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Notes for Users

This ATV Advisory Leaflet is the result of honorary, technical-scientific/economic collaboration which has
been achieved in accordance with the principles applicable therefor (statutes, rules of procedure of the
ATV and ATV Standard ATV-A 400). For this, according to precedents, there exists an actual presumption
that it is textually and technically correct and also generally recognised.

The application of this Advisory Leaflet is open to everyone. However, an obligation for application can
arise from legal or administrative regulations, a contract or other legal reason.

This Advisory Leaflet is an important, however, not the sole source of information for correct solutions.

With its application no one avoids responsibility for his own action or for the correct application in specific
cases; this applies in particular for the correct handling of the margins described in the Advisory Leaflet.

All rights, in particular those of translation into other languages, are reserved. No part of this Advisory
Leaflet may be reproduced in any form - by photocopy, microfilm or any other process - or transferred into
a language usable in machines, in particular data processing machines, without the written approval of the
publisher.

©  Gesellschaft zur Forderung der Abwassertechnik e.V. (GFA), Hennef 2000

Original German edition published by: Druck Carl Weyler KG, Bonn
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1 Preamble
In accordance with DIN EN 752-5 rehabilitation procedures are subdivided as follows:

e repair procedures
e renovation procedures
e renewal procedures.

The methods of lining and assembly coming under rehabilitation procedures are covered in this Advisory
Leaflet with its associated appendices.

The new pipe installed through lining inside the old pipe is referred to below as the liner. Currently the
following renovation procedures are recognised for this:

e hose lining

e pipe lining (short pipe, long pipe, pipe string lining and reformed lining)
e wrapped tube lining

e napped width lining

e assembly methods.

As already stated in the foreword to ATV-DVWK Standard A-127E, a dimensioning of the liners using ATV-
A 127E is not planned and not permitted. In particular this standard does not contain the following
characteristics which are of significance for the static calculation:

e imperfections with the bedding of the liner in the old pipe

¢ long-term stress detection for the long-term effects of external water pressure

e contact pressure problems

e necessary non-linear calculation (second-order theory due as a rule to concurrent occurrence of
thinner wall thicknesses, small elasticity modules and high longitudinal forces in the liner wall.

These particular features are taken into account in this Advisory Leaflet ATV-M 127, Part 2.

The dimensioning rules apply for the constructional and service conditions. Only stable old pipe/soil
systems (= Load Condition 1 in accordance with ATV-M 143, Part 3) are dealt with.

For standard cases the calculations are supported by coefficient tables, so that - as usual in ATV-A 127 -
manual calculations continue to be possible. For special cases, such as oval profiles, ranges of values not
investigated, for example of the modulus of elasticity and the wall thickness, part liners and other
construction methods not covered in this advisory leaflet, separate investigations are necessary which can
be modelled on rules formulated in the advisory leaflet.

With the aid of the advisory leaflet initial dimensioning assistance is provided through which both planning
safety is achieved and economic solutions are made possible.

The details necessary for the calculations are to be made available by the customer. See also Sect. 3.1.
The ATV Working Group “Pipe Statics” requests the users of this advisory leaflet for information on
experience with application as the technique of pipeline rehabilitation are not yet complete and new areas
of application, procedures and materials can also influence methods of calculation.

8 January 2000
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2 Symbols

| Designation

Lever arm of restraints on the old pipe and possibly on the edge of the open
cut

Bearing forces at the end of the old pipe

Bearing forces at the edge of the open cut

Area of the liner cross-section (annulus)

Net area of the liner cross-section

External/internal diameter of the liner

Elasticity modulus of a PE-HD liner with ¢ = 3 N/mm?

Elasticity modulus of a PE-HD liner with ¢ = 15 N/mm?

Effective elasticity modulus of the liner

Dead-weight of the liner (referred to 1 m pipe length)

Depth of the open cut

2" moment of area of liner cross-section (annulus)

Factor to take into account the temperature on drawing in

Required length of the open cut

Distance of the additional trestle from open cut wall

Bending moment on old pipe and trench edge as result of dead-weight g
Bending moment on old pipe and trench edge due to lifting by h
Section modulus of liner cross-section

Drawing-in force as result of friction of pipe string (old pipe, ground)
Drawing-in force as result of deflection on the old pipe and trench edge
Drawing-in force as result of bending in old pipe

Permitted radius of bend on drawing-in

Permitted elongation associated with cpem

Permitted elongation associated with Rk perm

Permitted stress

Permitted stress associated with Rk perm

Welding factor

Play of liner in the old pipe

Additional lift dimension in the vicinity of the edge of trench

Ground slope, slope of old pipe

Elongation in the liner wall (x-direction)

Friction coefficient of pipe string in the old pipe, on the ground
Coefficient for frictional resistance on deflecting rollers
Tensional/compression stresses in the liner wall (x-direction)
Temperature on drawing in

Elasticity module of the filler

Resultant loading from filler weight

Resultant loading from dead-weight of pipe

Resultant loading from water filling

Dead-weight of liner wall

Height of liquid filler above bottom of liner

Bending moment coeff. for dead-weight, filler, overpressure, water filling
Bending moment from dead-weight, filler, overpressure, water filling
Normal force coeff. for dead-weight, filler, overpressure, water filling
Normal force from dead-weight, filler, overpressure, water filling

Symbol | Unit
Drawing-in (pipe string lining)
aq,az m
ALA, kN

Ay A, kN

Aq m2
AQyn m2
die,du mm
E.=3 N/mm?
E.-15 N/mm?
En N/mm?
gLglL kN/m
hOC m

Ig m4

Ky -

|oc m

|3 m
M1’9,M2,g kNm
M1yh,M21h kNm
WQ m3

Zy kN

yAY) kN

Zg kN
Rb,perm m

Eperm %
Ep,perm %
Gperm N/mm?
Gb,perm N/mm?
Ol -

Ah mm
Ahg mm
PG, Pp -

ET,€C %

e -

HR -

oT,0C N/mm2
v °C
Filling:

Er N/mm?
Fr kN/m
Fq kN/m
Fuw kN/m
aL kN/m?2
hF m

Mg, ME, Mo, My -
Mg,MF,Mo,MW kNm/m
Ng,NF,No,Nw -
Ng,NF,No,NW kN/m
Os °

Angle between spacers with filling
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g
Ady
dy
YF
L
Yw

mm
%
kN/m?
kN/m?3
kN/m?

Service condition:

A

DN
di/de

€

=

(ENL

aL

gL,crit

h
hWalnv,crit
hw’

k*

Kz

Ky’

Mpe, Mg
Mpe’ Mq
Npe,Ngq
Npe,Nq
Pe

pe,crit

Pi

Pe

Pv

pV,crit

Py

Po,crit

Gn
Gh
Qv
Qv,crit
Mle
o

*

fm

S

SL
Sgn
S.
Wy
WAR v
Ws
AWy

W, W;,W,
AsT
Ok, A ke
Olqy

Ot

mm?/mm

N/mm?
N/mm?
mm
mm
mm
mm

mm3/mm

1/K

Bedding angle of liner in old pipe with filling
Change of diameter

Relative vertical change of diameter

Unit weight of filler

Unit weight of liner

Unit weight of water filling

Cross-sectional area of the liner wall

Nominal width of old pipe

Internal/external diameter of old pipe

Eccentricity of the assumed old pipe joints

Elasticity modulus of liner

Flexural strength of the liner

Dead-weight of liner wall

Critical dead-weight of liner wall

Covering height above pipe crown

Height of water level above invert of liner

Height of water level above crown of old pipe

Parameter with buckling detection for profiled pipes (use for r /s|)
Earth pressure ratio in soil zone 2 (pipeline zone)

Calculated earth pressure ratio in soil zone 2 (Old Pipe Condition )
Bending moment coefficients for external water pressure, vertical total load
Bending moment from external water pressure, vertical total load
Normal force coefficients for external water pressure, total vertical load
Normal force from external water pressure, vertical total load

External water pressure

Critical external water pressure

Internal pressure

Soil stresses as result of earth load and surface load (Old Pipe Condition III)
Soil stresses as result of traffic load (Old Pipe Condition Ill)

Critical traffic load

Contact pressure between liner and old pipe as a result of warming
Critical contact pressure with warming of the liner

Horizontal soil stress at the pipe (Old Pipe Condition IlI)

Horizontal bedding reaction pressure (Old Pipe Condition III)

Vertical soil stress at the pipe (Old Pipe Condition Ill)

Critical vertical total load

External radius of the liner

Average radius of the liner

Average radius of the old pipe

Wall thickness of the old pipe

Wall thickness of the liner

Horizontal bedding stiffness of the soil

Pipe stiffness of the liner

Depth of the local prestrain

Articulated ring deformation of the old pipe (Old Pipe Conditions Il and III)
Gap width between liner and old pipe (annular gap)

Annular gap between liner and old pipe caused by articulated ring expansion
(Old Pipe Condition Il only)

Section modulus of the liner wall

Snap-through coefficient for external water pressure

Correction factor for curvature of the liner wall (internal, external)
Snap-through factor for earth and traffic loads

Coefficient of temperature expansion

10 January 2
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Ynec - Necessary safety

YbTsYbC - Safety with verification of stress

o7 - Safety against instability

s kN/m?® Unit weight of the soil

s kN/m?® Unit weight of the soil under water

1L kN/m? Unit weight of liner

Tw kN/m® Unit weight of groundwater

Oy % Relative vertical change in diameter

Sy el % Elastic relative vertical change in diameter

ep - Extreme fibre limiting strain, arithmetic value

Av K Temperature change

Oy ° Position of the local prestrain

20, ° Width of local prestrain

Ky - Reduction factor for local prestrain w,

KARv - Reduction factor for articulated ring prestrain wggr,, (ovalisation)

Ks - Reduction factor for gap width wy

Kys - Common reduction factor for prestrain w, (local) and wgry (Ovalisation) as
well as gap width wg

GpT N/mm? Bending tensile strength of the liner, arithmetic value

Gbe N/mm? Bending compressive strength of the liner, arithmetic value

Ce N/mm? Stress on the outside of the liner

o N/mm? Stress on the inside of the liner

op N/mm? Bending tensile strength, arithmetic value

3 Technical Details

3.1 Condition of the Old Pipeline, General
The following information on the old pipeline is required:

e pipe material and wall thicknesses (e.g. cores)
¢ soil conditions (e.g. type of soil, covering, max/min groundwater, penetrometry)
e damage picture (comp. ATV Advisory Leaflet ATV-M 143E, Part 1, Section 5.

The following information on the old pipeline should be available:
e static calculation

e pipe support

e pipe connections and sealing.

With brickwork sewers the following additional information is required:

¢ wall thickness (if required variable over the circumference)

o stability of mortar and bricks (also distributed over the wall thickness)
o formation of the invert (moulded brick or similar)

e condition of joints.

3.2 Condition of the Old Pipeline from the Static Aspect
3.2.1 Non-rehabilitated Old Pipeline

Old Pipe Condition I:
Old pipe alone capable of bearing (e.g. leaks in pipe connections, walls have no cracks except hairline
cracks)".

January 2000 11
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Old Pipe Condition Il:
Old pipe-soil system alone capable of bearing (e.g. longitudinal cracks with small pipe deformation with
checked functional lateral bedding. Confirmed e.g. through long-term observation and/or penetrometry)".

Old Pipe Condition lil:

Pipe-soil system in the long-term no longer alone capable of bearing; significant deformation; compared

with Old Pipe Condition Il the liner is also stressed by earth and traffic loads".

Further explanation on the old pipe conditions see Annex A3/2.

Special cases for which, if necessary, separate static considerations are to be made:

e wide annular cracks or wide gaps in sleeves with a width > di/10 or > 10 . s, a calculation according to
the theory of thin shells is to be carried out.

® missing pipe sections, with missing parts of pipe with an edge length > d/2, a calculation according to

the theory of thin shells is to be carried out.

sleeve displacement laterally and longitudinally?.

formation of fragments and holes in the pipe wall.

damaged inlets and shaft connections.

The Old Pipe Conditions | to Il described here are assigned to Load Case 1 “The sewer to be rehabilitated is stable” in ATV-M
143, Part 3, whereby the actual stability y > 1,0 (no collapse).

According to the current state of knowledge sleeve displacements have no load bearing reduction influence so far as they are not
caused by pipe fracture.

3.2.2 Non-rehabilitated OIld Pipeline

Pipe-soil system no longer alone capable of bearing; presumption of a formation of cracks for a point in
time after rehabilitation (e.g. later constructional measures in the vicinity of the sewer).

If Old Pipe Condition | is present with the rehabilitation, one must, however, reckon with crack formation
after rehabilitation, thus a concentration factor Ap > 1 is possible (comp. Sect. 6.3.2.4).

The transfer of the compression forces in the old pipe must be guaranteed. If required, compressive
strengths from core borings are to be enlisted.

3.3 Condition of the Shafts from the Static Aspect

For shafts, statements made under Sect. 3.2.1 for Old Pipe Condition | and, if required, Condition Il apply
analogously.

Old pipe

&

Fig. 1: Old pipe conditions
a) Old Pipe Condition| b) Old Pipe Condition Il c) Old Pipe Condition Il

12  January 2000
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Table 1: Load cases arising

Old pipe condition
I Il 1
Time of formation of - Before Before
longitudinal cracks rehabilitation | rehabilitation
Load case:
External water X X X
pressure pe
Internal pressure p; | X X X
Earth loads pe - - X
Concentrations - - .
factor Ap <1)
Traffic loads py - - X

*) Comp. Sect. 6.3.2.4

Table 2: Material characteristic values of liners

Arithmetic value of the | Unit weight | Bending tensile/compressive
elasticity modulus® strength, arithmetic value®
E L GbT/Cbe
Short-term Long-term Short-term Long-term
N/mm? N/mm? kN/m° N/mm”® N/mm?*
Polyvinyl chloride (PVC-U) 3,000 2% [1500”%7[14% IR 50 ° 910
Polypropylene (PP) ™"
PP-B and PP-H ' 1,250 99 3129 9" 39 91910 17 9910
PP-R 13) 800 5)6) 200 6) 14) 9 15) 27 6)9) 10) 14 6)9) 10)
Polyethylene, high density (PE-
HD) 16) 800 5)6) 160 6)17) 9‘418) 21 6)9) 10) 14 6)9) 10)
Unsaturated polyester resin,
glass-fibre reinforced (UP-GF) 6)19) 6)20) 17.5 6)21) 621)
Unsaturated polyester resin,
synthetic-fibre reinforced (UP-SF) | % ) 13.5 ) )
Fibre cement 20,000 20 9
Steel (stainless) ** 170,000 78.5 <)

3)
4)
5)
6)
7

8)
9)
10)

11)
12
13
14

15
16
17

18
19
20,

21

22,
23

24

The figures given are arithmetic values which are determined from measurement of deformation.

The compression stress can also be relevant in particular with thin-walled liners.

Tested i.a.w. DIN 54852 (4 point creep bending test), test description i.a.w. DIN 53457, test piece manufacture i.a.w. DIN 16776-2.
Higher arithmetic values can be enlisted if these are verified for the material employed.

Determined from the short-term value and the creep ratio (2.0) i.a.w. DIN EN 1401-1 and DIN EN ISO 9967 with characteristic
values for 2 years for the description of the long-term ratio.

l.a.w. DIN EN 1401-1.

For plastics the bending tensile strength is designated and given as flexural strength.

Smallest value (under 95 % fractile) i.a.w. the Round Robin Test of the raw material producer as well as on the basis of Test
Report No. 36893/98-11 of the SKZ Siuid-deutsches Kunstoffzentrum [South German Synthetic Material Centre] Wirzburg.

PP-B = Block-Copolymer; PP-H = Homopolymer; PP-R = Random Copolymer.

DIN EN 1852-1.

DIN EN 1852 and DVS 2205-2, Supplement 1 (Issue 08/97).

Determined from the short-term value and the creep ratio (4.0) i.a.w. DIN EN 1852-1 and DIN EN ISO 9967 with characteristic
values for 2 years for the description of the long-term ratio.

l.a.w. DIN EN 1852-1.

PE-HD as PE 63, PE 80 or PE 100 i.a.w. with DN EN ISO 12162.

Determined from the short-term value and the creep ratio (5.0) i.a.w. prEN 12666-1 and DIN EN ISO 9967 with characteristic
values for 2 years for the description of the long-term ratio.

l.a.w. prEN 12666-1.

Somini.a.w. prEN 1636.

Determined from the short-term value and the creep ratio (2.0) characteristic values for 2 years for the description of the long-term
ratio. Tests take place i.a.w. DIN EN 1228 (short-term) and DIN EN 1225 (long-term).

g =1 4.28 . S/dm . AdfraC /dm i.a.w. prEN 1636 (short- and long-term) with the respectively relevant values for s and dp,.
Test report of a recognised or accredited test agency necessary. 95 % fractile values are to be used.

DIN EN 588; the ring bending tensile strengths are calculated from the minimum values of the crushing loads (95 % fractile, AQL 4
%).

DIN17440, DIN 17441, DIN 17455, DIN 17456, DIN EN ISO 3506-1 to 3.
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) Assignment to St 37/St 52 takes place with the aid of Ryo2 as apparent limit of elasticity.

3.4 Pipe Material Characteristic Values
3.4.1 Liner Materials

The material characteristic values in accordance with Table 2 are, if required, to be reduced for influences
conditioned by technical construction methods. The size of the reduction is, in the individual case, to be
verified by recognised or accredited testing agencies. Such reductions of material characteristics occur
with, for example:

long elongations during installation
seams in woven textile hoses

liners with nap

notch effects (stress concentrations).

3.4.2  Materials for the Filling of the Annular space

With the employment of filler, for example in accordance with ATV-M 143 Part 3 (4.93), 6.1.1. to fill the
annular space and the long-term support of the liner the following characteristic values must be known:

amount of swelling/amount of shrinkage

modulus of elasticity

unit weight

strengths (compressive strength and, if necessary, bending tensile strength)
with the employment of adhesion; shear strength.

The material characteristic values are, if necessary, to be reduced for influences conditioned by technical
construction procedures. The scale of the reduction is to be verified in individual cases (e.g. segregation,
uneven hardening, inclusion of air).

4 Construction Work

4.1 Preparatory Work

A static calculation of the constructional and operational conditions in accordance with Sects. 5 and 6, in
which the local conditions are taken into account, is to be carried out before the execution of work.

The pipeline is to be dried and cleaned. Deposits and obstacles (e.g. projecting connections) are to be
removed, see also ATV-M 143, Part 3 (4.93) 5.4.1. Larger disruptions to the geometry of the pipe (washing
out of the pipe invert, changes, annular gaps, holes, fragments, offsets) are to be smoothed out using
suitable materials.

Measures to seal against infiltration water are to be taken. In this way the incidence of pockets of water
collecting is to be prevented before the final hardening of the liner.

The pipe diameter and deformations of the old pipeline are to be determined with appropriate accuracy.
The accuracy of the bore measurement is to be matched to the rehabilitation method employed and
assumptions in the static calculation, for example, with the rehabilitation of sewers with pipe offsetting, if
liners with small capability for elongation are employed.

14  January 2000
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4.2 Installation Methods

Differentiation is made between draw-in, push-in and roll-in methods.

For installation, measures are to be provided for the reduction of friction (sufficient annular space,
lubricants) and for the prevention of damage to the liner surface. attention is to be paid for the observation
of radii of bends, comp. permitted Ry perm in Sect. 5.1.1.

4.2.1 Methods with Annular Space Filling

Currently the following methods are used:

e pipe lining (short pipe, long pipe, pipe string)

e wrapped pipe lining

e napped band lining.

With the necessary annular ring filling, attention is to be paid, inter alia, to the following:

e implementation with/without spacers

checking of the filling achieved (e.g. through comparison of volume)

if necessary, planning of filling by sections

avoidance of segregation

limitation of pressing pressure dependent on the pipe stiffness of the liner (comp. Sect. 5.2).

4.2.2  Methods without Annular Space Filling (Close-Fit Method)

Currently the following methods are employed:

e hose methods
e prestrained liner with later reforming.

Gaps between old pipe and liner are to be kept small (arithmetical minimum values see. 6.3.1.1).
4.2.3 Installation Procedures

Currently the following methods are employed:

e full linings with installation joints

e partial linings (invert, gas space)

e shaft linings.

With doweled partial and shaft linings the remaining gap is to be estimated on the safe side taking into
account the resilience of the fixing.

5 \Verification for Structural Conditions

5.1 Drawing-in of the Pipe String
5.1.1 Material Characteristic Values, Buckling Limiting Values
Note: the verification equations for the pipe string lining are given below for PE-HD pipes. With other

materials the procedure is analogous.

With the drawing-in of a pipe string made from PE-HD without the danger of buckling of the pipe wall,
according to Table 2 the limiting stress op = 21 N/mm? and with the employment of safety for the
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installation conditions the permitted cpem = 15 N/mm?. To this stress belongs the short-term modulus E,
=15 = 500N/mm2 and the elongation gyem = 3 % according to the DVS Standard 2205.

With a danger of buckling of the pipe wall the bending radius of the pipe string on drawing-in is to be
limited to (valid with 1.5 times buckling safety)

_ 2
=1.34 .M (5.1)
SL

R

b,perm
To this belongs the permitted elongation

d
Eppem = 2; -100% < 3% (5.2)

" "\p,perm

Due to the danger of buckling the stress opperm is to be reduced appropriately, comp. Table 3. The
associated E modulus can be approximately interpolated:

E _.-E
E =E , +—9°8 —o=15 -3 53
c c=3 3_15 (G ) ( )

with E,—; = E modulus with ¢ = 3 N/mm?

Table 3: Permitted bends, permitted elongations, permitted stresses, stress dependent E moduli
and temperature coefficients for PE-HD liners (valid for v = 20 °C and PE-HD with E,-; =

970 N/mm?)
PN SDR =dy ¢/s. Rb,perm/ die 8b,permlgperm 8b,perm/gperm Eob perm Ko
bar - - % N/mm? N/mm? -
3.2 32.25 40.5 1.23 9.1 737 0.022
4 26.00 32.2 1.55 10.5 679 0.027
6 17.67 21.1 2.37 13.4 564 0.033
10 11.00 12.2 3.00 15.0 500 0.037

In addition the variability of the stresses and thus of the E modulus along the length of the open cut and
the pipe diameter is taken into account as follows:

E., a’
E,=—2> — (5.4)
3 a‘“/2-a+In(1+a)
. EG - E0'=3
witha = ———
c=3

If drawing in takes place at temperatures deviating by 20 °C then the open cut lengths established
according to the following sections can be corrected as follows:

locy = loc - (I - ky - Av) (5.5)

with Av > 0 with warming and k, in accordance with Table 3.
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51.2 Case 1: Restraint

5.1.2.1 Sectional Measurements

With the drawing-in of a pipe string according to Fig. 2 with restraint, there result bending moments and
tensile forces in the liner at the old pipe (clearance = 0) and at the edge of the trench (e.g. using a
reduction machine).

(1) ) A die
f =

h
M2 oC
M1 1 A2

Fig. 2: Draw-in procedure via start trench, Case 1 (Restraint)

The bending moments result from the draw-in geometry as

I, -h
My =6-E,- o, Map = —Myy, (5.6a)

2
oC

with the 2" moment of area of the pipe cross-section

Iy = 614 A(d*e — d*) (5.6b)

and from the dead-weight {;Lof the liner in the longitudinal direction as

§'L ) |<2)c
M1,g = MZ,g = —T (573)
2. - h?
with g, =g > (5.7b)
IOC
gL =Aq 1L (5.7¢)
and A, = % (dPe — d%) (5.7d)

The bearing forces of the liner in the area of the guides are required for the determination of the tensile
forces and the dimensioning of the mounting structures. With the free clamping length a, of the liner in the
old pipe the bearing force A;:

N M1,h

A, = (5.8)
a'l
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The free clamping length can be estimated with a1 =2 . d_.

For the bearing force A, the following applies:
N ~ loc hoc
A1=A1_gL‘7+12'Em'IQ' (59)

3
I‘OC

With a clearance of Ah > 0 of the liner in the old pipe the diagrams in Appendix A1 can also be used

approximately for A;. With the inner lever arm a, of the reducing machine, the bearing force A2 is

— M
A, = My, | (5.10)
a2

Thus the bearing force at the edge of the trench is

2+§'L-|°7C+12-Em-IQ-z& (5.11)

(0]]

pd

A, =

The following now applies for the components of the draw-in force:

e from friction of the liner in the old pipe and on the ground (coefficient pg)

Z,=g, -L-(ng-cosgg + singg) (5.12a)

+ with draw-in against the gradient,
- with draw-in with the gradient
L = length of the pipe string

e from friction at the guide rollers and the reduction machine (rolling friction, coefficient pr)

Z, = (A1 + A +A, +A2) pg (5.12b)
e with bending of the sewer section with the included angle 3
Z, =2 e (5.12¢)

with Z = tensile force up to the bend

and the resultant tensile force

3 =Z,+2,+Z, (5.12d)

5.1.2.2 Stresses

The maximum tensile force, however no bending moment, occurs at the pulling head. With the welding
factor aw , the net cross-section Aq, (after discounting screw holes) and Er > E¢ the calculated stress
results as follows:

2z
Ag, - a

N

(5.13)

o; =

w
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On the old pipe (1) the tensile stresses on the liner

Z M, +M
o, = 22 M ¥ Mg (5.14a)
Aq Wq
with W, = q Ig in accordance with EQN. (5,6b) and (5.14b)
L.e
Aq in accordance with Eqn, (5.7d)
and the compression stresses are determined.
Iv|1h + M1g .
O. = — ——— (without c from Z) (514c)
Wq

For the calculation of the stresses at the edge of the construction trench (2) the tensile forces as a result of
friction may be deducted from A; and A;. Thus the eqns. (5.14a-c) apply analogously if the index 1 is
replaced by 2.

5.1.2.3 Elongation Detection

Using the tensile stresses from Eqn (5.13) and (5.14a) the elongations are

e = ‘E5 -100% < €on (5.15)

z

and using the compression stresses from Eqn. (5.14c) the compression sets are

Ec = ;—C -100% < &, pom (5.16)
C

For PE-HD with elongations epem = 3%, with compression sets, due to the danger of buckling, &pperm
according to Table 3.

5.1.3  Case 2: Free Support on Edge of Trench

The pipe string is drawn with clearance into the old pipe via a supporting trestle at the edge of the trench,
comp. Fig. 3: In order to reduce the bending moment M, at the edge of the trench and to shorten the
construction trench an additional support can be provided with the separation 5.
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(3) Ahg
e ———
] poc’ A
Az As
hoc
(1) A1
Y h
(__— AV
PP/ 1« T
pIVA A1‘
aj loc I3
Fig. 3: Drawing-in process via the start trench, Case 2 (free support at trench edge, clearance

Ah between liner and old pipe

For PE-HD pipes of pressure levels PN3.2, PN4, PN6 and PN10 without additional support (I; = 0) and ¢p
= @oc = 0 the minimum lengths of the trench elated to d,.. and the bearing forces A; and A, related to g
are tabulated in Appx. A1.

This gives the minimum length of the draw-in trench without further verification of elongation as:

min l,. = min [(ljo—cj - d, (5.17)

L.e

For the bearing forces A1 and A2 the following applies:

A _ A1,2 -
12 =] — |- 9L (5.18)

9

For the determination of the tensile forces Zg4, Zy and Z eqns. (5.12a) to (5,12d) apply accordingly. In the
diagrams for min Ioc in Appx. A1 the components Z; and Zy are included. The effects of bends and the
forces Zg resulting from these must, if necessary, be determined separately.

5.2 Filling of the Annular Space
5.2.1  Preamble

Following the drawing-in of the pipe string or with short pipe lining the remaining annular space must be
plugged with a suitable free-flowing special mortar, in particular with the presence of external water
pressure. The following objectives for this are given in ATV Advisory Leaflet ATV-M 143E, Part 3, Sect.
6.1:

¢ fixing of the inliner

e prevention of penetration of soil and water
e creation of a defined bedding in the sewer
e even transfer of external loads

e prevention of dangerous gas bubbles.
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The filling process represents a separate loading situation for the liner which is to be investigated. Various
constraints can occur:

lineal support of the invert (or the crown) with liners with high flexural strength

areal support of the invert (or the crown) with unknown distribution of the reaction stresses (area 2ag)
with liners with low flexural strength

support in two continuous or interrupted lines with the employment of spacers (angle 2as )

special bedding with filling in partial steps.

The loads are made up from

filling pressure

possible existing overpressure (expanding filling materials)
with larger sewer cross-sections dead-weight of the liner and
possibly heat effects as a result of hardening.

With injecting, pressure limitation is absolutely necessary due to the danger of buckling of unbedded liners.

522 Sectional Measurements and Stress Detection

In accordance with Fig. 4, four load cases are to be overlapped with the filling of the annular gap in one

step:

1. dead-weight g, = y_ " s, of the liner wall in the direction of the circumference

2. external pressure pe = y¢ " di, through liquid filler

3. overpressure p, = v¢ * (hg — d._¢) through liquid filler with longitudinal slope of the sewer section
4. internal pressure p; = vy, ~ d_ithrough the filling of the liner with water

GOK
\/
h
Old pipe
Liner
«— he
_’
dui die
_>
— —
pi = water Pe + Po =
filling SF filler pressure

Fig. 4: Loading situation with filling of the annular gap. Case A (subsidence) and Support Case |

(lineal support) are represented.
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A subsidence (Case A) with support in the invert results with
YF=F +F, -Fo=v s -2 -n+(vy .die)'%>0 (5.19)
26)

With > F < O a floatation up to the crown takes place Case B)™'.

The support cases are differentiated:

o | = lineal support, with rigid liners (og = 0)
e 11/90° = stepped, over 2ag = 90° distributed support pressure (with flexible liners)
e |lI/60° = lineal support provided by two spacers with a separation of 2a, = 60° (with rigid and

flexible liners)

P This case is, according to ATV-M 143E, Part 3, not foreseen for operational reasons

The stress resultants are determined according to the following equations using the
coefficients m and n.

Dead-weight:
M, =m_ -y, -s .12
L (5.20a,b)
N, =ng - v, S, M
variable external pressure (filler):
M. =m -y.-r
F F Y'F F2 (5.21a,b)
Ne =ne - v'e Tk
d 2
with y'c = ¢'z - | =2 (5.21c)
2r

to take into account the difference between the external diameter d, . and the diameter of the middle line
2r_ of the liner.

With relieving effect Mg is dispensed with.

Constant external pressure (filler overpressure):

My =0
(5.22a,b)
No =-po - Me
Water filling:
M,=m, -7, -1
v woYw ; (5.23a,b)
Nw =N, 'y'w an
d 2
withy', = 7', (—Lj (5.23c)
2r

to take into account the difference between the internal diameter and the diameter of the middle line 2r_ of
the liner.

With liners, which are not clearly flexible, the bedding angle 2az is assumed as zero to be on the safe side.

Alternatively, a precise calculation of all physical parameters, for example using a strut and joint program
according to the second-order theory, can be carried out. For such a calculation the modulus of elasticity E
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(t, v) of the liner is required which depends on the bonding temperature v and the bonding time t up to the
early strength of the filler material.

The tensile forces result using the Eqns. (6.17) and (6.18).

523 Deformations

Deformations resulting from the filling can be determined approximately assuming a lineal loading in the
crown and the invert of the liner:

3 3
Ad, =0.1488 . =N L _ 01488 .12 2F (1 (5.242)
E(tu)- | E(tv) s,
5, = Ady 100% (5.24b)
2.1

Calculations using the precise size of the bedding angle 20 are possible with the aid of a rod and joint
program.

5.2.4  Stability Verification

Due to the large gap the application of a circumferential bedding is not permitted. The buckling equation of
the unbedded pipe under external pressure is

Pecit =3-0-S_ (5.25)
it 5, - B0 1
n

1
and I = 12 s with even-walled liners with homogenous wall structure

The influence of the lateral strain coefficient p in the liner stiffness S_ is neglected on the safe side.
Prestrains with unbedded pipes need not be taken into account as here they have only a small reducing
effect.

The safety against buckling of the liner on filling the annular gap is

Y= M 2 Y hec (5.26)

pe,exist

with P et = Zr_N and vy, according to Table 4.

L

5.2.5 Verifications for the Old Pipe

The loading of the old pipe as a result of filler pressure is to be estimated. This applies in particular with old
pipes with small or no existing ring tensile strength, for example brickwork, old pipes with longitudinal
cracks and cross-sections which deviate from the circular.
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6 \Verification for Service Conditions

6.1 Limitation for Cases in Which the Static Verification Can be Dispense with

A static verification with liners up to DN 250 with materials according to Table 2 may be dispensed with if
the following conditions exist concurrently:

e no groundwater (pe = 0)

e nointernal pressure

e Old Pipe Condition |

e no danger of the occurrence of water at the shafts.

6.2 Stability of the Old Pipe-Soil System (Old Pipe Conditions Il and lll)

The verification of the stability of the old pipe-soil system for the Old Pipe Condition Il and, if necessary, Ill
in accordance with Figs. 1b and 1c is possible with the aid of the load displacement curves of the four bar
linkage ring in accordance with Fig. 5. With this the following conditions are to be observed:

e the relationship between loading q, and p, (if necessary also for p.) and the crown sag as reference
deformation are derived on the deformed system.

e the distribution of the bedding reaction stresses q,* - in deviation from ATV Standard ATV-A 127E - is
to be assumed as triangular and distributed over 90°.

o the sum of the lateral earth pressure q, and the reaction stresses q,* is to be limited by 75 % of the
passive earth pressure.

v Yy v v oy

Gh
<_
4_
<_
: : Nl
R N I |
Fig. 5: System and loading of the old pipe-soil system from earth and traffic loads
a) undeformed sytem b) deformed system

The maximum values of the load displacement curves are the sought-after critical loadings qy cit, Pv, orit aNd
Pecrit Of the system. They can be determined with the aid of the specific maximum loads in the diagrams in
Appx. A6 and Eqns. (6.1) to (6.3). Eccentric linkages are accounted for globally using e; =s/4 - with heavier
damage of the pressure zones of the old pipe are, however, to be on the safe side, central linkages (e, =
0) are to be applied®”.

" The relevant model of the old pipe-soil system according to Fig. 5a and of the liner-old pipe-soil system, according to Fig. 7c
agrees completely with experimental results in [12]. Currently being checked by trials of the LGA Nurnberg [Germany].
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For the load cases q., pv and p. the following critical loads apply with the aid of the maximum values of the
curves in Appx. 6:

Case 1 mainly earth pressure g, (without py):

Quoit = maX( i ] - Sgp (6.1)
SBh

Case 2 mainly traffic loads py:

Py it = Max (g_\/] - Sgp (6.2)
Bh

Case 3 mainly external water pressure p. (special case):

Bh

pe,crit = max[spe ] ’ SBh (63)

The safety factor is determined as follows:

_ qv,crit

a,

Vi (6.4)

For py and pe Eqn. (6.4) applies analogously.

With simultaneous occurrence the safety factor of the old pipe-soil system is calculated approximately from
the individual safety factors using the interaction equation

1
Vi = (6.5)
1 qv /qv,crit + pV /pV,crit + pe /pe,crit

With safety factors vy, > v, nec according to Table 4 is to be calculated according to Old Pipe Condition I, with
safety factors vy, < v, nec according to Old Pipe Condition III.

6.3 Calculation Models and Loading (Effects)

The loading (effects) is dependent on the existing condition of the old pipe and other conditions, which can
occur during operation.

6.3.1  Old Pipe Conditions I and I/*®

Due to the high pressure loading of the liner with external water pressure and the stability problems
connected with this, basic prestrain (frequently also called imperfections) are to be determined.

B required, also Old Pipe Condition Il with the presence of external water pressure
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6.3.1.1 Prestrain (Imperfections)

With Old Pipe Condition | local prestrain of at least 2% of the liner radius®® according to Fig. 6a are to be
assumed if, through inspection, it can be verified that no larger values exist.

WaR,v W
S
r. cracked
> fourfold :
29, / longitudinally

Wy

Fig. 6: Imperfections of the old pipe and the liner
a) locally limited b) articulated ring c) gap formation w,
prestrain w, prestrain wagr, (ovalisation) (annular gap)

If larger out-of-roundness exists after the smoothing of invert erosions, then this is to be considered
through suitable application of prestrain based on Fig. 6a.

With Old Pipe Condition Il additional articulated ring prestrain (ovalisation) of at least 3% of the liner radius
according to Fig. 6b is to be assumed if, through inspection, it can be verified that no larger values exist.

The size of the gap formation according to Fig. 6¢c is to be determined with the aid of process checks and
confirmed by outside monitoring. For the annular gap to be assumed the following minimum values apply:

e hose method 0.5% of the liner radius
e prestrained liner with later reformation, 2% of the liner radius.

6.3.1.2 Loading (Effects)

In accordance with the definitions according to Sect.3.2 and according to Fig.1, the following loading cases
are possible with the presence of Old Pipe Conditions | and II:

o external water pressure effective on the surface of the liner

e internal pressure (underpressure, overpressure, possibly up to the surface of the ground)
e dead-weight (> DN 800)

e heat effects (cooling down or warming up)

e process dependent internal stresses*’.

) The locally limited prestrain of the depth of w, (assumption 2%) is the supplementary imperfection for the consideration of
geometric prestrain (assumption: 1.5%) and further faults in the liner and in the old pipe (assumption: 0.5%). The geometric
prestrain according to Fig. 6a is matched to the lowest deformation figure belonging to the lowest buckling load. With the
existence of accurate measured results of the old pipe profile the geometric prestrain can be reduced to1.5%of the measured
value not, however, less than 0.5%. With this the complete local minimum prestrain is 1.0%.
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Special loading conditions through external water pressure as a result of back-up and flooding events are
to be considered using suitable application of loads. For this a short-term verification can be carried out in
justified cases.

In order to ensure a sufficient minimum stiffness of the liner a supplementary water pressure of hy,,, = de
+ 0.1 m, however at least hy , = 1.5 m is to be assumed, independent of the groundwater level, and a
long-term verification carried out for this.

6.3.1.3 Calculation Models

To simplify the calculation the three-dimensional structure (shell) may be reduced to a two-dimensional
structure (flat distortion condition, plate). As a further simplification the liner can be calculated as rod and
joint figure which is rigidly bedded in the old pipe, comp Fig. 7a,b.

With filler material with Er < 10,000 N/mm? an elastic bedding is to replace the rigid bedding is to be
applied.

According to the bedding of the liner in the old pipe with simultaneous presence of unavoidable prestrain
and possible gap formation the external loads lead to higher compression forces N and bending moments
M. Therefore a calculation according to the second-order theory (taking account of deformation in the
equilibrium relationships) and the iterative improvement of the size of the contact area is necessary.

6.3.2 OlId Pipe Condition Il

6.3.2.1 Prestrain (Imperfections)

With Old Pipe Condition Il an articulated ring prestrain (ovalisation) of 3% of the liner radius corresponding
with Fig. 6b is to be assumed if, through inspection, no larger values exist.

With the verification for earth and traffic loads a gap formation is, on the safe side, to be neglected.

6.3.2.2 Loadings (Effects)

With old pipes which are cracked and the additional taking into account of the bearing effect of the soil, the
following effects apply:

e earth and traffic loads, effective on the surface of the old pipe

o external water pressure effective on the surface of the liner

e internal pressure (underpressure, overpressure, possibly up to upper surface of the ground)
e dead-weight

e heat effects (cooling down or warming up).

9 The bearing load reducing influence of internal stresses with prestrained and reformed liners can not currently be quantified, first
approaches can be used
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I f Upper surface Upper surface
ppgnsuurrdace ppgrDEnd F'F?ngnd

max hw I|r| u
M Py inw

Fig. 7: Old pipe with liner
a) Old Pipe Condition | b) Old Pipe Condition Il c) Old pipe condition Il

6.3.2.3 Calculation Models

To calculate the strains of the liner both the following calculation models are possible:

e partial bedding model Bp (or partial continuity model Cp)
o full bedding model B (or full continuity model Cg)

Bedding | Bedding in
through elastic
elastic continuity
springs \J

Fig. 8: Models with full bedding of the annulus
a) Bedding model B b) Continuity model C

With partial bedding and partial continuity models a part of the circumference remains unbedded (e.g. a
90° area in the crown). The models Bp (or Cp) provide greater strains on the liner and have to be applied
with smaller earth covering and that is with

h<3.d. and h<1.0m (6.6)

The most unfavourable model B is based on the stress resultant coefficient tables my and nq and the
deformations vy, in Appx. 5.

For larger coverings the models B and Cr may also be employed. Here attention is to be paid that, in the
area of the crown of the old pipe, the total soil stresses do not undercut the following boundary values:

minq, =X, -pg  Withpg =g - h (6.7a,b)
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With Old Pipe Condition Il the liner is bedded in an old pipe which has been cracked four times
longitudinally, comp. Fig 7c. The longitudinal cracks are idealised in the theoretical mode as moment joint
with eccentricity e,. e, is set as part of the old pipe wall thickness s (as a rule e, = s/4 applies).

Conditioned through the eccentric position of the joint the four joint ring of the longitudinally cracked old
pipe is stretched and through this the liner is relieved. With poor condition of the old pipe (heavy corrosion,
loss of wall thickness due to wear, formation of fragments etc.) smaller values down to e; = 0 are to be
assumed.

With underground pipes the bedding of the old pipe is assumed to be constant radial bedding. The
calculation of the horizontal bedding stiffness Sg, ensues from the modulus of elasticity E2 of the pipeline
zone on the basis of ATV-DVWK Standard ATV-DVWK-A 127E:

Sy, = 0.6 -E, (6.8)

E, is, for example, to be determined from penetrometer soundings. To ensure the value of Sg;, the relaxed
deformation of the longitudinally cracked old pipe can be used. For this Sg;, is calculated with the aid of the
load-displacement curves in Appx. 6 (Diagrams A6/1 and A6/2), using the existing load g, and the old pipe
deformation.

The sum of the lateral earth pressure and the bedding reaction pressure g, + g,* may not exceed the
following boundary values:

max q, =0.75 - K, - Ag - pg

, e (6.9a,b)
with K, = tan® (45° + ¢'/2)

This limitation is then relevant if high lateral bedding forces are called upon for the stabilisation of the
whole system. In Eqgn. (6.9a) the factor 0.75 takes into account the increasing soil deformation before
achieving the passive earth pressure.

6.3.2.4 Pressure Distribution at the Pipe Circumference

The stress situation over the pipe circumference is determined by the quantities g, and q,. The soil
stresses, with Old Pipe Condition Ill (old pipe cracked four times longitudinally before rehabilitation), are
reduced globally as follows:

Ao =0.75°Y  and Aq =1.08 (6.10a)

* In the long-term an undisturbed old pipe-soil system can be assumed, thus the verification using an earth load

Note: The case (6.10b) may be verified using the short-term characteristic values of the liner. Additionally,
a long-term verification is to be undertaken using Ap and As according to Eqn. (6.10a).

The traffic loads py are to be determined in accordance with ATV-DVWK Standard ATV-DVWK-A 127E,
Diagrams D2 to D4. With this the following applies for the vertical load at the level of the pipe crown

q,=2Ap (Pe +Po) + Py

: . (6.11a)
with pz according to Eqn. (6.7b)
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With the presence of groundwater the vertical load at the level of the pipe crown is determined in
accordance with ATV-DVWK-A 127E, using the specific weight y’s of the soil under water:

q, =hs [rs - (h=h,)+7s -h,]+py (6.11b)

The following applies for the horizontal earth pressure in the springer

Qh:KZO\‘S'YS'h +Ys'de/2)+pv

. ) . (6.11c)
with K, in accordance with ATV -DVWK -A 127E
and with the presence of groundwater
an =K, [hg -5 -(h =", ) +v'5 - (', +d,/2)] (6.11d)
The lateral earth pressure coefficient is determined using q, and q;:
K,' = Gn (6.12)
q,
For the external water pressure the following applies
pe = YW - max hw,lnv (6-13)

with max hy nv = height of water above the invert of the liner. With, for example, calculations using the
Finite Element Method, the buoyancy component is to be taken into account.

6.4 Stress Resultants, Stresses, Deformation

Below the stress resultants, stresses and deformation are examined only in the direction of the
circumference - in the axial direction the loading distribution is assumed, as for the geometry, to be
constant.

With deviations from this it is possible that special investigations are necessary. In many cases, however,
an approximation on the safe side can be assumed as, with the relevant flat support model, the load
distributing effect of the shell supporting framework is neglected. In opposition to this weakening of the
liner wall due to the cutting out of the lateral connections without reinforcement using hat (domed) profiles
does not lie on the safe side. Possible weakening through fabric seams or similar is to be taken into
account through a longitudinal joint.

6.4.1 Stress Resultants with the Presence of Old Pipe Conditions | and I/

The calculation models and procedures according to Sect. 6.3.2.1 lead to non-linear relationships between
the loading p. and the bending moment (as well as deformation). It thus results that the m- and &v
coefficients are dependent on the load and the geometry.

The bending moment coefficients my. in Appx. 4 apply for Old Pipe Condition | (comp. Fig. 7a), for
circular liners with constant wall thickness over the circumference, for external water pressure p, and for
assumed local prestrain and annular gap, comp. comments on page A4/1.

For the bending moment coefficients mpe in Appx. 4 for Old Pipe Condition Il (comp. Fig. 7b) an additional

articulated ring prestrain (ovalisation) is applied, for more detail comp. comments on page A4/1.
For the normal force coefficient, to be on the safe side, the following can be applied:

30 January 2000



Provided by : www.spic.ir

ATV-M 127E, Part 2

Npe = - 1.10 with verification of the compressive strain and
(6.14a,b)
Nye = - 0.80 with verification of tensional strains

With deviating figures (other values for DN, E, wy, 2¢1, Wary, Ws) and with varying wall thicknesses and
moments of inertia over the circumference and with cross-sections deviating from circular (oval profile,
tapering profile etc.) other stress resultant coefficients apply. They are to be recalculated as a contact
pressure problem in accordance with second-order theory.

Intermediate values, for example with other wall thicknesses s, of the liner, interpolation may take place wit
the aid of the diagrams in Appx. A4 as described on page A4/1.

Using the coefficients m,, and nye the stress resultants as a result of external water pressure p, for Old
Pipe Conditions | and Il are determined as follows:

M, =m, -p, - I’ (6.15a)
Noe =Npe - P 1L (6.15b)
With internal pressure p; > 0, N; = +p, - 1. (6.15c)

The earth and traffic loads are allocated to the intact old pipe or old pipe-soil system respectively. With
corrosion abrasion of the old pipe (reduction of the wall thickness by As) its stability is additionally to be
checked in accordance with ATV-DVWK Standard AT-DVWK-A 127E.

6.4.2  Stress Resultants with the Presence of Old Pipe Condition Il

In deviation to Standard ATV-DVWK-A 127E common stress resultant coefficients mq and nq are given for
the soil stresses qy, g and g,* as, due to the necessary non-linear calculation the superposition principle
no longer applies. The coefficients are dependent on the load q, - a break in the values with increasing
loading indicates a breakdown of stability.

The bending moment coefficients myq and the normal force coefficients ng in Appx. 5 apply for Old Pipe
Condition Ill, for circular liners with constant wall thickness over the circumference, for earth and traffic
loads g, with Ky’ = 0.20, for e; = s/4 and for articulate ring prestrain of 0%, 3% and 6% of the liner radius
(ovalisation), more detailed comments are given on page A5/1.

The stress resultants from vertical total loading q, with simultaneous effect of q, and q,* are calculated
using the following equations:

M,=m,-q, -1’ (6.16a)
N,=n,-q, -n* (6.16b)

With internal pressure p; > 0 Eqn. (6.15c) applies.
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6.4.3 Stresses

Using the stress resultants determined in Sects. 6.4.1 and 6.4.2, the strains in the inner and outer edge
fibres of the liner are calculated as

o =—+a M (6.17a)
i A ki Wi '
N M
Cg = — + Oy " ——— (6.17b)
A W

using the correction factors

1 s 1 s

a,=1+--—+ and o, =1-- -+ (6.18a,b)
3 3

to take account of the bending of the liner wall.

Egns. (6.17a,b) and in approximation also Eqn. (6.18a,b) apply for smooth walled and profiled liners the
cross-section values are

A =1-s_ [mm?*mm] (6.19a)

2

W=W =W, = 1? [mm?/mm] (6.19b)

A and W are related to 1 mm pipe length. Analogously this applies for the stress resultants N and M to be
applied in Eqgns. (6.17a,b)

2 The normal force coefficients according to Appx. 5 apply only for the case that longitudinal cracks in the old pipe are not opened
up through internal pressures from assembly, i.e. the contact of parts of the old pipe in the longitudinal cracks must remain.
Otherwise higher coefficients nq than in Appx. 5 result.

6.4.4 Elongation
With materials for which elongations at rupture &g are given, the extreme fibre limiting strains are

determined from the stresses as follows:

£=2 (6.19c)

6.4.5  Deformation
The elastic elongation 8, ¢ for the Old Pipe Conditions | and Il can be taken directly or interpolated from
Appx. A4, Diagrams A4/7-12, for the cases named in Sect. 6.4.1.

For Old Pipe Condition Il the elastic deformation in accordance with Appx. A5, Diagrams A5.1/9-10 and
A5.2/9-10 applies.

The following quantities are to be added to the elastic deformation &, ¢: the stressless prestrain w, to 50%

as it occurs in the invert only, and with Old Pipe Conditions Il and Ill the articulated ring prestrain wagry
(ovalisation) to 100%.
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o)
S, =0, +[&+WARVJ-1OO/° (6.20)
' 2 ’ r

A possible formation of a gap (constant annular gap ws) is not to be taken into account in Eqn. (6.20). The
quantity ws is, however, of significance for the hydraulic dimensioning. The reduction of the pipe cross-
section from ws is

_2-w

AA(W,) = - S in% (6.21)
L

To this still come reductions for the liner wall thickness s and the thickness of a possible filler.

6.5 Dimensioning
6.5.1 Stress Detection (Long-term, if Required also Short-term

The stresses or strains in the outer fibres determined in the service condition in accordance with Sect. 6.4
are to be compared with the arithmetic values oy,t, o,c and ep for long-term conditions from Table 2. With
the assumption of crack formation after the lining the greater short-term flexural strengths can be
assumed. The existing safety coefficients from the relationship bending tensile stresses, compression
stresses and the elongations

=2 or oy for tensile st 6.22
Yor = 2 Ynec Tortensile stresses (6.22a)
c €
= oo op 2P > f ive strai 6.22b
Yoc = - : - Ynec fOr compressive strains (6.22b)

with y,ec according to Table 4.

With the mainly tensile stresses (high internal pressure) and omission of the supporting effect of the old
pipe (large gap, Old Pipe Condition Il or Ill), the tensile strength ot is to be used in place of the bending
tensile strength o, in Egn. (6.22a).

If earth and traffic loads g, occur simultaneously as well as external water pressure p, with the presence of
Old Pipe Condition lll, the stresses can be superimposed as follows™?:

2.0 1.0
(Yqv,nec . qu j i (’Ype,nec e} pe j <1 (6220)
P P

(&) (o)

The necessary level of safety for g, and p. in the numerators of Eqn. (6.22c) are to be taken from Table 4.
For the strengths op in the denominators with positive stresses in the numerator the bending tensile
strength oy is to be applied and with negative stresses the bending compressive strength oyc.

6.5.2  Stress Detection (Long-term)

The vertical change of diameter according to Sect. 6.4 is to be compared with the permitted value Spem,
without taking into account a possibly constant annular gap. For the long-term verification 6, < 10% applies
as reference value for the deformation of the old pipe and the liner together. For pipes under railway tracks
the special conditions of the corresponding rail track company are to be taken into account.
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6.5.3  Stability Verification (Long-term

The verification of stability serves for the determination of the safety distance between the elastic snap-
through load of the liner and the existing loading. With Old Pipe Conditions | and Il the verification is
necessary for such effects which create considerable compressive forces in the liner wall, for example:

e external water pressure

e if necessary temperature changes

¢ dead-weight (with large nominal widths).
With Old Pipe Condition Ill there are additionally

e earth and traffic loads.

6.5.3.1 External Water Pressure p¢/Internal Pressure p;

With exclusive external water pressure or internal pressure p; < 1 bar, the following applies for liners with
circular cross-section

pe,crit =Kys " Qgr - SL (6.23)

) With the interaction equation it is taken into account approximately that, with a shortening of the circumference of the liner due to

external water pressure the strains from earth and traffic loads are reduced.

0.8

,

with the snap-through coefficient a.g; = 2.62 - (#j (6.24)
SL

with the reduction factor for prestrain and gap formation (imperfections)

Kys S K, - Kpry * Ky (6.25)
with Ky in accordance with Diagram D1 for local prestrain w, according to
Fig. 6a
KARv in accordance with Diagram D2 for articulated ring prestrain war, according to Fig. 6b
(Old Pipe Conditions Il and Ill only; Old Pipe Condition | kary = 1)
Ks in accordance with Diagram D3 for gap formation wg according to Fig. 6¢

Kvas IN EQn. (6.25) can alternatively also be determined according to second-order theory with the joint
application of prestrain and gap formation.
For the long-term pipe stiffness of the liner the following applies:

El
S, = ( 3)L for profiled liners (6.26a)
rL
3
E. (s, . .
S,_ = E | — for smooth walled liners with homogenous wall structure (6.26b)
rL

34 January 2000



ATV-M 127E, Part 2

Provided by : www.spic.ir

Diagram D1: Reduction factor «, for local prestrain
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Diagram D2: Reduction factor kg, for annular ring prestrain (ovalisation)
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Diagram D3: Reduction factor «, for gap formation)
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With Old Pipe Condition Ill the annular gap ws to be assumed in accordance with 4.2.2 is to be increased
by the component Aw; from the articulated ring extension. For this the following applies

Aw, :z-(§+er-8veI (6.27)
T \2 '

The linkage eccentricity can, as a rule, be assumed to be e, = s/4, the elastic deformation component is
determined according to Sect. 6.4.5.

With profiled pipes r /s, in Egn. (6.24) and in Diagrams D1 to D3 is to be replaced by

(6.28)

Eqgns. (6.23) to (6.26) do not apply for profiles deviating from the circular - for these a separate calculation
is to be carried out. A verification of the stability as stress verification Il order with y-times loads and
application of imperfections based on Figs. 6a-c is permitted. Here non-circular profiles the local prestrain
must be so applied that it is similar to the inherent value of the associated buckling problem.

The external water pressure p is the hydrostatic pressure referred to the invert of the liner in accordance
with Egn. (6.13). With this the verification against snap-through follows

— pe,crit
Pe

With internal vacuum (underpressure) (e.g, with water hammering in pressure pipes) the denominator of Egn. (6.29) is
to be replaced by p;. If necessary p, and p; are to be taken into account together.

Y 2 Yoee  With ynec in accordance with Table 4 (6.29)
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6.5.3.2 Change of Temperature Av

With the effect of cooling on the liner, the gap appearing between liner and old pipe

W, (Av <0)=¢(Av<0)- 0, -|Av| -1 (6.30)

is to be calculated and, with the verification for external pressure/internal pressure, is to be added to an
existing gap, comp. Eqgn. (6.25).

With heating of the liner the critical contact pressure between liner and old pipe is
Poit = %ymn * St (6.31)

with the snap-through coefficient (minimum of the load-displacement curve)

0.8
o =672 [i] (6.32)

v,min S|_
and the pipe stiffness S, of the liner in accordance with Eqn. (6.26).

The contact pressure created by heating is

p, =0a, -Av-E_(v)- i—" (6.33)
L

If necessary the temperature dependent E-modulus of the liner material is to be applied.

Thus the verification to counter snap-through follows as

Y, = Purt 2 Yee  With yhec in @accordance with Table 4. (6.34)

P,

6.5.3.3 Dead-Weight

Snap-through of liners under dead-weight is of significance only with larger nominal widths (dependent
also on E,). With this, anchored systems, for example at the crown, are frequently employed.

For systems which are not anchored the following applies with gap-free installation:
OLoit =Ky *Ogr S (6.35)
with the snap-through coefficient
0.8
r.L
ogr =2.03-| — (6.36)
SL

with the reduction factor «, for prestrain according to Diagrams D1 and D2 and with the pipe stiffness of
the liner in accordance with Eqn. (6.26)

Thus the verification to counter snap-through at the crown follows as

_ gL,crit

2 Ynee  With ynec in @accordance with Table 4. (6.37)
g

Y
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If necessary a verification for the maximum compressive force in the invert is to be carried out.

With anchored systems and with installation which is not gap-free, verification in accordance with second-
order theory is to be carried out. With this the influence of prestrain on the following positions must be
taken into account:

e at the crown = position with small compressive force but maximum gap width as a result of
circumference shortening of the liner

e at the invert = position with maximum compressive force, however without gap formation before snap-
through

e with oval profiles at the sides with small bending.

e with partial lining of the gas space which is anchored at the area of the invert, the slippage and/or
resilience of the bonding agent, which is not included in Eqn. (6.35), is to be taken into account.

6.5.3.4 Earth and Traffic Loads

With Old Pipe Condition IlI the stability for the load case earth and traffic loads is also to be examined. A
two-axis symmetry applies, comp. Fig. 1c.

The limiting values for which no convergence can be achieved with the determination of the coefficients m,
and nq are defined as critical loads. The following critical loads derive according to Diagram D4 using the
coefficient oqy

2.2
Queit = 167 - 0, (S—L] in N/mm? (6.38)
: .

As already for my and nq the validity limits in the explanations to Appx. A5, page A5/1 also apply for a.qy.
With this the verification to counter the reaching of the stability limits follows as

Y, = Gverit > Y . With yaec in accordance with Table 4. (6.39
q,
Diagram D4: Coefficient oy of the critical vertical loading qy crit
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For the cases deviating from the parameters according to page A5/1 it is also permitted to carry out
verification as stress verification using y-times the loads in accordance with second-order theory. The
safety factors in the stability verification are

c €
Y, = —T or =& for tensile stresses (6.40a)
c €
c €
Y, = —C or 22 for compressive stresses (6.40b)
c €

6.5.3.5 |Interaction

If earth and traffic loads q, as well as external water pressure pe occur simultaneously with the presence of
Old Pipe Condition Ill, then the following interaction relationship can be used as an approximation34):

2.0 1.0
Yqv,nec : qv n }\’pe,nec : pe

qv,crit pe,crit

<1 (6.41)

The necessary safety for q, and p. in the numerator of Eqn. (6.41) are to be taken from Table 4. The
critical loads in the numerator are determined using Eqns. (6.38) and (6.23). Here pe,qit is to be calculated
without employment of an annular gap (ws according to Fig. 6¢).

6.6 Cases for which No Coefficients are Available

Cases in which no coefficients for the bending moments, normal forces, deformation and critical loading
Pecit @re available, are to be investigated though a separate calculation as contact pressure problem
according to second-order theory.

With this the details under 6.3.2.3 apply for the possible calculation model and loading. In the case of a
simultaneous occurrence of earth and traffic loads as well as external water pressure with Old Pipe
Condition 1ll, the buoyancy effect of the external water pressure is to be taken into account in the common
support model. the system is therefore asymmetrical to the horizontal axis.

6.7 Observations on Oval and Other Cross-sections
6.7.1 Imperfections with Normal Oval Cross-section

For the load case of external water pressure (Old Pipe Conditions | and Ill) the locally limited prestrain in
the middle of the flat area is to be arranged on one side inwards. The minimum depth of this prestrain is to
be set at 0.5 % of r,>® (r, =bending radius in the flat area, see Fig. 9).

) Comp. footnote 33

%) The locally limited prestrain with the depth w, (assumption: 0.5 % of r«) the substitute imperfection for the recording of geometric
prestrain (assumption: 0.3 % of rk) and further faults in the liner and in the old pipe (assumption: 2 % of rk). The geometric
prestrain according to Fig. 9 is matched to the asymmetrical prestrain figure belonging to the lowest buckling load. With the
presence of precise measured results of the old pipe profile the geometric prestrain of 0.3 % can be reduced to the measured
value, however to not less than 1 %. Thus the total local prestrain is 0.3 % of rx. With the calculation attention is to be paid that,
using this approach, no unsafe symmetrical conditions are calculated [7].
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r
r
H=3r
1.5r
Wy rg = 3r
7
/ 1/2r
B=2r
Fig. 9: Normal oval cross-section, for example i.a.w.

DIN 4263 with prestrain at the left-hand springer

In Old Pipe Conditions Il and Il an additional articulated ring prestrain (ovalisation) of the crown inwards is
to be assumed. 3% of the crown radius is to be assumed if it can be subsequently verified through
inspection that no larger values exist.

The size of a gap formation (annular gap) with Old Pipe Conditions | and Il is to be determined through
measurement; with hose linings 0.5 % of the crown radius is recommended. With verification for earth and
traffic loads (Old Pipe Condition Ill) is, on the other hand, a gap formation is to be neglected to be on the
safe side.

6.7.2 Other Profiles

With cross-sections deviating from circular and normal oval profiles, theoretical investigations of the
reduction factors are to be carried out together with measurements of the imperfections in the old sewer
for the reductions caused by the imperfections.

7 Safety Concept

Global safety coefficients based on ATV-DVWK Standard ATV-DVWK-A 127E are to be employed. The
coefficients are to be taken from Table 4.

Table 4: Safety coefficients v, for liners

Material Old pipe Loading Failure through Failure
condition fracture through
YbT nec instability
YbC.nec Yi,nec
Plastic | to Il Pe, AL 2.0 2.0
Fibre cement | to Il Av >0 1.5% 1.5%
11 qv
Steel [ tolll all 1.5 2.0
Vitrified clay |1to lll all 2.2

%) The liner with temperature increases (Av > 0) and with earth and traffic loads (qv) is in positive locking with the old pipe-soil
system. In these cases the reduced safety factor can be applied
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8 Standard Specifications

For rehabilitation through lining and assembly processes, in addition to the pipe material standard
specifications given in ATV-DVWK Standard ATV-DVWK-A 127E, Table 3, the following standard
specifications are to be observed:

ATV-M 143E Inspection, repair, rehabilitation and replacement of sewers and drains, Part 1:

Principles, Part 22: Optical inspection, Part 3: Relining, Part 5: General
requirements on performance verification of relining processes, Part 6: Leak
testing of existing earth covered sewers, drains and shafts using water, air
overpressure and vacuum.

DIN EN 476 General requirements for components used in discharge pipes, drains and
sewers.

DIN EN 752-5 Drain and sewer systems outside buildings - Part 5: Rehabilitation.

prEN 13566 Plastic pipes for the renovation of underground, pressureless drainage networks

(Draft 1999), Part 1: General, Part 2: Close-fit lining, Part 4: On-site hardening
hose lining
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Appendix A1
Determination of the trench length and the supporting forces with
draw-in/push-in of the pipe string (Case 2)

Explanatory notes

1.

Calculation model

The required draw-in trench length loc for Case 2 is determined:
free length at upper edge of trench, draw-in with clearance between old pipe and liner.
loc results from the following conditions:

3

specified height difference hoc = invert of old pipe up to deflection roller at the edge of the trench
(minus clearance)

maximum 3 % elongation or compression set in the liner

maintenance of security against buckling of 1.5 for the pressed area of the liner.

. Parameters

HDPE liner PN 3.2 to PN 10

d. = 160 to 1000 mm

stress-dependent moduli of elasticity:

Eo=s = 970 n/mm? and E,-s = 500 N/mm?®

mean temperature v = +20°C

flat ground (@oc = 0) and negligible slope of old pipe (¢p = 0)
clearance of the liner in the old pipe Ah=d;-d =01t00.5.d_,
no additional support.

. Interpolation

Interpolation may be carried out between curves.

70
T 60 -
2 90
< 40 -
= 30 y
£ 20 -
10 - 03 %
0 ‘
0 5 10 15 20 25
hocldLe —— >
Diagram A1/1: Required trench length loc for HDPE pipes PN 3.2 with draw-in into an old pipe

(clearance Ap/d, )
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Diagram A1/2: Support forces of HDPE pipes PN 3.2 at the old pipe (A;) and at the edge of the
trench (Az) with draw-in into an old pipe (clearance An/dy )
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Diagram A1/3: Required trench length loc for HDPE pipes PN 4 with draw-in into an old pipe

(clearance Ay/d, ;)
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25
hg/de ——>

Diagram A1/4: Support forces of HDPE pipes PN 4 at the old pipe (A;) and at the edge of the
trench (A;) with draw-in into an old pipe (clearance A,/d, ¢)
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Diagram A1/5: Required trench length loc for HDPE pipes PN 6 with draw-in into an old pipe

(clearance An/dy )
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O I I I I
0 5 10 15 20 25
hoc/dLe —>»
Diagram A1/6: Support forces of HDPE pipes PN 6 at the old pipe (A;) and at the edge of the
trench (A;) with draw-in into an old pipe (clearance A,/d, )
45

=

minloc/dL e —
N
o

20
0 o F
1 0 01
//
0.3
5
0 I I I
0 5 10 15 20 25
hOC/dL,e ”
Diagram A1/7: Required trench length loc for HDPE pipes PN 10 with draw-in into an old pipe

(clearance An/dy )
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300

t 250
200 -
150 -
100
50 -

Aq/gL, AllgL

Diagram A1/8: Support forces of HDPE pipes PN 10 at the old pipe (A;) and at the edge of the
trench (A;) with draw-in into an old pipe (clearance A,/d, ¢)
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Appendix 2

Bending moment and normal force coefficients m and n for loading
with annular space filling

Bending moment coefficient

Normal force coefficient

m n
Bedding case |Case A Case B Case A Case B
my " mgy’ mg ? mg’ nw " Ng ng 2 Ng
| ~Z—
(rigid liner) @ for sketches see m
Crown ¢ = 0° 0.250 0.500 0.750 -1.500 0.750 0.500 -0.750 0.500
Springer 75°|-0.197 -0.394 -0.320 0.641 0.303 -1.135 -1.820 1.900
90°(-0.285 -0.571 -0.285 0.571 0.215 -1.571 -1.785 1.571
105°(-0.320 -0.641 -0.197 0.394 0.180 -1.900 -1.697 1.135
Invert 180°| 0.750 1.500 0.250 -0.500 1.250 -0.500 -1.250 -0.500
11/90° = SRR
(flexible liner) % @ @ for sketches see m
5O a2 P
Crown ¢ =0° 0.184 0.367 0.182 -0.365 0.613 0.225 -1.389 1.777
Springer 75°|-0.161 -0.323 -0.214 0.427 0.268 -1.206 -1.785 1.828
90°|-0.214 -0.429 -0.214 0.429 0.215 -1.571 -1.785 1.571
105°|-0.214 -0.427 -0.161 0.323 0.215 -1.828 -1.732 1.206
Invert 180°|0.182 0.365 0.184 -0.367 0.611 -1.777 -1.387 -0.225
1/60° -
(separator, % e e for sketches see m
204 =2 30°
Crown ¢ =0° 0.176 0.352 0.072 -0.413 0.599. 0.198 -1.506 2.011
Springer 75°|-0.159 -0.317 -0.204 0.408 0.264 -1.213 -1.781 1.821
90°|-0.208 -0.416 -0.208 0.416 0.215 -1.571 -1.785 1.571
105°|-0.204 -0.408 -0.159 0.317 0.219 -1.821 -1.736 1.213
Invert 180°| 0.072 0.143 0.176 -0.352 0.494 -2.011 -1.401 -0.198

1) Mg = -My;NE = -Ny
2) my = -mg; Ny = -Ng
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Appendix A3/1
Summary of the Verification of the Service Condition

- results of sewer inspection (comp. Checklist, Appx. A7)
- longitudinal cracks
- imperfections: local prestrain w, (as a rule 2% of r)
articulated ring prestrain wagr, (ovalisation)
gap formation w (dependent on lining method)
- other damage (invert washout, gaps in sleeves, sleeve offset,
defects etc.)

1. Preceding
investigations

no longitudinal cracks longitudinal cracks

Vv

2. Additional Testing of the old pipe-soil system

examinations

Long-term observation of |Soil characteristic values E,, ¢/, if
vertical pipe deformation |nec. ¢ from ram soundings or other
WaRyv examinations and arithmetic
verification Eqn. (6.1-3) Appx. 6

i
|
oo I
Old pipe-soil system: Wary small War large : long-term  no

. Static

system

. Effects

(loads etc.)

. Imperfections

. Verification liner:

stresses +
deformation

Stability

. If required verific-

ation of old pipe

stable

AV

\/ longer stable

Old Pipe Condition |

0Old pipe

Old Pipe Condition Il

Old Pipe Condition Il

- external wyter pressure
pe Min hy jny = 1.5 M or
de+0.1m

- internal pressure p;

- temperature change Av

- dead-weight g.

- etc.
v/

- local prestrain w,
- gap formation wg

- as for Old Pipe Cond. 1

- earth load pg

- traffic loads p,

- if nec. additionally pe

- as for Old Pipe Cond. |

\!

- as for Old Pipe Cond. |,
additional articulated ring
pre-forming war v

- articulated ring prestrain
Wary if Pe is present:
additional

- local prestrain w,

- gap formation ws

\2

2

\!

Accounting for w,,ws:

- m/n/3, coefficients for p,
in Appx. A4+Eqn. (6.15)
o = N/A+oy - M/W (6.17)

- v i.a.w. Egn. (6.20)

- or second-order theory

v

- as for Old Pipe Cond. |

- additionally: account for
WAR v

- coefficients in Appx. A4

- or second-order theory

Accounting for wag :

- m/n/3, coefficients for pe
in Appx. A4+Eqn. (6.15)

with pe: m/n/3, coefficient

in Appx. A4 + interaction

-or second order theory

Nt

= Pecrit = Ky,s OiST S, (6.23)
with k=1, ks (6.25)
- or second-order theory

- as for Cond. I, approx:
Kys= Ky KARv- Ks (6.25)
- or second-order theorv

v

with corrosion wear:
stress verification with
reduced wall thickness s

. qé/'%mS)z 167 - OLqV : (S._/ﬁ_)"‘

- with pe: interaction (6.41)
- -or second-order theory

\|/

- compressive stresses o
in the old pipe linkages

- compressive stresses of
in the old pipe linkages

January 2000 49



Provided by : www.spic.ir

ATV-M 127E, Part 2

Appendix A3/2

Explanatory notes on old pipe conditions

Old pipe condition

Longitudinal cracks

X

X X

Visual differences
between Old Pipe
Condition 1111

Slight ovalisation
of cross-section
WaR,v <3-5%

Greater ovalisation of cross-section
WAR,v >35%
(see also Appx. AB)

Arithmetic differences Y= _ q, S
between Old Pipe - q S, vEma s <15
Conditions 1I-11I max S_VJ = o "5
Bh qv,exist . .
215 (see 6.2, mainly loading from pg)
Fundamental loading Pe Pe Pe + Pv (Pe +Py) +pe

of the liner

Loading effects

Liner in
frictional connection

Liner/old pipe/soil system

in frictional
connection and
positive locking

mainly in
positive locking

Substitute loading with hw v = de + 0.1 m, ) )
pe =0 (6.3.1.2) at least hy oy = 1.5 m
Safety ("Toaeglfjff)”t ynec 2.0 20 15 2.0/1.5
Soil parameters - - E2,¢' K, Ez 0" K2
Concentration factor of - - 0.75 (cracks before rehabilitation),
soil above the pipe Ar 1.5 (cracks after rehabilitation)
(6.3.2.4)
Prestrain for circular cross-sections (6.3.1.1):
Local prestrain w, >2% >2 % o" > 2 % with pe
gap formation wy >0.5% >0.5% 0 0
ovalisation Wagry - >3 % >3 % >3%
Example DN 500 Pe = 60 kN/m? qy = 60 kN/M? K, = 0.2
Sgn [N/mm?] = - - 2.5 5
Wary = - 3% 3% 3%
Mpe,Mq(SL = 7.5 mm) = 2 2 0.025% | ~0.015 «
Mpe,Mq(SL = 10 mm) = 0.044 0.061 0.050 0.020 «
Mpe,My(SL = 12.5 mm)= 0.035 0.050 0.080Y |  0.040 “
Npe,Ng = ca. -1 ca. -1 ca.-0.2 «—

" As the bending strain as opposed to the normal force strain dominates with positive locking loading, an application of local

prestrain is not necessary.
2)

3)

With s < 10 mm the required buckling safety is undercut.
With s. < 7.5 mm the required buckling safety is undercut.

“ Note: m(max s.) > m(min s.) applies, i.e. liners with greater wall thickness receive greater coefficients! For this comp. the water
pressure type of loading with reversed behaviour!
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The coefficients m,, and mq of the example show that, for Old Pipe Conditions | and Il with external water
pressure pe, stiffer liners are required. On the other hand, considering the danger of stability failure with
Old Pipe Condition Il and loading q,, non-rigid liners are an advantage.

Appendix 4

Bending moment and normal force coefficients mye, Npe and elastic
deformation §, ¢ Of the liner under external water pressure pe (Old
Pipe Conditions | and II).

Explanatory notes

1. Arithmetical model of the liner-old pipe system

¢ Rigidly bedded 360° annulus (plain framework) with rigid and movable bearings with prestrain and
annular gap

e Exclusion of tensile and tangential forces between liner and old pipe (friction-free contact)

e Truly normal loading through external water pressure p, (unit weight yy = 10 kN/m3)

e Disregarding of the dead-weight of liner to be on the safe side (y_ = 0)

e lteration of the non-linear pressure bending and contact problem

e Load factor 2, following successful iteration the stress resultants are divided by 2

e As arule the invert of the liner is relevant with small water pressure possibly the crown.

2. Parameters

e Elasticity module E, = 1800 N/mm?
For E, > 1800 N/mm?® the coefficients lie on the safe side, for 1500 N/mm?” < E, < 3000 N/mm? the
deviation with m is less than 10 %.
e Local prestrain w, = 2 % of the liner radius, extension 40 % in the invert.
e Annular gap ws =1 % of the liner radius (the coefficients for smaller annular gaps lie on the safe side).
e Old Pipe Condition II: articulated ring prestrain wary = 3 % of the liner radius (ovalisation).

3. Interpolation of coefficients

¢ For the normal force coefficients npe no interpolation is required as this are approximately constant.
nye = -0.8 applies with verification of tensile stresses, nye = -1.1 applies with verification of compressive
stresses.

e Bending moment coefficients my,
in the are of approximately parallel curves a linear interpolation is permitted. In the area of heavy
bending interpolation is to be non-linear.

Examples for non-linear interpolation of the coefficients mg.

7

3
Input: 3.7 m

‘* —
max hy, [m]
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0,12

..... Old Pipe Condition Il
—— Old Pipe Condition |

DN 250
0,10

s. [mm] =

T 0,08
& 0,06
0,04
0,02
Mn (Iand II) 3.5 5 6,5
0,00
1 2 3 4 5 6 7

max h, above invert [ M] ————»

Diagram A4/1: Bending moment coefficients m,, for liners under external water pressure p., old
pipe DN 200, Old Pipe Conditions | and II; liner
E, = 1800 n/mm?*

0,12
_____ Old Pipe Condition Il

—— Old Pipe Condition |

DN 250
0,10

s, [mm] =

T 0,08
& 0,06
0,04
0,02
—_Crown (land ) 3.5 5 65
0,00
1 2 3 4 5 6 7

max h, above invert [ M] ————»
Diagram A4/2: Bending moment coefficients m, for liners under external water pressure p., old

pipe DN 250, Old Pipe Conditions | and II; liner
E. = 1800 n/mm?’
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0,12

______ Ooid PipL Condition Il DN 300
0,10
—— Old Pipe Condition
0,08
J s . [mm]=5
£ 0,06 [, et
0,04
Crown (I and Il) 5
0,02 \ | — 75 10
\
0,00
1 2 3 4 5 6 7

max h,, above invert [m] .
Diagram A4/3: Bending moment coefficients m, for liners under external water pressure p,, old
pipe DN 300, Old Pipe Conditions | and Il; liner
E, = 1800 n/mm?®

0,12
----- Old Pipe Condition Il DN 400
1
0101 __ Old Pipe Condition |
T 0,08
& 0,06
0,04
ad Crown (Il and Il)
ST~ 7.5 10 12.5
\
0,00
1 2 3 4 5 6 7

max h, above invert [ m] —»

Diagram A4/4: Bending moment coefficients m, for liners under external water pressure p., old
pipe DN 400, Old Pipe Conditions | and II; liner
E, = 1800 n/mm?®
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0,12
0,10
T 0,08
& 0,06
0,04
0,02

0,00

Diagram A4/5: Bending moment coefficients m,, for liners under external water pressure p., old

0,12
0,10
T 0,08
& 0,06
0,04
0,02

0,00

Diagram A4/6: Bending moment coefficients m, for liners under external water pressure p,, old

----- Old Pipe Condition Il

DN 500

Old Pipe Condition™

s. [mm] =

Crown (l and Il)

7.5 10

12.5

3 4

5 6 7

max h, above invert [ m] — »

pipe DN 500, Old Pipe Conditions | and II; liner

E, = 1800 n/mm?

----- Old Pipe Condition DN 600
— Old Pipe Condition |
s, [mm] =10
Invert
15
Crown (I and Il) 10 125 15
/
1 2 3 4 5 6 7

max h, above invert[m]

pipe DN 600, Old Pipe Conditions | and Il; liner

E, = 1800 n/mm?
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—————— Old Pipe Condition Il DN 200
—— Old Pipe Condition

>
AN

dv,el [o/°]

1 2 3 4 5 6 7
max h, above invert[mM] — »

Diagram A4/7: Elastic deformation 3, ¢, for liners under external water pressure p., old pipe DN 200,
Old Pipe Conditions | and Il; liner
E, = 1800 n/mm?

—————— Old Pipe Condition Il
— Old Pipe Condition |

sL[ﬂm]=37
3 5 -

DN 250

—_—
N

dv,eI [%]

1 2 3 4 5 6 7
max h, above invert[ m] —»

Diagram A4/8: Elastic deformation 8, ¢ for liners under external water pressure p., old pipe DN
250, Old Pipe Conditions | and II; liner
E, = 1800 n/mm?
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Diagram A4/9: Elastic deformation 3, ., for liners under external water pressure p., old pipe DN 300,

------ Old Pipe Condition Il DN 300
—— Old Pipe Condition |

—
I

dv el [%]
N
\
\
f
‘\
\
‘\
N
&)

1 2 3 4 5 6 7
max h,, above invert[m] —»

Old Pipe Conditions | and Il; liner
E, = 1800 n/mm?®

5
------ Old Pipe Condition Il DN 400
—— OlId Pipe Condition |
T 4
3
X
5 2
1
0
1 2 3 4 5 6 7
max h,, above invert[ m] —»
Diagram A4/10: Elastic deformation 3, for liners under external water pressure p,,

56

old pipe DN 400, Old Pipe Conditions | and II; liner
E. = 1800 n/mm’
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------ Old Pipe Condition

DN 500
—— BId Pipe Condition I

—_—
AN

S, [mm]=7.5

3
S
<
5 2
1
0
1 2 3 4 5 6 7
max h, above invert[ m] — »
Diagram A4/11: Elastic deformation 3, ¢ for liners under external water pressure pe,
old pipe DN 500, Old Pipe Conditions | and II; liner
E, = 1800 n/mm?®
5
______ Old Pipe Condition Il DN 600
— Old Pipe Condition |
4
T s, [mm] =10
— 3
2,
3
% 2
1
0
1 2 3 4 5 6 7
max h,, above invert[m]
Diagram A4/12: Elastic deformation 3, ¢ for liners under external water pressure p.,

old pipe DN 600, Old Pipe Conditions | and II; liner
E, = 1800 n/mm”®
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Appendix 5

Bending moment and normal force coefficients ny, mq and elastic
deformation 4, ¢ of the liner under earth and traffic loads q, and gx
(Old Pipe Conditions III).

Explanatory notes

1. Arithmetical model of the liner-old pipe system

e Double symmetric loading through earth and traffic loads

o External water pressure: treatment as for Condition Il, comp. Appx. A4

e 90° FEM model, even deformation condition

e Exclusion of tensile and tangential forces between liner and old pipe (friction-free contact

e Constant directionally true earth and traffic loads q, and q;

e |teration of the non-linear compressive bending and contact problem

e Load factor 2, following successful iteration the stress resultants are divided by 2

e Crown of liner or the invert relevant (coefficients are the same size)

2. Parameters

e Elasticity modulus of the liner E_ = 2000 N/mm?
For E_ < 2000 N/mm? the coefficients mq lie on the safe side, however produce larger elastic
deformation 8, ¢
With 2000 N/mm? < EL < ca. 2300 N/mm?® m, is exceeded by a maximum of 10 %.

e Arithmetical earth pressure coefficient q./q, = K,’ = 0.2
With Ky’ > 0.2 small stresses result, for Ky’ < 0.2 the following diagrams are invalid.

e Link eccentricities crown e; = +0.25 . s (outwards), springers e, = -0.25 . s (inwards), larger
eccentricities lead to smaller stresses.

e The thicknesses of the old pipe walls s are selected unfavourably as minimum value:

DN 200 250 300 400 500 600
s 20 mm 23 mm 25 mm 30 mm 40.5 mm 43.5 mm

For seist > s the coefficients mg lie on the safe side; for 0.9 . s < st the coefficients mq apply
approximately; for sest < 0.9 - s the following diagrams are invalid.

e Local prestrain of the liner with earth and traffic loads has only a slight influence and is therefore
neglected. Therefore w, = 0 applies.

e Articulated ring prestrain war,y = 0.3 % and 6 % of the liner radius (ovalisation

e Annulargapws=0
Larger annular gaps have lead to smaller stresses with loadings q, and g, and are therefore are to be
neglected (as opposed to the load case external water pressure pe, comp. Appx. A4).

3. Interpolation of coefficients

e Normal force coefficient ng:
intermediate values may be interpolated linearly

¢ Bending moment coefficients mg;
non-linear interpolation (see example)
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Example for the non-linear interpolation of m-coefficients:

A

Mgq

Reading

WAR,V/I'm 100 % =

Diagram A5.1/1:

20 40 60  qv [kN/m?]

Input: 54 kN/m?

Bending moment coefficients m, for liners under earth and traffic loads p,, old
pipe DN 200, Old Pipe Condition Ill; liner
EL = 2000 n/mm?; soil Sgy = 2.5 N/mm’

0,3

0,2 -

0,1 1

0,0

Old Pipe Condition DN 250.--""  _
s [mm]= .. "_/‘,——”’

Diagram A5.1/2:

80 120 160 200

qy [kN/m?] —»

Bending moment coefficients m for liners under earth and traffic loads p,, old
pipe DN 250, Old Pipe Condition Ill; liner
E, = 2000 n/mm?; soil Sg, = 2.5 N/mm?
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0,25
To,zo -
- 0,15 -
£

0,10 -

0,05 -

0,00

Old Pipe Condition Il

DN 300

Diagram A5.1/3:

40 80 120 160 200

q, [kN/m* .

Bending moment coefficients m, for liners under earth and traffic loads p,, old
pipe DN 300, Old Pipe Condition lll; liner
EL = 2000 n/mm?; soil Sg, = 2.5 N/mm”

0,25
Old Pipe Condition Il DN 400

0,20 71 s . [mm]=, ..--- Y

—
Ecr 0,15 T /

010_ AR,v/rm-100%=
-~ 6

0,05 T —_ 3

0,00 . . :

0 40 80 120 160 200

Diagram A5.1/4:

qy [kN/m?]

Bending moment coefficients m, for liners under earth and traffic loads p,, old
pipe DN 400, Old Pipe Condition lll; liner
E, = 2000 n/mm?; soil Sg, = 2.5 N/mm?
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0,20

Old Pipe Condition lll DN 500
T 0,15 - -

s [mm]=__.--7"  _~

q
\

E 0104 15—~

0,05 4 jp == —
7.5 o
— 0
0,00 . . T
0 40 80 120 160 200
q, [kKN/m] —»
Diagram A5.1/5: Bending moment coefficients mq for liners under earth and traffic loads p,, old

pipe DN 500, Old Pipe Condition lll; liner
E. = 2000 n/mm?; soil Sg, = 2.5 N/mm?

0,20
Old Pipe Condition lll _ DN 600
s [mm]=_..--"" —
0154 -~ _-—
- 20"
€ 0,10 - AN - Wary / Tm - 100 %
-7 - —_— -
15-=-—""_—" 5
0,05 - 3
0 — 0
0,00 . T . .
0 40 80 120 160 200
q, [kN/m?] —»
Diagram A5.1/6: Bending moment coefficients mq for liners under earth and traffic loads p,, old

pipe DN 600, Old Pipe Condition Ill; liner
E. = 2000 n/mm?; soil Sg, = 2.5 N/mm?
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Old Pipe Condition lll

... WAR,\,/rm'1OO%=

q, = 40 kN/m?

S e
_0’1 \
0,0
15 20 25
r|_ / SL D
Diagram A5.1/7: Normal force coefficients nq for liners under earth and traffic loads p,, old pipe
DN 200 to DN 600, Old Pipe Condition lii;
liner E, = 2000 n/mm?; soil Sg, = 2.5 N'mm?, loading q, = 40 kN/m?
-0,6
- o0
Way /T - 100 % = Old Pipe Condition llI
-0,5 . 3
... 6 oy =80 kN/m
o
c
0,0
15 20 25
I"|_ / SL —_—
Diagram A5.1/8: Normal force coefficients n, for liners under earth and traffic loads p,, old pipe

DN 200 to DN 600, Old Pipe Condition lii;
liner E. = 2000 n/mm?; soil Sg, = 2.5 N/mm?, loading q, = 80 kN/m?
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20
Old Pipe Condition il DN 200 - DN 300 _
T WAR,V / rm " 100 % :’l
15 |——
< o
210
©
5
0
0 40 80 120 160 200

q [kNm?]

Elastic defomation §, ¢ for liners under earth and traffic loads p,, old pipe DN
200 to DN 300, Old Pipe Condition lli;
liner E, = 2000 n/mm?; soil Sg, = 2.5 N/mm?

Diagram A5.1/9:

20
Old Pipe Condition Ill DN 400 - DN 600
T 51 Wary / rm - 100
0/ —
—_ —— 6
X, o
S 10 3
3 — 0
s, [mm] =10
5
0
0 40 80 120 160 200

2
q, [kNM7] —
Diagram A5.1/10: Elastic defomation §, ¢ for liners under earth and traffic loads p,, old pipe DN

400 to DN 600, Old Pipe Condition lii;
liner E_ = 2000 n/mm?; soil Sg;, = 2.5 N/mm?
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0,25

Old Pipe Condition Il DN 200 N
020 dstMmMI= wug,/rm - 100% 3 _..---""7 7

0"~
0,15 ~— o — _ i

E | o aaeemr -
010 4 - _—- —3—--— _
------- 6 -7
0,05 1 5 ______:_____:_____:__.____-_-________,3/ —|
0,00 . . .
0 40 80 120 160 200
q, [kKN/m?] ——

Diagram A5.2/1:

Bending moment coefficients m, for liners under earth and traffic loads q,, old

pipe DN 200, Old Pipe Condition Ill;
E, = 2000 n/mm?; soil Sg, = 5 N/mm?

liner

0,20
Old Pipe Condition Il DN 250 .
- Wary /Tm - 100 %6= | _..---
T 0’15 SL[mm]_:____________.-----3"'- —,’_'____/‘
5 10 ————=———=""""73""] B e
€ 0104 — 0 — —__-
Rt e
0,05 { 7 ——— 5
O N Oy s
0,00 . , ,
0 40 80 120 160 200
q, [kKN/m?] —»
Diagram A5.2/2: Bending moment coefficients mq for liners under earth and traffic loads q,, old

pipe DN 250, Old Pipe Condition lll;
E. =2000 n/mmz; soil Sg;, =5 N/mm?
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0,15
Old Pipe Condition II DN 300 .-
Warp /Tm - 100 % = 6.~ o
s, [mm] = e -
0,10 I I .- A 3’////
EU 10 ~——————""T7" /
— “6-__-
0,05 - _;"__/g//
75 —————— "= T
6.
5 '_"_':-_':_'_"_'_"_':___"_:'__:_-:-'—--—--'3‘ Q —
0,00 , l l
0 40 80 120 160 200
q, [kN/m?] —

Diagram A5.2/3:

Bending moment coefficients m, for liners under earth and traffic loads q,, old
pipe DN 300, Old Pipe Condition lll; liner
E, = 2000 n/mm?; soil Sg, = 5 N/mm?

0,20
0,15 -
€ 010 4

0,05 A

Old Pipe Condition lll

DN 400

Way /T =100 % =6 ==

-

0,00

Diagram A5.2/4:

40 8

0 120 160 200

q, [kN/m] —»

Bending moment coefficients m for liners under earth and traffic loads q,, old
pipe DN 400, Old Pipe Condition lll; liner
E. =2000 n/mmz; soil Sg, =5 N/mm?
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0,15
Old Pipe Condition llI DN 500
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Diagram A5.2/5: Bending moment coefficients mq for liners under earth and traffic loads q,, old
pipe DN 500, Old Pipe Condition lll; liner
E, = 2000 n/mm?; soil Sg, = 5 N/mm?
0,15 —
Old Pipe Condition Ili DN 600 _.- "
T s_ [mm] = ,///
0,10 TR SNELS e
A — - - /
E 20

005 e L e
15 —————— 7 —

- 3
B il I 0
10 =——m=——=
0,00 . |
° 40 80 120 160 200
q, [kKN'm?] ——»
Diagram A5.2/6: Bending moment coefficients mq for liners under earth and traffic loads q,, old

pipe DN 600, Old Pipe Condition lll; liner
E, = 2000 n/mm?; soil Sg, = 5 N/mm’
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-0,4
Old Pipe Condition il
= 40 kN/m?
03 | a
T Tl Wagy/ T 100 % =
:U -0,2 \\‘\\ 6
g
0.1 — -
*
0,0
15 20 25
r./s. —
Diagram A5.2/7: Normal force coefficients n, for liners under earth and traffic loads q,, old pipe
DN 200 to DN 600, Old Pipe Condition lii;
liner E, = 2000 n/mm?; soil Sg, = 40 kN/m®
-0,4
Old Pipe Condition i
q, = 80 kN/m?
T -0.3 1 T Wary/Tm- 100%=
~~ ~< ~ 6
g 0.2 TS~
\\\3 Sl
O = ~~ -~ L T
0,0
15 20 25
. / S, o
Diagram A5.2/8: Normal force coefficients nq for liners under earth and traffic loads q,, old pipe

DN 200 to DN 600, Old Pipe Condition llI;
liner E, = 2000 n/mm?; soil Sg, = 80 kN/m?
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15
Old Pipe Condition lll DN 200 - DN 300
_ 10
°\° _____
E_ —_
v —
5
0
0 40 80 120 160 200
q, [kN/m’]  ——
Diagram A5.2/9: Elastic deformation 6, ¢ for liners under earth and traffic loads q,, old pipe DN
200 to DN 300, Old Pipe Condition lli;
liner E, = 2000 n/mm?; soil Sg, = 5 N/mm?
15
Old Pipe Condition lll DN 400 - DN 600
T WAR,V / rm " 100
— 10 -
§ _____
K
5 —_
5
0
0 40 80 120 160 200

qv [kN/m’]  ——
Diagram A5.2/10: Elastic deformation 6, ¢ for liners under earth and traffic loads q,, old pipe DN

400 to DN 600, Old Pipe Condition lli;
liner E, = 2000 n/mm?; soil Sg, = 5 N/mm?
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Appendix 6
Load-displacement curves for the determination of qy, qyciit and
Pe.crit Of the old pipe-soil system

Explanatory notes
With the aid of the load-displacement curves of the four-link system it is possible,
e toread the snap-through loads of the system related to the horizontal bedding stiffness Sg;, and

o with specified loading p and deformation 6, of an old pipe in Condition Ill to estimate the horizontal
bedding stiffness Sg;, of the old pipe-soil system.

The diagrams are given for the normal case of links with an eccentricity of e; = s/4 (unbroken line) and the
special case central link e; = 0 (dashed line. The less favourable case of central links is to be assumed
with a poor condition of the old pipe (corrosion, spalling etc.).

In all cases the radius/wall thickness ratio is assumed to be s/r; = 0.15. The curves apply as approximation
also for divergent conditions.

The particularly small results of max (py/Sgy) with traffic loads are justified in that, in accordance with ATV-
DVWK-A 127E no side pressure is applied from py. In justified exceptional cases a side pressure can be
assumed (e.g. smaller nominal widths and greater covering) - in this case the traffic load py can be added
to the earth load as an approximation.

Intermediate values with small divergence from the specified exceptions may be interpolated.
Assumptions:

All curves in the elastic soil condition are dependent on Sg,. with plastic soil conditions (steeply falling
branch of the curve) the assumption of Sg,, = 5 N/mm? is met.

o Earth pressure q, only (without traffic loads)
Diagram A6/1: Soil Group 2 with K, = 0.3 and ¢’ = 30°
Diagram A6/2: Soil Group 3 with K, = 0.2 and ¢’ = 25°

e Traffic loads p,
(simultaneously effective: pg = 20 kN/m?)
Diagram A6/3: Soil Group 1 with K, = 0.4 and ¢’ = 35°
Diagram A6/4: Soil Group 2 with K, = 0.3 and ¢’ 30°

e External Water pressure p,
(simultaneously effective: pg = 20 kN/mz)
Diagram A6/5: Soil Group 1 with K, = 0.4 and ¢’ = 35°
Diagram A6/6: Soil Group 2 with K, = 0.3 and ¢’ = 30°
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Diagram A6/1: Load displacement curves of the four-link ring for earth loads q,
pv= 0 (low lying pipes); Soil Group 2; independent of Sg,

0,07
0,06
0,05
0,04
0,03
0,02
0,01

0

e, =s/4

qv/ Sgh

o]  ———

Diagram A6/2: Load displacement curves of the four-link ring for earth loads q,

pv= 0 (low lying pipes); Soil Group 3; in the plastic range valid for Sg, =5

N/mm2 only
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Diagram A6/3:
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0,004

Pv/ Sgh

0,002

0,000

Diagram A6/4:

5 10 15 20
S [%]

Load displacement curves of the four-link ring for earth loads q,
pe = 20 kN/m?, Soil Group 1; valid for Sgi, = 5 N'mm?

w, =
0%
,--0- e, =sl/4
2% f A
. » A% e -~~:.Ei-'2~
. ” 'l.6cy ~3= L T -
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Load displacement curves of the four-link ring for earth loads q,
pe = 20 kN/m?, Soil Group 2; valid for Sg,, = 5 N'mm?
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0,4
e, =sl4
0,3
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= 02
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o e =0
0,1 | ™
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Sy [%] —_—
Diagram A6/5: Load displacement curves of the four-link ring with external water pressure p,
pe=20 kN/m?, Soil Group 1; valid for Sg, =5 N/mm?
0,4
T 0,3
e, =sl4
ey
%)
= 02
©
o
0’1 e;=0
0,0 * : : —
0 5 10 15 20
Sy [%] —
Diagram A6/6: Load displacement curves of the four-link ring with external water pressure p,

pe = 20 kN/m?, Soil Group 2; valid for Sg, = 5 N/'mm?
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Appendix 7
Details on static calculation (Check list)
1. Old pipe
Material
Geometry:
Circular profile [0 Nominal width DN mm
Oval profile 0 Diameter B/H mm
Other profile [0 Precise dimensions and radii s. separate sheet
S mm
General description of damage (comp. ATV-M 143-1):
Invert washout O
Longitudinal crack at crown [
Transverse cracks O
Fragment formation O
Pipe defects 0 maximum elongation: mm

Other damage

Estimation of the bearing capability (mark as applicable):

Old Pipe Condition I: old pipe alone capable of bearing l

Old Pipe Condition II: old pipe-soil system alone capable of bearing O

Old Pipe Condition IlI: old pipe-soil system no longer capable of bearing [
long-term

General description of possible existing old pipe deformation:

2. Rehabilitation method

(Designation s. ATV-M 143-3)

Peculiarities

(e.g.: position of seam, U-point with U-liners, weakening through naps etc.)

3. Geometric liners

With circular profiles: mean radius r_ mm
With oval profiles: mean crown radius mm
Mean wall thickness s mm
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4. Material parameters of the liner

Liner material

Modulus of elasticity of the liner, short-term
long-term

If required tensile strength o7, long-term
Bending tensile strength o7, long-term
Bending compressive strength cpc, long-term
If required elongation at rupture ep

N/mm?
N/mm?

N/mm?
N/mm?
N/mm?
%

5. Loads, soil characteristic values (With Old Pipe Condition Il only and, possibly, to
limit between Old Pipe Conditions | and Il)

Traffic load
Cover above pipe crownmax h=
min h =
Soil in the pipeline zone
Elasticity modulus E, =
Angle of internal friction ¢’ =

6. Effects

Groundwater above pipe invert max hy jny =
Locally limited prestrain with circular profiles:
i.a.w. Fig.6a, depth: wy/r_. 100% =
spread: 2¢1 =
posn. @y (pipe invert = 180°)
Locally limited prestrain with oval profiles
i.a.w. Fig. 9, depth: wy/r. - 100% =
spread: 291 =
posn. @y =
Articulated ring prestrain (“ovalisation”

i.a.w. Fig. 6b, with Old Pipe Condition Il or Ill):

WAR,v/rL - 100% =
Gap width i.a.w. Fig. 6¢: wg/r - 100% =

Heat effect: cooling Av <0
warming Av >0
Internal pressure: pi =

Wall thickness divergence: As| /s, - 100% =
Possibly internal stress:  og =

" Without precise measurements as a rule > 2%
2 As arule 0.5 % of the springer radius
¥ As arule in the centre of a flat range
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Appendix A8/1
Calculation examples for the structural condition
drawing-in of the pipe string

e Example 1 (Case1)

A liner DN 300 made from HDPE, Series 4 (PN 6) is reduced in cross-section at the edge of the trench and is
drawn into a vitrified clay pipe.

Given:

height difference hoc = 1.8 m, trench length Iopc = 10m
total length of pipe section L = 100 m
friction coefficients pp = 0.1 (rolling friction, if necessary confirmed in a test)
slope of old pipe ¢p = 0°, ground ¢g = 0°
clearance between old pipe and liner Ah = 0
liner:y. =9.4 kN/m>; die =355 mm; d.; =314.8; s. =20.1 mm
stress-dependent short-term E moduli:
6 = 3 N/mm?; E,=3 = 970 N/mm?; 6 = 15 N/mm?; Eo=15 = 500 N/mm
lever arm for fixing in the reduction machine a, =1 m

Material parameters, buckling limiting values:

2

Ry porm = 1.34 - (355 —20.1)° _ 7477 mm

' 20.1
Ex porm = _ 35 100% = 2.37% < 3%

' 2. 7477
Gk porm = 13.4 N/mm?
E_=970+ 970 =500 (13.4 — 3) = 564 N/mm?

3-15
a=01"970_ 44186
970
3

g _970 ~0.4186 657 N/mm?

" 3 0.41862/2 + 0.4186 + In(1 - 0.4186)

Bending moments:

ly = 6l4 .(0.355* - 0.3148*)=2.97 - 10~ m"

M,, = 6-657-10° -2.976 - 10~ - %0 21.1kNm

M, = —21.1kNm
Ag = % .(0.355% — 0.3148%) = 0.0211 m?

g, =0.0211-9.4 =0.199 KN/ m

- J10% +1.82
) =o.199-%:o.202 kN/m

g

2
M, =M, = - 2292107 _ 4 65 kNm
o= 2 12

(5.1)

(5.2), Table 3
Table 3

(5.3a)

(5.4)

(5.4)

(5.6b)

(5.6a)
(5.6a)

(5.7d)
(5.7¢)

(5.7b)

(5.7a)
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Bearing forces

A= 2 _o97kN
2.0.355
10 , , 18
A, =29.7-0.202- - +12-657 -10° - 2.97 -10 -W=32.8kN
A =2 ot kN
1.0

A, =211 +O.202-%+ 12 -657 -10° -2.97 -10™* -%:26.4 kN

Tensile forces

Z, =0.199 -100 - 0.10 = 1.99 kN

Z, =(29.7 + 32.8 + 21.1+ 26.4) - 0.10 = 11.0 kN
Z, =0

$Z=1.99 +11.0 + 0 = 13.0kN

Stresses, pulling head

Welding factor o, =1.0
Net cross —section Qq, = 0.80 - A, = 0.0168m?

13.0

=— ' 774 kN/m? =0.774 N/mm?
0.0168 - 1.0

Ot

Stresses on the old pipe (1)

~2.297-10"
@ 0.355 m®
13.0 21.1-1.68
o; = + ~
0.0211 1.68 -10
=12.18 N/mm?

o, =—11.56 N/mm? (without N—component)

=1.68-10"°

=616 + 11565 = 12181 kN/m?

Elongation verification at the old pipe (1)

e, = 1218 4009 = 2.44% < 3% - & sorm
500

e = 98 1009 = 2.05% < 2.37% = Exporm
564 '
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Elongation verification at the edge of the trench (2)

Z,=3Z (A, + A) - pp =13.0 - (29.7 + 32.8) - 0.10 = 6.75 kN

6.75 1-21.1-1.681

= +
T70.0211 " 168.107

=320 + 13550 = 13870 kN/m?

(5.14a)
= 13.87 kN/m?
er = % -100% = 2.77% < 3% = &,

o, = —13.55 N/mm? (without N—component)

13.55

£g = — ——22 . 100% = 2.40% < 2.37%

564

e Example 2 (Case 2)

= z':K,perm

A liner DN 300 made from HDPE, Series 4 (PN 6) is drawn into a concrete pipe DN 400 over a trestle at the

edge of the trench.

Given: total length of the pipe section L = 100 m
friction coefficient u = 0.1 (rolling friction if necessary confirmed in tests)

height difference: hoc = 1.8 m

slope old pipe @p negligible. terrain @goc = 0°
liner: y= 9.4 kN/m? ; die =355 mm; d.; = 314.8 mm; s_. = 20.1 mm

old pipe: d; = 400 mm
Separation between old pipe and liner:

Ah =400 - 355 =45 mm
Ah/d e =0.045/0.355 = 0.127
hoc/dLe = 1.8/0/0.355 =5.07

Minimum length of trench:

min loc. =19
dL,e
min I, = 19 - 0.355 = 6.75

Bearing forces:

A _g0

9

g, = 0.199 kN/m

A, =90-0.199 =17.9kN
Az _ 50

9
A, =50-0.199 = 10.0 kN

Diagram A1/5

(5.17)

Diagram A1/6

see example 1
(5.18)

Diagram A1/6

(5.18)
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Appendix 8/2
Calculation example for the structural condition
filling of the annular space

A HDPE liner, Series 4 (PN 6) is to be bonded in a DN 500 concrete pipe. By filling with water and adjusting
the specific weight of the filler a subsidence of the liner on to the invert of the pipe is achieved (Case 2).

Given: annular gap between old pipe and liner 25 mm
water filling: yw = 10 kN/m®
specific weight of the filler: v = 8 kN/m*
pressure height from slope of the old pipe: 0.25 m
+ additional overpressure with the injecting of the filler: 0.25 bar
liner: y.=9.4 kN/m?; die =450 mm; d; = 399; s, =25.5 mm
—>r.=250-25-5s./2=212.25mm

Criterion for subsidence, Eqn. (5.19):
YF=9.4.0.0255-2-0.2122 -t + (10 - 0.399% — 8 - 0.450%) % (5.19)
=0.319 +1.250 - 1.272 = 0.297 KN/m > 0 — Case A

Stress verification:

2

v.'=8- (442—5405j =8.99 kN/m?® (5.21¢)
2

yw'=1o-(f;ﬁ’] =8.83 kN/m? (5.23c)

The load combination dead-weight (g) + water filling (W) is relevant for the stress verification. Assumption:
rigid liner (= Bedding Case I)

relevant bending moments in the invert comp Appendix A2:

M, = +1.500-9.4-0.0255 - 0.2122? = +0.0162 kNm/m (5.20a)
M, = +0.750-8.83-0.2122° =+0.0633 kKNm/m (5.23a)
M =+ 0.0795 kKNm/m

Combinations with the filling case (D) are not relevant here as Mg reduces the bending moment from g + W:

M =-0.750 - 8.99 - 0.2122° =-0.0644 kNm/m (5.21a)
Normal forces in the invert:
Ng = 0.500-9.4 .- 0.0255-0.2122 =-0.025 kKN/m (5.20b)
N, =+1.250-8.83 - 0.21223 =+0.497 KN/m (5.23b)
>N =+0.472 kKN/m
Cross-sectional values:
A =255mm%mm (6.19a)
W =25.52/6 = 108.4 mm3/mm (6.19b)
o =1+25.5/(3.212.2)=1.04; oy =0.96 (6.18a,b)
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Stresses:
Oy = +% +1.04 - ﬂ =+0.019 + 0.763 = +0.782 N/mm?
25.5 108.4
Short-term bending tensile strength of HDPE: op = 21 N/mm? Table 2
Safety:
21
Yor = m =26.8>>20= Y nec Table 4

The necessary safety with stress verification is clearly exceeded.
Deformation:

Hardening time of the fuller: t =10 h

Average hardening temperature: v = 40°C

Average material stress: ¢ = 2 N/mm?
—> modulus of creep of liner material E, (10h, 40°C) = 300 N/mm?
(comp. creep curves of material used)

3
Ad, =0.1488 - 120297 (212.2)" _4 02 mm (5.24a)
300 25.5
8, = 1092 400 % -0.24 % (5.24b)
2.212.2

Deformation is to be taken into account as prestrains with the verification of the operating condition.
Stability verification:

Relevant load combination g + F + W + p,, (= 0.25 bar = 25 kN/m?):

N, = ~0.500 - 9.4 - 0.0255 - 0.2122 = —0.025 kN/m (5.20b)
N, = —1.250 - 8.99 - 0.2122° — ~0.506 kN/m (5.21b)
N, = —(8 - 0.25 + 25)- 0.225 — _6.075kN/m (5.22b)
N,, = +1.250 - 8.83 - 0.21227 — 10.497 KN/m (5.23b)
5N — _6.109 kKN/m
b =N _ 6109 o5 giN/m? (5.26)
et =TT 02122
3
o, (10n,40°C) = 3.0. 200 (255 V' _ ¢ 130 N/mm? (5.25)
' 12 (21225
Y oxist = Pogri _ 130 _ 451>20=vy,, Table 4
28.8

e,exist

The required safety against buckling is achieved during the filling.
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Appendix 9

Calculation example for the service condition

In the following the calculation process for a HDPE liner and a hose liner are shown for the rehabilitation of a

DN 500 old concrete and vitrified clay pipe.

The old pipe is carefully inspected beforehand so that quantitative statements on the prestrain are available.
The stability verifications for the hose liner are listed for comparative purposes for the Old Pipe Conditions |, Il

and lll.

The calculation process can be compared with the Advisory Leaflet through reference to formulas, tables,
diagrams and nos. of sections.

Input data Dimension Unit Long pipe Hose method
lining Old
F',i;eg OldPipe  |OldPipe  |OId Pipe
Condition | Condition | | Condition Il | Condition IlI
Old pipe
Material - - Concrete Concrete Concrete Vitrified clay
Nominal width DN mm 500 500 500 500
Internal diameter d; mm 500 500 500 500
External diameter de mm 600 600 600 581
Wall thickness s mm 50 50 50 40.5
Corrosion wear As mm 5 0 0 ~0
Bending tensile strength op N/mm? 6 6 ~0 ~0
Bending compressive Gac N/mm? >20 >20 >20 >20
strength
Eccentricity of the old pipe eyls - - - 0.25 0.25
joints
Liner
Material - - HDPE uP-srF¥ uP-sF¥ | UP-SF?
Radius (external) rn, mm 225 250 250 250
Wall thickness SLe mm 225 9 10 9
E-modulus, short-term E. N/mm? 800 3000 3000 ¥ 3000 ?
, long-term N/mm? 110" 1800 ) 1800 * 1800 ¥
Bending tensile strength
fhort;te"" Gor N/mm? 212 402 40? 402
ong-term bt N/mm? 142 20 20 20
Necessary safety 20 20 20 15
Bending comp. strength Yol nec ) . : : :
short-term
long-ter G N/mm’: 21 2 50 33)’ 50 33)) 50 33))
Necessary safety Gbe N/mm 14 25 25 25
YbC,nec - 2.0 2.0 2.0 1.5
Imperfections
Prestrain old pipe
and/or liner wy/r_ - 100% % 2 2 2 24
Position o ° 180 180 180 180 ¥
Opening angle 201 ° 40 40 40 409
Gap width between old pipe
and liner we/r, - 100% % 0.5 1 1 1
Articulated ring prestrain
(ovalisation) % - - 3 6

we/r, - 100%

82 January 2000



Provided by : www.spic.ir

ATV-M 127E, Part 2

Input data Dimension Unit Long pipe Hose method
'F','i':;g Old  Iopipe  |OIdPipe | Old Pipe
Condition | Condition | | Condition Il | Condition IlI

Soil
Soil Group G - - - 3 3
Elasticity modulus for

pipeline zone E, N/mm? - - 8 8%
Internal friction angle ¢ ° - - 25° 25°
Cohesion c N/mm? - - 0 0
Effects
Maximum height of ground-

water above pipe invert AW inv.max m 4.5 4.5 4.5 25
Unit weight of groundwater Yw kN/m?® 10 10 10 10
Unit weight of liner " kN/m® 9.4 1353 1353 1359
Temperature change A, °C - - - -
Coefficient of thermal

expansion o 1/°C - - - -
Old Pipe Condition s Il + IlI:
Cover height h m - - 4 4
Traffic load - - HGV 60 HGV 60
Area load |-o kN/m? \ - -

o

3)
4)
5)

report.

Comp. Table 2 (long-term modulus for 2 years) and extrapolation for 50 years
2 Comp. Table 2 and ATV-DVWK Standard ATV-DVWK-A 127E

Unsaturated polyester resin, synthetic fibre reinforced (UP-SF); assumed arithmetical value
The old pipeline is cracked before rehabilitation; application of w, necessary for external water pressure only
For the example calculation it is assumed that the elasticity modulus in the pipeline zone E, = 8 N/mm? is taken from a soil experts
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Section Dimension Unit Long pipe Hose method
(Formula No.) lining Old Pipe
Table No. Old Pipe Condition |
Diag. No. Condition |
Liner
Mean radius r_ mm 213.8 2455 245 2455
Ratio r /s_ - 9.5 27.3 24.5 27.3
Local prestrain w, mm 4.3 4.9 4.9 -
Articulated ring prestrain
(ovalisation) war .y mm - - 7.35 14.7
Gap width ws mm 1.1 25 25 109
Effects
External water pressure
(6.13) above liner invert p, kN/m? 45 45 45 25%)
A 127E Unit weight of the soil ys kN/m? - - 20 20
A127E | L under water yg’ kN/m® - - - 10
(6.7b) Earth load pg kN/m? - - 80 60
A127E Traffic load p kN/m? - - 12 12
A127E s - - - 1.2 1.2
A 127E by kN/m? - - 14.4 14.4
Load distribution
(6.8) Sgn N/mm? - - 4.8 4.8
A 127E K, - - 0.2 0.2
(6.10a) Ap - - - 0.75 0.75
(6.10a) As - - - 1.08 1.08
(6.11a,b) 9 kN/m? - ’ 74.4 59.4
(6.11c,d) an kN/m? - - 17.9 13.2
(6.12) Ko’ - - - 0.24 0.22
Old pipe-soil system
Related to specific
eccentricity e /s - - - 0.25 0.25
A6/2 Max (9,/Sgn) = max (pe/Sgn) | - ) - - 0.037 0.027
§g£11; Qu,crit = PE crit N/mm - - (2)12 ?;g
Table 4 %= und - - - 2.0 2.0
Y1,nec
Intersectional forces from
Pe
(6.13) External water pressure p, | N/mm? 0.045 0.045 0.045 0.025
Bending moment coeff.
m-crown - -7 +0.002 +0.004 +0.004 ¥
m-invert - -N +0.045 +0.055 +0.073%
Normal force coefficient
n-crown - -0 - - -
n-invert or: - -7 - - -
(6.14a) lower limit min n - - -1.1 -1.1 -1.1
(6.14b) upper limit max n - - 0.8 0.8 0.8
Bending moment M
(6.15a) crown Nmm/mm +3.17 +5.4 +10.8 +6.0
(6.15a) invert Nmm/mm +82.17) +122.0 +148.6 +110.0
Normal force N
(6.15b) crown N/mm 9557 - - -
(6.15b) invert  or: N/mm 9277 - - -
(6.15b) Estimate min N N/mm - -12.2 -12.1 -6.8
(6.15b) max N N/mm - -8.8 -8.8 -4.9
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Section Dimension Unit Long pipe | Hose method
(Formula No.) lining Old Pipe Old Pipe Old Pipe
Table No. Old Pipe Condition | Condition Il | Condition iii
Diag. No. Condition |

Cross-sectional values of

the liner
(6.19a) Area A mm>2/mm 25.5 9.0 10.0 9.0
(6.19b) Resistance moment W mm?/mm 108.4 13.5 16.67 13.5
(6.18a) i 1.040 1.012 1.014 1.012
(6.18b) Oke 0.960 0.988 0.986 0.988

Stresses from p,
(6.17a) Crown, internal o; N/mm? -0.39 -0.57 +0.23 -0.09
(6.17b) external o, N/mm? -0.46 -1.75 -1.85 -1.20
(6.17a) Invert, internal o, N/mm? +0.60 +8.17 +8.16 +7.71
(6.17b) external o, N/mm? -1.35 -10.29 -10.00 -8.81

Stress verification for p,
(safety factors)

(6.22a) YoT - 23.5 2.45 2.45 2.59
Table 4 YbT,nec - 2.0 2.0 2.0 1.5
(6.22b) oD - 104 2.43 2.50 2.84
Table 4 - 2.0 2.0 2.0 1.5
YbD,nec
Intersectional forces from
qv
(6.11b) Vertical total load q, N/mm? - 3 - 0.0594
A5.1/5+ Bending moment coeff. - - P - +0.025 0
Ab5.2/5 m-crown, invert
A5.2/8 Normal force coeff. - - - - -0.10™
n-crown, invert
(6.15a) Bending moment M Nmm/mm - - - +89.5
crown, invert
(6.15b) Normal force N N/mm - - - -1.5

crown, invert
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Stresses from q,

(6.17a) N/mm? - - - +6.54
(6.17B N/mm? - - - -6.72
Stress verification for q,
(safety factors)
(6.22a) YoT »YbT nec 3 - - - 3.06>1.5
(6.22b) YbC »YbCnec 2 - - - 3.72>1.5
Interaction p. and q,
(6.22c) Verification for flexural
tension - - - - 1.01 =1
(6.22c) Verification for flexural
compression - - - - 0.87 <1
Deformation
A5.1/10 + Elastic deformation mm 7.87" - - -
A5.2/10 Sy el % 1.84 2.2 2.0 2.9"%)
1/2 . (w/r) - 100% % 1.00 1.0 1.0 -
Ward/rL - 100% % - - 3.0 6.0
Deformation verification
(6.20) S, % 2.84 3.2 6.0 8.9
6.5.2 Reference value for 8, perm % 10 10 10 10
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Section Dimension Unit Long pipe | Hose method
(Formula No.) lining Old Pipe Old Pipe Old Pipe
Table No. Old Pipe Condition | Condition Il | Condition iii
Diag. No. Condition |
Stability verification
(Safety factors) )
(6.13) Ext. water pressure pe N/mm 0.045 0.045 0.045 0.025
r/s. - 9.5 27.3 24.5 27.3
Imperfections:
6.3.1.1 w,/r. . 100% % 2 2 2 2
D1 —Reduction x, - 0.90 0.68 0.70 0.68
WAR,V/rL . 100% % - - 3 6
D2 —Reduction kar,y - (1)2 1‘i0 ?-80 0.53
we/r - 100% ) ' 8)
(6.27) Aw/r, - 100% - - - 0 0.28
D3 _,Reduction « - 0.96 0.63 0.65 0.59
(6.25) N s - 0.86 0.43 0.36 0.25
(6.24) Kvs & Ky - KaRy - Ks - 15.87 36.9 33.9 36.9
(6.26) oF . . N/mm? 0.0107 0.0074 0.0102 0.0074
S, (long-term pipe stiffness)
(6.23) Pe,crit N/mm? 0.147 0.117 0.124 0.068
(6.29) i - 3.26 2.60 2.76 2.72
Tab.4 Yinec - 2.0 2.0 2.0 2.0
Vertical total load q, N/mm? - - - 0.0744
D4 Coefficient o, - - - - 1.92")
(6.38) Q,crit N/mm? - : - 0.222
(6.39) N - - - - 2.99
Tab4 'Ylynec - - - - 15
Heat effects
Av K 0 0 0 0
(6.33) Py N/mm? 0 0 0 0
(6.31) Pocrit N/mm? - -
(6.34) " - - - - -
Tab. 4 Yinec - 1.5 1.5 1.5 1.5
Dead-weights
aL N/mm? ~0 ~0 ~0 ~0™
(6.36) o - - - - -
ggg?; 9L crit N/mm? - - - -

: M - - - - -
Tab. 4 Yi,nec - 20 2.0 2.0 2.0
Tab. 4 Interaction g, and pe

ab. - - - - 1.5

Yl,nec(qv)
oo Yinec(Pe) Nimm? i i ; 5.0504
S. above Qv,avail N/ 2 - - - 002
S. above Pe avail mm - - - .025
< above Coeflicient oq, Nimm? i i i 3522
6.5 3.4 Qu,crit o ) B : 0.6)
D.3. : wg/r_ - 100% _° ) B 10
(6.25) —>re~duct|on Ks ] ) ] ) 043
(6.23) Kus ¥ Ky - KaRy - K N/mm? - - - 0.117
(6.41) Pecrit o _ . _ _ 059 < 1
Interaction verification
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6)

’ With Old Pipe Condition Il the earth and traffic loads are set on the safe side with the gap width ws = 0 (comp 6.3.2.1).

From electronic calculation (the coefficients of Appx. A4 for Old Pipe Conditions | and Il do not apply for HDPE liners, comp. validity
range with deviating values for E,, Page A4/1).

Load case external water pressure: verification as for Old Pipe Condition Il (here however: Wagr,/r. . 100% = 6%, ws = 1% of r_ plus
link ring expansion i.a.w. Eqn. (6.27).)

The coefficient for groundwater are to be extrapolated for War,/r. - 100% = 6% (to be calculated with the aid of curves for War,/r. -
100% = 0% and 3%, Old Pipe Conditions | and Il or electronically).

10) Interpolation of bending moment coefficient mq = 0.22 / 0.026 with Spy = 2.5/5% N/mm? gives mq = 0.025 with Spy = 4.8 N/mm?.

"™ Interpolation of normal force coefficient n, = -0.24 / -0.09 with Syy = 2.5/5% N/mm? gives n, = -0.10 with Sy = 4.8 N/mm?.

"2 Interpolation of vertical deformation with &, = 6.8 / 2.6% with Sp = 2.5/5% N/mm? gives 8, = 2.9% with Sy = 4.8 N/mm®.

'3 Interpolation of the coefficient for gy et With gy = 1.0 / 2.0 with Sy = 2.5/5% N/mm? gives aq, = 1.92 with Sy = 4.8 N/mm?>.

' The dead-weight of the liner counteracts the external water pressure and, on the safe side, can be neglected here.

8)

9)
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