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INTRODUCTION



Agenda

• CVWD Guidelines & Resources

– District-specific Guidelines

– Buried Pipe Design Resources 

for the Practicing Engineer

• Brief History of the Art of Buried 

Pipe Design

• Soil-Structure Interaction Theory

– Soils Investigations

– Buried Structures relationship 

with the surrounding soils

– Groundwater

• Buried Pipe Design Approaches 

– Rigid Pipe

• Narrow Trench Loads

• Load or bedding factors for 

standard trenches

• Effect of Trench Width

– Flexible Pipe

• Trench Load on pipe

• Pipe Embedment

• Effect of Trench Width

– Other Design Considerations

• Trench Safety

• Pipe Trench Foundation design

• Pipe Burial below the Phreatic 

Surface

• Construction Observation

– Design Factor of Safety

– Changed Conditions



CVWD Guidelines

• Geotechnical Investigation Guidelines for Pipeline Projects

• Pipe Materials for Non-Pressurized Pipeline Projects

• Pipe Materials for Pressurized Pipeline Projects

• Specification for Dewatering



Buried Pipe Design Resources

• Flexible Pipe Design standards integration

– AWWA M11 Steel Pipe Guide (2013)

– AWWA M23 PVC Pipe Design & Installation (2003)

– AWWA M45 Fiberglass Pipe Design (2014)

– Uni-Bell Handbook of PVC Pipe (2012)

– PPI Plastic Pipe Handbook (2012)

– Design of Ductile Iron Pipe, DIPRA (2012)

– Welded Steel Pipe Design Manual, AISI (2007)

– Thickness Design of Ductile Iron Pipe, AWWA C150

• Rigid Pipe Design standards integration

– Concrete Pipe Design Manual (2007)

– Clay Pipe Engineering Manual (2014)











Impermissible bedding 

Method of bedding a ditch conduit in which little or no care is 

exercised to shape the foundation to fit the lower part of the 

conduit exterior or to refill all spaces under and around the 

conduit with granular materials at least partially compacted



Ordinary bedding 

• Method of bedding a ditch conduit in which the conduit is

bedded with "ordinary" care in an earth foundation shaped to 

fit the lower part of the conduit exterior with reasonable 

closeness for a width of at least 50% of the conduit breadth; 

and in which the remainder of the conduit is surrounded to a 

height of at least 0.5 feet above its top by granular materials 

that are shovel-placed and shovel-tamped to completely fill all 

spaces under and adjacent to the conduit.

• All this work must be done under the general direction of a 

competent engineer.



First-class bedding

• Method of bedding a ditch conduit in which the conduit is 

carefully bedded on fine granular materials in an earth 

foundation that is carefully shaped to fit the lower part of the 

conduit exterior for a width of at least 60% of the conduit 

breadth; and in which the remainder of the conduit is entirely 

surrounded to a height of at least 1.0 ft. above its top by 

granular materials that are carefully placed to fill all spaces 

under and adjacent to the conduit and that are thoroughly 

tamped on each side and under the conduit as far as 

practicable in layers not exceeding 0.5 ft. in thickness

• All work must be done under the direction of a competent 

engineer represented by a competent inspector who is 

constantly present during the operation. 



Soil-Structure Interaction Theory



Native Backfill Soil 

Classification (NBSC)
Group name

Approximat

e Weight

Average 

Weight
Kµµµµ' Soil Stiffness 

Crushed Rock Man-Made 130 0.192 SC 1
≤15% Sand, max 25% passing ⅜-in Sieve, max 5% 

passing No. 200 Sieve

GW
Well-Graded 

Sand
119-128 124 0.165 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

GP
Poorly-Graded 

Gravel
104-128 122 0.165 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

GM Silty Gravel 87-133 113 0.165 SC 3 Coarse-Grained Soils With More Than 12% Fines

GC Clayey Gravel 96-129 117 0.165 SC 3 Coarse-Grained Soils With More Than 12% Fines

SW
Well-Graded 

Sand
118-135 126 0.150 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

SP
Poorly Graded 

Sand
106-135 116 0.150 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

SM Silty Sand 93-133 117 0.150 SC 3 Coarse-Grained Soils With More Than 12% Fines

SC Clayey Sand 104-132 119 0.150 SC 3 Coarse-Grained Soils With More Than 12% Fines

CL, ML
With Sand Or 

Gravel
90-121 109 0.130 SC 3

Sandy Or Gravelly Fine-Grained Soils With More Than 

30% Retained On The No. 200 Sieve

Fine-Grained Soils -1 82-126 103 0.130 SC 3

Sandy Or Gravelly Fine-Grained Soils With More Than 

30% Retained On The No. 200 Sieve (Cl-Ml, Cl/Ml, 

Ml/Cl)

Fine-Grained Soils -2 82-107 95 0.110 SC 4
Fine-Grained Soil With 30% Or Less Retained On The 

No. 200 Sieve (Cl-Ml, Cl/Ml, Ml/Cl)

MH, CH, OL, OH, PT 83-89 85 0.110 SC 5 Highly Plastic And Organic Soils

SC1, SC2, SC3, SC4, and SC5….



Standard Proctor Density Test

> 3 layers of soil

> 25 hammer blows per layer

> 5.5 lb. hammer

> 12 inch drop

Modified Proctor Density Test

> 5 layers of soil

> 25 hammer blows per layer

> 10 lb. hammer

> 18 inch drop

Buried piping is based upon the 

Standard Proctor Density because of the 

size of the equipment, need to not 

disturb the pipe, need not to damage 

the pipe, etc…



Standard Proctor Density Test

> 3 layers of soil

> 25 hammer blows per layer

> 5.5 lb. hammer

> 12 inch drop

Modified Proctor Density Test

> 5 layers of soil

> 25 hammer blows per layer

> 10 lb. hammer

> 18 inch drop

Buried piping is based upon the 

Standard Proctor Density because of the 

size of the equipment, need to not 

disturb the pipe, need not to damage 

the pipe, etc…



Why use a safety factor? How is it settled on?

The assignment of a factor of safety is done by accounting for:

� the magnitude of damages related to any potential loss of life or property 

damage,

� the relative cost of increasing or decreasing the FS,

� relative change in the probability of a failure by changing the FS,

� the reliability of the soil data,

� construction tolerances,

� changes in the soil properties due to the anticipated construction operations, 

� the accuracy (or approximations used) in developing the design/analysis 

methods.

CVWD’s minimum recommended factor of safety is
2.5 for H/D ≥ 2, or 3.0 for H/D < 2

(Where H is the height in feet of the fill over the pipe and D is the O.D. of the pipe in feet)





Rigid Pipe Installation Design

• Manufactured strength of the material

• Field strength of the material

– Pipe embedment configuration

– Width of the pipe trench

• Minimum

• Maximum

• Foundation of the installation

• Impact of using trench wall support systems



Rigid Pipe – Manufactured Strengths

Size
SS 

VCP

ES 

VCP
CP I CP II CP III RCP I

RCP 

II

RCP 

III

RCP 

IV

RCP 

V

8 1400 2200 1500 2000 2400 --- --- --- --- ---

10 1600 2400 1600 2000 2400 --- --- --- --- ---

12 1800 2600 1800 2250 2600 --- 1000 1350 2000 3000

15 2000 2900 2000 2600 2900 --- 1000 1350 2000 3000

18 2200 3300 2200 3000 3300 --- 1000 1350 2000 3000

21 2400 3850 2400 3300 3850 --- 1000 1350 2000 3000

24 2600 4400 2600 3600 4400 --- 1000 1350 2000 3000

27 2800 4700 --- --- --- --- 1000 1350 2000 3000

30 3300 5000 --- --- --- --- 1000 1350 2000 3000

33 3600 5500 --- --- --- --- 1000 1350 2000 3000

36 4000 6000 --- --- --- --- 1000 1350 2000 3000

39 --- 6600 --- --- --- --- 1000 1350 2000 3000

42 --- 7000 --- --- --- --- 1000 1350 2000 3000



Rigid Pipe – Field Strength

Manufactured strengths versus installed 

strengths…
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Rigid Pipe Design Considerations

Trench design elements that 

impact the rigid pipe's in 

ground performance…

Trench width…
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Trench Width 

versus

Trench Load on 

Pipe…



Bedding the Pipe to carry the Load



Bedding the Pipe to carry the Load

















Rigid Pipe Installation Trench Design Example

• Design installation trench for a 12-inch VCP with a cover of 8-

12 ft.

• Soils report indicates the existing soil along the alignment for 

this pipe is:

• From TG to a depth of 5 feet soil is ML with in place density of 105 pcf

• From 5-15 ft. the soil is a SM material with in place density of 108 pcf

• The bearing capacity is estimated by the soils engineer to be 1500 psf

in the zone between 8 and 12 ft. deep

• No water was encountered in the soil borings, taken to 25 ft.

• The surface improvements constructed along this alignment is 

a parking lot that will be constructed with a 6-in. asphaltic 

concrete (HMAC) underlain with 8-in. of crushed stone



Vertical or sloped side walls?



The loading on the pipe will consist of the dead load from 

the soil and the live load from the vehicular traffic…
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Possible Design Trench Configurations

and the resulting Safety Factor…

Trench

Class

Load

Factor

Field

Supporting 

Strength

Estimated

Load on

Pipe

Factor

of 

Safety

D 1.1 2860 2457 1.16

C 1.5 3900 2457 1.59

B 1.9 4940 2457 2.01

Encasement 2.2 5720 2457 2.32

CLSM 2.8 7280 2457 2.96

Min. required Factor of Safety is 2.5…  Choices are to use the CLSM, narrow the trench 

width to 2.0 feet (maximum) and try and compact stone under and around the pipe, or

narrow the trench width to 2.75 feet and use CLSM; the FS are 2.96, 3.9, and 8.0.



• Given our bearing capacity of 1500 psf at the bottom of the excavation…

• 3.0 ft. wide trench with rock produces a Wbd = 2163 psf � 6.0 inches of 

foundation

• 2.0 ft. wide trench with rock produces a Wbd = 1242 psf � no foundation 

required

• 2.75 ft. wide trench using CLSM produces a Wbd = 795 psf � no foundation 

required

Foundation Load !M" =
!" +!/

%2

!" = #"$%"
& +

()
& 4 − ,

8
$

!" = #"$%"%2



Break time! 15 minutes



Live Load

!N =
�/�OP

 B &
WL = live load on pipe, psi

Mp = multiple presence factor = 1.2

P = wheel load magnitude

= 16,000 lb. for AASHTO H20 truck

= 20,000 lb. for H25 truck

If = impact factor

L1 = load width parallel to direction of travel, in.

L2 = load width perpendicular to direction of travel, in.

h       = depth of cover, in.

hint = depth at which load from wheels interact, in.

tl = length of tire footprint = 10 in.

tw = width of tire footprint = 20 in.

LLDF = factor to account for live load distribution with

depth of fill

= 1.15 for Class 1 and Class 2 soil backfills

= 1.0 for all other backfill soils

OP = 1 + 0.33
96 − �

96
≥ 1.0

 B = �S + LLDF(�)

For L2 … If h ≤ hint

 & = �W + LLDF �

If h ˃ hint

 & =
�W + 72 + LLDF �

2

hint = (72 – tw)/LLDF



Flexible Pipe Installation Design

• Selecting the right pipe stiffness

• Pipe embedment design

– Knowing the native soil(s) strengths/weakness

– Selecting a complimentary embedment material

– Selecting the necessary min. trench width

• Placement of the embedment material selected

• Achieving the needed effective MS to deliver the FS

• Foundation design

• Confirming the long-term deflection performance



Flexible Pipe Stiffness
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Soil 
Classification

Vertical 
Stress Level

psi

Compaction, % maximum Standard Proctor Density

Dumped 100 95 90 85

psi psi psi psi psi

I 1 2000 2350 2000

I 5 2600 3450 2600

I 10 3000 4200 3000

I 20 3450 5500 3450

II 1 2350 2000 1275 (1085) 470 (330)

II 5 3450 2600 1500 (1275) 520 (365)

II 10 4200 3000 1625 (1380) 570 (400)

II 20 5500 3450 1800 (1530) 650 (455)

III 1 1415 (708) 670 (335) 360 (180)

III 5 1670 (835) 740 (370) 390 (195)

III 10 1770 (885) 750 (375) 400 (200)

III 20 1880 (940) 790 (395) 430 (215)

IV * 1 530 (159) 255 (77) 130 (39)

IV * 5 625 (188) 320 (96) 175 (53)

IV * 10 690 (207) 355 (107) 200 (60)

IV * 20 740 (222) 395 (119) 230 (69)



Native Backfill Soil 

Classification (NBSC)
Group name

Approximat

e Weight

Average 

Weight
Kµµµµ' Soil Stiffness 

Crushed Rock Man-Made 130 0.192 SC 1
≤15% Sand, max 25% passing ⅜-in Sieve, max 5% 

passing No. 200 Sieve

GW
Well-Graded 

Sand
119-128 124 0.165 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

GP
Poorly-Graded 

Gravel
104-128 122 0.165 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

GM Silty Gravel 87-133 113 0.165 SC 3 Coarse-Grained Soils With More Than 12% Fines

GC Clayey Gravel 96-129 117 0.165 SC 3 Coarse-Grained Soils With More Than 12% Fines

SW
Well-Graded 

Sand
118-135 126 0.150 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

SP
Poorly Graded 

Sand
106-135 116 0.150 SC 2

Clean, Coarse-Grained Soils With 12% Or Less Passing 

The No. 200 Sieve

SM Silty Sand 93-133 117 0.150 SC 3 Coarse-Grained Soils With More Than 12% Fines

SC Clayey Sand 104-132 119 0.150 SC 3 Coarse-Grained Soils With More Than 12% Fines

CL, ML
With Sand Or 

Gravel
90-121 109 0.130 SC 3

Sandy Or Gravelly Fine-Grained Soils With More Than 

30% Retained On The No. 200 Sieve

Fine-Grained Soils -1 82-126 103 0.130 SC 3

Sandy Or Gravelly Fine-Grained Soils With More Than 

30% Retained On The No. 200 Sieve (Cl-Ml, Cl/Ml, 

Ml/Cl)

Fine-Grained Soils -2 82-107 95 0.110 SC 4
Fine-Grained Soil With 30% Or Less Retained On The 

No. 200 Sieve (Cl-Ml, Cl/Ml, Ml/Cl)

MH, CH, OL, OH, PT 83-89 85 0.110 SC 5 Highly Plastic And Organic Soils



Flexible Pipe Stiffness vs. Defl'n



Flexible Pipe Design Checks

Parametric considerations for Flexible 

Pipe Installation design

1. The load on the pipe does not change 

with increasing the trench width

2. The resistance to deflection can be 

improved with increasing the trench 

width…

MS = Sc x Msb

3. Small amount of deflection (1-2%) is 

okay for flexible pipes. 

4. Maximum deflection is a function of the 

pipe wall strain

5. Pipe sizes larger than 24" will require 

special design consideration when 

trench shoring is required



Flexible Pipe Embedment Design

Class of material is chosen 

by…

1. Compatible with native 

soil

2. Equal to or greater than 

native soil's stiffness; 

needed net level of 

stiffness

3. Level of effort required to 

get it properly placed

4. Level of construction 

observation to be 

provided



Msn/Msb Bd/D = 1.25 Bd/D = 1.50 Bd/D = 1.75 Bd/D = 2.0 Bd/D = 2.5 Bd/D = 3.0 Bd/D = 4.0 Bd/D = 5.0

0.005 0.02 0.05 0.08 0.12 0.23 0.43 0.72 1.00

0.01 0.03 0.07 0.11 0.15 0.27 0.47 0.74 1.00

0.02 0.05 0.10 0.15 0.20 0.32 0.52 0.77 1.00

0.05 0.10 0.15 0.20 0.27 0.38 0.58 0.80 1.00

0.1 0.15 0.20 0.27 0.35 0.46 0.65 0.84 1.00

0.2 0.25 0.30 0.38 0.47 0.58 0.75 0.88 1.00

0.4 0.45 0.50 0.56 0.64 0.75 0.85 0.93 1.00

0.6 0.65 0.70 0.75 0.81 0.87 0.94 0.98 1.00

0.8 0.84 0.87 0.90 0.93 0.96 0.98 1.00 1.00

1.0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

1.5 1.40 1.30 1.20 1.12 1.06 1.03 1.00 1.00

2 1.70 1.50 1.40 1.30 1.20 1.10 1.05 1.00

3 2.20 1.80 1.65 1.50 1.35 1.20 1.10 1.00

≥5 3.00 2.20 1.90 1.70 1.50 1.30 1.15 1.00

Soil combining factor, SC



1

2

3

4

5

67



Flexible Pipe Design Example

• 12-inch diameter SDR 35 PVC pipe with depth of cover between 

8-ft. and 12.0-ft.

• The soils report indicates that the existing soil along the 

alignment for this pipe is as follows

– From T.G. to a depth of 5.0 feet soil is ML with in place density of 105 pcf

– From 5.0 - 15 ft. the soil is SM material with in place density of 108 pcf

– The bearing capacity is estimated by the soils engineer to be 1500 psf in 

the zone between 8 and 12 ft. deep

– No water was encountered in the soil borings, taken to 25 ft.

• The surface improvement constructed along this alignment is a 

parking lot that will be constructed with a 6-in. asphaltic 

concrete (HMAC) underlain with 8-in. of crushed stone



Deflection Performance

• DL, the deflection lag factor is small for pipes buried in relatively stiff 

native soils with dense granular embedment ad for such conditions should 

be taken near 1.0. For poor native soils and/or loose embedment 

increases in deflection over time can be significant and DL may approach 

1.5. The high potential value for DL clearly demonstrates the need to 

control backfill quality and construction practices such that the design 

conditions are achieved.

• Kx is the bedding coefficient which reflects the degree of support provided 

by the soil at the bottom of the pipe and over which the bottom reaction 

is distributed. Assuming an inconsistent haunch achievement (typical 

direct bury condition), a Kx value of 0.1 should be used. For a uniform 

shaped bottom support, a Kx value of 0.083 is appropriate.
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=
1.1 × 9.1 + 0.8 0.1

(0.149 × 46) + (0.061 × 2752)
= 0.006

Calculating the deflection ….

!N =0.8 psi

�l = 0.92 × 3000 = 2752�m�

If the native soil had been only 90% SPD … Δy/D = 0.007

If the native soil had been only 85% SPD … Δy/D = 0.008

For Bd=2 �Δy/D = 0.010

For Bd=2 �Δy/D = 0.014



Soil Classification
Vertical 

Stress Level
psi

Compaction, % maximum Standard Proctor Density

Dumped 100 95 90 85

psi psi psi psi psi

I 1 2000 2350 2000

I 5 2600 3450 2600

I 10 3000 4200 3000

I 20 3450 5500 3450

II 1 2350 2000 1275 (1085) 470 (330)

II 5 3450 2600 1500 (1275) 520 (365)

II 10 4200 3000 1625 (1380) 570 (400)

II 20 5500 3450 1800 (1530) 650 (455)

III 1 1415 (708) 670 (335) 360 (180)

III 5 1670 (835) 740 (370) 390 (195)

III 10 1770 (885) 750 (375) 400 (200)

III 20 1880 (940) 790 (395) 430 (215)

IV * 1 530 (159) 255 (77) 130 (39)

IV * 5 625 (188) 320 (96) 175 (53)

IV * 10 690 (207) 355 (107) 200 (60)

IV * 20 740 (222) 395 (119) 230 (69)



The allowable deflection is based on the long-term ring-bending strain capacity of the 

pipe material reduced by an appropriate factor of safety….

oM = (P
∆.p

(

�q

(
≤

�M

DF

∆.p

(
≤

(�M

(P�qDF

Pipe Zone Embedment Material and Compaction

Gravel* Sand�

Pipe Stiffness < 85% SPD ≥ 85% SPD < 85% SPD ≥ 85% SPD

psi Shape Factor, Df, (dimensionless)

9 5.5 7.0 6.0 8.0

18 4.5 5.5 5.0 6.5

36 3.8 4.5 4.0 5.5

72 3.3 3.8 3.5 4.5

* GW, GP, GW-GC, GW-GM, GP-GC, and GP-GM per ASTM D2487 (includes crushed rock)
� SW, SP, SM, GM, and GC or mixtures per ASTM D 2487



∆.p

(
≤

(�M

(P�qDF
=

12.14 × 0.05

4.3 × 0.36 × (
1
2.0

)
= 0.78 DF = 1/FS� 22%

Load acting on the bottom of the trench is

9.9 psi (1425 psf); which is less than the 

bearing capacity of the soil which is 1500 psf.

No foundation under the bedding material 

will be required.



Temporary Trench Wall Supports



Temporary Trench Wall Supports



Water Table





Summary

• Soil-Structure Interaction

– Rigid Pipes

– Flexible Pipes

• Recognizing the signs of significant deviation from the design

– Guidance Detail

– Changed Conditions

• Taking appropriate actions based on the severity of the 

deviant conditions occurring on site

• Confirming quality of the installation with an inspection of the 

pipe before the warranty period ends!



THANK YOU
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