o vehicle wraffic

B = empirical coefficient of elastic support, COMPRESSION
dimensienless. Calculated as follows; The compressive stress which will exist in the pipe wall
B = (I + 4e0063H)1 due to anticipated burial loads () can be estimated using !
Where: ' = burial depth 1o the top of the pipe in fi. the following equation;
Dae = mean pipe diameter (O.D. - toin) é"*
g0 o= (W s Wi / (Ztmin) (3.0)
For most pipe installations satisfaction of the wall
buckling sequirement is assured when the following )
equation is true; Satisfa_ction of r.he Yva]l COMPpression is assuted when the
Yehe + Re(W/Dag) + Pu < g5 (2.1 following equation is truc;
o < 800 psi 3.1y

Where; v = specified weight of warter {that is, 0.0361
Ibs./in.3) in pounds per cubic inch,

P. = internal vacuum pressure (that is,
atmospheric pressure less the absolure
pressure insi(i)e of the pipe), in pounds
per square inch.

In some situations, consideration of live loads in addition
to dead loads may be appropriate. However, simultaneous
application of the live-lpad and internal vacuum transients
need not normally be considered. When live loads are
being considered, the buckling requirement is assured
when the following equation is true;

'Y\\‘/?n + R\\'(WcJ’Davg) + Wi/D:wg < 6}.1 (22}

i
T
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CRITICAL PRESSURE FOR UNSUPPORTED PIPE:

In locations such as bogs, swamps or underwater, empty polyethylene pipelines can collapse if subjected 1o an excessive
external/internal pressure differential.  Such differential pressures may be caused by drawing a vacuum or by simply
increasing the external hydraulic loading. Limiting critical pressures have been calculated from the modified Towa
Equation using a modulus {pipe stiffness} equivalent to 50 years of exposure to the critical pressure. Table 4 shows the
critical pressure at 73.4°F for various pipe DRs or wall thicknesses. These critical pressures will cause full collapse of a
pipe which has no initial deflection and is subjected to no stresses other than the net external pressure. However, damage
can result to the pipe through excessive straining before full collapse, necessitating other safety factor considerarions. For
more information on the selection of pressure rating for unsupported pipe, see the section on Vacuum & External
Hydraulic Overpressure.

Table 4
CRITICAL PRESSURES FOR PIPE WITHOUT SUPPORT

R . Net External
Dméensmn Critical Pressure {Pcr)
atio (psi)
LR L L A
26 T o
2V ilay . . 86
oo .4 ... 88
B 1= IR - 1= L
135 b ... 135
17 S R B50
9 457

CRITICAL PRESSURE FOR SOIL-SUPPORTED PIPE:
Experimental work has shown that seil-supported pipe has a much greater capacity o withstand vacuum or net external
pressures than pipe without support. This is particularly important when evaluating the effect of negative hydraulic
transient pressures that may arise in pressure lines with sudden valve closures or pump failures. Treaunent of this
problem should be refersed to your nearest KWH Pipe office.

Bedding Limitations:

* Always level the trench bottom, taking care to remave all sharp rocks and/or protrusions within 6 inches of the pipe,

* Ensure that the bedding material is worked into uniform contacs with the pipc at the haunches.

* When bedding soil is non-compactible by its own weight, use mechanicat compactions - DO NOT
MECHANICALLY COMPACT DIRECTLY ON TOP OF THE PIPE - PLACE ONE FOOT QF BEDDING
BEFORE COMPACTING DIRECTLY OVER THE PIPE.

* Do not allow rocks or frozen clods within a one foor bedding “envelope” around the pipe.

* See the Construction brochure for further details and bursial information.

SAMPLE PROBLEM: Part 2 Wali Buckling;
h. = 0.00in.
Problem R. = 1,00
A 48" DR32.5 sewer pipe is to be buried with a depth of B = (1 + 4005 X 10)1
cover of 10 feet to the top of the pipe and must withstand = 0.324
H-20 truck tratfic. Davg = 48 - 1.453
It the pipe is above the groundwater table and embedded in = 46.547 in.
Type IB material {vs = 110 Ibs/ft) compacted to 85% < Qe = (H2.5)(3240.324%3,000x30,000%0.256/46.5473)95 (2, 0}
Standard Proctor Oensity, is the pipe selection adequate? = 11.24 psi
Now check:
Solution 0.0361x0.00 + 1.00x364.8/46,547 + 67.2/46.547 < ¢ {2.2)
Part 1 Dellection; 9.281 psi < 11.24 psi
We= 7.6x48 = 364.8 lbsfin, . Pipe selection is adequate for buckling criteria
We= 14x48 = §7.2 lbsfin,
ro= (48-1.453)2 = 23.274in. Part 2 Wall Compression: {3.0)
Foo= 14533/12 = 0256in. a. = (364.8 + 67.2) / (2x1.453)
E' = 1,000 psi = 14B.658 psi
0. < B0O psi 3.1
Soy= (1.5 x364.8 + 67.2) 0.083 x 23.2743 (1.0} . Pipe selection is adequate for walt crushing criteria

30,000 x 0.256 + 0.061 x 1,000 x 23274
Since the selected pipe meets the requirements ot all three
= 0.828in. of the design criteria the pipe selection is structuraliy
= 1.78 % ol the mean pipe diameter adeqguale.
. Pipe selection is adequate for deflection criteria
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Designation: D 4833 - 07

Standard Test Method for

Index Puncture Resistance of Geomembranes and Related

Products’

This standard 15 wsued under the fived designation D 38330 the nwmber immediately foBowing the desipnation indicales the year of

oneinal adopton or, in e caswe of revision. the vewr ol last revedon. A number 1in parentheses sndicates the year of last reapproval. A

superscript epstion e dicates an editorial chinge sinee the ast reviston ur reapproval

1. Seope

F.1 This test method s used to measure the index punciure
resistance of geomembranes and related products.

1.2 The wse of Test Mcthod 1D 4833 may be inappropriate
for testing sume woven geotexliles or related products which
have barge openings. such as geonets wnd geognds.

E3 Tt is recommended that geotextile and geotexiile related
products be ested using Test Method D 6241,

L4 Fhe values stated sn ST umits are to be regarded as the
standard. The values provided in inch-pound units are for
ifarmation only.

1.3 This standard docs nor purport 1o address all of the
safery concerus. if any, associated with it wse. It is the
responsibifity of the user of this standard 1o esiablish appro-
priate safery and health practices and determine the applica-
bility of vegulatory fintitciions priov 1o se.

2. Referenced Docunients
2.1 ASTM Standurey: ©
[y 76 Specitication for Tenstle Testing Machines for Textiles
D123 Terminology Relating to Fextiles
D 1776 Practice for Cenditioning and Testing Texiiles
D 2905 Practuce for Statemenis on Number of Specimens
for Textiles
4354 Pracuce for Samphing of Geosynthetics for Testing
D 4439 Terminology for Geosvnthetios

D 6241 Test Method for the Static Puncture Strengeh of

Geotexiiles and  Geotextile-Related  Products Using a
50-mm Probe

3. Terminology
3.0 Definirions:

"This rest method nounder the unsdenen of ASTM Comminee D23 on
Grosynthetios wd s Ui divecy wespeasabiliny of Subcommingee 501 an Mechan
cal Propertses

Corrent odition approved Pee 1o 2007 Pubbchwed Zanssary 2008, Graginally
approved i [98S, Last provious cdinm approsed n 2000 as D4 E33-00

? For reterenced ASTAT stadards. visit the ASTM website, www.asim org. or
contact ASTM Customer Service af servieed asimorg, For Annnad Book o ASTAS
Staredeerds volnne mberision. reler 1o the vandacd s Dociment Senstary page on
the ASTM websie

Cepyront € ASTH ttematenal 150 By Haroar Dove. 80 Box G700, West Conshohocken #4 18426.

3.0 amnosphere for testing geotexiiles. n-—— ai maintained
at a relative humidity of 65 % 3 % and a temperature of 21 *
2°C (70 2 A°F).

312 gemnembrane, n——very low permeability  synthetic
membrane liners or bamiers used with any geotechnical engi-
neenng related material so as to controb fluid migration i a
man-made project. structure, or sysiem.

3.1.3 index rest. n——a test procedure winch may contain a
known bras but which may be used 1o establish an order for a
set of specimens with respect to the property of interest.

314 punciure resistance (). n-the inherent resisting
miechanisim of the test specimen to the fatlure by a penctrating
or puncturing object.

3.2 For definitions of other terms relating 10 geosynthetics
used in this standard, refer 10 Terminology 1 4439,

4. Summary of Test Method

4.1 A test specimen is clamped without tension between
circular plates ol a ring clamp attachment secured m a tensile
testing machine. A force is exerted against the center of the
unsupported porton of the test specimen by a solid steel rod
attached 1o the load indicator umil rupture of the specimen
oceurs. The maximum force recorded is the value of puncture
resistance of the specimen.

5. Significance and Use

5.1 This test method is an index test for determining the
punciure resistance of geomembrines and related products,
The use of this test method 1s to establish an index value by
providing standard criterta and a basis for uniform reporting.

5.2 This test iethod is consudered sansfactory for accep-
tance testing of commercial shipments of geomembranes and
related materials since the test method has been used exten-
sivelv in the trade for acceptance testing.

52,10 In case of a dispute arising from differences 1n
reported test results when using this test method Jor acceptance
testing of commercial shipments. the purchaser and the sup-
plier should conduct comparative wsts to determine if there is
a statistical bias between their laboratories. Competent statis-
tical assistance is recommended for the investigation of bios.
As a mammun. the two parties should take a group of test
specimens that are as homogencous as possible and tha are

2952 Unued Stales




Ak D 4833 07

from o lot material of the type In question. The 1est specimens
should then be randomly assigned in cqual numbers ko each
laboratory {or testing. The average resuhs [rom the two
laboratories should be compared using Student’s r-west Tor
unpaired data and an acceptable probability level chosen by the
two partics before the testing is begun. If a bias 1s fowund. eisher
its cause must be found and corrected or the purchaser and the
supplier must agree o interpret future test results i the light of
the known bias.

6. Apparatus

6.1 Tensile/Compression Testing Muchine. of the constant-
rate-of extension {CRE) type. with avtographic recorder con-
forming to the requirements of Specification 12 76, See ¥z 1.

6.2 Ring Clamp Attachment. consisting of concentric plates
with an open internal diamcler of 45 2 0025 mm (1772 &
0.001 in, capable of clamping the (est specimen without
slippage. A suggested clamping arrangement is shown ia Fig |

and Fig 20 The external diameter 3s 1o be a minimum of 100
134937 3. The diameter of the six holes used lor securing the
rng clamp assembly is sugeested 1o be 8 mm 0,135 in.) and
cqually spaced at a radius of 37 mm (2,95 in.). The surfaces of
these plates con consist ol grooves with O-rings or coarse
sandpaper bonded onto opposing surfaces.

0.3 Solid Steel Rod. with a diameter of 24 (0 mm (0315
0004 1n.) having a flat end with 2 45° = 0.8 mm (0.315 in.}
chamfered edpe contacting the test specimen’s surface. Sce
Fig. T and Fig. 20

7. Sampling

7.0 Lot Sample--Divide the product into lots and ke the
fot sample as directed in Practice 1 4334,

7.2 Laboratery Sample—For the laberatory sample, ke a
swaltch extending the full width and of suthicient length along
the selvage. from each sample roli so that the requirements of
73 and ¥b can be met. Take a sample that will exclude

FHG, 1 Photegraphs of Test Setup and Fixture

2
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100 mm? 0.025mm DI .

- 45 mm 10 025mm DA

ALL HOLES 8 mm DA
CQUALLY SPACED

- 37 mmiao25mm RAD

GEQTEXTRE -—»/
AND/OR GEOMEMBRANE

"L FACKG SURFACES
GROGYED WiTH O-RING
O COARSE SANOPAPER

FIKED TO PLATES

FIG.

129 mm

I S——

18 mm

Beovel

¥
R

+10 Machine Finish 0.8 wom x 457 Chamler
FIG. 3 Test Probe Detail {Nol 1o Scale)

material from the outer wrap and innes wrap around the core
unless the sample is 1aken at the production site. then mner and
outer wrap material may be uscd.

7.3 Test Specimens—Select trom the laboratory sample the
number of specimens directed in Section 8. Minimum speci-
men diameter is 100 mm {4 in.) to facilitate clamping. Space
the speeimens along a diagonal on the unit of the laboratory
sample. Take no specimens nearer the selvage or edge of the
geotextife sample than Ve the width of the geotextile sample.

8. Number of Specimens

8.1 Reliable Fsthmaie of v-When there is a relizble esti-
male of v based on extensive past records Tor similar materials
tested in the user’s laboratory, caleolate the number of speci-
mens per umit mn the Jaboratory sample using Eq 1:

Lo '
o {pfal s im0 th

Lt

2 Test Fixture Detlail (Not to Scale)

where:

number of specimens (rounded vpward o a whole
awmnher),

rehable estimate of sthe coefficient of variation for
individual observations on similir materials in the
user’s laboratory under conditions of single-operator
precision,

vahue of Stedent’s test for two-sided Timits {see Table
11 oa 95 % probability level, and the degrees of
frecdom associated with the estimate of v, and

6 % of the average. the value of the allowable vasi-
able.

8.2 No Rehiable Esmnate of v--When there is no reliable
cstimate of v in the user’s laboratory, specify the fixed number
of 5 specimens for geomembranes per swatch in the lnboratory
sample and 5 for other related products. This number of
specimens 15 calcufated using v = 10 % of the average, which
s a somewhat farger value of v than is uwsually found in
practice. When a rehable estimate of v for the user’s Iaboratory

TABLE 1 Values of Student’s t for Two-Sided Limits and the
95 % Probability”

o 1025 di 1025 dt L0256
1 12.706 i1 2.201 21 2080
2 4.303 12 2179 22 2074
3 3.182 13 2.160 23 2.069
4 27786 14 2.145 24 2.064
] 2.571 15 2.131 25 2.060
& 2.447 16 2.120 26 2.056
7 2.365 17 2.110 27 2.052
8 2.306 18 2161 28 2.048
g 2.262 19 2093 29 2.045
i0 2.228 20 2.086 nt 1.960

“Values in this table were calculated using Hewlett Packard HP 67:97 Users
Library Programs 038480, "One-Sided and Two- Sided Crilicat Values of Student's
I ang 003500, “improved Normat and Inverse Distribution ™ For values at other
than the 95 % probabdlity tevel. see published tables of critical values of Student's
! in any slandard statistical text. Further use o this fable is defined m Practice C
2905
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becomes available. Eq 1 will usually reqaire fewer than 15
specimens per swatch in the Jaboratory sample.

9. Conditioning

Q.1 Bring the specimens o moisture equilibrium in the
atiosphere for testing (3.1). Equilibrium is considered to have
been reached when the increase in the mass of the specimen. in
successive weighings made at imtervals of not less than 2 b
does not exceed (1 % of the mass of the specimen.

H). Precedure

0.1 Sclect the load range of the ensile/compression testing
machine such that the rapture occurs between 10 and 90 % of
the full-scale load.

10.2 Cemier and secure the spechimen between the holding
plates ensoring that the test specimen extends 1o oF bevond the
outer edges of the clamping plates.

10.3 Test at a machine speed of 300 % 10 mm (12 m, & 1~
in.ymin until the punctare rod completely ruptures the test
speciert.

Nore 1--The rate of testing specitied is not an indication of the
performance of the specimen for its end usc.

10.4 Read the puncture resistance from the greatest foree
registered on the recording instrument during the test. For the
testing of composite geomembrane materials. there may be a
double peak. If so. the initial value should be reported even if
the second peak is higher than the first one.

. Calowlation

111 Calculate the average puncinre resistance and standard
deviation for all tests as read dircelly from the recording
instrument.

12. Report

12.1 State that the specimens were treated as directed in Test
Method D 4833

12.2 Report on the tollowing information:

12.2.1 The method of holding the test specimen in the
clamping device.

12.2.2 The average puncture resistance of the specimens
tested.

12.2.3 The coetlicient of variation (6 known) and standard
deviaion for cach group of specimens.

12.2.4 The variaton, 1f any. {rom the described test method.

13. Precision and Bias

13.1 Precision——The precision of the procedure in this test
method for measuring the punciure resistance of geotextiles.
ccomembranes, and related materials is being cstablished.

13.2 Bias-—The procedure in this test method for measuring
the puncture resistance of geomembrancs and related materials
has no hias because the value of that property can be defined
only in terms of a test method.

14. Keywords

14.1 geomembrancs: punclure: pupcture resistance

ASTM International lakes no position respecting the valididy of any palent rights assered in connection with any iferm mentioned
in s standard. Users of this standard are expressly advised that determnation of the validity of sny such patent rights. and the nisk

of infringement of such rights. are entirely ther own responsitility.

This standard is subject to rewision al any ime by the responsibie techmeal commitiee and must be reviewed every fve years and
it not rewised. either reapproved or withdrawn. Your comments are inviled either for revision ol this standard or for additonal standards
and should be addressed lo ASTM international Headquarters. Your comments will receive carelul consideration at a meeling of the
responsible techmcal commitiee. which you may altend. If you feet that your comments have not received a fak heanng you should
make your views known to ihe ASTHM Commiliee on Standards. at the address show below.

This standard is copvrighted by ASTM Internabonal. 100 Barr Harbor Drive, PO Box C700, Wes! Conshofiocken. PA 19428-2959.
United States. individual reponts {single of multiple copies) of s standard may be obiained by contacling ASTM ai the above
address or ai 610-832-9585 phonej, 610-837-9555 (fax). or service@asimorg (e-maily; or through the ASTM website

{www.astm.org).




