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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
establish i ittee: ' iZatiorTs; d
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with ‘the
Internatignal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted py the technical committees are circulated to the member bodies for voting:\Publication as gn
Internatignal Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In exceplional circumstances, when a technical committee has collected data-of a different kind from that
which is hormally published as an International Standard (“state of the art’, for.example), it may decide by|a
simple mpjority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informatiye in nature and does not have to be reviewed until the data <t provides are considered to be no
longer valid or useful.

Attention|is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISP shall not be held responsible for identifying any or albsuch patent rights.

ISO 10465-3 was prepared by Technical Committee ISOTC 138, Plastics pipes, fittings and valves for the
transport|of fluids, Subcommittee SC 6, Reinforced plastics pipes and fittings for all applications.

This secpnd edition cancels and replaces the first-edition (ISO 10465-3:1999), which has been technically
revised t¢ take into account changes made to methods in base documents ATV-A 127 and AWWA M-45 (sge
Introduction).

ISO 10445 consists of the following parts, under the general title Underground installation of flexible glass-
reinforcedl pipes based on unsaturatédpolyester resin (GRP-UP):

— Part|1: Installation procedures[Technical Specification]
— Part2: Comparison ef static calculation methods [Technical Report]

— Part3: Installationparameters and application limits [Technical Report]

iv © IS0 2007 — Al rights reserved
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Work in ISO/TC 5/SC 6 (now ISO/TC 138) on writing International Standards for the use of glass-reinforced
plastics (GRP) pipes and fittings was approved at the subcommittee meeting in Oslo in 1979. An ad hoc group
was established and the responsibility for drafting various International Standards was later given to a Task

roup (mow tSOTC138/SC6):

Al the SC 6 meeting in London in 1980, Sweden proposed that a working group be formed tg
dpcuments regarding a code of practice for GRP pipes. This was approved by SC 6, and Working
(WG 4) was formed for this purpose. Since 1982, many WG 4 meetings have been held wh
considered the following matters:

— procedures for the underground installation of GRP pipes;

— pipe/soil interaction with pipes having different stiffness values;
— minimum design parameters;

— overview of various static calculation methods.

During the work of WG 4, it became evident that unanimous{ agreement could not be reached
working group on the specific methods to be employed to address these issues. It was therefore ag
a

t

His part of ISO 10465 was first published in 1999. Since'then the ISO rules dealing with the classi
dpcument types have been revised and this has resulted in the three parts of ISO 10465 now being
a$ either a Technical Specification or a Technical Report.

I30 10465-1, published as Technical Report\in” 1993 and revised as a Technical Specification
pscribes procedures for the underground installation of GRP pipes. It concerns particular stiffness c

5 a guide for the installation of pipes.of.other stiffness classes.

130 10465-2, published as a Technical Report in 1999 and revised in 2007, presents a comparison
imary methods used internatienally for static calculations on underground GRP pipe installations.

p
These methods are

a) the ATV method-given in ATV-A 127, Guidelines for static calculations on drainage con
pipelines, and

b) the AWWA/method given in AWWA manual M-45, Fiberglass pipe design.
This part efJSO 10465, published as a Technical Report in 2007, gives additional information, whicH

30.10465-2, on items such as:

develop
Group 4
ich have

vithin the
reed that

| parts of the code of practice should be made into a type-3.Technical Report, and this was the forrql in which

ication of
bublished

in 2007,
asses for

d
which performance requirements have been-specified in at least one product standard, but it can als¢ be used
a

bf the two

uits and

is useful

fgr statics calculations primarily when using an ATV-A 127 type design system in accordance with

parameters for deflection calculations;

soil parameters, strain coefficients and shape factors for flexural-strain calculations;
soil moduli and pipe stiffness for buckling calculations with regard to elastic behaviour;
parameters for rerounding and combined-loading calculations;

the influence of traffic loads;

the influence of sheeting;

safety factors.

© 1SO 2007 — All rights reserved
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This Technical Report is not to be regarded as an International Standard. It is proposed for provisional
application so that experience may be gained on its use in practice. Comments should be sent to the
secretariat of TC 138/SC 6.
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Underground installation of flexible glass-reinforced pipes
based on unsaturated polyester resin (GRP-UP) —

Part 3:

nstallation parameters and application lIimits

=N

Scope

—

his part of 1ISO 10465 gives supplementary information on parameters and“\application limit
nderground installation of flexible glass-reinforced pipes based on unsaturatéd-polyester resin (GH
particularly relevant when using an ATV-A 127 type design system.

=

m

kplanations for the long-term safety factors incorporated into the GRP system standards based on
obabilistic methods are provided in Annex G.

o

2| Normative references

—

he following referenced documents are indispensable for the application of this document. R

o =

pcument (including any amendments) applies.

AITV-A 127, Guidelines for static calculations on drainage conduits and pipelines, 3rd edition, Aug
German Association for Water Pollution, Control)

—

AWWA M-45, Fiberglass pipe desigh manual M-45, 2005 (American Water Works Association)

w

Symbols and abbreviated terms

n

br the purposes of thisydocument, the following symbols apply.
NOTE 1 This clause also contains symbols and abbreviations from ISO 10465-1 and ISO 10465-3 for compld

NOTE 2  Several identical symbols are used in ATV-A 127 and AWWA M-45 to represent different quar
where this-occurs, the origin of the symbol is given in the rightmost column.

NOTE 3  The format of the symbols listed here has been aligned as far as practicable with the ISO/IEC Dire

5 for the
P-UP). It

simplified

or dated

gferences, only the edition cited applies. For undated references, the latest edition of the referenced

ust 2000,

teness.

tities, and

ttives, part

2 nqmnly fhc\y appear in Times New Roman italic font. This format may. differ elighfly from the format used in

\TV-A 127

and AWWA M-45.

Symbol Unit Meaning

AQL — acceptable quality level

a' — effective relative projection
as — ageing factor (ATV)

as — distribution factor (AWWA)

© 1SO 2007 — All rights reserved
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B1, B2, B3, B4 — embedment conditions

b m trench width at spring-line

b’ m distance from trench wall to pipe (see Figure 1)
C, — buckling scalar calibration factor

C1y Co,y €3, Cy — coefficients used to determine ¢

cq reductionfactot

ct — creep factor

Ch,qvs Cv,glfs Cv,gh*s Chighs Chigh®s Cv,qvs deformation coefficients

Cyv*s Cy,gh*:[Ch,gh*s Cv*

D mm mean pipe diameter

D — shape factor

Dy — shape adjustment factor

Dy — deflection lag factof.

Dy % compaction (based on simple proctor)
dg m external pipe diameter

d, m internal’pipe diameter

d m mean pipe diameter [(de x1000) —e]
d, mm vertical deflection

dyp mm maximum permissible long-term deflection
dr m vertical deflection at rupture

(dv Jdm bermissible % maximum permissible relative vertical deflection
(dy/dm)}iia % initial vertical deflection

(dy/dm) 0 % long-term (50 year) vertical deflection
(dy/dm) % ultimate long-term vertical deflection
E,Eq, E } E{ et N/m?2 apparent flexural moduli of pipe wall
E\Eq Ep, E3, Eg, E's, Eg, Eg o, Exg NIm? soil deformation moduli

Ety N/m?2 tensile hoop modulus

e mm pipe wall thickness

e — base of natural logarithms (2,718 281 8)
F — compaction factor

Fp, Fg kN wheel loads

2 © 1SO 2007 — Al rights reserved
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FS — calculated safety factor (ATV)

FS — design factor = 2,5 (AWWA)

FSy, — bending safety factor

FSyr — pressure safety factor

A — reduction factor for creep

f |cduut;uu fqut\.n fUI yl\.}l.]ll\“.‘]l VVGtCI ;II plpc LUTTC

1, G2, G3, G4 — soil groups
B — extrapolated pressure strain at 50 years

Hevp m environmental depth of cover

h m depth of cover to top of pipe

hiht m depth at which load from wheels interact

h m height of water surface above top of pipe

1 m4/m second moment of area in longitudinal direction per unit
length (©f & pipe)

I — impact factor (AWWA)

i N/mm?2 installation factor

Kl — coefficient for bedding reaction pressure

K — modulus of deformation

Kh, Ky € ratio of horizontal to vertical soil pressure in goil zones
1and 2

Kg — ratio of horizontal to vertical soil pressures in pipe-zone
backfill, when backfill is at top of pipe (see
ISO 10465-3:2007, Annex A)

ko — reduction factor to take into account the elastic-plastic
soil mass law and preliminary deflections

k. — bedding coefficient

L m load width parallel to direction of travel

Ly T foadwidth-perpendicutar todirectiomrof travet

LLDF — live load as a function of depth factor

M — sum of bending moments

M, — multiple presence factor

Mg N/m? composite constrained-soil modulus

Mgy N/m?2 value of composite constrained-soil modulus from

© 1SO 2007 — All rights reserved
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Mg400 N/m?2 composite constrained-soil modulus at 100 % SPD
My, N/m?2 backfill soil constrained modulus

My, N/mm? native soil constrained modulus

My, Mgh, Mgh* — moment factors

N — sum of normal forces

nqo Aumber-of-blows

P N magnitude of wheel load

PN — nominal pressure (pipe characteristic)

P bar internal pressure

P — probability of failure

P, MPa (N/mm?2) internal under-pressure

P, N/m2 working pressure

P(X) — probability function

Psg bar long-term (50.year) failure pressure

P N/m?2 soil stressjresulting from traffic loads

PE N/mm2 pressure due to prismatic soil load

De N/mm?2 external water pressure

DPF N/m?2 soil stress due to traffic load according to Boussinesq
Do N/m?2 soil pressure due to uniformly distributed surface load
Dy N/mim? soil pressure resulting from traffic load

93 MPa (N/mm?2) permissible buckling pressure

9 MPa (N/mm?2) critical buckling pressure

qgl MPa (N/mm?2) critical buckling pressure under sustained load
dorw N/mm?2 horizontal bedding reaction for pipe and contents
an 9y N/mm?2 horizontal or vertical soil pressure on pipe

Gn* N/mm?2 horizontal bedding reaction pressure

gnhLT N/mm?2 reduced long-term horizontal soil pressure

qh.50 N/mm?2 long-term (50 year) horizontal soil pressure

QLT N/mm2 reduced long-term vertical soil pressure

qv.50 N/mm?2 long-term (50 year) vertical soil pressure

dvwa N/mm?2 vertical load due to pipe and contents

4 © 1SO 2007 — Al rights reserved
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Ry, — depth-of-fill correction factor

Ry — water buoyancy reduction factor

r — rerounding factor (AWWA)

r m mean pipe radius (AWWA)

rar TE m wheel radii (ATV)

rq rerotndingcoefficient

i m pipe internal radius

rd m mean pipe radius

Sk N/mm?2 horizontal bedding stiffness

Sy N/mm?2 vertical bedding stiffness

S — long-term ring-bending ‘strain capability of the pipe
S — soil support combining factor

S N/mm?2 characteristic stress

Sb N/m?2 long-term pipe stiffness

$p.50 N/m? long-term pipe stiffness

5, N/m?2 weighted long-term pipe stiffness
Shk N/m?2 long-term (50 year) pipe stiffness
ShL N/m? long-term (2 year) pipe stiffness

SPD % standard proctor density

S, N/m?2 initial pipe stiffness

S50 N/m?2 long-term pipe stiffness

Sk N/mm2 Spx8x107°

Sk 50 N/mm2 Sps0 x8x107°

Skes N/mm?2 standard deviation of strength of pipe
SrésB N/mm?2 standard deviation of strength of pipe below grpund
Ss N/mm?2 standard deviation of stress in pipe
Ss.B N/mm?2 standard deviation of stress in pipe below ground
f m length of tyre footprint

tw m width of tyre footprint

VrB — system stiffness

Vs — stiffness ratio

© 1SO 2007 — Al rights reserved 5
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d

n

We N/m?2 vertical soil load on pipe

W, N/m?2 traffic load

X — safety index

y % coefficient of variation for initial tensile strength

YR % coefficient of variation for tensile strength

z %o coeffictentof-vartation-forinitiat-titimate-deftection

a ° half the bedding angle (see Figure 2)

R — reduction factor depending upon trench proportions ar
embedding conditions

O — value from ISO 10465-2:2007, Figure'5

op — snap-through coefficient

ak, oK, qKy — cgrrection factor for extreme curvature of inner or out
edge

° half the horizontal'stipport angle (see Figure 2)
° (ATV) trenchrwall slope angle (see Figure 1)

% N/m3 bulk depsity of backfill material

i N/m3 density of pipe contents

o ° trench wall friction angle

Sh % relative horizontal deflection

oy % relative vertical deflection

Oya % negative relative vertical deflection due to traffic ar
vacuum load

Oycr Oys % negative relative vertical deflection due to soil load

450 % long-term relative vertical deflection

Sio % positive relative vertical deflection due to backfilling
pipe zone

Syiv % .negatilvemrelative vertical deflection due to installatig
rrreguidriues

Oys50 % :ggg-term negative relative vertical deflection due to soil

Syw % negative relative vertical deflection due to weight of
pipe

S % relative vertical deflection due to traffic load

& — bending strain caused by maximum permitted deflection

6 © 1SO 2007 — Al rights reserved
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P

Ecomp — compressive strain due to vertical load

& & & — calculated flexural strains in pipe wall

&f — flexural strain due to installation irregularities

Emax R — maximum permissible strain due to pressure

EpK — initial bending tensile strain

EFT fong-term-bending-tensite-strain

&b — calculated strain in pipe wall due to internmalpr@ssure

ER — weighted calculated value of outer fibre strain

&bt — total flexural strain

& — flexural strain due to totalvertical load

&lio — flexural strain due tg backfilling in pipe zone

&w — flexural strain due to weight of pipe

&l — flexural strain due to pipe contents

&80 — long-term maximum bending strain calised by
maximum permitted deflection

14 — correction factor for horizontal bedding

M s M5, M — safety factors

Nhat — combined flexural safety factor

Nhat € combined tensile safety factor

71 PN — redefined safety factor for pipe to operate at P}

o ° soil internal friction angle

0 — impact factor (ATV)

7% — variability factor for compacted soil

A — coefficient of safety

Ap MN/m3 unit weight (density) of pipe material

s N unit-weight(density)-of-soit

Xw N/m3 unit weight (density) of water

K,Kp — reduction factor for distributed load according to silo
theory when trench angle, g, is 90°

Ko Kop — reduction factor for distributed load according to silo

A8, 450 Aps Apg: PG50 As

© 1SO 2007 — All rights reserved

theory when trench angle, £, is not 90°

concentration factors in soil next to pipe


https://standardsiso.com/api/?name=e9d686a4d92edf417ffc248716ae4af3

ISO/TR 10465-3:2007(E)

Amax — maximum concentration factor

ApLT — long-term value for Ap

AR — reduction factor for soil friction with time

HRes N/mm?2 mean value of pipe strength (resistance)

HRes, A N/mm?2 mean value of strength (resistance) of pipe above
ground

HRes. B N/mm?2 mean value of strength (resistance) of pipe below
ground

HUsp N/mm?2 mean value of stress in pipe below ground

Vg — Poisson ratio of soil

P MN/m3 density of pipe wall material

o N/mm?2 calculated compressive stress)in pipe wall

OpK — initial bending tensile stress

OpL — long-term bending-ténsile stress

OR — weighted bending tensile stress

ot N/mm?2 calculatedstensile stress in pipe wall

8 © 1SO 2007 — Al rights reserved
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E.
Kpy
1| ground level 7 trench wall angle, g
2| water table 8 thickness of primary embedment
3| height of water surface above top .ofpipe, 4, 9 thickness of bedding
4| vertical deflection, 4, 10 thickness of foundation (if required)
5| distance from trench wall to\pipe, 2’ 11 pipe embedment
6| depth of cover to top of-pipe, & 12 thickness of backfill
Spil moduli zones
Efl trench backfill<above pipe embedment
EP pipe embedment
EB undistutbed native soil or in situ material to side of trench
Eft undisturbed native soil or in situ material below bottom of trench (foundation material)

NOTE1 — The AWWA M-45 design-manualuses My-inzone Eo-
NOTE2  The AWWA M-45 design manual uses Mg, in zones E3 and Ey4.

Figure 1 — Symbols and terminology

© 1SO 2007 — Al rights reserved 9
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4 Parameters for deflection calculations when using an ATV-A 127 type design
system

This clause covers the recommended soil parameters and deflection coefficients to use when calculating the
initial or long-term deflections in accordance with ATV-A 127.

NOTE In the following calculations deflections having a negative value indicate a reduction in vertical diameter.

4.1 Initial deflection

The measurement of the initial deflection shortly after installation, when the effects of traffic loads are \npt
present, s a very easy way to assess and control the quality of the installation. A calculation of\initigl
deflection should be done for this loading condition.

ATV-A 127 and the AWWA M-45 design manual do not address effects of installation variability, deflectign
resulting from the pipe's own weight, and the reduction in deflection from the upwards ovalization of the pipe
when the| pipe zone backfill is compacted. It is recommended that, for deflection calculations; these effects he
considergd in addition to the effects of soil and superimposed loads. This recommendation is made becausge
these malters have been found significant in practice, especially for pipes having a DN \greater than 2000.

10 © 1SO 2007 — Al rights reserved


https://standardsiso.com/api/?name=e9d686a4d92edf417ffc248716ae4af3

ISO/TR 10465-3:2007(E)

a) Spangler

> an qn

A
 J
A
 J

2B = 120°

b) ATV

Figure 2 — Soil stress distribution according to Spangler and ATV-A 127

© 1SO 2007 — All rights reserved 11
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4.1.1 Deflection from vertical soil load and superimposed loads but excluding traffic loads
The change in vertical diameter, o, as a result of external loads is determined using Equation (1).
NOTE 1 This deflection has a negative value which indicates a reduction in vertical diameter.

_2><rrn

oy = ) [(Cv,qvX‘Iv)"'(cv,qhXgh)"‘(cv,qh*X‘]h*)J (1)

This can pe converted into relative vertical deflection, in %, 3. using

A
Ovs F dy x100

2x71

The horizontal change in diameter is determined, if necessary, using Equation (2):

2xr,
%h g " |:(Ch,qv X qv)+(Ch,qh X61h)+(ch,qh*X ne )] ®)
where
Oys is the negative relative vertical deflection from soil load;
m is the mean radius of the pipe wall;
Cyqf s the deformation coefficient for &, as a result of g,;

Cyqf  is the deformation coefficient for &}, as a result of gy,;

Cy,q\f Cv,gh Chqus Chgh* are deformation coefficients (see Tables 1 and 2 and Annex C);

qv:APG[(KXlS ><h)+(/co><po)] (B)
de
qn 9 Ko x ls(lcx;(sxh+/(oxpo)+ }(SX7 #)
(Ch,quCIv)+(Ch,qhth) _
qh* 7 (P)
VR — Chygh
where
qy iSithe vertical soil pressure on pipe, in N'mm2;
an is-the-horizontal-soil-pressure-en-pipe—in-Nfmm2
In is the horizontal bedding reaction pressure, in N'mm?2;
Apg is the concentration factor for trench widths less than 4 d;
Ap —1 41
ZPG = P ><i + P (6)
3 dg 3
NOTE Based on experience, the limits given for Apg for GRP pipes in ATV-A 127 are not normally reached.

12 © 1SO 2007 — Al rights reserved
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b is the trench width, in metres;
dg is the external diameter of pipe, in metres;
Ap is the concentration factor for the soil above the pipe (see Annex B);
K is the silo theory reduction factor for friction (see ISO/TR 10465-2 and Annex F);
xs is the bulk density of the soil (i.e. its weight per unit volume), in N/m3;
I’t ;D thc dcpth Uf CUVTIT tU tUp Uf plpc, ;II LILLI)
Ko is the silo theory reduction factor for a uniformly distributed load (UDL), (see 1SO.40465-2 and
Annex F);
Po is the soil pressure applied by a UDL, in N/mm?2;
K, is the ratio of the horizontal to the vertical pressure at the pipe spring-line in zone| E,, (see
Annex A);
g is the concentration factor in soil adjacent to pipe;
VRB is the system stiffness calculated using Equation (7):
8xS
Veg = ——2 (7)
SBh
where
SBh is the horizontal bedding stiffness that is.calculated using Equation (8), in N/mm?2:
SBhZO,GXgXEz (8)
So is the initial pipe stiffness caléulated using Equation (9), in N/m2:
E, xI
So=—"3 9)
dm
E, is the pipe zoné modulus, N/mm? (see Figure 1);
Ej is the native)soil modulus in zone £5, in N/mm?2 (see Figure 1);
E, is the-apparent flexural modulus of the pipe wall, in N/mm?;
1 is.the second moment of area in the longitudinal direction per unit length (of a pipe), in m4/m;
A is mean pipe diameter [(a’e x1 OOO) —el;
] is the correction factor for horizontal bedding stiffness, given by Equation (10):
1,667
¢= (10)
Af + (1667 — Af')x E5lE3
where
LA
de
Af = <1667
0,980 + 0,303[;) - 1]
° (11)
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NOTE The correction factor, ¢ takes into account the difference in soil modulus of the pipe embedment material, the
native soil and the width of the trench. The above equations are those included in ATV-A 127 for a support angle of 120°
but the variable values given in Annex D can be used for other angles. Annex D covers a wider range of support
conditions than only the 120° covered by Equation (10).

The relationship between the bedding angle, 2« (see Figure 2) and the coefficients Cyqv and cp qy is shown
in Table 1.

The values of ¢y gn+, ¢y ghs Chgh* @nd cp gn for a bedding reaction angle of 120° are given in Table 2.

Table 1 — Values of ¢, o, and ¢, 4, in relation to the bedding angle 2«

Bedding angle
20 Cv,qv Ch,qv
60° -0,105 3 0,102 6
90° -0,096 6 0,095 6
120° -0,089 3 0,089 1
180° -0,0833 0,083.3

Table 2 — Values of ¢, 4, ¢y gh*s chgn @and cp gn= for a bedding reaction angle of 120°

Bedding reaction
Iaggle : Cy,gh Cy,gh* Ch,gh Ch,gh*
120° 0,0833 0,064 0 -0,083 3 -0,065 8

4.1.2 Deflection from pipe's own weight

ATV-A 127 does not address this matter; however, when the pipe diameter is DN 2000 or greater and the
nominal gtiffness of the pipe is less than SN-2000, then it is recommended that account should be taken of the
relative deflection resulting from the pipe's own weight, calculated using Equation (12).

_ 1
Suw | —2.3%xex px10™4 x— (1R)
5o
NOTE This deflection has.awnegative value, which indicates a reduction in vertical diameter.
where

e |s the pipewall thickness, in millimetres (mm);

p |sdhe'specific weight of the pipe wall, in meganewtons per cubic metre (MN/m3).

4.1.3 Deflection from compaction of pipe zone backfill (initial ovalization):

ATV-A 127 does not address this matter, even though it is known that, when the pipe zone backfill material is
being compacted, the horizontal soil pressure generated causes the pipe to ovalize in the vertical direction.
The magnitude of this relative vertical deflection can be calculated using Equation (13).

d
O = Kax $—C 13
Vio 3xXXs 24xSq (13)
NOTE This deflection has a positive value, which indicates an increase in vertical diameter.
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where

K5 is the ratio of the horizontal to vertical soil pressure in the pipe zone backfill, when the backfill is at

the top of the pipe (see Annex A).

4.1.4 Deflection from installation variability

To account for the inevitable variability in installation, there are many different approaches to allow for
irregularities with regard to initial deflections. Most of these are based on “adding a few percent”. Several

T

blications (see references [3]. [6] and [7]) state that it is not possible to account for the actual

in

[e]

C

m

bnditions. The calculated deflection is then used to estimate the corresponding flexural strain:

uation (14) allows an estimate of the relative deflection from installation variability to be“made.

* lf
Oyiy = [Cv,qv + (Cv,qh* x K )} ><S—
0

DTE This relative deflection has a negative value, which indicates a reductien.in vertical diameter.

plues for i; are obtained from Table 3.
plues for ¢, 4, and ¢, 4+ are obtained from Annex C.

he coefficient for bedding reaction pressure, K, is calculated using Equation (15):

* C
K= h,qv

VrRB ~ Ch,gh*

Table 3.— Values for installation factor, i

itial deflections by traditional static calculation methods without incorporating an allowance for the
installation irregularities. Such a system, however, shall consider pipe stiffness, pipe diameter

DN N/r;fm2
< 200 0,012
300 0,011
400 0,010
500 0,009
600 0,008
700 0,007
800 0,006
= 900 0,005

4.1.5 Total initial relative deflection

easured
influence
and soil

(14)

(15)

In accordance with this part of ISO 10465, the estimated initial deflection is determined using Equation (16):

©

d
{_v] = (5vs + 5vw + 5vio + 5viv)
initial

m
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where

0,

vio
o)

Viv

0,

Vs

0,

VW

is the positive relative vertical deflection from backfilling in the pipe zone;
is the negative relative vertical deflection from installation variability;
is the negative relative vertical deflection from soil load;

is the negative relative vertical deflection from pipe's own weight;

NOTE

42 Lo

The calculated long-term deflection will vary according to whether the silo theory or prismatic load is used fpr

the calcu
421 R

In ATV-A

The soil
multiplied

qv,5(
where
Po

Dy

Equation

term relafive vertical deflection, &5, from Soil pressure.

dh,5(

5v35

PG50

ApG50
soil mody

Relative deflection can be converted to percent deflection by multiplying by 100.

ng-term deflection calculated using an ATV-A 127 type design system

ation of vertical load.

psidual soil friction
127, the silo theory is used.

bressure from the traffic load, p,, which is transient and not sustaiped, shall be added to g, but npt
by Apgso to obtain the long-term vertical soil pressure, g, 50, calCulated using Equation (17).

:I:(K'X/’t/sXh+KOXpo)Xﬂ,PG50:|+pV (17)

s the soil pressure, in N/'mm?2, from a uniformly,distributed load (UDL);
s the soil pressure, in N/'mm?2, from the traffic load.

5 (18) and (19) are used for the calculation of the long-term horizontal soil pressure, gy, 59, and long-

=Ky [(’fso x 15 x hx Apgsd ) ¥ (k0,50 X Po * Ags0 ) + (15 ¥ de/z)] (18)
h = [cv,qv +(Cv,qh* x K )} X(‘]v,SO - qh,SO)X YSoL (19)
s the long-tera-concentration factor for trench widths less than 4 x d,,.

s calculated using Equation (6) and Aggg using Equation (B.6) in Annex B except that the long-term
li from’Annex A and long-term pipe stiffness, Sq, , for S are used.

To obtai

thetotattong-term Tetative deftection, (@, 7/d,,,J5o, the imitial deftectionsfromm the pipe's ownm weight,

initial ovalization and installation irregularities should be added to the long-term deflection, d,54, as shown in

Equation (20):
(dv/dm)SO = 5v50 + 5vw + 5vio + 5viv (20)
NOTE For sign convention, see 4.1.5.

16
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4.2.2 Long-term prismatic soil load (i.e. no soil friction)

In the ATV system, silo theory is used and it is assumed that the reduction of soil load exists for the installed
lifetime of the pipe. If, however, the use of prismatic loading is required, which ignores any soil friction, then
the long-term deflection is obtained by setting Apgsg = Agsg = K = &, = 1 in Equations (17) to (20).

4.2.3 Partly residual soil friction

There is a large difference in result depending upon whether silo theory or prismatic soil load is used for long-
term deflection calculations. This effect becomes more pronounced as the depth of cover increases. In order
tq handle this, the so-called “environmental depth of cover”, Hgpy, has been introduced inthis part of
I30 10465. This depth is defined as the depth down to which the soil friction has been lost due.{o ffost, rain,
traffic loads, and can be up to 3 m. Full prismatic load is used for this part of the depth of)cover| and silo
tHeory for the rest.

Apnex F describes how values for g, 55 and ¢}, 5o can be calculated using this system: The new valugs, called
gy T and g, 1, are then used in Equation (19) instead of ¢, 59 and gy, 59, respectively:

(3, ]

Soil parameters, strain coefficients and shape factors for flexural strain
alculations

(2]

a

1 For equations used in ATV-A 127 type design systems

I ATV-A 127, the absolute value of relative deflection is taken. In this part of ISO 10465, unlike ATV-A 127,
tHe strains are calculated at one position, namely the invert. A positive value indicates tensile strain and a
bgative value compressive strain.

>

5/1.1 Flexural strain from the vertical soil load
The flexural strain from the vertical soil load{g,, can be calculated using Equation (21):

e

e —— 21
dm XSO ( )

gv = {(mqv X qV) + (mqh X ('Ih) + [mqh* x K* x (qV - qh)]}

pd

OTE 1 This flexural strain.has a positive value, which indicates a tensile strain resulting from a reduction|in vertical
dipmeter.

where
values fromp ATV-A 127 for the bending moment coefficients, mq; mqpn; mqps, are given in Annex ¢;
* C
Kom A (22)

VRB —¢h,gh*

chqvand ¢y gn+  are horizontal deflection coefficients (see Annex C);

NOTE 2  The values of these coefficients depend upon the choice made for the appropriate vertical soil reaction angle,
2q, or horizontal soil reaction angle, 2 (see Figure 1). The angle selected for 2« and 24 has much more effect on the
calculated flexural strain than on the calculated deflection (see 5.2).

gy and gy, are calculated as described in Clause 4, for initial or long-term deflection.

When calculating the long-term deflections, see Annex E regarding Sg 50.
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5.1.2 Flexural strain from pipe's own weight:

When the pipe diameter is DN 2000 or greater and the nominal stiffness of the pipe is less than SN 2000, then
account should be taken of the deflection resulting from the pipe's own weight.

The flexural strain due to the pipe's weight is calculated using Equation (23):

2
£y = 0,000 441 yp x-Ex (23)
dm SO

where
Zp |8 the specific weight of the pipe wall material, in meganewtons per cubic metre (MN/m3).

NOTE This flexural strain has a positive value, which indicates a tensile strain resulting from a reduction in vertigal
diameter.

5.1.3 Flexural strain from initial ovalization

The flexural strain due to the initial ovalization of the pipe during compaction of the backfill in the pipe zone fis
calculatedl using Equation (24), which is based upon Equation (13).

dgx1073 L e

(24)
2 deSo

Evio |F 0,025 x K5 x yg x

NOTE This flexural strain has a negative value, which indicates’a compressive strain resulting from an increase [in
vertical digmeter.

5.1.4 Cpmpressive strain from vertical load

The compressive strain, £, from vertical loads is calculated using Equation (25) which is a simplification pf

the equafions used in ATV-A 127 for estimating.the strain at the bottom of the pipe.

3xy? 3xv? I
Ecomlp =~ X~ 0,577 x gy (25)
0 So
NOTE This compressive strain_has a negative value.
where
y=1% (26)
im
e K% (ay — an) @y

for K see Equation (22).

5.1.5 Flexural strain from pipe contents

In the ATV-A 127 system, it is assumed that the pipe is filled with water before backfilling. This produces a
very high calculated flexural strain for GRP pipes, especially for pipes having a low nominal stiffness and large
nominal diameter. As it is obvious that the pipe, when full, receives support from the backfill, it is felt that this
design approach is unnecessarily pessimistic and unrealistic.

18 © 1SO 2007 — Al rights reserved
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Leonhardt in a private communication has recommended that Equation (28) be used instead of the ATV
equation.

W = Ghw xmx [mqv + (mqh <K~ )} (28)
NOTE This flexural strain has a positive value, which indicates a tensile strain resulting from a reduction in vertical
diameter.
where

Ihw* = dvwa ¥ K (29)

Gywa = 0.5 x 1, x Tx 1| (30)

for K see Equation (22);

%, s the specific weight of the pipe's contents, in meganewtons per cubicretre (MN/m3).

5/1.6 Flexural strain from installation irregularities

The flexural strain due to installation irregularities is calculated using Equation (31):

g7 = it x (0,25 + mgpe X K) m (31)
NOTE This flexural strain has a positive value, which indicates a tensile strain resulting from a reduction|in vertical
dipmeter.

For i; see 4.1.4,

for myp,~ see Annex C;

for K see Equation (22).
5/1.7 Total flexural strain
The total flexural strain;in percent, is the sum of the strains calculated in 5.1 using Equation (32):

&ot = (& Yaw™ &G0 * Ccomp T éw t &f) x 100 (32)

NOTE Take care to ensure the correct signs are used for the different strains.

5|2~ ‘Shape factor, D;

When buried flexible pipes deflect, they deform into non-elliptical shapes. To allow for this in calculations
performed to determine the strain, a shape factor, Dy, is used.

Some design systems, such as AWWA M-45 and the WRC [1%], method, specify values for Dy. The ATV-A 127
system does not use D; values but derives pipe strains based upon values of 2z and 24. In order to allow the
design engineer to compare different systems, it is possible to derive values of D; using equations from
ATV-A 127. This permits examination of the effects of parameters such as pipe stiffness, pipe deflection and
bedding angle upon the value of Dy.

© 1SO 2007 — Al rights reserved 19
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5.2.1 Derivation of D; using ATV-A 127 equations

Although

Dy is not used in ATV-A 127, values for D; can be calculated using Equation (33):

strainx My _p, (33)

e  deflection

Using this procedure, D; has been calculated across a range of bedding angles, 2a, and support angles, 24,
for a series of deflections up to 12 % and covering pipe stiffnesses from SN 1000 to SN 8000.

Analysis
and suppj

pf the data from these calculations showed that, for any given pipe stiffness and bedding angle/\2
prt angle, 24, the value of D; could be calculated from an equation of the form:

A + B) /% deflection

s a constant between 2,84 and 2,9;

s a constant related to the pipe stiffness and the bedding and support angles, 2¢-and 2.

This equation was used to prepare Table 4.

D; valueg| can also be derived from measurements made on pipes installed in the ground or in soil boxes. The
strain is pither measured using strain gauges or calculated using the measured radius of curvature, pipe
deflectior), wall thickness and diameter. The value for D; can then bederived using Equation (33) as describgd
above (sge also reference [10]).
5.21.1 | Selection of 2« and 23 values in ATV type systems
From measurements made on pipes in soil boxes,~where the pipe zone material has been placed carefully
either without compaction or only slightly compacted, the calculated value of Dy indicates that 2o and 24 afe
equal to [180° (see references [1] and [2]). Similar calculations made using the results from measurements
taken on|pipes installed in the ground in narfew trenches, subject to typical varying degrees of compactiop,
gave cal¢ulated D; values indicating that-2a and 24 were between 120° and 150°. From the results of this
experimental work, it can be concluded-that it is safe to use a value of 150° for 2« and 24 with the expectatign
that this will cover between 85 % and 90 % of all installation cases.
Table 4 — Calculated D; values
Pipe nominal 2a=2[5=150°

Stifiness dyldm =3 % dyldy = 5 %

SN 1000 7,95 5,99

SN 2000 5,33 4,32

SN 24000 3,98 3,55

SN 8000 3,31 3,18
NOTE Similar calculations can be done for the other stiffness series, namely SN 1250, SN 2500, SN 5000 and

SN 10000, and values for D; very similar to those in Table 4 will be derived. For most purposes, the SN values in Table 4
and in the applicable tables in Annex G can be interchanged, i.e. SN 1250 for SN 1000, SN 2500 for 2000, SN 5000 for
SN 4000 and SN 10000 for SN 8000, without significantly affecting the accuracy of the results.

20
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Table 5 lists the D; values contained in AWWA design manual M-45, which it states are “valid for deflections of
at least 2 % to 3 % assuming inconsistent haunching and stable native soils or where adjustments are made
to the width of the trench to offset poor conditions”.

A comparison of the M-45 values in Table 5 and the calculated values given in Table 4 shows a similarity in
values, especially when pipes are embedded in either dumped or slightly compacted backfill. The differences
in nominal stiffness values in Tables 4 and 5 do not, for the purposes of this comparison, significantly affect

the Dy values.

Table 5 — D; values versus pipe zone backfill material and its compaction, from AWWA M-45
Pipe nominal Gravel Sand
stiffness Degree of compaction
SN Dumped to slight Moderate to slight Dumped to slight Moderate o high
1250 5,5 7,0 6,0 8,0
2500 4,5 5,5 5,0 6,5
5000 3,8 4,5 4,0 55
10 000 3,3 3,8 3,5 4,5
5/2.3 Dy values used in the Pipe materials selection manual[1°l:
Dk values recommended for use in the WRC design System are shown in Tables 6 and 7.
Table 6 — WRC; values for various installation conditions and pipe stiffness
Embedment Degree of Dy for various nominal pipe stiffnesses
class compaction
(see Table 7) % MPD 1250 2500 5000 10/000
Uncompacted 4,7 4,5 43 4.0
Class 80 4,7 4,5 4,3 4.0
S1 85 4,7 4,5 4,3 4,0
90 4,7 4,5 4,3 4.0
Uncompacted 4.7 4.5 4,3 4.0
Class 80 4,7 4,5 4,3 4,0
S2 85 4,7 4,5 4,3 4,0
a0 47 45 43 0
Class 80 3,50 3,40 3,20 3,10
S3 85 6,20 5,50 4,75 4,25
90 7,75 6,60 5,50 4,70
Class 85 6,20 5,50 4,75 4,25
S4 90 7,75 6,60 5,50 4,70

© 1SO 2007 — All rights reserved
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Table 7 — WRC embedment class details

Class Configuration Bedding and sidefill materials Notes
Class S1: Gravel, single-sized
S1 and S2 9 Normally processed
Class S2: Gravel, graded granular materials.
Class S3: Sand and coarse-grained soll
with more than 12 % fines
These represent “as dug
Class S4: Coarse-grained soil with more soils and require
S3 and S4 than 12 % fines particularly close control
when used with low-
or stiffness pipes
Fine-grained soil, with liquid limitless than
50 %, medium to no plastiCity’and more
than 25 % coarse-grained material
6 Influence of soil moduli and pipe stiffness on pipe buckling calculations using

ATV-A

The buck
modulus
For depth
the follow

6.1 Elastic buckling under.internal negative pressure for depths of cover over 1 m

Equation
condition

critid

where «

127 type design systems

ling calculation method used in the ATV-A 127 system does not consider the variation of the soil
with depth of cover unlike the buckling calculation method used in the AWWA M-45 design manual.
s of cover over 1 m, the influence of cover depth can be incorporated into the ATV-A 127 system by
ing adaptations.

(34), taken from ATV-A 127 (Equation 9.06a), calculates the critical pressure from vacuum

L

D.

)0,5

anV:KV2x2(8xSOxSBh (3#)

o-i8\a reduction factor to take into account the elastic-plastic soil mass law and preliminafy

S

deflection

In order t
buckling,

dc =

22

=

o use the soil modulus values which are related to the depth of cover (see Annex A) for this type of
it is recommended that the modified form of the equation [Equation (35)] be used.

Ky ><2(E’S><8><So)0'5 (35)
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where
1 1-2
E's:MsX( +vg)x( Vs) (36)
(1-vg)

My is the constrained-soil modulus (see Annex A) of the pipe zone backfill.

Vs is the Poisson ratio of the pipe zone backfill (see Annex A).
6[2 Eong-term Buckllng under sustained external foad
When calculating for elastic buckling under the effects of sustained external loads it should-be)remembered
tHat the influence of the native soil will be activated due to the increase of horizontal diameter? This will either
rgduce the risk of buckling if E5 > E, or increase it if E5<E,. For either of these gonditions, the use of
Epuation (37) is recommended.

qg = 2(E'g x ¢ x SR)0 (37)
where ¢ is the correction factor (see 4.1.1 and Annex D).
6|3 Value for S,
Fpr calculations of the long-term buckling resistance to either sustained load or negative pressure, the pipe's
Igng-term elastic stiffness, Sg 50, should be used (see Annex E).
7] Parameters for rerounding and combined loading calculations
711 Rerounding

D allow for the fact that GRP pipes, when subject to internal pressure, will attempt to reround, ahd hence

I -

T

mZ

N

he rerounding factor, r, may be'obtained using Equation (38):

r= ’|_i
30

here P is the intemnal pressure, in bars.

DTE 1 ATV-A 127 does not address this matter as it was intended principally for non-pressure sy
uation (38); which is used in AWWA M-45, has been included here to correct this omission.

DTER' The Pipe materials selection manual!'% uses 40 in place of 30 in Equation (38).

bve a reduction in deflection, Equation (38) has been developed from soil box tests, field measurements and
ierature studies.

(38)

stems, so

7

.2 Combined effects of internal pressure and external bending loads

In the AWWA design manual M-45, the combined effect of internal pressure and external load is calculated by
using either strain alone or stress alone.

In ATV-A 127, rerounding is not considered and the calculation is made on the assumption that flexural and
tensile strengths are equal and the stresses are “additive”.

©
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8 Traffic loads

8.1 General

The design requirements relating to traffic wheel-loading vary from one country to another, but the basic
principles used result in the assumption that there is a pressure load applied to the pipe at its crown. The
value of this load is related to the applied wheel load and the depth of burial. Basically, all design systems
used for normal installations can be related to the Boussinesq work, which considers this dynamic load as a
vertically applied force without a related horizontal component (such as is considered with static loading).

In addition to the different traffic load design systems that exist, there are different requirements specified by
road corstruction authorities for the allowable pavement deflections permitted above buried pipeline
installatigns (such deflections being not only dependent on the pipe movement, but also on the characteristi¢s
of the road base and surfacing material). For calculations relating to pipelines under highways, the ‘specifier
should cgnsider using higher values for E, because high levels of compaction are likely to be employed.

8.2 Influence on allowable initial deflection

The allowable initial deflection only considers soil and superimposed loads, not-fraffic loads. Hence traffic
loads have no effect on allowable initial deflection.

8.3 Sail pressure from traffic loads

The design requirements relating to traffic wheel-loading vary fromy ohe country to another; the relevant
national godes should be used for design.

9 Inflhence of sheeting

Installatign of pipes in deep trenches or in weak soils-frequently necessitates the use of shields, sheeting pr
trench wall supports to prevent the collapse of the’ trench walls and to protect the workers. The types pf
method ysed vary according to the soil conditions, the equipment used and the experience of the workefs
carrying gut the installation.

In some ipstances, shields are moved l|aterally as the installation progresses, and, in other situations, sections
of the shigld are extracted vertically. Also, in some installations the shields are left in place.

It is essential, when designing(the installation, that the engineer be aware of the intended method of shield
extraction so that the correct assumption for the values of soil compaction and hence modulus can be made jn
the calculation. ATV-A 127takes this into account in its embedment classes.

There arg four embedment conditions, labelled B1 to B4.

B1 The [embedment material is compacted in layers against the native soil or in the embanked covering
(without Verification of the degree of compaction). This condition also applies to beam pile walls.

B2 Vertical shuttering, using trench sheeting in the pipe zone, which reaches the bottom of the trench and is
withdrawn after backfilling.

Shuttering plates or equipment assumes that the compaction of the soil takes place after the trench sheeting
is withdrawn.

B3 Vertical shuttering using sheet piling or light-weight piling profiles in the pipe zone. The shuttering reaches
down below the bottom of the trench, and the embedment is compacted against the sheeting.

B4 Embedment material compacted in layers against the native soil or in the embanked covering (with
verification of the degree of compaction). Covering condition A4 (see ATV-A 127) is not applicable when using
soil of Group 4.

24 © 1SO 2007 — Al rights reserved


https://standardsiso.com/api/?name=e9d686a4d92edf417ffc248716ae4af3

ISO/TR 10465-3

:2007(E)

Control of the placing of the backfill and its compaction around the pipe can best be achieved by progressive
vertical extraction of the shields while placing the backfill. The shields should be raised in increments of

approximately 300 mm, and the backfill should be placed and compacted progressively, ensuring

that it is

firmly placed below the bottom edge of the shield and compacted to the required value. This installation
operation should be continued until the lower edges of the shields are above the specified compaction zone.

If shields are being moved laterally, the extent of the incremental movement shall be such that th

ere is no

danger of the trench wall collapsing, and care shall be taken to check that disturbance of the placed and
compacted backfill does not occur when the next incremental move is made. Where thick shields are used,

there is a risk that the compacted backfill is supported by the rear edge of the shield, and there may

be a loss

of1 support as ItIs moved rorward.

Added complications can arise if a geotextile fabric is specified. It is recommended that the ,designg
tHe installation technique to be followed in order to ensure correct placing of the fabric at the bottom
of the trench.

hen designing the pipe installation and selecting the pipe stiffness for installatiens requiring sh
psigner should assume that a lower figure for the compaction of the backfill will bé.obtained.

a <

=N

D Safety factors for gravity pipes and pressure pipes

—

he AWWA M-45 design manual addresses the subject of design safety factors for both pressure
essure applications as well as combined stress or strain conditions resulting from buried pr

0N 0T

afety.

—

he AWWA M-45 system is based upon long-term mean ‘values of stress and strain, whilst the IS
{andards are based upon minimum long-term lower.¢onfidence limit (LCL) values combined with pr
ilure considerations. These differences of concept lead to differences in the safety factor values us
fferent documents, particularly with respect to.¢ombined loading conditions.

Q I

-

D.1 Gravity pipes

-—

D.1.1 Safety factors for GRP gravity pipes given in ATV-A 127

ATV-A 127 recommends the fellowing minimum safety factors for GRP pipes:

a) Against failure due to,fracture:
— 2,0 for a probability of failure of 102, i.e. 1 in 100 000 (normal case);
— 1,75 for-& probability of failure of 1073, i.e. 1 in 1 000 (special case).
b) Againstfailure due to instability:

£._% 2.0 for a probability of failure of 10-2, i.e. 1 in 100 000 (normal case);

er specify
and sides

elds, the

and non-
pssurized

tuations. The ATV-A 127 system, being primarily concerned~with gravity conditions, only considers flexural

D system
bbabilistic
ed in the

— 1,6 for a probability of failure of 102, i.e. 1in 1 000 (special case)

These factors are based on the assumption that the initial deformation has been taken into account. If it has

not, then the factors should be increased to 2,5 and 2,0 respectively.
The normal case covers the following situations:

— there is a risk of groundwater;

— there is a risk of loss of the pipeline;

— failure has significant economic consequences.

© 1SO 2007 — All rights reserved

25


https://standardsiso.com/api/?name=e9d686a4d92edf417ffc248716ae4af3

ISO/TR 10465-3:2007(E)

The special case covers the following situations:

— there is a no risk of groundwater;

— there is a small risk of loss of the pipeline;

— failur

e has slight economic consequences.

The flexural safety factors are not based upon the manufacturers declared long-term ultimate ring deflection,
but are related to the specified long-term ultimate ring deflection in DIN 19565-1, which assumes that these

values a
ISO prod
against f;

There ar

the
20 =

the
valu

statig

10.1.2 A

The AWV
ring-bena
considerg
considerg
corrosion
standard
instability

10.1.3 Recommendations

The minimum requirements specified-in‘the ISO system standards should be used for the safety caIcuIatioTs
E pipe manufacturer cancdemonstrate, using long-term testing, that the product's long-term ultimate

unless th
ring defle

The long-

€50 7

where

ct system standard, then a lower safety factor could be used and still give the same level of ris
ilure.

also other reasons for the safety factors in ATV being high, namely:

emi-probabilistic calculation which was made to arrive at these values used~a*bedding ang
90°, which is extremely conservative (see 5.2.1);

TV equations were modified to include an “uncertainty factor”, which increased the safety fact
from for instance 1,75 to 2,0.

tical data used came from three different manufacturing units which~were also in different countries

WWA M-45 design manual safety factors for gravity pipes

VA design manual M-45 specifies a 1,5 safety factor ori<the manufacturer's stated 50-year long-ter
ing strain (S,) value. This applies to the bending condition for pressure pipes and would also [
d for non-pressure or gravity pipes used for water supply. For drains and sewers, the long-ter
tion is acid strain corrosion, and the application-afthe 1,5 factor should then be to the 50-year stra
value. The 50 year values are mean values’derived from tests performed according to AST
test methods. In AWWA design manual M-45, the specified initial value for the safety factor again
is 2,5.

ction can be expected te be greater than those minimum requirements.

term ultimate ring_deflection values are converted into strain, as a percent, using Equation (39):

Dy x Lx(d_vj 3
dm dm ult

5K

<5303

d . . . . :
[—"J is the ultimate relative vertical deflection, expressed as a percent:
m Jult

Dg=

26

4,28 x100

2
{n(zf;)un}

(40)
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The safety factor in flexure, 7, is then calculated using Equation (41):

€50
€tot

ns =

where

(41)

& is the long-term ultimate ring-bending strain or the strain from long-term strain corrosion tests;

Giot 1S the total long-term ring-bending strain from pipe deflection;

n; should be at least 1,5.

-

D.2 Pressure pipes

The principle of designing buried pressure pipes to withstand the combined effects of tensile hoop
rpom internal pressure and the bending stresses from earth loading, superimpesed loads and traffi
ell established and covered in AWWA M-45. As ATV-A 127 is not.concerned with press
pnsideration is not given to this subject in that document.

0O s =

0

30 system standards are for both pressure and gravity pipe, but asthe installation design principle
combined loading are not contained within that document and_the pipe design assumptions are ba
inimum long-term values and not mean values (as used in AVWWA M-45), it is appropriate that the
ading design principles should be considered. The system ‘standards specify a minimum long-te
essure safety factor value of 1,3 x PN.

o358

O T

onsideration has been given to the relationships between probability of failure, the variability of th
5 manufactured, the long-term tensile and flexutal safety factors used in the design, and the
nsile and flexural safety factors, 7,5, and 7,,4¢,.derived from consideration of the effects of combineq

o QL

he following subclauses define the combined safety factors and give guidance to the manufac

o Q —

bving due regard to the manufacturing process variability.

(W]

etails concerning the derivation of formulae and safety factor recommendations are contained in An

-—

D.2.1 Combined loading-in AWWA M-45

fgctor of safety intension, 7,4, (see 10.2.2), and they have minimum values of 1,8 and 1,5 respect
Iried pipes, they are used in Equations (42) and (43), and in Equation (44) for non-buried pipes.

1_[8brcj
& S
pr_ b

O

stresses
C loads is
ire  pipe,

s relating
sed upon
combined
'm failure

e product
combined
stress.

turer and

bsigner concerning the minimum safety factors which should be used in design and achieved in pfoduction,

hex G.

In AWWA M-45 there.are two combined factors of safety, FSyr and FS,, where FSy corresponds to the global

ively. For

(42)

LHDB ES

pr

eors __ \HDB

S

Sp FSy,
&
pr_ 1
HDB ~ FSy
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where

is the working strain due to internal pressure;
is the bending strain due to maximum permitted deflection;
is the rerounding coefficient;

is the long-term ring-bending strain capability of the pipe;

HDB

In Annex

this flactor has little influence on pipes used today for buried pipes;

to oh
cann

10.2.2 R

Combine
propertie

is calculated using Equation (45).

That

If the fa
Equation

TThat

where

TThat

The =

Ui

Tt

is the hydrostatic design basis based on strain.

G there is no factor equivalent to FS,, for the following two reasons:

tain values for 7,5, probabilistic principles are employed which, for the reasons given in Clause G.p,
ot be used for the flexural property.

pcommended combined safety factors for use in ISO product standards

 safety factors for the tensile and flexural properties which consider the interaction of these two
5 on each other have been developed from concepts used in AWWA M-45. This combined interactign

F 1t X[Fij (4p)
i

ctor of safety, 7 py is defined relative to. the nominal pressure class of the pipe, PN, thgn
(46) should be used.
1) PN S
M IREAR."
Ui p

is the global facfor, of safety for tension;

is-the factor of safety in flexure [see Equation (41)];

is the factor of safety in hoop tension;

r

is the rerounding factor (see 7.1);

PN and p are expressed in bars.

The requ

ired global minimum long-term safety factor in tension, 7,4, can be derived using Equation (48) from

knowledge of the product's variability.

TThat

28

-1 .45 (48)
1- X x yx 0,01
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where
X is the safety index (see Table 8);

y is the coefficient of variation, as a percentage of the tensile strength (derived from factory p
records);

standard deviation initial tensile strength
mean initial tensile strength

x100.

y:

roduction

This assumes that the long-term coefficient of variation is the same as the initial.

Table 8 — Safety index, X

Pt 102 10-3 104 108
X 2,32 3,09 3,72 4)26

the probability of failure, Py, is assumed to be 104, then, from Table-8, X=3,72. It can be s
uation (48) that if the minimum global factor of safety 7, is 1,5, theny cannot be greater than 9
eater than 9 %, then the factor of safety, 7,4, Will have to be greaterithan 1,5.

Q m=

(€)]

pfety factors in probabilistic calculations are applied to mean‘wvalues. If it is required to apply the
safety to a lower confidence limit rather than a mean value,:then the notation should be changed, fo
from 7 p to 7 pN 97 5, t0 denote a lower confidence limitof 97,5 %.

The following recommendations are made.

that a value of 10~ (i.e. a probability of failure of 1 in 10 000) be used.

b) The minimum value for the global.factor of safety, 7, should not be less than 1,5.

-—

D.3 Safety factors in buckling calculations

-—

D.3.1 Specified safety factors in AWWA M-45

N AWWA design manual M-45, the initial safety factor is used and a value of 2,5 is specified.

-—

D.3.2 Specified safety factors in ATV-A 127

n ATV-A427, the following excessive long-term safety factors are specified, possibly for the same reg
glven in 10.1.1:

een from
%. If y is

factor of
instance

a) The value to use for Py may be found in national regulations or, if this is not the case, it is recoqnmended

asons as

—+ “For P, =10-3:2,0

— ForP;=10"%:25

It is recommended, when designing for buckling using equations according to 6.1, to use a single
safety factor of 2, which will give a result similar to the AWWA document, assuming an ageing factor

© 1SO 2007 — All rights reserved
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A.1 Ge

Annex A
(informative)

Soil parameters

neral

ATV-A 12
reference
loads ang

Various i
the samsd

7 type design systems calculate not only the vertical but also the horizontal pipe deflections-(se
[8]). AWWA M-45, which is based on the Watson-Spangler lowa formula, only addresses vertic
deflections.

hvestigations have shown that, with adjustments to both design methods, it would be(possible to ug
soil moduli in both and obtain calculated vertical deflections that are very similar. To avoid t

current ipevitable confusion arising from the different values used in the two methods, ‘it would be ve

desirable
not likely

The follg
apparent

to occur due to the basic differences in the design methods.

wing clauses detail soil information used in ATV-A 127 and AWWA“type design systems. Tk
similarities in some areas may form the basis of agreements leading to a common soil moduly

specification in the future (see references [1], [2], [6], [7] and [8]).

A.2 Va

The Pois

Vg I

where @i

A.3 Fa

ue for Poisson ratio, 1,
son ratio for a soil can be determined using Equation:(A.1):

1-sing
2-sing

5 the internal friction angle of the soil.

ctors for use in ATV-A 127 type calculation systems

A.3.1 Values for K, K, and K,

a) K,

In ATV-A
concept 1

b) K,

127, irrespective of soil type, K; is always equal to 0,5. It is recommended that this value ar
emain unchanged.

for these values to be standardized and based on laboratory-derived values/At the moment this |

Soil box tests and site measurements have shown that a fixed value of 0,4 could be used for all cases. It is
recommended that a value of 0,4 be used for X,.

c) K3

The value to use for K5, which is the relationship between the horizontal and vertical soil pressures in the pipe
zone backfill when the backfill is at the top of the pipe, is obtained from Equation (A.2). This equation, which is
used in initial ovalization calculations, has been derived from field measurements and soil box testing.

30
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kyoKe, 20,
8  dgx1000

(A.2)
where

dy is between 0,1 m and 0,9 m inclusive;

F is the applicable compaction factor according to Table A.1.

auaticn (A 2)
1 \T e

Table A.1 — Values for compaction factor,

Compaction F
Heavy 3,0
Moderate 2,0
Slight 1,5
Dumped 1,0

A.3.2 Values for sand ¢

I ATV-A 127, the value for the trench wall friction angle,y», depends on factors such as the soil’s internal
friction angle, and can be simplified to be taken normally as 0,66 x ¢. The values for ¢ can be tgken from
Thble A.2.

Table A.2 — Values-for soil internal friction angle, ¢

Sail group as in 1)
ATV-A 127 degrees

G1 35

G2 30

G3 25

G4 20

A.4 Soilkmoduli

A.4.1\.General

From an inspection of the literature, there is a diversity of opinion on the question of soil moduli values. This
can be seen from the following summary.

According to Watkins, £’ is a semi-empirical constant and cannot be obtained from laboratory testing.
Molin (see Reference [19]) has stated that the soil modulus for deflection calculations can be obtained from
laboratory testing and introduces the term secant modulus, E'g [see Equation (36)]. When deflection

calculations are made using the lowa equation with £’ equal to 2 x E’,, the same answer is achieved as when
using Molin's deflection equation with secant modulus, E's.
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(T+vg)x(1-2vg)

E' =Mgx
S S (1_VS)

(36)

Hartley-Duncan (see Reference [15]) and others have suggested that £’ should be equal to the constrained-
soil modulus, Mg, which can be obtained from laboratory testing.

A.4.2 Values for use in ATV-A 127 type design systems

Tests (see reference [2]) were made using a sand backfill, and measurements were taken of the pipe

n
these values were used together with K, =0,4 and 2a=2£=180° very good agreement was .Obtaingd
between [the measured and calculated deflections. When, however, clay was used in the tests, it\was found
that K, had to be set at 0,5 to obtain a correlation. It is concluded that:

it is yery important to use a soil modulus which can be measured in situ or on samples in\the laboratory;
it is glso very important to use a soil modulus which has been related to soil presstire-or depth of cover.

It is recommended that, when performing ATV-A 127 type calculation systems jin‘accordance with Clauses|4
and 6 of this part of ISO 10465, the soil modulus values given in Austrian” Standard ON B 5012 (sge
Reference [9]) are used because they have been obtained in a laboratory from tests for the constrained-soil
modulus,|Mg, at 1 m depth of cover. This satisfies the two conclusions given earlier.

A.4.2.1 |Backfill soil modulus
A.4.2.1.1] Austrian standard ON B 5012

A.4.2.1.1|1 Soil group definitions

The four|soil groups in Austrian Standard ON B 5042, which may be considered for backfill, are defined as
follows:

a) Soiligroup 1
— GraVel, gravel-sand mixtures (GW, \GP);

— Sand, sand-gravel mixtures, (SW, SP) having at least 40 % of particles larger than 2,0 mm and |a
maximum of 5 % silt.

b) Soil group 2
— Gravel-silt mixtures (GM) having maximum 15 % silt;
— Gravel-clay mixtures (GC) having maximum 15 % clay;

— Sandg-silt mixtures (SM) having maximum 15 % silt.

— Sand-clay mixtures (SC) having maximum 15 % clay and less than 40 % of particles larger than 2,0 mm.
c) Soil group 3

— As group 2 (GM, GC, SM, SC), but the amount of silt or clay can be up to 40 %.

d) Soil group 4

— Silty or clayey soils (ML, CL, MH, CH) from low to high plasticity and a content of fine-grain materials
above 40 %.

NOTE The letters in brackets are the group symbols used in the unified soil classification system.
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Based on the soil groups defined in A.4.2.1.1.1, the Austrian standard gives values for constrained-soil moduli
that depend upon the degree of compaction, as shown in Table A.3, and are considered valid when using a

vertical soil pressure equivalent to 1 m depth of cover.

Table A.3 — Backfill constrained-soil moduli, 1/, for the various soil groups at 1 m depth

: Compaction (based on simple proctor)
Soil D
group v
%
85 90 92 95 97 100 102
Soil modulus
M52
N/m
1 3,8 53 6,0 7,2 8,2 10,0 11,4
2 2,1 29 3,3 4,0 4,5 5,0 6,3
3 1,3 1,8 21 2,5 29 3,5 4,0
4 0,9 1,2 1,4 1,7 159 2,3 2,6

br depths of cover other than 1 m (without ground water for/soil groups 1 and 2), the constr
odulus can be estimated using Equation (A.3):

3

Mg =M g x(z(xh)f
where

M,

51 is the value from Table A.3;

f  is04.

ms

guation (A.4):
3 f
Mg =My x{hxt{x(1—0,39x7‘”ﬂ

where

f 50,4

% is the reduction factor (silo theory);

hined-soil

(A.3)

hen ground water is present, the constrained-soil modulus for groups 1 and 2 is estimated using

h  is the depth of cover, in metres;

h,, is the height of ground water above top of pipe, in metres.

w

For compactions (based on standard proctor density) other than those shown in Table A.3, use

Equation (A.5):

[2,8{% 4)} ‘
Mg =Mg400 10 /
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where M qq is the modulus at 100 % SPD.

NOTE 1

In ON B 5012, the exponent f is equal to 0,5. The value 0,4 has been chosen with regard to oth

investigations that show values lower than 0,5.

NOTE 2

In ON B 5012, soil pressure is used instead of « x h.

For distributed surface load, use Equation (A.6):

er

[ ‘ P 1/
Mg :MS1><V1><K><L1—0,39>< WJ+H° OJ (A.
h 7b
where
Do |8 the pressure from uniformly distributed surface load, in newtons per square millimetre (N/mm?2);
K, |[s the reduction factor for distributed load according to silo theory when trench angle, g, is not 90°;
% |s the bulk specific weight of the backfill material, in meganewtons per cubic metre (MN/m3).
A.4.2.1.2 Reduction factors for long-term soil moduli £, and E,

The valugs given in Table A.4 are the reduction factors to be applied todhe*backfill soil moduli in zones E; ar

E, to acc

A4.2.2

In this p3
reference
ASTM D1
ONB 44

punt for long-term changes in this property.

Table A.4 — Long-term reduction factorsfor ATV-A 127 soil groups

ATV-A 127 soil group Reduction factor
G1 0,90
G2 0,85
G3 0,80
G4 0,75
NOTE Native soil moduli do not normally need to be reduced.

Native soil modulus‘derived from impact measurements

rt of ISO 104857 several methods of static design are described and of these the following mal

to impact\tests as a means of measuring the soil's elastic modulus. AWWA M-45 refers
586 4] whilst the WRC method refers to BS 1377[6l. The Austrian ATV type design usq
9-108l,

e
o
S

There ar

p significant differen in th test meth which result in different val for th il's el

ic

modulus being equated to the same number of blows, depending upon the test method. The differences
between these methods is given in the following summary of key features.

A4.221

ASTM D1586 and BS 1377

A 50 mm diameter standard split-barrel sampler is driven into the ground at the bottom of the hole by repeated
blows from a drop hammer of mass 63,5 kg falling a distance of 0,76 m. The sampler is driven a total of
450 mm into the soil and the number of blows taken for the last 300 mm is recorded. For sands and cohesive
soils a standard cutting shoe is used, but for coarse-grained soils a solid conical shoe is preferred.

34
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A 43,7 mm diameter standard solid conical shoe with a mass of 18 kg is driven into the ground at the bottom
of the hole by repeated blows from a drop hammer of mass 50 kg falling a distance of 0,5 m. The shoe is
driven a total of 100 mm into the soil and the number of blows required to achieve this penetration is recorded
as the n4q value. This conical-shaped shoe is used for all types of soil.

The ON B 4419-1 method is preferred for obtaining the soil modulus for use in ATV-type calculation methods,

and in this case it is recommended that test method SRS 15 be used for site investigations.

Table A.5 — Relationship between »,, using SRS 15 and SPD

o "
<2 <90
>2 >90
>7 > 95
>12 97
>15 > 98
> 30 > 100

5 =

Table A.6.—Relationship between SPD and native soil modulus, £

Thble A.5 shows the relationship between the numbers of blows, 744, based on test method SRS 15, [and SPD.

Thble A.6 shows the relationship between SPD and s¢il modulus for the various soil groups used in ATV. The
modulus values in this table are an average of values from ON B 5012 for 1 m depth of cover and ATV-A 127
values for up to 5 m depth of cover. From this .combination it has been found possible to obtain typital native
soil moduli for the normal range of depths of cover between 1 m and 5 m.

t|should be noted that native soil moduli~are usually independent of depth of cover at the depthg of cover
brmally encountered in pipeline desigh.

SPD
Soil groups %
as ATV
85 90 95 97 190
Native soil modulus
Ej
N/mm2
G1 3,8 53 10,0 13,0 2(|),O
G2 2,1 2,9 5,3 6,7 1(1),
G3 1,3 1,8 3,3 4.6 6,7
G4 0,9 1,3 2,5 3,3 4,9

By combining Tables A.5 and A.6, Table A.7 is obtained. Note that for the same number of blows the soil

modulus varies with soil group.

© 1SO 2007 — All rights reserved
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Table A.7 — Native soil modulus, £5

Soil groups as ATV-A 127
Number of
blows 2 Non-cohesive soil G1 G2 G3 G4 Cohesive soil
(SRS 15) descriptor . . descriptor
Groups 1 and 2 Native soil modulus Groups 3 and 4
10 Es
N/mm2
> 30 very dense 20 10 7 5 hard
> 12 dense 13 7 5 3 firm
>7 medium 10 5 3 2 semi-soft
>2 loose 5 3 2 1 soft
<2 very loose 4 2 1 0,5 soft and/or plastic
@ Number of blows per 10 cm movement using test method SRS 15 in accordance with ON B 4419-1.

A.4.3 Soil moduli used in AWWA-type design systems

A43.1

A43.11

AWWA h
moderate

formula.

defines ti

Backfill soil moduli

Values from AWWA M-45

recommendations for the use of the various soil stiffness categories.

36

ps adopted Mg as the soil design parameter. This is a change from the historic practice of using E'. At
depths of fill, values for M are similar to values fer\E’, and Mg may be substituted for £’ in the lowa
[able A.8 gives values for Mg as a function of soilsconfining pressure (i.e. depth of cover). Table A{9
e terms for soil stiffness categories (SC1, etc.)Jused in Table A.8, and Table A.10 gives the AWWA
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Table A.8 — Backfill soil modulus, 1/, values, expressed in N/mm?2, from AWWA M-45,
based on soil type and compaction condition

Vertical Depth for Stiffness categories 1 and 2 (SC1 and SC2)
stress soil Sands and gravels 2 °
level © density of
18,8 kN/m3 Sn-100 Sn-95 Sn-90 Sn-85
kPa m MPa MPa MPa MPa
6,9 0,4 16,2 13,8 8,8 3,2
34.5 1.8 23.8 17.9 10.3 ,6
69,0 3,7 29,0 20,7 11,2 8,9
138,0 7,3 37,9 23,8 12,4 45
276,0 14,6 51,7 29,3 14,5 b, 7
414,0 22,0 64,1 34,5 17,2 6,9
Stiffness category 3 (SC3)
Silts
Si-95 Si-90 Sj-85
MPa MPa MPa
6,9 0,4 9,8 4,6 25
34,5 1,8 11,6 51 27
69,0 3,7 12,2 52 2.8
138,0 7,3 13,0 54 8,0
276,0 14,6 14,4 6,2 9
414,0 22,0 15,9 71 4.1
Stiffness category 4 (SC4)
Clays
Cl-95 CI-90 Cl]-85
MPa MPa MPa
6,9 0,4 3,7 1,8 9
34,5 1,8 4,3 2,2 2
69,0 3,7 4,8 2,5 4
138,0 7,3 51 2,7 ,6
276,0 14,6 5,6 3,2 20
414,0 22,0 6,2 3,6 24
NOTE 1 SC1 _soils' have the highest stiffness and require the least amount of compactive energy to achieve a given density. SC5
spils, which are_not fecommended for use as backfill, have the lowest stiffness and require substantial effort to achieve a givep density.
NOTE 2 The numerical suffix to the SPD (standard proctor density) indicates the compaction level of the soil as a percentage of
npaximumedry density determined in accordance with ASTM D698 or AASHTO T99.
NOTE’3 Designers may interpolate intermediate values of A for vertical stress levels not shown in the table.
NOTE 4 For pipe installed below the water table, the modulus should be corrected for reduced vertical stress due to buolyancy, and
byamadditiormatfactorof ;06 for- SC+armd-SC2suitswith 5sPP—95.0;85for S€2-suits with S PPof 96, 0;70for- S€2-suitswittr SPD of 85;

0,50 for SC3 soils and 0,30 for SC4 soils.
NOTE 5 It is recommended to embed pipe with a stiffness of 1 250 or less only in SC1 or SC2 soil.

a SC1 soils have higher stiffness than SC2 soils, but data on specific soil stiffness values are not available at the current time. Until
such data are available, the soil stiffness of dumped SC1 soils can be taken as equivalent to SC2 soils compacted to 90 % of maximum
standard proctor density SPD90, and the soil stiffness of compacted SC1 soils can be taken as equivalent to SC2 soils compacted to
100 % of maximum standard proctor density, SPD100. Even if dumped, SC1 materials should always be worked into the haunch zone.

b The soil types are defined by a two-letter designation used by AASHTO to indicate general soil classification: Sn for sands and
gravels, Si for silts and Cl for clays. Specific soil groups that fall into these categories, based on ASTM D2487 and AASHTO M145, are
listed in Table A.9.

¢ Vertical stress level is the vertical effective soil stress at the spring-line elevation of the pipe. It is normally computed as the design
soil unit weight times the depth of fill. Buoyant unit weight should be used below the groundwater level.
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Table A.9 — Soil stiffness categories used in AWWA M-45

Soil - . e g
stiffness Unified soil class_lflcatlon iystem (USCS) AASHTO soil groups °
Soil groups
category
SC1 Crushed rock:
=15 % sand, maximum 25 % passing the 3/8 in. sieve
and maximum 5 % passing No. 200 sieve (Note 3)
SC2 Clean, coarse-grained soils: A1, A3
SW_SP, GW, GP or anvy saoil beginning with one of these
symbols with 12 % or less passing No. 200 sieve (Note 4)
SC3 Coarse-grained soils with fines: A-2-4, A-2-5, A-2-6 or A-4 or A-6 soils withymorge
GM, GC, SM, SC, or any soil beginning with one of these |than 30 % retained on a No. 200 sieve
symbols, containing 12 % or more fines
Sandy or gravelly fine-grained soils:
CL, ML (or CL-ML, CL/ML, ML/CL) with 30 % or more
retained on a No. 200 sieve
SC4 Fine-grained soils: A-2-7 or A-4 or A-6 soils with 30 % or less
CL, ML (or CL-ML, CL/ML, ML/CL) with 30 % or less retained on a No. 200 sieve
retained on a No. 200 sieve
SC5 Highly plastic and organic soils: A5, A7
MH, CH, OL, OH, PT
NOTE 1 SC1 soils have higher stiffness than SC2 soils but data on specific soil stiffness values are not available at the curreqt
time. Until puch data are available, the soil stiffness of dumped SC1 soils can be taken as equivalent to SC2 soils compacted to 90 % ¢f
maximum ptandard proctor density (SC2-90), and the soil stiffness of compacted SC1 soils can be taken as equivalent to SC2 soils
compacted to 100 % of maximum standard proctor density (SC2-100). Even if dumped, SC1 materials should always be worked into the
haunch zope.
NOTE 2 Uniform fine sands (SP) with more than 50 % passing a Ne: 100 sieve (0,006 in., 0,15 mm) are very sensitive to moisturle
and should not be used as backfill for fiberglass pipe unless specifically allowed in the contract documents. If use of these materials |s
allowed, then compaction and handling procedures should follow the, guidelines for SC3 materials.
NOTE 3 SC5 materials are not considered to be suitable“as an embedment material. They may be used as final backfill gs
permitted By the engineer.
NOTE 4 SPD the is standard proctor density as détermined by ASTM D698 (AASHTO T99).
a ASTIM D2487:2000, Standard classification‘ef soils for engineering purposes (Unified Soil Classification System).
b AASHTO M145, Classification of soils and soil aggregate mixtures.
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Table A.10 — Recommendations for installation and use of soils and aggregates for foundation and
pipe-zone embedment in AWWA M-45

and
restrictions

migration is probable
or when combined
with a gpnfpytilp filter

gradation to minimize
migration.

Field of Soil stiffness category
application sc1 sc2 sc3 sc4
General Acceptable and Where hydraulic Do not use where water | Difficult to achieve
recommendations common where no gradient exists, check |conditions in trench high-soil stiffness.

prevent proper place-
ment and compaction.

Do not use where
water conditions in

methods

media Clean groups are Not recommended for trench prevent proper
’ suitable for use as a use with pipes having a |placement\gnd
Suitable for use as a |drainage blanket and |stiffness of 1250 or less. | compagtion
drainage blanket and |underdrain.
under drain where . ) Not recorprrepded
adjacent material is Unlform fine sands for use W|th pipes
" (SP) with more than having a stiffness of
suitably graded, o | 5y g1 csing a #100 1250 o less
when used with a siev; ?0 006?n 3
geotextile filter fabric. (0.15 mm)] behave like
silts and should be
treated as SC3 soils.
Houndation Suitable as foundation | Suitable as foundation | Suitablefor replacing Not suitable
and for replacing over- [ and for replacing over- | oversexcavated trench
excavated and excavated and bottom as restricted
unstable trench unstable trench bottom | above.
bottom as restricted as restricted above. .
above. . Install and co.mpact in
Install and compact in | 150 mm maximum
300 mm maximum layers.
layers.
Ripe zone Suitable as restricted | Suitable as restricted [ Suitable as restricted Suitable as festricted
embedment above. aboyve: above. above.
Work material under , |\Work material under | Difficult to place and Difficult to place and
pipe to provide pipe to provide uniform | compact in the haunch | compact in the
uniform haunch haunch support. zone. haunch zong.
support.
Bmbedment
gompaction
inimum, minimum density 85 % 90 % 95 %
recommended typically achieved by
ensity, SPD dumped placement
elative compactive |low moderate high very high
fort required-to
chieve minimum
density
Gompaction vibration or impact vibration or impact impact impact

Required moisture
control

none

none

maintain near optimum
to minimize compactive
effort

maintain near
optimum to minimize
compactive effort
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A.4.3.1.2 Values from WRC

Table A.11 is taken from the Pipe materials selection manual [19].

Table A.11 — WRC embedment soil modulus, £',, values for various installation conditions

A.4.3.2

A.4.3.21

Embedment Compaction Soil modulus
class MPD? E',
(see Table 7) % MN/m2
Uncoimpacica 9
Class 80 7
S1 85 7
90 10
Uncompacted 3
Class 80 5
S2 85 7
90 10
Class 80 3
s3 85 5
90 7
Class 85 3
S4 90 5
a Modified proctor density.

Native soil moduli

Values from AWWA M-45

The valugs given in Table A.12 are the native’soil moduli at pipe zone level.

Table A.12 -= Native in situ soil moduli, M, from AWWA M-45

Granular Cohesive Mgn
Unconfined compressive
Blows/800 mm 2 Description strength, ¢, ° Description N/mm?
N/mm?2
Ofto 1 Very very loose 01to 0,012 Very very soft 0,34
1fto 2 Very loose 0,012 to 0,024 Very soft 1,4
2 ta’4 Very loose 0,024 to 0,048 Soft 5
4t08 Loose 0,048 to 0,096 Firm 10
8to 15 Slightly compact 0,096 to 0,192 Stiff 21
15 to 30 Compact 0,192 to 0,383 Very stiff 35
30 to 50 Dense 0,383 t0 0,575 Hard 70
> 50 Very dense > 0,575 Very hard 138
ROCK 345
a8  Standard penetration test as per ASTM D1586 41,
b Unconfined compressive strength of cohesive soils as per ASTM D2166 51,
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A.4.3.2.2 Values from WRC

Table A.13 is taken from the Pipe materials selection manual [19],

Table A.13 — Guide values for soil modulus in various conditions

Native soil modulus
E's
N/mm?2
Soil type Very Dense Medium Loose Very
dense dense loose
%r:r‘]’j' over 40 15 t0 40 9,0to 15 5,0109,0 3,0't0 5,0
Clavev. silt 15t0 20 9to 15 40to9 2,0t04,0 1,0 to 2,0
yey, sty 10to 15 6to 10 2,5t06 1,5t02,5 0,510 1,3
sand
Very hard 11,0 to 14,0
Hard 10,0 to 11,0
Very stiff 6,0 to 10,0
Clay Stiff 4,0t06,0
Firm 3,0t04,0
Soft 1,510 3,0
Very soft 0,0to 1,5
NOTE 1  The quoted values for soil modulus indicate likely values at.shallow depths and with groundwater present. They
will thus be conservative for pipelines above groundwater level or at depths greater than 1 m.
NOTE 2  For trenches cut in rock, a modulus value of 40 MN/mZ ¢an be taken as conservative.
NOTE 3  For installations in peat, the structural behaviour df pipelines can be significantly different from other soils} and
other design methods may be appropriate (see for example WRC Sea outfall design guide).
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Annex B
(informative)

Determination of concentration factors used in ATV-A 127

B.1 Maximum concentration factor, 1,

e
Amdx =1+ de
35 2,2 0,62 16 h
St g —tE xd—
& Z4(@-025) | ¢ Z4x(a-025)| ‘e
E E

B.2 Concentration factor, Jp

P ,4><K2><K’X/1max—1

max X Vs +a

i 3 @ ~0,25
! -1
VS +a’XM72XKXa,_O,25XZ;m_aS 25

where th¢ effective relative projection

E
a'=1><—120,26
2

Under noymal bedding and installation conditions, it is recommended to use a = 1 for flexible pipes.

8XSO

i |CV* X SBV

*
Cyr T Cyqv T Cygh X K

B.3 Madified concentration factor, ig

4425
3

(B.

B)

)
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Loading coefficients used in ATV-A 127

Table C.1 — Values for ¢, 4, ¢h qv» Mgy @nd m;, in relation to 2«

NPTE

2a C C m m
degrees v.av h.av av an

60 -0,105 3 0,102 6 0,377 -0,25
70 -0,1024 0,100 3 0,353 -0,25
80 -0,0994 0,098 0 0,332 50,25
90 -0,096 6 0,095 6 0,314 -0,25
100 -0,0939 0,093 3 0,299 -0,25
110 -0,0914 0,091 1 0,286 -0,25
120 -0,089 3 0,089 1 0,275 -0,25
130 -0,087 4 0,087 4 0,267 -0,25
140 -0,0859 0,0859 0,261 -0,25
150 -0,084 8 0,084 8 0,256 -0,25
160 -0,084 0 0,0840 0,253 -0,25
170 -0,083 5 0,083 5 0,251 -0,25
180 -0,083 3 0,083 3 0,250 -0,25

Table C:2 — Values for ¢, 4, ¢h gn

Only a few of the coefficients givenin Table C.1 are in ATV-A 127. The coefficients in Tables C.1, C
have been derived using equations supplied-by Leonhardt.

and mgy," in relation to 2/

2p . . )
degrees Cv.gh “h.gh "ah
90 0,056 1 -0,058 5 -0,156
100 0,059 3 -0,0615 -0,166
110 0,061 9 -0,063 9 -0,174
120 0,064 0 -0,065 8 -0,181
130 0,065 6 -0,067 3 -0,187
140 0,066 8 —0,068 4 —0, 19
150 0,067 7 -0,069 2 -0,194
160 0,068 3 -0,0697 -0,196
170 0,068 7 -0,0701 -0,198
180 0,068 72 -0,070 12 -0,198

a Soil box test results for 25 =180° (see references [1] and [2]) show better agreement
between calculated and measured values when ¢, 4, =0,0694 and ¢, q,=0,0700. It is
therefore recommended that these experimentally derived values be used in place of the

applicable values in Table C.2. In ATV-A 127, mgp« is = -0,181.
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Annex D
(informative)

Horizontal bedding correction factors

D.1 General

The corraction factor, ¢, takes into account the difference in soil modulus of the pipe embedment material and
the native soil as well as the width of the trench. Equations (6) and (7) from the main text are those included jn
ATV-A 127 for a support angle 24 of 120°. However Leonhardt, the originator of this factor, recommends the
use of thé¢ equations and variable values given in this annex, which cover a wider range of support. conditionp.
Despite gppearances, for 2 equal to 120°, this annex produces an answer very similar to that;ebtained using
Equation|(6).

D.2 Correction factor for horizontal bedding stiffness, ¢, in ATV-A127

The stiffriess of the soil at the side of the pipe (horizontal bedding stiffness) in ATV-A 127 is defined as shown
in Equatipn (8). This equation assumes a support angle, 24, of 120°:

In Table P.1, a coefficient ¢4 is included which in Equation (D.3)is the constant 0,6. This allows for stregs
propagation in the soil under the horizontal reaction pressure, g [see Figure 2 b)].

The equgtions used in ATV-A 127 to determine the correction factor, ¢, for the assumed 120° support angle
are Equations (10) and (11).

NOTE The correction factor, ¢, takes into account the difference in soil modulus of the pipe embedment material, the
native soilland the width«©f-the trench. The above equations are those included in ATV-A 127 for a support angle of 12Q°,
but the variable values»given in Annex D can be used for other angles. Annex D covers a wider range of suppgrt
conditions|than only the 120° covered by Equation (10).

Leonhardt's €guations for the general case are Equations (D.1), (D.2) and (D.3). The variables for insertion jn
these equations are given in Table D.1 and depend upon the assumed support angle 2.

44

SBhZO,6X§XE2 (3)

1,667
6= Af + (1,667 —Af )x Ey/ Eg (1)

by

(de j
b

O,980+O,303[d—1]

e

where Af = <1,667 (m

1
= DA
g C+(C1—C)XE2/E3 ( )
c= ¢ (D.2)
Co +Cq X i—1
2 3 dg
SBh =Cy Xé’XEZ (D3)
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Table D.1 — Variables to determine correction factor

2p= 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°
1 1,480 1,563 1,613 1,667 1,695 1,754 1,754 1,786 1,786 1,786
€2 0,976 0,978 0,979 0,980 0,981 0,981 0,982 0,982 0,982 0,982
€3 0,380 0,348 0,323 0,303 0,288 0,277 0,268 0,262 0,259 0,258
€4 0,680 0,640 0,620 0,600 0,590 0,570 0,570 0,560 0,560 0,560

The ranges of validity of Equations (D.1) and (D.2) and their variables are as follows:
0 <bldy, <43

bldg>4,3 ¢ =1,0

0.3 AWWA M-45 soil support combining factor, S,

r the AWWA M-45 design manual, there is a similar correction factor but it is termed “combining [factor S.”
nd has values different from those given by Equations (D.1) and (D(2). The values for S, shown in Table D.2
hould not be substituted for ¢ in ATV-A 127 type systems.

0 Q

Table D.2 — Values for the soil support combining factor, S,

" b
sh d
Mg

1,25 1,50 1,75 2,00 25 3,00 4,00 5,00
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
3 220 186 1,65 1,50 135 120 140 1,60
=5 3,00 2,20 1,90 1,70 1,50 1,30 1,15 1,00

b is the trench width at the spring-line, in m;

d is the pipe diameter, in m;

Mg, is the native soil constrained modulus, in N/m2;

Mgy, is the embedment soil constrained modulus, in N/m?2.

NOTE Intermediate values for S; can be determined by linear interpolation between
adjacent values.
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Annex E
(informative)

Selection of long-term stiffness

E.1 Long-term stiffness and buckling

E.1.1 Theory

If a ring

time; he

relaxatio

If at that

increase

higher v3

modulus

If the co

the ring will be equal to the original elastic modulus of the untested specimen. If, however, the test ring is
water angl the elapsed time has been long enough for the water to influence the properties of the material,

then the [instantaneous elastic modulus, Ei . (although higher than the relaxation modulus) will be low
than the initial modulus. There has been an ageing of the material, fence:

Ey wet = af x Eq (E.
where

as |s the ageing factor;

Eq

The samé thing happens if there is a constant load applied to the pipe ring. The apparent modulus of the pig
is decreaped because of creep deflectioniunder load. If this test is conducted on specimens exposed to wate
the appagent modulus will be lower because of the ageing factor. Similarly, a short-term incremental increas
in load will show the relationship to.the initial modulus value given in Equation (E.1).

For statid calculation of undergfound GRP pipes, the above visco-elastic characteristics should be considere
For watef-hammer and traffic load when considering buckling, the short-term instantaneous load conditior

apply. H

creep fadjtor.

Where plpe is_installed in weak soil there will be continuous creeping of the pipe under load; this oftg
increaseg with \time. Here, there can be a risk for a long-term sustained buckling which is frequently calle
creep bugkling.

If GRP is kept at a constant deflection, the load required to maintain that deflection decrgases wi

1 modulus.

n stress and the incremental increase in strain will not correspond to the relaxation modulus, but to

ristant deflection test ring is maintained in a dry condition, then the jinstantaneous elastic modulus

s the initial elastic modulus.

nce the initial, stiffness (or modulus) and the ageing factor apply to the design condition, not th

ce the apparent flexural modulus decreases with time. In this case the moduluscis called the

constant deflection the load is incrementally increased, the relationship between the incremental

lue. The modulus applying to that period of incremental loading is called\the instantaneous elastic

a

-

e

E.1.2 Recommendation

For all buckling cases, the initial pipe stiffness should be multiplied by the long-term ageing factor to obtain the
value of the pipe stiffness to be used for long-term buckling resistance calculations.

E.2 Long-term stiffness and deflection

In buried conditions, the deflection tends to remain unchanged with time, thus the pipe's installation condition
is similar to a load relaxation condition. However, with time there is normally an increase in the load due to

loss of fr

46

iction between the soil layers. This increase in soil load is normally incremental and rapid.
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E.2.1 Recommendation

For long-term deflection calculations, it is recommended that the long-term pipe stiffness be used, i.e. the
initial pipe stiffness multiplied by the creep factor or relaxation factor, both of which include the ageing effect.

E.2.2 Soil and traffic loads

For a correct calculation of long-term deflection and flexural strain, two separate calculations for the vertical

load, ¢,, should be made; one for soil load, &, using the long-term pipe creep or relaxation stiffness, and one
fartraffic load and vacuum Inade, XVd’ ||cing the initial pipn stiffness times the ngning fnr‘fnr, a

m

.3 Ageing factors
The ageing factor can be obtained from a test such as that outlined as follows.

Al ring of pipe complying with the requirements of ISO 7685 is subjected to'the initial stiffnegs test in
agcordance with I1ISO 7685. One of the three pairs of lines marked on the“test piece is selectgd as the
rgference pair, and the stiffness obtained for this pair of lines is noted. The ‘test piece is then immersed in
wlater and laid horizontal so that it is free of load. At predefined momepis.in time, the test piece is[removed
frbm the water and the initial stiffness determined using the selected reference lines. The test continues for at
Idast 10 000 h, and the results are analysed in accordance with 1ISO10928 to obtain an extrapolatefd 50-year
stiffness. The ageing factor, 4, is obtained from Equation (E.2):

extrapolated 50 year stiffness
af = P y (E.2)

initial stiffness
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Annex F
(informative)

Partly residual soil friction used in ATV-A 127 type calculation systems

F.1 General

As stated
However
to3m. T
to incorp
introduce

the verti
concernir

F.2 Lopg-term vertical soil pressure, g, 5,
The long{term vertical pressure, g, 5, is calculated using Equation (F.1):

qv5Q = {(ﬂ(s XHEVD){%S X(h—HEVD)X’fX/1F>Gso]+(Po XKo)+Pv} (F.1h
where

Heyg is the depth down to which the friction<has been lost due to frost, rain, traffic loads, etg.,

expressed in metres (up to a maximum-of 3 m);

h is the depth of cover, in metres;

xandl x, are in accordance with ISO 10465-2, but using (7 — Hgyp) instead of #;

ApcHo is in accordance with\Equation (6), except Ap is replaced by Ap T,

where

/1PLT=1—M%X(1—/1P) (F.p)

n
e
trench wall, but also within the backfill above the top of the pipe for the lifetime of the pipes; thereby reducing
S

in 4.2.1, the silo soil load is used in ATV-A 127 for both the long-term and short-term conditions.
it is recommended that the prismatic soil load be used for long-term conditions at depths of .cover up
nis is to take into account the loss of soil friction due to factors such as frost, rain, traffic, ete. lh order
prate this concept into the calculations, the term environmental depth of cover, Hgyp,~has bed
d. For depths of cover greater than 3 m, it is assumed that the soil friction remains(not only at t

al soil load. In the calculations this is achieved through the factor Ag. For additional detalil
g wide trenches, see ISO 10465-2:2007, 4.2.2.

o 7 <sithe long-term value for the concentration factor Ap (see Annex B), using long-term valugs
for soil modulus, S, Sg,, etc.

F.3 Lo

ng-term horizontal soil pressure, g, 5,

The long-term horizontal soil pressure, gy, 5, is calculated using Equation (F.3):

d
gnhs0 = (Ko x xs XHEVD)"'{/IBLTXZSX(h_HEVD)"'(KoXKZXP0)+(K2XZSX7e)}

48

(F.3)
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where
ABLT = |:1 + —(h _ IZEVD) X (/18 - 1):|

For the case where K = 0,5, Equations (F.5) and (F.6) can be used for the calculation of xand &:

(ﬁxtanéj
1—e \P
K=——

ﬁxtané
b

—(ﬁxtanéj
Ky =¢€ b

(o]

flthe trench angle, g (see Figure 2), is not 90°, then

Kp =1—£+K><£
90 90
B
KOﬁ :1—%+KOX9’LO
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Annex G
(informative)

Application limits for GRP pressure pipes installed underground

G.1 General

In 5.2.1.1| the following Note appears which is also applicable to this annex:

NOTE Similar calculations can be done for the other stiffness series, namely SN 1250, SN 2500, SN 5000 and
SN 10000| and values for D; very similar to those in Table 4 will be derived. For most purposes, the SN valugs’in Table|4
and in the| applicable tables in Annex G can be interchanged, i.e. SN 1250 for SN 1000, SN 2500 for 2000, SN 5000 fpr
SN 4000 gnd SN 10000 for SN 8000, without significantly affecting the accuracy of the results.

G.1.1 Miinimum or mean

This annex presents the basic concepts which have been used to establish\the safety design methqd
presented in Clause 10 of this part of 1SO 10465 for GRP pressure pipgs\eomplying with the relevant
ISO GRH pipe system standards.

The system standard gives the required minimum long-term factor of safety against pressure failure from
which thg manufacturer, using the pressure regression ratio derived from long-term tests, can determine the
required inimum initial six-minute failure pressure for the pipe. £rom this value the manufacturer determings
the desigh strength, taking into account the mean burst strength-and the standard deviation of the test results.
It should pe noted that in the system standard the minimum.léng-term factor of safety against pressure failufe
is applied to the minimum long-term strength.

The pipe|produced to comply with the requirements of‘the appropriate system standard is required to have|a
minimum| long-term tensile strength. To ensure<that this is achieved, the mean initial strength of the
factory-tested product must be sufficiently high,-taking into account the product's variability, to have a 97,5 {6
LCL (lower confidence limit) at 50 years that-is;équal to or greater than the minimum requirement. The design
procedures to be followed to achieve this are-outlined in the system standard.

The I1SO |system standard for GRP (pipe specifies the minimum long-term ultimate ring deflection which the
pipe test[piece must sustain without failure, but there is no requirement to determine the actual deflection gt
failure, hence neither a mean value nor a standard deviation for that characteristic can be obtained.

In this annex it is assumed that the coefficient of variation of the initial ultimate ring deflection, z, will have|a
value of 9 %. Using thisyassumption, and the specified minimum initial ultimate deflection stated in the system
standard] the minimum:long-term ultimate ring deflection value can be determined.

EXAMPLH Consider a pipe of nominal stiffness SN 8000 which has a specified minimum initial ultimate ri:l;g
deflection pof 10,3(% which is manufactured in a factory having an AQL of 6,5 %. The long-term mean value will have to e
equal or ekceed the value derived from Equation (G.1).

dy :L:11,93% (G.1)
dm 1-2zx0,01x1,52
ult

where
1,52 is the multiplier for an 4QL of 6,5 %;

z is the coefficient of variation, in percent;

_ standard deviation of initial ultimate ring deflection
= x100

z
mean initial ultimate ring deflection
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