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PIMA COUNTY
WASTEWATER RECLAMATION
JACKSON JENKINS 201 NORTH STONE AVENUE PH: (520) 724-6500
DIRECTOR TUCSON, ARIZONA 85701-1207 FAX: (520) 724-9635

TECHNICAL MEMORANDUM

August 21, 2018
(Revised November 9, 2018)

TO: Eric Wieduwilt, P.E.
THRU: Carol Johnson, P.E., Francisco Galindo, P.E.
FROM: Kevin Josker, P.E.

SUBJECT: Engineering Design Standards, Appendix A — Scour Procedures

Sewer wash crossings are regulated per Pima County Standard Specifications and Details for Construction
2016 and Arizona Department of Environmental Quality (ADEQ) R18-9-E301(D)(2)(c)(i). They require the
use of Ductile Iron Pipe (DIP) or pipe with equivalent tensile and compressive strength, shear resistance,
and scour protection. Pima County Engineering Design Standard (EDS) 5.1.11(A) requires placement of the
sewer line a minimum depth of 2-feet below the Maximum Predicted Scour Depth, Zmax. The upper limit is
the total single-event (100-year) scour depth (Zrsg), plus long term aggradation or degradation depth (Z.1p)
(EDS Appendix A, 1V(4.1). Lateral loading from moving water and soil is eliminated on the pipe (the base,
haunching, and shading are not affected). Because no lateral forces from moving water or soil are applied
to the sewer line, the pipe does not require anchorage to a support structure or other special protection.

The State of Arizona has granted Pima County Department of Environmental Quality (PDEQ) authority to
review, approve, and permit sewer construction plans in Pima County. Recently, PDEQ indicated they may
provide a blanket waiver of the DIP requirement for installations if the available alternatives meet good
engineering practice. RWRD recommends the practices described on the following pages as meeting the
required criteria.

DESIGN CONSIDERATIONS

Engineering design of buried pipes require the pipe to perform while considering the static loads, live loads,
and impact potential.

Static Loads - The deeper the pipe is buried, the larger the static loads, therefore, deep pipes have very
heavy static loads. Flexible pipes do not react like rigid pipes, they deflect rather than crack. Surrounding
soil becomes part of the support system. Soil stiffness is dependent on the level of compaction achieved
around the pipe. The higher the compaction, the less the pipe deflects!.

Dynamic Loads - Of greater concern to sewer design engineers are live loads on deep pipes. Usually
HS20 loading is the design condition used to represent tractor-trailer traffic, which will be missing in wash
crossings. Larger loading for wash maintenance vehicles is considered for scrapers, etc. Dynamic loading
dissipates as depth increases. Proper backfill and compaction of the sewer bedding is important.

PVC Pipe Materials — Polyvinyl Chloride (PVC) sewer pipe normally used in RWRD'’s collection system is
Standard Dimension Ratio (SDR) 35. This table indicates the physical characteristics of pipe available for
installation.
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Sewer Pipe Size Comparison?

Exterior Interior Minimum

Pipe Size SDR Diameter Diameter Wall Thickness
PVC 8 35 8.4” 7.92” 0.240”

26 8.4” 7.75" 0.323”
PVC 10 35 10.5” 9.90” 0.300”

26 10.5” 9.69” 0.404”
PVC 12 35 12.5” 11.78" 0.360"

26 12.5” 11.54” 0.481"
PVC 15 35 15.3” 14.43" 0.437"

26 15.3” 14.12" 0.588"

Calculating Allowable Burial Depth — Failure criterion is not fracture strength, instead, it is measured by
pipe diametric deflection. Industry recommendations for maximum deflection when used for gravity sewers
is 7.5%. Safety factors of 4:1 or 6:1 are incorporated into this calculation®. Pipe deflection is estimated by
use of an empirical equation known as the “Modified lowa Equation™.

MODIFIED IOWA EQUATION

% Deflection = [0.1 (W' + P) 100] / [0.149 (PS) + 0.061 (E')]

Where:

% Deflection = predicted percentage of diametric deflection.
W' = Live Load (psi): pressure transmitted to the pipe from
traffic on the ground surface. Live Load values are

found in Table 2.

P = Prism Load (psi): pressure acting on the pipe from the
weight of the soil column above the pipe (also called

"Dead Load"). Prism Load values are found in Table 3.

PS = Pipe Stiffness (psi): a flexible pipe's resistance to deflection
in an unburied state. Pipe Stiffness values for JM Eagle
products are found in Table 4.

E' = Modulus of Soil Reaction (psi): stiffness of the embedment
soil. Values for Modulus of Soil Reaction are found in

Table 5.

In the example wash crossing, the location selected is the Rillito Wash east of 15t Avenue. This location is
typical of the larger washes in town in that it is wide and conveys a large volume of runoff (Q > 10,000 cfs),
specifically 32,013 cfs. Parameters considered include General Scour Depth (Zg) and Anti-Dune Trough
Depth (Z»). Other factors (Bend, Abutment, Confluence, Pier, Culvert, and Drop) were not considered
because they are not present. Long term aggradation/degradation and thalweg elevation are not known at
this location. A safety factor (Cy) of 1.55 was used.

Pima County Regional Flood Control District (RFCD) utilizes an Excel Spreadsheet based on the Michael E.
Zeller procedures and guidelines presented as Appendix A in the Engineering Design Standards. Following
is a copy of the results based on RFCD information. Blue boxes indicate given information from RFCD
models, the yellow box is the calculated scour depth.
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SDR 35 was used in the calculation and has a minimum pipe stiffness of 46 psi (Table 4)°. The Modulus of
Soil Reaction of 2,000 psi for a high degree of compaction for a Class Ill soil was used (Table 5)°. Note the
Prism Load of soil and water of 9.33 psi is lighter than a soil load, only, of 13.33 psi (Table 3)’, considering a
Soil Unit Weight of 120 pcf and a height of 16-feet. The percent deflection of 0.72% is far less than the 5%
according to ASTM D2412 and the RWRD SSDC Section 3.2.2(C).

In a dry wash situation, an occasional maintenance vehicle may drive over the pipe with a loading greater
than an HS20 live load. Consider the loading from Table 28 for an HS20 load. At 7.40-feet the live load is
approximately 1.00 psi (W’), the prism load (Table 3) is approximately 6.0 psi (P), pipe stiffness (PS) is 46
psi, and E’ is 2,000 psi. Plugging into the Modified lowa Equation, the percent deflection is 0.54%, still
considerably lower than 5%. Greater loadings than HS20 are analyzed near the end of this report.

A hypothetical calculation is included for comparison, increasing the loading on a 12-inch pipe, 20-feet
below the bottom of the channel bed, with a water depth of 10-feet. The scour zone is estimated to be 6.25-
feet and is proportional to the previous example. The depth of cover is then 13.75-feet and assumed to be
wet, not saturated, to provide an extreme situation. Also included is a wet (no surface flow) and dry
situation. Results indicate percent deflection still considerably lower than 5%.

SDR 35 pipe is more than adequate for use in this application and is equivalent to the performance of DIP.

DIP Disadvantages

Pima County Regional Wastewater Reclamation Department (RWRD) intends to eliminate use of ductile
iron pipe (DIP) for new sewers, replacements, and repairs to the maximum extent possible. DIP
experiences internal pipe corrosion associated with exposure to sewer gases and routine maintenance.
RWRD has experienced lining failures on DIP for many years and has tried various pipe coatings with little
or no success. Often the coatings appear promising based on lab tests or manufacturing data, however, in
actual practice the interior coatings tend to quickly fail, or fail quality assurance tests at the construction site.
These failures diminish the flow capacity, and require additional maintenance. Cured In Place Pipe (CIPP)
has been used to line the interior of pipes after corrosion has been cleaned, adding additional structural
strength (4,500 psi for resin cured/felt composites)®. CIPP manufacturing and installation costs are very high
and are installed by specialized contractors.

RWRD Conveyance Department has inspected thousands of miles of the sewer system with Closed Circuit
Television (CCTV). Internal protective coatings have deteriorated within five years of installation and must
be repaired. Several coating products have been used with no success (see pictures end of memao).

Disadvantages of using DIP:

1. Subject to external corrosion (galvanic and electromagnetic currents due to soil chemical reactions).
2. Subject to internal corrosion (due to hydrogen sulfide gas production).
a. Effective lifespan reduced, and
3. Requires the application of coatings and wraps®°.
a. Externally with an asphaltic compound by the manufacturer, then wrapped in polyethylene
sheets when installed.
b. Internally with cement-mortar lining, polyethylene, and petroleum asphaltic coal tar epoxy*’.
4. DIP is heavy, requiring the use of heavy equipment and larger work crews for installation. The laying
lengths are 18- and 20-feet, weighing 425/475 Ibs for an 8-inch pipe up to 4930/5460 Ibs for a 36-
inch pipe'2. A work crew would typically consist of five people.
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Over the last three years, the Conveyance Department reported 157 pipes were lined at the cost indicated
in the table below.

None of the PVC assets installed in the last 15-years have

Over 3 10C Years* required any lining, or experienced any type of failure,
Assets Feet Actual Cost according to Conveyance Department records. PVC would have
157 28,200 53.2 M

provided considerable cost savings to the County if used at

Open Work Orders . . . .
e o2 —— msta_llatlon,_funds that (_:ould have been de3|gnat_ed for updating
157 831,000 $06.0 M and improving the public sewer system. Expenditures for
* Conveyance Department Costs reported June 2018 malntalr“ng the EXIStIng 482 DIP aSSE'[S C|ted Could exceed
$96M, bringing the total to over $100M.
Conclusion

PVC is resistant to chemical corrosion, abrasion, and wear without any coatings or liners. Its smoother wall
surfaces reduce fluid friction and resistance to flow resulting in higher capacity and lower maintenance
costs. PVC pipe is light weight and presents a lower cost for transportation and installation than DIP. It is
more flexible than DIP, with a higher modulus of elasticity. Laying lengths are 14- and 20-feet, weighing
60/85 Ibs for an 8-inch SDR 35 pipe up to 1302/1860 Ibs for a 36-inch PS46 pipe’®. A work crew of 3 people
could handle installation of this pipe.

Advantages of using PVC include*:

PVC is lighter than DIP, costs less, is transported easily, installs for less.

PVC is compatible with any natural soil condition

PVC does not require corrosion protection internally or externally.

PVC is not subject to galvanic and electromagnetic effects.

PVC reduces operation and maintenance costs.

PVC tensile strength and modulus of elasticity are more than adequate for its application.

o0k wnNpE

PVC SDR 35 pipe meets the expectations of an “approved equal”’ to DIP for the applications and service life
contained in the Pima County Engineering Design Guide for sanitary sewer. PVC can be utilized for wash
crossings below the scour depth as depicted in the Scour Procedures and Guidelines for Sanitary Sewer
Crossings of Alluvial Watercourses. It can be used within the scour depth if scour protection is constructed
as depicted in RWRD Standard Detail 113 and Figures 6, 11, and 12 of the above mentioned guidelines.
PVC can be used in above ground wash crossings as long as the pipe is protected from UV exposure,
adequate joint restraints are specified and necessary pipe supports are constructed.

It is recommended PDEQ be allowed to specify the use of PVC in the mentioned conditions of wash
crossings.

RWRD Standard Detail 113 depicts a sewer wash crossing within the scour zone. DIP with restrained joints
is recommended, protected by a reinforced shotcrete dike. The walls are a minimum 6-inches thick. The
upstream toe down is equal to the Total single-event (100-year) scour depth, Zrsg, in feet. The downstream
toe down elevation extends deeper into the earth at an elevation that includes (Zrse + Z.mo (long term
aggradation or degradation) = Zuax) + 2-feet. This grade control structure provides adequate protection for
the pipe in a 100-year storm event. SDR 35, 26, or C-900 PVC pipe should replace DIP and provide the
maintenance free service and extended life cycle PVC is known for.
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Rillito River Scour Example

The yellow line represents water surface elevation (2320), extending bank to bank.

AW IST N

Figure 1
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A graphical representation for this location utilizing a 24-inch pipe.

Rillito River Scour Example

Water Surface Elevation 2320.00
Top of Bank

E::? Maximum depth of flow in channel

Flow YMPJ{ =8.60 If

Bottom of Channel Elevation 2311.40

Maximum Scour Depth (100-year)

Zrop = C(Zgtdpt+EZ+Ep+Lo+L)) Equation 4.1.3
S Cy=1.55 ft
Scour Zz=1.76 ft
Z,=1.70 ft

ZTF ZB! ZCr ZL =0

Long term aggradation or degradation not considered

Zige = 5.40 If
R Bottom of Scour Elevation 2306.00
Clear Clearance from bottom of scour = 2.00 If
No lateral pressure Top of Pipe Elevation 2304.00

24 inch PVC Pipe

Bottom of Pipe Elevation 2302.00

Direction of Flow
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Flow Zone Wiyyarer = 62.4 pef x B.60 If = 537 psf

Scour Zone Wigar = 5.40 If x 92.00 pcf = 497 psf
Use maximum dense saturated weight
Mote buoyancy decreases load on pipe

Clear Zone Wiyyer = 2.00 If x 155.00 pef = 310 psf

Use maximum dense wet weight instead of saturated weight
to eliminate buoyancy concerns

WergraL = Wiyarer + Wiear + Weyer psf

WtTDTAL = {53? + 497 + 310} psf = 1344 pSf
9.33 psi
Wet Zone Mo water on channel surface, cover wet
Wiy = 7.40 If x 155.00 pef = 1147 psf
7.97 psi
Dry Zone Mo water
Wipey = 7.40 If x 120.00 pcf = 888 psf
6.17 psi

MODIFIED IOWA EQUATION

% Deflection = [0.1 (W' + P) 100] / [0.149 (PS) + 0.061 (E')]

Where:

% Deflection = predicted percentage of diametric deflection.
W' = Live Load (psi): pressure transmitted to the pipe from
traffic on the ground surface. Live Load values are

found in Table 2.

P = Prism Load (psi): pressure acting on the pipe from the
weight of the soil column above the pipe (also called

"Dead Load"). Prism Load values are found in Table 3.

PS = Pipe Stiffness (psi): a flexible pipe's resistance to deflection
in an unburied state. Pipe Stiffness values for M Eagle
products are found in Table 4.

E' = Modulus of Soil Reaction (psi): stiffness of the embedment
soil. Values for Modulus of Soil Reaction are found in

Table 5.

Engineering Design Standards, Appendix A — Scour Procedures
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Water, Scil Pressure

Scour Zone W' 0 psi
P 9.33 psi
PS5 46 psi
E 2000 psi

Soil Pressure

Wit et W' 1 psi
P 7.97 psi
PS5 46 psi
E' 2000 psi

Soil Pressure

Wipey W 1 psi
P 6.17 psi
PS5 46 psi
E 2000 psi

% Deflection

0.7243%
<< 7.5%

% Deflection

0.6185%
<< 7.5%

% Deflection

0.4788%
<< 7.5%

Engineering Design Standards, Appendix A — Scour Procedures
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Hypothetical Scour Example
Water Surface Elevation

Top of Bank

Maximum depth of flow in channel

Flow Yauax = 10.00 If

Bottom of Channel Elevation

Z,e=6.25If

Bottom of Scour Elevation

Depth of Cover

—> Yeover = 13.75 If

Clear

No lateral pressure

Top of Pipe Elevation

12 inch PVC Pipe

Bottom of Pipe Elevation

Direction of Flow
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Flow Zone Whyarer = 62.4 pcf x 10.00 If = 624 psf

Scour Zone Whear = 6.25 If x 92.00 pef = 575.00 psf
Use maximum dense saturated weight
Note buoyancy decreases load on pipe

Clear Zone Wyer = 13.75 If x 155.00 pef = 2131.00 psf
Use maximum dense wet weight instead of saturated weight

to eliminate buoyancy concerns

Wirgra, = Whiyarer + Wigar + Whyygr psf

WtTGT.ﬂL == {524 + 575+ 2131} pS‘F = 3330 pEf
23.12 psi
Wet Zone Mo water an channel surface, cover wet
Whtyer = 20.00 If x 155.00 pcf = 3100 psf
21.53 psi
Dry Zone MNo water
Wipey = 20.00 If x 120.00 pcf = 2400 psf
16.67 psi

MODIFIED IOWA EQUATION

% Deflection = [0.1 (W' + P) 100] / [0.149 (PS) + 0.061 (E')]

Where:

% Deflection = predicted percentage of diametric deflection.
W' = Live Load (psi): pressure transmitted to the pipe from
traffic on the ground surface. Live Load values are

found in Table 2.

P = Prism Load (psi): pressure acting on the pipe from the
weight of the soil column above the pipe (also called

"Dead Load"). Prism Load values are found in Table 3.

PS = Pipe Stiffness (psi): a flexible pipe's resistance to deflection
in an unburied state. Pipe Stiffness values for IM Eagle
products are found in Table 4.

E' = Modulus of Soil Reaction (psi): stiffness of the embedment
soil. Values for Modulus of Soil Reaction are found in

Table 5.
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Water, Saturated, Wet % Deflection

Wi ora, W 0 psi 1.7943%
P 23.12 psi << 7.5%
PS 46 psi
E' 2000 psi
Wet Soil % Deflection
Wryer W 0 psi 1.6709%
P 21.53 psi << 7.5%
P5 46 psi
E' 2000 psi
Dry Soil % Deflection
Wigay W 0 psi 1.2937%
P 16.67 psi << 7.5%
PS 46 psi
E' 2000 psi

Engineering Design Standards, Appendix A — Scour Procedures
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Table 2

LIVE LOADS ON PVC PIPE

HEIGHT OF | LIVE LOAD TRANSFERRED TO PIPE, (LBS/IN?) |
COVER (FT) [ HIGHWAY H20" | RAILWAY E80 | AIRPORT®

1 1200

2 5.06 26.39 13.14
3 417 23.61 12.28
4 2.78 18.40 11.27
2 1.74 16.67 10.09
6 1.39 15.63 B8.79
7 122 12.15 7.85
-] 0.69 11.11 6.93
10 A 7.64 6.09
12 * 5.56 4,76
14 2 417 3.06
16 % 3.47 2.29
18 % 2.78 1.01
20 ¥ 2.08 1.53
22 : 1.91 1.14
24 i 1.74 1.05
26 % 1.39 2
28 N 1.04 -
30 5 0.69 &
35 T Z %
40 o 7 =

! Simulates 20 ton truck trafiic + impact.

? Simulates 80,000 I/t railway load + impact.

* 180,000 lbs. dual tanderm gear assambly; 28-inch spacing between tires and 68-inch center-to-
center spacing between fore and aflt tires under a rigid pavernent 12 inches thick + impact,

* MNegligitile liva load influance.

Table 4

All have a minimum pipe stiffness of 46 psi

SDR 26 has a minimum pipe stiffness of 115 psi.
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Table 3

1
z
3
4
5
L]
Fi
B
a4
1o
1
12
13
14
15
18
17
18
15
a0

B P [i>] L1~

EHEREBEBEEBEERS

BE8E

43

45
G
a7
413
13

278
347
417
4.96
5.66
6.25
.34
T.B4
B.33
8.03
972
1042
1111
11.81
1250
1318
1389
14.58
15258
15497
16T
17.36
1808
18T
19.d4
20014
JOES
253
e
2292
2361
24.31
2500

2r.08
28
2847
2017
2986

3125
3194
Zed
3335
.03
T2

611

EBE

TE4

&40

24T

Qs

10.62
11.46
12.22
12.99
13.76
14.51
15.28
16.04
168.84
17587
1R.33
1810
19.86
20.63
21.39
22.16
22.92
23.68
24.44
25.21
25.97
26.74
27.50
28.26
28.03
28,79
30.56
.32
J2.0a
32.86
3381
34.38
35.14
35.80
36.67
ar.4a
3819

10,42
11.28
1215
13.02
13.83
14.76
15.63
1645
17.36
18.23
18.10
19.97
2083
2170
2257
23.44
243
2517
26,04
26,31
of. 7
28,65
20.51
a0.38
31.25
3212
32.89
33.95
3472
d5.59
36.46
dr.a3
38.19
39.06
38.93
4080
4167
42.53
A3.40

3069
A160
A2.50
3340
54.31
36,21
5611
Ao
araz
3E.H2
T
40,63
41.53
4243
4333
44,24
45,14
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Loading on PVC Pipe in a Wash Crossing

AASHTO H20 and HS20

H-20 Loading HS5-20 Loading

{__ .
8,000 Ibs 32,000 Ibs 8000lbs 32,000 lbs 32,000 Ibs
Scrapers?®®

S T | — Caterpillar 631E
Motor Scraper

|
91,097 lbs ¢

Bottom Dump?®

s
40'=0

o
1}
a0-

40

Top Opening of 7'4* x 16’
[ o) Pl

=7\ ANSN

i 1T 1
|

10°-1*

1’ ~

Hopper Opening of 54 X 108* I'—:E'
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Water Pull'”

Super 16 Dump Truck?®

<« —
o
i
[=:]
[=]
o
=
[7]

¥ (o

Large Bucket Loader?®
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Maintained Washes

Sewer Pipes, when crossing maintained washes, may experience very high loads from the heavy
machinery used for maintenance. The standard HS20 loading used for paved streets and bridges is not
adequate for these types of wash crossings.

Typically encountered maintenance vehicles include:
Scrapers
Bottom Dumps
Water Pulls
Super 16 Dump Trucks
Large Bucket Loaders

Moderately sized vehicles were selected as examples, based on the assumption larger (mining) vehicles
would have trouble gaining access to the wash using existing ramps. Weight distributions were then
calculated, selecting the worst case scenario for analysis of pipe diametric deflection. The maximum pipe
defection for gravity sewers RWRD and ASTM D2412 standards recommend is 5%. The Rillito River
example used two scenarios to calculate the dead weight over the pipe: dry soils, 120 pcf, and wet soils (no
surface water), 165 pcf. Total depth of cover is 7.4-feet which included 5.4-feet for the 100-year scour depth
plus 2.0-feet of cover. Live loads are dissipated with depth and are usually neglected at depths greater than
8-feet for HS20 loading, but for this analysis, the selected maintenance vehicles were considered because
have loadings greater than HS20.

The American Association of State Highway and Transportation Officials (AASHTO) design method in
Section 3, LRFD Bridge Specifications Manual, entitled "Loads and Load Factors" was used for estimation
of the effects of live loads at different depths.

Dual tire contact area of 20" x 10" (W x L) as a singular rectangle was used. For ease of calculation, this
same area was utilized for single large tires on scrapers, water pulls, and front loaders.

A= (W + aH)(L + aH)
A = area of load distribution under fill, sf

W = width of dual-tire, ft 20" =1.67"
L = length of dual-tire, ft 10" =0.83'
o =1.15 for granular soils, 1.00 for all other soil types =1.15
H = height of cover, ft =7.40'

A= (1.67"+ 1.15(7.40)(0.83' + 1.15(7.40"))
A = 95.08 sf (compare to 1.39 sf at surface)

Heaviest loading is scraper front tire - 91,097 lbs
P = wheel load P/A = 91,097 Ibs/95.08 sf = 958.11 psf
958.11 psf/ 144 si/sf = 6.65 psi = Live Load, W'
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Utilizing the Modified lowa Equation used previously:

% Deflection = [0.1(W" + P)100]/[0.149(PS) + 0.061(E")]
% Deflection = predicted percentage of diametric deflection

Live Load (W’) psi
Prism Load (aka Dead Load, P) psi
Pipe Stiffness (PS) psi
Modulus of Soil Reaction (E") psi

Dry Soil

Soil column = 7.40'
Soil Unit Weight = 120 pcf

Prism Load (P) = 6.17 psi from Table 3
Live Load (W’) = 6.65 psi Calculated

Pipe Stiffness (PS) = 46 psi from Table 4
Modulus of Soil Reaction (E’) = 2000 psi from Table 5

% Deflection =[0.1(6.65 + 6.17)100]/[0.149(46) + 0.061(2000)]
% Deflection = 0.99 %

Much less than 7.50%, therefore PVC SDR 35 is adequate.
Wet Soil (no standing water on surface)

Soil column = 7.40'
Soil Unit Weight = 165 pcf

Prism Load (P) = 9.17 psi Interpolated from Table 3
Live Load (W’) = 6.65 psi Calculated

Pipe Stiffness (PS) = 46 psi from Table 4
Modulus of Soil Reaction (E’) = 2000 psi from Table 5

% Deflection =[0.1(6.65 + 9.17)100]/[0.149(46) + 0.061(2000)]
% Deflection = 1.23 %
Much less than 7.50%, therefore PVC SDR 35 is adequate.

Interpolated Table 3

Prism Load Soil Unit Weight, pcf
Height 100 110 120 130 140 150 160 170
8 5.56 6.11 6.67 7.22 7.78 8.33 8.89 9.44

Prism Load Soil Pressure, psi
165 pcf interpolated at conservative 8' soil height instead of 7.40'.

No impact loads considered due to pipe being buried.
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Comparison of Loads

HS20 Dead Load
Height Live Load Prism Load LL + DL Pipe Stiff Modulus % Deflection
W' P W'+ P PS E'
2 5.56 1.67 7.23 46 2000 0.56
3 417 2.50 6.67 46 2000 0.52
4 2.78 3.33 6.11 46 2000 0.47
5 1.74 4.17 5.91 46 2000 0.46
6 1.39 5.00 6.39 46 2000 0.50
7 1.22 5.83 7.05 46 2000 0.55
8 0.69 6.67 7.36 46 2000 0.57
Live Load and Dead Load
On Buried PVC Pipe, SDR 35
8.00
7.00
6.00
‘2 5.00
'g 4.00 Live Load
9 3.00 Prism Load
2.00 LL+ DL
1.00
0.00

5 6
Height, ft
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0.58
0.56
0.54
0.52
0.50
0.48
0.46
0.44
0.42
0.40

% Deflection

% Deflection

5 6 7

Height, ft

Comparison of Loads

A= (W + aH)(L + aH)

= (1.67 + 1.15H)(0.83 + 1.15H)

A = area of load distribution under fill, sf
W = width of dual-tire, ft
L = length of dual-tire, ft

o= 1.15 for granular soils, 1.00 for all other soil types

H = height of cover, ft

Deflection

Scraper Wheel Load 91,097 Ibs
Live Load
Height Area sf psf psi
2 12.43 7331.10 50.91
3 21.91 4157.10 28.87
4 34.05 2675.70 18.58
5 48.82 1865.84 12.96
6 66.25 1375.13 9.55
7 86.31 1055.42 7.33
8 109.03 835.55 5.80
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Live Load Prism Load Pipe Stiff Modulus
w’ P W’ + P PS E' % Deflection
Height psi psi psi psi psi
2 50.91 1.67 52.58 46 2000 4.08
3 28.87 2.50 31.37 46 2000 2.43
4 18.58 3.33 21.91 46 2000 1.7
5 12.96 4.17 17.13 46 2000 1.33
6 9.55 5.00 14.55 46 2000 1.13
7 7.33 5.83 13.16 46 2000 1.02
8 5.80 6.67 12.47 46 2000 0.97
Live Load and Dead Load
On Buried PVC Pipe, SDR 35
60.00
50.00
= 40.00
o
{g‘ 30.00 Live Load
8 20.00 Dead Load
10.00 LL+ DL
0.00
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% Deflection

4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

Deflection

% Deflection

2 3 4 5 6 7 8
Height, ft
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24-inch DIP, Ina Road/CDO Wash crossing. Installed 1978, inspected 9/4/14

m mods 15213-48
Downstraam nodeiB3
Oam DiE3 Dﬁmﬁm‘

an

SMH 2744-02 — 2744-03, 15-inch, laid in 1989, inspected 2015, Gravity Sewer
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12-inch DIP, Sahuarita, installed 5/2/2005, inspected 4/15/15, lining blistered

18°@85" :
Upstream node: 332&6=06
Downstream node: 3326=-87

20-inch DIP, Arroyo Chico, installed 4/2/2008, inspected 9/15/2015, lining blistered
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TOP OF | z= )
BANK, TYP.jL— ‘ =4 5 /
| 5 [ / — SEWER
), | 5 | / EASEMENT
i - - -
SEWER LINE-—~ (7 /’ [r D S f ST ANHOLE
1 — ——
1\ LATERAL X LATERAL \\'_ "
MIGRATION CHANNEL \ MIGRATION \
SHOTCRETE
17 LUMITS | BOTTOM LMITS ) STRUCTURE
PLAN

LATERAL
MIGRATION

+ LATERAL
10" |_MIGRATION
MIN. |  LIMITS

TOE ELEV.
- ;? PER PLAN

TOE ELEV.

PER PLAN—K

A —=— PROFILE
N.T.S.

B"X6"X W1.4XW1.4

Ztse—
36"MIN: WELDED WIRE FABRIC
X SHOTCRETE, 6" MIN., TYP. [Zmax + 2'
) UNDISTURBED

COMPACT BACKFILL PER
SUBSECTION 3.1.3(E)

SEWER TRENCH PER DETAIL RWRD 104

SECTION A-A DOWNSTREAM TOE
N.T.S. ELEV. PER PLAN

THIS DETAIL MAY BE USED IF APPROVED IN THE PLANS OR IN WRITING BY THE FIELD ENGINEER,
THIS DETAIL IS INTENDED FOR CASES WHERE IT IS NOT POSSIBLE TO PLACE THE SEWER LINE BELOW THE

MAXIMUM PREDICTED SCOUR DEPTH, Zmax, AS DEFINED IN APPENDIX A, EDS,
THE TOE ELEVATION OF THE DOWNSTREAM AND UPSTREAM GRADE CONTROL STRUCTURES SHALL BE

CALCULATED USING APPROPRIATE HYDRAULIC FORMULAS.
4. A DESIGN REPORT SHALL BE INCLUDED WITH THE SEWER PLAN SUBMITTAL (SEC. 5.1.11.A, EDS.)

NOTES:
1.
2
3

ISSUED: SPECIAL STANDARD DETAIL DETAIL NO.
22| SCOURPROTECTIONFOR | & | awap 13
e SEWER LINES WASTEWATER RECLAMATION SH_E—ET TOET
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FINISH
GRADE OR

VARIES

SUBGRADE

FLEXIBLE PIPE

TRENCH DETAIL

N.T.S.

[=—————VARIES “

FINISH
GRADE OR
SUBGRADE

2% UNDISTU
RIGI

¥ NV
, 1'+0.0. MIN | , 1°+0.D. MIN
240.D. MAX ‘ 2°+0.D. MAX
N
BACKFILL
SPRINGLINE
HAUNCHING

RBED EARTH
D PIPE

TRENCH DETAIL

N.T.S.

TABLE 1: APPROVED TRENCH MATERIALS AND GRADATION REQUIREMENTS

SUBSECTION 3.1.2(A)

SUBSECTION 3.1.2(B)

NOTES:

-

ISSUED:

CRUSHED STONE SAND EXCAVATED NATIVE SELECT IMPORT
" MATERIAL MATERIAL
(FOUNDATION, BEDDING, | (BEDDING, HAUNCHING (BACKFILL) (BACKFILL &
HAUNCHING & SHADING)| & SHADING) FOUNDATION)
NOM. SIZE | % PASSING|NOM. SIZE | % PASSING | NOM. SIZE | % PASSING | NOM, SIZE | % PASSING
1/" 100 1” 100 6" 100 3" 100
3/4" 1 90-100 #4 60-100 5/4" | 60-100
3/87 | 2055 1 00 1 0-10 suasz?:ﬁgnsgﬁ 2C) [ 8L 3580
7] 0-10 MAX. PL=5 1.20) [T OF F700 5 Py, < 75
8 0-5 MAX. L.L.=30
5.0 < pH < 12.0 6.0 < pH < 12.0 ALSO SEE
SUBSECTION 3.1.2(D)
ALSO SEE ALSO SEE j

FOR SEWER LINES GREATER THAN 16 INCH DIAMETER OR COVER DEPTHS NOT CONFORMING TO THE STANDARD
TRENCH DETAILS, SEE PLANS FOR MODIFIED TRENCH DETAILS.

2. FOUNDATION IS REQUIRED FOR OVEREXCAVATION SUCH AS FOR ROCK OR UNSUITABLE MATERIALS. SEE
SUBSECTION 3.1.3(B) FOR MORE INFORMATION.

3. IN CASES WHERE GROUNDWATER IS ENCOUNTERED, INSTALLATION OF AN APPROVED GEOTEXTILE FABRIC
ENCLOSING CRUSHED STONE SHALL BE REQUIRED FOR STABILIZATION.

STANDARD DETAIL ,

8/92
REVISED:
08/17

TYPICAL TRENCH FOR
GRAVITY SEWER LINES

DETAL NO.
RWRD 104

SLEET 1 O 4
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Works Cited

“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.1.
“Gravity Sewer”. JM Eagle. 2012. Technical Bulletin: p.2.

“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.1.
“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.2.
“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.4.
“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.3.
“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.2.
“Depth of Burial for PVC Pipe”. JM Eagle. 2009. Technical Bulletin: p.2.

“Technical Research: A Comparison of Cured-In-Place Pipe (CIPP) Mechanical Properties:
Laboratory vs. Field-Manufactured”. Interplastic Corporation, Thermoset Resins Division. (2008).p.5.

“Handbook of Ductile Iron Pipe (6" ed.)”.Ductile Iron Pipe Research Association. (1984).p. 94.
“Handbook of Ductile Iron Pipe (6™ ed.)”.Ductile Iron Pipe Research Association. (1984).p. 94.
“Handbook of Ductile Iron Pipe (6" ed.)”.Ductile Iron Pipe Research Association. (1984).pgs. 84-85.
“Gravity Sewer”. JM Eagle. 2012. Technical Bulletin: p.2.

“Gravity Sewer”. JM Eagle. 2012. Technical Bulletin: p.1.

"RitchieSpecs". Ritchie Bros. Auctioneers. 2017. Technical Bulletin: Online.

"Pack Mule Stick-Built Bottom Dump Trailer". Construction Trailer Specialists. 2018. Technical
Bulletin: Online.

"621G Water Distributor, Joint Services". Catepillar Military 621G Water Distributor. 2010. Technical
Bulletin: Online.

"Bridge Laws/Weight Laws >> Arizona". Strong Industries, Inc. Superdumps.2018. Technical
Bulletin: Online.

"WADB00-8, Tier 4 Final Engine". Komatsu Wheel Loader.2017. Technical Bulletin: Online.

Engineering Design Standards, Appendix A — Scour Procedures
X:\Eng\_Shared Data\ESU\Section Common Shared Folder\PVC\Scour\PVC DIP Scour r3.docx



References

Ductile Iron Pipe Research Association. (1984). Handbook of Ductile Iron Pipe (6™ ed.). Birmingham, AL:
Jon C. Schladweiler.

Interplastic Corporation, Thermoset Resins Division. (2008). Technical Research: A Comparison of Cured-
In-Place Pipe (CIPP) Mechanical Properties: Laboratory vs. Field-Manufactured. St.Paul, MN:
Author.

JM Eagle. (2009). Technical Bulletin: PVC Sewer Pipe Burial Depth Chart. Livingston, NJ: Author.

JM Eagle. (2009). Technical Bulletin: Depth of Burial for PVC Pipe. Livingston, NJ: Author.

John Wiley & Sons. (1969).Basic Soils Engineering. Canada: B.K. Hough.

PWPipe. (2002). Gasketed PVC Sewer Pipe. Eugene, OR: Author.

Uni-Bell PVC Pipe Association. (2001). Handbook of PVC Pipe: Design & Construction. Dallas, TX: Author.

Caterpillar 631E Motor Scraper for Sale. (2017). www.ritchiespecs.com.

Caterpillar Military 621G Water Distributor. (2010). 621G Water Distributor, Joint Services.
s7d2.scene7.com/is/content/Caterpillar/C10033679.

Construction Trailer Specialists. (2018). Pack Mule Stick-Built Bottom Dump Trailer.
www.constructiontrailerspecialists.com.

Komatsu Wheel Loader. (2017). WA500-8, Tier 4 Final Engine.
www.komatsuwalkaround.com/wheel-loaders/wa500-8

Strong Industries, Inc. Superdumps. (2018). Bridge Laws/Weight Laws >> Arizona.
www.superdumps.com/bridge_laws/?state=Arizona

Engineering Design Standards, Appendix A — Scour Procedures
X:\Eng\_Shared Data\ESU\Section Common Shared Folder\PVC\Scour\PVC DIP Scour r3.docx



	Approved E301 Washes
	PVC DIP Scour r3 (003)



