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Foreword

©1SO

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 2.
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.

These|methods are:
a) the ATV method given in ATV-A 127, Guidelines for Static Calculations on Drainage Conduits and Pipglines,
b) the AWWA method given ifAWWA's Fiberglass pipe design manual M-45.

Part 3 [gives additional infarmiation, 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 sdilmoduli and pipe stiffnesses for buckling calculations with regard to elastic behaviour;

0 parameters for rerounding and combined-loading calculations;
0 the influence of traffic loads;
0 the influence of sheeting;

0 safety factors.
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art of ISO/TR 10465 presents a comparison of the ATV and AWWA methods for static calcul

ations on

round GRP pipe installations. It is intended that this comparison will encourage the use of both procedures

P pipes conforming to International Standards.

t the intent of this part of ISO/TR 10465 to cover all the details-of-the two methods. Some asped
ity, very complex, and for a full understanding the original decuments need to be studied in deta
bntion is to give a general overview and comparison of the{key elements so that the user can m
tand and appreciate the differences between the two procedures and their similarities.

rmative references
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tions do not apply. However, parties tolagreements based on this part of ISO/TR 10465 are enco
jate the possibility of applying the-most recent editions of the normative documents indicated b
d references, the latest edition of-the normative document referred to applies. Members of ISO
n registers of currently valid International Standards.

127, Guidelines for stati¢ calCulations on drainage conduits and pipelines (December 1988).
M-45, Fiberglass pipe-design manual M-45 (1997).

R 10465-1:1993 Underground installation of flexible glass-reinforced thermosetting resin (GRP)
Installation procedures.

R 10465-3:1999, Underground installation of flexible glass-reinforced thermosetting resin (GRP)
Installation parameters and application limits.
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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 3, where the relevant descriptions

can be

found.
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4 Symbols and abbreviated terms

For the purposes of this Technical Report, the following symbols apply:

NOTE This clause also contains symbols and abbreviations from parts 1 and 3 for completeness.
Symbol Unit Meaning
a — Ageing factor
& — Distribution factor
B' — Support factor
m Trench width at spring-line

' m Distance from trench wall to pipe (see Figure 1)
Cy — Reduction factor
C — 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 Vertical 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,/dy)s0 % Long-term (50-year) vertical deflection
(dy/d) it % Ultimate long-term vertical deflection
E, Eo Et et N/m2 Apparent flexural moduli of pipe wall
E'\ E;, Ey| B3, By, E, B, Eg N/mm? Soil deformation moduli
Ern N/m2 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 Safetyfactor
FSy — Bending safety factor
FSpr — Pressure safety factor
HDB — Extrapolated pressure strain at 50 years
Hevo m Environmental depth of cover
h m Depth of cover to top of pipe
hy m Height of water surface above top of pipe

©1SO
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Symbol Unit Meaning

I m4/m Second moment of area in longitudinal direction per unit length (of
a pipe)

io — Initial ovalization

i N/mm? Installation factor

K* — Coefficient for bedding reaction pressure

K Ky — Ratio of horizontal to vertical soil pressure in soil zones 1 and 2

Ks — Ratio of horizontal to vertical soll pressure in pipe-zone.bpckfill,
when backfill is at top of pipe (see ISO/TR 10465-3, anngx A)

Ky — Bedding coefficient

M — Sum of bending moments

Mg N/mm?2 Constrained-soil modulus

Mav: Myn: Mgn — Moment factors

N — Sum of normal forces

Nio — Number of blows

P bar Internal pressure

PN — Nominal pressure

P(x) — Probability function

Ps — Probability of failure

P, MPa (N/mm?2) Internal underpressure

Pw N/m?2 Working pressure

Pa N/m2 Extefnal 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/mmg2 Soil pressure resulting from traffic load

Oy MPa-(N/mm?2) Permissible buckling pressure

Oc MPa (N/mm?2) Critical buckling pressure

Ocs MPa (N/mm?2) Short-term critical buckling pressure

el MPa (N/mm?2) Critical buckling pressure under sustained load

Oew MPa (N/mm?2) 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? Cong-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

Rerounding 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 N/mm? Characteristic stress

S N/m2 Initial pipe stiffness

S50 N/m2 Long-term pipe stiffness

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

S50 N/mm? Sp.50 X 8 x 106

SRes N/mm?2 Standard deviation of strength of pipe

SRes A N/mm?2 Standard deviation of strength ofpipe above 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 ofstress in pipe above ground

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

SPD % Standard Proctordensity

VrB — System stiffness

Vg — Stiffnegs relation

W, N/m?2 Vertical soil load on pipe

W N/m2 Traffic load

X — Safety index

YR % Coefficient of variation for tensile strength

Yult % Coefficient of variation for ultimate deflection

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

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

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

Xp — Reduction factor applied to prismatic soil load to allow for friction
and taking into account trench angle (8in ATV and w in thig part
of ISO/TR 10465)

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

Xop — Reduction factor applied to a uniformly distributed load to allow for
friction and taking into account trench angle (Bin ATV but win this
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
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Symbol Unit Meaning

S5 % Relative vertical deflection due to soil load

S % Relative vertical deflection due to weight of pipe

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

&io — Flexural strain due to backfilling in 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

n, Ne 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 thepry when
trench angle’(w) is 90°

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

A — Concentration factor in soil next to pipe

Amax — Maximum concentration factor

AR ARG Amax — Concentration factors for soil above pipe

HRes N/mm2 Mean value of pipe strength (resistance)

HRes A N/mm?2 Mean value of strength (resistance) of pipe above groung

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 g 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? 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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F 0 A%
NS 2 2 2 %
'\.(\.(\.(\./\./\./\./T/\./\./\./\./\./\./\./

Ey
Key
1 Ground level 5 Distance from trench wall to pipe, b'
2  Watgr table 6 Depth of cover to top of pipe, h
3 Heignt of water surface above top of pipe, h,, ?," Trench wall angle, w
4 Vertital deflection, d,

NOTE 1 | The AWWA M-45 design manual uses E'pin.zone E,.

NOTE 2 | The AWWA M-45 design manual uses E' in zone E; and E,,.

NOTE 3 | E, is the backfill above the pipe:zone (E,) material.

NOTE 4 | E, is the embedment material to the side of the pipe.

NOTE 5 |E;is the in situ trench-wall material.

NOTE 6 | E, isthe in situtmaterial underlying the pipe zone material (foundation material).
NOTE 7 | In ATV-A427, Bis used for the trench wall angle instead of w.

Figure 1 — Symbols and terminology

5 Soil-load distribution

The assumed soil-load distributions used in ATV-A 127 and AWWA M-45, which are based on those made by
M.G. Spangler, are shown in Figure 2. The main difference between the two assumptions is that ATV-A 127
considers the active horizontal pressure, whereas AWWA M-45, like Spangler, assumes the value to be zero. In
ATV, the influence of active horizontal pressure is accounted for by using a value for K, which is in the range 0,1 to
0,4, depending on the type of soil in the pipe zone (zone E, in Figure 1).

Both ATV-A 127 and AWWA M-45 use vertical deflection.
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When, in the ATV system, the appropriate coefficients are used to calculate horizontal deflection using Spangler’s
assumption for soil-load distribution, the same deflection is obtained as with Spangler's system provided Spangler's
E'is multiplied by 0,6 (coefficient ¢, in ATV).

Related to the question of soil distribution is the influence of the modulus of passive soil resistance. ATV introduces
the term Sg;, equal to 0,6 x { x E, where ( is the Leonhardt factor which accounts for the influence of the in situ
(native) soil (zone E3) and trench width (see Figure 1) and E, corresponds to Spangler’s E'.

a) Spangler

ay
. Gn
| __!__ | )
Ghn
|| _+__ |
b) ATV

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

6 Soil load
6.1 General

The calculation of soil loads needs to consider both initial and long-term loadings. Short-term loading can be related
to the initial pipe deflection which is a property that is often used as a measure of installation quality. Long-term
loading defines the expected long-term deflection of the pipe and is therefore related to service life.
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6.2 Initial loadings

6.2.1 AWWA procedure

In the AWWA procedure, the soil loading is assumed to be a soil prism in all cases. The prism has a height equal to
the depth of cover and its width is equal to the outside diameter of the pipe. The prismatic equation is always used,

and arching or silo theory is not considered.

The vertical soil load W, is calculated using equation (1):

W, 7=t 1)
where
W. s the vertical soil load, in N/m?2;

C

y |s the bulk density of the soil (i.e. its weight per unit volume), in N/m3;
h [s the depth of cover, in m.
6.2.2 ATV procedure

The ATV|procedure for calculating soil loads is more detailed than that used by AWWA. The procedure is based on
silo theofy which assumes that frictional forces against the trench walls’ will lead to a reduction in the pressure
acting on|the pipe due to the soil. It is assumed that these friction conditions are maintained for the whole lif¢ of the

pipe.

Trench apd embankment conditions are considered, as well as ‘the angle of the trench walls and the relatjonship
between the horizontal and vertical soil pressures.

When the trench width is four times the pipe diameter ar-greater, then ATV assumes that embankment corditions
exist and|consequently the soil load is a prismatic load.

The remainder of this subclause is an outline of the ATV procedure for calculating the soil load. Becauseg] of the
detailed nature of this approach, the reader is strongly recommended to read ATV-A 127 in detail very carefully.

The verti¢al pressure pg due to the prismatic soil load is modified by a factor Xg in equation (2) to take into gccount
the frictioh effects mentioned above:

Pe =g x yxh (2)

Similarly,| friction effects change the soil pressure p, applied by a uniformly distributed load acting over a|limited
area, and this is expressed using the factor Xop:

p‘o = XQB x po (3)

NOTE Subscripts have been used above to indicate that x is the reduction factor for soil load, ¥, is the reduction fgctor for
a uniformly distributed load (UDL), x, is the reduction factor for soil loads which take into account the trench angle of w (see
Figure 3) and Xop is the reduction factor for a UDL which takes into account the trench angle.

To use these reduction factors, the procedures require that:
a) E;<Ez; (fory)
b) E;<Ez (forx)

If either of these conditions is not met or if the installation is considered to be of the embankment type, then the
factors x and x, are taken to be equal to 1.

The reduction factors are derived using equations (4) and (5):
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Q—ZXEXlemM@
_1-e

(4)

ZXEXK1Xtan5

QZ XEX K1><tan6§

Xo =€ 5)

where

e | isthe base of natural logarithms (2,718 281 8);

pd is the vertical soil pressure due to the soil load, in N/m?2;

X3 is the reduction factor for silo theory;

y | is the bulk density of the soil (i.e. its weight per unit volume), in N/m3;
h| isthe depth of cover, in m;

Xag is the silo theory reduction factor for UDL (uniformly distributed load);
po| is the soil pressure due to the UDL, in N/m?2;

b | isthe trench width, in m;

d | isthe trench wall friction angle, in degrees;

K{ is the ratio of the horizontal to the vertical soil pressure.

To help in other parts of the procedures, there are four classes of installation for the zone of material above the pipe
zone ($ee Table 1)

Table 1 — Installation conditions

Class Description

Al Compacted-ill against undisturbed native soil without assessing degree of compaction.
Thesge-conditions also apply to sheet piles left in after installation.

A2 Vertical timber sheeting or lightweight sheet piles or shields which are gradually removed
instages during installation or

uncompacted fill or

soaking of the fill (valid for soil group G1).

A3 Vertical sheeting or shields withdrawn in one operation after all the fill material has been
put in place.
A Same as AT but degree of compaction 1S assessed. These conditions shall not be used

with soil group G4.

For all the installation conditions detailed in Table 1, the lateral soil pressure acting on the trench walls, expressed
in terms of the vertical to horizontal soil pressure ratio K;, is assumed to be 0,5. Under these conditions, equations
(4) and (5) reduce to equations (4a) and (5a):

Q—E x tandg
X :L (4a)

— Xtand

O|>o
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@»% x tandg
Xo =€ (5a)
The wall friction angle is derived from one of the equations given in Table 2, depending on the fill conditions.

Table 2 — Wall friction angle o

Class Equation
Al 0=0.,66 x ¢* (6a)
A2 0=10,33 x ¢* (6b)
A3 0=0 (6¢c)
A4 5= ¢* (6d)
NOTE ¢~ is the internal friction angle, in degrees, of the soil.

In the cage where &= 0, the reduction factors x and x, are taken to be equal to 1.

The othef reduction factors Xg and Xop are adjusted to take into account the trench angle, as shown by equations

(7) and (8):
w w
£1- 2 i x 2 7
Xp 90 @Xx% "
1@ w
Xog|=1- oo+ o * o5 ®)

The horizontal soil pressure gy, is calculated using equation (9):

Oh =:K2§x><vxh)+(xox I%)’fD x%@é )
where
d, |s the outside diameter.of the pipe, in m;
K, [s the ratio of the harizontal to the vertical pressure at the pipe spring-line (see ATV).

When thg pipe installation"work is to be checked by measurement of the pipe deflection, calculate the concentration
factor in the soil abeve the pipe, A, as described in ATV and the concentration factor in the soil next to the pipe, Ag,
together yith the.concentration factor above the pipe, Az, using equations (10) and (11):

4—A
A E2 (10)
S
Mr-1_ bO 4-A
Apg =02 x — [0+ R (11)
O 3 de O 3
In such cases, calculate the vertical soil pressure g, using equation (12):
Ay =Ara [(X v x 1) +(Xo x Ro)|*+ B (12)

which, in embankment situations, simplifies to equation (13):

10
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av =AR[(y x N+ p]+ B (13)

and the horizontal pressure ¢, using equation (14):

B 0 deDO
qh—szg\B(xxvxh+xoxpo)+ x A0 (14)
O 200
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a) Trench with parallel walls b) Trench with sloping walls

Figure 3 — Trench walls
6.3 Lpng-term loading
6.3.1 AWWA procedure

AWWA does not differentiaté between short-term and long-term loading. However, to take into account the effects
of time] on deflection, a-deflection lag factor is used (see 8.1.1.2).

6.3.2 ATV procedure

For all|soil loads; the silo theory is used and the short-term and long-term loads are equal.

7 TrafficToads

7.1 General

Basically, the design methods used in both documents are related to the Boussinesq theory which converts a
surface wheel load into a soil pressure load applied to the pipe at the crown. The magnitude of the load applied to

the pipe is a function of wheel load, burial depth and the angle of pressure dissipation.

While only traffic loads due to lorry traffic are discussed here, AWWA also discusses rail loading and ATV has
extensive guidance on aircraft and rail loadings.

11
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7.2 AWWA procedure

The AWWA approach is based on an AASHTO H-20 truck (16 000 Ib = 71300 N wheel load) centred in each lane of
a four-lane highway (lanes 3,7 m wide) (see Figure 4).

The pipe may be perpendicular or parallel to the direction of truck travel, or any intermediate position. Other design
truck loads can be specified if required.

The traffic load W, is calculated using equation (15):

Pls
= o 15
WL (15)
where
W is the live load at the pipe crown, in N/m2;

Ly, Lp  are the lengths of the sides of the pressure rectangle (see Figure 4), in m;
P is the wheel load, in N;

P is an impact factor (dimensionless):

=1,1 for depths of cover > 0,6 m but < 0,9 m,

= 1,0 for depths of cover = 0,9 m.

The valugs of L, the load width parallel to the direction of tfavel, and L,, the load width at right angles| to the
direction pf travel, are calculated from equation (16) and equation (17) or (18), respectively:

L, =0,25 +1,75h (16)
where h ig the burial depth, in m (see Figure 3).
When thg depth of cover h is between 0,6 m and 0,745 m, then
L, =P,5+1,75h 17
When thg depth of cover his 0,745'm or more, then

L, ={13,1 + 1,75h)/8 (18)

12
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Figure 4 — Distribution of HS-20 live load through fill
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The calculation is independent of pipe diameter, and with the H-20 (71300 N) wheel load it gives the values given in

Table 3.

7.3 AT\

ATV also
assumpti

Table 3 — H-20 live loads

Depth of cover Traffic load W
m kN/m?
0,6 41,4
0,6 26,9
0,9 22,8
11 17,9
1,2 15,2
1,8 10,3
2,7 6,9
3,0 55
3,7 4,1
4,9 3,4
6,1 2,8
8,2 1,4
12,2 0,7

procedure

bns from those used by AWWA.

According to Boussinesg, the maximum pressure p is calculated using equation (19):

PF 3

and the p
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ressure-(i.e. traffic load) acting on the pipe is calculated using equation (20):

follows the Boussinesq theory, but uses different pressure dissipation angle, wheel load and impac

[ factor

(19)

pV:

where

P

A
S~ P

is the soil pressure due to the traffic load according to Boussinesq, in N/m?2;

Fa Fg  are the wheel loads, in kN;

ra, 'e  are the wheel radii, in m;

14

is the depth of cover, in m;

(20)
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(21)

py is the soil pressure acting on the pipe, in N/m?2;
ag is the distribution factor, given by:
09
T S
4h“ +h
09 +———
11xdy3
d., being the mean pipe diameter, in m:
()] is the impact factor.
The tefm pg is an approximation to the pressure according to Boussinesqg under wheel loads.
The distribution factor a. takes into account the pressure distribution over the pipe cross-section and pipef length at
varioug depths of fill. It is based on a pressure spread at an inclination of 2:1. Equation\(21) is considered valid for
the limjts:
h&05m
dj=<50m
The dgsign loads F, and Fg as well as the design radii r, and rg giveyt in Table 4 are taken from DIN 1072:1985,
Road &nd foot bridges; design loads.
Table 4 — Design wheel loads and radii for standard vehicles
Standard Fa Fe N re
vehicle
kN kN m m
SLW 60 100 500 0,25 1,82
SLW 30 50 250 0,18 1,82
LKWM2 40 80 0,15 2,26
Horizoptal pressures due to traffic loads are not considered.
The pressures due to traffic loads are multiplied by the impact factor ¢ given in Table 5.
Table 5 — Impact factor ¢
Standard vehicle ¢
SLW 60 1,2
SLW 30 1,4
LKW 12 1,5

For convenience, ATV presents the loads graphically as a function of burial depth.
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8 Deflections

8.1 Resulting from vertical load

8.1.1 AWWA procedure

©1SO

The AWWA system is based on Spangler's work and modifications made to it by Spangler/Watkins, commonly
known as the "modified lowa" formula:

dy
d

m

where

AWWA H
propertie

8.1.1.1 B

The bedd

(DL x W, + W )x K

x 100

8 ng + 0,061E’

dm

s the vertical deflection, expressed as a percentage of the mean pipe diameter;

s the bedding coefficient (dimensionless);

s the apparent flexural modulus of the pipe, in N/mZ2;

s the second moment of area in the longitudinal direction, in m4/m;

s the mean diameter of the pipe, in m;

s the composite modulus of the soil reaction, in N/m?2;

s the deflection lag factor to allow for long-term soil gonsolidation (dimensionless);
s the soil pressure, in N/m?2;

s the traffic pressure, in N/m?2;

as modified the formula and introduced additional considerations to allow for the effects of nat
5 and the width of the trench.

Bedding coefficient Kk,

ing coefficient reflects the degree of support provided by the soil at the bottom of the pipe and ove

the bottom reaction is distributed” Assuming an inconsistent haunch (typical direct-bury condition), a k, valug

should bq
8.1.1.2 1
The deflg

due to a
can be ti

used. For support.provided by a shaped trench bottom, a value of 0,083 is appropriate.
Deflection lagdaector D
ction lag.factor is used to convert short-term to long-term deflection. Long-term deflection will be

potentialrincrease in overburden load as soil arching is gradually lost. Other causes of increased de
me-related consolidation of pipe-zone embedment and/or creep of native soil. For prediction of lon

deflectior

(22)

ve-soll

which
of 0,1

higher
lection
g-term

avalue greater than 1,0 shall be used for D, . The value shall be chosen carefully, taking into acco

Int the

stiffness of the native and pipe-embedment soils.

8.1.1.3 Composite soil-reaction modulus  E'

The vertical loads on a flexible pipe cause a decrease in its vertical diameter and an increase in its horizontal
diameter. The horizontal movement develops in the soil a passive soil resistance that provides support for the pipe.
The magnitude of the soil's passive resistance varies depending upon the soil type, the degree of compaction of the
pipe-zone backfill material, the native-soil characteristics, the cover depth and the trench width. To determine E’ for
a buried pipe, separate E’values for the native soil, E',,, and the pipe backfill surround, E},, shall be determined and
then combined using equation (23):
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E'=S xEj} (23)
where

E}, isthe modulus of the pipe-zone embedment, in N/m?2;

S. is the soil support combining factor (dimensionless).
Values of S, are obtained from a table (see Table 6), where S is a function of trench width and the ratio of the

native-soil to pipe-embedment moduli. This table was developed considering the work of Leonhardt, as used in
ATV, grong-withadditionat-studies:

Table 6 — Values of soil support combining factor S

E/E} b/d
15 2 25 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 0,80 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
15 1,30 1,15 1,10 1,05 1,00 1,00
2,0 1,50 1,30 115 1,10 1,05 1,00
3,0 1,75 1,45 1,30 1,20 1,08 1,00
=5,0 2,00 1,60 1,40 1,25 1,10 1,00
where
b s the trench widthat the spring-line, in m;
d is the pipe diameter, in m;
E' s the native-5oil modulus, in N/m?;
E}, is the'embedment modulus, in N/m2.
NOTE 1 TabUlated values for E}, and E, are given in AWWA.
NOTE.2\ intermediate values of S, may be determined by linear interpolation between adjacent values.

8.1.2 ATV procedure

The relative’ vertical deflection 6, given by 9, =d—" (% deflection when multiplied by 100), is determlrred using

equation (24):

_dy _ . _ 1
5y =" [ovs + (e x K*)] x (a, - &) x S (24)
where
K*=__ °hl (25)
VRB ~ Ch2
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Cy2: Ch1, Cyp  are deflection coefficients (see Tables 7 and 8);

= /S

S = 06 % EX E,

E, is the modulus of the pipe-zone soil, in N/mm?2 (see Figure 1);

& is a correction factor for the horizontal bedding stiffness, given by:

The corrgction factor & allows for the difference between the moduli of the pipe-embedment material and the

soil, and

The relationship between the bedding angle 2a and the coefficients ¢,; and ¢, is-shewn in Table 7.

The valugs of ¢, and ¢, for a bedding reaction angle of 120° are given in Table 8.

8.1.2.1

In ATV, tl||e difference between short-term and long-term deflection is addressed largely by determining which
term and

= 144
f+(144-f)xEy/E;

b/d, -1

<144
1154 + 0,444 x (b/d, - 1)

n which f =

hlso for the width of the trench.

Table 7 — Values of c,; and ¢, in relation to the bedding angle 2 «

Beddinzgaangle Cu1 Coy
60 -0,1053 0,1026
90 =\0,096 6 0,0956
120 —0,0893 0,0891
180 —-0,0833 0,0833

Table 8 — Valtes'of ¢, and ¢, for a bedding reaction angle of 120°

Bedding reaction
angle G2 Cha2
120 0,0640 —-0,0658

$hort-termwversus long-term deflection

long-term pipe stiffness is to be assessed for the product being considered.

In addition, for very weak soils the soil modulus is reduced by 50 %

8.2 Aspects not covered by AWWA or ATV

8.2.1 Deflection due to weight of pipe

Neither AWWA nor ATV include deflection due to the weight of the pipe.

18

©1SO

(26)

(27)

(28)

(29)

native

short-


https://standardsiso.com/api/?name=1440041d5b66c0c2dbae5df4ef76bb1c

©1SO ISO/TR 10465-2:1999(E)

8.2.2 Initial ovalization

When a trench is backfilled, the compaction of the side fill can lead to the pipe having an increased vertical diameter
(initial ovalization), the extent of which will depend on the type of soil used for the pipe embedment, its degree of
compaction and the stiffness of the pipe. Neither AWWA nor ATV includes initial ovalization in the deflection
calculations.

8.3 Irregularities in the installation

8.3.1 General

The ag¢curacy of any deflection calculation will depend on the input parameters and the ability of the)pperators
installing the pipe to achieve the specified conditions. Typical potential causes of variations in deflectiofr-inglude:

0 ar uneven pipe bed,;

0 vdriations in the trench width;

O vgriations in the depth of burial;

0 vgriations in native-soil properties;

0 the fact that the degree of soil compaction is different from that specified,;
O unplanned surface loading.

Such ifregularities can increase (or decrease) pipe deflection and\pipe strain compared to the calculated values.
8.3.2 AWWA procedure
There pre no formal methods given in AWWA to address irregularities in the installation. However, it is inplied that
one cquld consider the effects of different native-soil’and pipe-embedment moduli and/or levels of compagtion from
those Uised in design.

8.3.3 ATV procedure

ATV requires that the pipe-embedment modulus be reduced to 2/3 of the design value to allow for vatfiations in
installgtion.
9 Circumferential bending strain

NOTE Circumferentiahbending strain is determined at the top and bottom inside surfaces of the pipe. Compressive strains
are nedative and tensile.strains are positive.

9.1 AWWA precedure

The long-term circumferential strain is calculated using equation (30):

d
£=Ds x A xS (30)
m dm

where
D; is the shape (deformation) factor (dimensionless),
d,a is the maximum permissible long-term vertical pipe deflection, in mm.

Values of D; are given in Table 9 as a function of pipe stiffness and embedment compaction.
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