Standard Installations
Indirect Design




D./ 6 (Min.) D, D, (Min.)

Haunch-
See Table

Lower-Side
See Table

Springline—\

Bedding D /3
See table . ——
Outer Beddlng/—Foundatio

materials and
compaction each side,
same requirements as haunch

Middlé‘x‘x‘Be\gding loosely
placed uncompacted




Standand

Installation
Type

InstallationgSeilsgand Minimum

Compaction"Requirements

Bedding
Thickness

Haunch and
Outer Bedding

Lower Side

Type 1

D,/24 minimum, not
less than 3" (75 mm)
If rock foundation, use
D_/12 minimum, not
less than 67 (150 mm)

95% Category |

90% Category |,
95% Category I,
or

100% Category Il

D_/24 minimum, not
less than 3" (75 mm)
If rock foundation, use
D_/12 minimum, not
less than 67 (150 mm)

90% Category |
or
95% Category Il

85% Category |,
90% Category I,
or
95% Category Il

D_/24 minimum, not
less than 3” (75 mm)
If rock foundation, use
D, /12 minimum, not
less than 67 (150 mm)

85% Category |,
90% Category I,
or
95% Category Il

85% Category |,
90% Category I,
or
95% Category Il

No bedding required
except if rock
foundation, use D_/12
minimum, not
less than 67 (150 mm)

No compaction
required, except if
Category Ill,
use 85%

No compaction
required, except if
Category I,
use 83%




Representative Soil Types

Percent Compaction

SIDD

USCS

AASHTO

Standard
Proctor

Modified
Proctor

Gravelly
Sand

(Category [)

SW, SP,
GW, GP

A1, A3

100
95
90
85
80
61

95
90
85
80
73
59

Sandy
Silt
(Category I1)

GM, SM, ML,
Also GC, SC
with less than
20% passing
#200 sieve

100
95
90
85
80
49

95
90
85
80
75
46

Silty
Clay
(Category IlI)

CL, MH,
GC, SC

100
95
90
85
80
45

90
85
60
75
70
40

100
95
90
45

90
85
80
40




Delaware Backfill

® 209.04 - “Borrow Type C (Backfill). This
material shall have between 85 and
100% inclusive by dry weight, passing a
1" (25 mm) sieve and a maximum of 25%
by dry weight, passing a No. 200 (75 pm)
sieve.



Delaware Backfill

208.04

“For these areas,

pbackfill material shall be
compacted to 95% or more of maximum
density according to the requirements of
subsection 202.05 (f)."

“For these areas,

backfill
material shall be compacted to 90% or
more of the maximum density according 1o
the requirements of subsection 202.05 (f).”

»



Design and Installation

Standard Installations
Developed by ASCE (15-93)

Adopted by AASHTO (Sections
16 & 27)

LRFD Section 12 and Section 27
of Construction Standard
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INSTALLATION TYPE

[ —

QUALITY
INCREASED MATERIAL QUALITY




Pipe Pressure Distribution

Figure 12.10.2.1-1—Heger Pressure Distribution and

Arching Factors









CalculeiioihkeMEcth Load

Final Grade

W, = prism load x VAE

Prism
Load —
Area

Where :
VAF = verfical arching factor as
per Heger distribution

AN



Installation VAF HAF
Type

1 1.35 0.45

2 1.40 0.40

3 1.40 0.37

4 1.45 0.30







h

Soll Load




AASHTO LRFD 12.10.2.1

Table 12.10.2.1-3 Coefficients for use with Figure 1.

[ 0
| B N

1.40 1.45
0.15 0.00
0.08 0.11
0.17 0.19
1.45 1.45
0.40 0.30
0.19 0.25
0.10 0.00
0.05

 w | 080 | 082 050
070




Basic Forms of Installation

GROUND SURFACE

o

Ve

PN

L
#

.55
%
2
Z

N RN

AR

Positive Projecting
Embankment




Vertical
Pressures
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Soll-Structure Interaction Factor
Pipe

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

WWW.concrete-pipe.org /



(12.10.4.3.1-1)

. B

FE

where:

Brg earth load bedding factor specified m
Article 12.10.4.3.2a or Article 12.10.4.3.2b

live load bedding factor specified in
Article 12.10.4.3.2¢

mternal diameter of pipe (in.)

total unfactored earth load specified
Article 12.10.2.1 (kip/ft)

total unfactored fluid load m the pipe as

specified in Article 12.10.2.2 (kip/ft)

total unfactored live load on unit length
WWWw.concrete-pipe.org pipe specified in Article 12.10.2.3 (kip/ft)



h

Bedding Factors




D./ 6 (Min.) D, D, (Min.)

Haunch-
See Table

Lower-Side
See Table

Springline—\

Bedding D /3
See table . ——
Outer Beddlng/—Foundatio

materials and
compaction each side,
same requirements as haunch

Middlé‘x‘x‘Be\gding loosely
placed uncompacted




M=0.170 W, r M=0318Pr

—

W,./P=19 =B,



D-Load

Supporting strength of
a pipe loaded under
three-edge bearing test
conditions, expressed
In pounds per linear
foot per foot of inside
diameter or horizontal
span.

ASTM C-76 Class IV
Dy o1 = 2000
D, = 3000




Basic Bedding Factor
Relationship

Mrest
Bt = -

MeeLD
where:

bedding factor
maximum moment in pipe wall under three-edge bearing test
load, inch-pounds

= maximum moment in pipe wall under field loads, inch-pounds







Table 12.10.4.3.2a-1 Bedding Factors for Circular Pipe.

Standard Installations




C12.5.5

The standard nstallations for direct design of
concrete pipe were developed based on extensive
parameter studies usmg the soil structure nteraction
program, SPIDA. Although past research validates that
SPIDA soil structure models correlate well with field

measurements, variability i culvert mstallation methods
and materials suggests that the design for Type 1
mstallations be modified. This revision reduces soil

structure mteraction for Type I installations by
ten percent until additional performance documentation
on mstallation 1n the field 1s obtamed.

WWW.concrete-pipe.org



Standard Installations D-load

Wo+W, W,

(12.10.4.3.1-1)

FE




ASTM C 76

Ay c76-10

TABLE 3 Design Requirements for Class lll Reinforced Concrete Pipe?

Note 1—See Section 5 for basis of acceptance specified by the owner.

The strength test requirements in pounds-force per linear foot of pipe under the three-edge-bearing method shall be either the D-load (test load
expressed in pounds-force per linear foot per foot of diameter) to produce a 0.01-in. crack, or the D-loads to produce the 0.01-in. crack and the ultimate
load as specified below, multiplied by the internal diameter of the pipe in feet

D-load to produce a 0.04-in. crack 1360
D-load to produce the ulimate load 2000

Reinforcemant, in.%linaar ft of pipa wall
Wall A Wall B Wall G

Internsal Concrate Strangth, 4000 psi Concreta Strangth, 4000 psi Concrete Strangth, 4000 psi

Designated - - -
Diameter, in_Wﬂ." Circular Circular Wall Circular

. . , .
Thick. ~ Hemfarcement Elliptical Reinforcement® Elliptical Thick. ~ Heinforcement® Elliptical

Outer Reinforcement™ Ouster Reinforcement™  nessas, Innar Outar Rainforcement®

nNesses, Inner Inner
in

Cage  Cage i Cage Cage in. Cage  Cage

134 0.072 ces e 0.072 ias e 234 0.7
1% 0.07° ce e 0.07° L. e 3 0.07% ces ce
2 0.07° ce o.o7? 0.07° L. 0.o7° I 0.07% ces 0.07°
214 014 ces 0 0.072 ias 0.072 e 0.7 ces 0.072
214 07 ce 014 0.077 L. 0.077 33 0.07 ces 0.077
258 0.18 ce 0.16 L. 014 4 0.08 ces o.07"
2% 01g ce 0.18 L. a1k 010 ces 0.08
274 021 ) 0.20 412 012 0.10
3 021 ) 017 . 436F 0.08 0.09
e ’ L . 0.21 . . B4 012 ! 013
B 018 ) 0.18
614 0.21 . 0.23
634 0.25 0.28
Tva 0.3 0.34
T 0.36 0.40
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AASHTO LIVE LOAD DESIGN

The Latest




The Latest
NCHRP Live

COOPERATIVE ‘OOd
NCHRP neseanc Research,

REPORT 647 20 _| O

Recommended Design

Specifications for
Live Load Distribution
to Buried Structures

TRAMSPORTATION RESEARCH BOARD

o [k




Where are We Measuring From?e
(C12.6.6.3)

Mirimum Cover Orje

¢ Rigid Pavement $ 3

S

£ ..1'1.

ibhase

N E{: / . \?\i S

N Ly .

Mo, & minimum allowable cover dimension

Note: The minimum cover dimension is not to be canfused with the
fill height used for calculation purposes, which shall be from the
top of the pipe to the top of the surface, regardless of the pipe type

of pavement type,




Less Than 2 Feet of Cover

3.6.1.2 6a—General

For single-span culverts. the effects of live load may be neglected where the depth of fill is more than 8.0 fi.
and exceeds the span length: for multiple span culverts, the effects mav be neglected where the depth of fill exceeds the

distance between inside faces of end walls.
Live load shall be distributed to the top slabs of flat fop three-sided. or long-span concrete arch culverts, or

concrete pipe with less than 2.0 ft of fill as specified in Article 4.6.2.10, Round concrete culverts with 1.0 ft or more but
iess than 2.0 ft of cover shall be designed for a depth of 1.0 ft. Round culverts with less than 1.0 ft of fill shall be
iprehensive methods.

E =96 + 1.44S (4.6.2.10.2-1)

E = Distribution width perpendicular to span in inches
S = Clear Span 1n feet



h

Less Than 2 Feet of Cover

E,.n = Distribution width parallel to span in inches

E,.,= Ly + LLDF(H)

L, = length of contact area parallel to span (in)
LLDF = live load distribution factor
H = depth of fill




““““““““

Live Load Spread for Less

Than 2 feet of Cover (single a




\ or Trucks Traveling Parallel
fo the Axis of the Pipe

E = 96 + 1.44S (4.6.2.10.2-1)

E = Distribution width perpendicular to span in inches
S = Clear Span 1n feet

Note: Equation 4.6.2.10.2-1 1s for an axle load.
with pipe, having much smaller spans than boxes
a distribution for wheel loads 1s more appropriate.




“““““““““

Live Load Spread for Less

Than 2 feet of Cover




““““““““

Live Load Spread for Less

Than 2 feet of Cover (single axl

Eqpo = I, + LLDF(H)

(4.6.2.10.2-2)




\D Live Load Spread for Less

Than 2 feet of Cover (single axl

/
| A =1 w, (3.6.1.2.6a-1)
— %
E ALL B Espan E
. | = rectangular area
at depth H (ft?)
: 1, = live load patch




2 Feet or More

nth of fill over round. nonconcrete culverts is greater than 1.0 ft. or when the depth of {ill over fiat
top three-sided, or long-span concrete arch culverts, or concrete pipe is 2.0 ft or greater the live load shall be distributed
to the structure as wheel loads, uniformly distributed over a rectangy

Article 3.6.1.2.5

Tire Patch I,=10 in.

w,=20in. |




Live Load Distribution Factors

Table 3.6.1.2.6a-1—Live Load Disiribution Factor {LLDFE) for Buried Structures

LLDF Transverse or Parallel to Span

Concrete Pipe with fill 1 1.15 {for diameter 2 fi or less
depth 2 ft or greater

1.75 for diameters § ft or greater

All other culverts and
buried structures




Traffic Perpendicular to Span

Surface

Stnd
L LRFD
= — SDE

Concrete Box

Surface

Stnd

Concrete Box

Figure S-1. Live load variation with depth for concrete box culverts (SDE refers to the proposed simplified

design equations).



320 KiP

¢ 1 ¥ " I
4'-0" 10 30"-0" ]

i

6-0

Figure 3.6.1.2,2-1-—Characteristics of the Design Truck




eel and Axle Spacing

® s,, = Wheel spacing, 6.0 ff.
® s, = axle spacing (ft)




Interaction Depth for Tandem Axles




Interaction Depth for Wheels

W, for a single wheel |

| W, for two wheels |

lan View




Interaction Depth

3.6.1.2.6b—Traffic Parallel to the Culvert Span

For live load distribution transverse to culvert spans, the wheel/axle load interaction depth H,,.. shall be determined

s, = wheel spacing, 6.0 {t
w, = tire patch width, 20 in.
D. = inside diameter or clear span of the culvert (in)



Interaction Depth - Distribution
Transverse to Culvert Span

Where H <H,,

W, = w,/12 + LLDF(H) + 0.06(D,/1 (3.6.1.2.6b-2)

Where H>H. .,

W. = w,/12 + s+ LLDF(H) + 0.06(D/12) (3.6.1.2.6b-3)




.

Interaction Dept Parallel

“For live load distribution parallel to culvert span, the wheel/axle load
Interaction depth H. . shall be determined as:”

int-p
lt
S, - E
Hipep = 6.1.2.6b-4)
LLDF

s, = axle spacing (ft




Interaction Depth - Distribution
Parallel to Culvert Span

Where H < H.

mt-p

I =1/12 + LLDF(H) 6.1.2.6b-5)

Where H > H.

mt-p

I =1/12 +s, + LLDF(H) (3.6.1.2.6b-6)




Pressure Area at the Top of the Pipe

( ] | @kv

-




Pressure at the Top of the Pipe

IM
Pll1+— Km)
( 100 ) /
P = (3.6.1.2.6b-7)
>

P = live load applied at surface on all interacting wheels (kips)
IM = dynamic load allowance as specified in Article 3.6.2.2
m = multiple presence factor specified in Article 3.6.1.1.2




.

Dynamic Load Allowance

® LRFD — Dynamic Load Allowance
(3.6.2.2)

> DLA =0.33(1.0 - 0.125D)
- Dg = Depth of cover




Mulfiple Presence Factor

Design Code

Lanes | AASHTO | AASHTO
STD LRFD
1 1.0 1.2
> 1.0 1.0
3 0.90 0.85
4 0.75 0.65




For Concrete Pipe, Load must be 1n
Terms of lbs/ft

T |

o l' - </T




D-Load Equation

o= (u)(wE+WF . W ) 2.10.4.3.1-1)
Si BFE BFLL

Bg; = Live Load Bedding Factor




Live Load Bedding Factors

Table 12.10.4.3.2¢c-1

12
18
24

30 and larger



STANDARD INSTALLATIONS

Design Examples




h

® Embankment Condition
> Pipe Size = 36" 1.D., 44" = 3.67 ft. - D,
> Fill Height = H = 5 ft.
> Soil Unit Weight = w = 120 lbs/ft3
> Check Type 2 and Type 3 Installations

EXAMPLE 1




.

STEPS

1. Determine Earth Load
2. Determine Live Load
3. Select Bedding

4. Determine Bedding Factor

5. Application of Factor of Safety
6. Selection of Pipe Strength




.

DETERMINE EARTH LOAD

® Soil Prism Load:
PL=wHD,

PL = (120 lbs/ft3)(5 ft.)(3.67 ft.)
PL = 2202 Ibs/ft

v VvV Vv

\"4

W = VAF x PL (AASHTO Equation 12.10.2.1-1)
Type 2 Type 3
W = (1.40) (2202 lbs/ft) W = (1.40)(2202 lbbs/ft)
W = 3083 D€ '

v VvV Vv




AASHTO LRFD Bridge Design
Specifications, Section 12

The unfactored earth load, Wy, shall be determined

S,

W,=FwB H (12.16.2.1-1)

where:

unfactored earth load (kip/ft)

soli-structure interaction factor for the specified
instailation as defined herein

out-to-out horizontal dimension of pipe (ft)
height of fill over pipe (ft)

unit weight of soil (pef)




AASHTO LRFD 12.10.2.1

| Fedsr ] Rl ] AT -] AR
0.00
0.08 0.11
0.17 0.19
1.45 1.45
0.40 0.30
0.19 0.25
0.10 0.00
0.05

|« | 080 | 0.82 0.90
0.70




.

Determine Fluid load

®YVY,, = 62.4 pcf

® ID =3 ft

® W:=v,, XTT X (ID/
® W, =441 lbs/ft




.

DETERMINE LIVE LOAD

® 3.6.1.2.6aQ

> “For single-span culverts, the effects of live
load may be neglected where the depth of
fill is more than 8.0 ft. and exceeds the span

length;”




Interaction Depth

3.6.1.2.6b—Traffic Parallel to the Culvert Span

For live load distribution transverse to culvert spans, the wheel/axle load interaction depth H,,.. shall be determined




Live Load Distribution Factor

Table 3.6.1.2.6a-1—Live Load Disiribution Factor {LLDFE) for Buried Structures

LLDF Transverse or Parallel to Span

Concrete Pipe with fill 1 1.15 {for diameter 2 fi or less
depth 2 ft or greater

1.75 for diameters § ft or greater

All other culverts and
buried structures

3 ft—2 ft
LLDF=115+-( ) (1.75 - 1.15)
(8 ft — 2 ft)

LLDF = 1.25



Interaction Depth

3.6.1.2.6b—Traffic Parallel to the Culvert Span

For live load distribution transverse to culvert spans, the wheel/axle load interaction depth H,,.. shall be determined

0 =  6ft.—(207/12) — (0.06 * 36”)/12

int-t

1.25

H. .. =3321{t

int-t



Interaction Depth for Wheels

| W, for a single wheel |

| W, for two wheels |

lan View




.

Interaction Dept Parallel

“For live load distribution parallel to culvert span, the wheel/axle load

Interaction depth H, ; shall be determined as:”
I
S S —
C 12
Hipp = 6.1.2.6b-4)
LLDF

4 ft—(107/12)

n



Interaction Depth for Tandem Axles




\Ke&s“sure at top of Pipe
The

ingle Axle (HS20)
Where H>H. ..

For

W, =w/12+s_ + LLDF(H) + 0.06(D,/12) (3.6.1.2.6b-3)
W, =(207/12) + 6 ft + 1.25*5 ft + 0.06*3 ft

W, =141 ft

Where H < H,,, ,

I =1/12 + LLDF(H) (3.6.1.2.
=1



For The dem Axles
Where H>H. ..

\%&s“sure at top of Pipe

W, =w/12+s_ + LLDF(H) + 0.06(D,/12) (3.6.1.2.6b-3)
W, =(207/12) + 6 ft + 1.25*5 ft + 0.06*3 ft

W, =141 ft

Where H > H.

mnt-p

I =1/12 +s, + LLDF(H)

6.1.2.6b-5)




ressure at top of Pipe

(3.6.1.2.6b-7)

Load P
For the single axle - P =1

1ps X 2 wheel loads



ressure at top of Pipe

(3.6.1.2.6b-7)

IM = 33*[1 — 0.125 (H)]
IM = 33*[1 — 0.125 (5)]
IM = 12.375



Pressure at top of Pipe

(3.6.1.2.6b-7)

12.3
100

100 ft?

32000 Ibs (1 + (1.2)

=431.5 pst




.

Live Load on the Pipe

® QOutside Diameter = 3.67 lbs/ft

® Spread length for Single Axle
AWEVAR;

® Spread length for Tandem Axles
> 1, =111 ft

» live load =




For Concrete Pipe, Load must be 1n
Terms of lbs/ft

T |

o l' - </T




.

Recap of Loads

® Type 2
> We = 3083 Ibs/ft
> W = 441 lbs/ft
> W, = 1583.6 los/ft

® Type 3
> W = 3083 Ibs/ft



SELECTION OF BEDDING

® We will compare Type 2 and Type 3
iInstallations.




Standard Installations D-load

Wo+W, W,

(12.10.4.3.1-1)

FE




Embankment Bedding
FQCTOrS

Table 12.10.4.3.2a-1 Bedding Factors for Circular Pipe.

P‘ipL= Dl ameter, Stand ard Itlhl'ﬂll"l.l’l[‘lﬂa




.

Earth Load Bedding Factor

® Earth Load Bedding Factors for
Embankment Condition (Table
12.10.4.3.20-1)
> Type 2, B = 2.9
> Type 3, B = 2.3



Live Load Bedding Factor

Table 12.10.4.3.2¢c-1

12
18
24

30 and larger

Type 2, By = 2.2
Type 3, By = 2.2



Find D-load

Wo+W, W,

(12.10.4.3.1-1)

FE




\Qpp\iccﬂon of Factor of
Satety

® Design is based on 0.01 inch crack, so
use a factor of safety of 1.0.




SELECTION OF PIPE STRENGTH

FOR A TYPE 2 INSTALLATION
2,083 Ibs/ft + 441 Ibs/tt | 1584 Ibs/ft |

-
&

Doo1 =

%)
=

2.9 2.2




SELECTION OF PIPE STRENGTH

FOR A TYPE 3 INSTALLATION
2,083 Ibs/ft + 441 Ibs/tt | 1584 Ibs/ft |

-
&

Doo1 =

%)
=

2.3 2.2




ASTM C 76 PIPE CLASSES

® Class | - Dy, = 800 los/ft/ft

® Class Il - Dy gy = 1000 los/ft/ft
® Class lll - Dy o = 1350 lbos/ft/ft
® Class IV - Dy o = 2000 los/ft/ft
® Class V - Dy = 3000 llos/ft/ft




\Elipﬁcql Pipe Design




Elliptical Pipe Installations

HORIZONTAL ELLIPTICAL PIPE

overfli-sw |
ML or CL H

- —
I_E;(Mjn) Be Be(Min )

Haunch - See
Table 27 52 2-1

Lower Side - See
Table 27 52 2.1

- E
AL ey

: BINEANETEE | NS T
Bedding -
See Table 27 5.2 2-1 Middle Bedding
Outer Bedding material loosely placed
and compaction each side uncompacted

Same requirements as bedding except
haunch for Type 4




Elliptical Pipe Installations

Table 27.5.2.2-1 Standard Embankment Installation Soils and Minimum Compaction Requirements.

Installation Type

Bedding Thickness

Haunch and Outer
Bedding

Lower Side

Type 1

For soil foundation, B./24.0 in.
minimum, not less than 3.0 in. For rock
foundation, use B,./12.0 in. minimum,
not less than 6.0 in.

95% SW

90% SW, 95% ML
or 100% CL

Type 2—Installations
are available for
horizontal elliptical,
vertical elliptical and
arch pipe

For soil foundation, B,/24.0 in.
minimum, not less than 3.0 in. For rock
foundation, use B./12.0 in. minimum,
not less than 6.0 in.

90% SW or 95% ML

85% SW, 90% ML
or 95% CL

Type 3—Installations
are available for
horizontal elliptical,
vertical elliptical and
arch pipe

For soil foundation, B,/24.0 in.
minimum., not less than 3.0 in. For
rock foundation, use B/12.0 in.
minimum, not less than 6.0 in.

85% SW, 90% ML or
95% CL

85% SW, 90% ML
or 95% CL.

Type 4

For soil foundation, no bedding
required. For rock foundation, use
B./12.0 in, minimum, not less than
6.0 in.

No compaction
required, except if
CL, use 85% CL

No compaction
required, except if
CL, use 85% CL




U + W,

(12.10.4.3.1-1)

FE







AASHTO LRFD 12.10.2.1

Table 12.10.2.1-3 Coefficients for use with Figure 1.

|- Installation Type

0.55 0.00
1.40 1.45
0.15 0.00
0.08 0.11
0.17 0.19
1.45 1.45
0.40 0.30

0.10 0.00
0.05
0.82

15

-:

019 025
:
o :
070

0.90




SYMMETRICAL ABOUT AXES

Aporomimate
Equivalent Full Flow Watar

Round Size, In. Arag, 17 Risa, In.

=
4
L
5

5% 12%%
874 16%&
¥ 18
akh 2074
9 22Tk
104 247k
1% ar

12% 28

13 1%
16 A
17 A0TE
16834 45

1.83 14%
azs8 18%
4.12 21%
E.10 24
623 26%
7.36 8%
=) -] e
10.2 ]
128 284y
18.7 43%
2.6 48%
24.8 B3
234 ETH 200 4845
246 E2% 22 53l 27
40.1 ET% i 234 57 28
48.1 T2% 26Y L3 A
24 T i 27 86k A3l
B2 289 2] Bl
EB.4 BT i A0t T e
T3.8 ¥ 2 TE% %
BE2.1 BE¥ 4 3% ana a1
032 106 ar =201 453
e 4 A % 50

T

o

BEBABBEBEAYE

RERANRENERERBEEYNYER

Nome 1—Rise. span, and radii are fixed; other dimensions and angles are calculated.
FIG. 5§ Cross-Sectional Shape of Elliptical Pipe




Flow Area Per ASTM C 507

Approximate
Equivalent Full Flow Water
Round Size, in. Area, ft3
K

18 1.83
24 3.28
27 412
30 5.10
33 6.33
36 7.36
39 8.78
42 10.2




—
Hydraulic Capacity of Culverts
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Bedding Factors




SECTION 12: BURIED STRUCTURES AND TUNNEL LINERS 12-63

12.10.4.3. 2b—Earth Load Bedding Faclor for
Arch and Elliptical Pipe

The bedding factor for installation of arch and
elliptical pipe shall be taken as:

C

B = 4 (12.10.4.3.2b-1)
Cy—xq
where:
C; = constant corresponding to the shape of the pipe,
as specified in Table 12.10.4.3.2b-1
Cy = parameter that is a function of the distribution

of the vertical load and vertical reaction, as
specified in Table 12.10.4.3.2b-1

= parameter that is a function of the area of the
vertical projection of the pipe over which
lateral pressure is effective, as specified in
Table 12.10.4.3.2b-1

= ratio of the total lateral pressure fo the total
vertical fill load specified herein

Design values for C,;, Cy, and x are listed in
Table 12.10.4.3.2b-1.

Table 12.10.4.3.2b-1—Design Values of Parameters in Bedding Factor Equation

Pipe Shape Cy Installation Type Cy Projection Ratio, p x
Horizontal 2 0.630 0.9 0.421
Elliptical 1337 0.7 0.369
and ’ 3 0.763 0.5 0.268
Arch 0.3 0.148
2 0.516 0.9 0.718
Vertical 1.021 0.7 0.639
Elliptical ’ 3 0.615 0.5 0.457
0.3 0.238

The value of the parameter g is taken as:
e  For arch and horizontal elliptical pipe:

P B
=023-—11+035p—% 12.10.4.3.2b-2
g F [ P HJ ( )

¢  For vertical elliptical pipe:

P B,
=048 140.73p 22 12.10.4.3.2b-3
q 5 [ 14 H] ( )

e

where:

p = projection ratio, ratic of the vertical distance
between the outside top of the pipe, and the
ground of bedding surface to the outside
vertical height of the pipe




Bedding Factor Equation

(12.10.4.3.2b-1)

constant corresponding to the shape of the pipe,
as specified in Table 12.10.4.3.2b-1

parameter that 1s a function of the distribution
of the wvertical load and vertical reaction, as
specified 1n Table 12.10.4.3.2b-1

parameter that is a function of the area of the
vertical projection of the pipe over which
lateral pressure 1s effective, as specified 1n
Table 12.10.4.3.2b-1

ratio of the total lateral pressure to the total
vertical fill load specified herein




The bedding factor for installation of arch and
elliptical pipe shall be taken as:

(12.10.4.3.2b-1)

Table 12.10.4.3.2b-1—Design Values of Parameters in Bedding Factor Equation

Pipe Shape Cy Installation Type Cy Projection Ratio, p X
Horizontal 2 0.630 0.9 0.421
Elliptical 1337 0.7 0.369
and ' 3 0.763 0.5 0.268
Arch 0.3 0.148
2 0.516 0.9 0.718
Vertical 1021 0.7 0.639
- Elliptical ' 3 0.615 0.5 0.457
0.3 0.238




Horizontal Elliptical Bedding
Factor

¢ For arch and horizontal elliptical pipe:

- B
g=023L 140352 (12.10.4.3.2b-2)
£\ e | |




The bedding factor for instaliation of arch and
elliptical pipe shall be taken as:

(12.10.4.3.2b-1)




Live Load Bedding Factors

Table 12.10.4.3.2¢c-1

12
18
24

30 and larger



.

® 34 x 53 horizontal elliptical pipe

@ Positive projecting embankment
condition

® Type 2 Installation
® 1 foot of cover
® Soil unit weight of 120 lbs/ft3

EXAMPLE 2




.

STEPS

1. Determine Earth Load
2. Determine Live Load
3. Select Bedding

4. Determine Bedding Factor

5. Application of Factor of Safety
6. Selection of Pipe Strength




DETERMINE EARTH LOAD

® Wall thickness = 5 in. (from ASTM C 507)
® QOutside Span B, =53 in+2 (5in.) = 5.25 f1
® Soll Prism Load:

VvV V Vv

A4

v V VvV

PL=w H B,
PL = (120 Ibs/ft3)(1ft.)(5.25 ft.)
PL = 630 Ibs/ft

W = VAF x PL (AASHTO Equation 12.10.2.1-1)
Type 2

W = (1.40) (630 llbos/ft)

W = 882 Ibs/ft



termine Fluid Load

@Y, = 62.4
®© A=10.2ff

® We=vY, XA
® W= 636 lbs/ft



Flow Area Per ASTM C 507

Approximate
Equivalent Full Flow Water
Round Size, in. Area, ft3
K

18 1.83
24 3.28
27 412
30 5.10
33 6.33
36 7.36
39 8.78
42 10.2




Roughness Coefficient (n): | 0.012
Pipe Diameter (in.): |42in.-34in.x53 i3/

Pipe Slope (%): | 0.1 0.001  ft/ft

Flow Depth (%): | 100

50

Flow=Q = 36.05 ft3/sec
Areaof Flow=A= 10.14 ft?
Velocity of Flow =V =

ACPA
Compare
Flow App



TERMINE LIVE LOAD




.

Less Than 2 Feet of Cover

E,.n = Distribution width parallel to span in inches

E,.,= Ly + LLDF(H)

L, = length of contact area parallel to span (in)
LLDF = live load distribution factor
H = depth of fill




Less Than 2 Feet of Cover

3.6.1.2 6a—General

For single-span culverts. the effects of live load may be neglected where the depth of fill is more than 8.0 fi.
and exceeds the span length: for multiple span culverts, the effects mav be neglected where the depth of fill exceeds the

distance between inside faces of end walls.
Live load shall be distributed to the top slabs of flat fop three-sided. or long-span concrete arch culverts, or

concrete pipe with less than 2.0 ft of fill as specified in Article 4.6.2.10, Round concrete culverts with 1.0 ft or more but
iess than 2.0 ft of cover shall be designed for a depth of 1.0 ft. Round culverts with less than 1.0 ft of fill shall be
iprehensive methods.

E =96 + 1.44S (4.6.2.10.2-1)

E = Distribution width perpendicular to span in inches
S = Clear Span 1n feet



h

Less Than 2 Feet of Cover

E,.n = Distribution width parallel to span in inches

E,.,= Ly + LLDF(H)

L, = length of contact area parallel to span (in)
LLDF = live load distribution factor
H = depth of fill




““““““““

Live Load Spread for Less

Than 2 feet of Cover (single a




.

®@ E=96+ 1.44 (53"/12)
® E=102.36 inches = 8.53 ft.

Live Load Width

Live Load Lengt
® LLDF = 1.39




\A{ea of Pressure on Top of
ol

® A, = 8.53 ft x 2.22 ft

® A = 18.94 ft?

® P = 32,000 los



ressure at top of Pipe

(3.6.1.2.6b-7)

IM = 33*[1 — 0.125 (H)]
IM = 33*[1 — 0.125 (1)]
IM = 28.88



ressure at top of Pipe

(3.6.1.2.6b-7)




.

® OD = 5.25 f1.
® Egpon = 2.22 ft

® Egpon < OD, so use Espan for live load
calculation

Live Load

®© W, =2




.

Recap of Loads

® Type 2
> W = 882 lbbs
> We = 636 Ibs/ft
> W, = 5801 Ibs/ft




\Qeterminqﬁon of Bedding
o [o4 (o]




The bedding factor for installation of arch and
elliptical pipe shall be taken as:

(12.10.4.3.2b-1)

Table 12.10.4.3.2b-1—Design Values of Parameters in Bedding Factor Equation

Pipe Shape Cy Installation Type Cy Projection Ratio, p X
Horizontal 2 0.630 0.9 (0.421
Elliptical 1337 ] 167 0.369
and ' 3 0.763 0.5 0.268
Arch 0.3 0.148
2 0.516 0.9 0.718
Vertical 1021 0.7 0.639
- Elliptical _ ' 3 0.615 0.5 0.457
0.3 0.238




Horizontal Elliptical Bedding
Factor

¢ For arch and horizontal elliptical pipe:

- B
g=023L 140352 (12.10.4.3.2b-2)
£\ e | |

F.=1.4
o=0.7
B. = 5.25 f1.
H=1 ft.

g= 0.263



h

Earth Load Bedding Factor

Ca
Bgg = _xq
C,= 1337
Cy= 0.630
X = 0.369
q = 0.263

1.337




Live Load Bedding Factor

Table 12.10.4.3.2¢c-1

12
18
24

30 and larger




U + W,

(12.10.4.3.1-1)

FE




\Qpp\iccﬂon of Factor of
Satety

® Design is based on 0.01 inch crack, so
use a factor of safety of 1.0.




\SELECTION OF ELLIPTICAL PIPE
STRENGTH FOR A TYPE 2

Doo1 =

INSTALLATION

882 Ibs/ft + 636 1bs/

2.5

Dgor =7

. 5801 Ibs/ft

2.2

x 12
53 in.




\ liptical Pipe Classes (ASTM

C 507)
® Class F 600 los/ft/ft
® Class F 800 lbs/ft/ft
® Class HE- 00 lbs/ft/tt
® Class HE-lll - 1350 lbs/ft/ft
® Class HE-IV - 240(0]0 k}ﬁc"/f"




Tandem Axle Live Load
Q\zskbs\ A fi 25 kips
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