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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 established has
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Introduction

Work in ISO/TC 5/SC 6 (now ISO/TC 138) on writing 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 standards was later given to a Task Group (now ISO/TC 138/SC 6).

At the |SC 6 meeting in London in 1980, Sweden proposed that a working group be formed to develop-dpcuments
regard|ng a code of practice for GRP pipes. This was approved by SC 6, and Working Group 4 (WG-4)was formed
for thig purpose. Since 1982, twenty-eight WG 4 meetings have been held which have considered’the|following
areas:
O prpcedures for the underground installation of GRP pipes;

O pipe/soil interaction with pipes having different stiffness values;
0 mjnimum design features;

O an overview of various static calculation methods.

During| the work of WG 4, it became evident that unanimous agreemént could not be reached within th¢ working
group pn the specific methods to be employed. Therefore WG 4 agreed that all documents should be made into a
three-part type 2 Technical Report, of which this is part 3.
Part 1 |[describes procedures for the underground installation-of GRP pipes. It concerns particular stiffness classes
for which performance requirements have been specified:in“at least one product standard, but it can alsg be used
as a gliide for the installation of pipes of other stiffness glasses.

Part 2 presents a comparison of the two primary methods used internationally for static calculations on underground
GRP pipe installations (ATV-A 127 and AWWA M:45).

Part 3 [gives additional information, which\is-useful for static calculations when using an ATV-A 127 type design
systen) in accordance with part 2 of this, Technical Report, on items such as:

O pgrameters for deflection calculations;

O sdil parameters, strain coefficients and shape factors for flexural-strain calculations;

O sdil moduli and pipe_stiffnesses for buckling calculations with regard to elastic behaviour;
0 pgrameters for rerounding and combined-loading calculations;

O the influence’of traffic loads;

O theinfluence of sheeting;

0 safety factors.
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Installation procedures.

R 10465-2:1999, Undergrotind installation of flexible glass-reinforced thermosetting resin (GRP)
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WRc, Water Research Centre, Swindon, UK: Pipe materials selection manual — Water supply, 2nd edition, June

1995.
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3 Terminology

Pipeline installation terminology can vary around the world so, where such terms are used in this part of
ISO/TR 10465, they will either be described or reference will be made to part 1 or 2, where the relevant descriptions
can be found.

4 Symbols and abbreviated terms

For the pHLposes af this part of ISO/TR 10465 _the fnlln\/\ling QymhnIQ .qlnlnly'

NOTE This clause also contains symbols and abbreviations from parts 1 and 2 for completeness.
Symbol Unit Meaning

a — Ageing factor

a — Distribution factor

B' — Support factor

b m Trench width at spring-line

b' m Distance from trench wall to pipe {see Figure 1)
Cy — Reduction factor

ot — Creep factor

Ch» Cy — Deformation coefficients

D¢ — Shape factor

Dy — Shape adjustment factor

D — Deflection lag factor

dg m External pipe diameter

dn, mm Mean_pipe diameter [(d, % 1000) — €]

d, mm Yertical deflection

d,a m Maximum permissible long-term deflection
d,r mm Vertical deflection at rupture

(dy/dry) pegmissible % Maximum permissible relative vertical deflection
(dy/dinidar % Initial vertical deflection

(d/dr)s0 % Long-term (50-year) vertical deflection
(dy/dy) it % Ultimate long-term vertical deflection

E, Eo Et et N/m? Apparent flexural moduli of pipe wall

E', Ey, Ey| Eg, By, E) EY, Eg N/mm? Soil deformation moduli

= N/m? Tensile hoop modulus

e mm Pipe wall thickness

e — Base of natural logarithms (2,718 281 8)

F — Compaction factor

Fa: FE kN Wheel loads

FS — Safety factor

FS, — Bending safety factor

FSpr — Pressure safety factor

HDB — Extrapolated pressure strain at 50 years
Hevo m Environmental depth of cover
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Kfill,

Rerounding factor
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Symbol Unit Meaning

h m Depth of cover to top of pipe

hy m Height of water surface above top of pipe

I m#/m Second moment of area in longitudinal direction per unit length (of a
pipe)

io — Initial ovalization

i N/mm?2 Installation factor

K* — Coefficient for bedding reaction pressure

K Ky — Ratio of horizontal to vertical soil pressure in soil zonescl arlud 2

K — Ratio of horizontal to vertical soil pressure in pipe-zone-bac
when backfill is at top of pipe (see annex A)

Ky — Bedding coefficient

M — Sum of bending moments

Mg N/mm?2 Constrained-soil modulus

Mgvs Myps Mgh — Moment factors

N — Sum of normal forces

Nig — Number of blows

P bar Internal pressure

PN — Nominal pressure

P(x) — Probability function

Ps — Probability of failure

Py MPa (N/mm2) Internal underpressure

Pw N/m?2 Workirig/pressure

Pa N/m2 External water pressure

Pe N/mm?2 Pressure due to prismatic soil load

Pr N/m?2 Pressure due to traffic load according to Boussinesq

Po N/mm?2 Soil pressure due to distributed load

Py N/mm?2 Soil pressure resulting from traffic load

Oy MPa’(N/mm2) Permissible buckling pressure

Oc MPa (N/mm2) Critical buckling pressure

Ocs MPa (N/mm2) Short-term critical buckling pressure

el MPa (N/mm2) Critical buckling pressure under sustained load

Oew MPa (N/mm2) Critical buckling pressure due to water

Oy Oy N/mm?2 Horizontal and vertical soil pressure on pipe

an* N/mm?2 Horizontal bedding reaction pressure

Gh,50 N/mm< Long-term (50-year) horizontal soil pressure

OhLT N/mm?2 Reduced long-term horizontal soil pressure

Ocrw N/mm?2 Horizontal bedding reaction for pipe and contents

Oy, 50 N/mm?2 Long-term (50-year) vertical soil pressure

OuLT N/mm?2 Reduced long-term vertical soil pressure

Oywa N/mm?2 Vertical load due to pipe and contents

Ry — Water buoyancy reduction factor
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Symbol Unit Meaning

ra Mg m Wheel radii

re — Rerounding coefficient

Sah N/mm?2 Horizontal bedding stiffness

Say N/mm?2 Vertical bedding stiffness

S — Long-term strain

S — Soil support combining factor

S N2 CHaracteristic Sress

S N/m2 Initial pipe stiffness

S50 N/m2 Long-term pipe stiffness

Sk N/mm?2 S, x 8x 106

S50 N/mm? Sp50 X 8 x 106

SRes N/mm? Standard deviation of strength of pipe

SRes A N/mm?2 Standard deviation of strength of pipe_ .@béve ground

SRes.B N/mm?2 Standard deviation of strength of pipe)below ground

Sg N/mm?2 Standard deviation of stress in pipe

Ss.A N/mm?2 Standard deviation of stress in-pipe above ground

Ss.B N/mm?2 Standard deviation of stress'in pipe below ground

SPD % Standard Proctor density

VrB — System stiffness

Vg — Stiffness relation

W, N/m?2 Vertical soilload on pipe

W N/m? Traffic foad

X — Saféety index

YR % Coefficient of variation for tensile strength

Yuit % Coefficient of variation for ultimate deflection

a ° (degrees) Half the bedding angle (see Figure 2)

B ° (degrees) Half the horizontal support angle (see Figure 2)

X — Reduction factor applied to prismatic soil load to allow for frictipn

Xg = Reduction factor applied to prismatic soil load to allow for frictipn and
taking into account trench angle (8in ATV and w in this part of
ISO/TR 10465)

Xo — Reduction factor applied to a uniformly distributed load to allow for
friction

Xop — Reduction factor applied to a uniformly distributed load to allow for
friction and raking into account trench anglp (ﬁ in ATV but cwinlthis

part of ISO/TR 10465)

o ° (degrees) Trench wall friction angle

Oy mm Maximum permitted long-term installed deflection

4, % Relative vertical deflection

Sio % Relative vertical deflection due to backfilling in pipe zone
Qiy % Relative vertical deflection due to installation irregularities
Oys % Relative vertical deflection due to soil load

A % Relative vertical deflection due to weight of pipe
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Symbol Unit Meaning

Ay % Relative vertical deflection due to traffic load

Ecomp — Compressive strain due to vertical load

& & & — Calculated flexural strains in pipe wall

Emax — Maximum permissible strain due to pressure

Eor — Calculated strain in pipe wall due to internal pressure

& — Flexural strain due to total vertical load

Ejio — Ffexuratstraim due 1o backfittng i pipe zone

Eow — Flexural strain due to weight of pipe

v — Flexural strain due to pipe contents

Y MN/m3 Bulk density of backfill material

Koy MN/m3 Density of pipe contents

1, Ny Ne N — Safety factors

Nhaf — Combined flexural safety factor

Nhat — Combined tensile safety factor

¢ ° (degrees) Soil internal friction angle

K, K, — Reduction factor for distributed load according to silo theory| when
trench angle () is 902

Ko Ko — Reduction factor for distributed load according to silo theoryl when
trench angle () is;not 90°

A — Concentrationfactor in soil next to pipe

Amax — Maximumconcentration factor

AR ARG Amax — Concentration factors for soil above pipe

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

Ug N/mm?2 Mean value of stress in pipe

Hs A N/mm?2 Mean value of stress in pipe above ground

Hs N/mm?2 Mean value of stress in pipe below ground

p MN/m3 Density of pipe-wall material

fb g/cm3 Density

o N/mm?2 Calculated compressive stress in pipe wall

o N/mm?2 Calculated tensile stress in pipe wall

Vg — Poisson's ratio for soil

w ° (degrees) Trench wall angle (see Figure 1) (designated Bin ATV-A 127)

é — Correction factor for horizontal bedding
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NOTE 2
NOTE 3
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NOTE 5
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E,
nd level 5 Distance from trench wall to pipe, b'
r table 6 Depth of cover to top of pipe, h

Nt of water surface above top of pipe, h,, 7.5% Trench wall angle, w

Cal deflection, d,

The AWWA M-45 design manual uses E', in'zone E,,.

The AWWA M-45 design manual uses.E',.in zone E; and E,.

E, is the backfill above the pipe zone\(E,) material.

E, is the embedment material to-the side of the pipe.

E, is the in situ trench wallimateérial.

E, is the in situ material underlying the pipe zone material (foundation material).

In ATV-A 127, Bisused for the trench wall angle instead of w.

Figure 1 — Symbols and terminology

©1SO
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2

a) Spangler

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

5 Pafameters for déflection calculations when using an ATV-A 127 type design system

This clpuse covers:the soil parameters and deflection coefficients recommended for use when calculating|the initial
or long-term deflegtion in accordance with ATV-A 127.

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

5.1 Initiadeftection

Measurement of the initial deflection shortly after installation, when the effects of traffic loads are not present, is a
very easy way of assessing the quality of the installation. The initial deflection should therefore be determined under
these loading conditions.

ATV-A 127 and the AWWA M-45 design manual do not address the effects of installation irregularities, deflection
resulting from the pipe's own weight, or the reduction in deflection due to upwards ovalization of the pipe when the
pipe zone backfill is compacted. It is recommended that, in deflection calculations, these effects be considered in
addition to the effects of soil load and superimposed loads. This recommendation is made because these effects
have been found to be significant in practice, especially for pipes having a DN greater than 2000.
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5.1.1 Deflection due to vertical soil load and superimposed loads, but excluding traffic loads

©1SO

d
The relative vertical deflection 8, given by d =d—" (% deflection when multiplied by 100), is determined using

m
equation (1):

NOTE This deflection has a negative value, which indicates a reduction in vertical diameter.
d 1
5vs=T\:‘=[Cv1+(Cv2xK*)]x(q/‘%)xg 1)
where
d, s the vertical deflection of the pipe, in mm;
d,, |s the mean diameter of the pipe, (d, x 1000) — e, in mm;
e |s the pipe wall thickness;
C
K* % —hl (2)
VRB ~ Ch2
Cy1: $y2, Ch1s Cno are deflection coefficients (see annex C);
VrB | Sr/Sen (3)
K= Sp x 8 x 106 (in N/mm?2) (4)
S [sthe initial pipe stiffness, in N/m?2;
SghF C4 X EXE, (in N'mm?) (5)
¢, =P,6in ATV-A 127
& [s a correction factor, given by
144
E = (6)
f+(144 - ) ExfEs
]
. . de O
in which f = . . <144 (7
1,154 + 0,444 B£ -10
de O

NOTE The correction factor & takes into account the difference in the soil moduli of the pipe embedment material

and the native soil, as well as the width of the trench. The above equations are those given in ATV-A 127 for a support
angle of 120°, but it is recommended that the equations and values given in annex D be used. Annex D covers a wider
range of support conditions than the 120° covered by equation (6). Despite appearances, the equations in annex D for

120° produce a very similar answer to that obtained using equation (6).
E, isthe modulus of the soil in the pipe zone (zone E,), in N/mm?2 (see Figure 1);
E; is the modulus of the native soil in zone Ej, in N/mm?2 (see Figure 1);

0, Isthe vertical pressure due to the soil loads, calculated using equation (8):
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®)
F of this
9)
(10)
bd.
DOO, then
ed using
(11)

©1S0 ISO/TR 10465-3:
Oy = (KX Yy X h+ Ky X pg) X Agg  (in N/mm?)
NOTE Equation (8) uses values in MN/m2 and N/mm?2 which are numerically equivalent.
h is the depth of cover, in m;
% Iis the bulk density of the backfill above the pipe, in MN/m3;
P, is the soil pressure due to the distributed load at the surface, in N/mm?;
K [and k4 are trench friction coefficients (see ISO/TR 10465-2 or ATV-A 127, as well as annex
document);
g, is the horizontal pressure due to soil loads, calculated using equation (9):
Oh = Ko[(k Xy x h+ kg X pg) X Ag + (W, X do/2)] (in N/mm?2)
NOTE Equation (9) uses values in MN/m2 and N/mmZ2, which are numerically equivalent.
K{ is the ratio of the horizontal to the vertical soil pressure in soil zone 2 (see'annex A);
Ad is a concentration factor (see annex B), given by:
Ay =Pl b0, 4 ke
o 3 de O 3
NOTE Experience shows that the limits given for A foPGRP pipes in ATV-A 127 are not normally reachg
b | isthe trench width, in m;
dJ| is the outside diameter of the pipe, in m;
A is a concentration factor for the the soil"above the pipe (see annex B).
5.1.2 Peflection due to weight of pipe
When the pipe diameter is DN 2000 or greater and the nominal stiffness of the pipe is less than SN 2
accoqlt ShOL'J|d be taken of the relative deflection resulting from the pipe's own weight, calculat
equation (11):
Al =—-23xexgX104 x 1
S
where
e | is.the pipe wall thickness, in mm;
p s the density of the pipe-wall material, in MN/m3.
NOTE This deflection has a negative value, which indicates a reduction in vertical diameter.
5.1.3 Deflection due to compaction of pipe zone backfill (initial ovalization)

When the pipe zone backfill material is 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 (12):

Ovip = Kz X yp x

de

24 x R

(12)
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where
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K5 is the ratio of the horizontal to the vertical soil pressure in the pipe zone backfill, when the backfill is at the
top of the pipe (see annex A).

NOTE

This deflection has a positive value, which indicates an increase in vertical diameter.

5.1.4 Deflection resulting from installation irregularities

There are many different approaches to allow for the effect of the inevitable variation in initial deflection due to

irregularimwmwmemmmhmwﬁmﬁeveral
publicatigns (see references [3], [6] and [7]) state that it is not possible to allow for the actual measured initial

deflectiory
installatio
The calcl
Equation
d/iv 7
NOTE

Values of

Values of

515 To

s by traditional static calculation methods without incorporating an allowance for the (nflue
n irregularities. Such a system, however, must consider pipe stiffness, pipe diameter and, soil con
lated deflection is then used to estimate the corresponding flexural strain.
(13) enables an estimate of the relative deflection due to installation irregularities tg-bé made:

[eve * (G2 X K] % S

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

i; are given in Table 1.

c,1 and ¢, are given in annex C.

Table 1 — Values of installationfactor i

DN N/r:1fm2
= 200 0,012
300 0,011
400 0,010
500 0,009
600 0,008
700 0,007
800 0,006
= 900 0,005

fal initial relative.deflection

The estimated initial'deflection is determined using equation (14):

|

|

il = (& + G * o+ A

dm

hce of
ditions.

(13)

(14)

where

4o Is the positive relative vertical deflection caused by the backfilling in the pipe zone;

4,y is the negative relative vertical deflection caused by installation irregularities;

g, is the negative relative vertical deflection caused by the soil load;

3, is the negative relative vertical deflection caused by the weight of the pipe.

NOTE

10

Relative deflection can be converted to % deflection by multiplying by 100.
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5.2 Long-term deflection calculated using an ATV-A 127 type design system

:1999(E)

The calculated long-term deflection will vary depending whether silo theory or prismatic load is used to calculate the
vertical load.

521

Soil friction remaining

In ATV-A 127, silo theory is used.

The soil pressure due to the traffic load, p,, which is transient and not sustained, must be added to g, but not

multipl

Qy
where
Po

Py

Rewrit
pressu

Oh
oy

ARG,50
moduli

To obt]
initial ¢

equation (18):

(d
NOTE
522

In the
installe
soil frid

5.2.3

There

ed by Arg 50 0 Obtain the fong-term vertical Soil pressure g 5o, @ Shown N equation (15):

50 = [(K X Y X h+ Ky X po) X Agg 50l + Py

is the soil pressure, in N/mm2, due to the distributed load;
is the soil pressure, in N/mmZ, due to the traffic load.

ng equations (9) and (1) gives equations (16) and (17) for the calculatien-ef the the long-term horiz
re gy 50 and the long-term relative vertical deflection 4,5 5o due to the soitpressure:

50 = Kol(Ksp % Wy X hAg 50) + (Kq 50 % PoAg 50)* (W * de/2)]

L 50 = [Cy1 t (Cyp X K] X (ay 50 — O 50) X 1/Sk 50

is calculated using equation (10) and Ag 5o Using equation (B.5) in annex B, except that the long
from annex A are used and the long-term pipe stiffaess S 5q is used instead of Sz.

pin the total long-term relative deflection (d,/d;)50. the initial deflections due to the weight of the
valization and the installation irregularities, should be added to the long-term deflection &, 5o as

ldm)s0 = Ay50 + Aw * Qio + Qiv

For sign convention, see 5.1.5:
|_ong-term prismatic soil load (i.e. no soil friction)
ATV system, silo theory is used and it is assumed that the reduction in soil load remains for f
tion, then the long-term deflection is obtained by putting Agg 50 = Ag 50 = K = K, = 1 in equations (15
Soil frictign'partly remaining

s aclarge difference in the result obtained when silo theory, on the one hand, or prismatic soil log

other,

(15)

ontal soil

(16)
(17)

rterm soil

pipe, the
shown in

(18)

he whole

d lifetime of the_pipe. If, however, it is necessary to use the prismatic-loading approach, which igmores any

to (17).

d, on the
of cover

sCused for long-term deflection calculations. This effect becomes more pronounced as the depth

increa

€sS. In oraer to nandie tis, the so-called “environmental aeptn or cover: (Hegpy) Nas been Introd

ced. This

depth is defined as the depth down to which the soil friction has been lost due to frost, rain and traffic loads, and can
be up to 3 m. Full prismatic loading is used for this part of the depth of cover, and silo theory for the rest.

Annex F describes how values of g, 55 and g, 5o can be calculated using this system. The new values, called g, 1
and gy, 1, are then used in equation (17) instead of q, 5o and ¢, 50, respectively.

11
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6 Soil parameters, strain coefficients and shape factors for flexural-strain calculations

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

In ATV-A 127, the absolute value of the relative deflection is used. In this part of ISO/TR 10465, however, the
strains are calculated at one position, namely the invert. A positive value indicates a tensile strain and a negative

value a compressive strain.

6.1.1 Calculation of flexural strain due to vertical soil load

The flexufal strain caused by the vertical soil load can be calculated using equation (19):

NOTE This flexural strain has a positive value, which indicates a tensile strain resulting from a redugtion in |vertical
diameter.
e
& = (Mg  6,) * (M X o) + [Mg™ X K (@ = )} > 5 — =~ (19)
m
where

valugs for m,, my, and m,,* are given in annex C;

K*g——L__ (20)
VRB ~ 2

Cy1 and ¢, are horizontal deflection coefficients (see annex C);

NOTE The values of these coefficients depend on the value of the vertical soil-reaction angle 2a and horizontal soil-
reactlon angle 23 (see Figure 2). The value selected for 2 a‘and’2 8 has much more effect on the calculated flexural
strair] than on the calculated deflection (see 6.2).

0, and g, are calculated, as described in clause 5,for initial and long-term deflection.
When calculating long-term deflections, see annex E regarding S 0.
6.1.2 Flgxural strain due to weight of pipe

When the pipe diameter is DN 2000-0r-greater and the nominal stiffness of the pipe is less than SN 2000, then
account ghould be taken of the deflection resulting from the pipe's own weight.

The flexufal strain due to the weight of the pipe is calculated using equation (21):

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

£ :0000441><p><i><i 1)
e dn &R

where p isthe density of the pipe-wall material, in MN/m3

6.1.3 Flexural strain due to initial ovalization

The flexural strain due to the initial ovalization of the pipe during compaction of the backfill in the pipe zone is
calculated using equation (22), which is based on equation (12):

dexlo_3 . ©
2 dn X R

Eyip = — 0,025 x K3 x yp % (22)

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

12
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6.1.4 Compressive strain due to vertical load

The compressive strain €comp caused by vertical loads is calculated using equation (23), which is a simplification of
the equations used in ATV-A 127 for estimating the strain at the bottom of the pipe:

NOTE This compressive strain has a negative value.
0 20 0O 20

gcompz_allhx:SXY ﬁ—ﬁ),S??th*xst % (23)

xR xR

where
e

YI-— 24
o (24)
O = K* x (ay — ap) (25)

KA is defined in equation (2).
6.1.5 Flexural strain due to contents of pipe

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

Leonhardt, in a private communication, has recommended that equation (26) be used instead of the ATV efuation:

NOTE The flexural strain calculated from equation (26) has a positive value, which indicates a tensile strain resplting from
a redugdtion in vertical diameter.

ety = 0 "% g [+ (o x K] (26)
where

Onlv* = Gwwa < K* (27)

Ovjva = 0.5 X Wy X TUX T (28)

K¥ is defined in gquation (2);
¥ 1s the density of the pipe contents, in MN/m3.

6.1.6 Flexurahstrain due to installation irregularities

The flgxural strain due to installation irregularities is calculated using equation (29):

NOTE This flexural strain has a positive value, which indicates a tensile strain resulting from a reduction in vertical
diameter.
¢ = if % (0,25 + My* x K¥) ——— (29)
dm * SR
where
it is as given in Table 1,

13
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6.1.7 To

The total
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is as given in annex C;
is defined in equation (2).
tal flexural strain

flexural strain, in percent, is the sum of the strains calculated in 6.1.1 to 6.1.6:

‘gtot:(“:v"'“:vw"'“:vio"'“:comp"'“':\/v""gif)Xl00

NOTE

6.2 Shgpe factor Dy

When bdried flexible pipes deflect, they deform into non-elliptical shapes, and to allow for this-in calcu

performe

Some de
does not

to compdre different systems, it is possible to derive values of D; using equations'\frem ATV-A 127. This
examinatjon of the effects of parameters such as pipe stiffness, pipe deflection and bedding angle on the vi

D;.

6.2.1 Dgrivation of D;using ATV-A 127 equations

Although

Stra

Using thi

2 for a gseries of deflections up to 12 % and covering, pipe stiffnesses from SN 1000 to SN 8000.

Analysis

support angle 2, the value of D; can be calculated from an equation of the form:

This equation was<used to prepare Table 2.

D; values| can also be derived from measurements made on pipes installed in the ground or in soil boxes. Thg

is either

thicknessan

Tl " " PR ol £ loe—aliff PP
TART LAt tU TIHoUTT T CUTTTUL SIyNS dl't USTU TUT LT UTITTTTTIU SthAaltio.

 to determine the strain a shape factor Dy is used.

Dy is not used in ATV-A 127, values of D; can be calculated, using equation (31):

dm 1
nNX—X——— =
e deflection

b procedure, D; has been calculated across &-tange of values of the bedding angle 2a and suppor
of the data from these calculations .has shown that, for any given pipe stiffness, bedding angle

A + B/(% deflection)

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

s a constant yelated to the pipe stiffness and the bedding and support angles 2¢ and 2.

©1SO

(30)

lations

5ign systems, such as AWWA M-45 and the WRc method, specify values for D{x\The ATV-A 127 system
use D; values but derives pipe strains based on values of 2« and 28. In ordero-allow the design engineer

bermits
alue of

(1)

L angle

Por and

b strain

easured using strain gauges or calculated using the measured radius of curvature, pipe deflectig
lameter. The value of Dy can then be derived USing equation

reference [10]).

n, wall

as described above (See also

From measurements made on pipes in soil boxes, where the pipe zone material had been placed carefully either
without compaction or only slightly compacted, the calculated value of Dy indicates 2a and 2 as being equal to 180°
(see references [1] and [2]). Similar calculations made using the results from measurements made on pipes
installed in the ground in narrow trenches, subject to typical varying degrees of compaction, gave calculated D
values indicating that 2a and 23 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 2a and 2 with the expectation that this will cover between 85 %
and 90 % of all installation cases.

14
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Table 2 — Calculated Dj values

Nominal pipe 2a=2p=150°
stiffness d/d,=3% d/d,,=5%
SN 1000 7,95 5,99
SN 2000 5,33 4,32
SN 4000 3,98 3,55
SN 8000 3,31 3,18

6.2.2

Table
least 2
width d

A comparison of the M-45 values in Table 3 and the calculated values given in Table 2 'shows a similarity
especiplly when pipes are embedded in either dumped or slightly compacted backfillThe differences in th

stiffneg

Table

D; values in AWWA design manual M-45

B lists the D; values contained in AWWA design manual M-45 which it states are “valid for deflect
% to 3 % assuming inconsistent haunching and stable native soils or where adjustments are mg
f the trench to offset poor conditions”.

6.2.3

Dy valy

s values in Tables 2 and 3 do not, for the purposes of this comparison, significantly affect the Dy vallies.
B — Dj values for different pipe-zone backfill materials and degrees of compaction (from AWWA M-45)
Gravel | Sand
Nominal pipe Degree of{Compaction
stiffness
Dumped to slight Moderate to slight Dumped to slight Moderate to high
SN 1250 55 7,0 6,0 8,0
SN 2500 4,5 55 5,0 6,5
SN 5000 3,8 4,5 4,0 5,5
SN 10000 3,3 3,8 3,5 4,5
D; values used in WRc Pipe materials.sélection manual
es recommended for use in the WRc design system are shown in Tables 4 and 5.
Table 4 — WRc Dyvalues for various installation conditions and pipe stiffnesses
Embedment Degree_of D; for various nominal pipe stiffnesses
class compaction f
see Table 5) % MPD SN 1250 SN 2500 SN 5000 SN 10000
Uncompacted 4,7 4,5 4,3 4,0
Class 80 4,7 4,5 4,3 4,0
Sl 85 4.7 4.5 4,3 4,0
90 4,7 4.5 4,3 4,0
| Inr\nmpnf‘fnd /I,7 /I,L'. /I,Q /I'n
Class 80 4,7 4,5 4,3 4,0
S2 85 4.7 4.5 4,3 4,0
90 4,7 4.5 4,3 4,0
80 3,50 3,40 3,20 3,10
C'S"";S 85 6,20 5,50 475 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

ons of at
de to the

n values,
P nominal

15
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Table 5 — WRc embedment class details
Class Configuration Bedding and sidefill materials Notes
Class S1: Gravel — single sized
S1 and S2 Normally processed
Class S2: Gravel — graded granular materials.
Class S3: Sand and coarse-grained soil
with more than 12 % fines
These’represent “as
. ; P dug® soils and require
Cl S4: Coarse-grained soil with more
S3land S4 th:rs1512 % fines gral i particularly clpse contrpl
when used with low-
or stiffness pipes
Fine-grained soil, with liquid limit less
than 50 %, medium to no plasticity-and
more than 25 % coarse-grained material.
7 Influgnce of soil modulus and pipe stiffness on pipe-buckling calculations using
ATV-A 127 type design systems
The buckling-calculation method used in the ATV-A 127 system does not consider the variation of the soil modulus
with depth of cover, unlike the buckling-calculation method used in the AWWA M-45 design manual. For depths of
cover over 1 m, the influence of cover depth can.be incorporated into the ATV-A 127 system by the fojlowing
adaptatiohs:
7.1 Elastic buckling under internal negative pressure for depths of cover over 1 m
ATV-A 127 has the following equation fek calculating the critical pressure under vacuum conditions (see ATViA 127,
equation P.05):
. 0,5
crit. fl, =2(S x $n) (32)
In order fo use the soil“\modulus values which are related to the depth of cover (see annex A) for this fype of
buckling, [it is recommended that the modified form of the equation [equation (33)] be used:
Oc = Z(E's X %)0,5 (33)
where
1+vg)x(1-2v
Es = M frve)x (o2v) (34)
(1— vs)
M is the constrained-soil modulus (see annex A) of the pipe-zone backfill;
Vs is Poisson’s ratio for the pipe-zone backfill (see annex A).

16
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7.2 Long-term buckling under sustained external loads

When calculating elastic buckling under the effects of sustained external loads, it should be remembered that the
influence of the native soil will be greater due to the increase in horizontal diameter. This will either reduce the risk
of buckling if E;>E, or increase it if E;<E,. For either of these conditions, the use of equation (35) is
recommended:

G = 2(E'g x & x Sg)0° (35)

where & is a correction factor (see 5.1.1 and annex D).

7.3 Vpalue of S

For cajculations of the long-term buckling resistance to either sustained loads or negative pressure the Jong-term
elastic|stiffness of the pipe S 5, should be used (see annex E).

8 Pafameters for rerounding and combined-loading calculations
8.1 Rerounding

To allgw for the fact that GRP pipes, when subject to internal pressure, will attempt to reround and henge give a
reduction in deflection, equation (36) has been developed from soil hox tests, field measurements and|literature
studieg.

The refounding factor r may be obtained using equation (36):

P
rel-— 36
30 (36)

where |P is the internal pressure, in bars.

NOTE 1 ATV-A 127 does not address this matter-as it was intended principally for non-pressure systems, so eqyation (35),
which i$ used in AWWA M-45, has been included here to correct this omission.

NOTE 2 The WRc Pipe materials selegtion manual uses 40 in place of the 30 in equation (36).

8.2 Combined effects of internal pressure and external bending loads

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

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

9 Tr4ffie loads

9.1 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 Boussinesq's 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
construction authorities for the pavement deflections permitted above buried-pipeline installations (such deflections

17
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being not only dependent on the pipe movement, but also on the characteristics of the road base and surfacing
material). For calculations relating to pipelines under highways, the specifier should consider using higher values of
E, because high levels of compaction are likely to be employed.

9.2 Influence on permissible initial deflection

The permissible initial deflection only takes into account soil and superimposed loads, not traffic loads. Hence traffic
loads have no effect on permissible initial deflection.

9.3 Soil pressure due to traffic loads

The desiljn requirements relating to traffic-wheel loads vary from one country to another, and the relevant-rjational
codes shpuld be used for design purposes.

10 Inflyence of sheeting

Installatign of pipes in deep trenches or in weak soils frequently necessitates the use of shields, sheeting or french-
wall supports to prevent the collapse of the trench walls and to protect the workers. The methods usdd vary
depending on the soil conditions, the equipment available and the experience of thé workers.

In some ipstances, shields are moved laterally as the installation progresses, and in other situations sectiong of the
shielding [are extracted vertically. In some installations, the shields are left,in place.

It is essential, when designing an installation, that the engineer be “aware of the intended method of| shield
extraction, so that the correct assumptions for the values of soil compaction and hence modulus can be madg¢ in the
calculation.

=]

Control df the placing of the backfill and its compaction around the pipe can best be achieved by progfessive
vertical gxtraction of the shields while placing the backfill. The shields should be raised in incremgnts of
approximgately 300 mm and the backfill should be placed and compacted progressively, ensuring that it ig firmly
placed bglow the bottom edge of the shield andce¢ompacted to the required value. This operation shquld be
continued until the lower edges of the shields are @bove the specified compaction zone.

If shields|are being moved laterally, the extént'of the incremental movement should be such that there is no ganger
of the trgnch wall collapsing, and care should be taken to check that disturbance of the placed and compacted
backfill dpes not occur when the next.incremental move is made. Where thick shields are used, there is a risk that
the compacted backfill will be supperted by the rear edge of the shield, and there may be a loss of supportjas it is
moved fofward.

Added camplications can arise’if a geotextile fabric is specified. It is recommended that the designer spegify the
installatign technique to e followed in order to ensure correct placing of the fabric at the bottom and sideq of the
trench.

When dekigning the pipe installation and selecting the pipe stiffness for installations requiring shields, the designer
should agsume:that a lower figure will be obtained for the degree of compaction of the backfill.

11 Safety factors for gravity pipes and pressure pipes

11.1 General
The AWWA M-45 design manual addresses the subject of design safety factors for both pressure and non-pressure

applications as well as combined stress or strain conditions resulting from buried pressurized situations. The
ATV-A 127 system, being primarily concerned with gravity conditions, only considers flexural safety.

18
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The AWWA M-45 system is based on long-term mean values of stress and strain, whilst ISO system standards are
based on minimum long-term lower confidence limit (LCL) values combined with failure-probability considerations.
These differences in concept lead to differences in the safety-factor values used in the different documents,

particu

larly with respect to combined-loading conditions.

11.2 Gravity pipes

1121

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

In ATV-A 127, the following flexural safety factors are specified for centrifugally cast GRP pipes:

o 1,
o 2,

These
to the

values|.

polyes
There

O th

which is extremely conservative (see 6.2.1);

O th
11

g st
11.2.2

The A
bendin
non-pr
strain

50-yeqd

11.2.3
The m
the pig
produd

The lo

75 for a failure probability P; of 1073, i.e. 1 in 1000;

DO for a failure probability P; of 10~°, i.e. 1 in 100 000.

specified long-term ultimate ring deflection in DIN 19565-1, which assumes that \thése values
er pipes, then a lower safety factor could be used and still give the same level@f.risk of failure.
bre other reasons for the safety factors in ATV being high, namely:

b semi-probability calculation which was made to arrive at these values uses a bedding angle 2
b ATV equations include an “uncertainty factor“, which incfeases the safety factor value from for
/5 to 2,0;
htistical data used came from three different manufacturing units, which were located in different cou
AWWA M-45 design manual safety factors for gravity pipes

VWA M-45 design manual specifies a safety,factor of 1,5 for the manufacturer's stated 50-year long
g strain (§,) value. This applies to the bending condition for pressure pipes and would also be cons
bssure or gravity pipes used for water supply. For drains and sewers, the long-term consideratig
corrosion, and the application of the factor 1,5 should then be to the 50-year strain corrosion v
r values are mean values derived from tests performed in accordance with ASTM test methods.

Recommendations

nimum requirements-specified in the ISO system standard should be used for the safety calculatio
e manufacturer can.demonstrate, using long-term testing, that the long-term ultimate ring deflect
t can be expectedto be greater than those minimum requirements.

ng-term ultimate ring deflection values are converted into strain, in percent, using equation (37):

1
o

\

T

e
O=Dg d—x

d

safety factors are not based on the manufacturer's declared long-term ultimate ring deflection but afe related
gre mean
If instead the safety factor were based on an LCL value, such as is used in the draft product stgndard for

a of 90°,

instance

ntries.

tterm ring
dered for
n is acid
hlue. The

ns unless
on of the

(37)

O
0
m

where

Od, 0 . . . : .
0V isthe ultimate relative vertical deflection, expressed as a percentage;

m L

4,28 x 100

(38)
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The flexural safety factor n; is then calculated using equation (39):
£
ng=—2 (39)
Etot
where
&5 is long-term ultimate ring bending strain or the strain from long-term strain corrosion tests;
&ot |s-the total long-term ring bending strain due to pipe deflection;
n;  phould be at least 1,5.
11.3 Prgssure pipes
The prindiple of designing buried pressure pipes to withstand the combined effects of tensilephioop stresses|due to
internal pressure and the bending stresses due to earth loading, as well as superimposed,leads and traffic Iqads, is
well estaplished and covered in the AWWA M-45 document. As the ATV-A 127 document is not concerng¢d with
pressure [pipes, consideration is not given to this subject in that document.
The 1SO pystem standard is for both pressure and gravity pipes, but, as the installation design principles relating to
combined loading are not contained within that document and the pipe design.assumptions are based on minimum
long-tern| values and not mean values (as used in M-45), it is appropriate that the combined-loading |design
principleqd should be considered. The draft system standard specifies a-mfinimum long-term failure pressure| safety
factor value of 1,3 x PN which in some buried installations will not satisfy the recommended minimum conpbined-
loading sgfety factor requirements for buried GRP pipe products.
Consideration has been given to the relationships between (probability of failure, variations in the product as
manufactured, the long-term tensile and flexural safety facters used in the design, and the combined tensjle and
flexural spfety factors (o @nd 7,49 derived from consideration of the effects of combined stress.
The folloyving subclauses define the combined safety factors and give guidance to the manufacturer and d¢signer
concernig the minimum safety factors which should be used in design and achieved in production havipg due
regard to|variations inherent in the manufacturing'process.
Details cgncerning the derivation of formulae and safety factor recommendations are contained in annex G.
11.3.1 dombined loading in AWWA(M}45
In AWWA M-45, there are two_Coibined safety factors, FSIor and FSy, where FSpr corresponds to the global safety
factor in fension ny,,; (see 11:3.2), and they have minimum values of 1,8 and 1,5, respectively. They are dised in
inequalities (40) and (41) Aot buried pipes, and in inequality (42) for non-buried pipes:
Cejyryd
. 1- DD brC E
prl _ S (40)
HDH FSpr
O&pr O
'~ Hioeg
£ole (41)
S FSp
£
pro_ 1 42)
HDB  FSy,
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where

p

&

ISO/TR 10465-3

, is the working strain due to internal pressure;
is the bending strain corresponding to the maximum permitted deflection;

is the rerounding coefficient;

S, isthe long-term ring-bending strain capability of the pipe;

:1999(E)
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arnex G, cannot be used for flexural properties.

11.3.2

Combi
proper

calculgted using equation (43):

be use

nxf-Lf
at =Mt 4 el
If the gafety factor n; py is defined relative to the nominal‘pressure class of the pipe, PN, then equation (4
d:
10 PN
= X[ -—0Ox—
at =1Tt,PN O ng0 P

where

uh

Ui
U

r

X G, there is no factor equivalent to FSy, for the following two reasons:
s factor has little influence on pipes used today for buried pipelines;

obtain values for ny,,,, probability principles are employed which, for the reasons given’in subclaus:

Recommended combined safety factors for use in ISO product standards

hed safety factors for the tensile and flexural properties which take into-account the interaction of
ies with each other have been developed from concepts used in AWWA M-45. This combined intg

Lt IS the global safety factar for tension;

Ul

r

f

is the flextral'safety factor [see equation (39)];
is the hoop-tension safety factor;

is.the rerounding factor (see 8.1);

p G.1.1 of

hese two
raction is

(43)

4) should

(44)

(45)

PN and P are in bars.

The required global minimum long-term safety factor in tension, n,, can be derived from equation (46) from
knowledge of variations in the product.

1

Mhat = 7w 2 ownnr =

1-Xx yxo,Ol/

(46)
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where

X is the safety index (see Table 6);

y is the coefficient of variation in percent of the tensile strength (derived from factory production records),

given by:
y= standard deviation of initial tensile strength 100
mean initial tensile strength
This assymes that the long-term coefficient of variation is the same as the initial coefficient of variation.
Table 6 — Safety index X
Py 102 103 104 1075
X 2,32 3,09 3,72 4,26

If P; is agsumed to be 10~4, then, from Table 6, X is 3,72. It can be seen from eguation (46) that, if the minimum
global sajety factor ny,,, is 1,5, then y cannot be greater than 9 %. If y is greater than’9 %, then the safety facfor n,,;
will have fo be greater than 1,5.
Safety faftors in probability calculations are applied to mean values. When it is required that the safety fagtor be
applied tq a lower confidence limit rather than a mean value, then thediotation should be changed, for instange from
Nt pn 0 7k pN 97,5 tO denote a lower confidence limit of 97,5 %.
The folloying recommendations are made:
a) The palue to use for P; may be found in national regulations or, if this is not the case, then it is recomnpended

that & value of 10~4 (i.e. a probability of failure of 1.ii-10000) be used.
b) The minimum value for the global safety factor n,,; should not be less than 1,5.
11.4 S4gfety factors in buckling calculations
11.4.1 Safety factors specified in AWWA"M-45
In the AWWA M-45 design manual;-the initial safety factor is used and a value of 2,5 is specified.
11.4.2 Safety factors specifiedin ATV-A 127
In ATV-A 127, the following excessive long-term safety factors are specified, possibly for the same reaspns as
given in 11.2.1:
O  For B =105% 2,0;
O For P,£10°5: 25.

It is recommended when designing for buckling using the equations given in 7.1 that a single long-term safety factor
of 2 be used, which will give a similar result to the AWWA document assuming an ageing factor of 0,7.

22


https://standardsiso.com/api/?name=fd3fad68c74ba29fc61ff75300d3374c

©1SO

ISO/TR 10465-3

Annex A
(informative)

Soil parameters

:1999(E)

A.1 (General
ATV-A|127 type design systems calculate not only the vertical but also the horizontal pjpe defledtion (see
reference [8]). AWWA M-45, which is based on the Watson-Spangler "lowa" formula, only addresses vertjcal loads
and deflections.
Varioup investigations have shown that, with adjustments to both design methods, it weuld be possible tp use the
same poil moduli in both and obtain calculated vertical deflections that are very_similar. To avoid the current
inevitaple confusion arising from the different values used in the two methods, it would be very desirable|for these
values|to be standardized and based on laboratory-derived values. At the moment, this is not likely to ocqur due to
the basic differences in the design methods.
The following clauses detail soil information used in ATV-A 127 and AWWA type design systems. The|apparent
similarlties in some areas may form the basis of agreements leading{to a common soil-modulus specificafion in the
future (see references [1], [2], [6], [7] and [8]).
A.2 Value of Poisson's ratio v,
Poisson's ratio for a soil can be determined using equation (A.1):

_1- S|.n¢ (A.1)

2 -sing
where
¢ | isthe internal friction angle.of the soil.

A.3 Factors for use-inATV-A 127 type calculation systems
A.3.1| Values of K7, K, and K;
A3.11 K,
In ATV-A-127, irrespective of soil type, K; is always equal to 0,5. It is recommended that this value an(li concept
remainunchanged:
A3.12 K,

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

A3.13 Kg

The value to use for K5, which is the ratio of the horizontal and vertical soil pressure 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:
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K3 :ﬁ + 20 X
8 de x1000
where
00Am=<d.<09m;

e

F is the appropriate compaction factor taken from Table A.1.

NOTE For pipe sizes greater than DN 900. use 0.9 m for d_ in this equation.

©1SO

(A.2)

A.3.2 Malues of dand ¢

Table A.1 — Values of compaction factor

Degree_of =
compaction
Heavy 3,0
Moderate 2,0
Slight 1,5
Dumped 1,0

F

In ATV, the value of the trench-wall friction angle d depends on factors such as the internal soil friction anglg which
can normally be simplified to 0,66 x ¢. The values of ¢ can be taken from Table A.2.

Table A.2 — Values of internal soil friction angle

ATV-A 127 soil'group

degrees

¢

35

30

25

AW [N |-

20

A.4 Sdail moduli

A.4.1 General

¢

Inspectiop of¢he literature shows that there is a diversity of opinion on the question of soil-modulus values,

be seen from the following summary:

as can

According to Watkins, E'is a semi-empirical constant which cannot be obtained from laboratory testing.

Molin (see reference [9]) has stated that the soil modulus for deflection calculations can be obtained from laboratory
testing and introduces the term secant modulus E's [see equation (34)]. When deflection calculations are made
using the lowa equation with E' equal to 2 x E';, the same answer is obtained as when using Molin’s deflection

equation with the secant modulus E's.

Duncan (see reference [5]) and others have suggested that E' should be equal to the constrained soil modulus Mg,
which can be obtained from laboratory testing.
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A.4.2 Values for use in ATV-A 127 type design systems

Tests (see reference [2]) have been carried out using sand backfill and measurements taken of the pipe deflection
and strain at various soil pressures corresponding to depths of cover between 1 m and 10 m. The constrained soil
modulus of the sand was determined in a laboratory for the same depths of cover. When these values were used,
together with K, =0,4 and 2a=28=180°, very good agreement was obtained 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:

O itis very important to use a soil modulus which can be measured in situ or on samples in the laboratory;

O itis also very important to use a soil modulus which has been related to soil pressure or depth of cover.
It is re¢commended, when performing ATV-A 127 type calculations in accordance with clauses 5 and7 of tlris part of
ISO/TR 10465, that the soil-modulus values given in Austrian Standard ON B-5012-1 are used.because they have
been ¢btained from laboratory determinations of the constrained soil modulus Mg at 1 m~depth of cqver. This
satisfigs the two conditions given above.

A.4.2.1 Backfill-soil modulus

A.4.2.1.1 Austrian standard OENORM B 5012-1

A.4.2.1.1.1 Soil-group definitions

The folr soil groups in OENORM B 5012-1 which may be considereddfor-backfill are defined as follows:
Soil grpup 1

Gravell gravel-sand mixtures (GW, GP)

Sand, pand-gravel mixtures (SW, SP) at least 40 %:0f particles larger than 2,0 mm and a maximum of % % silt

Soil grpup 2

Graveltsilt mixtures (GM) maximum 15 % silt

Graveltclay mixtures ((GC) maximum 15 % clay

Sand-gilt mixtures (SM) maximum 15 % silt

Sand-¢lay mixtures (SC) maximum 15 % clay and less than 40 % of particles larger than 2,0 mm
Soil grpup 3

As gropp 2 (GM, GE,'SM, SC), but the amount of silt or clay may be up to 40 %

Soil grpup 4

Silty of ‘efayey soils (ML, CL, MH, CH) from low to high plasticity and containing more than 40 % of [fine-grain
materials

NOTE The letters in brackets are the group symbols used in the unified soil-classification system.
A.4.2.1.1.2 Soil group moduli
Based on the soil groups defined in A.4.2.1.1.1, the standard gives values for constrained soil moduli which depend

on the degree of compaction as shown in Table A.3 and which are considered valid when using a vertical soll
pressure equivalent to 1 m depth of cover.
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Table A.3 — Constrained backfill-soil moduli M for various soil groups at 1 m
Soil Standard Proctor density (SPD)
group 85 90 92 95 97 100 102
1 3,8 5,3 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 2,1 2,5 29 3,5 4,0
4 0,9 1,2 1,4 1,7 1,9 2,3 2,6

©1SO

For depths of cover other than 1 m (without ground water for soil groups 1 and 2), the constrained soil ipodu

be calculited using equation (A.3):
Ms F Mgy x (k x h)'

where M{;, is the value from Table A.3.

When grqund water is present, the constrained soil modulus for groups 1 and 2 is calculated using equation (.

f
Ms :M31X%XKX§—O,39XhTW%
i

f s 0,4,
Kk |s the reduction factor (from silo theory);
h |s the depth of cover, in m;

h, [s the ground-water level above the top of the pipe, in m.

W

For % SHD values other than those shown i Table A.3, use equation (A.5):
f
PD
%’8 * Eloo - 1%

where M{ 19 is the modulus-at100 % SPD.

Ms ¥ Mg 100 %10

us can

(A.3)

A.4):

(A.4)

(A.5)

NOTE 1 |[In OENORM B,5012-1, the power f is equal to 0,5. The value 0,4 has been chosen taking into accoumt other

investigatipns which give'values lower than 0,5.
NOTE 2 [ In the Austfian Standard, soil pressure is used instead of k x h.

For the d|stributed surface load, use equation (A.6):

f

h a
MS:Mslx%xKx@—osgx_W@-p&D
0 h Yo O

where
P, s the pressure due to the distributed surface load, in N/mm2;
K

(0]

¥, is the bulk density of the backfill material, in MN/m3,

26
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is the reduction factor for the distributed load according to silo theory when the trench angle wis not 90°;
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A.4.2.1.2 Reduction factors for long-term soil moduli E; and E,

Table A.4 gives the values of the reduction factors to be applied to the backfill-soil moduli in zones E; and E, to
allow for long-term changes in these moduli.

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

ATV soil group Reduction factor
1 0,90
2 0,65
3 0,80
4 0,75

NOTE Native-soil moduli do not normally need to be reduced.

A.4.2.2 Native-soil modulus derived from impact measurements

Of the|static design methods described in this part of ISO/TR 10465, the following make reference to impact tests
as a means of measuring the modulus of elasticity of the soil. AWWA M-45 refers to ASTM D 1586 while| the WRc
method refers to BS 1377. The Austrian ATV type design uses OENORM B:4419-1.

There pre significant differences in these test methods, which results-in.the same number of blows giving
different values of the modulus of elasticity, depending on the method/ The key differences between thesge
methogls are given in the following summary:

A.4.2.3.1 ASTM D 1586 and BS 1377

A standard 50-mm-diameter 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 required for the last 300 mm is recorded. For sands and cohesive soils, a
standdlrd cutting shoe is used, but for coarse-grained soils a solid conical shoe is preferred.

A.4.2.2.2 OENORM B 4419-1 SRS 15 method

A stan@lard 43,7-mm-diameter 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 dr@dphrammer of mass 50 kg falling a distance of 0,5 m. The shoe is driven|a total of
100 min into the soil and the number of blows required to achieve this penetration is recorded as the n,, vialue. The

conica

The Al
calculg

Table

shoe is used for all types' of soil.

A.5 shows the relationship between the numbers of blows n,, in the SRS 15 method and SPD.

Table A.5 — Relationship between n,,, used in method SRS 15, and SPD

Ny SPD
%
<2 =90
> 2 > 90
>7 > 95
> 12 > 97
> 15 > 98
> 30 > 100

ustrian OENORM-B'4419-1 method is preferred for determining the soil modulus for use in ATV type
tion methods,-and in this case it is recommended that test method SRS 15 be used for on-site investigations.
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Table A.6 shows the relationship between SPD and soil modulus for the various soil groups used in ATV. The
modulus values in this table are an average of the values in OENORM B 5012-1 for 1 m depth of cover and those in
ATV-A 127 for up to 5 m depth of cover. From this combination, it has been found possible to obtain typical native-
soil moduli for the normal range of depths of cover between 1 m and 5 m.

It should be noted that native-soil moduli are usually independent of depth of cover at the depths of cover
normally encountered in pipeline design.

Table A.6 — Relationship between SPD (in %) and native-soil modulus (in N/mm 2)
ATV soll SPD
groups 85 % 90 % 95 % 97 % 100 %
1 3,8 5,3 10,0 13,0 20,0
2 2,1 29 53 6,7 10,3
3 1,3 1,8 3,3 4,6 6,7
4 0,9 1,3 2,5 3,3 49

Combining Tables A.5 and A.6 gives Table A.7:

Table A.7 — Native-soil modulus ~ Ez (in’N/mm 2)

Number of Non-cohesive soils ; Cohesive soils
blr?;/:/)s (groups 1 and 2) ATV-A 127 soil groups (groups 3 and 4)
(SRS 15) 1 2 3 4
> 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 3 2 1 Soft
<2 Very loose 4 2 1 0,5 Soft and/or plastic

NOTE 1 | For the same number of blewsthe soil modulus varies with the soil group.

NOTE 2 [ nyqis the number of blows per 10 cm movement using test method SRS 15 in accordance with OENORM B #419-1.
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A.4.3 Soil moduli used in AWWA type design systems

A.4.3.1 Backfill-soil moduli

A.4.3.1.1 Values from AWWA M-45

The values given in Table A.8 are the backfill-soil moduli at the pipe-zone level.

Table A.8 — Backfill-soil modulus values expressed in N/mm

ISO/TR 10465-3:1999(E)

2 from AWWA M-45

Soil

stiffnesg

catego

Soil type
(unified classification system)

Dumped

Degree of compaction

Slight
(Proctor density
< 85 %,
relative density
< 40 %)

Moderate
(Proctor density
85 % to 95 %,
relative density
40 % to.70 %)

High

(Progtor density

>

95 %,

relative density

>

70 %)

SC1

Crushed rock with <15 % sand,
maximum 25 % passing 10 mm sieve and
maximum 5 % fines

21

21

21

SC2

Coarse-grained soils with little or no fines
(GW, GP, SW, SP, GW-GC, SP-SM), or
any dual-symbol or borderline soll
beginning with one of these symbols and
containing 12 % fines or less

1,4

14

21

SC3

Coarse-grained soils with fines (GM, GC,
SM, SC, GC-GM, GC/SC), or any dual-
symbol or borderline soil beginning with
one of these symbols and containing
more than 12 % fines

0,7

2,8

14

SC3

Fine-grained soils with medium to no
plasticity (CL, ML, ML-CL), or a borderline
soil (ML/CL), or any dual-symbol or
borderline soil beginning with one of
these symbols and containing < 30 %
coarse-grained particles

0,7

2,8

14

SC4

Fine-grained soils with medium to no
plasticity (CL, ML, ML-CL);-0r a borderline
soil (ML/CL), or any,dual-symbol or
borderline soil beginning with one of
these symbols,ahd-Containing < 30 %
coarse grained particles

0,34

14

2,8

SC5

Highly compressible fine-grained soils
(CH, MH§ OL, OH, PT), or a borderline
soil-(EM/MH), or any dual-symbol or
borderline soil beginning with one of
these symbols

Soils in this category require special engineering analysis to
the required density, moisture content and compactive effort.

determine
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A4.3.1.2

Table A.9 is taken from the WRc Pipe materials selection manual — Water supply, 2nd edition, June 1995.

Table A.9 — Values of WRc embedment-soil modulus

Values from WRc

E', for various installation conditions

A.4.3.2
A4321

The valug

Embedment Compaction Soil modulus

class % MPD E'
(see Table 5) MN/m?

Uncompacted 5
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 é
Class 85 3
S4 90 5

Native-soil moduli

Values from AWWA M-45

Table A.10 — Values of in situ native-soil modulus

s given in Table A.10 are the for native-soil medulus at pipe-zone level.

E',, from AWWA M-45

Granular Cohesive E'
Blows/300 mm 2 Descriptioh Unconfined compressive Description N/mm?2
strength, q, (N/mm?) b

Oto1l Very very loose 0to 0,012 Very very soft 0,34
1to2 Very loose 0,012 to 0,024 Very soft 1,4
2to 4 Very loose 0,024 to 0,048 Soft 5
4t08 Loose 0,048 to 0,096 Firm 10
8 to-15 Slightly compact 0,096 to 0,192 Stiff 21
15:to0 30 Compact 0,192 to 0,383 Very stiff 35
30 to 50 Dense 0,383 to 0,575 Hard 70

56 YYery-dense 6;575 ery-hard 138

Rock 345

30

@ standard penetration test as per ASTM D 1586.

P Unconfined compressive strength of cohesive soils as per ASTM D 2166.

© I1SO
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A.4.3.2.2 Values from WRc

Table A.11 is taken from the WRc Pipe materials selection manual — Water supply, 2nd edition, June 1995.

ISO/TR 10465-3:1999(E)

Table A.11 — Guide values of native-soil modulus in various conditions

Soil modulus  E'q (N/mm2)

Soil type Very dense Dense Medium dense Loose Very loose
Gravel over 40 15 to 40 9,0to 15 5,0t09,0 3,0t0 5,0
Sand 15to0 20 9to 15 40t09 2,0t04,0 1,0t0 2,0
Clayey, silty sand 10 to 15 6to 10 25t06 15t02,5 0,5 to-155
Clay Very hard: 11,0 to 14,0

Hard: 10,0 to 11,0
Very stiff: 6,0 to 10,0
Stiff: 4,0t06,0
Firm: 3,0t04,0
Soft: 1,5t0 3,0
Very soft: 0,0to 1,5
NOTE 1 The quoted values for soil modulus indicate likely values at shallow defths and with groundwater present. The

will thus be conservative for pipelines above groundwater level, or at depths greater than 1 m.

NOTE 2
NOTE 3

For trenches cut in rock, a modulus value of 40 MN/m?2 can be‘taken as conservative.

For installations in peat, the structural behaviour of pipelines may be significantly different from that in othg

soils, and other design methods may be appropriate (see for example WRCc'’s 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 Amax
h
Amag =1+ /e
35 2,2 (0,62 16 O h
+ + X —

a  E,/E x(d-025)

B.2 Cancentration factor Ag

Dd  &/Ex(4-025)7 d,

4xKy Amax —1
A X Ve + A x X
) max = 7S 3 a -025
R -
V5+a'><3+K2 x)‘max 1
3 a'—0,25
where
E
a =lax =1
=
NOTE Under normal bedding and installation conditions, it is recommended that a = 1 be used for flexible pipes.
VS = *i
lov xSy

Cy *F ot Gp x K*

B.3 Cancentration factor Ag

| 4- AR
3
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Annex C
(informative)

Loading coefficients used in ATV-A 127

ISO/TR 10465-3:1999(E)

Table C.T— Values of C,q, Cpy, Mgy @nd My, as a juncion of 2 a

2a Cv1 Ch1 Myy Myh

60 —0,1053 0,1026 0,377 -0,25
70 -0,1024 0,1003 0,353 -0,25
80 —0,0994 0,0980 0,332 —-0y25
90 —0,0966 0,0956 0,314 -0,25
100 —0,0939 0,0933 0,299 -0,25
110 —0,0914 0,0911 0,286 -0,25
120 —0,0893 0,0891 0,275 -0,25
130 —0,0874 0,087 4 0,267 -0,25
140 —0,0859 0,0859 0,261 -0,25
150 —0,0848 0,084 8 0,256 -0,25
160 —0,0840 0,0840 0,253 -0,25
170 —0,0835 0,0835 0,251 -0,25
180 —-0,0833 0,0833 0,250 -0,25

Only a few of the coefficients given in Table C.1 are in ATV-A 127. The coefficients in Tables C.1, C.2 andl D.1 have
brived using equations supplied by Leonhardt.

Table C.2 % Values of c,,, ¢, and mqh* as a function of 2 8

*

2B G2 Ch2 My,

90 0,0561 —0,0585 - 0,156
100 0,0593 -0,0615 -0,166
110 0,0619 —-0,0639 -0,174
120 0,0640 —-0,0658 -0,181
130 0,0656 -0,0673 -0,187
140 0,066 8 —-0,0684 -0,191
150 0,0677 —-0,0692 -0,194
160 0,0683 -0,0697 -0,196
170 0,0687 -0,0701 -0,198
180 0,0687 2 -0,07012 -0,198

2 Soil-box test results for 28=180° (see references [1] and [2] in the
bibliography) show better agreement between calculated and measured
values when c,» = 0,0694 and ¢y, =0,0700. It is therefore recommended
that these experimentally derived values be used in place of the applicable

values in Table C.2.
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Annex D
(informative)

Horizontal bedding correction factors

D.1 General

The corrgction factor & takes into account the difference in soil modulus between the pipe embedment'matetial and
the nativ¢ soil, as well as the width of the trench. Equations (6) and (7) are those included jn ATV-A 12 for a
support gngle 2 of 120°. However, Leonhardt, the originator of this factor, recommends the @se’ of the eqtations
and variable values given in this annex, which cover a wider range of support conditions. Despite appearanges, for
23 equal fo 120° this annex produces a very similar answer to that obtained using equation'(6).

D.2 Correction factor ¢ for horizontal bedding stiffness in ATV-AA27

The stiffiiess of the soil at the side of the pipe (horizontal bedding stiffness)in ATV-A 127 is defined as shown in
equation [5). This equation assumes a support angle 2 of 120°:

Sgn F 0.6 X Ex By (%)

In Table[D.1, a coefficient c, is included which in equationi(D.1) is the constant 0,6. This allows for|stress
propagation in the soil under the horizontal reaction pressure qh* [see Figure 2b)].

The equations used in ATV-A 127 to determine the cdrrection factor £ for the assumed 120° support angle are
equationg (6) and (7).

144
= 6
¢ f + (144 - ) x Ep/E3 (6)
O b O
]
[Kje _1D
f= - D<144 7
1,154 + 0,444 gL,
[Ue _1D

Leonhardt's equations-for the general case are equations (D.1), (D.2) and (D.3). The values of the coefficients in
these equations are given in Table D.1 as a function of the value assumed for the support angle 2.

C1
= D.1
Y P (D-1)
Ob O
f, ~H
c= © (D.2)
Ob O
Cor + 3 xU— -1
de O
Sgh=C1 X EXEy (D.3)

34


https://standardsiso.com/api/?name=fd3fad68c74ba29fc61ff75300d3374c

©1S0 ISO/TR 10465-3:1999(E)

Table D.1 — Values of coefficients used to determine correction factor é
Coefficient 2B
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°
Cy 1,480 1,563 1,613 1,667 1,695 1,754 1,754 1,786 1,786 1,786
C 0,976 0,978 0,979 0,980 0,981 0,981 0,982 0,982 0,982 0,982
C3 0,380 0,348 0,323 0,303 0,288 0,277 0,268 0,262 0,259 0,258
Cy 0,680 0,640 0,620 0,600 0,590 0,570 0,570 0,560 0,560 0,560

The raphge of validity of equations (D.1) and (D.2), and of the coefficients in them, is:
0 [ bld, <43

For b/d, > 4,3, {=1,0

D.3 AWWA M-45 soil-support combining factor S

In the AWWA M-45 design manual, there is a similar correction factor but it is termed the “combining factor" S, and
has values different from those given by equations (D.1) and (D.2). The yalues of S. given in Table D.2 should
not belsubstituted for & in ATV-A 127 type systems.

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

E'WEp b/d
1,5 2 2,5 3 4 5

0,1 0,15 0,30 0,60 0,80 0,90 1,00
0,2 0,30 0,45 0,70 0,85 0,92 1,00
0,4 0,50 0,60 0,80 0,90 0,95 1,00
0,6 0,70 080 0,90 0,95 1,00 1,00
0,8 0,85 0,90 0,95 0,98 1,00 1,00
1,0 1,00 1,00 1,00 1,00 1,00 1,00
1,5 1,30 1,15 1,10 1,05 1,00 1,00
2,0 1,50 1,30 1,15 1,10 1,05 1,00
3,0 1,75 1,45 1,30 1,20 1,08 1,00

=50 2,00 1,60 1,40 1,25 1,10 1,00

NOTE 1 Intermediate values of S, may be determined by linear interpolation between adjacent values.

NOTE 2 “7E', is the modulus of the pipe-zone embedment, in N/mm?2,

NOTE 3 E', is the modulus of the native soil, in N/mm?.
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Annex E
(informative)

Selection of long-term stiffness

E.l Lolng-term stiffness and buckling

E.1.1 T

If a ring ¢f GRP is kept deflected at a constant deflection, the load required to maintain that @deflection deg

with time
relaxatior

If at that
in stress
The mod

If the con
be equal
and the ¢
elastic m

the matetlial has taken place. Hence:

Et,we

where
a

EO

The sam
decrease]
apparent
follow theg

For static

water-hamnmer and traffic loads, when considering buckling, the short-term instantaneous load conditions

Hence th

Where a

heory

, hence the apparent flexural modulus decreases with time. In this case, the~modulus is cal
modulus.

constant deflection the load is increased incrementally, the relationship between the incremental in
and the incremental increase in strain will not correspond to the relaxation-modulus, but to a higher
Llus which applies to that period of incremental loading is called the instantaneous elastic modulus.

stant-deflection test is carried out in dry conditions, then the instantaneous elastic modulus of the 1
to the original elastic modulus of the untested specimen. If/hewever, the test ring is immersed in

pdulus E; 1, @lthough higher than the relaxation modulus, will be lower than the initial modulus. Ag

=3 xE,

s the ageing factor;

s the initial elastic modulus.

©1SO

reases
ed the

crease
value.

ing will
water,

lapsed time is long enough for the water to influence the properties of the material, then the instantaneous

eing of

(E.1)

b thing happens if a constant ‘load is applied to the the pipe ring. The apparent modulus of the

modulus will be lower because of the ageing factor. Similarly, a short-term incremental increase in |
relationship to theinitial modulus value given in equation (E.1)

calculations ,anwunderground GRP pipes, the above visco-elastic characteristics must be consider
b initial stiffness (or modulus) and the ageing factor apply to the design conditions, not the creep fact

pipelisiinstalled in weak soil, there will be continuous creeping of the pipe under load. This often ing

pipe is

d because of creep deflection under load. If this test is conducted on specimens immersed in wa(])er, the

ad will

bd. For

apply.
or.

reases

with time

Here, there can be a risk of long-term sustained buckling, which is frequently called creep buckling.

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 pip

36
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E.2 Long-term stiffness and deflection

E2.1

Theory

In buried conditions, the deflection tends to remain unchanged with time. Thus the pipe installation conditions are
similar to load-relaxation conditions. However, with time, there is normally an increase in the load due to the loss of

friction

E.2.2

between the soil layers. This increase in soil load is normally incremental and rapid.

Recommendation

For lor
stiffneg

E.2.3

To cal
should
traffic |

E.3

The ad

A ring
with th
pair of
laid ho

the water and the initial stiffness determined using the selected reference lines. The test is continued fqg

10000
The ad

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

Soil and traffic loads
culate the long-term deflection and flexural strain correctly, two separate calculations-of the vertic

pad and underpressure load §,,, using the initial pipe stiffness times the ageing,factor a.

A\geing factor
eing factor can be determined by a method such as that outlined/below:

of pipe complying with the requirements of 1ISO 7685 is subjected to the initial stiffness test in ag
bt International Standard. One of the three pairs of lines matked on the test piece is selected as the
lines and the stiffness obtained for this pair of lines is hoted. The test piece is then immersed in
Fizontal so that it is not subjected to any load. At predefined moments in time, the test piece is rem(

h and the results are analysed in accordance-with 1ISO 10928 to obtain the extrapolated 50-year
eing factor & is obtained from equation (E.2).

_ Extrapolated 50 -year stiffness
Initial stiffness

hitial pipe

al load g,

be made: one for the soil load §,., using the long-term pipe creep or relaxationstiffness, and one for the

cordance
reference
vater and
ved from
r at least
stiffness.

(E.2)

37


https://standardsiso.com/api/?name=fd3fad68c74ba29fc61ff75300d3374c

ISO/TR 10465-3:1999(E) ©1SO

Annex F
(informative)

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

F.1 General

As stated in 5.2.1, the silo soil load is used in ATV-A 127 for both long-term and short-term conditions: However, it
is recommended that the prismatic soil load be used for long-term conditions at depths of cover upto’3 m. This is to
take into laccount the loss of soil friction due to factors such as frost, rain, traffic, etc. In ordéryto incorporate this
concept into the calculations, the term “environmental depth of cover* Hgp,, has been introduced. For depths of
cover grgater than 3 m, it is assumed that the soil friction remains not only at the trenchwwall but also within the
backfill apove the top of the pipe for the lifetime of the pipe, thereby reducing thé™vertical soil load.|In the
calculatigns, this assumption is represented by the factor Az. For additional details.goncerning wide trenchgs, see
6.2.2 of part 2 of this Technical Report.

F.2 Lopg-term vertical soil pressure @, 5

The long{term vertical pressure g, 5 is calculated using equation (F:1):

Avso| = (Vb HEDV)"'[Vb x (h= Hepy ) x K x ARGSO] +(XKo)+ B (F.1)
where
Hep is the depth, in m, down to which friction has been lost due to frost, rain, traffic loads, etc, and nay be
up to 3 m;
h is the depth of cover, in m;

k angl k, are as defined in part 2(of this Technical Report, but using h — Hgp,, instead of h;

ArG 60 IS as given by equation (9), but using Ag, 1 instead of Ag;
whefle Ag. T :1—@41—)@) (F.2)

AR is thexlong-term value of the concentration factor Az (see annex B) using long-term values of {he soil
medulus Sy, S, etc.

F.3 Long-term horizontal soil pressure g 5o

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

d
Ghso = (K2 X yp x HEDV)"’[ABLT xyp x(h- HEDV)]+(Ko x Ky X )+ %Kz XVp xf@ (F.3)
0 (h-Hepv) O
where Ag p =Q++———~x(Ag - 10 (F.4)
g h 8
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NOTE In the case where K; = 0,5, equations (F.5) and (F.6) can be used for the calculation of k and «:
h
-0- x tand
i
=
—Xxtand
b
h
—@B Xtanég
Ko =¢€

If the tfench angle w (see Figure 1) is not 90°, then

w w
=]1-—+K X —

K
5 90 90
_ w
Kbw =1 %"’Kox%
NOTE

ATV-A 127 uses the symbol S for the trench angle, not w as in the equations@bove.

ISO/TR 10465-3:1999(E)

(F.5)

(F.6)

(F.7)

(F.8)
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Annex G
(informative)

Application limits for underground GRP pressure pipes

G.1 General

G.1.1 Ninimum or mean

This annex presents the basic concepts which have been used to establish the safe-design-method g
subclausg 11.2 of this part of ISO/TR 10465 for GRP pressure pipes complying with thecrelevant ISO GR

system s

The syst¢m standard gives the required minimum long-term safety factor against_préssure failure from wh

andards.

©1SO

ven in
P-pipe

ch the

manufacturer, using the pressure regression ratio derived from long-term tests, can determine the required

minimum
strength
noted tha
minimum

Pipes prq
minimum
be suffici
50 years
this are o

The ISO

test piec¢ must sustain without failure, but there-is no requirement to determine the actual deflection at

hence ne
In this an
9 %. Usir
minimum

EXAMPLE

Consider 4 pipe of nominalstiffness SN 8000 which has a specified minimum initial ultimate ring deflection of 10,3 % an

is manufagtured in a factory.-having an AQL of 6,5 %. The long-term mean value will have to equal or exceed the value
from equation (G.1):

td, 10,3

OYg A4———  =1193%

d, Fc - 2% 0,01x 1,52

initial six-minute failure pressure for the pipe. From this value, the manufacturer determines the
aking into account the mean burst strength and the standard deviation of the test results. It shd
t in the system standard the minimum long-term safety factor<against pressure failure is applied
long-term strength.

ently high, taking into account variations in the product, to have a 97,5 % LCL (lower confidence |
that is equal to or greater than the minimum requirement. The design procedures to be followed to g
utlined in the system standard.
system standard for GRP pipes specifies(the minimum long-term ultimate ring deflection which th
ther a mean value nor a standard dewiation for that property can be determined.
hex, it is assumed that the coefficient of variation z of the initial ultimate ring deflection will have a \

g this assumption, and thespecified minimum initial ultimate deflection stated in the system stands
long-term ultimate ring deflection can be determined.

ult

design
uld be
to the

duced in compliance with the requirements of the appropriate system standard are required to have a
long-term tensile  strength. To ensure this, the mean initial strength of the factory-tested produ¢t must

mit) at
chieve

e pipe
failure,

alue of
rd, the

0 which
derived

(G.1)

where

1,52 is the multiplier for an AQL of 6,5 %;

z is the coefficient of variation, in %, given by:

,= standard deviation of initial ultimate ring deflection N

100
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Safety factors

G.1.2.1 General

In the descriptions which follow, there are two distinct classes of safety factor: material and combined.

G.1.2.2 Material safety factors n, and r;

The safety factors n, and r; are each related to a property of the material, the circumferential tensile strength, i.e.
the flexural strength ignoring rerounding. If the symbol npy is used instead of r,, this means that it is the safety

factor requiretto attow the pipe to Operate at its Tonmiat pressure.

G.1.2.

The cd
influen

G.2

Ideally
probal
installg
establi

For pi

B Combined safety factors

mbined safety factors n,,; and s are applied directly to one material property, but take' into ac
ce of one on the other, i.e. tensile influenced by flexural and flexural influenced by tensijle.

Semi-probability calculation system

assessment of the probability of failure of a pipe in an underground installation requires the usq
ility calculations. These are very involved and require extensive data covering not only the pipe bu
tion, as well as variations in loading, which makes it impractical t0yuse such calculations as the
shing safety factors in International Standards.

es made from composite materials which have several different values for some material properti

even more complicated.

In prin

X

Table

Liple, the semi-probability calculations are based on:gquation (G.2):

__ HRes “Hs
(sres? + &2)

es IS the mean value of the strength (resistance),

is the mean value of the stress in the pipe;

is the standard-deviation of the strength;

is the standard deviation of the stress in the pipe;
is the safety index (see Table G.2).

5. 1ists some of the parameters which have to be determined for a semi-probability calculation.

count the

of semi-
t also the
basis for

ps, this is

(G.2)

To use

thisprocedure to determine safety factors for inctusiom i imtermationatStandards woutd Tequire th

at agreed

values of the mean and the standard deviation be established for the parameters to be used for all pipe materials
under consideration. Such an international agreement would also have to cover aspects such as soil parameters,
depth of cover, trench width, traffic load and internal pressure for each of the cases which are used in the
application. It is evident that such agreements would be difficult to reach, and this approach has therefore been
discarded.

An alternative procedure termed the "simplified probability-calculation system" is outlined in the following clauses for
the calculation of failure probabilities and the establishment of long-term safety factors for underground GRP

pressu

re pipes.
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Table G.1 — Typical parameters

Long-term tensile strength

Ultimate flexural strain (long-term, i.e. 50-year)

Working pressure (internal)

Wall thickness

Pipe stiffness

Traffic load

©1SO

Trench width

Depth of cover

Soil-pressure ratio in soil zone 2

Soil-pressure ratio in soil zone 3

Vertical bedding-reaction angle

Horizontal soil-reaction angle

Soil modulus in soil zone 2

Soil modulus in soil zone 3

Soil density in backfill zone

G.3 Simplified probability-calculation system

This clause gives guidance on how to determine the longsterm safety factor, based on a required proba
failure.

The basig¢ equation for the simplified probability calculation for buried pipes is equation (G.3) which is derived
modified jersion of equation (G.2):

HResB ~ HMsp

0,5
2 2\
SRes,B” t S8 )

Mhat —1
y X 0101X Mhat

X =]
Equation|(G.3) is obtained from equation (G.2") by making the following substitutions:
Ssgf 0

SRes,3 =YX 0,01 x uRes,B

ility of

from a

(G.2)

(G.3)

(G.4)

Hres,B = Hs B X Nhat
where
y is the coefficient of variation of the tensile strength, in %;
Hres g is the mean value of the strength (resistance) of the buried pipe;
Hspg is the mean value of the load (stress) on the buried pipe;

Sres,p IS the standard deviation of the strength of the buried pipe;

42
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Ssp Is the standard deviation of the stress in the buried pipe;
X is the safety index;
Nhat 1S the combined tensile safety factor, which takes into account the effect of flexure on the tension.
In order to be able to carry out the simplified probability calculation, the combined safety factor ., is required. The

value of the safety index X is obtained from statistical tables, such as Table G.2, using the calculated value of the
probability function P(x) derived from equation (G.6):

P—=t="F (G.6)
InsertiIg this value of X and the known value of the coefficient of variation y of the tensile strength|in %, in
equatign (G.7), the minimum value of the combined tensile safety factor n, ,, is obtained. If this calculatedminimum
value gf n, 4 is less than 1,5, then use 1,5. Otherwise, use the calculated value.

1
= - G.7
Mhat 1- X x yx 001 (G.7)

EXAMHRLE

What ig the minimum value of .. necessary to ensure a minimum probability of failure of 1in 10000 when the cogfficient of
variatiop y of the tensile strength is 10 %?

P;is 1 ih 10000, which is 10%; so from equation (G.6) P(x) is 0,999 9.
Using Tlable G.2 for a P(x) value of 0,999 9, a value of 3,72 is obtained for X.

Substitliting in equation (G.7) gives:

1 1
= = =159
1-Xxyx001 1-372x10x0,01

Miat

In this gase, the calculated minimum value is greater-than 1,5. Thus the calculated value of 1,59 is used.

This safety factor is defined in equation (G.8)'and illustrated in Figure G.1:

0 10
Mhat =My % %—‘ '7_% (G.8)
ff
where
n

n4 =Tf (G.9)
n; is\the tensile safety factor;

s is-the-flexural-safety-factor;

r is the rerounding factor.

The tensile safety factor n, is defined by equation (G.10) obtained from o5, and ¢, or, alternatively, from the long-term burst
pressure ps, and the working pressure p,, as shown in equation (G.10):

o
R (6.10)
Ot Pw
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