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Introduction

 Reinforced Concrete Pipe (RCP)

e First produced in 1896 in
France

 Brought to North America in
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Introduction

e Indirect Design
(Marston/Spangler Analysis)
» Developed in the 1920’s and 30’s
e Empirically derived
 Excellent performance record in low
to moderate soil covers

* Direct Design (Heger/Selig)
 Developedin the 1970’s and 80’s While direct design has

* Reinforced concrete design theory  been formally adopted

 Limit states design principals by industry it does not

 Applicable for large diameter and see widespread use
high external load conditions
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lowa Experiment Station

Anson Marston began research

Into the behavior of buried Some of e vitrified clay
rigid pipe in 1910 S a8 rs il
Born out of the increased use gf ; § N
of clay and non reinforced ] ]
concrete pipe In sizes up to 36” § §
as both drain tile and sewer < S ) X
pipe N N y 3
The “large diameter” pipe was ~ ® :§ N S
prone to failure shortly after N : §\~§ 0 2 o
Installation K = NN N » %‘g 3
Began with investigation into N RN o — R
failures NN R SW ¥ N
N RNEEIN Y B = 88
At the time there RN g‘é Y < ‘. §E§
R £ e :, N
was no quantifiable VY 89 N § 3%
: S A0Y
design method for 3 2 §§ S B 3
. . /e = BN
buried pipe! SN |
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Original Soil Load and Pipe
Strength Experiments

Evaluating Trench Loads

12” Pipe Test
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Original Soil Load and Pipe
Strength Experiments

e Testing of pipe up to 42” diameter
e Homebuilt sand bedding testing machines

o Evaluation of test results to actual supporting strength
for various installation types

¢ {Typical Installation &

| Tests in Shaped
Trenches

Tests in Flat
Bottom Trenches
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Evaluation of Testing Methods

]
' e -
= : :
s S L | | : :
E ‘::’,“"""\:“"‘Eg pdl- .............. L: aaaaaaaaaaaa
:'""”'_'-“"*-*"‘. = Upper Beawng frame E
Sk Vow
Fig. 16. *Sand" bearings Fig. 17. *“Two-point” Fig. 18. *‘Three-point”
bea bearnigs

rings
Bearings recommended for use in tests of the ‘‘ordinary supporting strength” of sewer pipe
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The Theory of Loads on Pipes in Ditches
and Tests of Cement and Clay Drain Tile
and Sewer Pipe

e o Published In1913 by =
- the lowa State College |

of Agriculture and s

Mechanical Arts

~ « Authors:
* Anson Marston
e A. O. Anderson

* weaoms | o New theories for

. calculating soil loads
on buried pipes in
narrow trenches
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The Supportive Strength of Sewer Pipe In
Ditches and Methods of Testing Sewer
Pipe in Laboratories to Determine Their
Ordinary Supportive Strength

e e Published in 1917 by the lowa
= =  State College of Agriculture and
The Supporting Strength of Sewer Pipe in Ditcf:es M eC h an I Cal Arts

and Methods of Testing Sewer Pipe in Labora.

tories to Determine Their Ordinary

Sopporng Srengh * New theories for quantifying
s s the external load capacity of
buried rigid pipe
e Authors:
T i AR 0 e Anson Marston
e W. J. Schilick
mwux*aum:&:;;mmmm * H.F Clemmer
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Continued Research...

Further development was undertaken in the 1920’s and 30’s by:
o W.J. Schilick
e M. G. Spangler

Resulted in numerous papers on an ever expanding knowledge of
soil loads and pipe strengths

Developed calculations for determining earth loads from
embankment (projection) and tunnel installations

Load calculations were all empirically derived from experiments
undertaken at the lowa Experiment Station

Natural Ground

Top of Embankment Top of Embankment Top of Embankment
h)

-

Compressible
Material

Natural Ground

(O

Trench Positive Projection Negative Projection Induced Trench
Embankment Embankment
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5.4 | EVERY DAY MATTERS .2

Indirect Design

AND PLAIN END PIPE
Wood Block IBeam or Other Type
+
Lower Bearing Strips
RiguiEsse (See Fig. 5)
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Indirect Design

 Matches estimated trench loads to the estimated
supporting strength of the installed pipe

Installed pipe strengths estimated through the use of
empirically derived factors

Pipe strengths assessed using three edge bearing
(3EB) tests

TABLE 5 Design Requirements for Class V 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) o produce a 0.01-in. crack, or the D-loads to produce the 0.01-in. erack and the ultimate
load as specified below, multiplied by the internal diameter of the pipe in feet.

D-oad 1o produce a 0.01-in. crack 3000
D-oad 1o produce the utimate load a7s0
Reinforcement, in.2inear ft of pipe wall
Wall A Wall B Wal G
N 2:;”:““ Concrete Strengih, 6000 psi Concrete Strengih, 6000 psi Concrete Strength, 6000 psi
Diameter, Circular Circular o Circular
in. wall Reinforcement? Elliptical - Wall Reinforcement? Eliptical  Wall Reinforcement? Eliptical
Thickness, —————————— Relnforce- Thickness, ———————————— Reinforce- Thickness, —————————— Reinforce-
" Inner outer  mentt in Inner  Outer et inner  Ouer | mante
Cage Cage Cage  Cage Cage Cage
12 “ 2 010 2% 0.07°
15 ‘ 2y 014 - L ) 007°
13 “ 2 019 016 3% 010
21 A 2% 024 021 3% 0.10 ; s
2 “ 3 030 028 3% 012 007 012
VB B e 27 s 3 0.38 023 042 4 014 008 0.16
a0 “ v 0.41 024 045 4% 013 011 020
33 A 3% 045 027 051 4% 023 014 024
35 A 4 050 030 056 4% 027 0.16 030
2 - A 060 035 067 5% 036 021 040
48 “ 5 073 044 081 5% 047 027 052
54 - 4 6% 058 035 064
60 A 2 6% 070 042 078
66 - A Tv 084 050 093
72 “ A 7% 099 059 110
. “ - A
i “ A P
% A B A
% % B N
By “ N A
108 a - h
14 “ a a
120 * ~ 2
155 “ B M
132 e N h
133 “ a ;
a4 A . .
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Three Edge Bearing Tests

e Standards:

o ASTM C497 - Standard Test Methods for Concrete Pipe,
Manhole Sections, or Tile

e CSA A257

* Quantifiable means of determining a pipe abllity to
support externally applied loads

LOWER BEARING STRIFS
AND PLAIN END PIPE %
\ 13 mm RADIUS - I . - 13 mm RADIUS
Rigid Steel Member '

Upper Bearing
Wood Block HBeam or Other Type

+

Lower Bearing Strips
Rigid Base (See Fig. 5)
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Three Edge Bearing Tests

* RCP Is typically tested with the intent of determining the
following loads:
 Hairline Crack
« Service Cracking (0.01” or 0.3 mm)
 Ultimate Failure

* Typical QA/QC procedures only require testing up to
servicing cracking limit with the rare test taken to ultimate
failure

* It should be noted that standard three edge bearing tests
to do not check for diagonal tension (shear) or radial
tension failure modes.

 Both are governing failure modes in high soil cover
conditions.

&) CONCRETEPIPE.ORG



Traditional Installation Types and
Bedding Factors

e Bedding types developed to reflect pipe installation
methods at the beginning of the 1900’s

» Reflect installation efforts involving hand vs.
machine excavation

» Bedding factors were developed for each installation
type reflect the increase in load a pipe can support
when installed vs. in the three edge bearing test

» The bedding factor each installation type reflects the
level of load distribution provided

 Better soil support equals a higher bedding factor!

O CONCRETEPIPE.ORG
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Traditional Installation Types and
Bedding Factors

W H
Lightly 6" min
Compacted —
Backfl
! 116 5, 1
f-—-| Compacted Gl;anulm
: Material or Densal 2
SHAPED SUBGRADE ' Compacied B.;mﬁ GRANULAR FOUNDATION
14D CLASSC
" mi 11/ =
1B H j‘_j““'-‘ I.._ﬁ.__u Br=15
6" min. B, +8" min. Loose
e " [ Backhill , Depth of Bedding
Dem_lv Compacted q- e b Material Below Fips
e > 118 H D [dimin)
ol & Plain or Reinforced __ —1 6" min. " sl 3
K " Concrete 2000 psi min. 2 ; e ““ .
T s, 30" to 60 1
i S d (sas notes) d 1 66" & larger b
LFErE NN C Compacted Notw:
Granular Material Far Clast A bedd nga, Lse d & depth al cancraie be ow pipe unlew otherw e
CONCRETE CRADLE CONCRETE ARCH ndicated by 02 or desiga canditiont .
CLASS A For Class 8 snd C beddings , subgrade should be excavated or over wscavaied
Reinforced -4, =1.0% 8; =48 L] m::ﬂv. sa o unifgrm foundstion free ol protruding rocks may b
. prov [
Reinforced A, = 04% B, =34 L‘-LASls 0 Spacial cars may ba necassary with Clms A ar ather unyisiding foundations 1o
Plain B=28 Br=1.1 cuthion pipe Irom shock when blsviing cen be snticipaied n the eres,
4
Densely e
Bumpwlﬂi —— BACKFILL
Backfill
Compacted +
e A Fine Granular Fill l};:;::-t:: BTC‘E:ILLL s o
U5 2, Pl Mo 2 g & RS
SHAPED SUBGRADE WITH GAANULAR FOUNDATION BN RS e COMPACTEL PR N SOTTON OF BAAFTS BOR
GRANULAR FOUNDATION CLASS B : _CLASSBBEDDING I aGGORDANCEWITHOW 2030+

B=18
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Indirect Design Method

e Calculate live and dead

loads
. . ASTM C76 Service Cracking Ultimate Failure
* Determine a bedding factor g cciass ~ b-Load b.Load
« Determine the equivalent (N/m/mm) (N/m/mm)
three edge bearing load S - -

divide the soil load by the

eddlng faCtor) Class Il 50 75
e Convert to equivalent D- e = e
. . Cl v 100 150

Load (Divide by the ===
Class V 140 175

diameter of the pipe)

 Select appropriate pipe from
the ASTM or CSA
specification or specify
required load

O CONCRETEPIPE.ORG



Indirect Design Method

 Reinforcement requirements are stipulated in ASTM
C76 or CSA A257

« Empirically derived in order to meet required D-
Loads

e Single factor of safety applied against ultimate
failure, ranging from 1.25 and 1.5

* No differentiation between live and dead loads and
their respective levels of uncertainty

 Adequate for low to moderate soil covers N
consistent with those used to develop the empirical
design method

&) CONCRETEPIPE.ORG



SIDD Installations and
Direct Design
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New Design Approach

American Concrete Pipe Association (AC_PA%
undertook a long term research project in the
1970’s and 80’s to develop a new design
approach for reinforced concrete pipe

Dr. Frank Heger was enga%ed to develop this new
design method based on his knowledge of
reinforced concrete design

(Ii/lo#tinuation of Heger’s post graduate work at

Dr. Ernest Selig was engaged to provided
geotechnical expertise in development of the
pipe-soil interaction models

Heger’s other work included...

CONCRETEPIPE.ORG



New Design Theory

e Heger’s 1962 PhD thesis “A | Mol
Theory for the Structural D
Behavior of Reinforced o
Concrete Pipe” strove to s AR i
develop a rational procedure | S ——
for predicting the structural e
behavior of reinforced —
concrete pipe husinre?

» Adapted reinforced concrete Y st g iy
beam theory to the circular -
pl pPE walll o i, s Com
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New Design Theory

* Proposed design procedures
considered the following:
 Flexural strength
 Diagonal tension (shear) capacity
 Predicting and limiting in service
crack widths

* Use of stirrups in controlling
diagonal tension

» Combined internal and external Ao TeNsioN STRESS N Pt WAL UNGER
loading conditions
(Heger 1962)

 Assessed the development of
internal wall forces under test
(3EB) and in service conditions

O CONCRETEPIPE.ORG



Imparted Wall Forces

« Max bending moments develop at: »..~ """
e Obvert

e |nvert
e Springline Fs0
« Max wall thrust: —

e Springline

* Max diagonal tension:
e =12°to 13° from invert

Flexure Design Locations:

1,5 Maximum Positive Moment Locations at Invert and Crown.
3 Maximum Negative Moment Location Near Springline.

Shear Design Locations:
2,4 Locatlons Near Invert and Crown Where Mnu/(Vud) = 3.0
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Bending Moments

el

tension

2

compression
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Development of Bending
Moments during 3EB Test

Three Edge Bearing Test Load

{c) waight of Pipe (b) Uneracked (c) First Stoge Gracking (d) Second Stage Cracking (e) Ultimate Condition —

Flexural Foilure

PIl
Waight/fr = W
B lD B
I=Constant IsConstant I,;=03I,= 037, z 2
L3 I3 = Igy
Loading Diagrams
o &
" m

249

T
{13
L

&
0?
SRLL
- 178
~ 159
‘og

'q%

wo % w2
-
M= Wr(160-08lcosb-15985n8) | M=Pr{ 318- 5010 §) M=+ Pr{ 249 - 500 §) M= Pr(324-50sn8) MeR,r(272=-500nE - 018 cos B)
Moment

{Coetficient x Wr) Moment tl:‘.o.f.![nen! x Pr)

(Heger 1962)
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Diagonal and Radial Tension

e Radial Tension Failure:

» Cause by tension forces within
the radial reinforcement

» These tension forces act to
straighten out curved steel,
causing it to pull away from the
pipe wall

Diagonal Tension
Failure
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Solil Pressures and Wall Forces

* The interaction between buried pipe, the embedment
material, and native soils is complex and dependent on
many factors

* Heger and Selig developed the computerized finite
element program SPIDA (Soil-Pipe Interaction Design
and Ana y3|s§J to determine the distribution of soil
pressures around the pipe and wall forces developed

 This lead to the development of four new installation
types to reflect modern pipe installation techniques...

Actual Installation SPIDA Simulation
A6
HAF | p

Surface Loads
VAFI T (symmetrical)

A

Height of
ar ove

=—Wide Trench

| Boundary
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Standard

Most Intensive
Installation
Requirements

Installations D

as haunc|

! Q) . (7
! ® N '
RSSO
Backlg;= s Tobla 322 B./3 Middie bedding
Outer baddin S loesely placed
material unf uncompocted bedding
compaction each P Foundation —  excepl for Type 4
sids, same

raquirements

h

Excavalion line as
requira

Haunch - see Table 5.2-2

A
I’q 0
2 .
Rt \;~ ¥ ;' oy Lower side - see Table 5.2-2
1 A o 4 /I/
3 X |

Quantitative
vs. Qualitative
Installation
Procedure

Least Intensive
Installation
Requirements

Installation Haunch and Outer
Type Bedding Thickness Bedding Lower Side
—> Type | D,/24 minimum, not less than 3 in. (75 mm). If 95% SW 90% SW, 95% ML, o

rock foundation, use D,/12 minimum, not less 100% CL
than 6 in. (150 mm).

Type 2 D,/24 minimum, not less than 3 in. (75 mm). If 90% SW or 93% ML 85% SW, 90% ML, or
rock foundation, use D,/12 minimum, not less 95% CL
than 6 in. (150 mm),

Type 3 D,/24 minimum, not less than 3 in. (75 mm). If 85% SW, 90% ML, 85% SW, 90% ML, or
rock foundation, use D,/12 minimum, not less or 95% CL 95% CL
than 6 in. (150 mm).

— Type 4 No bedding required, except if rock foundation, use No compaction No compaction required,

D,/12 minimum, not less than 6 in. (150 mm).

required, except if
CL, use 85% CL

except if CL, use
85% CL

&)

American Concrete Pipe Association
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Standard Installations Direct
DeS|gn (SIDD)

ASCE TYPE 1 ASCE TYPE 2 ASCE TYPE 3 ASCE TYPE 4
W d. o i | 12
VAF 1.35 e VAF 1.40 T T T
-1, - 1, VAF = 1,40 VAF = 1,45
HAF = 0.45 ‘ HAF = 0.40 . - s - D
A2/A1 = 1.18 A2/M = 0.85 9 A"QFM 203 ] AHZA;M Sl T
7N 7 7
1.0 ] 0 3 1.0 1.0 OO 1.0 OOD 1.0
) y =
3 — -
A2 —-431 A2 1 ?
1.0 - — 10
15 ’ -1 15
20 20 ~-1 20
Al ————] Al ——= Al ————-
25 25 =T 25 = 25
b 30 30 - 30 -+ 0
. - - as 1 35 -+ 38
Visual Representation | Y
-1 0 40 =
. . [j 40
of Applied Sail I . U
Pressures e -
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Heger Positive Projection Load

* Heger and Selig developed a simplified load calculation
method based on the new SIDD installation types

 Only positive projection conditions considered
 Load coefficients developed with SPIDA
 Applied load = Prism load x Vertical Arching Factor (VAF)

T N b gk o o R
[ instaiiation B
TYPE VAF HAF % 3‘-7-.7';(‘3v-rm1 - SW, ML, OR CL
AB A5 ':',: H
HAF b =1 b H 1\,/
- N 1 35 D 45 8o /8 [min D E:cuvulciunl iiiii
2\ raquire
- e 140 0 40 Q.
1 1
1 i 1 ‘D 0-37

145 030

B L N =
s
5 /
2 .
A :
4 =
V|5
S
ﬁy‘,?@\":'_'-::‘-,

A 7 y
e > { Haunch - see Table 5.2-2

'; S \"? ‘ ‘_‘_—_‘I Lower side - see Table 5.2-2

| \ b £ .

' NS A‘g Trench Widths

SRR “XN] are Difficult to

| 4 Control in the
:umpu’circil:r‘-::;: P Foundation —* Fleld

requiremants
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Estimating Wall Forces

» Heger and Selig utilized SPIDA to assess and develop
load coefficients for the new SIDD installations types

Actual Installation SPIDA Simulation TABLE C-3.1. Installation Type 1 Coefficients
Surface Loads
[T1 T} (symmetrical) Coefficients
3 I Location Load Type Cmy Cn, Cy
I Invert W, 225 077
; =) W, 091 188
B O 5 W, 088 — 445
Trench WidthT |~ 1 Wi, 075 250
— L Wy 165 —.046
Trench ’ ] Crown W, 079 -.077
% W, 4 i
Backfill | i pocs e
| =—Wide Trench W 068 .200
: Boundar o Wi 236 046
l T : i y Springline 90° W, -.091 249
W, —-.077 500
~+—Narrow Trench o i g
—— ———————— Ll - .
| Boundary W —.154 500
Critical Shear Invert @, = 12° W, 174 437
W, 219 .143
W, —.408 141
W, 270 150
) Critical Shear Crown 6, = 159° wf,' -.055 083
"'-Voids w. 205 A17
- W, -.176 062
X Wy, 1250 .100

%) CONCRETEPIPE.QRG
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Direct Design

* Proposed in Heger’s 1988 paper “New Installation
Designs for Buried Concrete Pipe”

e Incorporates SIDD Installations and SPIDA developed
oad coefficients

e Incorporates limit states design methodology

» Proposed steel reinforcement design methods to
counteract the following applied wall forces:

e Bending moments

e Wall thrust

 Diagonal tension (shear)

 Radial tension

&) CONCRETEPIPE.ORG



ASCE 15 and PIPECAR

o ASCE 15 — Standard Practice for Direct
Design of Buried Precast Concrete Pipe
Using Standard Installations (SIDD)

 Originally published in 1993 subsequently
updated’in 1998 and 2017

« Qutlines SIDD installation requirements
and direct design methodology

» Computerized design program
PIPECAR™
» Developed by Frank Heger for the ACPA

 Direct design of RCP for a myriad of
design and installation conditions

 Direct design and SIDD installations
have now been adopted by both
AASTHO and CSA

American Concrete Pipe Assocation

Standard Practice
for Direct Design

of Buried Precast
Concrete Pipe
Using Standard
Installations (SIDD)

PIPECAR
Version 4, Windows
ZZ{11/2004 24336 PM
A Computer Program for the Analysis and
Desi 5 4 il

esign of Circular and Horizonlal Elliptical
Reinforced Concrete Pipe Culvers
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'EVERY DAY MATTERS ..2..

Transition from Indirect to Direct
Design

Required Inner Steel (mm?/m)

3600
3200 - Required
prmer Stirrup
ptiona Zone
2800 1 Stirrup
Zone
2400 A - : - :
\ Soil Cover Permited by
2000 A ! Indirect Design
1600 4 :
- V/
Radial Tension Controlled
800 ‘
M Diagonal Design
Tension
400 - Flexure and Crack Width Controlled
Controlled Design Design
0 - - - - - - -
1 3 5 7 9 11 13 15 17

Soil Cover (m)

19

American Concrete Pipe Association
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Limits of Indirect Design

e Indirect design was developed based on empirical
testing on small to intermediate diameter pipe (<36”)
under loading conditions typical of the time (<15’)

e Failure modes recognized at the time were limited to
flexural failure

 Testing of unreinforced clay tile and concrete pipe

« 3EB tests do not directly assess diagonal or radial
tension failure modes which govern under large
external loading conditions

&) CONCRETEPIPE.ORG



Diagonal and Radial Tension

* Pipes designed to withstand applied flexural stresses
may not contain sufficient reinforcing to withstand
Imparted diagonal tension forces

e |[f not confirmed, mobilization of tensile steel under
high loads may result in radial tension failure

| Under 3EB test conditions large |75

diameter pipes can fail under i
diagonal or radial tension prior to

| experiencing flexural failure

=)
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Reinforcing for Diagonal Tension

 Diagonal tension is resisted by:
» Placement of additional radial reinforcing steel (to a point)
* Placement of stirrups

Heavily reinforced 10’

A< FL'I'L'l Stirrup area A, ) ]
' il diameter concrete pipe,
} ‘ ‘ M 3 ; ‘ ‘ =1 designed using direct design
W, T, .
Ee i ) : methods

Stirrups placed to d""s' A

intercept the |+

shear plane )

(Brzev et al 2006)

CONCRETEPIPE.ORG



Reinforcing for Radial Tension

o Stirrups must be employed to overcome radial tension
forces tap

Outer Circular Cage

L
[j&@@@@ O AV AVAVAY I ]
5 MY |2
Tensinn Side Tension Side o

IND 5 STIRRUPS N R

= Stirrup Spacing Elliptical Cage
Lﬂ J]:? rreed (AIR1RTATEgE \
i S N '-.II Inner Circular Cage

_'[:_‘EQDLG_SIIBBM[’_IKLS

Stirrups used to

anchor the inner
reinforcement into
the pipe wall

CONCRETEPIPE.ORG




Transitioning from Indirect to
Direct Design

e Determine the transition from a flexural controlled
failure to diagonal and/or radial tension controlled
failure

e Requires the direct design methodologies (i.e. hand
calcs or PIPECAR™

PIPECAR

004 24736 PM

CONCRETEPIPE.ORG




Inner Reinforcing Steel vs. Soil Cover
1650 mm ASTM C76 CL V Pipe
Type 2 SIDD Installation

3600
3200 - t t 1 t t Required
p— Stirrup
ptiona Zone
2800 - Stirrup l |
Zone

2400 -

Soil Cover Permited by

2000 - : : : ! / Indirect Design

[

Radial Tension Controlled

1600

1200

Required Inner Steel (mm?/m)

B Diagonal Design
Tension
400 - Flexure and Crack Width Controlled
Controlled Design Design
1 3 5 7 9 11 13 15 17 19
Soil Cover (m)
Loading Criteria:
= Required Inner Steel (without Stirrups) ~— Required Inner Steel (with Stirrups) Soil Unit Weight: 20.42 kN/m?
= ASTM C76 Minimum Inner Steel Requirement - Start of Diagonal Tension Controled Design Live Load: AASHTO HS25
-~ Start of Radial Tension Controled Design —— Concrete Compression Failure

- 50il Cover Permitted by Indirect Design

%) CONCRETEPIPE.ORG
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Verification

« Governing failure modes
* Bending moment capacity
 Diagonal tension capacity

Diagonal Tension Failure -
1050 mm Class V RCP

Pipe Diameter

3es Testing

Pipecar Analysis @ at Soil Cover

Pipecar Analysis @ at Soil Cover

(mm) Limit (Type 2) Limit (Type 3)
Bending Moment Shear Bending Moment Shear Bending Moment Shear
(kN*m/m) (kN/m) (kN*m/m) (kN/m) (kKN*m/m) (kN/m)
1050 42.79 112.63 36.23 99.36 | 35.32 98.15
1650 101.10 167.72 82.23 136.67 | 81.29 136.87
O CONCRETEPIPE.ORG

American Concrete Pipe Association




Verification

* Governing failure modes
» Bending moment capacity =
- Diagonal tension capacity =

< "

| Radial Tension Failure -

1650 mm Class V RCP
Pipe Diameter 3es Testing Pipecar Analysis @ at Soil Cover | Pipecar Analysis @ at Soil Cover
(mm) Limit (Type 2) Limit (Type 3)
Bending Moment Shear Bending Moment Shear Bending Moment Shear
(kKN*m/m) (kN/m) (kN*m/m) (kN/m) (kN*m/m) (kN/m)
1050 42.79 112.63 36.23 99.36 35.32 98.15
1650 101.10 167.72 82.23 136.67 81.29 136.87

CONCRETEPIPE.ORG




Verification

e Bending moment and shear capacity estimated using
Heger’s 3EB wall force coefficients

» Actual bending moment and diagonal tension capacity
In excess of predicted capacities

 Result of:
* Increased material strengths
 Limit state design factors

Pipe Diameter 3es Testing Pipecar Analysis @ at Soil Cover | Pipecar Analysis @ at Soil Cover

{mm} _ Limit [Type 2] | Limit {Type 3}
Bending Moment Shear Bending Moment Shear Bending Moment Shear
(kN*m/m) ~ (kN/m) (kN*m/m) (kN/m) (kN*m/m) (kN/m)
1050 42.79 . 112,63 36.23 | S2ds 35.32 | 98.15
1650 | 101.10 167.72 82.23 136.67 81.29 . 136.87

O CONCRETEPIPE.ORG
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'EVERY DAY MATTERS ..2..

Soft

[Inclusions ¥

American Concrete Pipe Association

Actual Installation

SPIDA Simulation
Surface Loads

(symmetrical)

Trench Wi

=—Wide Trench

Boundary

R@M«@««@

I |
—Narrow Trench
1 Boundary_____|

e

i1 Voids
£8

a
ng\,

£

D
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Conclusion

e Indirect design has a long and successful service
record for lower soil covers where diagonal and radial
tension to not govern the design

 The use of indirect design for large diameter pipelines
exposed to high external loads can ignore governing
failure modes

 This exposes the Engineer, owner, and contractor to
additional risk relating to failure and/or serviceabllity
Issues
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Conclusion

o All large diameter pipes should be checked for
governing failure modes regardless of pipe
manufacturing methods (C76 or C1417)

 Available radial reinforcing should be confirmed
whenever diagonal tension governs the design

e Direct design should be employed anytlme stirrups
are required | |
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Conclusion

 Use In indirect design in deep cut applications will
result in a pipe that’s vulnerable to:

 Excessive cracking, exceeding
service cracking criteria

* Premature degradation
 Ultimate failure
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