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ZBIRNO TEHNICNO POROCILO

1. SPLOSNO

1.1 PREDMET PROJEKTA

Na vzhodnem obmoc¢ju OPPN 191 Podutik Kamna Gorica — zahod in Cesta Andreja Bitenca -
Podutiska (del) je predvidena nova cestna povezava v smeri sever — jug. Gre za povezavo med
Pilonovo ulico na jugu in Cesto Andreja Bitenca na severu obmocja. V sklopu projekta je izdelana
idejna reSitev za dvosmerno cesto z avtobusnima postajaliS€ema, povrSinami za kolesarje in
pesce ter vmesnimi zelenicami. Predvidena je tudi krajinska ureditev obmocja. V sklopu projekta
se posodobi tudi Pilonova ulica. Poleg prometnih povrSin se za obmocje OPPN zgradi tudi ostala
komunalna in gospodarska javna infrastruktura; to je kanalizacija za odpadno padavinsko vodo,
kanalizacija za komunalno odpadno vodo, vodovod, javna razsvetljava ter telekomunikacijski vodi
v obmocju OPPN 191.

Nacrtovana javna gospodarska infrastruktura omogoca prikljucevanje nacrtovanih objektov v
prostorskih enotah PE1, PE2 in za objekta H9 ter H10, ki so predvideni v skladu z veljavhim OPPN
191 Kamna Gorica - zahod in Cesta Andreja Bitenca — Podutiska.

V 1 fazi se bo urejali omilitveni ukrepi zalednih voda, ter padavinski kanali po Pilonovi ulici.

1.2 ZAKONSKE PODLOGE IN IZHODISCA

V obmocju predvidenim za gradnjo je bila izdelana naslednja projektna dokumentacija:

- projektna naloga Ureditev cest in javnih povrsin v OPPN 191, §t: 371-570/2023-1 izdne 17. 5.
2023 ki ga je izdelala Mestna obc&ina Ljubljana, oddelek za gospodarske dejavnosti in promet

- projektnanaloga $t. 2632V Izgradnja javnega vodovoda in kanalizacije zaradi gradnje objektov
ob Cesti Andreja Bitenca (enote urejanja prostora DR-492 in del DR-494, januar 2013

- projektna naloga S§t. 3297 K, lzgradnja javnega vodovoda in kanalizacije zaradi gradnje
objektov ob Cesti Andreja Bitenca (enote urejanja prostora DR-492 in del DR-494), ki jo je
januarja 2013 izdelalo podjetje JP Vodovod - Kanalizacija, d.o.o

- projekt Cesta C2 (podaljSek ceste Pod Kamno Gorico) vobmoc¢ju OPPN 191 Podutik — Kamna
Gorica-zahod, LUZ d.d., §t.proj. 9125

- projekt VeCstanovanjski objekti na obmocju PE2 - faza B in C, OPPN 191 Podutik Kamna
Gorica -zahod, STIRIA ARHITEKTURA d.o.0., §t. proj. 2023/06, september 2023

- zbirni kataster komunalnih vodov, LUZ d.d., marec 2024

- DPP Cesta C2 (Podaljsek ceste Pod Kamno Gorico) v obmog&ju OPPN 191 Podutik — Kamna
Gorica -zahod.

- ldejna zasnova telekomunikacijskega kabelskega omrezja §t. 07112034, ki jo je v januarju
2013 izdelalo podjetje Dekatel, d.o.o

- ldejni projekt javne razsvetljave St. 11-30-2319/2389, ki ga je v januarju 2013 izdelalo podjetje
JRS, d.d

- Gradbeni zakon — GZ-1 (Uradni list RS, §t. 199/21, 105/22 — ZZNSPP, 133/23, 85/24 - ZAID-A,
47/25 - odl. US in 75/25)
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- Zakon o prostorskem nacrtovanju — ZPNacrt (Uradni list RS, St. 33/07; Spremembe: 70/2008-
ZVO-1B, 108/2009, 80/2010-ZUPUDPP (106/2010 popr.), 43/2011-ZKZ-C, 57/2012, 57/2012-
ZUPUDPP-A)

- Zakon o urejanju prostora - ZUreP-3 (Uradni list RS, §t. 199/21, 18/23 - ZDU-10, 78/23 -
ZUNPEOVE, 95/23 - ZIUOPZP, 23/24, 109/24, 25/25 — odl. US in 75/25)

- Zakon o varstvu okolja — ZVO-1 (Uradni list RS, §t. 39/06 — uradno preciS¢eno besedilo, 49/06
—ZMetD, 66/06 - odl. US, 33/07 - ZPNacrt, 57/08 - ZFO-1A, 70/08, 108/09, 108/09 — ZPNacrt-
A, 48/12,57/12, 92/13, 56/15, 102/15, 30/16, 61/17 — GZ, 21/18 — ZNOrg, 84/18 — ZIURKOE,
158/20 in 44/22 - ZVO-2)

- Zakon o graditvi objektov — ZGO-1 (Uradni list RS, §t. 102/04 — uradno preciS¢eno besedilo,
14/05 - popr., 92/05-2ZJC-B, 93/05 - ZVMS, 111/05 - odl. US, 126/07, 108/09, 61/10 — ZRud-1,
20/11-o0dl. US, 57/12,101/13 -ZDavNepr, 110/13, 22/14 - odl. US, 19/15,61/17-GZin 66/17
—odl. US)

- Zakon o cestah — ZCes-2 (Uradni list RS, st. 132/22, 140/22 - ZSDH-1A, 29/23 in 78/23 -
ZUNPEOVE)

- Zakon o vodah - ZV-1 (Uradni list RS, §t. 67/02, 2/04 - ZZdrl-A, 41/04 - ZVO-1, 57/08, 57/12,
100/13, 40/14, 56/15, 65/20, 35/23 — odl. US, 78/23 - ZUNPEOVE in 52/24 - odl. US)

- Pravilnik o pogojih za graditev gradbenih ali drugih objektov, saditev drevja ter postavljanja
naprav v varovalnem progovnem pasu in v varovalnem pasu ob industrijskem tiru (Uradni list
SRS, §t. 2/87, Uradni list RS, §t. 85/00 — ZVZP, 61/07 —ZVZelP in 30/18 — ZVZelP-1)

- Pravilnik o projektni in drugi dokumentaciji ter obrazcih pri graditvi objektov (Uradni list RS, St.
30/23)

- Uredba o odvajanju in ¢iS€enju komunalne odpadne vode (Uradni list RS, st. 98/15, 76/17,
81/19,194/21, 44/22 - ZVO-2, 21/25 - ZOPVOOV in 113/25)

- Direktiva evropskega parlamenta in sveta o ¢iS€enju komunalne odpadne vode (prenovitev)
(2022/0345(COD)LEX 2408)

- Splosniin posebni tehni¢ni pogoji

- Pri izdelavi projekta so bila upoStevana tehni¢na navodila za kanalizacijo (JP Vodovod -
kanalizacija d.o.o., Ljubljana, EAD-116244).

- Zakonski in podzakonski predpisi, ki bodo sprejeti v Casu izdelave te dokumentacije.
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2. OPIS OBSTOJECEGA STANJA

2.1 KANALIZACIJSKO OMREZJE

V Cesti Andreja Bitenca poteka odpadni kanal GRP DN 250 s padcem v smeri proti zahodu.
Padavinska voda ulice se zbira v odvodniku GRP DN 1000 pri objektu Cesta Andreja Bitenca 111.
Na odvodnik se iz vzhodne strani navezuje GRP DN 600 in z zahodne strani GRP DN 700, ki zbira
padavinsko vodo vkljudujo¢ Ulico Nade Camernikove. Iztok iz odvodnika DN 1000 je speljan v
potok Purkovec. V nadaljevanju Ceste Andreja Bitenca poteka padavinski kanal DN 300, ki v
Kamno Gorico se naveZe na iztok iz potoka Purkovec iz betonske cevi DN 700. Vzdolz ulice Pod
Kamno Gorico nadaljuje potek GRP DN 1000. Vzdolz Pilonove poteka odpadni kanal DN 250, ki se

trasi bodocCe ceste. Trasa nadaljuje potek v ulici Pod Kamno Gorico.

2.2 OSTALA KOMUNALNA INFRASTRUKTURA

V Cesti Andreja Bitenca in Pilonovi ulici poteka Se elektroenergetsko, plinovodno
telekomunikacijsko omrezje in javna razsvetljava.

3. OPIS PREDVIDENEGA POSEGA

3.1 PADAVINSKA KANALIZACLA

Povrsinsko odvodnjavanje cest se vrSi preko preénega sklona voziS€a v smeri proti talnim
poziralnikom, ki so priklopljeni na sistem meteorne kanalizacije. Skladno z Uredbo o emisiji snovi
pri odvajanju padavinske vode z javnih cest (Uradni list RS, St. 47/05) ni potrebno odpadne
meteorne vode z voziS€a cest predhodno odistiti z uporabo lovilcev olj, ker prometni tok ne
presega mejno vrednostiz 1. alineje 1.odstavka 4. ¢lena Uredbe, t.j. 12.000 EOV/dan.

Za komunalno opremljanje obmocja OPPN 191 Podutik Kamna Gorica zahod in 34 Cesta Andreja
Bitenca in s tem vezano padavinsko odvajanje je sistem padavinske odvodnje sestavljen iz
naslednjih kanalov:

- MK1, ki bo potekal v novi cesti na vzhodni strani obmogja in se bo navezoval na obstoje¢

- MK2Kkije obstojec kanal in se bo rekonstruiral. Potekal bo v isti trasi s ve¢jim profilom 800
mm od revizijskega jaska RJ8 MK2

- MK2.1 ki se bo navezal na obstojeC rekonstruiran kanal MK2, potekal bo pa s ulice Andreja
Bitenca in se preusmeril na Pilonovo ulico

- MKS3, ki bo povezava retenzije vobmocju OPPN 191 in kanalizacijski sistem
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- Kanal K MK je obstoje¢ kanal, ki se izteka v retenziji Glin§¢ice na kriziS¢u PodutiSke ceste
in ulice Pod Kamno gorico

Hidravlicne podatke smo dobili, z upostevanjem projektne naloge VOKE - 3297 K Izgradnja javne
kanalizacije zaradi gradnje objektov ob Cesti Andreja Bitenca — urejanje prostora DR-492 in del
DR-494) in Hidrolosko hidravlicna analiza za gradnjo Vec&stanovajskih objektov Glince/Podutik v
Ljubljani PE1in PE2, OPPN 191. Za povratno dobo smo upostevali 10 letno povratno dobo, trajanja
15 minut kar znasa 266 l/s/ha.

Preverili smo, ¢e bi projektiran kanalizacijski sistem prevajal celotno koli¢ino zalednih vod ( 10
letne povratne dobe) s dovodom 200 U/s ( v situaciji prispevnih povrsin oznacena kot PP1) v kanal
MK2.1 v revizijskem jasku RJ5MK2.1 in dovod 620 l/s ( v grafiki situacije prispevnih povrsin
oznacena kot PP2) s retenzije po kanalu MK3 v obstojec sistem, ki se konCa v retenziji GlinSCice

V tej projektni dokumentaciji sta obdelana kanala MK2 in MK3. Ostali kanali bodo predmet
drugih nacrtov.

3.2 OPISTRAS PREDVIDENIH KANALOV

3.2.1 KANAL MK2

Projektirana trasa kanala MK2 se za¢ne na severni strani Pilonove ulice v revizijskem jasku R15
MK2, v katerega se steka kanal Mk2.1. Trasa kanala poteka v cestiSCu proti jugu, kjer se v
revizijskem jasku PRJ13 K Mk prikljuci na obstojec kanal.

Trasa projektiranega kanala (DN800-1000) poteka v cestnem telesu v skupni dolzini 345 m s
padcem 5-18%o.

3.2.2 KANAL MK3

Projektirana trasa.MK3 se zacne v revizijskem jasku RJ2MK3, ki je iztok s padavinskega
zadrZzevalnika na obmoc¢ju OPPN 191 in se steka v obstojeco kanalizacijo.

Trasa projektiranega kanala MK3 (DN1000) poteka v v skupni dolzini 26 m s padcem 28%o.

3.2.3  PRIKLJUCKI INTERNE KANALIZACIJE

Hisni prikljucki niso del tega projekta.
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4. TEHNICNA IZVEDBA

4.1 PRICETEK GRADNJE

Pred zacetkom dela na gradbiSCu mora narocnik ali nadzornik projekta zagotoviti izdelavo
varnostnega nacrta.

Pred pricetkom gradnje je potrebno zavarovati gradbiSCe z ustreznimi zaS¢itnimi ograjami,
signalizacijo in ostalim, kot je navedeno v predpisih o varstvu pri gradbenem delu. Zavarovanje je
postaviti na mestih, kjer priCakujemo promet peScey, kolesarjev, motornih vozil ter vozil z vprego.

Socasno z zakoli¢bo projektiranega kanala je obvezno zakoliCiti trase ostalih komunalnih vodov,
ki tangirajo traso proj. kanala. Zakoli¢bo je potrebno izvajati v prisotnosti upravljalcev posameznih
kom. vodov in upravljalca ceste. O zakoli¢bi je potrebno voditi zapisnik. V zapisniku je navesti tudi
ime odgovorne osebe, ki bo dolzna vrsiti nadzor varovanja komunalnih instalacij v Casu gradnje.

Pri projektiranju smo upoStevali obstojec teren z vzpostavitvijo v prvotno stanje.

4.2 1ZKOPI

Izkop mora potekati pod nadzorom strokovne osebe. Izkop se bo izvajal delno strojno delno ro¢no
neposredno ob obstojecih jaskih. Globina izkopa bo od 0,63 m do 3,76m. Po strojnem in roénem
izkopu jarka je potrebno dno enakomerno splanirati v projektiranem padcu z odstranitvijo grobih
ostrih kamnov. Dno jarka je Sirine 0.80 - 1,20 m. (bruto DN cevi + 100 cm). Na tako pripravljeno
dno seizdela nasip za izravnavo podlage vdeb. 10 cm iz peS€enega materiala gr. 8-16 mm ter utrdi
do 95 % trdnosti po standardnem Proktorjevem postopku. Na nasip za izravnavo se izvede 3-5cm

debel nasip za poravnavo tal v katerega si cev izdela leziSce. Obsip cevi se nato izvaja v plasteh po
15-20 cm, na obeh straneh hkrati. Paziti je potrebno, da se cev ne premakne iz leziS¢a. Kot nasipni
in obsipni material se uporabi pes¢eni material gr. 0.02-16 mm. ViSina nasipa je 30 cm nad

temenom cevi. Utrjuje se do 95% trdnosti po standardnem Proktorjevem postopku.
Po konc¢anih delih je potrebno okolico gradbis¢a odistiti.
Projektirani kanali bodo iz cevi iz umetne mase, premera DN 250 mm.

Pred pricetkom gradnje kanalizacije morajo upravljavci ostalih Ze izvedenih internih komunalnih
vodov trase le-teh oznaditi in sodelovati pri izkopih na mestih preckan;.

Pri izvajanju gradbenih in montaznih del je potrebno upostevati “SploSna navodila za izvajanje
gradnje in tehni¢no izvedbo cevovodov ter spremljajocih objektov” ter navodila proizvajalcev
opreme in obstoje¢o gradbeno zakonodajo.

4.3 STATICNIIZRACUN

Stati¢ni izracun nosilnosti cevi je v prilogi.

4.4 1ZBIRA MATERIALA

Projektant predlaga vgradnjo (GRP) poliestrskih cevi togosti SN 10000, nazivnega tlaka PN 1, lahko
pa se uporabijo tudi druge cevi, ki morajo ustrezati standardu SIST EN 14364:2013, za katere je
potreben dokaz deformacij. Cev mora imeti notranji zaS¢itni sloj cevi iz poliestra, s ciljem
doseganja kontrole tesnosti, kemijske in abrazijske odpornosti ter odpornosti na obrus pri
visokotlaénem ¢is¢enju.
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Poliestrske cevi imajo veliko moZnost improvizacije na terenu, ter pestro paleto fazonskih kosov
zaradi Cesar odpadejo veliki zdruzitveni objekti, ki so dragi in zamudni za izvedbo. Prav tako
omogocajo kvalitetno naknadno vgradnjo hisnih prikljuckov. Poleg tega so iz poliestra predvideni
tudi revizijski jaski, kar pomeni, da bo pri gradnji na gradbiS¢u en sam material, ter s tem moznost
tezav manjsa (dobava, prehodi med materiali,...).

Vgradnja cevi se izvaja po navodilih proizvajalca cevi. Ce se bodo vgrajevale druge vrste cevi
morajo ustrezati standardu SIST EN 14364:2013, ter imeti podobne karakteristike kot predvidene
(vodotesnost, propustnost, hrapavost, nosilnost).

4.5 TLACNIPREIZKUS
Tlacni preizkus je potrebno izvesti v skladu z zahtevami standarda EN 1610.
4.6 REVIZIJSKI JASKI

Revizijski jaski so iz poliestra @ 1000 mm in 1200 mm, z minimalno debelino stene 9 mm, prekriti
zreducirnim kosom DN 1000/800 mm na katerega se poloZi AB venec s pokrovom. Temel;j jaska je
betoniran na mestu z betonom C16/20, debelina plosce je 20 cm. Na temelj se postavi jasek iz
poliestra, okrog jaSka se izvede AB venec iz C16/20. Dno je izoblikovano iz poliestra, v obliki
koritnice, ki usmerja odtok odpadne vode.

Pokrov jaska iz LTZ @ 600 mm; EN 124 D 400, z ventilacijskimi odprtinami, protihrupnim vlozkom
in zaklepom je vgrajen v armiranobetonski venec. Pokrov jaSka na voznih povrSinah ne sme biti
temeljen na obodno steno jaSka, ampak na utrjeno gramozno nasutje ob jasku.

5. HIDRAVLIKA IN DIMENZIONIRANIJE

5.1 PADAVINE

Za odvajanje padavinske vode s cestiS¢a smo izbrali referencno padavino povratne dobe 10 let
trajanja 15 min s projekta CROSSRISK, za obmocje Ljubljane :

Trajanje (min)  5-letne 10-letne 25-letne 50-lethe  100-letne 250-letne

5 400 467 567 633 667 767
10 283 333 400 450 500 583
15 233 267 322 367 411 478
20 192 233 275 317 358 417
30 156 183 222 250 283 333
45 122 141 174 196 222 263
60 100 119 144 164 186 219
90 78 93 111 128 144 170
120 64 76 92 106 119 140
180 50 58 70 81 91 106
240 41 49 58 66 74 88
300 36 42 50 57 64 74
360 32 37 44 50 56 65
540 24 28 33 37 42 48
720 20 23 27 30 34 38
900 17 19 23 25 28 32
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1080 15 17 20 22 24 28
1440 12 13 16 17 19 22
2880 7 8 9 10 11 12
4320 5 6 6 7 8 9
5760 4 4 5 6 6 7
7200 3 4 4 5 5 6

Za polnost kanalov smo izbrali da je max polnitev 70 %.

Hidravli¢ni izraCun je dodan v prilogi.
5.2 HIDROLOSKO HIDRAVLICNA STUDIJA - POVZETEK

Dotok z zalednih vod na izbrane kanale smo upo&tevali hidrolosko-hidravli¢ne $tudije (HHS) t.
IV-123/23, 1ZVO-VODAR d.o.0., dopolnitev april 2024,

HidravliCna obravnava sistema je izvedena na dveh ravneh:

- Kapacitivni izracuni posameznih odsekov obstojecih in nacrtovanih meteornih kanalov —
izvedeni na osnovi Colebrook-White-ove enacCbe, primerjalno preverjeni tudi z
Manningovo enacbo, za polno polnitev cevi pri merodajnem (najmanjSem) vzdolznem
padcu posameznega odseka.

- Celovito hidravlicno modeliranje vodotoka Purkovec z obema pritokoma in poplavnih
povrsin, izvedeno s programskim orodjem MIKE FLOOD (Danish Hydraulic Institute), ki s
sklopitvijo modulov MIKE 11 (1D tok v strugi) in MIKE 21 (2D povrSinski tok) omogoca
simulacijo izmenjave vode med strugo in poplavnim zaledjem v obe smeri.

Za modeliranje je uporabljeno obmocgje velikosti priblizno 840 m x 1.380 m (od povirja Purkovca
do zadrZevalnika na Glins¢ici nad PodutiSko cesto), diskretizirano z raunsko mrezo celic 1 x 1 m,
kar zagotavlja, da robni pogoj dolvodno ne vpliva na rezultate znotraj obravnavanega obmocja
OPPN.

Manningovi koeficienti hrapavosti so bili privzeti glede na rabo tal: struga Purkovca in pritokov ng
= 0,04 (doloCeno na podlagi terenskega ogleda), travniSke povrsine ng = 0,07, gozd ng = 0,10,
utrjene povrsine ng = 0,05.

Za izdelavo digitalnega modela terena so bili uporabljeni drzavni LIDAR podatki (ARSO, 2015),
geodetski nacrt GEOSVET (2019), geodetski nac¢rt za uporabno dovoljenje kanalizacije na Cesti
Andreja Bitenca (Energetika Ljubljana, 2016) ter pregled stanja padavinske kanalizacije (JP VOKA
SNAGA, oktober 2023).

HidroloSka izhodiS¢a (konice visokih vod Q10, Q100 in Q500 ter pripadajo¢i hidrogrami) so
povzeta po Studiji IV-56/15-1 (IZVO-Vodar, 2015/2017), kjer so bili s hidroloSkim modelom HEC-
HMS 3.4 in sinteti¢nim enotskim hidrogramom po metodi SCS izracunani pretoki ob predpostavki,
da N-letne padavine povzrocijo N-letni odtok.
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Hidroloski prerez vodotoka F (km?) Q500 (m®/s) | Q100 (m3/s) | Q10 (m°/s)
Purkovec — zahodni pritok 0,05 0,75 0,49 0,20
Purkovec - sredniji krak 0,11 1,15 0,78 0,31
Purkovec — vzhodni pritok 0,05 0,58 0,39 0,16
Purkovec med CAB in Pilonovo ul. 0,05 0,58 0,39 0,16
Skupaj na vtoku v kanalizirani 3,06 2,05 0,83
odsek

Preglednica 1: Visoke vode potokov s Purkovca s povratno dobo 10, 100 in 500 let (vir: IV-56/15-1)

5.2.1

HIDRAVLICNA PREVODNOST OBSTOJECIH METEORNIH KANALOV

Prevodna sposobnost obstojecih odsekov meteorne kanalizacije je bila ocenjena za polno
polnitev cevi pri merodajnem (najmanjSem) padcu posameznega odseka. Rezultati so povzeti v

preglednici 2.
Lokacija / odsek DN i min. | Q Q Manning | Opomba
(mm) | (%o) Colebrook | (Us)
(Us)

Burnikova ul., GRP 400 | 400 10,5 185 166 % Q10; presezek

(RJ1-RJ2) Q100 odteka
povrSinsko/skozi
poziralnike

Pilonova ul. zgoraj, GRP | 300 4,0 56 48 prevaja Q100 faze A

300 (RJ15-RJ20) obstojeCega stanja
(47 Us)

Pilonova ul. spodaj, GRP | 800 2,0 532 460

800 (RJ6-RJ15)

Iztok Purkovca, DN 700 | 700 20- 1.200- - *razpon glede na

(pri RJ 6) 45* 1.700 negotov padec (2 %—
4,5 %)

Pod Kamno Gorico, GRP | 1000 | 6,5 1.732 1.505 prevaja tudi Q100 s

1000 (RJ4-RJ5) pomocjo
nadpritiska v jaskih

Klemenc¢iceva ul.,, GRP | 1000 |12,0 2.355 2.045

1000 (RJ1-RJ4)

LUZ, d.d.

Komunalno opremljanje obmoc¢ja OPPN 191 Podutik Kamna Gorica - zahod in 34 Cesta Andreja Bitenca - PodutiSka - 1.faza 12




LUZ

Lokacija / odsek DN i min. | Q Q Manning | Opomba
(mm) | (%o) Colebrook | (Us)
(Us)

Dolvodno od| 1100 | 5,8 2.104 1.833 pri dejanskem
Klemenciceve, B DN 1100 padcu 1,61 % do

=3.500 l/s
Dolvodno, B DN 1400 | 1400 | 3,5 3.087 2.708 pri dejanskem
(iztok v zadrzevalnik na padcu 0,61 % do
Glinscici) =4.000 U/s

Preglednica 2: Ocenjena preto¢na sposobnost klju¢nih odsekov obstojeCe meteorne kanalizacije
(Colebrook-White in Manning, polna polnitev, merodajni padec)

5.2.2 OBSTOJECE STANIJE

Pri pretokih Q10 celotna koliCina padavinske vode odteka po meteorni kanalizaciji brez
povrSinskega razlivanja. Pri Q100 del visokih vod pri vseh treh potokih odteka razprSeno
povrsinsko: na obmogje PE1 doteka pretok priblizno 0,25 m®/s z globinami 2-5 cm, na obmogje
PE2 pa 0,33 m®/s (0,16 m®/s zahodno in 0,17 m®/s vzhodno od Purkovca) z globinami 2-8 cm. Pri
Q500 se pretoki povecajo na 0,60 m®/s (globine do 10 cm) na PE1in 0,94 m®/s (globine do 15 cm)
na PE2. Ker hitrosti tekoCe vode na celotnem obmocju ne presegajo 1 m/s, karta poplavne
nevarnosti (produkt globina x hitrost) ni izdelana; prisotna sta le razreda male in preostale
poplavne nevarnosti.

Nacrtovano stanje in omilitveni ukrepi

V model nacrtovanega stanja so vklju€eni vsi predvideni posegi (objekti PE1-Faza A, PE2-Faza B
in C, PE3, cesta C2, prestavljen in reguliran potok Purkovec) ter naslednji omilitveni ukrepi,
namenjeni preprecitvi dotoka visokih vod na obmocje objektov:

- nov meteorni kanal DN 800 med RJ 1 in RJ 15 (Pilonova ulica / cesta C2), zgrajen v okviru
rekonstrukcije;

- OM1 - kanaleta 200/335 mm, dolzine 50 m, neto prereza 3,66 m?, skupne poziralnosti =
0,50 m®/s (Q500), z iztokom v novi kanal DN 800;

- OM1a - kombinacija kanalete 200/335 mm in travne mulde, z iztokom v kanal DN 600 in
naprejv M1 DN 800 (RJ15);

- OM1b - kanaleta 200/400 mm, dolzine 5 m, neto prereza 0,71 m?, na Burnikovi ulici, z
iztokom v DN 800 na CAB;

- OM2 -kanaleta 300/545 mm, dolzine 33 m, neto prereza 3,80 m>, poziralnosti = 0,50 m%/s
(Q500), z iztokom v dodatni odvodnik v obstojeco kanalizacijo DN 1000;

- OM2a-kanaleta 200/400 mm, dolzine 5 m, neto prereza 0,71 m?, na Ulici Nade Camernik;

- OM3-kanaleta 200/335 mm, dolZine 104 m, neto prereza 7,61 m?, poZiralnosti = 0,50 m°/s
(Q500), z iztokom v obstojeco kanalizacijo DN 1000;

- zaS$cita kletnih uvozov na Pilonovi ulici (PE1) z grbino (kota 320,35 m n. m.), linijskimi
reSetkami in protipoplavno za$¢&ito viSine 1 m; na PE2 in cesti C2/1 z grbino in linijskimi
reSetkami;
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- zamenjava izto¢ne cevi Purkovca iz @700 mm v #1000 mm, skupaj z ureditvijo struge
(povprecna Sirina dna 0,6 m, na razsiritvah do 3,0 m, povprecni naklon brezin 1:2);
- zadrzevalniki padavinske vode za posamezne faze gradnje (obravnavani v poglavju 4).

Z upostevanjem navedenih ukrepov omilitveni sistem pri Q100 v celoti prepreci dotok visokih vod
na obmocje nacrtovanih in obstojecih objektov OPPN 191. Pri Q500 so ogrozZeni le objekti H2,
H3/1-H3/2 in H4/1-H4/2 (za katere se predvidevajo individualni omilitveni ukrepi v okviru pogojev
DRSV); preostalo obmocje ostaja brez poplavne nevarnosti.

Zaradi zamenjave izto¢ne cevi Purkovca (8700~>@1000) se pretok po dolvodnem kanalu proti
Glinsgici poveda z 0,80 m®/s (obstojede stanje) na 1,44 m®/s pri Q100 in 1,92 m®/s pri Q500. Ta
povedava je v primerjavi z visokimi vodami Glingéice (Q100 = 15 m®/s) zanemarljiva, sovpad konic
pa ni pricakovan.

Visokovodni zadrzevalnik na Purkovcu (celoviti omilitveni ukrep)

Na vplivnem obmoc¢ju OPPN 191 je v OPN MOL predviden suh zadrZevalnik visokih vod na
Purkovcu nad naseljem, idejno preverjen v Studiji IV-56/15-2 (IZVO-Vodar, 2015) in podrobneje
razdelan v "Zasnovi visokovodnega zadrzevalnika na Purkovcu" (mag. Rok Fazarinc, april 2024).
Predvidena je zemeljska pregrada s krono na koti 342,50 m n. m. in varnostnim prelivom na koti
341,50 m n. m. Talni (normalni) izpust je dimenzioniran s prerezom @40 cm, za$¢&iten z grabljami,
usedalnikom peska in tablasto zapornico.

Prispevna povrina Purkovca do prereza CAB (F = 0,11 km® = 11,05 ha) je za namen analize
razdeljena na tri sklope:

Prerez Povrsina Q10 (Us) Q100 (U/s) | Q500 (lU/s)
(ha)

Do pregrade - gozdne povrSine (¥=0,2; | 7,20 118 290 440

tc=60 min)

Pod pregrado - poseljeno (W¥=0,8; tc=45 | 2,05 155 380 560

min)

Pod pregrado - gozdne povrSine (¥=0,2; | 1,80 41 100 150

tc=45 min)

SKUPAJ 11,05 314 770 1.150

Preglednica 3: Delitev prispevnega obmodja Purkovca do CAB in pripadajodi pretoki

Zadrzevalnik zmanj$a pretok Purkovca v prerezu pregrade z Q100 = 0,29 m®/s na Q100,r = 0,05
m®/s in z Q500 =10,44 m®/s na Q500,r = 0,07 m°/s. Ob upostevanju iztoka iz zadrzevalnika je za
hidravliéne izracune dolvodno od pregrade uporabljen naslednji seStevek:

- Q100=2380+ 100 + 50 (iztok iz zadrzevalnika) = 530 /s = 0,53 m®/s
- Q500=560+ 150 + 70 (iztok iz zadrzevalnika) = 780 U/s = 0,78 m®/s

Ob upostevanju odvajanja dela visokih vod (priblizno Q10) po obnovljeni meteorni kanalizaciji
hidravli¢ni izraCuni z upoStevanjem vpliva zadrzevalnika pokaZzejo, da nacrtovana kanalizacija v
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celoti prevaja visoke vode Purkovca s povratno dobo 100 let. ZadrZevalnik je zaveza MOL in DRSV
ter pogoj za izdajo uporabnega dovoljenja za objekte Faze B in C; predstavlja dodatno raven
varnosti k ze zadostnim omilitvenim ukrepom, opisanim v poglavju 3.2, in izboljSuje poplavno
varnost naselja severno od CAB.

5.2.3 DIMENZIONIRANJE ZADRZEVANJA PADAVINSKE VODE PO FAZAH

S pozidavo in ureditvijo utrjenih povrSin se pospesi odtok padavinske vode v primerjavi z
danasnjim stanjem, ko del padavin ponika na travniSkih povrSinah. Potrebne prostornine
zadrZevanja so doloc¢ene v hidroloSkem porocilu »HidroloSko hidravli¢ni elaborat za OPPN Kamna
Gorica« (HEK, Doroteja Starec s.p., maj 2020), na podlagi primerjave hidrogramov Q100 za
obstojece in nacrtovano stanje po posameznih prostorskih enotah.

Prostorska enota Prispevna Q100 sedanje | Q100 Povecanje
povrsina (m?) (m®/s) naértovano (m®/s)
(m®/s)
PE1-Faza A 4.951 0,047 0,070 0,023
PE2-FazaB 12.645 0,120 0,185 0,065
PE2-FazaC 9.905 0,093 0,135 0,042
C2 5.217 0,050 0,084 0,034

Preglednica 4: Prispevne povrSine in pretoki Q100 za obstojeCe in nacrtovano stanje po
prostorskih enotah

Prostorska Prostornina | Prostornina Povecanje | Potrebno Merodajno

enota vala - | vala - | vala (m3) zadrzevanje | trajanje
sedanje (m®) | naértovano (m®) padavin

(m°)

PE1-Faza A 442,80 606,60 163,80 30,50 105 min

PE2 - Faza B 1.124,10 1.575,90 451,80 87,00 105 min

PE2-FazaC 882,00 1.174,50 293,00 50,70 105 min

C2 461,70 686,70 225,00 49,00 105 min

Preglednica 5: Prostornine visokovodnih valov Q100 in potrebno zadrZevanje padavinske vode po
prostorskih enotah

Za vsako prostorsko enoto je torej treba zagotoviti zadrZzevalno prostornino v zgoraj navedenem
obsegu, pri ¢emer je merodajno trajanje padavine (105 min) enako za vse obravnavane enote.
Zadrzevalniki padavinske vode morajo biti zgrajeni so¢asno z gradnjo posamezne faze, saj Sele
skupaj z drugimi omilitvenimi ukrepi zagotavljajo, da se odtok iz OPPN 191 v dolvodno kanalizacijo
ne poveca. Za posamezne objekte v PE3 je treba potrebno zadrzevanje izracunati in izkazati v
okviru lo¢enih HH elaboratov za vsak objekt, skladno s pogoji DRSV.

LUZ,d.d.  Komunalno opremljanje obmo¢&ja OPPN 191 Podutik Kamna Gorica - zahod in 34 Cesta Andreja Bitenca - Poduti$ka - 1.faza 15



LUZ

5.2.4  ZAKLJUCEK IN POGOIJI ZA IZVEDBO

Hidravli¢ni izracuni obstojeCega stanja kazejo bistveno ugodnejSe poplavne razmere od tistih,
prikazanih v Atlasu voda (temeljeCih na razmerah pred letom 2015), kar je posledica Ze izvedenih
izboljSav meteorne kanalizacije na Burnikovi ulici, CAB in Pilonovi ulici. Ob upoStevanju vseh
opisanih omilitvenih ukrepov in dimenzioniranih zadrzevalnikov padavinske vode so predvideni
posegiv skladu s prilogama 1 in 2 Uredbe dopustni ob uposStevanju pogojev vodnega soglasja.

Za zagotovitev poplavne varnosti je treba pri izvedbi upoStevati naslednje pogoje:

- kote pritli¢ij novih objektov je treba nacrtovati dvignjene od terena za vsaj 30 cm;

- uvoziv podzemne garaze morajo biti izvedeni tako, da preprecujejo vdor padavinske vode
(grbine, linijske reSetke, protipoplavna zasg¢ita);

- zunanje povrSine ob objektih je treba urediti tako, da padavinska voda odteka proti
Purkovcu oziroma v ustrezno izvedeno meteorno odvodnjo;

- dosledno je treba uposStevati faznost izvedbe: pred gradnjo posamezne faze morajo biti
izvedeni pripadajo¢i omilitveni ukrepi (OM1/0OM1a/OM1b za Fazo A; OM2/0M2a/OMS3 za
Fazo B) ter zadrzevalniki padavinske vode za to fazo;

- pogoj za zaCetek uporabe naselja faz B in C je izgradnja celovitega ukrepa — suhega
visokovodnega zadrzevalnika na Purkovcu;

- obstojeco in na¢rtovano meteorno kanalizacijo, vklju¢no s poZziralniki in kinetami, je treba
redno vzdrzevati, saj so hidravlicni izraCuni izvedeni ob predpostavki brezhibnega
delovanja in neovirane preto¢nosti sistema.

Hitrosti poplavnih vod na obravnavanem obmocju ne presegajo 1 m/s, zato erozijska ogroZzenost
ni izkazana in izris kart erozijske nevarnosti ni potreben.

Vir: HidroloSko-hidravlicna Studija s§t. IV-123/23, 1ZVO-VODAR d.o.o., Ljubljana, april 2023,
dopolnitev april 2024 (AndraZ Rojnik, univ. dipl. inZ. vki); hidravlicni izracuni padavinske
kanalizacije, LUZ d.d.; »Zasnova visokovodnega zadrZzevalnika na Purkovcu«, mag. Rok Fazarinc,
april 2024; »Hidrolosko hidravliéni elaborat za OPPN Kamna Gorica«, HEK, Doroteja Starec s.p.,
maj 2020.

6. I1ZVAJANJE GRADNJE IN TEHNICNA IZVEDBA OBJEKTOV

6.1 SPLOSNA DOLOCILA

Vsa zemeljska dela se izvajajo po nacrtih in detajlih, dologilih tehniénih predpisov in skladno z
obveznimi standardi.

Pri delih na prometnih povrS§inah mora biti izvajanje del v skladu s cestno-prometnimi predpisi in
izdanimi soglasiji.

Pred zacetkom del je izvajalec dolzan popolnoma odcistiti teren, odstraniti rastline in objekte ter
ves material transportirati na deponijo.

Na tako o¢iS¢enem terenu, izvajalec skupaj s predstavniki investitorja posname vse viSinske kote
terena, zakoliCi in zavaruje celotno traso cevovoda oziroma objekte, ki se gradijo. Vse kote in
ostale podatke vpiSe v gradbeno knjigo zaradi to€nega obracuna zemeljskih del. Potrebno
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razpiranje oziroma ¢rpanje meteorne ali podtalne vode priizkopih jarkov ali za objekte, je izvajalec
del dolzan izvrSiti na lastne stroSke.

Pri vseh izkopih mora izvajalec del paziti, da poSkoduje ¢im manj obdelovalnih povrSin in objektov,
ker gre vsaka Skoda, nastala iz naslova nestrokovnega in nesolidnega dela, ter po njegovi krivdi,
na stroske izvajalca del.

Vsa zemeljska dela morajo biti izvrSena pravilno in upoStevaje vse kote in detajle iz nacrtov.
Predno se dela nadaljujejo, morajo biti vsa zemeljska dela sprejeta in potrjena s strani nadzornega
organa ter zaradi obracuna, vpisana v gradbeno knjigo. Obracun vseh zemeljskih del se izvrSi po
dejansko izvrseni kolicini.

6.1.1 1ZKOPI

Vsi izkopi za objekte oziroma izkopi jarkov za polaganje cevovodov ali izkopi temeljev objekta
morajo biti izvrSeni pravilno po kotah in detajlih iz nacrtov ter predpisanih padcev.

Izkopi pri objektih se vrSijo po zunanjih merah temeljev in zidov, upoStevanje dodatno razSiritev za
60 cm z vsake strani in naklon v odvisnosti od kategorije zemljiSCa ter nacrta eventualnega
razpiranja. Odstranitev vsipov in njihovega kasnejSega zasipavanja gre v breme izvajalca del.

Obracuni izkopov se vrsijo 1 m?® izkopanega materiala v raS¢enem stanju ne glede na kategorijo
zemljisca.

6.1.2 PLANIRANJE TERENA IN JARKOV

Planiranje terena okoli objekta, kakor tudi dna jarkov za cevovode ali temeljev objekta, mora biti
izvrSeno do zahtevane to¢nosti po popisu del.

Planiranje in CiSCenje terena po koncani gradniji, zasipanje jam na gradbiSCu po odstranitvi vsega
preostalega materiala, kakor tudi izkopa zaCasnih jam, se obracuna v zaklju¢nih delih. Obracun
se vr$i po 1 m? planirane povrsine.

6.1.3 PESCENA POSTELIJICA, ZASIPI JARKOV IN ZASIPI OB OBJEKTIH

PeSCena posteljica, kakor vsi zasipi jarkov za polaganje cevovoda in zasipi ob objektih, morajo biti
izvrSeni z materialom in na nacin, kakor to predvidevajo nacrti oziroma opis del.

Pri zasipanju jarkov za cevovode je obvezno potrebno uporabiti nevezan material iz izkopa, Ce je
primeren (za prvi sloj debeline cca 20-30 cm nad temenom cevi, frakcije 0,02 do 16 mm).

V nasprotnem primeru je potrebno zagotoviti ustrezen material za nasip, kot je uposStevano v
predmetnem projektu.

Omenjeni prvi sloj zasipa nad cevovodi, sme biti komprimiran le ro¢no.

Preostali zasipi jarkov in zasipi ob objektih se lahko izvrSijo z materialom iz izkopa in s strojnim
komprimiranjem v slojih, kakor to predvidevajo nacrti oziroma popis del.

Izbor materiala in nadin izvajanja zasipa jarkov za cevovode pod prometnimi povrSinami, se doloci
po predhodnem dogovoru z nadzornim organom in v soglasju z naro¢nikom.

IzraGun se vrSi po 1 mm opravljenega zasipa.
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6.1.4 ODVOZ ZEMLIJE IN PREOSTALEGA MATERIALA

Ves izkopani material se transportira na zacasno deponijo, ki jo dolo¢i nadzorni organ. Tu se vrSi
izbor materiala za naknadno uporabo oziroma za odvoz na stalno deponijo.

Na posebno zahtevo narocnika je izvajalec del dolzan izvrSiti loCitev izkopanega materiala po
kategorijah.

IzraCun se vrSi po 1 m?® transportiranega materiala z upoStevanjem nakladanja, razkladanja in
razprostiranja materiala po deponiji.

6.1.5 CENEZAENOTO

Cene za enoto zemeljskih del vsebujejo:

- ves porabljeni material

- vse potrebno delo

- vse transporte

- najemnino za vso potrebno mehanizacijo

- najemnino ali stroSke izdelave, namesc¢anja in odstranjevanja vseh pomoznih odrov, platojev
in opiranja za izkope v vecjih globinah.

Vsa zemeljska dela, v kolikor ni drugace odlo¢eno, se obraCunavajo v ras¢enem stanju z

upostevanjem koeficienta razrahljivosti pri ceni za enoto.

6.2 BETONSKA DELA

6.2.1 SPLOSNA DOLOCILA

Vsa betonska in armiranobetonska dela se izvajajo v skladu z nacrti, opisi del, stati¢nimi izracuni
ter tehni¢nimi predpisi in standardi.

Kvaliteta vgrajenega betona mora odgovarjati zahtevam opisa del, tehni¢nim predpisom in
standardom glede CistoCe agregata, granulacije, koliCine in kvalitete cementa in vode.

Cement, uporabljen za vsa dela mora biti svez, pravilno skladiS¢en in zas¢iten pred vodo in vlago,
v skladu z navodili in predpisi za beton in armirani beton.

Agregat za pripravo betona naj bo po moznosti re¢nega porekla, brez gline in mulja, zrnavosti po
predpisih za predvideno marko betona.

Armatura mora biti dobro ociS¢ena rje, blata in apna, krivljena in dimenzionirana po detajlih.
Glede kvalitete mora odgovarjati veljavnim tehni¢nim predpisom.

Vse betonske in armiranobetonske konstrukcije morajo biti betonirane z marko betona
predvideno v staticnem izracunu. V primeru, da v kaksni predracunski postavki ali statiCnem
izraCunu MB ni doloCena, se izvaja z C25/30 za armirani beton oz. C8/10 za nearmirani beton.

Vgrajevanje betona v konstrukcije se mora izvajati po navodilih statika in zahtevah iz opisa del, ter
v skladu s tehni¢nimi predpisi. Beton se vgrajuje strojno do potrebne zbitosti, tako da izpolni ves
prostor med armaturo in opazem ter povsem oblozi vso armaturo.

Vgrajevanje betona ni dovoljeno, dokler nadzorni organ ne pregleda vse polozene armature. Pri
prekinitvah betoniranja je mesta, kjer se betoniranje prekine, potrebno doloditi Ze vnaprej. Za
nadaljevanje del je sti¢no ploskev potrebno ocistiti rahlega betona, cementne kaSe in prahu ter
stik dobro namogiti in ga prepojiti s tanjSo plastjo mastne meSanice betona drobnejSe zrnatosti.
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Pri zahtevnih konstrukcijah statik doloci vrstni red in nacin opazenja oziroma razopaZenja ter
mesta, kjer je betoniranje dovoljeno prekiniti.

Med betoniranjem je izvajalec dolZzan vgraditi vse ostale elemente kot so podlozke, Cepi, Skatle za
prehode instalacij, kljuke potrebne za poznejSo pritrditev drugih montaznih elementov in
instalacij.

V €asu in po kon¢anem betoniranju je izvajalec dolzan v skladu z za¢asnimi predpisi za beton in
armirani beton, beton negovati in zascititi pred vplivom nizkih oziroma visokih temperatur. Vse
armiranobetonske konstrukcije, ki ostanejo vidne, se morajo v slu¢aju poSkodbe zakrpati in
zgladiti.

Obra&un betonskih in armirano betonskih del se vr§i za 1 m®vgrajenega betona, obradun armature
pa za 1 kg poloZene armature, Ce se obraCunava posebej.

6.2.2 POD IN OB-BETONIRANIJE KRIVIN IN CEVI

Podlozni beton je treba vgraditi tocno po predvidenem padcu. Pred polaganjem cevi se mora
beton popolnoma strditi.

Oblozni beton je treba vgraditi po polaganju in montazi cevi, tako da se popolnoma prilega cevi,
podloZnemu betonu in raS¢enemu terenu ob straneh jarka.

V posebnih primerih (sipek material, itd...) lahko izvajalec z dovoljenjem nadzornega organaizdela
podlogo s pomocjo stranskega opaza. V tem primeru mora vgrajevati armirani beton boljSe marke
po dologilih statika.

Obraéun se izdela za 1 m®vgrajenega betona.

6.2.3 BETON IN ARMIRAN BETON ZA OBJEKTE

Vgrajuje se beton in armirani beton posameznih konstruktivnih elementov objektov po nacrtih,
opisu del, predpisih za beton in armirani beton ter upoStevanju ustreznih standardov, kot je Ze
opisano v splo$nih dologilih za betonska dela.

Obradunava se 1 m®vgrajenega betona.

6.2.4 CENEZAENOTO

Cene za enoto betonskih in armiranobetonskih del vsebujejo:

- ves potreben material, vklju¢no z armaturo

- vse delo potrebno za izdelavo in vgrajevanje betona ter polaganje armature

- vse potrebne transporte

- za$c¢itoin nego betona

- se pomozne delovne odre z dohodi, potrebne za delo pri betoniranju

- primontaznih armiranobetonskih konstrukcijah cene vsebujejo tudi montazo

Obradun vseh betonskih in armiranobetonskih del se vrsi za 1 m® vgrajenega betona.
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6.3 TESARSKADELA

6.3.1 SPLOSNA DOLOCILA

Ves material, ki se uporablja za izdelavo opazev, mora biti pripravljen v odgovarjajo¢ih merah in po
kvaliteti odgovarjati ustreznim tehni¢nim predpisom za lesene konstrukcije in ustreznim
standardom.

Opazi morajo biti izdelani to¢no po merah v nacrtih in v vseh detajlih, z vsemi potrebnimi
podporami, horizontalno in vertikalno povezavo, tako da so stabilni in sposobni prevzeti tezo
vgrajenega betona. Sti¢ne povrSine morajo biti Ciste in ravne.

Opazi morajo biti izvedeni tako, da se razopazenje lahko opravi brez pretresov in poSkodovanja
armiranobetonskih konstrukcij oziroma opazev samih.

Obradun se vr$i za napravo, postavitev in odstranitev 1 m” opaza.

6.3.2 OPAZI IN ODRI

Vsi opazi armiranobetonskih konstrukcij (temelji, stene, nosilci, stebri, plosCe ipd...), kakor tudi
vsi pomicni in nepomicni delovni in podporni odri, se izdelujejo po nacrtih in predpisih del ter v
skladu z vsemi pogoji splosnih dologil.

6.3.3 CENAZAENOTO

Cene za enoto tesarskih del vsebujejo:

- ves potreben material
- vse potrebno delo in prenose
- vse pomozne odre, v kolikor niso predvideni v predracunu

Obraéun se vr$i za 1 m® izdelanega opaza, upostevajoé notranje povrsine opazey, to je vidne
povrSine konstrukcij.

6.4 ZIDARSKA DELA

6.4.1 SPLOSNA DOLOCILA

Ves material potreben za zidanje, ometavanje in ostala zidarska dela, mora biti kvaliteten in mora
odgovarjati tehni¢nim predpisom in ustreznim standardom.

Zidanje mora biti izvrSeno po nacrtih in statiCnem izraunu. Delo mora biti izvrSeno Cisto, s
pravilno vezavo opeke in dobro zalitimi stiki z malto. Vrste opeke morajo biti popolnomaravne, vse
zidane povrSine pa popolnoma vertikalne.

Vse ometane povrSine morajo biti popolnoma ravne in enakomerno obdelane.

Vsa dela za izvedbo hidroizolacij, toplotnih in zvo¢nih izolacij, vzidav in zazidav ter ostala zidarska
dela morajo biti izvrSena strokovno na nacin, ki je predpisan v posamezni postavki del.

Obracun se vrSi za mersko enoto po posamezni postavki iz predracuna.

6.4.2 CENAZAENOTO

Cene za enoto za zidarska dela vsebujejo:

- ves potreben material
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- vse potrebno delo in mehanizacijo
- vse potrebne transporte in prenose
- vse pomozne odre, €e niso posebej zajeti pri tesarskih delih

Obracun se vrsi za mersko enoto po posamezni postavki iz predracuna.

6.4.3 CEVIIN STIKI

Vsa dela pri montazi cevovodov je treba izvrSiti to€no po popisu del oziroma po navodilih
proizvajalca cevi. Cevi se polaga na pesceno posteljico. V primeru slabe nosilnosti tal je potrebno
izdelati poseben staticni izracun. Pri jeklenih ceveh je potrebno vse zvare testirati na priznan
nacin.
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Oznaka StacionaZza |Kota pokrova [Kotadna |Kotavtoka |Kotaiztoka |Globinajaska |[FiJaska
MK2

PRJ13K MK 457777.235 104614.169 0 314.99 312.24 313.09 312.24 2.75 1000
PRJ1IMK2 457773.248 104647.579 33.65 315.9 313.42 314.18 313.43 2.48 1200
RJI2MK2 457759.695 104651.189 47.67 316.01 314.27 314.27 314.27 1.74 1200
RI3MK2 457743.506 104661.8 67.03 316.32 314.37 314.37 314.37 1.95 1200
RJ4MK2 457711.486 104682.188 104.99 317.51 314.97 315.3 314.98 2.54 1200
RI5MK2 457696.636 104695.011 124.61 318.18 315.58 315.59 315.59 2.6 1200
RI6MK2 457668.807 104724.178 164.92 319.5 316.3 316.62 316.31 3.2 1200
RJ7MK2 457650.57 104742.832 191.01 320.66 317 317.26 317.01 3.62 1200
RI8MK2 457640.817 104748.272 202.18 320.77 317.47 317.93 317.48 3.3 1200
RIOMK2 457626.768 104752.142 216.75 321.03 318.12 318.13 318.13 291 1200
RJ10MK2 457616.088 104751.804 227.44 320.78 318.23 318.24 318.24 2.54 1200
RJ11MK2 457596.88 104753.43 246.71 320.41 318.57 318.58 318.58 1.85 1200
RJ12MK2 457578.198 104758.854 266.17 320.31 318.72 318.72 318.72 1.6 1200
RJ13MK2 457559.338 104768.654 287.42 320.41 318.81 318.81 318.81 1.6 1200
RJ14MK2 457537.549 104781.846 312.89 320.53 318.92 318.92 318.92 1.62 1200
RJ15MK2 457511.738 104800.181 344.55 321.25 319.38 319.39 319.39 1.87 1200
MK3

PRJIMK2 457773.248 104647.579 0 315.9 313.42 314.18 313.43 2.48 1200
RJ1IMK3 457772.819 104650.649 3.1 315.98 314.25 314.27 314.27 1.73 1200
RJ2MK3 457755.487 104664.417 25.23 316.49 314.89 314.9 314.9 1.6 1200
KP MK2.1

RJ15MK2 457511.738 104800.181 0 321.25 319.38 319.4 319.39 1.87 1200
PRJ1IMK2.1 457494.634 104813.315 21.57 322.67 319.91 320.92 319.92 2.76 1200
PRJ2MK2.1 457477.53 104826.45 43.13 324.46 321.45 322.46 321.46 3.02 1200
PRI3MK2.1 457474.811 104840.261 57.21 325.03 322.53 323.27 322.53 2.5 1200
RJAMK2.1 457497.42 104844.724 80.25 325.22 323.34 323.34 323.34 1.88 1200
RJ5MK2.1 457528.168 104851.849 111.82 325.51 323.53 323.53 323.53 1.99 1200
RI6MK2.1 457542.862 104859.244 128.27 325.63 323.63 323.63 323.63 2 1200
RJ7MK2.1 457574.291 104879.644 165.73 326.3 324.59 324.6 324.6 1.71 1000
RIBMK2.1 457606.457 104899 203.28 327.27 325.56 325.57 325.57 1.71 1000
KP OM2A

PRJ3K_CAB1 457686.88 104919.02 0 327.35 323.31 325.33 323.33 4.04 1000
RJ1IOM2A 457659.528 104914.374 27.74 327.61 325.61 325.61 325.61 2 1000
KP OM3A

PRJI3K_CAB1 457686.88 104919.02 0 327.35 323.31 325.27 323.33 4.04 1000
RJIOM3A 457694.675 104921.448 8.16 327.35 325.35 325.35 325.35 2 1000




LUZ
HIDRAVLICNI IZRACUN
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Oznaka Polnitev[%] [Max.V[m/s] [MaxQI[l/s] [Min.V[m/s] [Notranjifi[mm] |i[o/00] [L[m] Qsusni[l/s] |A[ha] |Ared[ha] |Ng
M1.K2.C1 (PRJ13K MK - PRJI1MK2) 66.50% 4.22 2551.35 4.22 980 10| 33.65 0| 0.019 0.017 0.01
M1.K2.C2 (PRJ1IMK2 - RJ2MK2) 58.30% 2.94 933.67 2.93 782 6.7| 14.03 0| 0.016 0.015 0.01
M1.K2.C3 (RJ2MK2 - RI3BMK2) 63.30% 2.58 929.75 2.57 782 5| 19.36 0 0 0 0.01
M1.K2.C4 (RJ3MK2 - RJ4MK2) 48.20% 4.17 929.75 4.16 782 16.1] 37.96 0| 0.057 0.051 0.01
M1.K2.C5 (RJ4AMK2 - RI5SMK2) 48.60% 4.04 916.15 4.04 782 15| 19.62 0| 0.015 0.014 0.01
M1.K2.C6 (RJ5MK2 - RIEMK2) 47.00% 4.31 912.43 4.31 782 17.9] 40.31 0 0 0 0.01
M1.K2.C7 (RJ6MK2 - RI7MK2) 48.50% 4.04 912.43 4.04 782 15| 26.09 0| 0.055 0.049 0.01
M1.K2.C8 (RJ7MK2 - RIBMK2) 45.80% 4.48 899.22 4.47 782 20| 11.17 0| 0.018 0.016 0.01
M1.K2.C9 (RJ8BMK2 - RJIOMK2) 48.80% 3.92 894.89 3.92 782 14| 14.57 0| 0.015 0.013 0.01
M1.K2.C10 (RJOMK2 - RJ10MK2) 52.00% 3.44 891.37 3.44 782 10| 10.69 0| 0.551 0.115 0.01
M1.K2.C11 (RJ10MK2 - RJ11MK2) 46.10% 4.23 860.64 4.22 782 17.6] 19.28 0| 0.193 0.173 0.01
M1.K2.C12 (RJ11MK2 - RJ12MK2) 53.70% 2.96 814.35 2.96 782 7.2| 19.45 0| 0.019 0.017 0.01
M1.K2.C13 (RJ12MK2 - RJ13MK2) 61.20% 2.36 809.81 2.36 782 42| 21.25 0| 0.055 0.05 0.01
M1.K2.C14 (RJ13MK2 - RJ14MK2) 60.20% 2.38 796.53 2.38 782 43| 25.47 0| 0.028 0.025 0.01
M1.K2.C15 (RJ14MK2 - RJ15MK2) 46.10% 3.89 789.9 3.87 782 14.8| 31.66 0| 0.028 0.025 0.01
K3 - 'MK3'

M1.K3.C1 (PRJ1MK2 - RJ2MK3) 45.00% 4.77 1500 4.79 1000 28.7| 25.28 1500 0 0| 0.013
K12 - 'KP MK2.1'

M1.K12.C1 (RJ15MK2 - PRJ1IMK2.1) 42.50% 4.62 783.19 4.62 782 24.1| 21.57 0 0 0 0.01
M1.K12.C2 (PRJ1MK2.1- PRJ2MK2.1) 42.20% 4.69 783.19 4.68 782 25| 21.57 0 0.03 0.027 0.01
M1.K12.C3 (PRJ2MK2.1 - PRJ3MK2.1) 57.20% 2.52 775.95 2.52 782 5| 14.08 0| 0.014 0.013 0.01
M1.K12.C4 (PRJ3MK2.1 - RJ4AMK2.1) 66.60% 2 772.52 2 782 3| 23.05 0| 0.015 0.014 0.01
M1.K12.C5 (RJ4MK2.1 - RI5MK2.1) 54.40% 2.72 768.87 278 782 6| 31.56 0| 0.019 0.017 0.01
M1.K12.C6 (RJ5MK2.1 - RIEMK2.1) 54.20% 2.73 764.32 2.73 782 6.1 16.45 750| 0.009 0.008 0.01
M1.K12.C7 (RJI6MK2.1 - RJ7MK2.1) 26.30% 1.57 12.1 1.57 306 259 37.47 0| 0.024 0.022 0.01
M1.K12.C8 (RJ7MK2.1 - RI8BMK2.1) 22.30% 1.3 6.31 1.29 306 25.8| 37.54 0| 0.026 0.024 0.01
K17 - 'KP OM2A'

M1.K17.C1 (PRJ3K_CAB1 - RJI10M2A) 49.40% 3.33 780 3.34 782 10| 27.74 780 0 0 0.01
K18 - 'KP OM3A'

M1.K18.C1 (PRJ3K_CAB1 - RJI1OM3A) 50.60% 2.8 390 2.8 588 10 8.16 390 0 0 0.01
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1 Remarks

DISCLAIMER OF LIABILITY

As part of the technical service for the technical planning of projects of the Amiblu Group (hereinafter referred to as
"Amiblu"), static calculations for decision-making regarding Amiblu/Flowtite/Hobas GFK pipe systems and products are
regularly provided by Amiblu.

By using this free Amiblu’ s technical verification service, you agree to the following terms and conditions:

1. No contractual relationship:

The use of the above mentioned Amiblu™ s calculations does not constitute a contractual relationship between you and
Amiblu and no consulting or information agreement is concluded. To this extent, there do not exist any contractual or
quasi-contractual claims against Amiblu.

2. Requirements:
You acknowledge that the here mentioned calculations only apply to Amiblu/Flowtite/Hobas products.

3. Basis of the static calculation:

Amiblu bases the calculation according to your stated project and installation conditions and completes the missing data
by itself if necessary, this to the best of its knowledge and based on the current state of knowledge and according to the
requirements of the valid standards and regulations.

The trench width and installation conditions are based on the minimum requirements according to EN1610 without
consideration of the trench sheet thickness (if in use). This usually represents the critical load case and is therefore on
the safe side.

4. Installation specifications:
In all cases the following installation conditions must be observed for the installation of Amiblu products:

The pipe zone must be made of non-cohesive or slightly cohesive material with the quality and degree of compaction
according to this calculation. The maximum grain size according to the Amiblu/Flowtite/Hobas installation instructions for
buried pipes and shafts have to be observed.

To classify the bedding material, all the material in the pipeline zone has to pass through a sieve with a mesh size as
specified in the installation instructions.

The pipe bedding must be at least 100 mm thick and have the specified support angle according to the static calculation.
We recommend that the requirements for the pipe bedding according to EN 1610.

The degree of compaction of the pipe zone and backfill must meet or exceed the requirements of the static calculation.
The installation conditions should be checked and documented. The pipe zone ends 300 mm above the pipe crown.

The quality and degree of compaction of the backfill, the existing soil and the pipeline zone must be checked and needs
to meet the requirements of this static evaluation.

For the static calculation compliance with the applicable international standards and installation instructions for
Amiblu/Flowtite/Hobas products is assumed. The installation instructions for Amiblu/Flowtite/Hobas can be downloaded
from our homepages: http://www.flowtite.com or http://www.hobas.com or http://www.amiblu.com.

The installation conditions used for the static calculation should be compared by you or an expert engineer or the project
planner with the actual conditions on site. Potential deviations may have an influence on the pipe installation.

5. Disclaimer:
The services provided are subject to Amiblu's General Conditions of Sale, insofar applicable.

The results of the calculation can only be obtained in practice if the assumptions correspond to the real construction
conditions on site.
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The static calculations were carried out reliably and carefully according to the professional opinion of Amiblu.

Amiblu accept liability for the static calculation carried out on the basis of customer specifications, such as e.g. contents
from structural analysis forms, specifications for planning and execution, information on ground condition as well as
installation and/or operation. Amiblu does not accept any liability for the correctness and completeness of the specific
customer specifications.

The static calculations prepared by Amiblu are a service in the design or execution phase and usually become part of
the project documentation. Amiblu assumes no liability for the applicability of the calculation results in case of deviations
from the underlying assumptions.

Rev03 11/04/2023
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EN 805 - Water Supply Requirements for systems and components outside of buildings: March 2000

EN 1992-2 - Eurocode 2: Eurocode 1: Actions on structures Part 2: Traffic loads on bridges (consolidated version):
March. 2012

EN 1796 - Plastics piping systems for water supply with or without pressure - Glass-reinforced thermosetting plastics
(GRP) based on unsaturated polyester resin (UP): March 2013

EN 14364 - Plastics piping systems for drainage and sewerage with or without pressure — Glass-reinforced thermosetting
plastics (GRP) based on unsaturated polyester resin (UP): Mai 2013

EN 15383 - Plastics piping systems for drainage and sewerage - Glass- reinforced thermosetting plastics (GRP) based
on polyester resin (UP) - Manholes and inspection chambers: March 2013

ISO 16611 Plastics piping systems for drainage and sewerage without pressure - Non-circular pipes and joints made of
glass-reinforced thermosetting plastics (GRP) based on unsaturated polyester resins (UP) - Dimensions, requirements
and tests: June 2017

ISO 25780 - Plastics piping systems for pressure and non-pressure water supply, irrigation, drainage or sewerage —
Glass-reinforced thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin — Pipes with flexible
joints intended to be installed using jacking techniques: Mai 2011

Worksheet DWA-A127 - Structural verification of sewer channels and pipe lines, 3. corrected Issue: August 2000
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3 Statics according to ATV-DVWK-A 127, 3rd edition: Cover 1,6 m

Caption of this part Cover 1,6 m
of the calculation:

Kind of calculation:
Add sketch to print:

3.1 Input

3.1.1 Safety factors

Safety class:

Safety stability according to table 13:
Allowable deflection:

Treatment of internal pressure:

Lower safety factors for flexural compression:
Proof for not predominantly static loading:
Consideration of dyn pvh*:

Consideration of Type A 'predeformation' in the deformation proof:

Treatment system stiffness VRB according to:
Pipe stiffness according to set of rules:

3.1.2 Soil

Soil group backfill:
Calculation E1:

Soil group pipe zone:
Calculation E20:

Soil group native soil:
Calculation E3:
Compaction degree E3:
E4=10"-E1:

Application of silo theory:
K2 according to standard:

3.1.3 Load

Cover depth:

Minimum groundwater level above pipe bed:
Maximum groundwater level above pipe bed:
Soil density:

Additional surface load:

Inner pressure, short term:

Inner pressure, long term:

Water fill (e.g. damming channel):

Density of medium:

Input special-purpose vehicle:

Traffic load:

Including horizontal loads due to traffic in the fatigue proof:

3.1.4 Installation

Installation:
Trench width at pipe crown level:

Nominal stiffness

Yes

A (normal case)

Without predeformation (2.5 / 2.0)
6% (standard)

In accordance with Footnote 39 in
ATV-DVWK-A 127

No (ATV-DVWK-A 127)
According to standard

According to standard

Yes

DWA-A 161:2014 (by material)

Yes

G1

Table 8 (A127)

G1

Table 8 (A127)

G2

Degree of compaction

DprE3 98.0 %
Yes

Automatic

Yes

h 1.60 m
hw,min 0.00 m
hW,max 0.00 m

YB 20.0 kN/m?3
po 0.0 kN/m?
Pik 0.00 bar
PiL 0.00 bar
Yes

YF 10.0 kN/m?
No

Street TRUCK 12

OghT,dyn 0.00 %
Trench

b 2.20 m
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Check minimum trench width:

Automatic consideration of bedding layer:
Slope angle:

Cover condition:

Installation condition:

Type of bedding:

Bedding angle:

Calculate bedding automatically:

Set lower height base:

Total height of base:

3.1.5 Pipe with nominal stiffness

Pipe chosen from datebase:
Choice of input:

Outer diameter:

Nominal diameter:

Wall thickness:

Local predeformation:

A type predeformation:

Nominal stiffness:

Nominal pressure:

Relative failure strain according to standard:
Creep ratio:

Reduction factor due to temperature effect:
Reduction factor due to media attack:
Reduction factor due to dynamic loading:

Specific gravity:
Poissons ratio:
Input of ultimate hoop tensile stress:

Ultimate strain tensile strength according to standard:

Amplitude with 2:1076 tests is known:
Amplitude with 1-1078 tests is known:
Axial compressive strength, short term:
Fiber strain for axial pressure, short term:

Yes
Yes

A4
B1
Loose
120°
Yes
No

No
Do-s
da

DN

t

5v,|
5v,A

SN

PN

Yes
fKriech

A1 ,Temp
A2 Medium
A3,dyn

YR

\%

No
Yes
No
No
fc,ax,K
EAXK

60

0.00

820

800
17.0
0.0
1.0

10,000
1.0

2.00
1.00
1.00
1.00

18.00
0.30

N/mm?
%
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Traffic load: Street TRUCK 12

E3 El
Gl

ww 0091

~690mm 820 mm 690 mm

Cover according to DIN 1610

ww ozs
ke

2a =120°
E4

wuw %03

ww g}

2200 mm

473 mm 1253 mm 473 mm’
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3.2 Results

3.2.1 Intermediate results pipe

Inner diameter:

Outer diameter:

Mean radius:

Wall thickness:

Ratio radius to wall thickness:
Curve correction factor, internal:
Curve correction factor, external:

Local predeformation:
Predeformation (ovalisation before load):

Radial cross section:
Distance of inertia:

Moment of inertia:

Outer moment of resistance:
Inner moment of resistance:
Surface ratio:

3.2.1.1 Material properties

Specific gravity VR
Poissons ratio \Y
Characteristic value of Young's modulus in ring direction ERrad
Creep ratio:

di 786.0 mm
da 820.0 mm
'm 401.50 mm
s 17.00 mm
rm/s 23.618 [-]
ki 1.014  []
Oka 0.986 [-]
Ov,l 0.00 %
Ov,A 1.00 %
Arad 17.00 mm?2/mm
e 8.50 mm
| 409.42 mm”4/mm
Wa 48.17 mm3mm
Wi 48.17 mm3/mm
KQ 1.2 [-]
short term long term
18.0 18.0 kN/m?3
0.30 0.30 [-]
12,646.8 6,323.4 N/mm?
fereep 2.00 [-]

Table 3 of ATV DVWK-A 127, footnote 34:<br><i>Determined from the momentary value and the creep ratio (2) with characteristic values for 2 years
for the description of the long term behauvior. Also permitted for the long term verification for 50 years. Tests take place in accordance with DIN EN

1228 (momentary) and DIN EN 1225 (long term).</i>

Characteristic value of relative fracture deformation AdBruch/dm

€R = 4.28 - s/dm * Adgrych/dm

Characteristic value of ultimate strain for edge fibers €R

050-PN-4-2-ry
t= h

Characteristic value of hoop tensile strength fi

Amplitude for 2-10”6 load cycles:
Amplitude at 51076 load cycles:
Amplitude for 1-10"8 cycles:

3.2.1.2 Safety factors

Required safety coefficient, bending tensile stress erf yrRBZ
Required safety coefficient, bending compressive stress erf YRBD
Required safety coefficient, instability (buckling) erf ystab

3.2.2 Minimum trench width according to DIN EN 1610:2015-12

Nominal diameter:
Outer diameter:

Size of the bedding layer:

Minimum width at trench bottom (incl. x) according to table 1:
Minimum clear width at trench bottom:

15.0 9.0 %

1.359 0815 %

9.4 4.7 N/mm?
AOrsk,2E6 n.def  N/mm?
AOrsk,5E6 n.def  N/mm?
AOrsk,1E8 n.def N/mm?

2.00 2.00 []

2.00 2.00 []

2.50 2.50 []

DN 800 mm
da 820.0 mm
a 0.18 m
MiNnp,T1 1.22 m
minp,G 1.22 m

IngSoft EasyPipe 3.1.3.2 - 30/07/2026 - 10:29:50
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Slope angle:

Additional width for sloped trench walls:
Required width at pipe crown level:
Trench width at pipe crown level:

The minimum trench width at trench bottom according DIN EN 1610 is met.

3.2.3 Intermediate results for load case

3.2.3.1 Silo Theory

Soil load coefficient k for trench load (Silo Theory):
Soil load coefficient k0 for surface load (Silo Theory):
kO and k are set to 1, because E1 is larger then E3.

3.2.3.2 Load

Maximum groundwater level above pipe crown:
Vertical soil stress from soil load:

Vertical soil stress from soil and surface load:
Stress due to traffic load:

Included impact factor:

3.2.3.3 Soil deformation moduli EB

Backfill elastic modulus under load:

_40 e-0.188(100 -Dp,)

E
3,0 2

Native soil elastic modulus:

Bedding elastic modulus (reduced):
Bedding elastic modulus under load:
Reduction factor for creep:

Reduction factor E20 (groundwater):
Reduction factor E20 (Diagram 5):
Reduction factor E20 (narrow trench):
Bedding elastic modulus (reduced):
Elastic modulus of soil under pipe:

3.2.3.4 Soil stiffness values

Auxiliary value for horizontal bedding stiffness:
Correction factor for horizontal bedding stiffness:

If the slope angle of the trench < 90° the trench width at the middle of pipe has to be used here instead of the trench width at crown.

Horizontal bedding stiffness:
Vertical bedding stiffness:

3.2.3.5 Bedding angle, effective relative projection and friction angle

Bedding angle, effective relative projection and friction angle:
Height bedding from bedding angle to lower pipe ledge:
Calculated relative projection:

Effective relative projection:

Internal friction angle:

Wall friction angle:

short term
All loads
3.2.3.6 Characteristic values of pipe material and ring stiffness
Pipe stiffness SR 80,000
Characteristic value of ultimate strain for edge ¢r 1.359

fibers

3 60
Ab/2 0.47
minp,R 2.16
b 2.20
K 1.000
() 1.000
hw Scheitel 0.00
PErd 32.00
Pe 32.00
Pv 12.13
¢ 1.50
E1o 23.00
Eso 13.73
E2o 13.66
E20,0 16.00
f1 1.000
f2 1.000
aBo 0.667
aB 0.854
E2o 13.66
E46 230.00
Af 0.854
1.003
Seh 8.217
SBv 13.659
2a 120
tr 0.205
a 1.00
a' 1.684
03 30.000
0 30.000
long term long term
Soil loads other
Traffic load Loads
50,993 40,000
0.965 0.815

333

]
—_—

kN/m?
kN/m?
kN/m?
[-]

N/mm?

3.01

N/m?
%
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Characteristic value of Young's modulus in ER rad 12,646.8 8,061.2 6,323.4 N/mm?
ring direction
3.2.3.7 Stiffness ratio
System stiffness, weighted VRBw 0.0097 0.0062 0.0049 [-]
Stiffness ratio Vs 0.4242 0.3694 - []
Coefficient for vertical deformation cv” -0.014 -0.010 - [-]
3.2.3.8 Coefficients
Ground pressure ratio (bedding) K2 0.400 0.400 -—- [-1
Coefficient for bedding reaction pressure K* 1.180 1.237 - []
Resulting deformation coefficient ch 0.0891 0.0891 -—- []
Resulting deformation coefficient C'h,gh* -0.0658 -0.0658 - []
Coefficient for vertical deformation cv* -0.014 -0.010 - []
3.2.3.9 Concentration factors AR and AB
Maximum concentration factor max A 1.616 1.616 - []
Coefficient for maximum concentration factor K' 0.921 0.916 - [
Concentration factor above pipe, initial value AR 0.842 0.805 - []
Concentration factor above pipe, under trench ARG 0.911 0.890 -—- []
effect
Concentration factor above pipe, upper limit ~ Afo 3.760 3.760 - [-1
Concentration factor above pipe, lower limit Afu 0.600 0.600 - []
Concentration factor above pipe, final value ARG 0.911 0.890 - [-]
Soil concentration factor AB 1.053 1.065 - []
3.2.3.10 Pressure distribution at pipe circumference
short term long term long term
All loads Soil loads other
Traffic load Loads
Total vertical load Qv 41.29 40.62 --- kN/m?
Lateral pressure ah 16.75 16.91 - kN/m?
Bedding reaction pressure (soil load) q*h 30.23 30.70 - kN/m?
Bedding reaction pressure (water filling) q*hw 3.81 4.07 - kN/m?
3.2.4 Section forces
3.2.4.1 Section forces , short term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Moment due to total vertical load Maqv 1.737 -1.764 1.830  kNm/m
Moment due to lateral pressure Mgh -0.675 0.675 -0.675  kNm/m
Moment due to horizontal bedding reaction M*gh -0.882 1.013 -0.882  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.111 0.128 -0.111  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.019 -0.022 0.026 kNm/m
Moment due to water filling Mw 0.123 -0.142 0.168 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.211 -0.112 0.356  kNm/m
crown springline invert
Mean radius m 401.50 401.50 401.50 mm
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Normal force due to total vertical load Nqv 0.448 -16.577 -0.448 kN/m
Normal force due to lateral pressure Ngh -6.727 0.000 -6.727  kN/m
Normal force due to horizontal bedding N*gh -7.002 0.000 -7.002  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -0.882 0.000 -0.882  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.031 -0.193 -0.031  kN/m
Normal force due to water filling Nw 1.008 0.347 2217  kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces ZN -13.126 -16.424 -12.873  kN/m
3.2.4.2 Section forces . long term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Moment due to total vertical load Mqv 1.709 -1.735 1.801  kNm/m
Moment due to lateral pressure Mqh -0.682 0.682 -0.682  kNm/m
Moment due to horizontal bedding reaction M*gh -0.896 1.029 -0.896 kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.119 0.136 -0.119  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.019 -0.022 0.026  kNm/m
Moment due to water filling Mw 0.123 -0.142 0.168 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.155 -0.052 0.299 kNm/m
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Normal force due to total vertical load Nqv 0.440 -16.309 -0.440 kN/m
Normal force due to lateral pressure Ngh -6.791 0.000 -6.791  kN/m
Normal force due to horizontal bedding N*gh -7.112 0.000 -7.112  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -0.943 0.000 -0.943  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.031 -0.193 -0.031  kN/m
Normal force due to water filling Nw 1.008 0.347 2.217  kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces =N -13.367 -16.156 -13.100  kN/m
3.2.5 Short term load case
3.2.5.1 Strain proof
[€qv,gh,gh*l - ER + |€sonst| * ERL
€Rres = (9.01d)
|€qv,gh,gh*| + |€sonstl
Required safety coefficient, bending tensile stress: erf yRBZ 2.00 []
Required safety coefficient, bending compressive stress: erf YRBD 2.00 []
Flexural tensile strength to be considered ft fl,res - - N/mm?
Flexural compressive strength to be fcrad,res - -— - N/mm?

considered

Inside
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Curve correction factor, internal: Oki 1.014  [-]
crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* 0.024 -0.020 0.039 %
Strain due to other loads Esonst 0.005 -0.006 0.014 %
Total strain € 0.029 -0.026 0.053 %
Ultimate outer fiber strain to be considered €Rres 1.36 1.36 1.36 %
Safety coefficient flexural tension: YBZ 46.914 - 25507 []
Safety coefficient flexural compression: YBD - 51.868 - [-]
outside

Curve correction factor, external: Oka 0.986 [-]

crown springline invert

Strain due to earth- and trafficloads €qv,qh,gh* -0.035 0.004 -0.051 %
Strain due to other loads €sonst -0.005 0.006 -0.013 %
Total strain € -0.040 0.010 -0.064 %
Ultimate outer fiber strain to be considered €Rres 1.36 1.36 1.36 %
Safety coefficient flexural tension: YBZ - 130.576 - [-]
Safety coefficient flexural compression: YBD 33.806 --- 21.367 []
All calculated safety coefficients of the strain proof are sufficient.

3.2.5.2 Deformation proof

Calculation mode: linear

Ratio: I/(A-rm?) 0.00015 [-]
Ratio 'l/(A-rm?)-k~Q": I/(A'rm?)-kQ 0.00018 [-]

Qv ah

Deflection coefficient for bending moments Cv -0.0893 0.0833 0.0640 [-]
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001

Resulting deformation coefficient c'v -0.0893 0.0833 0.0640 [-]
Resulting deformation coefficient c'h 0.0891 -0.0833 -0.0658 []
Vertical diameter change: Adv 3.58 mm
Horizontal diameter change: Adn 2.95 mm
Relative vertical deformation (due to loads, elastic, Type B): ov,B 0.45 %
Predeformation (e. g. due to manufacturing, plastic, Type A): Ov,A 1.00 %
Total vertical deformation (Type A + Type B): Ov,Ges 1.45 %
Allowable deflection: zul dy 6.00 %
The deflection determined is less than the permissible deflection.

3.2.6 Long term load case

3.2.6.1 Strain proof

|5qv,qh,qh*| : ER + |€sonst| - ERL
€Rres = (9.01d)
|€qv,gh,gh*l + |€sonstl

Required safety coefficient, bending tensile stress: erf yRBZ 2.00 [-]
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Required safety coefficient, bending compressive stress: erf YRBD 2.00 [-1
Flexural tensile strength to be considered ft flres - -—- - N/mm?
Flexural compressive strength to be fc,rad res - - - N/mm?
considered
Inside
Curve correction factor, internal: Oki 1.014 [
crown springline invert
Strain due to earth- and trafficloads €qv,qh,gh* 0.025 -0.018 0.048 %
Strain due to other loads €sonst 0.008 -0.009 0.026 %
Total strain € 0.032 -0.027 0.074 %
Ultimate outer fiber strain to be considered €Rres 0.94 0.92 0.92 %
Safety coefficient flexural tension: YBZ 28.919 --- 12.420 [-]
Safety coefficient flexural compression: YBD - 33.794 -—- [-]
outside
Curve correction factor, external: Oka 0.986 [-]
crown springline invert
Strain due to earth- and trafficloads €qv,qh,gh* -0.043 -0.006 -0.067 %
Strain due to other loads €sonst -0.007 0.009 -0.023 %
Total strain € -0.051 0.003 -0.090 %
Ultimate outer fiber strain to be considered €Rres 0.95 0.88 0.93 %
Safety coefficient flexural tension: YBZ - 262.115 - [-]
Safety coefficient flexural compression: YBD 18.707 --- 10.324  []

All calculated safety coefficients of the strain proof are sufficient.

3.2.6.2 Deformation proof

Calculation mode: linear
Ratio: I/(A-rm?) 0.00015 [-]
Ratio 'l/(A-rm?)-«k~Q": I/(A-rm?)-kQ 0.00018 [-]
Qv ah gn*
Deflection coefficient for bending moments Cv -0.0893 0.0833 0.0640 [-]
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001
Resulting deformation coefficient c'v -0.0893 0.0833 0.0640 [-]
Resulting deformation coefficient c'h 0.0891 -0.0833 -0.0658 []
Vertical diameter change: Adv 4.00 mm
Horizontal diameter change: Adn 3.00 mm
Relative vertical deformation (due to loads, elastic, Type B): ovB 0.50 %
Predeformation (e. g. due to manufacturing, plastic, Type A): Ov,A 1.00 %
Total vertical deformation (Type A + Type B): Ov,Ges 1.50 %
Allowable deflection: zul &y 6.00 %

The deflection determined is less than the permissible deflection.

3.2.6.3 Stabilty proof radial, linear
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Earth and traffic loads

Pipe stiffness: SR 50,993 N/m?
Horizontal bedding stiffness: SBh 8.217 N/mm?
System stiffness, weighted: VRB,w 0.0062 [-]
Reduction factor buckling load for earth/traffic loads: Kv2 0.87 [-]
Friction angle in bedding zone: 02 35.000 °
Critical vertical total load: krit qv 1,128.8 kN/m?
Total vertical load: Qv 40.62 kN/m?
Safety stability, radial: YStab,rad 27.79 [-]
Required safety coefficient, instability (buckling): erf ystab 2.50 [-]

The buckling proof is fulfilled.

3.2.6.4 stability proof, nonlinear

The nonlinear stability proof is not applicable because of VRB > 1.0 (rigid pipe) or relative vertical deformation < 6%.

3.2.6.5 Proof of safety against failure with not predominantly static loading

According to the standard the dynamic proof is not required (e.g. traffic load > 1,5 m).

All necessary proofs are ok.

IngSoft EasyPipe 3.1.3.2 - 30/07/2026 - 10:29:50



Amiblu

Pipes designed for generations

4 Statics according to ATV-DVWK-A 127, 3rd edition: Cover 3,2 m

Caption of this part Cover 3,2 m
of the calculation:

Kind of calculation:
Add sketch to print:

4.1 Input

4.1.1 Safety factors

Safety class:

Safety stability according to table 13:
Allowable deflection:

Treatment of internal pressure:

Lower safety factors for flexural compression:
Proof for not predominantly static loading:
Consideration of dyn pvh*:

Consideration of Type A 'predeformation' in the deformation proof:

Treatment system stiffness VRB according to:
Pipe stiffness according to set of rules:

4.1.2 Soil

Soil group backfill:
Calculation E1:

Soil group pipe zone:
Calculation E20:

Soil group native soil:
Calculation E3:
Compaction degree E3:
E4=10"-E1:

Application of silo theory:
K2 according to standard:

4.1.3 Load

Cover depth:

Minimum groundwater level above pipe bed:
Maximum groundwater level above pipe bed:
Soil density:

Additional surface load:

Inner pressure, short term:

Inner pressure, long term:

Water fill (e.g. damming channel):

Density of medium:

Input special-purpose vehicle:

Traffic load:

Including horizontal loads due to traffic in the fatigue proof:

4.1.4 Installation

Installation:
Trench width at pipe crown level:

Nominal s
Yes

A (normal

tiffness

case)

Without predeformation (2.5 / 2.0)
6% (standard)

In accordance with Footnote 39 in
ATV-DVWK-A 127

No (ATV-DVWK-A 127)

According to standard

According to standard

Yes

DWA-A 161:2014 (by material)
Yes

G1

Table 8 (A127)

G1

Table 8 (A127)

G2

Degree of compaction

DprE3 98.0 %
Yes

Automatic

Yes

h 3.20 m
hw,min 0.00 m
hW,max 0.00 m

YB 20.0 kN/m?
po 0.0 kN/m?
Pik 0.00 bar
PiL 0.00 bar
Yes

YF 10.0 kN/m?
No

Street TRUCK 12

OghT,dyn 0.00 %
Trench

b 2.20 m

IngSoft EasyPipe 3.1.3.2 - 30/07/2026 - 10:29:50

17



Amiblu

Pipes designed for generations

Check minimum trench width:

Automatic consideration of bedding layer:
Slope angle:

Cover condition:

Installation condition:

Type of bedding:

Bedding angle:

Calculate bedding automatically:

Set lower height base:

Total height of base:

4.1.5 Pipe with nominal stiffness

Pipe chosen from datebase:
Choice of input:

Outer diameter:

Nominal diameter:

Wall thickness:

Local predeformation:

A type predeformation:

Nominal stiffness:

Nominal pressure:

Relative failure strain according to standard:
Creep ratio:

Reduction factor due to temperature effect:
Reduction factor due to media attack:
Reduction factor due to dynamic loading:

Specific gravity:
Poissons ratio:
Input of ultimate hoop tensile stress:

Ultimate strain tensile strength according to standard:

Amplitude with 2:1076 tests is known:
Amplitude with 1-1078 tests is known:
Axial compressive strength, short term:
Fiber strain for axial pressure, short term:

Yes
Yes

A4
B1
Loose
120°
Yes
No

No
Do-s
da

DN

t

5v,|
5v,A

SN

PN

Yes
fKriech

A1 ,Temp
A2 Medium
A3,dyn

YR

\%

No
Yes
No
No
fc,ax,K
EAXK

60

0.00

820

800
17.0
0.0
1.0

10,000
1.0

2.00
1.00
1.00
1.00

18.00
0.30

N/mm?
%
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Traffic load: Street TRUCK 12

El
Gl

E3
G2

wuw 00ze

690 mm 820 mm 690 mm

Cover according to DIN 1610

“wwozg”

o =120°

wuw 99_2*

ww 0g}
m
o

2200 mm
473 mm 1253 mm 473 mm
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4.2 Results

4.2.1 Intermediate results pipe

Inner diameter:

Outer diameter:

Mean radius:

Wall thickness:

Ratio radius to wall thickness:
Curve correction factor, internal:
Curve correction factor, external:

Local predeformation:
Predeformation (ovalisation before load):

Radial cross section:
Distance of inertia:

Moment of inertia:

Outer moment of resistance:
Inner moment of resistance:
Surface ratio:

4.2.1.1 Material properties

Specific gravity VR
Poissons ratio \Y
Characteristic value of Young's modulus in ring direction ERrad
Creep ratio:

di 786.0 mm
da 820.0 mm
'm 401.50 mm
s 17.00 mm
rm/s 23.618 [-]
ki 1.014  []
Oka 0.986 [-]
Ov,l 0.00 %
Ov,A 1.00 %
Arad 17.00 mm?2/mm
e 8.50 mm
| 409.42 mm”4/mm
Wa 48.17 mm3mm
Wi 48.17 mm3/mm
KQ 1.2 [-]
short term long term
18.0 18.0 kN/m?3
0.30 0.30 [-]
12,646.8 6,323.4 N/mm?
fereep 2.00 [-]

Table 3 of ATV DVWK-A 127, footnote 34:<br><i>Determined from the momentary value and the creep ratio (2) with characteristic values for 2 years
for the description of the long term behauvior. Also permitted for the long term verification for 50 years. Tests take place in accordance with DIN EN

1228 (momentary) and DIN EN 1225 (long term).</i>

Characteristic value of relative fracture deformation AdBruch/dm

€R = 4.28 - s/dm * Adgrych/dm

Characteristic value of ultimate strain for edge fibers €R

050-PN-4-2-ry
t= h

Characteristic value of hoop tensile strength fi

Amplitude for 2-10”6 load cycles:
Amplitude at 51076 load cycles:
Amplitude for 1-10"8 cycles:

4.2.1.2 Safety factors

Required safety coefficient, bending tensile stress erf yrRBZ
Required safety coefficient, bending compressive stress erf YRBD
Required safety coefficient, instability (buckling) erf ystab

4.2.2 Minimum trench width according to DIN EN 1610:2015-12

Nominal diameter:
Outer diameter:

Size of the bedding layer:

Minimum width at trench bottom (incl. x) according to table 1:
Minimum clear width at trench bottom:

15.0 9.0 %

1.359 0815 %

9.4 4.7 N/mm?
AOrsk,2E6 n.def  N/mm?
AOrsk,5E6 n.def  N/mm?
AOrsk,1E8 n.def N/mm?

2.00 2.00 []

2.00 2.00 []

2.50 2.50 []

DN 800 mm
da 820.0 mm
a 0.18 m
MiNnp,T1 1.22 m
minp,G 1.22 m
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Slope angle: 3 60 °
Additional width for sloped trench walls: Ab/2 0.47 m
Required width at pipe crown level: minp,R 2.16 m
Trench width at pipe crown level: b 2.20 m
The minimum trench width at trench bottom according DIN EN 1610 is met.
4.2.3 Intermediate results for load case
4.2.3.1 Silo Theory
Soil load coefficient k for trench load (Silo Theory): K 1.000 [-]
Soil load coefficient k0 for surface load (Silo Theory): Ko 1.000 [-]
kO and k are set to 1, because E1 is larger then E3.
4.2.3.2 | oad
Maximum groundwater level above pipe crown: hw Scheitel 0.00 m
Vertical soil stress from soil load: PErd 64.00 kN/m?
Vertical soil stress from soil and surface load: Pe 64.00 kN/m?
Stress due to traffic load: Pv 4.82 kN/m?
Included impact factor: ¢ 1.50 [-]
4.2.3.3 Soil deformation moduli EB
Backfill elastic modulus under load: E1o 23.00 N/mm?
40  .0.188(100-D
Eao=—e pr) 3.01
2
Native soil elastic modulus: E3o 13.73 N/mm?
Bedding elastic modulus (reduced): E2o 13.66 N/mm?
Bedding elastic modulus under load: E20,0 16.00 N/mm?
Reduction factor for creep: f1 1.000 []
Reduction factor E20 (groundwater): f2 1.000 [-]
Reduction factor E20 (Diagram 5): aBO 0.667  [-]
Reduction factor E20 (narrow trench): B 0.854 [-]
Bedding elastic modulus (reduced): E2o 13.66 N/mm?
Elastic modulus of soil under pipe: E4,0 230.00 N/mm?
4.2.3.4 Soil stiffness values
Auxiliary value for horizontal bedding stiffness: Af 0.854 [1]
Correction factor for horizontal bedding stiffness: 1.003 []
If the slope angle of the trench < 90° the trench width at the middle of pipe has to be used here instead of the trench width at crown.
Horizontal bedding stiffness: SBh 8.217 N/mm?
Vertical bedding stiffness: Sev 13.659 N/mm?
4.2.3.5 Bedding angle, effective relative projection and friction angle
Bedding angle, effective relative projection and friction angle: 2a 120 °
Height bedding from bedding angle to lower pipe ledge: tr 0.205 m
Calculated relative projection: a 1.00 [-]
Effective relative projection: a' 1.684 [-]
Internal friction angle: (0} 30.000 °
Wall friction angle: o 30.000 °
short term long term long term
All loads Soil loads other
Traffic load Loads
4.2.3.6 Characteristic values of pipe material and ring stiffness
Pipe stiffness SR 80,000 42,802 40,000 N/m?
Characteristic value of ultimate strain for edge ¢r 1.359 0.854 0815 %
fibers
IngSoft EasyPipe 3.1.3.2 - 30/07/2026 - 10:29:50 21



Amiblu

Pipes designed for generations

Characteristic value of Young's modulus in ER rad 12,646.8 6,766.4 6,323.4 N/mm?
ring direction
4.2.3.7 Stiffness ratio
System stiffness, weighted VRBw 0.0097 0.0052 0.0049 [-]
Stiffness ratio Vs 0.4242 0.3484 - []
Coefficient for vertical deformation (ol -0.014 -0.009 - [-]
4.2.3.8 Coefficients
Ground pressure ratio (bedding) K2 0.400 0.400 -—- [-1
Coefficient for bedding reaction pressure K* 1.180 1.255 - []
Resulting deformation coefficient ch 0.0891 0.0891 -—- []
Resulting deformation coefficient C'h,gh* -0.0658 -0.0658 - [-]
Coefficient for vertical deformation cv* -0.014 -0.009 - [-]
4.2.3.9 Concentration factors AR and AB
Maximum concentration factor max A 1.951 1.951 - []
Coefficient for maximum concentration factor K' 0.921 0.914 - [
Concentration factor above pipe, initial value AR 0.820 0.764 - []
Concentration factor above pipe, under trench ARG 0.899 0.868 -—- []
effect
Concentration factor above pipe, upper limit ~ Afo 3.520 3.520 - [-1
Concentration factor above pipe, lower limit Afu 0.397 0.397 - []
Concentration factor above pipe, final value ARG 0.899 0.868 - [-]
Soil concentration factor AB 1.060 1.079 --- [-]
4.2.3.10 Pressure distribution at pipe circumference
short term long term long term
All loads Soil loads other
Traffic load Loads
Total vertical load Qv 62.36 60.37 --- kN/m?
Lateral pressure ah 30.41 30.89 - kN/m?
Bedding reaction pressure (soil load) q*h 40.02 39.51 - kN/m?
Bedding reaction pressure (water filling) q*hw 3.81 4.07 - kN/m?
4.2.4 Section forces
4.2.4.1 Section forces , short term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Moment due to total vertical load Maqv 2.624 -2.664 2765 KkNm/m
Moment due to lateral pressure Mgh -1.226 1.226 -1.226  kNm/m
Moment due to horizontal bedding reaction M*gh -1.168 1.342 -1.168  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.111 0.128 -0.111  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.019 -0.022 0.026 kNm/m
Moment due to water filling Mw 0.123 -0.142 0.168 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.261 -0.133 0.454  kNm/m
crown springline invert
Mean radius m 401.50 401.50 401.50 mm
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Normal force due to total vertical load Nqv 0.676 -25.039 -0.676  kN/m
Normal force due to lateral pressure Ngh -12.211 0.000 -12.211 kN/m
Normal force due to horizontal bedding N*gh -9.272 0.000 -9.272  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -0.882 0.000 -0.882  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.031 -0.193 -0.031  kN/m
Normal force due to water filling Nw 1.008 0.347 2217  kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces ZN -20.651 -24.886 -20.856  kN/m
4.2.4.2 Section forces , long term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Moment due to total vertical load Mqv 2.540 -2.579 2.676 kNm/m
Moment due to lateral pressure Mqh -1.245 1.245 -1.245 kNm/m
Moment due to horizontal bedding reaction M*gh -1.163 1.325 -1.153  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.119 0.136 -0.119  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.019 -0.022 0.026  kNm/m
Moment due to water filling Mw 0.123 -0.142 0.168 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.165 -0.037 0.354 kNm/m
crown springline invert
Mean radius 'm 401.50 401.50 401.50 mm
Normal force due to total vertical load Nqv 0.654 -24.237 -0.654  kN/m
Normal force due to lateral pressure Ngh -12.402 0.000 -12.402  kN/m
Normal force due to horizontal bedding N*gh -9.163 0.000 -9.1563  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -0.943 0.000 -0.943  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.031 -0.193 -0.031  kN/m
Normal force due to water filling Nw 1.008 0.347 2.217  kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces =N -20.805 -24.083 -20.966  kN/m
4.2.5 Short term load case
4.2.5.1 Strain proof
[€qv,gh,gh*l - ER + |€sonst| * ERL
€Rres = (9.01d)
|€qv,gh,gh*| + |€sonstl
Required safety coefficient, bending tensile stress: erf yRBZ 2.00 []
Required safety coefficient, bending compressive stress: erf YRBD 2.00 []
Flexural tensile strength to be considered ft fl,res - - N/mm?
Flexural compressive strength to be fcrad,res - -— - N/mm?

considered

Inside
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Curve correction factor, internal: Oki 1.014  [-]
crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* 0.029 -0.028 0.051 %
Strain due to other loads Esonst 0.005 -0.006 0.014 %
Total strain € 0.034 -0.034 0.066 %
Ultimate outer fiber strain to be considered €Rres 1.36 1.36 1.36 %
Safety coefficient flexural tension: YBZ 40.139 - 20.630 [-]
Safety coefficient flexural compression: YBD - 40.337 - [-]
outside

Curve correction factor, external: Oka 0.986 [-]

crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* -0.047 0.004 -0.070 %
Strain due to other loads €sonst -0.005 0.006 -0.013 %
Total strain € -0.052 0.010 -0.083 %
Ultimate outer fiber strain to be considered €Rres 1.36 1.36 1.36 %
Safety coefficient flexural tension: YBZ - 136.888 - [-]
Safety coefficient flexural compression: YBD 26.207 --- 16.340 [-]
All calculated safety coefficients of the strain proof are sufficient.

4.2.5.2 Deformation proof

Calculation mode: linear

Ratio: I/(A-rm?) 0.00015 [-]
Ratio 'l/(A-rm?)-k~Q": I/(A'rm?)-kQ 0.00018 [-]

Qv ah

Deflection coefficient for bending moments Cv -0.0893 0.0833 0.0640 [-]
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001

Resulting deformation coefficient c'v -0.0893 0.0833 0.0640 [-]
Resulting deformation coefficient c'h 0.0891 -0.0833 -0.0658 []
Vertical diameter change: Adv 4.76 mm
Horizontal diameter change: Adh 3.91 mm
Relative vertical deformation (due to loads, elastic, Type B): ov,B 0.59 %
Predeformation (e. g. due to manufacturing, plastic, Type A): Ov,A 1.00 %
Total vertical deformation (Type A + Type B): Ov,Ges 1.59 %
Allowable deflection: zul dy 6.00 %
The deflection determined is less than the permissible deflection.

4.2.6 Long term load case

4.2.6.1 Strain proof

|5qv,qh,qh*| : ER + |€sonst| - ERL
€Rres = (9.01d)
|€qv,gh,gh*l + |€sonstl

Required safety coefficient, bending tensile stress: erf yRBZ 2.00 [-]
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Required safety coefficient, bending compressive stress:

Flexural tensile strength to be considered ft fl,res -
Flexural compressive strength to be fc,rad res -
considered

Inside

Curve correction factor, internal:

Oki

springline
-0.024

-0.009
-0.033
0.84

25.588

Oka

springline
-0.018

0.009
-0.009
0.84

91.264

linear
I/(A-rm?)

I/(A-rm?)-KQ

gh

0.0833

0.0833

2.00 [-1
- N/mm?
- N/mm?

1.014  []

invert

0.067 %

0.026 %

0.094 %

0.84 %

9.020 [-]
[

0.986 [-]

invert
0104 %
-0.023 %
-0.127 %

0.85 %
[

6.685 [-]

0.00015 [-]

0.00018 [-]

0.0640 [-]

0.0640

crown
Strain due to earth- and trafficloads €qv,qh,gh* 0.026
Strain due to other loads €sonst 0.008
Total strain € 0.034
Ultimate outer fiber strain to be considered €Rres 0.85
Safety coefficient flexural tension: YBZ 24.994
Safety coefficient flexural compression: YBD -
outside
Curve correction factor, external:

crown
Strain due to earth- and trafficloads €qv,qh,gh* -0.061
Strain due to other loads €sonst -0.007
Total strain € -0.069
Ultimate outer fiber strain to be considered €Rres 0.85
Safety coefficient flexural tension: YBZ -
Safety coefficient flexural compression: YBD 12.398
All calculated safety coefficients of the strain proof are sufficient.
4.2.6.2 Deformation proof
Calculation mode:
Ratio:
Ratio 'l/(A-rm?)-k~Q":

Qv

Deflection coefficient for bending moments Cv -0.0893
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001
Resulting deformation coefficient Cv -0.0893
Resulting deformation coefficient ch 0.0891

Vertical diameter change:
Horizontal diameter change:

Relative vertical deformation (due to loads, elastic, Type B):
Predeformation (e. g. due to manufacturing, plastic, Type A):
Total vertical deformation (Type A + Type B):

Allowable deflection:

The deflection determined is less than the permissible deflection.

4.2.6.3 Stabilty proof radial, linear

-0.0833

Ady
Adh

6V,B
6V,A
Ov,Ges

zul Oy

-0.0658

5.42
3.86

0.68
1.00
1.68

6.00

[-]
[-]
mm
mm
%
%
%

%
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Earth and traffic loads
Pipe stiffness:

Horizontal bedding stiffness:
System stiffness, weighted:

Reduction factor buckling load for earth/traffic loads:

Friction angle in bedding zone:

Critical vertical total load:

Total vertical load:

Safety stability, radial:

Required safety coefficient, instability (buckling):

The buckling proof is fulfilled.

4.2.6.4 stability proof, nonlinear

The nonlinear stability proof is not applicable because of VRB > 1.0 (rigid pipe) or relative vertical deformation < 6%.

4.2.6.5 Proof of safety against failure with not predominantly static loading

SR

Sgh
VRB,w
Kv2

"2

krit qv
Qv
YStab,rad
erf ystab

According to the standard the dynamic proof is not required (e.g. traffic load > 1,5 m).

All necessary proofs are ok.

42,802
8.217
0.0052
0.87

35.000
1,035.1
60.37
17.15
2.50

N/m?
N/mm?
[-]

[

kN/m?
kN/m?
[-]
-]
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5 Appendix
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Input Data for structural analysis

of application buried pipes in open trench condition,

calculation acc. DWA-A 127

Please send to:

Amiblu Holding GmbH
Pischeldorfer StralRe 128
A-9020 Klagenfurt

T +43 463 482424

info@amiblu.com
9237 Kamna Gorica
project
LUZ d.d
company
Verovs$kova ulica 64
street
1000

postcode
Ljubljana
city

Pipe Details:

nominal diameter DN 800

pressure class PN PN1

nominal stiffness SN 10000

Luka Krajnc
contact person

(01) 36 02 473

phone/Fax:
Text input.

signature:
Text input.

date/stamp

sewer pipe

sewer pressure pipe

pressure pipe

potable water pipe

installation in protective water area

air pipe

0000 0OOKX

pipe material GRP storage sewer
others Text input.
Types of native soil: acc. ATV-DVWK-A 127; DIN 18196 (please subsoil expertise ad)
Native soil backfilling Pipe zone
G1 Non cohesive soils (gravel, sand)
(GE, GW, GI, SE, SW, SI) O X X
G2 Slightly cohesive soils
(GU, GT, SU, ST) b4 (. (.
G3 Cohesive mixed soils, silt
(GU, GT, SU, ST, UL, UM) . ( U
G4 Cohesive soils, except silts
(TL, TM, TA, OU, OT, OH, UA) U O O
Other types of soil = Textinput. O O O
Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 1/3 Rev03, 19.09.19
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Proctor density for native soil
(Proctor density 85 — 100 %)

Foundation of pipeline

Specification of loads:

98

e~ W

%

XI On native soil

[ very hard and rocky

[0 Weak soil, not stable for foundation

Soil replacement:

Min. cover depth

Depth of earth cover h 1.6
min. Ground water hw above pipe invert Text input.
max. Ground water hw above pipe invert Text input.
Other surface Text input. kN/m?2
loads
For pressure pipes Short term Text input.
Long term Text input.
DP)
Traffic load [ no traffic
street
[J HCL 60
[J HcL 30
X HGV 12
[J DIN EN 1991-2, TS und UDL

[ LM1-lane 3,00 m
[J LM1-lane 2,70 m
[0 LM1-green field area

thickness Textinput. m
material  Text input.

Proctor density Dpr  Text input. %

Max. cover depth
3.2
Text input.

Text input.

bar, e.g. system test pressure; hydrostatic pressure, water
hammer

bar, e.g. operating pressure (OP), system pressure (PN,

railway aircraft

[ one track, UIC O
[J two tracks, UIC |
[ one track, LM 71 O BFz 350
[ two tracks, LM 71 E

Other loads, e.g. special vehicle (please add load scheme with axle, wheels and wheel loads):

Text input.

Building construction:

Type of trench [J embankment

Trench angel []90° X 60° [ 45°

Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 2/3

[X single trench

[J double trench "

[ stepped trench "

" For special shapes add a sketch

Text input.

Rev03, 19.09.19
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Width of trench b = 1.8 m at pipe crown
bso = 85 m at pipe trench bottom inclusive planks

bedding [J on native soil (acc. EN 1610)
Trench X on gravel, sand
planking O noplanks [J on concrete ?

2 only as spezial construction in agreement with the pipe producer

[JHorizontal planks, also applies

to plank walls (Berlin lining) bedding | %0° O 120°
[XIPlanking with plates angle 2a O 180
[J Vertical plank with light weight
[ Vertical plank with boards *
[JVertical plank with light weight *
[Vertical plank with sheet piling *
. L ts= : m
* Depth of sheeting below pipe invert Text input.
*thickness of plank (one-side) bs = Text input. m
Cover condition for backfilling:
A1 Backfilling compacted in layers against the native soil (without proof of compaction degree);
] also applies to plank walls, Berlin lining
A2 Vertical pipe trench lining with boards that are not removed before backfilling.
O Lining boards or devices that are removed step by step during backfilling. Non-compacted

backfilling/ backfilling with slurry (only suitable for soils of group G1).

A3 Vertical trench lining with sheet piling, light weight sheet connection, wooden planks, lining
] boards or devices that are not removed before backfilling.
A4 Backfilling compacted in layers against the native soil with proof of the required compaction

X degree to ZTVE-StB ; also applies to plank walls (Berlin lining). Cover condition A4 is not
applicable to sails of group G4.

Bedding condition for pipe:

B1 Bedding compacted in layers against the native soil or in the embankment (without proof of
X compaction degree); also applies to plank walls, Berlin lining

B2 Vertical lining in the pipe zone with planks that reach down to the trench bottom and are not
O removed before backfilling and compaction. Lining boards or devices provided that the soil

is compacted after the linings are removed.

B3 Vertical lining in the pipe zone with sheet piling or lightweight sheeting and compaction against

O the lining reaching down below the trench bottom. There is no safe calculation model for
determining vertical lining with wooden planks, boards or devices that are not removed before
backfilling and compaction the pipe zone.

B4 Bedding compacted in layers against the native soil or in the embankment with proof of the
O required compaction degree to ZTVE-StB. Bedding condition B4 does not apply to soils of
group G4.
Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 3/3 Rev03, 19.09.19
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Structural analysis

Project: 9237 Kamna Gorica
Description: GRP CC pipe DN 1000
PNO1
SN 10.000
Contractor: LUZ d.d

Verovskova ulica 64
1000 Ljubljana

Mr. Luka Kranjc
(01) 36 02 473

Designer: Josip Vrtari¢
Application Engineering
Amiblu Alpe Adria d.o.o.
Kralja Zvonimira 122, Zagreb, Croatia
T +385 1618 36 91
M +385 91 604 93 97
josip.vrtaric@amiblu.com
www.amiblu.com

Calculation no.: 2026/66

Date: 30/07/2026
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1 Remarks

DISCLAIMER OF LIABILITY

As part of the technical service for the technical planning of projects of the Amiblu Group (hereinafter referred to as
"Amiblu"), static calculations for decision-making regarding Amiblu/Flowtite/Hobas GFK pipe systems and products are
regularly provided by Amiblu.

By using this free Amiblu’ s technical verification service, you agree to the following terms and conditions:

1. No contractual relationship:

The use of the above mentioned Amiblu™ s calculations does not constitute a contractual relationship between you and
Amiblu and no consulting or information agreement is concluded. To this extent, there do not exist any contractual or
quasi-contractual claims against Amiblu.

2. Requirements:
You acknowledge that the here mentioned calculations only apply to Amiblu/Flowtite/Hobas products.

3. Basis of the static calculation:

Amiblu bases the calculation according to your stated project and installation conditions and completes the missing data
by itself if necessary, this to the best of its knowledge and based on the current state of knowledge and according to the
requirements of the valid standards and regulations.

The trench width and installation conditions are based on the minimum requirements according to EN1610 without
consideration of the trench sheet thickness (if in use). This usually represents the critical load case and is therefore on
the safe side.

4. Installation specifications:
In all cases the following installation conditions must be observed for the installation of Amiblu products:

The pipe zone must be made of non-cohesive or slightly cohesive material with the quality and degree of compaction
according to this calculation. The maximum grain size according to the Amiblu/Flowtite/Hobas installation instructions for
buried pipes and shafts have to be observed.

To classify the bedding material, all the material in the pipeline zone has to pass through a sieve with a mesh size as
specified in the installation instructions.

The pipe bedding must be at least 100 mm thick and have the specified support angle according to the static calculation.
We recommend that the requirements for the pipe bedding according to EN 1610.

The degree of compaction of the pipe zone and backfill must meet or exceed the requirements of the static calculation.
The installation conditions should be checked and documented. The pipe zone ends 300 mm above the pipe crown.

The quality and degree of compaction of the backfill, the existing soil and the pipeline zone must be checked and needs
to meet the requirements of this static evaluation.

For the static calculation compliance with the applicable international standards and installation instructions for
Amiblu/Flowtite/Hobas products is assumed. The installation instructions for Amiblu/Flowtite/Hobas can be downloaded
from our homepages: http://www.flowtite.com or http://www.hobas.com or http://www.amiblu.com.

The installation conditions used for the static calculation should be compared by you or an expert engineer or the project
planner with the actual conditions on site. Potential deviations may have an influence on the pipe installation.

5. Disclaimer:
The services provided are subject to Amiblu's General Conditions of Sale, insofar applicable.

The results of the calculation can only be obtained in practice if the assumptions correspond to the real construction
conditions on site.
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The static calculations were carried out reliably and carefully according to the professional opinion of Amiblu.

Amiblu accept liability for the static calculation carried out on the basis of customer specifications, such as e.g. contents
from structural analysis forms, specifications for planning and execution, information on ground condition as well as
installation and/or operation. Amiblu does not accept any liability for the correctness and completeness of the specific
customer specifications.

The static calculations prepared by Amiblu are a service in the design or execution phase and usually become part of
the project documentation. Amiblu assumes no liability for the applicability of the calculation results in case of deviations
from the underlying assumptions.

Rev03 11/04/2023
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2 List of references

DIN 4124 - Excavations and Trenches - Slopes, planking and strutting, breadths of working space: October 2002
EN 1610 - Construction and testing of drains and sewers: December 2015
EN 805 - Water Supply Requirements for systems and components outside of buildings: March 2000

EN 1992-2 - Eurocode 2: Eurocode 1: Actions on structures Part 2: Traffic loads on bridges (consolidated version):
March. 2012

EN 1796 - Plastics piping systems for water supply with or without pressure - Glass-reinforced thermosetting plastics
(GRP) based on unsaturated polyester resin (UP): March 2013

EN 14364 - Plastics piping systems for drainage and sewerage with or without pressure — Glass-reinforced thermosetting
plastics (GRP) based on unsaturated polyester resin (UP): Mai 2013

EN 15383 - Plastics piping systems for drainage and sewerage - Glass- reinforced thermosetting plastics (GRP) based
on polyester resin (UP) - Manholes and inspection chambers: March 2013

ISO 16611 Plastics piping systems for drainage and sewerage without pressure - Non-circular pipes and joints made of
glass-reinforced thermosetting plastics (GRP) based on unsaturated polyester resins (UP) - Dimensions, requirements
and tests: June 2017

ISO 25780 - Plastics piping systems for pressure and non-pressure water supply, irrigation, drainage or sewerage —
Glass-reinforced thermosetting plastics (GRP) systems based on unsaturated polyester (UP) resin — Pipes with flexible
joints intended to be installed using jacking techniques: Mai 2011

Worksheet DWA-A127 - Structural verification of sewer channels and pipe lines, 3. corrected Issue: August 2000
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3 Statics according to ATV-DVWK-A 127, 3rd edition: Cover 1,8 m

Caption of this part Cover 1,8 m
of the calculation:

Kind of calculation:
Add sketch to print:

3.1 Input

3.1.1 Safety factors

Safety class:

Safety stability according to table 13:
Allowable deflection:

Treatment of internal pressure:

Lower safety factors for flexural compression:
Proof for not predominantly static loading:
Consideration of dyn pvh*:

Consideration of Type A 'predeformation' in the deformation proof:

Treatment system stiffness VRB according to:
Pipe stiffness according to set of rules:

3.1.2 Soil

Soil group backfill:
Calculation E1:

Soil group pipe zone:
Calculation E20:

Soil group native soil:
Calculation E3:
Compaction degree E3:
E4=10"-E1:

Application of silo theory:
K2 according to standard:

3.1.3 Load

Cover depth:

Minimum groundwater level above pipe bed:
Maximum groundwater level above pipe bed:
Soil density:

Additional surface load:

Inner pressure, short term:

Inner pressure, long term:

Water fill (e.g. damming channel):

Density of medium:

Input special-purpose vehicle:

Traffic load:

Including horizontal loads due to traffic in the fatigue proof:

3.1.4 Installation

Installation:
Trench width at pipe crown level:

Nominal stiffness

Yes

A (normal case)

Without predeformation (2.5 / 2.0)
6% (standard)

In accordance with Footnote 39 in
ATV-DVWK-A 127

No (ATV-DVWK-A 127)
According to standard

According to standard

Yes

DWA-A 161:2014 (by material)

Yes

G1

Table 8 (A127)

G1

Table 8 (A127)

G2

Degree of compaction

DprE3 98.0 %
Yes

Automatic

Yes

h 1.80 m
hw,min 0.00 m
hW,max 0.00 m

YB 20.0 kN/m?3
po 0.0 kN/m?
Pik 0.00 bar
PiL 0.00 bar
Yes

YF 10.0 kN/m?
No

Street TRUCK 12

OghT,dyn 0.00 %
Trench

b 2.70 m
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Check minimum trench width:

Automatic consideration of bedding layer:
Slope angle:

Cover condition:

Installation condition:

Type of bedding:

Bedding angle:

Calculate bedding automatically:

Set lower height base:

Total height of base:

3.1.5 Pipe with nominal stiffness

Pipe chosen from datebase:
Choice of input:

Outer diameter:

Nominal diameter:

Wall thickness:

Local predeformation:

A type predeformation:

Nominal stiffness:

Nominal pressure:

Relative failure strain according to standard:
Creep ratio:

Reduction factor due to temperature effect:
Reduction factor due to media attack:
Reduction factor due to dynamic loading:

Specific gravity:
Poissons ratio:
Input of ultimate hoop tensile stress:

Ultimate strain tensile strength according to standard:

Amplitude with 2:1076 tests is known:
Amplitude with 1-1078 tests is known:
Axial compressive strength, short term:
Fiber strain for axial pressure, short term:

Yes
Yes

A4
B1
Loose
120°
Yes
No

No
Do-s
da

DN

t

5v,|
5v,A

SN

PN

Yes
fKriech

A1 ,Temp
A2 Medium
A3,dyn

YR

\%

No
Yes
No
No
fc,ax,K
EAXK

60

0.00

1,026
1,000
21.0
0.0
1.0

10,000
1.0

2.00
1.00
1.00
1.00

18.00
0.30

N/mm?
%
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Traffic load: Street TRUCK 12

E3 El
G2 Gl
®
o
o
3
3
837 mm 1026 mm 837 mm
Cover according to DIN 1610
<
N
o
3
3
N
a
q |
g » 2a =120°
St
g E4
2700 mm
592 mm " 1515 mm 592 mm "
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3.2 Results

3.2.1 Intermediate results pipe

Inner diameter:

Outer diameter:

Mean radius:

Wall thickness:

Ratio radius to wall thickness:
Curve correction factor, internal:
Curve correction factor, external:

Local predeformation:
Predeformation (ovalisation before load):

Radial cross section:
Distance of inertia:

Moment of inertia:

Outer moment of resistance:
Inner moment of resistance:
Surface ratio:

3.2.1.1 Material properties

Specific gravity VR
Poissons ratio \Y
Characteristic value of Young's modulus in ring direction ERrad
Creep ratio:

da

'm

rm/s

short term
18.0
0.30

13,152.9

fereep

984.0
1,026.0
502.50
21.00
23.929
1.014
0.986

0.00
1.00

21.00
10.50
771.75
73.50
73.50
1.2

long term
18.0
0.30
6,576.5
2.00

mm?2/mm

mm”4/mm
mm3mm
mm3/mm

kN/m?
[-]
N/mm?

[-]

Table 3 of ATV DVWK-A 127, footnote 34:<br><i>Determined from the momentary value and the creep ratio (2) with characteristic values for 2 years
for the description of the long term behauvior. Also permitted for the long term verification for 50 years. Tests take place in accordance with DIN EN

1228 (momentary) and DIN EN 1225 (long term).</i>

Characteristic value of relative fracture deformation AdBruch/dm

€R = 4.28 - s/dm * Adgrych/dm

Characteristic value of ultimate strain for edge fibers €R

050-PN-4-2-ry
t= h

Characteristic value of hoop tensile strength fi

Amplitude for 2-10”6 load cycles:
Amplitude at 51076 load cycles:
Amplitude for 1-10"8 cycles:

3.2.1.2 Safety factors

Required safety coefficient, bending tensile stress erf yrRBZ
Required safety coefficient, bending compressive stress erf YRBD
Required safety coefficient, instability (buckling) erf ystab

3.2.2 Minimum trench width according to DIN EN 1610:2015-12

Nominal diameter:
Outer diameter:

Size of the bedding layer:

Minimum width at trench bottom (incl. x) according to table 1:
Minimum clear width at trench bottom:

15.0

1.341

9.6

AOrsk,2E6
AOrsk,5E6
Aovrsk,1E8

2.00
2.00
2.50

DN
da

a

MiNnp,T1
minb,G

9.0

0.805

4.8

n. def
n. def
n. def

2.00
2.00
2.50

1,000
1,026.0

0.20

1.43
1.43

%

%

N/mm?

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

mm
mm

33
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Slope angle:

Additional width for sloped trench walls:
Required width at pipe crown level:
Trench width at pipe crown level:

The minimum trench width at trench bottom according DIN EN 1610 is met.

3.2.3 Intermediate results for load case

3.2.3.1 Silo Theory

Soil load coefficient k for trench load (Silo Theory):
Soil load coefficient k0 for surface load (Silo Theory):
kO and k are set to 1, because E1 is larger then E3.

3.2.3.2 Load

Maximum groundwater level above pipe crown:
Vertical soil stress from soil load:

Vertical soil stress from soil and surface load:
Stress due to traffic load:

Included impact factor:

3.2.3.3 Soil deformation moduli EB

Backfill elastic modulus under load:

_40 e-0.188(100 -Dp,)

E
3,0 2

Native soil elastic modulus:

Bedding elastic modulus (reduced):
Bedding elastic modulus under load:
Reduction factor for creep:

Reduction factor E20 (groundwater):
Reduction factor E20 (Diagram 5):
Reduction factor E20 (narrow trench):
Bedding elastic modulus (reduced):
Elastic modulus of soil under pipe:

3.2.3.4 Soil stiffness values

Auxiliary value for horizontal bedding stiffness:
Correction factor for horizontal bedding stiffness:

If the slope angle of the trench < 90° the trench width at the middle of pipe has to be used here instead of the trench width at crown.

Horizontal bedding stiffness:
Vertical bedding stiffness:

3.2.3.5 Bedding angle, effective relative projection and friction angle

Bedding angle, effective relative projection and friction angle:
Height bedding from bedding angle to lower pipe ledge:
Calculated relative projection:

Effective relative projection:

Internal friction angle:

Wall friction angle:

short term
All loads
3.2.3.6 Characteristic values of pipe material and ring stiffness
Pipe stiffness SR 80,000
Characteristic value of ultimate strain for edge ¢r 1.341

fibers

3 60
Ab/2 0.59
minp,R 2.61
b 2.70
K 1.000
() 1.000
hw Scheitel 0.00
PErd 36.00
Pe 36.00
Pv 10.21
¢ 1.50
E1o 23.00
Eso 13.73
E2o 13.57
E20,0 16.00
f1 1.000
f2 1.000
aBo 0.667
aB 0.848
E2o 13.57
E46 230.00
Af 0.823
1.006
SBh 8.190
SBv 13.567
2a 120
tr 0.257
a 1.00
a' 1.695
(0} 30.000
0 30.000
long term long term
Soil loads other
Traffic load Loads
48,838 40,000
0.923 0.805

333

]
—_—

kN/m?
kN/m?
kN/m?
[-]

N/mm?

3.01

N/m?
%
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Characteristic value of Young's modulus in ER rad 13,152.9 8,029.5 6,576.5 N/mm?
ring direction
3.2.3.7 Stiffness ratio
System stiffness, weighted VRBw 0.0098 0.0060 0.0049 [-]
Stiffness ratio Vs 0.4261 0.3659 - []
Coefficient for vertical deformation cv” -0.014 -0.010 - [-]
3.2.3.8 Coefficients
Ground pressure ratio (bedding) K2 0.400 0.400 -—- [-1
Coefficient for bedding reaction pressure K* 1.179 1.242 - []
Resulting deformation coefficient ch 0.0891 0.0891 -—- []
Resulting deformation coefficient C'h,gh* -0.0658 -0.0658 - []
Coefficient for vertical deformation cv* -0.014 -0.010 - []
3.2.3.9 Concentration factors AR and AB
Maximum concentration factor max A 1.575 1.575 - []
Coefficient for maximum concentration factor K' 0.921 0.916 - [
Concentration factor above pipe, initial value AR 0.847 0.807 - []
Concentration factor above pipe, under trench ARG 0.917 0.895 -—- []
effect
Concentration factor above pipe, upper limit Ao 3.730 3.730 -—- [
Concentration factor above pipe, lower limit Afu 0.629 0.629 - []
Concentration factor above pipe, final value ARG 0.917 0.895 - [-]
Soil concentration factor AB 1.051 1.064 --- [-]
3.2.3.10 Pressure distribution at pipe circumference
short term long term long term
All loads Soil loads other
Traffic load Loads
Total vertical load Qv 43.22 42.43 - kN/m?
Lateral pressure ah 19.24 19.43 - kN/m?
Bedding reaction pressure (soil load) q*h 29.75 30.12 - kN/m?
Bedding reaction pressure (water filling) q*hw 4.77 5.10 - kN/m?
3.2.4 Section forces
3.2.4.1 Section forces , short term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Moment due to total vertical load Maqv 2.848 -2.892 3.001  kNm/m
Moment due to lateral pressure Mgh -1.214 1.214 -1.214  kNm/m
Moment due to horizontal bedding reaction M*gh -1.360 1.563 -1.360  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.218 0.250 -0.218  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.036 -0.042 0.050 kNm/m
Moment due to water filling Mw 0.241 -0.279 0.330 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.334 -0.186 0.589 kNm/m
crown springline invert
Mean radius m 502.50 502.50 502.50 mm
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Normal force due to total vertical load Nqv 0.586 -21.717 -0.586  kN/m
Normal force due to lateral pressure Ngh -9.667 0.000 -9.667  kN/m
Normal force due to horizontal bedding N*gh -8.626 0.000 -8.626  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -1.382 0.000 -1.382  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.047 -0.298 -0.047  kN/m
Normal force due to water filling Nw 1.578 0.543 3.472 kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces ZN -17.463 -21.472 -16.837  kN/m
3.2.4.2 Section forces . long term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Moment due to total vertical load Mqv 2.796 -2.839 2946  kNm/m
Moment due to lateral pressure Mqh -1.227 1.227 -1.227  kNm/m
Moment due to horizontal bedding reaction M*gh -1.377 1.582 -1.377  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.233 0.268 -0.233  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.036 -0.042 0.050 kNm/m
Moment due to water filling Mw 0.241 -0.279 0.330 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.237 -0.084 0.489 kNm/m
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Normal force due to total vertical load Nqv 0.576 -21.319 -0.576  kN/m
Normal force due to lateral pressure Ngh -9.764 0.000 -9.764  kN/m
Normal force due to horizontal bedding N*gh -8.733 0.000 -8.733  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -1.477 0.000 -1.477  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.047 -0.298 -0.047  kN/m
Normal force due to water filling Nw 1.578 0.543 3.472 kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces =N -17.774 -21.075 -17.126  kN/m
3.2.5 Short term load case
3.2.5.1 Strain proof
[€qv,gh,gh*l - ER + |€sonst| * ERL
€Rres = (9.01d)
|€qv,gh,gh*| + |€sonstl
Required safety coefficient, bending tensile stress: erf yRBZ 2.00 []
Required safety coefficient, bending compressive stress: erf YRBD 2.00 []
Flexural tensile strength to be considered ft fl,res - - N/mm?
Flexural compressive strength to be fcrad,res - -— - N/mm?

considered

Inside
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Curve correction factor, internal: Oki 1.014  [-]
crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* 0.022 -0.020 0.038 %
Strain due to other loads Esonst 0.006 -0.007 0.018 %
Total strain € 0.029 -0.027 0.056 %
Ultimate outer fiber strain to be considered €Rres 1.34 1.34 1.34 %
Safety coefficient flexural tension: YBZ 46.779 - 24113  [-]
Safety coefficient flexural compression: YBD - 49.223 - [-]
outside

Curve correction factor, external: Oka 0.986 [-]

crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* -0.034 0.004 -0.050 %
Strain due to other loads €sonst -0.006 0.007 -0.016 %
Total strain € -0.040 0.011 -0.066 %
Ultimate outer fiber strain to be considered €Rres 1.34 1.34 1.34 %
Safety coefficient flexural tension: YBZ - 120.093 - [-]
Safety coefficient flexural compression: YBD 33.238 --- 20.286 []
All calculated safety coefficients of the strain proof are sufficient.

3.2.5.2 Deformation proof

Calculation mode: linear

Ratio: I/(A-rm?) 0.00015 [-]
Ratio 'l/(A-rm?)-k~Q": I/(A'rm?)-kQ 0.00017 [-]

Qv ah

Deflection coefficient for bending moments Cv -0.0893 0.0833 0.0640 [-]
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001

Resulting deformation coefficient c'v -0.0893 0.0833 0.0640 [-]
Resulting deformation coefficient c'h 0.0891 -0.0833 -0.0658 []
Vertical diameter change: Adv 4.43 mm
Horizontal diameter change: Adh 3.65 mm
Relative vertical deformation (due to loads, elastic, Type B): ov,B 0.44 %
Predeformation (e. g. due to manufacturing, plastic, Type A): Ov,A 1.00 %
Total vertical deformation (Type A + Type B): Ov,Ges 1.44 %
Allowable deflection: zul dy 6.00 %
The deflection determined is less than the permissible deflection.

3.2.6 Long term load case

3.2.6.1 Strain proof

|5qv,qh,qh*| : ER + |€sonst| - ERL
€Rres = (9.01d)
|€qv,gh,gh*l + |€sonstl

Required safety coefficient, bending tensile stress: erf yRBZ 2.00 [-]
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Required safety coefficient, bending compressive stress:

Flexural tensile strength to be considered ft fl,res -
Flexural compressive strength to be fc,rad res -
considered

Inside

Curve correction factor, internal:

Oki

springline
-0.018

-0.011
-0.029
0.88

30.575

Oka

springline
-0.008

0.011
0.004
0.86

244.409

linear
I/(A-rm?)

I/(A-rm?)-KQ

gh

0.0833

0.0833

2.00 [-1
- N/mm?
- N/mm?

1.014  []

invert

0.048 %

0.032 %

0.080 %

0.88 %
11.049 [-]
[

0.986 [-]

invert
-0.069 %
-0.029 %
-0.097 %

0.89 %
[

9.201 []

0.00015 [-]

0.00017 [-]

0.0640 [-]

0.0640

crown
Strain due to earth- and trafficloads €qv,qh,gh* 0.022
Strain due to other loads €sonst 0.009
Total strain € 0.032
Ultimate outer fiber strain to be considered €Rres 0.89
Safety coefficient flexural tension: YBZ 27.953
Safety coefficient flexural compression: YBD -
outside
Curve correction factor, external:

crown
Strain due to earth- and trafficloads €qv,qh,gh* -0.043
Strain due to other loads €sonst -0.009
Total strain € -0.052
Ultimate outer fiber strain to be considered €Rres 0.91
Safety coefficient flexural tension: YBZ -
Safety coefficient flexural compression: YBD 17.483
All calculated safety coefficients of the strain proof are sufficient.
3.2.6.2 Deformation proof
Calculation mode:
Ratio:
Ratio 'l/(A-rm?)-k~Q":

Qv

Deflection coefficient for bending moments Cv -0.0893
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001
Resulting deformation coefficient Cv -0.0893
Resulting deformation coefficient ch 0.0891

Vertical diameter change:
Horizontal diameter change:

Relative vertical deformation (due to loads, elastic, Type B):
Predeformation (e. g. due to manufacturing, plastic, Type A):
Total vertical deformation (Type A + Type B):

Allowable deflection:

The deflection determined is less than the permissible deflection.

3.2.6.3 Stabilty proof radial, linear

-0.0833

Ady
Adh

6V,B
6V,A
Ov,Ges

zul Oy

-0.0658

4.99
3.70

0.50
1.00
1.50

6.00

[-]
[-]
mm
mm
%
%
%

%
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Earth and traffic loads

Pipe stiffness: SR 48,838 N/m?
Horizontal bedding stiffness: SBh 8.190 N/mm?
System stiffness, weighted: VRB,w 0.0060 [-]
Reduction factor buckling load for earth/traffic loads: Kv2 0.87 [-]
Friction angle in bedding zone: 02 35.000 °
Critical vertical total load: krit qv 1,103.2 kN/m?
Total vertical load: Qv 42.43 kN/m?
Safety stability, radial: YStab,rad 26.00 [-]
Required safety coefficient, instability (buckling): erf ystab 2.50 [-]

The buckling proof is fulfilled.

3.2.6.4 stability proof, nonlinear

The nonlinear stability proof is not applicable because of VRB > 1.0 (rigid pipe) or relative vertical deformation < 6%.

3.2.6.5 Proof of safety against failure with not predominantly static loading

According to the standard the dynamic proof is not required (e.g. traffic load > 1,5 m).

All necessary proofs are ok.
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4 Statics according to ATV-DVWK-A 127, 3rd edition: Cover 2,2 m

Caption of this part Cover 2,2 m
of the calculation:

Kind of calculation:
Add sketch to print:

4.1 Input

4.1.1 Safety factors

Safety class:

Safety stability according to table 13:
Allowable deflection:

Treatment of internal pressure:

Lower safety factors for flexural compression:
Proof for not predominantly static loading:
Consideration of dyn pvh*:

Consideration of Type A 'predeformation' in the deformation proof:

Treatment system stiffness VRB according to:
Pipe stiffness according to set of rules:

4.1.2 Soil

Soil group backfill:
Calculation E1:

Soil group pipe zone:
Calculation E20:

Soil group native soil:
Calculation E3:
Compaction degree E3:
E4=10"-E1:

Application of silo theory:
K2 according to standard:

4.1.3 Load

Cover depth:

Minimum groundwater level above pipe bed:
Maximum groundwater level above pipe bed:
Soil density:

Additional surface load:

Inner pressure, short term:

Inner pressure, long term:

Water fill (e.g. damming channel):

Density of medium:

Input special-purpose vehicle:

Traffic load:

Including horizontal loads due to traffic in the fatigue proof:

4.1.4 Installation

Installation:
Trench width at pipe crown level:

Nominal s
Yes

A (normal

tiffness

case)

Without predeformation (2.5 / 2.0)
6% (standard)

In accordance with Footnote 39 in
ATV-DVWK-A 127

No (ATV-DVWK-A 127)

According to standard

According to standard

Yes

DWA-A 161:2014 (by material)
Yes

G1

Table 8 (A127)

G1

Table 8 (A127)

G2

Degree of compaction

DprE3 98.0 %
Yes

Automatic

Yes

h 2.20 m
hw,min 0.00 m
hW,max 0.00 m

YB 20.0 kN/m?
po 0.0 kN/m?
Pik 0.00 bar
PiL 0.00 bar
Yes

YF 10.0 kN/m?
No

Street TRUCK 12

OghT,dyn 0.00 %
Trench

b 2.70 m
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Check minimum trench width:

Automatic consideration of bedding layer:
Slope angle:

Cover condition:

Installation condition:

Type of bedding:

Bedding angle:

Calculate bedding automatically:

Set lower height base:

Total height of base:

4.1.5 Pipe with nominal stiffness

Pipe chosen from datebase:
Choice of input:

Outer diameter:

Nominal diameter:

Wall thickness:

Local predeformation:

A type predeformation:

Nominal stiffness:

Nominal pressure:

Relative failure strain according to standard:
Creep ratio:

Reduction factor due to temperature effect:
Reduction factor due to media attack:
Reduction factor due to dynamic loading:

Specific gravity:
Poissons ratio:
Input of ultimate hoop tensile stress:

Ultimate strain tensile strength according to standard:

Amplitude with 2:1076 tests is known:
Amplitude with 1-1078 tests is known:
Axial compressive strength, short term:
Fiber strain for axial pressure, short term:

Yes
Yes

A4
B1
Loose
120°
Yes
No

No
Do-s
da

DN

t

5v,|
5v,A

SN

PN

Yes
fKriech

A1 ,Temp
A2 Medium
A3,dyn

YR

\%

No
Yes
No
No
fc,ax,K
EAXK

60

0.00

1,026
1,000
21.0
0.0
1.0

10,000
1.0

2.00
1.00
1.00
1.00

18.00
0.30

N/mm?
%
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Traffic load: Street TRUCK 12

E3
G2

wuw 00ce

837 mm

El
Gl

1026 mm 837 mm

ww 9zol

ww /g2

ww Qoz,

Cover according to DIN 1610

20 =120°
E4

2700 mm

‘592 mm" 1515 mm 592 mm"
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4.2 Results

4.2.1 Intermediate results pipe

Inner diameter:

Outer diameter:

Mean radius:

Wall thickness:

Ratio radius to wall thickness:
Curve correction factor, internal:
Curve correction factor, external:

Local predeformation:
Predeformation (ovalisation before load):

Radial cross section:
Distance of inertia:

Moment of inertia:

Outer moment of resistance:
Inner moment of resistance:
Surface ratio:

4.2.1.1 Material properties

Specific gravity VR
Poissons ratio \Y
Characteristic value of Young's modulus in ring direction ERrad
Creep ratio:

da

'm

rm/s

short term
18.0
0.30

13,152.9

fereep

984.0
1,026.0
502.50
21.00
23.929
1.014
0.986

0.00
1.00

21.00
10.50
771.75
73.50
73.50
1.2

long term
18.0
0.30
6,576.5
2.00

mm?2/mm

mm”4/mm
mm3mm
mm3/mm

kN/m?
[-]
N/mm?

[-]

Table 3 of ATV DVWK-A 127, footnote 34:<br><i>Determined from the momentary value and the creep ratio (2) with characteristic values for 2 years
for the description of the long term behauvior. Also permitted for the long term verification for 50 years. Tests take place in accordance with DIN EN

1228 (momentary) and DIN EN 1225 (long term).</i>

Characteristic value of relative fracture deformation AdBruch/dm

€R = 4.28 - s/dm * Adgrych/dm

Characteristic value of ultimate strain for edge fibers €R

050-PN-4-2-ry
t= h

Characteristic value of hoop tensile strength fi

Amplitude for 2-10”6 load cycles:
Amplitude at 51076 load cycles:
Amplitude for 1-10"8 cycles:

4.2.1.2 Safety factors

Required safety coefficient, bending tensile stress erf yrRBZ
Required safety coefficient, bending compressive stress erf YRBD
Required safety coefficient, instability (buckling) erf ystab

4.2.2 Minimum trench width according to DIN EN 1610:2015-12

Nominal diameter:
Outer diameter:

Size of the bedding layer:

Minimum width at trench bottom (incl. x) according to table 1:
Minimum clear width at trench bottom:

15.0

1.341

9.6

AOrsk,2E6
AOrsk,5E6
Aovrsk,1E8

2.00
2.00
2.50

DN
da

a

MiNnp,T1
minb,G

9.0

0.805

4.8

n. def
n. def
n. def

2.00
2.00
2.50

1,000
1,026.0

0.20

1.43
1.43

%

%

N/mm?

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

mm
mm

33
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Slope angle: 3 60 °
Additional width for sloped trench walls: Ab/2 0.59 m
Required width at pipe crown level: minp,R 2.61 m
Trench width at pipe crown level: b 2.70 m
The minimum trench width at trench bottom according DIN EN 1610 is met.
4.2.3 Intermediate results for load case
4.2.3.1 Silo Theory
Soil load coefficient k for trench load (Silo Theory): K 1.000 [-]
Soil load coefficient k0 for surface load (Silo Theory): Ko 1.000 [-]
kO and k are set to 1, because E1 is larger then E3.
4.2.3.2 | oad
Maximum groundwater level above pipe crown: hw Scheitel 0.00 m
Vertical soil stress from soil load: PErd 44.00 kN/m?
Vertical soil stress from soil and surface load: Pe 44.00 kN/m?
Stress due to traffic load: Pv 7.78 kN/m?
Included impact factor: ¢ 1.50 [-]
4.2.3.3 Soil deformation moduli EB
Backfill elastic modulus under load: E1o 23.00 N/mm?
40  .0.188(100-D
Eao=—e pr) 3.01
2
Native soil elastic modulus: E3o 13.73 N/mm?
Bedding elastic modulus (reduced): E2o 13.57 N/mm?
Bedding elastic modulus under load: E20,0 16.00 N/mm?
Reduction factor for creep: f1 1.000 []
Reduction factor E20 (groundwater): f2 1.000 [-]
Reduction factor E20 (Diagram 5): aBO 0.667  [-]
Reduction factor E20 (narrow trench): B 0.848 [-]
Bedding elastic modulus (reduced): E2o 13.57 N/mm?
Elastic modulus of soil under pipe: E4,0 230.00 N/mm?
4.2.3.4 Soil stiffness values
Auxiliary value for horizontal bedding stiffness: Af 0.823 [1]
Correction factor for horizontal bedding stiffness: 1.006 [-]
If the slope angle of the trench < 90° the trench width at the middle of pipe has to be used here instead of the trench width at crown.
Horizontal bedding stiffness: SBh 8.190 N/mm?
Vertical bedding stiffness: Sev 13.567 N/mm?
4.2.3.5 Bedding angle, effective relative projection and friction angle
Bedding angle, effective relative projection and friction angle: 2a 120 °
Height bedding from bedding angle to lower pipe ledge: tr 0.257 m
Calculated relative projection: a 1.00 [-]
Effective relative projection: a' 1.695 [-]
Internal friction angle: (0} 30.000 °
Wall friction angle: o 30.000 °
short term long term long term
All loads Soil loads other
Traffic load Loads
4.2.3.6 Characteristic values of pipe material and ring stiffness
Pipe stiffness SR 80,000 46,011 40,000 N/m?
Characteristic value of ultimate strain for edge ¢RrR 1.341 0.886 0.805 %
fibers
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Characteristic value of Young's modulus in ER rad 13,152.9 7,564.7 6,576.5 N/mm?
ring direction
4.2.3.7 Stiffness ratio
System stiffness, weighted VRBw 0.0098 0.0056 0.0049 [-]
Stiffness ratio Vs 0.4261 0.3587 - []
Coefficient for vertical deformation cv” -0.014 -0.009 - [-]
4.2.3.8 Coefficients
Ground pressure ratio (bedding) K2 0.400 0.400 -—- [-1
Coefficient for bedding reaction pressure K* 1.179 1.248 - []
Resulting deformation coefficient ch 0.0891 0.0891 -—- []
Resulting deformation coefficient C'h,gh* -0.0658 -0.0658 - []
Coefficient for vertical deformation cv* -0.014 -0.009 - []
4.2.3.9 Concentration factors AR and AB
Maximum concentration factor max A 1.662 1.662 - []
Coefficient for maximum concentration factor K' 0.921 0.915 - [
Concentration factor above pipe, initial value AR 0.840 0.793 - []
Concentration factor above pipe, under trench ARG 0.913 0.887 -—- []
effect
Concentration factor above pipe, upper limit Ao 3.670 3.670 -—- [
Concentration factor above pipe, lower limit Afu 0.574 0.574 - []
Concentration factor above pipe, final value ARG 0.913 0.887 - [-]
Soil concentration factor AB 1.053 1.069 --- [-]
4.2.3.10 Pressure distribution at pipe circumference
short term long term long term
All loads Soil loads other
Traffic load Loads
Total vertical load Qv 47.94 46.82 --- kN/m?
Lateral pressure ah 22.65 22.92 - kN/m?
Bedding reaction pressure (soil load) q*h 31.56 31.68 - kN/m?
Bedding reaction pressure (water filling) q*hw 4.77 5.10 - kN/m?
4.2.4 Section forces
4.2.4.1 Section forces , short term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Moment due to total vertical load Maqv 3.160 -3.208 3.329  kNm/m
Moment due to lateral pressure Mgh -1.430 1.430 -1.430  kNm/m
Moment due to horizontal bedding reaction M*gh -1.443 1.658 -1.443  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.218 0.250 -0.218  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.036 -0.042 0.050 kNm/m
Moment due to water filling Mw 0.241 -0.279 0.330 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.347 -0.191 0.619  kNm/m
crown springline invert
Mean radius m 502.50 502.50 502.50 mm
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Normal force due to total vertical load Nqv 0.650 -24.091 -0.650 kN/m
Normal force due to lateral pressure Ngh -11.379 0.000 -11.379  kN/m
Normal force due to horizontal bedding N*gh -9.152 0.000 -9.152  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -1.382 0.000 -1.382  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.047 -0.298 -0.047  kN/m
Normal force due to water filling Nw 1.578 0.543 3.472 kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces ZN -19.637 -23.846 -19.139  kN/m
4.2.4.2 Section forces , long term
Rerounding factor (reduction moments): r 1.000 [-]
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Moment due to total vertical load Mqv 3.086 -3.133 3.251  kNm/m
Moment due to lateral pressure Mqh -1.447 1.447 -1.447  kNm/m
Moment due to horizontal bedding reaction M*gh -1.448 1.664 -1.448  kNm/m
pressure
Moment due to horizontal bedding reaction M*qw -0.233 0.268 -0.233  kNm/m
pressure (water filling)
Moment due to dead weight Mg 0.036 -0.042 0.050 kNm/m
Moment due to water filling Mw 0.241 -0.279 0.330 kNm/m
Moment due to water pressure/internal Mpw 0.000 0.000 0.000 kNm/m
pressure
Total moments M 0.236 -0.076 0.503 kNm/m
crown springline invert
Mean radius 'm 502.50 502.50 502.50 mm
Normal force due to total vertical load Nqv 0.635 -23.529 -0.635 kN/m
Normal force due to lateral pressure Ngh -11.517 0.000 -11.517  kN/m
Normal force due to horizontal bedding N*gh -9.186 0.000 -9.186  kN/m
reaction pressure
Normal force due to horizontal bedding N*qw -1.477 0.000 -1.477  kN/m
reaction pressure (water filling)
Normal force due to dead weight Ng 0.047 -0.298 -0.047  kN/m
Normal force due to water filling Nw 1.578 0.543 3.472 kN/m
Normal force due to water pressuref/internal Npw 0.000 0.000 0.000 kN/m
pressure
Total normal forces =N -19.920 -23.284 -19.392  kN/m
4.2.5 Short term load case
4.2.5.1 Strain proof
[€qv,gh,gh*l - ER + |€sonst| * ERL
€Rres = (9.01d)
[€qv,gh,gh*l * [€sonstl
Required safety coefficient, bending tensile stress: erf yRBZ 2.00 []
Required safety coefficient, bending compressive stress: erf YRBD 2.00 [-]
Flexural tensile strength to be considered ft fl,res - - N/mm?
Flexural compressive strength to be fcrad,res - -— - N/mm?

considered

Inside
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Curve correction factor, internal: Oki 1.014  [-]
crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* 0.023 -0.021 0.040 %
Strain due to other loads Esonst 0.006 -0.007 0.018 %
Total strain € 0.029 -0.029 0.058 %
Ultimate outer fiber strain to be considered €Rres 1.34 1.34 1.34 %
Safety coefficient flexural tension: YBZ 45.803 - 23.149  [-]
Safety coefficient flexural compression: YBD - 46.718 - [-]
outside

Curve correction factor, external: Oka 0.986 [-]

crown springline invert

Strain due to earth- and trafficloads €qv,gh,gh* -0.037 0.004 -0.054 %
Strain due to other loads €sonst -0.006 0.007 -0.016 %
Total strain € -0.043 0.011 -0.070 %
Ultimate outer fiber strain to be considered €Rres 1.34 1.34 1.34 %
Safety coefficient flexural tension: YBZ - 123.117 - [-]
Safety coefficient flexural compression: YBD 31.560 --- 19.157  [-]
All calculated safety coefficients of the strain proof are sufficient.

4.2.5.2 Deformation proof

Calculation mode: linear

Ratio: I/(A-rm?) 0.00015 [-]
Ratio 'l/(A-rm?)-k~Q": I/(A'rm?)-kQ 0.00017 [-]

Qv ah

Deflection coefficient for bending moments Cv -0.0893 0.0833 0.0640 [-]
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001

Resulting deformation coefficient c'v -0.0893 0.0833 0.0640 [-]
Resulting deformation coefficient c'h 0.0891 -0.0833 -0.0658 []
Vertical diameter change: Adv 4.71 mm
Horizontal diameter change: Adh 3.87 mm
Relative vertical deformation (due to loads, elastic, Type B): ov,B 0.47 %
Predeformation (e. g. due to manufacturing, plastic, Type A): Ov,A 1.00 %
Total vertical deformation (Type A + Type B): Ov,Ges 1.47 %
Allowable deflection: zul dy 6.00 %
The deflection determined is less than the permissible deflection.

4.2.6 Long term load case

4.2.6.1 Strain proof

|5qv,qh,qh*| : ER + |€sonst| - ERL
€Rres = (9.01d)
|€qv,gh,gh*l + |€sonstl

Required safety coefficient, bending tensile stress: erf yRBZ 2.00 [-]
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Required safety coefficient, bending compressive stress:

Flexural tensile strength to be considered ft fl,res -
Flexural compressive strength to be fc,rad res -
considered

Inside

Curve correction factor, internal:

springline
-0.019

-0.011
-0.030
0.86

28.689

Oka

springline
-0.011

0.011

0.000

0.85
3,686.958

linear
I/(A-rm?)

I/(A-rm?)-KQ

gh

0.0833

0.0833

2.00 [-1
- N/mm?
- N/mm?

1.014  []

invert

0.052 %

0.032 %

0.084 %

0.86 %
10.235 [4]
[

0.986 [-]

invert
-0.077 %
-0.029 %
-0.105 %

0.87 %
[

8.233 [1]

0.00015 [-]

0.00017 [-]

0.0640 [-]

0.0640

crown
Strain due to earth- and trafficloads €qv,qh,gh* 0.022
Strain due to other loads €sonst 0.009
Total strain € 0.032
Ultimate outer fiber strain to be considered €Rres 0.86
Safety coefficient flexural tension: YBZ 27.293
Safety coefficient flexural compression: YBD -
outside
Curve correction factor, external:

crown
Strain due to earth- and trafficloads €qv,qh,gh* -0.047
Strain due to other loads €sonst -0.009
Total strain € -0.055
Ultimate outer fiber strain to be considered €Rres 0.87
Safety coefficient flexural tension: YBZ -
Safety coefficient flexural compression: YBD 15.751
All calculated safety coefficients of the strain proof are sufficient.
4.2.6.2 Deformation proof
Calculation mode:
Ratio:
Ratio 'l/(A-rm?)-k~Q":
Qv

Deflection coefficient for bending moments Cv -0.0893
The modifictaion of the coefficients for the moments according to ATV-DVWK-A 127 table 10a is not used, because formula 6.19a and formula 6.19b <
0.001
Resulting deformation coefficient Cv -0.0893
Resulting deformation coefficient ch 0.0891

Vertical diameter change:
Horizontal diameter change:

Relative vertical deformation (due to loads, elastic, Type B):
Predeformation (e. g. due to manufacturing, plastic, Type A):
Total vertical deformation (Type A + Type B):

Allowable deflection:

The deflection determined is less than the permissible deflection.

4.2.6.3 Stabilty proof radial, linear

-0.0833

Ady
Adh

6V,B
6V,A
Ov,Ges

zul Oy

-0.0658

5.34
3.89

0.53
1.00
1.53

6.00

[-]
[-]
mm
mm
%
%
%

%
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Earth and traffic loads
Pipe stiffness:

Horizontal bedding stiffness:
System stiffness, weighted:

Reduction factor buckling load for earth/traffic loads:

Friction angle in bedding zone:

Critical vertical total load:

Total vertical load:

Safety stability, radial:

Required safety coefficient, instability (buckling):

The buckling proof is fulfilled.

4.2.6.4 stability proof, nonlinear

The nonlinear stability proof is not applicable because of VRB > 1.0 (rigid pipe) or relative vertical deformation < 6%.

4.2.6.5 Proof of safety against failure with not predominantly static loading

SR

Sgh
VRB,w
Kv2

"2

krit qv
Qv
YStab,rad
erf ystab

According to the standard the dynamic proof is not required (e.g. traffic load > 1,5 m).

All necessary proofs are ok.

46,011
8.190
0.0056
0.87

35.000
1,071.1
46.82
22.87
2.50

N/m?
N/mm?
[-]

[

kN/m?
kN/m?
[-]
-]
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Input Data for structural analysis

of application buried pipes in open trench condition,

calculation acc. DWA-A 127

Please send to:

Amiblu Holding GmbH
Pischeldorfer StralRe 128
A-9020 Klagenfurt

T +43 463 482424

info@amiblu.com
9237 Kamna Gorica
project
LUZ d.d
company
Verovs$kova ulica 64
street
1000

postcode
Ljubljana
city

Pipe Details:

nominal diameter DN 1000

pressure class PN PN1

nominal stiffness SN 10000

Luka Krajnc
contact person

(01) 36 02 473

phone/Fax:
Text input.

signature:
Text input.

date/stamp

sewer pipe

sewer pressure pipe

pressure pipe

potable water pipe

installation in protective water area

air pipe

0000 0OOKX

pipe material GRP storage sewer
others Text input.
Types of native soil: acc. ATV-DVWK-A 127; DIN 18196 (please subsoil expertise ad)
_ _ Native soil backfilling Pipe zone
G1 :\Igg’cé)\r;\isgl(’e gg,lss(vgvr,a;i-})l, sand) 0 %4 =
s & 0 m
T 0 0 0
S AT A OU OT O UA) O O O
Other types of soil ~ Text input. O O O
Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 1/3 Rev03, 19.09.19
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Proctor density for native soil
(Proctor density 85 — 100 %)

Foundation of pipeline

Specification of loads:

98

e~ W

%

XI On native soil

[ very hard and rocky

[0 Weak soil, not stable for foundation

Soil replacement:

Min. cover depth

Depth of earth cover h 1.8
min. Ground water hw above pipe invert Text input.
max. Ground water hw above pipe invert Text input.
Other surface Text input. kN/m?2
loads
For pressure pipes Short term Text input.
Long term Text input.
DP)
Traffic load [ no traffic
street
[J HCL 60
[J HcL 30
X HGV 12
[J DIN EN 1991-2, TS und UDL

[ LM1-lane 3,00 m
[J LM1-lane 2,70 m
[0 LM1-green field area

thickness Textinput. m
material  Text input.

Proctor density Dpr  Text input. %

Max. cover depth
2.2
Text input.

Text input.

bar, e.g. system test pressure; hydrostatic pressure, water
hammer

bar, e.g. operating pressure (OP), system pressure (PN,

railway aircraft

[ one track, UIC O
[J two tracks, UIC |
[ one track, LM 71 O BFz 350
[ two tracks, LM 71 E

Other loads, e.g. special vehicle (please add load scheme with axle, wheels and wheel loads):

Text input.

Building construction:

Type of trench [J embankment

Trench angel []90° X 60° [ 45°

Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 2/3

[X single trench

[J double trench "

[ stepped trench "

" For special shapes add a sketch

Text input.

Rev03, 19.09.19
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Width of trench b = 1.8 m at pipe crown
bso = 85 m at pipe trench bottom inclusive planks

bedding [J on native soil (acc. EN 1610)
Trench X on gravel, sand
planking O noplanks [J on concrete ?

2 only as spezial construction in agreement with the pipe producer

[JHorizontal planks, also applies

to plank walls (Berlin lining) bedding | %0° O 120°
[XIPlanking with plates angle 2a O 180
[J Vertical plank with light weight
[ Vertical plank with boards *
[JVertical plank with light weight *
[Vertical plank with sheet piling *
. L ts= : m
* Depth of sheeting below pipe invert Text input.
*thickness of plank (one-side) bs = Text input. m
Cover condition for backfilling:
A1 Backfilling compacted in layers against the native soil (without proof of compaction degree);
] also applies to plank walls, Berlin lining
A2 Vertical pipe trench lining with boards that are not removed before backfilling.
O Lining boards or devices that are removed step by step during backfilling. Non-compacted

backfilling/ backfilling with slurry (only suitable for soils of group G1).

A3 Vertical trench lining with sheet piling, light weight sheet connection, wooden planks, lining
] boards or devices that are not removed before backfilling.
A4 Backfilling compacted in layers against the native soil with proof of the required compaction

X degree to ZTVE-StB ; also applies to plank walls (Berlin lining). Cover condition A4 is not
applicable to sails of group G4.

Bedding condition for pipe:

B1 Bedding compacted in layers against the native soil or in the embankment (without proof of
X compaction degree); also applies to plank walls, Berlin lining

B2 Vertical lining in the pipe zone with planks that reach down to the trench bottom and are not
O removed before backfilling and compaction. Lining boards or devices provided that the soil

is compacted after the linings are removed.

B3 Vertical lining in the pipe zone with sheet piling or lightweight sheeting and compaction against

O the lining reaching down below the trench bottom. There is no safe calculation model for
determining vertical lining with wooden planks, boards or devices that are not removed before
backfilling and compaction the pipe zone.

B4 Bedding compacted in layers against the native soil or in the embankment with proof of the
O required compaction degree to ZTVE-StB. Bedding condition B4 does not apply to soils of
group G4.
Technischer Service / Statische Berechnung nach ATV-DVWK-A127 / Seite 3/3 Rev03, 19.09.19
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DETAJL - PRECKANJE KOMUNALNIH VODOV
NAD PROJEKTIRANIM KANALOM

M 1:25
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PROJ. ALI OBST. METEORNI KANAL AL)\&ANWX\RM KANAL
OPOMBA: OBSIP CEVI

Minimalni dopustni vertikalni razmik med komunalnima vodoma
znaSa 30 cm. V primeru manjSega razmika se je potrebno
pred vgradnjo posvetovati z upravljavci komunalnih vodov.

PESCENI MATERIAL 0-16 mm

obstoje€i in predvidene komunalni vodi
(elektricni kabel, telekomunikacijski kabel,
kabel javne razsvetljave, plinovod)

NASIP ZA IZRAVNAVO TAL
PESCENI MATERIAL 0-16 mm
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DETAJL POLAGANJA KANALIZACIJSKIH CEVIV
VERTIKALNEM IZKOPU

M 1:25

O@wwﬁwio

\x geotekstil (Ce je predpisan)

nasutie nad temenom cevi z finim

peskom frakcije 8-16 mm; d=30cm

peSdena postelica deb. 10-20om granuiacie &-16mm

= ’
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NAJMANJSA SIRINA JARKA (odvisno
od zunanjega premera cevi OD)
premer cevi (mm) opazen (m)
2225 0OD+0,40
: OPOMBE:
>225 - 2350 0D+0,50 Za kanale manje od ¢ 500 mm je posteljica 10cm
>350 - 2700 0D+0,70 za ¢ 500mm in vetje pa posteljica minimalno 15 cm.
>700 - 21200 0D+0,85 Kjer so temeljna tla slab%e kvalitete se pod posteljico
>1200 OD+1,00 izdela tampon, debelino doloZi geomehanik na terenu.

NAJMANJSA SIRINA JARKA (odvisno
od globine jarka)

globina (m) Sirina (m)
<1,00 ni podano
21,00=1,75 0,80
>1,75<4,00 0,90
> 4,00 1,00

e je prisotna talna voda se pred polaganjem pod posteljico
poloZi primeren geotekstil, ki se ga po obsipu zaviha.
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VSEBINA RISBE

DATUM
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W www.luz.si
Verovskova ulica 64 E info@luz.si
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Komunalno opremljanje obmoc¢ja OPPN 191 Podutik Kamna Gorica
zahod in 34 Cesta Andreja Bitenca - PodutiSka - 1 FAZA

MESTNA OBCINA LJUBLJANA
Mestni trg 1
1000 Ljubljana

Uros Marsic, univ. dipl. ing. grad
G-3272
Uros Marsig, univ. dipl. ing. grad
G-3272

PZR

2/2 Nacrt padavinske kanalizacije

Detajl polaganja kanalizacijskih cevi

julij 2026

ST. PROJEKTA: 9237
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MERILO: 1:25
ST. RISBE:
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POLIESTRSKI REVIZIJSKI JASEK

DN 1000 mm
M 1:25
prerez

1.46

1.20

TIPSKI AB VENEC C30/37

OPOMBA:

v notranjih prostorih objekta se vgradi protismradne pokrove, dim. 600x600{mm, EN 124, A15
v povoznih povréinah se vgradi LTZ pokrove, premera 600 mm, z zaklepom in protihrupnim viozkom, EN 124, D400

tloris

N
2 0.60 - - TIPSKI AB RAZBREMENILNI
S s 2 OBROC C30/37
= o P | = / //////// POLIESTERSKA CEV
2 /////// £ /////////// DN 1000 mm
= 00007 07070077
o ///////m/” SR
S /////// s ///////;/7<< Stransko bo¢no obsutje
= s 7 jaSka minimalne polnilne
o LT Ao

94 00000 Sirine 40cm (ob visoki

7 ///x// 700 podtalnici 50cm).
o 770077 77,00 Drobljenec(0-16) nasipati
Sl in utrjevati po plasteh
= E > GRP cev 20-40cm
o Jkota dna cevi P B (g
S
o

0.40 1.04 0.40

0.12m?

DETAJL REVIZIJSKEGA JASKA
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Detajl revizijskega jaska
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DETAJL - PRECKANJE KO

MUNALNIH VODOV

NAD PROJEKTIRANIM KANALOM

M 1:25

OBST. ZAKLJUCNI SLOJ OZ.
NASIP ZA PREDVIDENO
KONCNO UREDITEV
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PROJ. ALI OBST. METEORNI KANAL AL &ANHX\RM KANAL
OPOMBA: OBSIP CEV

Minimalni dopustni vertikalni razmik med komunalnima vodoma
znaSa 30 cm. V primeru manjSega razmika se je potrebno
pred vgradnjo posvetovati z upravljavci komunalnih vodov.

PESCENI MATERIAL 0-16 mm

obstojeci in predvidene komunalni vodi
(elektriéni kabel, telekomunikacijski kabel,
kabel javne razsvetljave, plinovod)

NASIP ZA IZRAVNAVO TAL
PESCENI MATERIAL 0-16 mm

0.12m?

DETAJL PRECKANJA KOMUNALNIH VODOV

PROJEKTANT
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VODJA PROJEKTIRANJA
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SODELAVCI

VRSTA DOKUMENTACIJE
VRSTA NACRTA

VSEBINA RISBE

DATUM
OPOMBE

LUZ, d.d. W www.luz.si
Verovskova ulica 64 E info@luz.si
1000 Ljubljana T +386(0)1 360 24 00

Komunalno opremljanje obmoc¢ja OPPN 191 Podutik Kamna Gorica
zahod in 34 Cesta Andreja Bitenca - PodutiSka - 1 FAZA

MESTNA OBCINA LJUBLJANA
Mestni trg 1
1000 Ljubljana

Uros Marsic, univ. dipl. ing. grad
G-3272
Uros Marsig, univ. dipl. ing. grad
G-3272

PZR

2/2 Nacrt padavinske kanalizacije

Detajl prec¢kanja komunalnih vodov

julij 2026
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DETAJL CESTNEGA POZIRALNIKA Z

LTZ RESETKO
M 1:25

PREREZ

400/400 mm
D400

AB venec C30/37

AB Razbremenilni

1.00

min. 0.05 —

—
f

=1
%H

0

>0.90 \941)

obro¢ C30/37

0.10

BC #50cm

li’f@b 2 (

7/ 7, ‘)
S, ////// ////// 7/,

0.06 ———= |~ —1~=-0:500.0
TLORIS

7
/.

OPOMBA:

C25/30

zasip v obmocju jaska do 0,50 m v plasteh deb. do 30
cm z drobljencem 0-32 mm, zbitost po Proctorju 97%
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DETAJL CESTNEGA POZIRALNIKA

Z LTZ RESETKO

PROJEKTANT
/N /N

OBJEKT

NAROCNIK

VODJA PROJEKTIRANJA

POOBLASCENI
STROKOVNJAK

SODELAVCI

VRSTA DOKUMENTACIJE
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PREPADNI POLIESTRSKI REVIZIJSKI JASEK
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124-2:2015)
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DN1000 mm

PRIKLIUCNA GRP CEV

1/

GRP DN300
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OPOMBA:
v notranjin prostorih objekta se vgradi protismradne

v povoznih povréinah se varadi LTZ pokrove, preme
viozkom, EN 124, D400

okrove, dim. 600x600 mm, EN 124, A15
B 600 mm, z zaklepom in protihrupnim
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OBSTOJECA KANALIZACIIA - GRP CEV 1000 mm

PREREZ

Stik med obstojedo in novo cevjo

©

je treba izvesti vodotesno
(npr. s sistemom Sikadur-Combiflex)

\/

Izvrtati odprtino v obstojeo armiranobetonsko cev

Vgraditi priklju¢no cev PVC SN8 DN 315
Odrezati odvecni del prikljuéne cevi v notranjosti
obstojeéega kolektorja.

Stik med obstojeco in priklju¢no cevjo zapolniti z
reparaturno malto (npr. SikaGrout 314 ali Alteks
malta)

Stik med obstojeco in priklju¢no cevjo izvesti
vodotesno (npr. s sistemom Sikadur-Combiflex)
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