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Notesfor Users .

This ATV Standard is the result of honorary, technical-scientific/economic collaboration -
which has been achieved in accordance with the principles applicable for this activity
(statutes, rules -of procedure of the ATV and ATV -Standard ATV-A 400). For this,
according to precedents, there exists an actual presumpt|on that it is textually and
technlcally correct and also generally recogmsed

| Everyone is at Ilberty to apply this Standard. However, an obllgatlon for appllcatlon can
arise from legal or administrative regulations, a contract or other legal reason.’

This Standard 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 partlcular for the correct handllng of
the margins descnbed in the Standard

gy Preambl

This standard applies for the static calculation of underground drains and sewers. It can
be used analogously for other pipes laid in the ground. With extreme conditions -~ for -
example, very large or very small amounts of cover, very large cross-sections, slopes - -
special consideration is necessary, which can be the basis for deviations from this
standard. This also applies for special desngns for example for dnven pipes”, unstable
subsoil and elevated plpellnes A

" In the standard is presented a calculatlon method correspond ng with today's smentn’c,
level, with 'which pipes of differing rigidity, covering and bedding conditions can be
calculated With this, the stresses compared with older calculation methods can be more
accurately acquired. Prerequisites with the validity of the calculation method and for the
mathematical security are the standardised material characteristics - ensured through
the monitoring of materials - as well as the designin accordance with DIN EN 1610 -
ensured by construction supervision.

The standard allows the selection of different parameters by the user. Characteristic
values of materials and soil are so matched to the calculation methods that a good
agreement with the results of component tests exists. As, in practice, very often no
precise details on the types of soil and installation conditions are available, the selection
of the assumptions for the calculation lies within the due discretion of the engineer. The
standard, in this respect, can only give advice and leads for the normal case. In
particular, the assumptions of the soil mechanical characteristic values must take into
account the later possibilities for monitoring on the construction site.

The safety coefficients, in accordance with Sect. 9.7, Tables 12 and 13, have besn
determined under the prerequisites given there and have been matched to the
calculation model. If, in the individual case, the measured dispersions of the coefficients
of influence are verified, the other safety coefficients can result with the same probability
of failure.
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For the comparison of deformation in the installed state with the calculation results
according to Sect. ‘8.4 - in particular taking into consrder_atlon dispersion - it is
recommended that comparable measurements are carried out. '

The standard is an important source of knowledge for specialised behaviour in the
normal case. It cannot cover all possible spemal cases, |n wt’uch advanced or limited
measures can be offered ,

: The calculatlon examples attached are to slmphfy the apphcat[on of the standard

In the standard presented here numerous new ideas have been elaborated. The ATV-
DVWK therefore requests users to make available reports of expenence on the practical
appllcatlon of the standard.

Forward tothe:z’:’::‘?aEdrtlo__.

The 1st Edition of the ATV Standard of December 1984 was recerved posltrvely and met
with broad. mterest '

Experlence gathered in the meantime, supplemented by a direct exchange of ideas at
seminars on the introduction of this new calculation method as well as the development
of the ATV/DVGW Standard ATV-DVWK-A 181 for the static calculation of driven pipes,
carr|ed out in the mtervat made a new edition appear sensible.

Thus various addmons and correctlons servrng for better understandlng, could be
made. , .

- Load assumptions were expanded for aircraft loads.

- Table 3 was supp]emented by the meanwhHe ‘standardised glass fibre
reinforced plastic pipes (UP-GF).

- The application of the reduction factor g (Drag D5) previously recommended
in a note, now becomes mandatory.

- The Equation (6.04) for max. A was restored from the previous linear to the
original form as, in the area of small effective relative projections, too large
deviations resulted. :

- The calculation of Az could be simplified.

- The calculation to take a deformauon layer into account could be given more
precisely.

- For UP-GF pipes proof of outer fibre strain and a calculation example have
been introduced in place of the standardised nominal stiffnesses of tnhe
modulus of elasticity.

- Stress and bearing capacity verification is respectively carried out only with

pressure distribution in accordance with Bedding Case | or ll, the deformation
verification according to Bedding Case Il
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- Thé verification for not ‘predominantly  static loads was comprehensrve]y
- formulated identical with ATV Standard ATV-A 161 for driven pipes and a table
i : . was supplemented with reduction factors for the respective traffic loads.

- Appendix 2 with the necessary details for static.ce']cu]at'ion was newly and more
clearly desig'ned so that it can also be used as text in the invitation to tender.

In addrtlon the contents of the prelrmlnary remarks contrnues to be: recommended for
the attentron of the user. :

The ATV Standard has proved itself for the static verification of underground drarns and.

" sewers. Thus, for example, the determination of the concentration factors for the loading
above the pipe has also found mtematlonal recognition with the concept of the “r|g|d
beam".

\ Based on new knowledge in pipe statics (trials, comparison with the Finite Element
Method, European Standardisation eic) and due to new developments with pipeline
systems (e.g. pipes with profiled walls), a requirement for regulation has arisen in
various sections of the standard, which are collected together here in a 3" Edition.

With this, one is concerned with the followrng new regulations Wthh in part, also [ead to
srmphﬂcatlons in the catculatron process:

The material characterrstrc values are adJusted to the current DIN and DlN EN
status and are secured throug»h additional regulations. '

‘The deformation modulé in pipeline zone E; can, dependeht on the load stress,
be increased with built-up embankment sand cover greater than 5 m.

With verification of deformation the reduction of the deformation module in the
pipeline zone goes to 2/3.

Verifications of stress and deformation are carried out uniformly using the same
support angle 2a (through this only two calculatron runs are required with
flexible pipes). _

The mathematical boundaries between rigid and flexible behaviour is newly
determined as Vgs = 1.

With the determination of the bedding reactions (through compatibility of pipe
and soil deformation in the springing) and with verification of deformation,
under certain conditions the influence of the normal force and shearing force
deformations is taken into consideration.

Deformations can now exceed the previously permitted limiting value of 6 % by
up to 50 % if a non-linear stability verification is carried out. An approximation
method is given for this.

With verification of stability the deformation of the pipes (structural and elastic)
must also now be taken into account.

A new chapter for the peculiarities with the verification of profiled pipes is
added; a corresponding Advisory Leaflet ATV-M 127, Part 3 is in preparation.
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For the case of additional loading with vertlcal sheetlng (e.q. sheet piling
rammed under the pipe invert) attention is drawn to the ATV Working Group -
1.5.5 Report "Mathematical formulations for the loading of pipes in trenches
using sheet piling revetment" (Korrespondenz Abwasser 12/97) [Not available

in English].

In the foreword of the previous edltlons it has already been estabhshed that the validity
of ATV Standard ATV-A 127E. lS limited to standard cases. - :

In March 1996 ATV Working Group 123 "Pipe statics” pubhshed Advnsory Leaﬂet ATV—
M 127-1 "Standard for the static calculation of drains for seepage water from landfills".

It is pointed out that rehabilitation systems (lining measures) may not be verified using
Standard ATV-A 127E. For this Advisory Leaflet ATV-M 127-2E "Static calculation for
the rehabilitation of drains and sewers using lining and assembly methods" (January
2000) is available. :

C1 -Ch1 ’C’Vr
Ch 1 CV

3333

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

N/mm?
N/mm?
kN/m
kN/m

kN/m
kN/m

Definition

Surface area

Shear force area (= web area with proﬂled plpes)

Relative projection

Effective relative outreach
Correction factor for road traffic loads
Trench width at pipe crown level
Width of trench bottom

Width of deformation layer
Deformation coefficients

Corrected deformation coefficients

Deformation coefficients to take into account of the
normal and/or shear forces

Compaction (based on simple Proctor density)

- Tnickness of the deformation layer

External pipe diameter

Internal pipe diameter

Mean pipe diameter

Characteristic values of relative fracture deformation
Modulus of elasticity of deformation layer

Modulus of elasticity of pipe material

Modulus of deformation of soll

Installation figure

Modulus of deformation in soil zones 1 - 4

Table value for calculation of E,
Force (per unit length of pipe)
Auxiliary loads

Crushing load |
Total load
Reduction factor for soil creep
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- ' Reduction factor for Ezo with groundwater .

- - Soil group _ o
m _ Height of cover above pipe crown

'm Height of water level above prpe crown

m*m, mm*mm - Moment of Inertia

- ' Ground pressure ratio in soil zones 1 and 2

- - Coefficient for the bedding reaction pressure
- _Modulus for deformation (subgrade modulus)

- - Bedding modulus with constant radial beddmg
M kNm/m - Bending moment : '

m .- - Coefficient of moment
N kKN/m Normal force.
n - Coefficient of normal force
p,Pv kN/m? Soil stresses due to traffic load ,
i pePr  kN/m? - Soil stresses due to earth load and surface load
i Pe.A KN/m?, Soil stress taking into account buoyancy
" Pew . kN/m? External water pressure '
Crit Pew KN/m? . Critical external water pressure
Ps - Failure probabrhty
Pi - kN/m? Internal pressure
Ds kN/m? Area load - ‘
Q kN Maximum shear force in the pipe wall
9a kN/m* . Horizontal soil stress on pipe
qn kN/m? _ Horizontal bedding reaction pressure, "
Qv kN/m? Vertical soil stress on pipe . :
GuvA kN/m? , Vertical soil stress taking into account buoyancy
crit g, kN/m2 Critical vertical total load
ra,fe m Auxiliary radii
m ‘ m Radius of the centroidal axis of the pipe wall
S - _ Area moment 1% grade about the centroidal axis of the
cross-section (static moment)
Ssn, Sev N/mm? Bedding stifinesses
So N/mm? Stifiness of deformation layer
Sk, S, N/mm?, Pipe stiffness
N/m?,
KN/rm?
So N/mm? Weighted pipe stiffness
N/m? '
kKN/mm? :
S mm - Wall thickness
Sig mm - Imaginary wall thickness
Vas - System stiffness
Vs - Stifiness ratio
W m>/m,mm>/mm Moment of resistance of the pipe wall
o - ° Half bedding angle
an - Enlargement ratio of the bending moment for
non-linear verifications
Us - Reduction factor
oo - Snap-through coefficient
Cle - Correction factor for curvature
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Apew

Aav

€R
K, Kg
Ko, Xog

 Ky2, Kat, Ka2

GbT, Gk

Gp
or
2GA
T

0

O
Indices
e

h
] B
q
g
\

i

L
v

W

KN/m?

kN/m®

KN/m>
mm

Slopeangle . o .

Coefficient of safety

~ Coefficient of safety for flexural compressmn

Coefficient of safety for flexural tension
Unit weight of the pipe material '
Safety coefficient for stability under external water

- pressure-

Safety coeffi cient for stabrhty venf cation under

"earth and traffic loads

Unit weight of the soil

Unit weight of the soil under buoyancy
Unit weight of water

Change of (pipe) diameter

~ Valuation constant

Angle of wall friction
Measured compression set of the deformation layer
Calculated value of outer fibre strains X

Werghted calculated value of outer fibre elongatrons-
Correction factor for horizontal embedment stiffness
Reduction factor for a trench Joad i.a.w. the '
Silo Theory

Reduction factor for a surface Ioad i.a.w. the

Silo Theory

Reduction factors of the critical buckling load

- Concentration factor in soil adjacent to pipe -

Upper limit of concentration factor above pipe
Lower limit of concentration factor above pipe
Concentration factor above pipe

Transversal contrac’uon number of the pipe material
Stress

Limits of tensron of the pipe material wrth bending
tension and compression

Bending tensile strength, arithmetic value

Weighted bending tensile strength
Stress range (of the pipe material)
Transverse strain

Impact coefficient

Angle of internal friction

external

horizontal

internal

as a result of external loads
as a result of dead weight
momentary values
long-term values

vertical

as a result of water filling
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3.7 Technical Detais

'ATV-DVWK-A 127E

3.1 ' Types of Soi‘l

The foIIowmg types of soil can be dn‘ferentlated (symbols in accordance with DIN 18 196
are glven in brackets):

Group 1: Non- coheswe soils 4
o ~ (GE,GW,GI,SE,SW, Sl)
Group 2:.  Slightly cohesive soils -
. (GU,GT,SU ST)
Group 3: Cohesive mixed soils, coarse clay
(s;lty sand and gravel cohesive.stony residual soil)
(GU,GT,SU,ST,UL,UM)
Group 4. Cohesive soils (e.g. clay)

(TL,TMTA,0U,0T,0H UA)

" Tab!e 1: Types of soil

Intemnal

Modulus of elasticity Es in N/mm?®

Group | Spec. Spec. Exponent | Reduction
" | gravity | Gravity friction | with degrees of compaction Dp; in % | in Eqgn. factor for
. under angle (3.02) creep
buoyancy .
xS xs _ o' : Z fy
kN/m? kN/m? ° 85 ) 90 | 82 | 85 | 97 | 100 - .
G1 20 11 35 22 ‘9 | 16 | 23 | 40 0.50 1.0
G2 | 20 11 30 1.2 4 8 11 | 20 0.35 1.0
G3 20 10 25 0.8 2 3 13 0.20 , 0.8
G4 20 10 20 06|15 2 10 0o 0.5

The modulus of elasticity Es (secant modulus) epphes as gu1dance value for the stress
range between 0 and 0.1 N/mm?.

For programming, the basic values of the modulus of elasticity Es with load stresses -
from 5 m of covering (i.e. p= = 0.1 N/mm?) can be calculated in accordance with Egn.
(3.01):

Es :4_GO__e—0.13«3~(1C0—Dp,) (301)

Here, G is the figure of the soil group (e.g. for Soil Group 1, G = 1).

For higher stresses the modulus of elasticity increases. Without special verification, one
is to calculate using values in the table in this case also. The higher modulus of
elasticity Es, with built-up cover is calculated as follows, dependent on the load stress
pz, In accordance with Eqgns:. (3.01) and (3.02):

9 Es values > 2.0 N/mm? ar o be rourided to whole numbers

August 2000




ATV-DVWK-A 127E -

. " Z : ) - . ° . ) . - . -
Ese=Es [ e ] - | (3.02)

pe is to be applied in kN/m2. For the various soil groups in accordance with Table 1, the
exponents z apply as given there.

So far as no preC|se detalls exist for the given son groups the characterlstlc va]ues in
' Table 1 are to be used in individual cases. :

For types of soil w1thout substances which cannot be assigned in Table 1 - for example,
organic soils, bulk materials, waste - the characteristic values are to be determined for
the individual case. With this, particular attention is to be paid to the time-dependent .
creep behaviour of cohesive and organic soils using the reduction factor f;. For.
verification the plate bearing test in accordance with DIN 18 134 can, for example, be
applied; the secant module is for the stress range between 0 and the stress under live
loads. In the case of verification of the elasticity modulus at least five values are-to be
determined; the smallést value is decisive.

With appropfiate calibratien a check can also be carried out using the dynamic plate
- loading test in accordance with TPBF-StB (German technical test conditions for work in
~road construction), Part8.3. . ’ .

3.2 Traffic Loads

321 Road Traffic Loads

The standard vehicles (Fig. 1), defined in DIN 1072 are to be used for the determination |
of loads.

HGV 80, HGV 30 CV 12
{ f\ N

///7'////.«7//////”//// WIS /////////(///////7////// /Z7as
15 |15 (15 |15 15| 30 |15

N L 1
P R S o ey e

?1_7_’ l_r_' l-,..'%[ ol c:'f ‘g‘ e E E[ -
G Em B e

T ) D

Fig.1: Standard vehicles
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* Table 2: Loads and tyre contact areas of standard vehicles T

B Standard Total load Wheel load Widthoftyre |  Length
vehicle | . N | contact area
KN - |- KN m | m
HGVEO 600 | 100 06 02
HGV30 300 | 50 0.4 02
GV12 120 |  font20 02 0.2
: rear. 40 0.3 0.2

Outside traffic areas, CV 12 (commercial venicle) is to be applied as minimum load., EC
vehicles in accordance with Directive 85/3 EGW are also covered with HGV 80 (heavy
goods vehicle). These load formulations correspond with DIN 1072 brldge classes 60/30
and 30/30 respec’uvely

3.2 2 Rail Traffic Loads :

| uic71 l’ !

[RERRRL

l l 20 kKNm
Ll

IR E)
52.0 kN/m’
IRREAERRR

ém - o‘;s

e T T S e

A 4P_._30_ﬂr ;_30—}

! f—ho—vp

Fig. 2: lLoading diagram UIC 71

August 2000




ATV-DVWK-A 127E

The Ipading diagram of the UIC 71 (Fig. 2) given in the DS 804° of the Deutsehe Bahn
AG is relevant for load determlnatlon Tramlines to be taken into account accordlng to
special load detalls

3.2.3 Aircraft Traffic Loads

Loading diagrams DAC 90 to DAC 750 (Fig. 3) of the Federation of German Commercial-
Airports (Arbeltsgemelnschaft Deutscher Verkehrsflughafen) or.the details of the airport
administration concerned are relevant for the determination of load.

Dimensioning| . Contactarea of Load
aireraft main undercarriage . | pressure
t m kN/m?
| l —>|1.8]e§.p>1.a]4—
DAC 80 18 .. e 150
DAC 180 150
DAG 350 150
DAC §50 150
DAC 7580 150
i

Fig. 3: Loading diagrams of the dimensioning aircraft (DAC)
3.2.4 Other Traffic Loads
Traffic loads under construction site conditions are to be taken into account.

With Ioads,A which are caused by special traffic, for example in heavy industry
operations, the total weight, axle loads, dimensions and the size of the wheel contact
areas must be given for the individual case.

° Ds B804 Regulations for Raitway Bridges and 6ther Engineering Structures (VEI); Issue 4, valid from 31.07.1536
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3.3 Area Loads ' o S n .

Bulk matérials structural foundations, and similar are to be accounted for as area loads
(if required also as point loads). Compacted built-up embankments and uncompacted fill
do not count as area loads they are to be dealt with as earth cover. '

3.4 Pipe Materials

‘The .characteristic values relevant for dimensioning follow different rules. They are
particularly influenced .by. ageing, behaviour under long-period stressing ~and
temperature. These influences are to be taken into account through the following .
constraints for the dimensioning period which, however do not always a|| have to be

relevant: :

Agemg o e 50 years

. Behaviour under Iong period stressing: . 50 years
Pulse loading: . =2 10%load changes
Temperature, longer-term: . 20°C:
Temperature, short-term (corresponding B

to a period of two years in 50 years) DN <400: 45°C
' R - DN>400:. 35°C

The characteristic values necessary for the determination of shear forces, strains and
deformation are given for standard pipes, designed for laying underground, in Table 3.
For loading cases, with which high normal strains appear in the pipe wall supplementary
determinations are to be made (e.g. load case internal pressure with deep covering). .
Appropriate pipe standards and material characteristic values are to be applied
analogously. '

For areas of operation - in particular with chemical stresses - which go beyond the
normal case, the relevant characteristic values for-this are to be determined in the
individual case. The observation of the tabular values in Table 3 or the increased values
is to be confirmed by a recognised or accredited test centre and is to be momtored by
quality assurance. : '

With reference to European standard specifications, the requirements of the part of the
respective EN, non-harmonised within the scope of the building product directive,
always apply.
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‘Table 3: Material characteristic values

»

Material Representative value of Specific | Representative value of Range of
the modulusEof elastxcnty " gravity bendmg tensile strength® stress ©
p i - Op 20’;\
“Short-term | Long-term ' _Short-term | Long-term
Eprx, EpL, 3 OPK GpPL , 5
N/mm? N/mm? KN/m N/mm? N/mm? ) N/mm
Fibre cement 20,000 20 | a 0.4 Brars
Concrete . 30,000 - . 24 N 9 ' 0.4° Brars
_ - | Cast irop (CM) 170,000 70.5 0 .135
; (ductile)” L
: Cast iron 100,000 71.5 ~ e .70
(laminar graphite) ' ; .
Polyvinyl chloride 3,000 % [ 1,500 1 141 gg DTN T 50 NN 8
(PVC-U) T '
Polypropylene A
](DPPB and PP.H 2 4 250 1213 31'2 13)21) o 22 3'9 B | g7 19100 | 18y’
PP-R 23) 800 12) 13} 200 13) 27) g 27) 27 13) 16) 17) 14 13) 16). 17) 18) _ '
Polyethylene high, [ 800 DT 00 DB | 943 | o DT |14 907 9
density (PE- HD) E :

¥ Detalls of figures are representative values which are determined from measuraments of deformation on pipes.

The compressive strain ¢an also be refevant, in particular with thin-walled prpes For dnven pipes the representatrve values in ATV’
Standard ATV-A 125E and ATV-A 181E apply.

Otservarce of the requirad ring bending tens‘le strangth, the strain in cuter fibres or the hocp strength is to be verified after carrying
out the fatigue strength test.

7 DIN EN 588; the ring tending strerg’chs are mrculated rrom the lewest values of the foad crushmg forces (S5 % fractile; AQL 4 %)
¥ DIN 4022; the ring bending strengths are ca\cu\ated frem the lowest values of the toad crushing forces (S5 % fractile; AQL 4 %).

¥ With verification of deformaticn and strergth (sea Sects. 8.4 and 9.5) the cement mertar (CM) cladding can be taksn into acceount in
that a sixth of its layer thickness is added to cast iron wall thickness ard ene saventh of its la yer thickness to the sieel wall thickness
raspectively. Using the imaginary wall thickness s, so obtained, the mement of inertia | = siq” /12 is obtained which is to be linked the
medulus of elasticity Ex .

'™ DIM EN 5S8; the tensile strength is laxd down in the standard s;:c-crf'wtcn The terding tensile strangth is given as =20 N/mm? in the
DVGW "Study on tured drinking water pigelines made from varices m:tanals issued in June 1971 by the German Minister of the
Intaricr, Aprendices 2 and 3.

DIN 19522-2; the ring tending tensile strength is to be set the same as the ring cempression strength given in the standard
specification.

Tested in accordance with DIN 54852 (4 peint cresp bending test), test directive in accordance with DIN 53457, test piece preduction
in accerdance with DIN 16776-2.

Higher repre<entat1ve values can be applied to the calculaticn if these are verified for the material usad.

Determined from the mcmentary value and the creep ratio (2.0) in accerdance with DIN EN 1401-1 and DIN EN ISO £<67 wrth
characteristic velues fer 2 years for the descripticn of the leng-term tehavicur. Also permitted fer the long-term verificaticn fer S0 years.

" In accerdance with DIN EN 1401-1.
"D Fer plastic materials the bending tensile strength is designated and given as bendmg strength.

Smallest values (lower S5% fractile) correspending to the Round Retin Test of the raw material preducer as well as cn the basis of
Test Report No. 26853/&£8-11 of the SKZ {Scuthermn German Plastic Centre) Wirzburg.

2 Cargert 22 - Capemn = (1 - 1R) - Gmueavar, With R = 0.2, The resistance to fatigue with lcading which is nct mainly static is to be
verified for n = 2 . 10” change of lcad at 3 Hz. .
PP-B = tlcck copolymer; PP-H = hemegclymer; PR-R = randem ccpelymer.

™ DIN EN 1852-1.

Determinad from the momentary vaiue and the creep ratio {4.0) in accerdance with DIM EN 1852-1 and DIMN EN 1SO €867 with
characteristic values for 2 years fer the description of the lcng-term teraviour. Also permitted fer the long-term verification fer SO years.
P In accerdance with DIN EN 1852-1.

3 DM EM 1852-1 and DVS 2205-2 {Supplement 1 {Issue C&S7)).

) PE-HD as PE &3, PE €0 or PE 10 in accordance with DIM EM 1SO 12182,

Detarmined from the momentary valte and the creep ratio (5.0) in accerdance with characteristic values fer 2 years fer the descripticn
of the leng-tem tehavicur. Also permiitted for the leng-term verificaticn for S0 years.

* In accordance with prEN 12665-1.

§)
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Material , Representatlve value of Specific | Representative value og - Range gf
the modulusEof elasticity” | gravity | bendingtensile strength ! stress
«p op 20,
& Short-term Long-term ' Short-term .| Long-term
% Ep K EP,L o Op K Gp, L .
] N/mm® | N/mm® KN/m® N/mm? N/mm? N/mm?
g Steel (CM) ¥ - 210,000 77 . T =)
; Reinforced - 30,000 - | 25 _ - a0 Bst 500 P
concrete ; — _ " 80
Prestressed 39,000° 25 - -
i concrete ' . ‘ A
Vitrified clay . 50,000 22 R - .32
Unsaturated i) )] T35 17.5 13)35) 3 35) 13)
polyester resin,
glass fibre
reinforced (UP-GF) _
Representative values of Representative values of
the hoop stiffness | the relative failure strain .
. So [N/m ' ' Adﬁac/dm [%] )
- SN 1250 1,250 - 8625 ~ ' 30 18
- SN 2500 2,500 1,250 25° 15
- 8N 5000 5,000 2,500 20 12
- SN 10000 10,000 5,000 15 9

) DIN 1629 in this stendard specification minimum apparent limits of elasticty (0.2 %) and tensile strengths. As representative value cp
the apparent bending limit of elasticity is decisive which is 1.43 times the minimum apgarant limit of elasticity with mainly dead lcad and
with steels St 35 and St 37-2. Valid for stes! pipes with wall thickness up to 16 mm. Under lcading, which is net mamly stat.c the
minimum apparent limit of elqstm'ty given in the standard specificaticn is to te appfied. Co.

' With leading which is not mamly static the values in accerdance with ATV-DVWK Standard ATV-DVWK-A 181E: 1%, Sect 7.2, are
relevant.

) DIN 4038,

9 DIN 4227.

W DIM EN 265: the ring tensile strangths are calculated frem the minimum of the load crushing forces (S5 % fractile; AQL 4 %)
2 DIN EN 265-1.

Sn.min iN @ccerdance with prEN 1636.

Determined from the momentary value and the creep raﬁo (2.0) with characteristic values fer 2 years for the description of the leng-
tarm behaviour. Also permitted for the leng-term verification for SO years. Tests take place in accerdance with DIN EN 1228
(mementary) and DIN EN 1225 (leng-term).

The fellewing appliesiss = + 4.28 - 8/dy - Adgc/dn With Adse in accerdance with prEN 1836 (morentary and leng-term) with the
respective values for s and d,. .

35
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4 . . Construction Work: |
Basis for the application of the calculation method is the placernent of pipelines, in

particular the support, embedding and compaction, laid down rn DIN EN 1610 (see also
ATV Standard ATV A-139E 7).

The type of shuttering is to be take into account with the calculation of the earth Ioad
(see a]so DIN 4124 and DlN EN 1610 respectrvely)

Under trafr ¢ areas the [German] ZTVA-SiB (Zusatzliche Technische
Vertragsbedingungen und Richtlinien fur Aufgrabungen in Verkehrsflachen
[Supplementary Technical Contractual Conditions for Excavations in Traffic Areas]) :
apply. Outside traffic areas these apply analogously.

4. 1 Suitable Types of Soil

In the area of the pipeline zone (pipe support and bedding up to 0.15 m above the p|pe
crown, with embanked covering at least 1.5 d, laterally from the pipe). Only compactible

soils or permitted types of soil in accordance with DIN EN 1610 may be used; for pipes, .- |

for whose dimensioning a verification of deformation is necessary, only soil from ‘Groups
G1, G2 and G3 (see Sect. 3.1) is to be placed. In the area above the p|peI|ne zone all
types of sorl given in Sect. 3.1. may be employed :

The laymg of prpehnes in organrc soils (HN, HZ, F see DIN 18 196)requ|res special
- measures with regard to the support and embeddmg of the prpes as weH as the filling of
the open cut.- » : :

4.2 ' Notes for Installation

The embedding of the pipeline is part of the task of forming the pipe support and
essentially determines the distribution of load and the pressure distribution on the
circumference of the pipe as well as the possibility of forming a lateral ground pressure
with a load relieving effect on the pipeline. Attention is to be paid to agreement between
tne effective bedding angle wrth that of the static calculation.

Unfavourable effects with incorrect employment of shuttering plates and equipment
cannot be included within the scope of the calculation model applied here. Both gradual
drawing following compaction as well as drawing following backfilling and compaction
lead to considerable disturbance in the soil. An approach to rough consideration is given
in Sect. 6.2.2.

With groundwater effects there is a danger in the area of the pipeline zone. So far as
they are not countered by design measures, the possible increase of the load in the
calculation in accordance with Table 8 is to be considered (reduction of the deformation
module Ex).

3 ATV Standard ATV-126E " Laying and Testing of Orains and Sewears, putished by ATV-DWYK e.V. German Asscciation for Water,
\Waste and vwater, Thecder-Heuss-Allee 17, D-53773 Hennef
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Determination of Ioadlng accordlng to surcharge condltlon A4 (Sect. 5.2.1 2) or .
embedding condition B4 (Sect. 6.2.1) respectively, assumes that, in the trench backfill,
the degree of compactlon in accordance with ZTVE-StB 97 is. verified. During the
embedding of flexible pipes the increase of the vertical diameter (deformation) may not
exceed the amount of the calculated short—term value of the deformation (reductlon of-
the vertical diameter). :

In order to preverit the impairment of the pipelines through dynamic strains as a result of
soil compaction, only certain compactors are permitted with pipe laying. Which light
equipment may be used in the pipeline zone and which medium and heavy equipment
may be employed above the pipeline zone are given in ATV-DVWK Standard ATV- .
DVWK-A 139E and in the "Advisory Leaflet for the Backfilling of Service Trenches".

Medium and heavy rammers and vibrators may first be employed upwards from.1 m
above the pipe crown - measured in the compacted state. Dependent on the type of
equipment (service weight), type of soil and covering helght even larger effect depths
and thus higher minimum coverlng result. .

The static calculation in general assumes that loadlng and reaction over the pipe length :
are evenly distributed. The pipe bedding is therefore to be so formed that axial bendlng
and pomt loads - for example at sleeve joints - are avcnded

_51 ~ Load Cases

Plpellnes can be stressed througn the load cases earth load traﬁlc load and other area - -
loads, which are covered in the following sections. The load cases dead weight, water
filling and water pressure are dealt with in Section 8. Axial bending, temperature
difference and buoyancy are also to be taken into account.

5.2 Mean Vertical Soil Stresses at the Level of the Pipe Crown

First, the stress in the soil is determined independent of the pipe material. The load
distribution on pipe and soil, which can lead to an increase of stress above the pipe, is
part of Sect. 6.

52.1  Earth Load and Evenly Distributed Area Loads (Bu/k Marena/s)

5.2.1.1 Siloc Theory

Friction forces on existing trench walls can lead to a reduction of the ground stress and
justify the application of the Silo Theory under the assumption that the trench walls
(friction surfaces) remain over a long period. According to the Silo Theory, one obtains

the average vertical stress as a result of the earth load in a horizontal section of the
trench backfill at a separation of h from the surface

Pz =x-%s-h . (5.01)

N Additicnal Technical Regulaticns and Standards for Earthwers in Read Censtruction, published by Tre Federal German Ministry fer
Traffic. Obtainable throcugh lhe Research Corperation for Read and Traffic Affairs, Alfred-Schiitte-Allee 10, D-SC679 Kaln
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For an evenly dlstr |buted area load po the average vertical stress is - -' _—
Pe =Ko~ po . - o . C ' | o . o (5.02)

Further 'prereqdisite for the application of the reduction factors is Ey < Es for « and
E; < Es for xo and, for all cases, a degree of compactron of the trench backfm of
Dg; > 90 A: ' : : :

With increasing trench widths b, x and ko stead|ly approach the value 1. In the case of
embanked cover therefore .

Pe=xah+p (503

A steady increase is also assumed for the dependence of the stress above the pipe on
the trench width (see Sect. 6.4). With this, the previous customary differentiation into
trench conditions and embankment conditions is dispensed with. Decisive for the
reduction of the earth load are the side pressure on the trench walls, emphasised by the

' ratro k1 of horizontal to vertical earth load, and the effective wall friction angle 8.

Thus, according to the Silo Theory

' 2", - tans : _
{_g b . : .
K=" ' S r|Q '/ . (5.04) -
ZEK’ -tand - : R :
. -2-K;-tand -
Ko=€ ° ' - _ (5.05)

Tables T1 and T2 are given in Appendix 1 for x and xo.
Fors=0,x=we=1.
5.2.1.2 Covering Conditions for the Backiilling of Trenches

With the trench backfill above the pipeline zone, four covering conditions A1 to A4 are
differentiated:

A1: Trench backfill compacted against the natural soil by layers (without verification of
the degree of compaction); applies also for beam pile walls (Berlin shuttering).

A2: Vertical shuttering of the pipe trench using trench sheeting, which is first removed
after backfilling.
Shuttering plates or equipment which, with the backfilling of the trench, are
removed step-by-step.-
Uncompacted trench backfill.
Washing-in of the backfill (suitable only with soil of Group 1).
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A3: Vertlcal shuttering of the pipe trench using sheet piling, lightweight plllng profiles,
wooden beams, shuttenng plates or equnpment WhICh are fi rst removed followmg

compaction.

A4: Trench backfill compaeted against the natural soil by layers, with ver iﬁcatien of the
degree of compaction required according to ZTVE-StB (see Sect. 4.2);-applies also
_ for beam pile walls (Berhn shuttenng) Covenng condmon A4 is not apphcable with

~ soil of Group 4.

The allocated representatlve values K and S are to be taken from Table 4 The
corresponding deformation modules EB are ngen in Sect 6.2.2, Table 8.

Table 4: Earth pressure ratio K, and wa]l friction angle )

Covering K1 13

conditions '

A1 0.5 2,
3°

A2 0.5 1,

A3 0.5 0

A4 0.5 o

I soil other than that excavated is used for the backnll of the open ‘cut then the
reeoectlvely smaller friction angle is relevant. :

5.2.1.3 Trench Shapes
52131  Trench with Parallel Walls

The relevant geometrical values are to be taken from Fig. 4 For this case Eqns (5.04)
and (5.05) apply. :
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Fig.4: Trench with pakrallel walls

5.2.1.32 Trench with Sloped Walls

Fig. 5: Trench with sloped walls

For an arbitrary slope angle 3 one obtains kg through linear interpolation abcording to
the slope angle between kg = 1 for 3 = 0° and x for B = 90° (parallel wa]led trench, Egn.

5.04), see also Diag. D1.
August 2000 -E
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KB=.1.——-‘;I; k— Bin degfees ' - a (5.08)

Applies also for kon

Diag. D1: ‘xs and ko for trenches with sloped walls

5.2.1.3.3 Stepped Trench

The loading is made up as mean value of two load cases which correspond with the
shape of the french right and left of the trench axis. The calculated trench shapes for
these load cases result through mirroring, in each case of a part of the trench on the
symmetry axis of the pipe (see Fig. 6). For the upper pipe there also results a simple
trench as well as a partially formed trench which can be calculated as further trench.

With other trench shapes one proceeds analogously.
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Fig. 6: Stepped trench

522  Traffic Loads and Limited Area Loads

5. 2 2.1 Road Traff ¢ Loads

The sall stress p as a result of road traffic loads in dependence on the cover hesght and
on the pipe dlameter are calculated accordlng to the follovwng approx1mate equatlon

P=a:ps - 7 | - (5.07)
_ with }
g a 5
I 2 r T2
p. = fA - L =| ¢+ 3'F52 L - (5.08)
EirGilEREe
. . L h | ‘ L . h A
a.=1- 2 _ (5.09)
4h* +h
0.9 =
1.4,
dmz_da;di_ ‘ (5.10
.2

D= is an approxirﬁation for the maximum stress according to Boussinesq under wheel
loads and wheel contact areas in accordance with DIN 1072 *

¥ The lcading amargements HGV 80/20 and 30/20 scheduled in DIN 1072 are not used fer buried pipelines as the calculated increase of
the total icad (2arth and traffic lcad) is slight and is balanced by arthmetic non-applicaticn of the increase of the side pressure. The
exdsting earth cover acditicnalty dampens momertary loads, also the impact ceefficient covers miner increases of lcad.
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aris a correction factor to take into account the pressure spread over the pipe cross- .
section and the length of pipe also carrying loads with small cover helghts This
approx1matlon is based on a pressure spread with the slope 2:1.

The auxiliary loads Fa and Fe as well as the auxlhary radii ra and reare glven in Tab]e 5.

Table 5: Auxiliary loads and auxnhary radii

Standard vehicle |Fa  |Fe = |ra e
kN kN m m
HGV 60 . 100 500 0.25 (1.82.
HGV 30 . 50 250 0.18 |[1.82
cvi12 40 - |80 @ [015 |2.26

The dimensions h and dm are to be applied in m for the dlmensmnless factor ar to be
apphed in Eqgn. (5.09). Eqn. (5 09) apphes within the limits

h >=05m
dm <5.0m - o _
The result of Eqn. (5.07) is shown inlbiag. D2.
Specié] conéiderétion is fo be given for _co_ver'heights h<0.5 m.._ ‘
Horizontal stresses in the sqil as a result of traffic loads are nb_t taken ih_tvo' acco.t'.ln‘t.

The vertical stresses in the soil as a result of traffic loads may be calculated for
verification of security against fatigue loading behaviour (see Sect. 9.7.4), without
special proof, with a cover height increased by 0.3 m. Through this it is taken into
account that, for frequent load change, a road surface with favourable load distribution is
always available. -

0 ‘ 50 p—=> 100 [KN/m7] 150
T T T T T L T T T T T 1
l— = )7z

. oo o w O 0w o
— TE deédde s & & O
0.5 T 77 ==
177 S
GV P47
7

1.0 iyl

: I

f 77— HGV 60

i
1

L Jl/

[m] 7

2.0

Diag. D2a: Soilstresspasaresultof HGYVE80h=05mtoh=2m
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o 50 p—= 100 [kN/m?] 150
R B B I -
w0y
(=) - p—
Gonre S 8 ST E
0.5 NV $ T
M [{IVF X A
. 11002
bd
1.0—
h H{if ,
l HGV 30
[m]
: 2.0

Diag. D2b: $oil stresspas a result 6f HGV30h=05mtoh=2m

0 50 p—3 100 [KN/AP] 150
T T T T 1 1T 111
_cocmcmgr. £
CweaNcCss8 TG

0.5 I Ao

Hil A d
[zl
1777
7 . cv12

*L

[m]

2.0

Diag. D2c: SoilstresspasaresultofCV12h=05mtoh=2m

0 5 10 P— 20 [kN/m] 3p
TT I T I T T T T[] T TT1
| TT T T T LTl 1T TTHTT]
cv1z L Hev 3o HGYV §0
2 [/'r Pt el
3 o
4 f// ’/1/
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7
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[ {
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7
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Diag. D2d: Soil stress p as aresult of HGV 80, HGV 30,CV 12 h=2mtoh=10m
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The stresses resultmg from traffic loads are to be multlphed by the impact allowance o:
SET I . - = (5.11)
Coefficients of restitution are to be taken from Table 6. - 4

Table 6: Coefficients of restitution for road traffic
loads (in accordance with DIN 4033) -

Standard vehicle | ¢

HGV 60 ' 1.2
HGV 30 1.4
Cv12 1.5

5. 2. 2.2 Rail Traffic Loads

The load-distributive effect on rails and sleepers is taken into account with the

determination of the vertical stresses in the soil as a result of rail traffic loads.
Calculation is in accordance with DS 804 with a vertical sail stress p in the level of the
pipe crown in dependence on the cover herght h up to the upper edge of the sleepers
(see Table 7 and D(ag D3). '

Table 7: Soil stresses p as a result of rail traffic loads

h  pin kN/m?

m 1 track 2 and more tracks
1.50 43 - 48 )
2.75 39 39
5.50 20 26
>10.00 10 15

Interpolation may be carried out linearly
between the values given
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L - L]
0 10 20 p == 40 [KN/m7] .
JF | T | |
ME a5
- 3 L~
- - g .
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hi= .
S
— xS S
= =) &
We—g {5
[ml—
. 15— - .
10 20 30 40 50

Diag. D3: Soil stresses as a result of rail traffic loads

The mini.mum_ covér_ is the greater of the two values

h=1.50m
or |

h =d1

pv=¢ P

For pipes unde_r tracks the impact coefficient is -

©=1.40-0.10(h-0.60)=1.0 (5.12)
whereby h is to be applied in m.
5.2.2.3 Aircraft Traffic Loads .

The s0il stresses py as a result of.diménsioning aircraft can be taken from Diag. D4 for h
>1m. : :

For aircraft loads the maximum impact factor of the relevant main undercarriage ¢ = 1.5.
With the formulation of the soil stress py in accordance with Diag. D4, the impact
coefficient and the load-distributing effect of the aircraft operating surfaces are already
taken into account. :
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0 P —= 50 100 [KN/T?] 150 -
h DAC 90~ | = =
bAC 18671 =T [T
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Diag.D4: Soil stress pv as a resuit of aircraft traffic loads

5.2.2.4 Limited Area Loads
The ln‘luence of I|m1ted area loads may be approx1mated as follows
Area within the pressure propagatlon 2:1

Calculation of the stresses in the sail as isohedric load within the area limited
by the pressure propagation 2:1.

rea outside of partly outside the pressure propagation 2:1, but within pressure
propagation 1:1 - :

Calculation of the stresses in the soil as isohedric load within the area limited
by the pressure propagation 1:1.

Area EJutside pressure propagation 1:1
No influence from the concentrated area loads.
5.2.2.5 Loading Due to Construction Site Traffic
Possible higher loads in individual cases are to be taken into account.
5.3 Internal Pressure

Stresses from internal pressure are superposed linearly on those from external loads.
With higher operational pressures (above the level of backwater) dimensioning can be
carried out using non-linear superposition™

¥ Metzer, W.; Paltis, O.; Overtapping of intemal and extemal pressura leading of buried pipelines (mathematical investigaticn with the
apglication of secernd order theory). 3R international (15€9) p. €6 - 105.
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The introduction of mternal pressure. not only leads to addrtlonal stresses and
elongatons in the annular direction but can also charge the deformation of flexible and
semi-rigid pipes. In addition; with pressure pipelines with changes of direction or other
discontinuities, the tensrle Ioads in the axra| direction or the shear forces are to be
ca]culated"'0 . S

With different values for stabllrty under tensile Ioad and under bendrng tensile Ioad
these are, if necessary, to be taken into account in a surtable manner with verrf cation of
safety, in a common, werghted coeff crent of safety : .

6.1 Redtstnbutton of Soil Stresses .

As a result of the drfferent deformation capabrhty of the pipe and of the surrounding soil
the average soil stresses ca]culated in accordance with Sect 5.2.1 rearrange
themselves. . : :

The scale of this redrstnbutron is given by the concentration factors Ap for the stress‘es
- -the pipe and above As for the stress in the soil atongsrde the pipe. The idealised form of
. the redistribution, with b/d, = «, can be seen in Fig. 7.

_ /TQ&MQJMN/WM&MN/MMWWM

S S R T R R PR S R R RS YRS RS T
h
,,.--/ S, A5eP: B
’ T AP T T :
x 7 7

- ]

Fig.7: Redistribution of soil stresses {above: rigid pipe, below: flexible pipe)

‘9 Ses DIN EN 12661, Septemter 1557, Chap. 6.1, Para. 2.
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6.2 Relevant P'ararhe'ters L .
6. 2‘ 1 Embedding Conditions for the Plpellne

For the embeddlng in the plpellne zone four embeddmg condltlons B1 to B4 are
dn‘ferentlated , :

l31':° Compacted embeddlng agalnst the natural soil by layers or in the embanked
covering (without verification of the degree of compactlon) applles also for beam
. pile walls (Berlin shuttering). ’

B2: Vertical shuttering in the pipeline zone using trench sheeting, whlch reaches the

bottom of the trench and which is first removed after backfilling.
Shuttering plates or equipment under the assumption that the ‘compaction of the
. soll takes place after withdrawal of the trench sheeting:

B3: Vertical shuttering within the pipeline zone usmg sheet piling -or Ilghtwelght piling
-profiles and compaction against the trench sheet Wthh reaches down below the
.trench bottom -

B4: Compacted embedment agalnst the natural sonl by layers or in the embanked'
covering, with verification of the degree of compaction required according to ZTVE-
StB (see Sect. 4.2). Embeddmg condltlon A4 is not applicable Wlth soil of Group 4,

}Tne representatlve values Es and Kg are to be taken from the followmg sectlons A
6.2.2 . Deformauon Modulus Es o

The deformatlon modules of the solil employed with the calculation are differentiated
according to the following zones (see Fig. 8): :

*" Vertical trench sheeting using weeden planks, revetting plates cr devices, which are first removed fellowing backiilling and coempaction
of the pipeline zore, cannot te calculated with certainty using a computar medel. For the mathematical estimaticn of the increase of the
lead as a result of ramming, attenticn is drawn to the ATV Werldng Group 1.5.5 “Metheds of revelting® ATV Repcrt "Appreaches for
the calculation of pipe Icading in tranches with sheet revetting” in Kemesgpendenz Adwasser 1257 [Mct trarslated into English]
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Fig. 8: Designation of the deformation modules for the various soil zones.

Covering above the pipe crown
Pipeline zone to the side of the pipe

Existing soil alongside the trench or emplaced

soil alongside the pipeline zone
Soil below the pipe

The degrees of compaction corresponding with the covering conditions in accordance
with Sect 5.2.1.2 and with the embedding conditions in accordance with Sect. 68.2.1 as
well as the deformation modules E; and Exq (corresponding to Eg from Table 1) allocated
as standard values are to be taken from Table 8. With this covering conditions A1 to A4
appear randomly combined with embedding conditions B1 to B4.

As a rulg, natural soils have a degree of compaction of De, = 80 to 87 %; the asscciated
values E; can be taken from Table 3. With placement of the excavated soil in the
pipeline zone in accordance with DIN EN 1610, E; = Ex is to be applied. If the
excavated soil is to be placed as cover only, E; = E; is to be applied so far as, in the
individual case, a higher degree of compaction for E; is verified.
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Table 8: Representatlve values of the deformation modules E1 and Ez Independent
of the initial compactlon '

Coverlng condition

Al

A2 and A3"’

A4

Embedding condition . B1 'B2and B3 B4 .
Degree of compaction De;in% | Der? | E;,Ex | Der * | Es,E20 | Dpr? | EyEs
Deformatlon module E1 and Ezo o o . i ‘
in N/mm? ) DR L

G1. -95 16 S0 6 -97 . 23
Soll G2 95 8 | o | '3 | 97 11
Group G3 92 3 90 2 | 95 5

G4 92 2 80 | 1.5 L -

| With equal compaction of the soil alongside and above the pipe, Ex = E; can be

achieved. Exq may not be assumed to be greater than E;, with the exception of exchange
of soil in the pipeline zone or embedding condition B4.

Lesser compaction alongside the pipe in narrow trenches is taﬂen into account in Diag.
D5 (Note minimum trench width in accordance with DIN EN 1610!).

Subsidence as a result of the influence of groundwater in the pipeline zone is taken into
account by a reduction of the Exo value using the factor f; in accordance with Eqn. (6.01):

D, -75 _

f = 2 <q ) 72 6.01'
2 20 . o : N . - ( )

7 Dy is to be apphed for the calculation in Ime with the table value forthe respechve embedding
condition.

m Compaction and deformation modules according to A2 and A3 may be used only if the initial
compaction A1l is mamtamed

As arule, with laying in thé embankment, E1 = E20 = E3 can be set.

The notes W1th regard to E; and E; in Sect. 8 4 are to be additionally observed for the
calculation of deformation.

With soils (loose rock) E4 = 10 - E4 is assumed, so far as, in individual cases, no more
accurate details are available. With foundauon on rock (bed rock), E; can be
significantly greater. :

In order to take into account these influences as well as the difficulties with compaction
in narrow trenches in the earth load calculations, the foHowing formulation applies:

The effective deformation modulus E; is calculatcd using fy from Table 1, f> from Table 8
and ug from Diag. D5 as

E, =1 -f,-ay-Ey (Ezo from Table 8)

(6.02)
with

August 2000

i




ATV-DVWK-A 127E

=1_[4_d£J.1“_;‘as1 ' | S (6.03)

With trenches with addntlonal embanked cover and a bottom w1dth of bSO < 3d,, E; may
not be apphed greater than Es.

0.8 . ,/ 7
S ,//
v

e
0.2 ./By <

Oy
Nu
) [\ %]

Diag. D5:  Reduction factors as for E

6.2.3 Earth Pressure Ratio K>

The earth pressure ratio in the soil alongside the.pipe is determined a follows, taking
into account the system stiffness Vzs (see Sect. 6.3.3:

For pipes with Vgg > 1 | K; is calculated in accordance with Table 9, Column 2. The
- horizontal bedding pressure qy* (see Sect. 7.3) is then to made equal to zero.
Alternatively one can also carry out the calculation using values according to Column 3.

For pipes with Vgg < 1 is calc:ufated using K in accordance with Table 9, Column 3,
whereby q,* is estimated in accordance with Sect. 7.3.

K, values are not clear soil-mechanically defined characteristic values; they cover
various types of influence with the aim of linearisation and are adjusted to measured
values.
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Table 9:Ground pressure.ratid sz" _ L B ‘,‘
1 | o2 | s,
Soil K - : B
Group B Vis > 1 Vs < 1
G R 05 | 04
G2 L 1 . 05 | 03
., G3 - - | 05 0.2
- [ca o | 0.5 | 0.1
Bedding reaction pressure gn=0 "~ gn>0

6.2.4  Relative Projection a

The relative projectioh a can be seen from the examples in Fig. 9.

The prOJectlon a-d.is the height of the sail layer alongside and, if necessary, laterally” .
" under the pipe which, compared with the vertical deformation, can experlence devna’ung

sub51dence
7, - 4
Z 2
Qe
é,d o i
7 l l .
7 R7
7 I
& T| ¥
i/ sl ¥
/N
fi/ﬂ/f/f/f/ﬂ/f/ =

Z 4 7
Z z 2
> b7 L7
] 7 7
s £ s
i L d e/
s f 2 ?’
7 ¢ vy 7
Z Z 7
£ T £ L
e 7 aar L
£ o £ T| ¥
7 ° 4 7 gl ¥
5 @ % s
/ 2 / b // ', ,/// A /
5 i, 4
,éf/,&/.é’//?/i/y/w;/ ;9’///,&"/,4?’/,6‘// TGS,

Fig. 9: Relative projection
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with SeC’( 6.3.

6.3.1 Maxxmu'm Concentration Factor Max A

- The maximum concentration factor max. A is:

6.3. Con”centration Factors and Stiffness Ratio

ATV-DVWK-A 127E -

»

The calculatlon of the concentration factor assumes infi nitely rigid pipes on soft sonls in
w1de caver. This gives a maximum concentratlon factor of max A.

The deformation of the plpe is taken into account in the next step From this results the
concentration factor Az W‘thh IS determmed through the stlﬁness ratlo Vs in accordance

max A= 1+ S d (6.04)
35, 22 0.62 16 h |
@ ,E_4_(a._0_25) @ Ei@_o2s)| 9.
B . ’ 1 o
~ with the effective relat_ive pfojection
a=a.-c1>026
5 E A

3.0 :
‘ o /
a'=s! . d //
25 2= ‘/ 1
» . / é —f“’"/—__—_"
/ / /a=1.5
2.0 - = I —
| /// A
1 5 f / .
. =
| a=0.5
1{) 250,24
max A
0 25 5 715 10 ga—-—e-ﬁ 175 20
Diag. D&:

(6.05) -

Concentration max. A for b/de =w and Es =10 E;
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6.3.2 Concentration FactorsApandis L | _ o
The concentratldn factor Ap is dependent on the Iargest vaiue J\.ma.x' (see Sect. 6. 34 1), on
the stiffness ratio Vs (see Sect. 6.3.3 as well as the effectrve relative outreach a’ and on

the ground pressure ratio Ky

4-K, K maxa-1

, rnaxk-v$ +a'

B T e A= (6.082)
v a2t X g 025 |

3. 2 -025

For plpes of high stiffness (VRP > 1) the ca]culatron is contlnued usnng Ap iN accordance
with Sect 6.3.1. .

The foHowing appliesfor K - -

Cyen +—L.c K.~ o et L
. : Cproy - ' ' - - S
K = e . S - (B.06Db)
. Coaqe T cv}_qh..-K _ : ‘ . L

The deforrnation coeffclent Cvvg = cvqh or Chqv = ~Ch ah respectlvely (also with 2o = 180° o
and with neghgible N and Q deformat!on) K=1. S : '

ST 1M - HH
maxl 2.0
2.0 l ‘[” ~—3
mill
ﬁﬁ” maxi=1.5
1.5 S '
K2=D.5, M
; AN
< 1.0 g
s
12
0.5 " K= 0.3
0.0 - = 4
o1 1 10 100
V, — o

Diag. D7: Concentration factorAsfora’ =1, K;=0.3 and 0.5

The concentration factor As results from the imaginary form of the stress transposition
(see Fig. 7) and from reasons of equilibrium as
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4 | ~ |
b S o - o

As As cannot be negatlve it results from Eqn (6 07) that As does not exceed the value 4.

The influence of the relative trench w1dth on the stress transposmon is dealt with in
Sect. 6.4. , _

6.3.3 Stsﬁness Ratlo

The stn‘fness ratio is dependent on the pipe stn‘fness Sp, ON the coefﬂcuent of the vertlcal
change of diameter ¢, or Cu.qv, pOSSIbly from the stifiness .of a deformation layer SD as
well as on the vertical beddlng stiffness of the soil o the side of the pipe Ssv.

Due to more idealised assumptlons the calculatron model applies only from a minimum

pipe stn‘fness with long-term loading of min Sp 03-10° N/mm and min So =375.10°
N/mm respectlvely

The stn‘fness ratio |s calculated as follows

: a) taz<|ng into account. the horlzontal beddmg reactron pressure

VS_BTS_ - y : o _ (6.08a)
TleISs n S

b) wrthout taking into account the horlzontal beddlng reaction pressure (see Sect 6 2. 3)

8-S, ‘ ) :
Vo= -9 ‘ 6.08b
s - Sav (O )

] v,qv

e) taking into account a deformation layer above rigld'plpes for simplified verification
Vo=—2 | | ~ | (5.08¢)
The relative effective outreach must be calculated taking into account the width and

height of the deformation layer.

g=8%* % B o5 (6.09)

Kz = 0 is to be applied in Eqgn. (6.06a).

In addition, b > 2bp and h > 2bp.
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Fig. 10: Deformation layer

For Eqns (6 08a) to (6. 08c) the foHowmg addmonal relatlonshlps app]y

plpe stiffness

S5 = h 2V | | (6.102)

~ 3 - '
- Ep . [ij with smooth-walled pipes

12 (r,
or
E, -
So=25 | (6.10b)
ieS,=8-S,

Pipe stifiness So with long- erm verification for pipes with nominal E-modules and
nomma] sizes

& = I Pz - Ep. + Py - Ep
S 00 = 3
d_ Pz + Py

(6.10¢)

Pipe stiffness S, with long-term verification for pipes with nominal stiffness
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§o = Pe '-SF;’L:FF;V'S"*" S ) N CR15))
E v .
Stifiness of the deformation layer '
_’Sd:ED.Z_D_.i' | : - - . 811

With non-linear deformation behaviour of the filling mete_ria], the deformation module (o

ED : }\'PGé. pE ) . V‘ . B | R N | ’ (6_113)

is to be determined using the ‘measured compressuon set . The stresslcompressmn set
curve is to be determmed on-a sample dD/bD <1, - :

w1th . Ep deforma’uon module of the deformation layer42)
" bp - width of the deformation layer
do thickness of the deformation layer ’
€ measured compreSSion set of the deformatxon layer

Vertical beddmg stn‘fness '

E, (6.12)

SBV = ?2
Coefficient for the veftical deformation Ad, |
Cv = Cv.qv + Cv,qh' -K » . R | _ (613)
with:
cvw = deformation coefficient for Ad, as a re'su]t of gy -
Cvgne = deformation coefficient for Ad, as a result of gy
K = bedding reaction praessure
. c |
K = —8— | (6.14)
Vig — Chat .
with:
Chqw = deformation coefficient for Advas a result of Q.
Chqnw = deformation coefficient for Ady as a result of g,
System stiffness
8. _
Vs = So (6.15)
Sah
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The degree of the utilisation of honzontal beddmg reaction pressures is covered Wlth the

system stiffness Ves. . , A A

Horizontal bedqlng stn‘fness _
Sag=06-¢-E- . | T | (6.16)

The factor. O 6 takes into account the propagatlon of stress in the soil under the"

horizontal beddrng reactlon pressure Qh (see Sect. 7.3). - :

The correction factor C for the horizontal bedding stiffness, assummg a para]]el shaped' B
distribution of the beddlng reaction stresses (Diag. 8), is -

" - " 4 (6.17)
AF + (1.667 - Af) 2 - LA

3

with
L= = <1867 - (818)
0980+ 0.303&’—_1].. : ) M S

e

It takes into account the dn‘rerent deformatlon modull of the sonl alongsxde the plpe (Ea)
and the surroundmg soil alongside the trehch or alongside the pipeline zone (Ea).

With sloped trenches, the trench \N]dth at abutment helght is to be applled in the place or
- the trench width b. For Ez = E5, { = 1.

3.0 \,\ (
2.5
- 2.0 \ bid,= 1.5
e L ——]
R 2.5 \L\ |
: 301 T
BN
1.0 . ;
’ I 4.0
0.5 AN ! s
0.0 B
& g@ PV
EJ/E, —=
Diag. D8: Correction factor ¢
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The deformatlon coefficients for Beddrng Cases I and Il descrlbed in Sect 7 'are glven
in Tables 10a to 10c. B

Table 10a apphes w1th negl|g|ble normal force deformatlons |n the case
i
A r

<ooo1 L P B - (B.193)

and with negligible lateral force deformation in the case B
1
A-r?

m

. xg<0.001 | o (B19%b)

Wi_th xq = AlAq (= 1.2 with rectangular cross sectlons)
and Aq = = web area with profiled plpes

If the condmon (6 19a) or (6 19b) is not met then the deformatlon coeﬁrments C from
Table 10a are to be corrected with the aid of c'andc®: \

c'=c+ :
A T

e +‘2(1+v) Ko c] O .‘ : .  ~(.'8.20)'

In this ¢ and c®, the deformatlon coe‘nments accordmg to Tables 10b and 10¢ to take
. into account the normal and laterat force derormatxons wrth the transversal contractlon
. number v = 0.3. ‘ '

" Corrections according to Egn. (6.20) are, as a rule, not necessary if smooth pipes with
‘homogenous wall structure and material (v~ 0.3) are calculated.

The deformation coefncrents are to be apphed in Eqns (7.02) and (8.16a,b) with the
correct sign. '

Table 10a: Deformation coefficients for bending moments
Bedding - Vertical . Horizontal
angle '
2c AN Cugh Cvw | Cvanr |  Chay Ch.gn Coou Ch,qh-
60° -0.1053 -0.0637 +0.1026 +0.0611
90° -0.0966 | +0.0833 | -0.0550 | +0.0640 | +0.0956 | -0.0833 | +0.0541 | -0.0658
120° | -0.0883 -0.0477 ‘ +0.0891 | +0.0476
180° | -0.0833 -0.0417 | +0.0833| - [+0.0418
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Table 10b:

Table 10c:

Deformation coefficients for normal forces **
- Bedding Vertical Horizontal
angle - o
2a. Ve | Clan Gy e . Chav Chah Chane
-60° -0,704 . | 0380 |
90° | -0.697 | -0.681 | -0247 | -0.366 | -0.684 .| -0.437
120° -D.683 1 -0352 | '
180° 1 -0.648 -0.338
Deformation coefficients for lateral forces ** |
Bedding " Vertical " Horizontal
angle _ : -
2u . C‘;,qv" | C!\;,qh' C‘\;,qh' 4 C‘r'u,qv‘ Ch.qh Ch,q}.-
60° -0,439 | , 40396 | ﬁ
90° --0.389 | +0.335 +0.243 +0.374 -0.335 -0.274
120° - -0.359 | +0.354
180° -0.335

lnﬂuence of the Re]a’twe Trench W‘dth

+0.335

According to Fig 7, the stress transposntlon spreads ranges over a width of 4de. The
following assumption is made for the concentration factor Apg N trenches with smaller -
widths: .

1<bl/d, <4: ks = = 8.21a
e FG 3 de 3 (O )

For larger trench widths the concentration factor remains unchanged:
4<bld, <o A = Ap = cONSL ' (6.21b)

The function Arg is shown in Diag. 9 for various values Ap. The concentration factor Xa
is, according to Eqn. (6.07), independent of trench width.

If, however, hgg i3 llmlted by Aw OF g for reasons of equilibrium within the trench, there
results

—db__?"fu,u
he =22 (8.22)
g _q
d
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0 1 2 3 4pd—=
Dig. 9: Concentration factor Aps

8.5 ' L:mmng Value of the Concentratlon Factor

The concentratxon factor is hmltﬂd both upwards and downwards by the shear -
rcastance of the solil. ' '

Mo < o S gy

The upper limiting value for Ass is dependent on the parameters distortion preséuKe,
friction, cohesion and structural resistance as well as vertical stress in the soil*. These
" dependencies are approx1mated through a linear tension dependent on the covering
height h:

h<10m A, =4.0-0.15-h | | (6.23a)
whereby h is to be applied in m.

h=10mA, =25=const (6.23b)

The lower limiting value, which can. be relevant for flexible pipes or pipes with
deformation layer, are calculated according to the silo theory. With this, in Egn. (5.04)
is replaced by Az and b by d. or bp. Ki and & are applied in accordance with Table 4,
Covering Condition A4. '

derivation for da:

lu=1+2nKitan¢'

7 is the height acove the pipe crewn refated to d, up to which the shear forces are assumed to te affective; the figurs 2 can te
applied as constant for 1.

K1 =1 with h =0, reducing linearly tc KI =05withh2>210m

¢ =375
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; Vertical Total Load o i .
The vertical total load of the piee is : |
A =VRF’G'pEV'*‘Pv . - A o i (6.24)

The right-hand side of the equat:on contalns the results from Eqns (5 01) (5 02) and
(5.11). : .

iPressure Distribution at the Pipe Circumference

The pressdre distribution at the pipe circumference is dependent on the design of the
support, on the backfill in the pipeline zone and on the deformation behaviour of the.
pipe. The simplified pressure distribution given in Sects. 7.2 and 7 3 are typlcal for the
placement condntlons normal in sewer construction. .

7.1 st’mbu’non of the lmposed Load

The imposed load, for all types of pipe, is assumed Ato_: be \/ertica!ly aligned aﬁd
rectangularly d;strlbuted :

7.2 Beanng Pressures (Beddi’ng Case's)_
7.21  Bedding Case | |

Support in the soail. Vertxcally aligned and rectangulal ly distr 1buted reactions. This
bedding case applies for the stress verification and elangation verification (short-term
and long-term) of rigid and flexible pipes (see Sect. 9.1). For the deformation verification
the same bedding angle as for the stress and elongation verification is relevant.

With flexible pipes the bedding angle, as a rule, Is assumed as 2a = 120° with bedding
conditions B2 or B3; with B1 and B4 2a = 180° may be applied.

Jr ¥y {99 VYY9Y

Fig. 11: Bedding case]l
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7.2.2 BeddingCase'u o P

Solid concrete support only for rigid pipes (see Sect. 9.1). Radially aligned and
rectangularly distributed reactions. © .= ' . :

1.9 JF ¥ 'VVJV

7 “

A
L) » OO
:ﬂ:ﬁ:‘:n:‘:.:t:.:t:.:i:l:’:‘:l:G:D:O:OGO:.:. 2950 0e e
VDO RILOCPODTOODRDOLESETHOESSDEDS
A LN )
LSS S S 255 S S S S S S S I

Fig. 12: Bedding Case Il
723  Bedding Case il

Support and bedding in sail for ﬂeﬁdble'pipe’s_. Vertically aligned. and rectangularly
- distributed reactions. ' - - - :

¥VYVYVY 'JV k4

Q L]
’0 l’l
), £ )
,li .00.
\J a8 0 a
1) * O
K 0a8
) LN ]

1)

a®,
): brosa)
” SO
» =
) 2Pp3
) o o
’ %
I DO
” @a,.
l’ ’g.'
» ¢

(]
&
‘I

WatatatatatalabaaTa s ata a a%a’

Fig. 13: Bedding case lll

7.3 Lateral Pressure
The lateral pressure on the pipeline is made up from the component g as a result of

vertical earth load and, if necessary, from the bedding reaction pressure g, as a result
of pipe deformation (see Fig. 14).
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Fig. 14: Lateral pressure

The lateral pressure g - with Bedding Case Il only above the support - is dependent on
tne vertical pressure in the soil alongside the pipeline:

o d.
qh:KZ'[lS'pE +%s - éj

(7.01)

The bedding reaction pressure g,* resulting from pipe deformation is applied as a
parapola with an aperture angle of 120 '

Ch,qv ' qv + Ch|qh : qh

: (7.022)
VRB - Ch,qh . :

qh. =

with g, from Eqn. (7.01), Vgs from Egn. (8.15) and Ghqv, Chgn @nd Chgne from Table 10a
and, if required, Eqgn. (6.20).

For the loading case with water filling the following applies:

_ Ch,w : qw

Gy = (7.02b)
" VRB - Ch|q

N

with ¢, from Table 10a as well as
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R -
and
F,=102%%, - -  (7.04)

Below only sectional forces, stresses and deformation in the annular direction are -
investigated, i.e. the pressure distribution in the longitudinal direction (loading and
, reactlon) is assumed to be constant. :

8.1 A Sectional Forces .

Corresponding with the pressure distributions at the pipe circumference (see Sect. 7),
the bending moments M and normal forces N are determined for external loads as well
as for dead weight and water filling and, if necessary, water pressure. The shear forces
in the annular direction can be ignored, however, not with profiled pipes (see Sect. 9.6).
The coefficients of moment m and the coeffi cients of normal force n are given for various
bedding cases, in Appx. 1, Table T3. The coefficients apply only for circular shapes W]th
constant wall thxckness over tne c;rcumTerence '

th non- constant waH th;ckness over the czrcumference or Wlth non-constant moments‘
of inertia as well as with other than circular shapes e.g. oval profile, mouth- shaped _
pronle rectangular cross-section, other sectional force coefficients apply. They are to be
determlned according to static rules

Using the coefficients m and n, the sectional forces are determined accordlng to the
following equations.

Vertical total loading gy

qv

M, =mg -G, I ' (8.01)

Ny =Ng, -Gy T (8.02)

qv
Side pressure qy:

My =Mgn = G M- ‘ ' (8.03)
New =Ngn " Gn T - ' ' (8.04)

Horizontal bedding reaction pressure g, as a result of earth loads:

My =M -Gy T

q m

th =Ngy - T

m
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Horjzontal bAeddi.n-gl reaction pressure gr as a result of water ﬁlling; ”
| M, = Mgy - G - - T | " (8.05b)
N, =N - G, T | | I 0 (Boe)
Dead weight: ~ |
. M, = mg:: x% -’s- rm.2 -— e . | '_ (8.07)
o Ng=ngoxg-sem, | | . (sog)
or | |
Mg =mg'-Fy -1, - | ‘ . ' o ('8,07.3)
Nsng R (®.052)

with Fy =2-1, - m-s- %s

Water filling:

M, =m, -xw“rﬁ '. : B o | T (8.09)

T e\
or

Mo =M B  (8.092)
Now =0’y | (8.10a)

with F’ according to Eqn. (7.04)

Water pressure:

1 r-r r ‘
M. ={o —p.)r-r|Lofife ple 8.11
pwW (ADI, pE)l 8(2 rez_riz riJ ( )
pr:pi'ri_pe're (812)
8.2 Stresses

Using the sectional forces determined in Sect. 8.1 the stresses are calculated as

N M .
=+ , : 8.13
o= W (8.13)
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using the correc’uon factor ak to take into account the curvature of the inner and outer '
edge fibre . . , ,

‘ 1s- 3-'d.A+5-Vs : - -
=l . ’ - (8.
u fn. 3-0,+3-s | oo B

1s 3.d+s - S o o
e =3 34435 .

8.3 Elongations

Using the sectional forces determined in Sect. 8.1 the edge fbre elongatlons are
calculated as ' :

.. © s s-N . : | - |
E=—=— - +M-« : 8.15
E 2r?°.8s, [ 6. : kj O ' (819)

8.4 ,Defbrma"tions

Depending on the pr_essure,distribution at the circumference of the pipe, the change of
vertical diameter Adv as a result of external loads can be calculated in accordance with .
Egn. (8.16a), whereby the slight mﬂuence of the water filling on the deformetxon can be
negiected ’ . ,

m -(cm, +Q, +Cpgp Gn + C, e - qh') ' ~ (8.18a) -
~with g, from Eqgn. (8. 24) s from Egn. (7.01), g, from Eqn (7. 023) Se from Eqn. (6.10b)
and Cy,qv, Cuqn @Nd G, g from Table 10a and, if necessery, from Eqn (6 20).

For .measurements of.pipe deformation the horizontal change of,dlameter is to be
determined if necessary:

2.1,
80

Ad, = ( Crgr "Gy FCngn " Cn + Cp g - Qh’) _ (8.16b)

The relative vertical deformation derives from Egn. (8.18a).

5, = =100 in% (8.17)
2-r, o :
9 Dimensioning
9.1 Relevant Verifications -

Pipes are designated as rigid or flexible dependmg on the combined effect of pipe
stifiness and soll deformation.
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—

Pipes are rigid where the loading causes no significant deformation and thus has no
effects on the pressure distribution(Vgs > 1). The verification of stress/elongation or the

simplified verification of carrymg capaolty is to be carned out in accordance with (9 02) '
for its dlmensmmng

Pipes are flexible whose deformation significantly influence the Ioading and p‘ressure
distribution as the soil is a component part of the carrying system(Vrs < 1). - The
verification of stress/elongation, verification of deformation : and the verxfoatlon of
' stability are to be oarned out for |ts dlmenSIonlng

Pipes whose behavnour is not olearly rigid or flexible are to be verified as rigid and
flexible.

9.2 - Verification of Stress/Elongation

‘The stresses determined in accordance with Sect. 8.2 or the edge fibre elongation
determined in accordance with Sect. 8. 3 for service conditions are to be compared with
the characteristic values or and eg from Table 3. The existing safety values result from
the relatlonshlp of both stresses and elongations:

o

.Gp

=20 =% o P/ (2.01a)
-0 & : o ' o .
and
=2 _ % . I ‘ (9.01b)
(8] €

With long-term verification for pipes with nominal moduli of elasticity and nominal size or
nominal stiffness the following calculated values are to be employed:

- Pz - Gp. + Py " Opg

Gr = _ ‘ ~(9.01¢)
Pz + Py .
and
e =2 % TPy T8 | (.01d)
Pe +Pv

For the dimensioning of reinforced concrete pipes, DIN 4025 (future DIN EN 1916
together with Din 1201) applies; for the dimensioning of reinforced concrete and
prestressed concrete pipes, DIN EN 639, DIN EN 640 and DIN EN 642.

With predominantly tensile stresses (high internal pressure) the tensile strength is to be
applied for 6» and the ultimate elongation for ring tension applied for ep.
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9.3 Venf cation of Carrymg Capamty : : ‘ ) : .

For pipes with defined crown compresswe force FN “), the exrstlng safety coeffi cient y is
determined, taking into account the installation figure EZ in accordance with Egn. (9 02)

as,
Fy )
totF

%= (9.02)

If one calculates simplified without dead weight of the pipe, without water filling and
without side pressure, installation figures in accordance with Table 11 apply as well as

totF=q, - d (9.03) .

e

For concrete pipes with a foot in accordance with DIN 4032 Form KFW with the wall
thickness at the crown s; and the wall thickness at the invert s, the following applies:

EZ:1.07-[_J S . ud o (8.04)+

For pipes with oval cross- sectron in accordance with DIN 4032 Form EF EZ can be.
‘applied = 2 1 = const. :

Table 11:  Instal Iatroo figures

Bedding | Bedding Installatior

case angle 2a figure {Bedding
figure) EZ
I 60° 1.59
80° : 1.91
120° - - 218
1l 90° : 217
120° - 2.50
180° 3.68
8.4 Verification of Deformation

For flexible pipes the vertical diameter change in accordance with Sect. 8.4 is to be
compared with the permitted value perm. &..

For long-term verification perm. &, =6 %.

) DIN EN 255, DIN EM 528, DIN 4032 (future DIN EN 1916 together with DIN 1201)

" The installation figuras ara calculatad frem the ratio of the tending mements in the lead crushing test and the tending moments in the
emplaced cendition, caused sclety through vertical leading with the asscciated tedding reacticns
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For deformations, which in justified individual cases exceed the limit of 6 %; verification
is to be carried out that the existing x = 5 x nec. (necessary) x with the existing
aecording to Eqn. (9.12) and nec. ¥, according to Table 13. With the existing x < 5 X nec.
x, the deformation 3y (maximum 9 %) has to be calculated using a non-linear procedure

e.g. approximation by multiplication of the deformation determined accordlng to Eqn
. (8.17) using the enlargement ratio factor '

b= o L ey

For pipes under ra:]way lines perm. (permltted) 5v 2% and perm. 5,, 10 mm.

The associated short-tenn value wh|ch serves for verification lmmedlately following
X nnsta]latlon is, in any case, detenmned without apphcatlon of traffic and surface loads.

The pIanner can apply perm Sy <8 %.if trafﬂc area or type of traffc make this
necessary o .

9.5 Vem" ca’non of Stablhty
9 5. 1 , General

The verifi catlon of stabmty serves for the determlnatlon of the safety separatxon between ,
critical load and actual existing loading. This takes place in the following' taking into -
account the influence of vertical total load (earth and traffic load), external water
pressure (groundwater) as well as of .superimposition of ver‘ucal total load and external
water pressure.

The verification of stability can additionally be carried out for verification with buckling
and percussion loads in accordance with Sect. 9.5.3 (“classical verification”) also as
non-linear stability verification (non-linear determination of sectional sizes and
subsequent verification of stress) in accordance with Sect. 8.5.4. In the case of relative
vertical total deformations &, > 6 % an additional non-linear verification of stability must
be carried out.

The imperfections to be applied with all verification of stability are to approximated as
closely as possible to the relevant buckling shape.

With earth/traffic loads the relevant buckling shape for ca. Vgg > 10’3 is double-wave and
for lower values multiple-wave. However, calculations have shown only a slight
dependence of the size of deformation on the buckling load so that here a global
reduction suffices.

With external water pressure the relevant buckling shape with ca. Vzs > 0.03 is double-
wave (the limiting case is the unbedded pipe with an oval buckling shape) and for Vzs >
0.03 single-wave (breakdown taking place, for example, at the invert in heart shape).

" The types of imperfection associated with this must be differentiated as a sole
occurrence of the more unfavourable single-wave figure is less probable in practice. A
compination of both imperfections can be selected.
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9.562 Imperfections | . - .

With all verifi catlon of stab|||ty the effects of imperfections on the critical Ioads are to be
taken into account: Irnperfectrons are deformatrons as result of

— manufacturing and processing inaccuracies, effects of transport and storage as well
- as internal stresses (Type A); :

- placement ie. elast|o deformatlons aocordrng to Sect. 9.4 (Type B)

So far as no detar]ed verification takes place in individual cases, the elastic
deformations (Type B) in accordance with Eqn. (8.17) are to be increased globally by
1 % to cover deformations of Type A: these are then taken into account mathematrcally '
as double-wave rmperfeotlon (ovahsatron)

If locally limited (|ooa|) lmperfeotrons occur then their type and size are to be determlned
or accurately estimated. This applies generally for :

- Iaylng in groundwater with x < 5.0 with x in according to Eqn. (9.11);

- pronounced smgle loads; | | |

- oovermg h< d orh< O 80 m mth metalled roadways;

—. | we_]drng joints in the longrtudlnal d»rreotlon (also with splrat welding).
The‘designation “preliminary defo'rmation” is used be]ow in place of “imper'eotion“

The reduction factors resu]trng from the shape (Type A; Type B) and size of the
preliminary deformatron are to be taken from the following diagrams in Appendrx 1:

- D11 for x,» with double-wave preliminary deformations and earth/traffic load;

— D12 for ka2 With double-wave preliminary deformations and external pressure (water
pressure or vacuum, ' .

- D13 for x.; with local preliminary deformations and exiernal pressure (water
pressure) or vacuum.

9.5.3 Veriiication of Stability with Buckling and Snap-Through Loads

The following relationships apply under the condition of constant radial bedding. A
tangential bedding is ignored.

9.5.3.1 Vertical Total Load

First, the buckling load crit g, is to be determined according to the following relationship:

critq, = 2-1,, - /85, - Sy, for Vg, < 0.1 (9.06a)
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1
3-V,

- critq, =Kv2.-(3+ ] 85, forVRB>O1 - - (9.065) :

%= reduction factor to take into account the elastic-plastic soil mass law and
of preliminary deforrnatrons in accordance with Drag D11.

‘The values for Sg and Sen result from the Eqgns. (6. 10a) and (6. 16) with plastlc pipes So

in Eqn (8. 06) is to be replaced by So according to Eqns (6.10c,d).

If, in deviation from the normal case, the soil types Oou, OT or OH of. Group G4 are
present in the pipeline zone, the critical buckling load crit qv is to be determlned in
accordance w1th Eqgn. (9.08). o -

The safety coefficient against buckling is

_ crit.q, (9.07)
Q. .
w1th the vertica] total Ioad Q- accordmg to Eqn (6.24).

Q. 5 3 2 External Water Pressure

If, in comparrson ‘with the external water pressure the earth pressure can be rgnored o
the foHowmg breakdown load apohes : -

erit P, =K, -0p-85, Al ' ' (9.08)
50
= [N .10}(
40 _0\
40 '°\
a5 s\ N
\ N
1o |
30 D
® 2 =N ST }
'\J . el H\\
e ST : N
15 O LTI ‘
S | H
40 Eeia=s T |
T
S I 2 _eninn 4L ee———— CENEL.
‘03\ Liming ?Itfeunceddjgd sipalll T
0.0001 0.001 0.01 0.1 1
Vis

Diag. D10: Snap-Through coefficient ap for the critical external water pressure
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with the snap-through coefficient op as function of the system stiffness Vgg, the
radiusiwall thickness ratio r./s according to Diag. D10 and the reduction factor x.; for
_ prehmmary deformatlon accordrng to Dtag D12 or .y according to Dlag D13 '

With plastic pipes 'So'isthe long-term pipe stiffness in accordance with Eqgn. (6.10b) with
Ep = Ep ‘

If there is a simultaneous takrng into consilderatron of 'do'uble wave and local preliminary
deformation necessary in accordance with Sect. 9.5.2, then the common reduction factor
is to be determined by multiplication: '

= Ka1

ke L (e09)

The external water preesure relevant for the calculation is the hydros'tatic pressureon
the invert of the pipe, so far as a reduced formulation is not Justn‘red through
permanently assured operatxng condmons (partral filling). ‘

Pe=xu-hy . (810)

In areas in which one has to reckon wrth increase of groundwater level, correspondrng
loads are to be taken into account <

The safety factor against buckling is

. critp,
Pe

(9.11) -

9.5.3.3 Simultaneously Effective Vertical Total Load and External Water Pressure

The superposition of both ioading cases, using Eqgns. (9.06a,b), (8.08) and (9.10) as well
as taking into buoyancy with the vertical total load, leads to security against buckling
1
= (9.12)
q‘I,A : L pe )
critqg, critp,

Verification of safaty against buoyancy of the pipeline is to be carried out with pipes with
small covering heights.
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9. 5.4 Non-I/near Stab/I/ty Verification ,. . p
- 9.54.1 Calculation of a Rigid and Movable Beanngs Model

In deviation from the ver n"catlon in accordance with Sects 9.5.1 and 9.5.2 the stablllty
verification can also be carried out usrng a non- llnear procedure N,

- With thls : _ ' ,
- the load formulatrons in accordance with Sect 7 w1thout qh are to be employed
- timesy loads are to be applied {y, according to Table 12),

- the elastic bedded circular ring with the exclusron of tension springs is to be
employed as calculation model (partially bedded ring), '

- the springiness value from Sgy, as discrete springs in close proximity (< 10°) or’ as
constant radial beddlng using the bedding modulus ksr = Sgh/rm are to be applled

- pertinent lmperfectlons of Type A are to be applled (approx1mated as geometrlc
alternative defon‘natlons)

- justified assumptrons are to be made on poss:ble non- llnear matenal behawour of
the p|pe material. :

With snap-through, such as in the external water pressure load case, the llmlted valldlty '
of theories of small deformations, that is also the Second Order Theory, is to be
observed. Normal rigid and moving bearings programmes in accordance with the
Second Order Theory may therefore not be employed without estimation of the limits of
“their valld|ty :

9.5.4.2 Method of Approximation Usmg En/argement Factors ¢y

In place of the non- linear stability verification in- accordance with Sect. 9.5. 4 1 as an
approximation one can proceed as follows: :

. The sectional parameters from earth and trafﬂo loads Ng, and Mg are determmed
linearly, comp. Sect. 8.1. : .

2. The normal force from extemal water pressure N is calculated in accordance yvlth
Egn. (8.12) and the bending moment M., in accordance with Eqn. (9.13) with the aid
of the coefficient m.. from Diag. D14 in Appendix 1: .
M, =M. P, fn® . (9.13)

The bending moments (not the normal forces) are to be increased by the factors oy q/
and e fOr the non-linear influences in accordance with Eqns. 89.14a,b):

.1
Uy = (9.143)
llge 1 ’(‘q".; pe
crie g,

*D \When taking into account the limiting conditicns in the soil, if required also using the Finite Mcdel Methed
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p——

In Eqn (8.14a), for the safety coefr cnents with earth and trafr c Ioads -xqv = 2 o
applles for h/d. < 3 and yq = 1.5 for h/d >3 ,

Ay pe =X—‘p th Kpe = 2 L -~ (9.14b) )
S pe el . - . .
_critp,

- In the critical Ioads crit qu and crlt Pew, the prehmmary deformatlons of the plpe are to
‘be taken into account using the reductron factors x. :

3. Finally, the maximum tensions and/or elongations in the invert of the pipe are to be
calculated separately for q, and pew. : : '

Oso ;T&iac -%-a“ A o . (9.15a).
k . . .

&, = ‘é&' | (9.15b)

. Er A
4. From this result the individual safety factors g

L ~5 andy,, =22 respectively SR . (o1ea) -
.‘; Xqv - G Xqv - £ p ' y . ) . o >~ .
Y o qv . . qv ’ : ’

Lpe = Gc:N and Tpe = — respectively | | | | (9.16b)A

With plastic pipes the verification (S.16a) is carried out using the shori-term bending
tensile strengths, and (9.16b) carried out using the long-term bending tensile strengths
(or limiting elongations). With the simultaneous occurrence of g, and pex the interaction
equation (9.12) is to be applied.

8.8 Supplementary Notes for Profiled Pipes

The statements below reflect the fundamentals according to which the suitability of the
selected profile dimensions is to be verified in individual appraisals: The appraisal is to -
be produced by an expert recognised by the ATV-DVWK or another member association
of the EWA. Further statements are part of the ATV Advisory Leaflet ATV-M 127E, Part
3, upon which work has started [Translator’s note: This Advisory Leaflet is now available
in both German and English).

9.6.1 General

Profiled pipes have wall cross-sections in accordance with DIN 18 566-1, Draft 2.95,
Fig. 1 or, after publication, in DIN EN 13476-1. with profiled pipes the verification
required in Sects. 9.2, 9.4 and 9.5 are to be modified and additional verification is to be
carried out:
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- verlt” cation of a sufficient profile ngrdrty (bucklrng of thin-walled. profrle components,
comp DIN 19 566-2, Draft 2. 96 and mathematrcal verifi catlon) :

- f requrred verification of multi-axial stress condrtrons

The apphcatron of the equivalent wall thickness

s'=3,/12-I_A

with . profiled - pipes is permitted for the determination of the pipe stiffness and the
bending deformations only, not, however, for stress and stability verification.

9.6.2  Additions for Stress/Deformation Verification

In Eqn. (8.13) there is to be differentiation in the denominator between the resistance
moments of both outer fibres W, and W;. Eqgns. (8.14a,b) apply only as approximations -
if necessary ay. and oy are to be derived separately Tensile and compressive stresses
are to verified separately. : '

With direct pressure loading of the pipe surface thin-walled components of the ¢ross- ‘
- section are to be verified for these strains. the determination of the sectional parameters
takes place in accordance with the rules of the plate or, rf necessary, shell theortes

The maximum transverse stresses of the cross-sectron are to be determrned.

_Q-S
T I.s,

1

| (9.17)

with

Q = maximum shear force - in the pipe wall . :
S = area moment, 1% degree, about the axis through the ¢ of g (static moment)
si = wall thickness at the point of the cross-section considered ( e.g. the web).

The shear force can be calculated from the determined stress distribution around the
pipe circumference using equilibriumn considerations. The verification for the transverse
stress determined from the shear force is to be carried out for 7 = 0.5cp (short-term and
long-term) using safety coefficient y in accordance with Table 12.

At points on the pipe circumference with sImultan‘eous large bending moments and
shear forces (e.g. between haunch and invert), verification is to be carried out with
associated values for N, M and Q.

If larger tension, compression and transverse stresses meet then, at this point, then the
reduced stresses are to be verified using a failure criterion appropriate to the material
(e.g. conical rupture criterion for HDPE).
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9.6.3 ' Additions for Deformation Verification 4 RS

As a rule, with the determination of the deformation of pi‘pes with prof iled walls, the

criterion /(A - rs2) in accordance with Eqns. (6.19a,b) is not met. The defonnatron
coeffrcrent in accordance with Tables 10a-c are also valid for profi iled prpes (v~ 0.3).

9 6. 4 Add/t/ons for Stab///ty Venﬁcat/on ’

To take account of the normal force defonnatron of proﬂled p|pes the parameter k in
place of /s with the determination of the snap-through coefr|C|ents ap in accordance
with Diag. D1O ,

. TA S | |
K = |2 o | : .
1" | | - - (818)

The snap-through coeﬁ"cients cp in accordance with Diag. D10 apply only with Ka < S..

in addition, a sufficient proﬂe stiffness i is to be verified. This verification against buckhng
of thrn-wal]ed profile components can be carried out experimentally or as mathematical
verification in accordance wrth the classic buckllng theory takrng into account matenal
creep. : . ( A

07  safety

9. 7 1 Baeis

The safety coefficients are determrned on the basrs of probabmstrc relrabrluy theory
With this the spread of the loading capacity of the pipes (e.g. stability, dimensions) and
the loading (e.g. soil characteristics, traffic loads, placement condrtrons) are taken into
account.

Due to the different spreads of stability, dimensions, strf‘ness'and test methods as well
as the different demands on the support function of the soil, there are different safety
factors for the various ploe materials with the same probability of failure.

For the loadlng case of internal pressure varying sub-safety coefncrents can be applied.
9.7.2  Safety Coefficient against Far/ure of Load Carrying

Under this fall the failure types fracture and instability. The necessary safety cosfficients
are given, dependent on the safety classes, in Tables 12 and 13. Probabilities of failure
ps are allocated to the safety classes.

The safety cosfficients refer to the materials

- fibre cement cast iron (ZM), high density polysthylene (HDPE), polypropylene,
polyvinyl chloride (PVC-U) and vitrified clay on the 5 % fractile of the ring bending
tensile strength; .

- reinforced concrete on the calculated values in accordance with Dl\l 1045

- steel (ZM) on the 5 % fractile of the rminimum yield point (or 0.2 % limit);

- unsaturated polyester, glass fibre reinforced (UP-GF) on the minimum ductility in
accordance with DIN 19 585 - 1, Tables 23/24 together with prEN 1636.
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Safety Class A - normal case -

- hazardlng of the groundwater
.- prejudicing of usage

- failure has significant economic consequences

Safety Class B: SpeCIal case

- no hazarding of groundwater
- small prejudicing of usage -

- failure has slight economic consequences

If preliminary deformation is taken into account with stability verification then, for Safety

C]ass B nec. x 2.0 can be applied and for safety Class B nec. x = 1.6.

Table 12. Saf.ety coefficients, failure due to fracture
Pipe material Nec. x
' Safety Class A | SafetyClassb
(normal case) (special case)
ps=10° pr=10°
Fibre cement :
Concrete 22 1.8
.| Vitrified clay -
Reinforced concrete 4 1.75" 1.4
High density polyethylene (HDPE) 2.5 2.0
Polyvinyl chloride (PVC-U) ' ,
Polypropylene (PP-B, PP-H, PP-R) 2.5 2.0
Steel -(ZM) - 1.5 1.3
Cast iron -(ZM) - -
“| Unsaturated polyester 2.0 1.75
glass-fibre reinforced (UP-GF) -
Table 13: Safety coefficients, failure through instability
Pipe material Nec. %
Safety Class A Safety Class b
(normal case) (special case)
ps=107° pr =107
Steel -(ZM) :
Cast iron -(ZM) 2.5 2.0
High density palyethylene (HDPE) . (2.0 with the (1.6 with the
Polypropylene (PP) taking into ~ takinginto
Polyvinyl chicride (PVC-U) account of pipe account of pipe
Unsaturated polyester preliminary preliminary -
glass-fibre reinforced (UP-GF) deformation) defarmation)

i
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9.7.3 Safety agamst Non—Permrﬁ‘ed Large Deformatlons o o

With the penmtted short- and Iong-term deformatlon accordlng to Sect 9 4 it is assumed
that this limiting value applles as 90 % fractlle :

- 9.7.4 Safety agalnst Fallure wrth Loading wh/ch is not Predomlnantly Permanent

The verification of safety with loading which is not predomlnantly static is necessary, if -
pipes are laid under the railway tracks and under aircraft movement areas. Verification'
can be necessary under roads as a rule with a cover of more ‘than 1.5 m this is not
necessary :

Appropnate information on plpe driving under rallway areas can be taken from ATV -
Standard ATV-A 125E* and DS 804.

Vertical stresses in the SOII as a result of road traffic loads may, without special
verification, be calculated using a covering height increased by 0.30 m. Through this
account is taken that, for frequent changes of load, a road surface W1th favourable load :
d|stnbutlon is always present

When safety agalnst failure with loadlng which is not predommantly statlc has to be
verified, only those pipes may be employed whose stress range is standardised or has -
been determined by an officially recognlsed test institute and is ensured through quahtyl

: assurance

For the vermcatlon of fa‘ugue strength (stress range) the shear forces from trafnc loading :
may be multiplied by a_re_ductlon factor «V in accordance with Table 14. :

dynpy = @y 0P o (8.19)
| Ng =Ng - dynpy - Iy ' | ,

Mg =M -dynpgre ¥ . o (@20)
With flexible pipes the following additionally applies:

Ny = n;h. dynp,,. - Iy ‘

M =M. dynp,. I’ | (9.21)
with |

dynp,,. =dynpy - K (9.22)
The supporting effect of the bedding reaction 'pressure dyn pw may only be applied

with Soil Groups G1 and G2 and Proctor densities De > 97 % (Sgn 26 N/mm?). The
dynamic stress component follows with

“ ATV-A 1258, Issue 1558, p.
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Ny N MM
dync + <. a, o ‘ - (9.23)

A TTwW
and thus the fatigue veriﬂeation

: ‘ 20, a9
~dynoy, < .

(9.24)
With 26a= stresis range of the pipe employed.

Table 14: Reduction factor ay

Traffic load - |Reduction factor o,
HGVEO . - |05

HGV30 0.8

UIC 71 |10

DAC 0.6

A verification under loading which is not predommantly statlc is unnecessary for GV 12
~ as equivalent load for’ placement in open spaces.

3 yith UIC required safaly ¢ = 2, otherwise ¢ = 1
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Appendlx 1 Tables

T1,2: Reduction factor x for a trench load and x, for a surface load accordmg to
the Silo theory : : -

Table T1a: Table of the earth “load Table T1 b: 'Tab]'e of the earth load

coefficient x for trench : . . coefficient ko for trench
- loads (Silo theory) - - loads (Sllo theory)
5= = , , - o
@ 20.00 2500 30.00 35.00 ¢ 20.00 25.00 30.00 3500
s 20.00 25.00 30.00 35.00 8 13. 33 18. 67 20.00 23.33
K4 0.50 0.50 0.50 0.50 K 0.50 0.50 0.50 .0.50
h/b h/b '

100 100 100  1.00
099 099 098 0.98
098 087 09 096
097 086 095 094
095- 094 083 092
094 083 081 090
093 082 080 0.88
082 . 080 088  0.86
091 089 087 085
090 0.88 085 0.83
089 08 084 081 -
087 084 081 078
085 082 078 075
083 079 076 072
081 077 073 070
080 075 071 067
078 073 069 0.5
076 071 067 062
075 069 065 080
0.73 068 063 058
072 066 081 . 056
070 . 064 059 054
069 063 057 052
067 061 056 051
066 080 054  0.49
065 058 053 048
063 057 051 048

1.00 1.00 1.00  1.00
0.98 0.98 097 - 097
0.96 0.95 0.94 0.93
0.95 0.93 0.92 0.90
0.93 0.91 0.89 0.87
0.91 0.89 . 0.87 0.84
0.90 0.87 0.85 0.82
0.88 0.85 0.82 0.79
0.87 0.83 0.80 0.77
0.85 0.82 0.78 0.74
0.84 0.80 0.76 0.72
0.81 0.77. 0.72 0.68
0.78 0.73 0.69 0.64
0.76 0.70 0.65 0.60
0.73 0.68 0.62 0.57
0.71 0.65 0.59 0.54
0.69 0.63 0.57 0.51
0.67 0.60 0.54 0.48
0.65 0.58 0.52 0.48
0.63 0.58 0.50 0.44
0.61 0.54 0.48 0.42
0.59 0.52 0.46 0.40
0.57 0.50 0.44 0.38
0.56 0.48 0.42 0.36
0.56 047 0.40 0.35
0.53 0.45 0.39 0.34
0.51 0.44 0.38 0.32

PROOOOONINIONNAS2 220000000000
MNooonrhNMoowmohMowmohrNMNOOWONOOEAWNI O

2OOOONNODOTOEAMRALDOOWONNNNNSA2220000000000
OSvomonovionomorNODOANODODANOODORNOODNOIOID®WN2O

0.50 0.42 0.38 0.31 4.4 0.62 0.56 050" 045
0.49 - 0.41 0.35 - 0.30 4.6 0.61 0.54 0.49 0.43
0.47 0.40 0.34 0.29 4.8 0.60 0.53 0.47 0.42
0.45 0.39 0.33 0.28 5.0 058 . 0.52 0.46 0.41
0.43 0.36 0.30 0.25 5.5 0.58 0.49 043 0.38
0.41 0.34 0.28 0.23 6.0 0.53 0.48 0.41 0.36
0.38 0.31 026 022 6.5 0.51 0.44 0.38 0.34
0.36 0.29 0.24 0.20 7.0 0.49 0.42 0.36 0.32
0.34 0.28 0.23 0.19 7.5 0.47 0.40 0.34 0.30
0.32 0.26 0.21 0.18 8.0 0.45 0.38 0.32 0.28
0.31 0.25 0.20 0.17 8.5 0.43 0.36 0.31 0.27
0.29 023 0.18 0.16 9.0 0.41 0.35 0.29 0.25
0.28 0.22 0.18 0.15 9.5 0.40 0.33 0.28 0.24
0 0.27 0.21 0.17 0.14 10.0 - |0.38 0.32 0.27 0.23
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Table T1c: Table of the earth load Table T2a: Table of the eacth - Joad

coefficient x for trench ' coefficient ko for trench
loads (Silo theory) . : o loads (Silo theory) i
1, , . . 5= q),
6=—
3? | | | |
@ 20.00 2500 .- 30.00 35.00 ¢ 20.00 25.00° 30.00 3500
5 867 833  10.00 - 11.87 5 . 20,00 -25.00 30.00 " 3500 .|
| K -/0.50- 050 050 - 0.50 | Ky 0.50 0.50 - .0.50 0.50 .
hd , o h/b : - :
0.0 1.00 1.00 1.00  1.00 0.0 1.00 1.00  1.00 1.00
0.1 0.99 0.99 0.99 0.99 0.1 0.96 0.95 0.94 0.93
0.2 0.99 099 098 0.98 0.2 0.93 0.91 0.89 0.87
0.3 0.98 0.98 0.97 0.97 0.3 0.90- 0.87 0.84 0.81
04  |098 097 0.97 0.96 - 0.4 0.86 0.83 © 0.79 0.76 .
0.5 0.97 0.96 0.6  0.95 0.5 0.83 0.79 0.75 0.70
0.8 0.97 0.96 . 0.5 0.94 0.6 0.80 0.76 0.71 0.66
107 0.96 0.95 0.94 0.93 0.7 0.78 0.72 0.67 0.61
0.8 0.95 0.94 093 0.92 0.8 0.75 0.69 0.63 0.57
0.9 095 094 0.92 0.91 0.9 0.72 0.66 0.59 = 053
1.0 0.94 0.93 0.92 0.90 11.0 0.69 0.63 0.56 0.50
1.2 0.93 0.92 0.90 0.89 12  .|0.65 0.57 0.50 0.43
1.4 0.92 0.90 0.89  0.87 1.4 060 0.52 0:45 0.38 -
1.6 0.91 0.89 0.87 0.85 1.6 0.56 0.47 0.40 0.33
1.8 0.90 0.88 . 086 084 1.8 0.52 0.43 0.35 0.28
2.0 088 087 084 0.82 2.0 048 . 039 .032 025
22 0.88 0.85 0.83 0.80 2.2 045 036 0.28 0.21
24 10.87 0.84 0.82 0.79 2.4 0.42 0.33 . 025 0.19
2.6 0.86 0.83 0.80 0.77 12.6 0.39 0.30 0.22 0.16
2.8 0.85 0.82 0.79 0.76 2.8 0.36 0.27 0.20 0.14
3.0 0.84 0.81 0.78 0.75 3.0 0.34 025 = 0.18 0.12
3.2 0.83 0.80 0.76 0.73 32 0.31 0.22 0.16- 0.1
3.4 0.83 0.79 0.75 0.72 3.4 0.29 0.20 0.14 0.09
3.6 0.82 0.78 0.74 0.71 3.6 027 0.19 0.13 0.08
3.8 0.81 0.77 0.73 0.69 3.8 025 0.17 0.11 0.07
4.0 0.80 0.76 0.72 0.68 4.0 0.23 0.15 0.10 0.06 -
42 0.79 0.75 0.71 0.67 42 0.22 0.14 0.09 0.05
4.4 0.78 0.74 0.70 0.66 4.4 0.20 0.13  0.08 0.05
4.6 0.77 0.73 0.89 0.85 4.6 0.19 0.12 0.07 0.04
4.8 0.77 0.72 0.67 0.63 4.8 0.17 0.11 0.06 0.03
5.0 0.76 0.71 0686  0.62 5.0 0.16 0.10 0.05 0.03 .
55 0.74 0.69 0.64 0.80 55 0.14 0.08 0.04 0.02
8.0 072 = 0.67 0.62 0.57 8.0 0.11 0.08 0.03 0.01
8.5 0.70 0.64 0.60 0.55 8.5 0.09 0.05- 0.02 0.01
7.0 0.68  0.63 0.57 0.53 7.0 0.08 0.04 0.02 0.01
7.5 0.67 0.61 0.55 0.51 7.5 0.07 0.03 0.01 0.01
8.0 0.65 0.58 0.54 0.49 8.0 0.05 0.02 0.01 0.0
8.5 0.63 0.57 0.52 0.47 8.5 0.05 0.02 0.01 0.00
8.0 0.82 0.58 0.50 0.45 8.0 0.04 0.02 0.01 0.00 -
9.5 0.60 0.54 0.49 0.44 9.5 0.03 0.01 0.00 0.00
10.0 0.59 0.52 0.47 0.42 10.0 0.03 0.01 0.00 0.00
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Table T2b: Table of the eaﬁh load Table T2c: Table of the»Iearth._Ioad )
coefficient x for .trench : ' coefficient «o  for trench

loads (Silo theory) R loads (Silo theory)
) , 1 —
S A R -
Q@ 20.00 -25.00 30.00 35.00 -4 ¢ ' 20.00 25.00. 30.00 -35.00
& 13.33 16.67 - 20.00 23.33. 5 . |6.87 833  10.00  11.67
K4 0.50 0.50 ~ 0.50 0.50 Ky .- 1050 0.50 0.50 0.50
h/b ' h/b V

100 100 100  1.00
0.99 099 098 0.98
098 087 097 096 -
0.97 096 095 094
095 094 093 082
094 093 . 092 0.0
093 092 080 088
092 090 088 0.87 °
091 089 087 085
090 088 085 0.83
089 086 084  0.81
0.87 .0.84 0.81 078
085 081 078 075
083 079 075 0.72
081 077 073 069
079 075 070 0686
077 072 068 063
076 070 065 061
074 088 063 058
072 066 061 058
070 084 059  0.54
069 063 057 052
|067 061 055 050
066 059 053 048
064 057 051 046
063 056 049 044
061 054 048 042
060 052 048  0.40
058 051 044  0.39
0.57 050 043  0.37
056 048 041  0.36
053 045 038 0.32
0.50 042 035  0.29
047 039 032 025
044 036 029 024
042 033 027 021
039 031 024 0.19
037 029 022 017
035 027 020 0.18
033 025 019 0.14
031 023 017 013

100  1.00 100  1.00
098 087 09 096
095 094 093 092
1093 091 090 0.88
091 0.89 086 - 0.84
089 . 0.86 0.83 081
087 084 080 077
085 081 078 074
083 079 075 071
081 076 072 068 -
079 074 069 065
075 070 085 060
072 066 060 055
068 062 056 050
065 058 052 048
062 055 048 042
059 052 045 039
057 049 042 036
054 046 039  0.33
051 043 038 030
049 041 034 027
047 038 031 025
045 038 029 023
043 034 027 021
041 032 025 019
039 030 023 018
037 © 028 022 016
035 027 020 0.5
034 025 019 014
032 024 017 0413
031 022 016  0.12
0273 019 014  0.09
024 047 011  0.08
021 014 009 008
019 012 008 005
017 041 007 004
015 009 005 003
0.13 008 005 0.03
012 007 004 002
011 006 003 002
0 |003 005 003 001

SCOOODNNDONNEEEALPOOWONNNNNAS2220000000000
CUHOoOUOUOUOMOWOLNODOANODNOLNODOLNOOONOOAWNO
SOODONNDDOOPEAARPWOOONNNNN S 2420000000000
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T3: Bending moments and normal force coefficients -

Table T3 I: Bending moment and normal force coefficients

. Moment coefficients - .| Normal force coefficients
Bedding | Interface | Maqv Mg -~ M Mg My Nqv [ Ng Nw
case o T my m'w ’ ) n,gj Ny
1/60° Crown +0.286 -0.250 -1.181 +0.459 +0.029 +0.080 -1.000 -0577 +0.417. +0.708"
' A . +0.073 +0.073 ' . +0.066 - +0.225
Haunch | -0.293 +0.250 +0.208 -0.529 -0.264 | -1.000. O 0 -1.571 +0.215
' ) -0.084 -0.084 - -0.250 +0.068
Invert - |+0.377 -0.250 -0.181 +0.840 +0.420 | -0.080 -1.000 -0.577 '-0.417 +1.292
' +0.134 +0.134 o -0.066 " +0.411

1/190° Crown  |+0.274 -0250 -1.181 +0.419 +0.210 [+0.053 -1.000 -0577 +0.333 +0.667
. _— +0.067 +0.067 | © +0.053 +0.212

Haunch. | -0.279 +0.250 +0.208 -0.485 -0.243 | -1.000 0 0 -1.571 '+0.215
_E : -0.077 -0.077 . -0.250 +0.068

Invert +0.314 -0250 -0.181 +0.642  +0.321 | -0.053 -1.000 -0.577 -0.333 +1.333
+0.102  +0.102 E .-0.053 +0.424

/120° Crown +0.261 -0250 -1.181 +0.381 +0.190 |+0.027 .-1.000 -0577 +0.250 +0.625

_ _ ‘ +0.061 +0.061 - +0.040 +0.199
Haunch -0.265 +0.250 +0.208 -0.440  -0.220| -1.000 O 0 . -1.571 +0.215
I ' : -0.070 -0.070 - -0.250 +0.068
Invert +0.275 -0.250 -0.181 +0.520 +0.260 | -0.027 -1.000 -0.577 -0.250 +1.375
+0.083 . +0.083 . ) -0.040 +0.438
7180° Crown +0.250 '-0.250 -1.181 +0.345 +0.172 | O © -1.000 . -0577 +0.167 - +0.583
) ’ _ 7 . +0.055 +0.035 . *0.027- +0.185
Haunch -0.250 +0.250 +0.208 -0.393 -0.196 | -1.000 O 0 -1.571 +0.215
A -0.063 -0.063 - - -0.260 +0.0868
Invert +0.250 -0.250 -0.181 +0.441 +0.220 | 0 . -1.000 -0.577 -0.187 +1.417
+0.070 -+0.070 ' -0.027 +0.451
Mathematical sign: Moment  + tensicn on inside of pipe ~ Normai force + tension
- tension on outside of pipe ' - compression

3 The tatle values apply cnly for circular pipes with the same memert of inertia all round. The asscciated m- and n-values are to te
detarmined fer other cross-sections (comp. Homurg/Kittel)
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Table T3 NI: Bending moment and normal force coefficients . e
- Moment coefficients : Normal force coefficients
Bedding | Interface | Mqv Mgh mg = Mw Ngv. . Nan ng - Nw
case o o My mw : _ : N'g M
12a o . .
g0° Crown |+0.266 -0245  .+0.386 +0.198 |+0.038 -0.989 +0.285  +0.643
o o +0.063 +0.083 | . .- - - +0.045 +0.205
Haunch -0.271  +0.244 . --0.460 ':0.230 | -1.000 0 - -1.571 . +0.215
' - - 0073 -0.073 oo '-0.250 +0.068
|Invert . |+0.277 -0.224 +0.524 +0.262 | -0.452 -0.718 - -1.587° +0.707
i ‘ = 7+0.083 +0.083 : . -0.253 +0.225
120° Crown = |[+0.240 0232 . +0.314 +0.157 | -0.020 -0.960 +0.105 +0.552
- © . +0.050 +0.050 +0.016 +0.176
Haunch -0.240 +0.228 -0.362 - -0.181'" -1.000 O -1.571 +0.215
' o © | -0.058 -0.058 0250 +0.088
Invert +0.202 -0.187 " +0.201 +0.145 | -0.058 -0.540 ) -1.818 +0.541
" , o . +0.046 .+0.045 | _ © 0305 +0.172
180° Crown +0.163 -0.163. +0.071 +0.035 |+0.212 -0.788 - -0.500 +0.250
: : o _ +0.011 +0.011 | : - -0.080 +0.080°
Haunch -0.125 +0.125 0 -0 -1.000 O : -1.571 +0.215
' . 0 o : - -0.250 +0.068
Invert +0.087 -0.087 . -0.071 -0.035 | -0.788 -0.212 - -2.642 +0.179
' -0.011 . -0.011 : ’ -0.420 +0.057
. Mathematical sign: Moment. +tension on inside of pipe Normal force "+ tension v' '
- tensfon on outside of pipe ~ -compressien
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—

T4: Buckling of buried pipes : ' I o .
1.0 : —
0.9 ¢ =35°
0.8 15 1;4: BE]
0.7 /,// L ¢ =30°
0.6 A /§ \\\ N ’| | IOI
f 0.5 ?/ \¥\ (PI=I2?I |
04 id — ¢/ =20°
03 +—
02
0.1
0.0 ———= A\ — — mnas
0.0001 0001 oof X G

Diagram D 11: Reduct:on factorx,; of bucklmg loads thh earth]traﬁ‘c loads qv _
Appromma‘non formula for % in accordance with Dlagram D 11: |

%2 =X+0.36 - (log Vra + 4) < 0.9
with x = 0.52 for ¢’ = 85°
x=0.5 foro =30°
x = 0.46 for ¢’ = 25°
x=04 forg =20°
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O 1] T 1D
i rafs =5 7.5, 10 E o
- - o LA
T AR e e oy e e d
0.9 P T L e = Z7 e
- Bt N Bt \\\‘ -"'>\ o - /,
~. m\\-‘w‘ > = A
, T
0.8 : e —=
Kﬂ vv . AU
. 5,=1%
0.7 —
|‘ !
+—
0.6 R AE] N .
' 0.0001 0.001 0.01 - 01 ~ 1
. : Vg ———3 : :

Diagrém D12a: Reductlon factor X2 Of the snap-through load with extemal‘
water pressure (double wave preliminary deformatlon), Sv=1%

Approxmatjon formu!as for x_az and ka1 in accordance with diagrams D 12a-fand D 13a-: -
a:g (ko —2 -k, +k,)

b=%(3-k044~k2+k4)

K, =8 - X2 +b-x+k,

The supporting values kg, K and ki Aare' presented in an accompanying
publication in the Korrespondenz Abwasser.

1.0 ] ] .,J'_'
1 -
' r'/:v=':' ! A )] /'A
] | A g
m. i T an sl s 77T !
S A
P 7.5 1
e A
] P ! k i S A
Kaz T\mo! = "}/Jf
I T - i
l 71 ik
0.7 T I i o T PTiH]
- ] I i ] ERARY
] 0 ] Sy =2%1111
| | i
i i i !
0.6 i i i i l: | [NEERE
0.0001 0.001 0.01 0.1 - 1
: Vog —>

Diagram D 12b:  Reduction factor x., of the snap-through' load with external
water pressure {double wave preliminary deformation); 6, =2 %
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Approxnmatlon fonnulas forxaz in accordance with Dlags D 12a and D 12b:

, =a- x*+b-x+¢

with | x:longB‘, a='%-(ko:—2k2 +k,) ta:%-(?,k0 - 4k, +K,)

/s . ke Dk ke

5 098 092 09
8, =1% 10 0.97 0.87.  0.956
. 15. A 086 - 085 - 0.952
V (D 12a) 25 0.957 - 0.83 0.95
, 50 0.853 0.8 0.94 .
100 0.95. 0.79 0.92
, _ 5 - .0.97 - 086 : 0.93
S, ='2% 10 0.965 0.81 - 092 .
: 15 0.96 0.78 091 :
(D 12b) - 25 0.955 . 0.76 0.905
. 50 095 073 0.85
_100 0.94 « 0.71 0.85
1.0 T iR
!
I
DO =h3f TTE TR 1;9{
T = ¢/ Zal
ety .
0.8 - : T ; 15:':*\::& o 3 v i II’ ]
K b RIS TS SO P [, Y
< Pt A e Ry s wll
s TR ] e N/
0.7 SNTT NI B ks s, W 57 NRE
NIET [N AR I
i N e/ P
1 ] 8, =3% 1]
[ 110 | AR
06 i | ] il | [ EEE
0.0001 0.001 0.01 0.1 1
Yoy —3

. Diagram D 12c:  Reduction factor ‘Ka;) of the snap-through load with external
water pressure {double wave preliminary deformation); 3, = 3%
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1.0 1
1
: |
0.5 n/ams - ) P Zaai
LT =T 10 134 2 A
0.8 = - -gj
— = s
- 10.7 e
Ka2' — = +
0.6. =
00
035 §,=4% I
0.4
0.3 : :
0.0001 . 0.001 . 0.01 01 . : 1

' Diagrém D 12d_:" _ 'Reduction factor xa; 'of' the"snab-through load with exterﬁal '
: ' - water pressure (double wave preliminary deformation); &, = 4%

Appfb;imatioh formulas for k. m accordance with Diags. D 12¢ avnd D12d - -

‘Kp=a-xX>+b-X+C -

with X =l0g Ve, a:-;—-(ko — 2K, + k) bi%- Bk, — 4k, +K,)
rmls ko koo - Ky
5 0.86 082 089
s,=3% 10 095 074 088
15 0.94 0.72 0.87
50 0.93 0.65 0.83
100 0.92 0.63 0.78
5 094 077 0.86
5, = 4 10 0.93 0.69 0.84
15 10.92 0.65 0.83
(D 124) 25 0.915 063 0.82
50 0.91 . 0.6 0,78
100 0.9 0.59 0.73

August 2000




ATV-DVWK-A 127E

1.0
0.9 = S Sa
Jo s
~ ~
0.8 /az5 P —
' - = !‘u; T it % g 7
, fo.7 S = T S
KaZ — Fi B rs 3 -1 "
0.6. ST = -
i 100 ; =
0.5 00
- 0.4 Sm_—" 6% :EE]
] ;
0.3 = - }
0.0001 .- -0.001 0.01 _ 0.1 e 1

Diagram D12e: Reduction factor Xao OF the‘snap-through load ‘with: éxtemal ,
- water pressure (double wave preliminary deformation); §, = 8%

1.0 -
T
0.9
0.3 : = ——
- i e
I Tt A7 .
0 o g ————1
TDJ . — , ~ —
ol n/s=5 —itd ~—=— : i ;
K2 I —— A A
0.6 ———— . ie “-ﬁ_l [ ‘ '/, I
: o ey = 5
— b I s g t
0.5 E’L~‘:‘_—‘ = T
- N i I ™ ] i N [
T — T 8y=10%T11
I 0.4 Erdi) T P G Y Sy T M)
i . —— : =
i — —— Zo0 :
! 1 ; : T
0.3 - - : — .
} 0.0001 0.001 0.01 0.1 1
T 7 )
; Ve —

Diagram D 12f: Reduction factor x.. of the snap-through load with external
water pressure (double wave preliminary deformation); 8, = 10%

i Approximation formulas for ., in accordance with Diags. D 12e and D 12f:

K,=a-xX>+b-x+cC

with X =10g Vs, a=%-(ko—2k2+k4) b:%-(Sko_— 4k, +K,)
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Mmfs - Ko Kz Ky
'5 081 068 0.79.
5, = 6% 10 08 08 077
- 15 0.865 0.56 0.75
(D126) 25 08 . 053 073
| 50 - .0.845 0.51 - 0.68
100 © 084 ° 05 0.62
5 0.83 055 . 067
5, = 10% 10 0.8 046 0.62
15 0.79 0.44 06
(D 129) 25 077  0.41 0.57 -
50 0.76 0.39  0.51
100 0.75 0.38 0.45
e s |
08 P ﬂ_”"/
==
K.‘ioj & : :/ ; “5,=»1°o
- | ]
0.6 — : 3 E
0.5 :: 7
0.4 - aE ' :
0.0001 . 0.001_ 0.01 N 041 1
Voo —

Diag. D13a: Reduction factor k. of the snap-through load with external water
pressure {local preliminary deformation); &, = 1%
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-

1.0
4 ] : =il
[ L i
0.9 s : = 7
—
T 0.8 _—==|— . =
Ku f__‘_ — = -
. 07 i
. - ; -
- P= ey - 6y=2%
0.6 —— T
L
. e
0.5 .
. — ‘ll
0.4 ' .
0.0001 . 0.001 : 0.01 - 0.1 1
. R . Var

‘Diag. D 13b:Reduction facfor 1;3{ of the sn’ap-thrbugh load .with'extei'na] water
pressure (local preliminary deformation); 6,=2% . ’

- Approximation formulas for Kat iN accordance with Diags. D 13a and D 13b:

kg =a-xi+box+c

with  x =logVas, 'a:%-(ko—zkﬁk“) b:-jl--'(3ko-,4k2+k4) |

/S ko k2 Ky

5 0.99 0.96 0.963

5= 1% 10 0.98 0.925  0.931
| 15 0.975 0898  0.901
(D 13a) 25 0.97 0.863  0.849
50 0.968  0.826  0.743

100 0.963  0.804  0.622
5 0.953 0.924  0.927 -

5,=2 % 10 0.945 0.865  0.866
15 0.942 0.827  0.813

(D 13b) 25 0.935 - 0.784  0.723
50 - 0.93 0.744  0.568

100 0.923 0.722 0.436
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1.0 : — : mmaanl
0.9 T——— ..Is=5==__===__ ———r =ﬁ
V iﬁ - T e a8
L‘ H ’—— //'
T 0.8 . R 2 !
1 : e 8, =3 %
oz 3 -y :
. - A T o ¥
. . ‘/ o
0.5 gL,
P
R L > il »
0.5 e
> 7
s :
0.0001 0.001 B Y. I . 0.1 S

_Diag. D13c: Reduction factor x.; of the snap-through 'Ioad with external water
 pressure {local preliminary deformation); 6,=3 %

1.0 T : T
[ it - T T 1y
Tt L] ] T Ty
1 Y T S B
0.3 TS T 5 : ; ————
- > E TRk »
0.8 o : —
Tt —
— (D T gt il
T wee T T T — e i8]
T 0.7 —— e =
o — 8, =4%54
Ka R e ll=es
0.8 R S
1 <3 e L
: ~ o
= et ]
0.5 T 'T—»’T '//}/ -
= ST
0.4 e
— 7L
— T el F
— I
0.3 — T {n
i man : —
— = ., =
0.2 — - - =
0.00071 0.001 ' 0.01 0.1 1
Vo ——

Diag. D13d: Reduction factor ks of the snap-through load with external water
pressure (local preliminary deformation); §,=4 %

Approximation formulas for x.; in accordance with Diags. D 13c and D 13d:
K,=a-x>+b-X+cC

with  x =logVes, a=—-(k, - 2k, + k,) b:%-(3k0—4k2+k4)

|
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, - 5 0937  089. 0892
 8,=3% - 10 093 0815 0806
: _ 15 0.925 . . 0.77 0.735
(D 13c) 25 - 0915 0725 0818
- 50 0.91 0.684  0.444

400 - 0905 = 0663 0321

5 0.929 0.859  0.859

s,=49%. 10 0921 0771 0751
~ 15 092 0723 0664
| 50 0.897 0637  0.353

100 089 0616 0245
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Diag. D13e: Reduction factor x,; of the snap-through load with extemal water
pressure (local preliminary deformation); 6, =6 %
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: Dlag D13f Reduction factor x,; of the snap-through load with external water
, pressure (loca] prehmmary defonnatzon), Bv =10% :

Apprommatxon formu]as for Xa1 IN accordance thh Dlags D 13e and D 13f

a1—a x +b- xfc

with X = log Vs, a:—— (ko — 2k, +k,) b:%-(3k0—4k2+k4)

L ko ka K

5 0.888 0802  0.797

s.=g% 10 0863 069 0652

= 15 0.85 0647 0544
(D 13¢) 25 0845 057 0.4

50 0.84 053 0245

100 0.83 0.51 0175

| 5 0.8 0.707  0.688
| s.=10% 10 0.78 059  0.496
15 0.77 0.52 0.38
(D 131 25 0.75 046 0255

50 074  0.41 0.175

100 0.73 0.37 0143
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Diag. 14a - ¢: Coefficients of bending moment me.« (invert) for the loading case

external water pressure (necessary for the nonlinear stability
verification, approximation method)
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Appendix 2:

(Task questlonnarre recommended as performance descnptron)

TELEFAX/Address

We r:quat 8 no—charge offer -
e lon a statlc ¢
‘We commlission a statle examination
In accordance with the given leading and
taltatien conditions for the project in:

i | :

LOADING AND EMPLACEMENT COND]T]ONS OPEN cuT

‘Nominal witth BN BN ToN \
Pipefine length | { ]| | m
Pipe made herm:
(% A27, Tatle 3}
- Details on the loading
Covering helght above pipe crown -
minh | i ! | m

i mach | . [ | | m
Traffic load HGY &0 o oo

HGV 0

cv 12

UIC 71 multitrack
UIC 71 single-tack
No liva load

Area Laad - T——— - XU en tamain surface

Intemal pres. P, e—e——iewiem— ba from backprassirs

Cther i

lcads

Soil type: In-(grm sc:'l‘ Cover F.Fe-
. ATVA 4 tench  -ing  lme

Law ATVA 127 ik n}

G 12 Nencobeaive sard and gravel
G 2: Siightly cohesive sand and gravel

G J: Ceheske mxed scils and course cay
G 4: Ccheske scils (e.g. ay)

Ctner soil:
Cegree of camzacton of in-siL soii:
Cegre= ot cecmpaction of other solls:

From ATvA 177, | DRERRONE -
Table 1 Frcicn angle v amesamomann-.
gg;‘g@éﬂ DRICITEECN MOCUE oo s emenmemmses
vajues in =evant

Sr2ss fAnge 0 Do - Nmim?

Subsoil: (uncer the ripe)

. Lke surreunding seil
Yery nard, smny or rociky

Men Icad tearng soiis

Foundng the sipeine cn:

Cecth of th3 funcing
Eelow Setom foL - oL S, m

Greundwatzr
Mot present
Presant

Max heignt abcve
[=g2000 maz¢h =

Bedding - .
Type on summcuncing soll
sard or gravel-sand becding
cancreta bedding
Thickness of 0.07-da  (EQ“ support)
the upper 0.15-da  (S0° spport)
bedeing 0.26-da (120" supper)
0 Laying en flat trench beltem
and gacking up ofpendenmu
Trench shape
Type _| Bread tranch, backill or butt-up embankrr‘ert .
Sing'e rench”
Muitpfe fench® ) Attach longrtudnal
Segped trench® and cress-sections

* Lesd reducing affect applicable enly
# both tranch'walls remain over 2 long

paricd Yes
L No
Details on construction work
Trench width (incl.sheeting thickness) at pipe
croony’ | | |

1
Botiom g, [ [ ; ]

Slope angle 3 4357

33

Trench sheeting

Tyee Mo snssting

Thin sheetrg

Herizental (alse Berin) shesting
Yertia trepch sheeting

Verdcat light sulkheacs

Yarocal planks (area of cover enly)
Yerial bulkheacs®

* Feang depth n sail
bebow bottzm of rerch 1= wecee M

Dismantling

by stzps with kacidling
of ;l‘eﬂm'g

in ene o after Backfiliing

::-1 seps 1 the peline zore only
fecthe lar compacden

" Soil compaction Bed- Cow

ding ering

14

C..mpac: by tavers, witncut verficarcn

of the degrae of compzcon

Ccrr,.ad by aves, wih verficaton ot

degreeof .zm;iu‘.tn ia.w ZITYESD” (D., = 37 %)
Uncompacied

* Bearin ALsvad i, v e, U

Date:

Stamp:

{Acdrass)

Signature:
Speciicaton ard achedule of prices- " .

Apnexes: ;ep:‘cmanrn Jescipten " Seil expertts )

Site gfan Adciteral ‘Behnical regulstons
Lergiucinal sactien Traffe load 3chemw
Cress-section Sketches lor

August 2000




ATV-DVWK-A 127E

Appendix 3577

[Calgiilation examples = .

In the following examples are shown the calculatlon procedure for a r|g|d pipe, a flexible
pipe using the modulus of elastICIty E and a ﬂexnble plpe usnng nominal stn‘fness of

nominal width DN 500

The input data are selected for an"orvma-vl case of placement, ';whéreby'peculiarities such
as soil exchange, and the effec’ts_. of groundwater and trench lining are also recorded.

The compIe’te formulas are not given in thve calculatidn procedure the'y ban hoWéver be
compared at any time with the text of the standard usmg the given formula table,

diagram and section numbers. -

Input data Qty Unit - Rigid |. Flexible Flexible‘_pip,e
i pipe? | pipe using | using nominal
: - E? stiffness?
Pipe _ v .
Nominal width DN~ [1] 500 -~ 500 500.
Internal diameter di fmm] 500 475.6 510 - -
External diameter . - de [mm) 670 500 530
Wall thickness (pipe material) s fmm] 85 12.2 .10
Cement mortar wall thickness Sz [mm] - - .
Crushing load ™ " Fy | [KN/m 80 - .
Nominal stiffness : SN [N/m? - - 5000
Unit wi. gravity pipe material p &) [kN/m 24 14 17.5
Unit wt. cement mortaring . Az [kN/mZ] - - -
Meodulus of elasticity of pipe matenal_ Erx IN/mm*<] - 3000 -
(short-term characteristic) - .
Macdulus of elasticity of pipe material Er [N/mmz] 30000 1500 -
(long-term characteristic) . )
Vertical fracture deformatlon {short- Bes [%] - - 20
term) ,
Vertical fracture deformation (long- V=] [%] - - 12
term) :
Safety class - ] A A A
Safety coefficients: ,
failure due to fracture o [1] 2.2 25 2.0
failure due to instability %L 1] - 2.0 2.0
Permitted vertical deformation of &, %) - 8 (9) 6 (9)
diameter (long-term) '
Preliminary deformation {Type A) [%] - 1 1
Soil
Surrounding soil:
Soil group G - G3 G3 G3
Compactness De, [%] a0 a0 a0
Intemal angle of friction o °] 25 25 25
Soll characteristics from soll Yes O Yes O Yes 0O
expertises No No. [ Mo
Groundwater present Yes % - |Yes X Yes %
'No O No O No O
Max. groundwater level above pipe | max hy, [m] 15 1.5 1.5
invert
Min. groundwater level below pipe min hy, [m] -0.5 -0.5 -0.5
invert L L




ATV-DVWK-A 127E

‘Input data Qty Unit Rigid - | Flexible | Fléxible pipe
o S . pipe" pipe using | using nominal
A 1 - E? stifiness®
Backfilling of pipeline zone: : ‘ ~ 35
Soil group - G [ G1 G1 - G1
Unit wt. : s [kN/m*] 20 20 20 -
Internal friction angle - o' 1 35 35 35
Covering: C S ’ o
Soil group 6 | M G3 G3 G3
Unit wi. ' s A[kN/mj’] 20 - 20 20
Unit wt. under buoyancy xs' [kN/m?] 10 10 10
Internal friction angle . .9 ] 25 25 . 25
Placement conditions o ' '
Covering height h- [m] . 3.0 3.0 3.0
Trench width - b [m] 1.6 . 1.6 1.6
" | Embankment angle B [°] e ¢ -80 90
Covering condition A - A2 A2 - A2
-| Embedment condition B B2 B2 B2 -
Bedding case _ | . | -
Bedding angle 2u [°1 90 - 120 120
Relative projection a [1] - 1.0 1.0 - 1.0
Trench walls retained long-term Yes Yes [ Yes [
' No O No . 'O No- O
Deformation moduli Es: ) : S
above the pipe E+? | INNmm?] 2.0 2.0 2.0
next to the pipe Ezo 2 | [N/mm7] 6.0 6.0 6.0
surrounding soil next to the pipe = [N/mm‘] 2.0 20 2.0
. surrounding soil-under the pipe CES® [N/mm?] 20.0 20.0 . 20.0
Earth pressure ratio K ? [1] 05 | 05 0.5
Wall friction angle 5% ] 1 sa |1ocss |los 5
RS IS R IR e
Loading
Traffic load:
Standard vehicle HGV 60 HGV 60 HGV 80
Number of tracks < - - -
Dimensioning aircraft - - -
Area load Do [kN/m?] - - -
Water filling %o | [XN/MY 10 10 10
Internal pressure o [kN/m?] - - -

Footnote: 1) Concrste pipe DIN 4032

2) PVC-U pipe DIN V 18534 .

3) UP-GF pipe DIN 19585

4) From scil group and covering condition in accordance with Table 8

5} From soil group and embedment condition in accordance with Table 8
8) E2 > Eq is permitted due to soil exchange in the pipeline zone

In accordance with Table 1

7)
8)6.2.2: E4=10. E1
9)

From covering conditien in accerdance with Tabled
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»

Section

Flexible pipe using E-

Rigid pipe Flexible pipe using

{Formula No.) T modulus nominal stiffness

Table No. Calculation " Stress Stress Deformation/ | Elongation | Elongation/ | -
Diag No. step verification | verification/ | stability = | verification/ | deformation/ | .
: -| deformation’| verification |deformation| stability
: S o ’ Co verification

- Short-term | Short-term | Long-term | Short-term | Long-term

5.2.1 Earth load ‘ o . '

(5.04) <[] 0.874 0.874 ~  |0.874 0.874 0.874

(5.06) xe [ | - - - - -

(5.01) |pe  [kN/m7 | 525 52.5 52.5 52.5 52.5

522 Traffic load . : : L " ’

D2d, (5.07) p [kNlmz] 17.36 17.36 -17.36 17.36 17.386

Table 6 e M1 | 12 - 1.2 | 12 1.2 1.2

(5.11) pv  [kN/m?] | 208 20.8 208 - 20.8 20.8 --

6. Load distribut” | - _ : :

D5 as  [1] 0.642 0.822 0.822 |- 0782 0.782
+ | Table 1 fi 1] 1 - 1 1 1 1 :
| (6.01) , [ | 075 0.75 075 0.75 0.75 .

Table 8, (6.02) |E, " [N/mm?| 2.0 3.70 3.70 352 3.52

, : Im  [mm] 2925 - 243.9 243.9 260 260

Table 3 |er {N/mm?]| 30,000 13,000 1,500 - - -

(6.10e) I [mrn“/mml 51,180 1513 - 1513 833 - 83.3

(5.10b) S, [N/mm?]| 7.67 0.00381 "~ 0.00195 o

(6.10¢) S [NmmA : - . AN 0.00251

DIN 19565-1 |S, [N/mm?] 0.005 - 0.0025

(6.10d) So  [IN/mm? , ' 0.00321

(6.10) Er [N/mm7]| - - - 8436 5418 ‘

(6.18) Af [1] 1.010 1.371 11.371 1.300 1.300

(6.17) ¢ M 0.851 0.869 0.869 0.857 0.857

(6.16) San  [N/mm?| 1.47 1.929 1.929 1.81 1.81

(6.15) Vas [1] 41.60 0.0162 0.0104 0.0221 0.0142

6.2.3, Table9 |[Kx [1] 0.5 0.4 0.4 0.4 0.4

(5.05) a1 0.693 0.541 0.541 © 0.568 0.568

6.3.1, (6.04) |maxA[1] 1.40 1.344 1.344 1.357 1.357

812 - Sev _[N/mm]| - 3.70 3.70 3.52 3.52 .

(6.193) l/Arm2 [1] - 0.00021 0.00021 0.00012 0.00012

(6.19b) .kl AT [1] - 0.00025 £.00025 0.00015 0.00015

' < 0.001 < 0.001 < 0.001 < 0.001

Table 10a Choqv [1] - + 00891 + 0.0891 + 0.0891 +0.0891

Table 10a Chan [1] - - 0.0833 - 0.0833 -0.0833 - 0.0833

Table 10a Chan- [1] - - 0.0658 - 0.0658 - 0.0658 - 0.0658

6.14) K*  [1] - 1.088 1.169 1.014 1.014

Table 10a Cog [1] - -0.0893 - 0.0893 - 0.0893 - 0.0893

Table 10a Chan [1] - |+ 0.0833 + 0.0833 + 0.0833 + 0.0833

Table 10a Cnanr [1] - + 0.0640 + 0.06840 + 0.0840 + 0.0640 .

(6.13) et [l - -0.0198 -0.0145 - 0.0244 -0.0180

(5.083) Vs [] 0.428 0.375 0.488 0.405

(8.08b) Vs [1] 219.9 - - - -

(6.06b) K [ - 0.927 0.921 0.927 . 0.925

(8.063) e 1] 1.40% 0.777 0.748 0.802. 0.771

(6.213) rre [1] 1.19 0.838 0.815 0.887 0.848

(1 <bld.<4) '
(6.23a) Ao [1] 3.55 3.55 3.55 3.55 3.55
6.5 Aq 1] 0.42 0.34 0.34 0.35 0.35
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" Flexible pipe using E- .

R "
" Flexible pipe using

Section
(Formula No.) modulus nominal stiffness -
Table No. Calculation Stress Stress Deformation/ | Elongation | Elongation/
Diag No. step verification | verification/ stability verification/ | deformation/
: deformation | verification |deformation| stability
: T : ~ | verification
Short time | Short-term |Long-term Shortterm | Long-term
(6.22) As 1] '0.866 ~1.074 " 1.084 1.066 1.076
6.6 Vertical total o
I . load ’ _ . 7
(6.24) q.? [kN/m? | 83.0 64.7 63.6 66.4 65.2
7.3 Side pressure | ' _ ,
(7.01) On  [KNm? |26 24.5 247 - 245 . 24.7
(7.02a) R N R 454 47.3 441" 46.9
(7.02b) Grw [KNMY | - 21 | 24 2.1 2.3
8.1 ' "| Cutting forces (Mqn- and Ngi- calculated using gh* and gh*w) . B
Crown _ ' _
(8.01) Mo - [KNm/m]| 1.946 1.005 0.988 1172 1.150
'(8.03) Mg [KNm/m] | - 0.558 - 0.365 -0.368 -0.414 -0.417
(8.05) Mg [KNm/m]| - - 0.511 - 0.536 - 0.566 - 0.581
(8.07) My [kNm/m]| 0.073 0.004 0.004 0.005 0.005
(8.09) M, [kNm/m]{ 0.053 0.028 0.028 - 0.033 0.033
M [kNm/m]| 1.514 0.180 . 0.116 . 0.230 0.180
(8.02) Ng, [kN/m] 1.287 0.428 0.418 0.466 0.457
(8.04) Ngn [kN/m] -7.629 -5.887 - 6.036 - 8.370 -6.422
(8.06) Ngn® [KN/m]) - -6.685 -7.000 - 8.937 -7.382
(8.08)) Ng [kN/m] 0.199 0.010 0.010 0.011 0.011
(8.10) Now  [kN/m] 0.571 0.372 0.372 0.423 0.423
ZM O [kN/m] -5.572 -11.8840 -12.235 -12.397 -12.913
o Haunch 4 ' : .
{8.01) Mg [kNm/m]| - 1.882 -1.020 - 1.003 -1.189 -1.187
(8.03) Mo [KNm/m]| 0.588 0.365 0.38638 0.414 0.417
(3.05) Men* [KNm/m] | - 0.588 0.616° 0.648 0.692
(8.07) M; [kNm/m]| - 0.085 -0.004 - 0.004 - 0.005 - 0.005
(8.08) My [kNm/m]| - 0.061 - 0.032 - 0.032 - 0.039 - 0.038
M [kNm/m]| - 1.589 -0.103 - 0.056 -0.171 -0.102
(8.02) Ng, [KN/m] |-24.284 -15.782 -15.518 -17.264 -16.951
(3.04) Ngn  [kN/m] 0 0 ' 0 0 0
(8.06) MNgn* [kN/m] - 0 0 0 0
(8.08)) Ng  [kN/m] - 0.937 - 0.0865 - 0.085 - 0.071 - 0.071
(8.10) No  [kKN/m] 0.184 0.128 0.128 0.145 0.145
IM [kN/m] |-25.038 -15.720 -15.455 -17.180 -16.877
nvert : .
(3.01) Mg, [kNm/m]| 2.230 1.058 1.041 1.234 | 1.211
(8.03) Man [KNm/m] | - 0.558 - 0.385 - 0.383 -0.414 - 0.417
(8.05) Mg [kKNm/m] | - - 0.511 - 0.536 - 0.565 - 0.602
(3.07) Mg [kNm/m]| 0.112 0.005 0.005 0.006 0.008
(8.09) M, [kNm/m]| 0.080 0.038 0.038 0.046 0.048
M [kNm/m]| 1.865 0.225 0.180 0.308 0.244
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Flexiblg pipe u.sing E-

»
Flexible pipe using

Section Rigid pipe
(Formula No.) |. - " modulus nominal stiffness
Table No. Calculation - Stress Stress Deformation/ | Elongation Elohgationl
Diag No." |step verification | verification/ stability verification/ | deformation/
| S deformation | verification |deformation| stability
. ' oo o T “verification
. Shorttime |Shortterm '|Long-term | Short-term | Long-term
(8.02) New [KN/m] | -1.287 -0.426 -0.419 - 0.466 -'0.457
(8.04) Ngn [kN/m] | -7.628 - 5.987 - 6.036 -6.370 -6.422
(8.086) | Ngn* [kN/m] - -6.685 - 7.000 - 6.934 -7.382
(8.08) Ng "[kN/m] |-0.188 -0.010 - 0.010 < 0.011 -0.011
(8.10) Ny [KN/m] 1.140 .0.818 . 0.818 0.929 0.929
ZM  [kN/m] | -7.974 -12.290 -12.647. -12852 -13.343
8.2 Stresses
.| Cross-section
values of the~
pipe wall
Area . ' .
A 85.0° 12.2 12.2 10.0 10.0
[mm%mm] o :
Resistance
moment
W =s%8 : :
[mm*/mm] 1204.2 24.8" 248 18.7 18.7
(8.14a) as [1] 1.087 1.017 - 1.017 1.013 ©1.013
-1 (8.14h) e [1] 0.903 0.983 0.983 0.987 0.987
| Table 3 cp [N/mm? | 6.4 80 50 - -
(9.01¢) cp [N/mm? A 61.4 -
(8.13) Gerown IN/MM?] |+ 1.31 +5.59 +3.76 - -
(8.13) cmun,[N/mmj +0.88 +2.79 +0.95 - -
(8.13) Givert [N/Mm*] |+ 1.80 +8.22 + 65.48 - -
3.2 . Stress verif. ’
(safety
features)
(8.013,b) “terown [1] 4.9 16.1 18.3 - -
(9.01a,B) “tnaun, [1] 7.3 32.2 64.6 - -
(9.01a,b) Kinvert [1] 4.0 10.9 9.5 - ;
Table 12 nec ¢ [1] 22 25 - 2.5 - -
8.3 Elongation
Table 3 er [%] - - - +1.646 +0.988
(8.01d) ep  [%] - - - - #1.175
(8.15) Ecrown [70] - - - -0.178 - 0.231
(8.1%) €haunch [%] - - - -0.138 -0.145
(8.15) Einvert 1%) - . - -0.222 - 0.291
(9.2) Elong. verif.
(safety
features) :
(5.01a,b) ferown [1] - - - 9.4 51
(9.01a,B) Yraunch (1] | - - - 11.9 8.1
(8.01a,b) Linvert [1] - - - 7.4 4.0
Table 12 nec ¢ [1] - - - 2.0 2.0
8.3 Deformation
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_ Section : . | Rigid pipe | -Flexible pipe using E- - Flexible pipe using
(Formula No.) B - .modulus - ' | ~ nominalstiffness
Table No. Calculation - ‘Stress ~. Stress Deformation/ | Elongation | Elongation/
- Diag No. step verification | verification/ stability . ‘| verification/ | deformation/
. - . | deformation | .verification |deformation | . stability
: : : . - _verification
A - |shorttime |Short-term |Long-term | Short-term | Long-term -
(86.24) que [kNmY | - -] 439 - |.45.5 ;
7.01) ghe [KNm3 | - - | 245 .. - . | 245 -
(7.02) - lawe KNMY | - ' 22.8 - - , 22.9 o
(8.16a) - Ad, [mm] - -6.5 | -14.3 | -51 -15.5
8.17y » &  [%] - A 1.3 3.0 . 1.0 1 3.0
9.4 Deformation | i : : -
' verification : : o ' ) o
9.4 o |Pem.& (%] - |- | 8 - | 8
- T < 6%: o ’ ' ) o .
linear R
" | calculation
> 6%:
non-linear
. calculation
8.5 - | Stability
verification
(safety
. feature)
9.5.3.1 Vertical total N , ;
' load ' . ’ - -
Table 1 o [ - - 35 - 35
Appx. 1: D11, |k, [1] - - 0.9 - ' 0.9
Approx. '
formula )
(9.08) cit q, (N/mm? | - - "0.354 - 0.388
Table 1 @ [NmT |- - 10 - 10
(6.24) q.a [Nmm7| - - 0.0565 - 0.0579
(8.07) o [1] - - 6.3 - 6.7
Table13 - [necy[1] - - 2.0 - 20
9532 Ext. water .
pressure
Calculated = |[Vas [1] . : 0.0081 0.0110
using S ‘ :
9.5.2 &+1 [1] - - 4.0 - 4.0
: | rals  [%] - - 20 - 28
Appx. 1: D12 [xa2 [1] - , - 12.5 - 11.5
D10 ap  [1] - - 18.3 - -
(9.08) crit pew [N/Mm?] | - - 0.137 - | 0.154
(9.10) Pev [N/M] | - - 0.015 - 0.015
(9.11) «  [Nmm7 | - - 9.1 - 10.3
Table 13 nec y [1] - - .2.0 - 2.0
9533 Simult. acting
vertical. total
load and ext.
water pres.
(9.12) v (11 - - 3.7 . 4.1
Table 13 necy [1] - - 2.0 - 2.0
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Section Rigid pipe Flexlble pipe usmg E- Flexible pipe using
(Formula No.) modulus nominal stiffness
Table No. Calculation | Stress Stress - |Deformation/ | Elongation | Elongation/
~ Diag No. step verification | verification/ | stability | verification/ | deformation/
' - | deformation | - verification |deformation| stability
_ o ’ verification
Short time |Shortterm |Long-term | Short-term | Long-term
9.54 - Non-linear stability venﬁcatlon
(only necessary with deformations 8v > 6% and avallable x <5-nec.y -
Given maxh, [m]| - - 25 - | 25
Given” 3 %3] - - 6.5 - 8.5
8.54.2 Vertical total -~ |
' load ' : .
(6.24) Qua [N/mm 70 - - 0.0493 - 0.0504.
(7.01) Gha [N/mm? al - - 0.0162 - 0.0161 -
(7.023) Grea [N/mm a0 - - 1. 0.0398 - 0.0405
(8.142) ange [1] - - 1.26 - 1.27
: : Invert: .
{8.01) Mg [KNmvm]| - - 0.806 - 0.937
(8.03) Mg [KNm/m]| - - - 0.241 - -0.272
(8.05) Man* [KNm/m]| - - -0.430 - - 0.482
(8.07) My [kNm/m]| - - 0.005 - 0.006 .
(8.09) M, [kKNm/m]| - - -9 - -y
IM [kNm/m]| - 2 0.140 - 0.189
(8.02) Ngv  [KN/m]. - - -0.325 - -0.354
(8.04) Nen  [KN/m] - - - 3.951 - -4.188
(8.06) Nen® [kN/m] - - - 5.615 - - 5.911
(8.08)) Ng  [kN/m] - - - 0.010 - -0.011
(8.10) Ny  [kKN/m] - - - - - .
M [kN/m] - - - 9.801 - -10.462
(9.15a) cso [NImmY| - - +6.42 - -
(9.15b) £So [%] - - - - -0.275
(5.01) pea [KN/mM? | - - 35.0 - .35.0
9.5.4.2 or INMm7| - - 64.9 - -
9.5.4.2 er  [%] - - - - +1.233
(9.16) - - 101 - 4.48
9.5.4.2 Ext. water
pressure ¥
9.52 Sv+1 %] - - 75 - 7.5
Appx 1: D12e,f|xa2 [19 1. - 0.57 - 0.52
(9.08) cntpeu[N/mm ] - - 0.111 - 0.120
(9.10) Pew [N/MmM? | - - -0.025 - - 0.025
(9.14D) cpw [1] - - 1.82 - 1.71
Invert:
D14b Meew [1] - - 0.034 - 0.038
(91 3) Mo pew [mrﬂlmm] - - 50.6 - 64.2
(8.12) Nsazex [N/mm - - -86.25 - -6.62
(9.15a) Geopew [N/MM?] | - - +3.27 - -
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Section Rigid pipe Flexible pipe using E- Flexible pipe using
‘(Formula No.) L modulus nominal stiffness
~Table No. |Calculation | Stress Stress * | Deformation/ | 'Elongation | Elongation/
Diag No. ' |step verification | verification/ | stability |verification/ | deformation/
.| deformation | verification |deformation| - stability
. 1 ‘ SRR verification
Short time |Short-term’ | Long-term Short-term | Long-term
9.5.4.2 op [N/mmi| - - - 50 - -
(6.10) Er  [Nmm?}| - : - |- - 421871
(S.15b) Esopew [Y0] - N A - . 0.170
9.542 g [%] - - - - +0.988
(8.16) Yeew [1] - ’ - 15.3 - 5.81
9.5.3.3 Simult. acting o
vertical. total
“|load and ext.”
- | water pres. oo N o _ T
(8.12) ¥ [ - . - 6.08 - - 253 .
Table 13 necx[1] ~ - | - - 2.0. ' - 2.0
9.4 Non-linear
' verification
of deformat” : ' A :
(8.12) Avail y [1] - Co 6.08 - 2.53 -
9.4 <5 necy - - <10 = - <10 v
(9.16) Axe TH - : e 10.1 - 4.48
(9.05) oy 1] e . - 1.1 - 1.29
9.4 . av [ %] - - 7.22 - 8.39
9.4 pem &,  [%]| - : 8 - S
Footnotes: 1) E. > Ey is permitted due to soil exchange in the pipeline zone.
2) For pipes of greater stifiness (Vas > 1) Az = max A (8.3.2).
3) As the groundwater can sink below the invert of the pipe g, can te calculated withcut buoyancy.
4) Verification Is necessary as groundwater axists above the invert of the pipe.
5) The values max h, ard 8, are increased comparzd with the initial example in order to demensirate
the calculaticn step for non-linear verificaticn. .
€) Fer stability verificaticn the Icad casa of pipe witheut water fill is relevant.
7 The calculaticn of the'elongation in the pipe wall as a result of external water prassure takes place using

the long-term E mcdulus of the pipe material.
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ATV-AG 1.5.5:

EinfluB der Bettungsstelf' igkeit auf die. Tragfahlgkelt und die Verformungen von flexiblen
Rohren .
[Influence of the beddmg stlffness on the camying capabmty and deformatxon of ﬂexnble
pipes]. Stra[Le—Brucke—TunneI 24, Vol. 4 (1972) p. 63-68. , o

Die Belastung von starren Rohrieitungen unter Dammen.
[The loading of rigid pipelines under embankments]

- Mitt. d. Inst. f. Grundbau u. Bodenmechanik der TU Hannover Vol 4(1973)

Die Erdlasten bei iberschiitteten Durchiassen.
[Earth loads with surcharged culverts].
Die Bautechnik 56 (1979) p. 361-388.

Bodenmechanische Fragen der statlschen Berechnung und Embettung von erdvelegten
Rohrleitungen. :
[Soill mechanical questions of the static calculation and embedment of buried p|pelmes]
Korrespondenz Abwasser (1979) p.489-493. ‘

Einige Bemerkungen zum statischen und bodenmechamschen Konzept des ATV--

" Arbeitsblattes ATV-A 127.

[Some comments on the static and soil mechamcal concept of ATV Standard ATV-A
127]. Korrespondenz Abwasser (1984) p.528-531.

Berechnung freier und einseitig elastisch gebeﬁeten Krelsbogen und -ringe unter

AuBendruck mit groBen Verschiebungen und Verdrehungen. . 4

[Calculation of free and one-sided elastxca]ly embedded arcs and nngs under extsmal
pressure with large displacement and torsxon] .

Dissertation TU Hannover (1873).

Grenzlasten von emsemg elastisch gebeﬁeten kreiszy]mdnschen Konstruknonen
[Uttimate loads of one-sided elastically embedded cylmdnca] de519ns]
Bauingenieur 55 (1880) p.381-330.

Zum Stabilitétsnachweis von erdverlegten Rohren gegen auBeren Wasserdruck nach
ATV-Arbeitsblatt ATV-A 127.

[On the verification of stability of buried pipes agamst external water prassure in
accordance with ATV Standard ATV-A 127]. Korrespondenz Abwasser (1984) p. 520-
522.

StraRenverkehrsbelastung erdiiberdeckter Rohre.
[Road traffic loading of burled pipes]. Korrespondenz Abwasser (1984) p. §32-541,

Structural analysis of buried pipes, Wiesbaden (1989) (in German and English).

Grundziige der prdblematischen Zuveridssigkeitstheorie und ihre Anwendungen auf im
Erdboden verlegte Rohren

' [Characteristics of the problematic reliability theory and its applications to buried pipes).

Korrespondenz Abwasser (1884) p. 523-527

Zuverldssigkeitsanalyse von Rohrleitungen aus unbewehrten Baton.
[Reliability analysis of pipelines made from unreinforced concrete].
Dissertation TU Minchen (1982).

Uberlagerung von Innen- und AuRendruckbelastung erdverlegter Rohrleitungen
(Rechnerische Untersuchung bei Anwandung der Theorie Il. Ordnung.

[Overlaying of intemal and external pressure loads on buried pipelines (Mathematical
investigation with the application of the Second Order Theory)].

3R International (19889) p. 86-105.

Arbeitsbericht ,Berechnungsansétze {iir die Rohrbelastung im Graben mit gespundetem
Verbau®.

[ATV Report *Mathematical approaches for loads on plpes in the trench with grooved and
tongued sheet piling”). Korrespondenz Abwasser 12/97.
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