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Trench Condition



“Standard installations for both embankments and trenches shall be designed 
for positive projection, embankment loading conditions where Fe shall be 
taken as the vertical arching factor, VAF, specified in Table 12.10.2.1-3 for each 
type of standard installation.”

AASHTO LRFD 12.10.2.1



Induced Trench











Spangler’s Equation for Induced Trench



Settlement Ratio

Sg = ground settlement
Sd = fill settlement
Sf = foundation settlement
dc = deflection of pipe



LightWeight Materials

Material Unit Weight (pcf) Elastic Modulus (psi)

Geofoam 1.2 to 2 50 to 100

Foamed Glass 12 to 15 145,000 

Sawdust 20 to 30 50

Shredded Tires 30 to 35 140 to 150

Lightweight Cellular Concrete 40 to 50 160,000

Lightweight Aggregate 50 to 60 6000

Uniform Gravel 100 to 120 5,800

Hay N/A N/A



“Bedding and Fill Heights for Concrete Roadway Pipe 

and Box Culverts” 
C.H. Yoo, F. Parker, J. Kang, Auburn University, 2005



Reduction Factors “Bedding and Fill Heights for 
Concrete Roadway Pipe and 

Box Culverts” 
C.H. Yoo, F. Parker, J. Kang, Auburn 

University, 2005



Comparison

Spangler Method 
p = 0.5, Ku = 0.13

Soil 
Load 
(lbs/ft)

VAF

rsd = -0.1 22,990 0.784

rsd = -0.2 21,940 0.749

rsd = -0.3 21,250 0.725

rsd = -0.4 20,690 0.706

rsd = -0.5 20,160 0.688

0.615 x 1.4 = 0.861



EPS (100 psi) Per JB 

Hs/Bc VAF

0.5 0.80

1.0 0.69

1.5 0.60

2.0 0.53

2.5 0.47

0.615*1.4 = 0.861



Comparison

Hs/Bc JB VAF Spangler VAF

0.5 0.8 0.69

1.0 0.69 0.58

1.5 0.60 0.50

2.0 0.53 0.46

2.5 0.47 0.42

Values used with Spangler Method
rsd = -0.5
Ku = 0.130
H = 50 ft



Change in VAF with Fill Height

0.66

0.68

0.7

0.72

0.74

0.76

0.78

0.8

0 20 40 60 80 100 120

V
er

ti
ca

l A
rc

h
in

g 
Fa

ct
o

r

Fill Height (ft)

VAF vs. Fill Height

Hs = 0.5 * Bc

rsd = -0.5
Ku = 0.130
ID = 48



Another Option



Compare the 3 Options

Method Load (lbs/ft) VAF

Spangler 43,560 0.726

Auburn 46,940 0.766*

KTC 40,200 0.670*

10 foot wide box
H = 50 ft.
Egeo = 100 psi
Esoil = 2000 psi
rsd = -0.5
Ku = 0.13
P = 0.5

*VAF = Load Ratio * 1.15 for box culvert



Width Effect

From KTC Report



Design Loading on Deeply Buried Box Culverts
K. Kim & C.H. Yoo, Journal of Geotechnical and Geoenvironmental Engineering, ASCE/January 2005

H = 100 ft.
h = Hc = 8 ft.
Bc = 8 ft.



Spangler Width Effect

Bd (Width of Soft Material) (ft) Soil Load - Rigid Pipe (lbs/ft) Soil Load - Flexible Pipe (lbs/ft)

10 ft. 43,560 43,560

11 ft. 48,780 44,460

12 ft. 54,020 45,230

13 ft. 59,350 45,950

14 ft. 64,710 46,590

15 ft. 70,090 47,160

10 foot wide culvert
H = 50 ft.
rsd = -0.5
Ku = 0.13
p = 0.5 (for 10 foot width – changes with depth)

Embankment Load with Fe = 1.15
is 70,480 lbs/ft



Spangler’s Rigid vs. Flexible

Bc

Bd

Rigid Pipe Flexible Pipe



Resulting Lateral Pressure

220/550 = 0.4 410/275 = 1.5

From KTC Report



Resulting Lateral Pressure

440/530 = 0.83 320/270 = 1.19

From KTC Report



“Load Reduction (Arching) on Buried Rigid Culverts Using Geofoam: 
Long-Term Behaviour”

EuroGeo4 Paper Number 318, J. Vaslestad, B. Bartlomiej, & T.H. Johansen, 2008

WEPS = 1*O.D.
H = 15 m
Hft = 0.5 m
Hs = 0.5 m
h.e.p. = 72% of Overburden

WEPS = 1.5*O.D.
H = 15 m
Hft = 0.2 m
Hs = 0.5 m
h.e.p. = 17% of Overburden



“Load Reduction (Arching) on Buried Rigid Culverts Using Geofoam: 
Long-Term Behaviour”

EuroGeo4 Paper Number 318, J. Vaslestad, B. Bartlomiej, & T.H. Johansen, 2008

Conclusion:

“…Based on the full scale tests and finite 
element analyses, it is recommended to use 
expanded polystyrene of width at least 1.5 
times the outer diameter of the pipe……”

Bc = 1.71 m
Bd = Bc

Hs = 0.5 m
H = 14 m

Bc = 1.71 m
Bd = Bc x 1.5
Hs = 0.2 m
H = 15 m

For Spangler:
Ɣs = 20 kN/m3

Ku = 0.192 – granular material
rsd = -0.5

Used flexible pipe design method



The Importance of Stiffness/Modulus

Silty Clay - ɣs = 108 pcf, Es = 418 ksf   Cellular Concrete - ɣc = 45 pcf, Ec = 22,600 ksf 



LightWeight Materials

Material Unit Weight (pcf) Elastic Modulus (psi)

Geofoam 1.2 to 2 50 to 100

Foamed Glass 12 to 15 145,000 

Sawdust 20 to 30 50

Shredded Tires 30 to 35 140 to 150

Lightweight Cellular Concrete 40 to 50 160,000

Lightweight Aggregate 50 to 60 6000

Uniform Gravel 100 to 120 5,800

Hay N/A N/A



Effect of Location of Soft Zone Above Culvert

10 ft.

15 ft.

2.4 ft.

Height from Top 
of Culvert (HT)

KTC VAF Spangler VAF

0 0.66 x 1.4 = 0.924 0.71

5 0.72 x 1.4 = 1.01 0.85

10 0.77 x 1.4 = 1.08 1.0

15 0.82 x 1.4 = 1.15 1.15

5’

10’

15’

Final Surface

Original Surface
We = Wind + HT*ɣs*Bc*1.4

4.833 ft.

Original 0 5 10 15

8541 10480 12610 14740 16970

Original Load on Pipe vs. Load With Geofoam at Different Locations (lbs/ft)

Note: A Class III 48 inch pipe can handle Approximately 13,410 lbs/ft 
with a Type 2 Installation.











We are not calculating values for this zone





φ K µ Kµ

5 0.840 0.087 0.073

10 0.704 0.176 0.124

15 0.589 0.268 0.158

20 0.490 0.364 0.178

25 0.406 0.466 0.189

30 0.333 0.577 0.192

35 0.271 0.700 0.190

40 0.217 0.839 0.182







Compare the 3 Options

Method Load (lbs/ft) VAF

Spangler 43,560 0.726

Auburn 46,940 0.766*

KTC 40,200 0.670*

10 foot wide box
H = 50 ft.
Egeo = 100 psi
Esoil = 2000 psi
rsd = -0.5
Ku = 0.13
P = 0.5

*VAF = Load Ratio * 1.15 for box culvert





Bd (Width of Soft Material) (ft) Soil Load - Rigid Pipe (lbs/ft) Soil Load - Flexible Pipe (lbs/ft)

10 ft. 43,560 43,560

11 ft. 48,780 44,460

12 ft. 54,020 45,230

13 ft. 59,350 45,950

14 ft. 64,710 46,590

15 ft. 70,090 47,160

70181 lbs/ft x 
10 ft.

15 ft.
= 46787 lbs/ft

PL = 120 pcf x 10 ft x 50 ft = 60,000 lbs/ft

VAF =  
46787 lbs/ft

60000 lbs/ft
= 0.78

Red = 1 - 
60000 lbs/ft x 1.15

= 32%
46787 lbs/ft



The Use of Lightweight Fill with Buried Structures

• Lightweight Materials can be used as a one-to-one substitution for 

standard backfill materials to reduce the load on a buried structure.

• Lightweight Materials can be used with soil-structure interaction to 

reduce the load on an initially buried structure, or allow additional soil 

to be placed over an existing structure.

• There are several methods available in which to perform the design for 

an induced trench, but there results should be similar.



The End

jbeakley@concretepipe.org
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