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Standard Instaltations and Bedding Factors

for the lndirect Design Method
'Ilre c Nic lheory ot ea$ tcds on buriod coleb

pipe puHished in 1s30 byA. rraBifl
rrench and embadkDenr ondirions ( ).

h rard wod( pubtish€d in t933, M. 6. Spffster
pres6nl6d tr@ bedding cofsuEiid
or a beddins ractof ir 6iale lno suppdnjns #nqh o,
bud€d pipe ro lhe srrensrh obiainEd in a rhme edso

spdsrer! rheory p'opo*d dral rhe b.ddhg rador
l.tr a ponaurar pipeline and, cGequenry. Oo.upFodns
srrcnsth ot lh6 buned pipa, is dependent on l{o

. Widin md quality oi cddact beiueen thB ppe

. Magnrrude or lalenl presu@ fld lho ponjm ot
th6 re'licr heiqhr otlhe pige owf shich ir adts.

For Iie ehbankhgnrcdndilih, Spmgter dewtoped
a qe ned eq@lion for dr e b€dc'ng raftJ which panra ty
imruded lhe ensds of lareEi pcesure For 0re tren.tr
cordiiion, spansrer edabnshed consodativa itxed
beddins iatuE, $i orr n6qt4ied the ot€crs or tde6l

deveropm6nr or bsddtn0 racro's to' r.tuh and
€nbankneni @ndiions resutred i. ii€ betiefrha ateml
prcsuE bemmas efieo!re mly afi@ifon, orqreLr,
hncn widrhs. such an asunpdon h nor omp.dbteeih
clren engneeing on@pl3and.mlflcddn heh.ds.
n]s@6onab|6loexpalsm6|atdjalpesuErob6
eltecrive al lEnch tdrhe l€ss lhan r.nsirion vlrl,\s.
Desiqn Dara No. 3a .seddins Factors,Trcndh

alive henrod lor
doieminins moE approp'iate lrench b€dd ns tqcioF
bsed on a lind vadalon of b6dd/ng toclor vatuas
berwen lhal or a natr4lrench od tEl.t ransrrm

olhor rimnaftns oi spanse/s bedding taclor

. Loads @nsidded actng onty d rhe lop ot lh€

. aial rhrsl nor considdred.

. B.ddins widtn oftestrFlllatm tstEo wjdlh
desisnahd h his beddng coifisu€tions.

. Slandard beddlngs dseloped to fil *smed
rhsietseirsuppo nih& ihm ea* ot and
me$odsolmnstruoijo'

. Beordins malorials od @mpac{dn revers nol

C.P. Inlo No. 12 disusses meB let 6 and fton efiocr
on brded prpe desiqn in dehl, md pi*nrs a nel,tod
to. deteminino beddins racloc ror $€ his'icat hree

rislararim m€tDd8 b€inq mnsidered (4).
Tiris pubri€rion, D6isn Data No. 40, auows dre

doigner io rako ad6nrag6 of Eserch Esutrs wh le
ushg fre ind@rd€€ion m€tiod detajten in tleamedcm
conc€re Pip€ assodiarion s (ACPA) co.crcre ptpe
D6ign [4anuar. The Gm.r vasue, h sioricat B, c, and D
boddnss aB .epraced vilh rour re defined srddard
hstallalions. Appri€liod or rhe indirc.l dasiqn helhod
prcsled h rhis Desiqn Dah rcquiB use of va'ious
lables and s6phs in theAmercai c.ncGte Pip€
tur@iation s Concrole Pip€ D6siqn Manuar. The
neEery labre and g6ph5 a€ rsled in me b||owinq

li 1970,ACPAb€gm a ldno:tuge Beardr prcsEm
m lhe inleEcdd ot buied coBEte pipe sd soil. ft€
Earch €$h6d in tho Fnp€h6miw linrre eramenr
mnpiler prcgEm SPIOA, S.tl-PIp€ hidmlion O6isn
dd A&ly5is, ior tre diet desisn ot burien concBt€

sin6 ie eady 193Os, SPIDA has been used tor a
€d6ry ol sludior rndudino decropnenl ot lou new
stafthd Insialalions, ad a simplilied niq@mput€r
d6iqn prcglam, sloD, shndad Inslaliarions Dir€cr

Thie D.sig. Dala No. !0 redGs tr6 hisrodcar B,
C, dd D beddings us€d in lho indired d6isn mehod
wldr lhe rour now Slandad hsIallalim, ad pGenis a
skled-lhe..d merhod ror dereminarion ol beddinq
Jaclo6lofrh. St ndad Instalhlim, Ptpe dd irclalaUtin
lemimlogy as usel in nre hstallaiions, SIDD, md this
Ddsigd Da|a a€ ddfined in FiguG 1.
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Throush conslltalions wilh .ngi(eerc .nd
couactoE, and wrdr lhe Bsu ts of runercus sptDA
paEmeler stodis, ror n4 slzdad Insla iarronr wec
dderdped and a.6 prcsnled in Fgures 2 4d 3. ft€
SPIDA studis Mre oonductgd rd posjlive prcjaction
€mbankment dondiions, shioh aG rhe eoBrdase
venicaL load condilions ror pip€, .nd f,nich movido
conseMriB r.surls tor oiher dmbankment and ksch

Ihe paramete. srudi6s @ntimed idos pdslared
fioo psiexreiene dd prcwd ih.iorowjns @nFpis:

' Lmsely plaoed, unconpaoted b€nding d @ y
under ihe i.v6n ot he ptpe sisnitm[y rcduoes

. soir in rhsE podtons o|he bdddns od haumh

aGa3 dt€ctry undd the prpe is difiicult lo

Ilre ei in the hsunoh area l6m Ihe ioundarion
bbe pip€ sprinshe pdidds s Onir€insuppon
Io he prp€ and reduc6 pipe srles.
compadioi rer oi the soil d rc. y abdre *le
haunoh, rm fte pip€ spdngrine to he top ot
lhe pip6 ghde l6v€1, has nesliqibleeitecl on pip€
slftss. cnpacrjm ot 0ie sn in dts a@ is
not necessa,a unless requned br pavemenl

Insiallarioi nale.ia s and compaciion l€v6ls
below Ihe spinglino h.re a drqnrfi@l effeol o



The lour slandad Inslatalions provtdo d oplimum
rMse ol soil pipe inreEd on chakde'isros. Fof lie
rcrarivery hish qoatj!, nare'iars and hjsh compaction
€ffod ol a Type t hsllali$, a toEr sr€nsh pip€ is
@quiEd. convereern a T!p6 4 Insralation rcqut€s a
highe. slrcngni pipe, because ( w.s d€votoped for
conditions ol lille or no conlol over mabnab or

G.n.fc soir ryp€s.E rtesionalod in Fiqure 2 dd
FisuE 3. Tlre Uniied s.itctassiiicatlon sy*m (uscs)
and Ameican Associauon or siare Hiohway and
nanspod.lion orfi.jars (AAS| rro) $it clasifcatm
equihrent ro the g€neic so I typas in the standad
hnaladons aG p€senbd in labl. 1

SPIDA was prosromm€d wilh rhe Standard
Insranabns and many ddsiqn runs were made. ai
€varuarion or me output ol lj1e desisns by Dr Frank J.
Hese' prcduced a load pressure diaq€m 3ignlli€mly
dinercnl man p.opcBd by p@iouslh6oi*. see Fisu6
4.Thkdturen(o'sFihuradyson fBdundor$6pp€
in lhe rower haunch o@ and s due in Dad ro rhe
assunplio or fre exisr€ice o{ padiat 6rds adjacenl to

dla pipe u.ll h iliis a€a. SIDD lses iris pr6su€ data
ro dei€mina mohotu, rhrusts, dd shears in $e pipe
wall and in6n 0*s rh6 AoPA rimil srar6 des qn memod
iD delomino m6 rcquned reintoEemenr.Eas !r handte
Ihe pip€ war sftss (s). usinq his melhod, eadr c'ibria
Ihar nay ri6it or soven lho d€sign ts considercd
s€pararery in rhe evaruarron or oveGll dosigi
requircmenL. srDD, lnlch G b6sed onra burstandad
h.lanafms, is a sland alore fiogmm doveroped bylhe
Anei.an Corcrci€ Pi9. A.socraiion.

Th€ F€dararHighway Adm nislrarion, FHWA,
ds op€d. mrddohpuler prcqEm, PIPECAB, forhe
dtedt desiq. ot mrele pipe pior to rhe d€wlopm€nt
.f srDD. PIPECAF d.r€hines nonent,lhrusl, and
she @elfcronrs rrom efiner or rrc systams, 3 6dial
p@uE sysrem deveroPd by os
uniiom p.€ssu€ sysrem develop€d by P.ris ii rhe
192Os, and tlei arso Es dre ACPA limil.ral€s destsn
meihod Io debmine rhe rcquircd reinloEm6d arcd
lo hedr€ rhe pipe warr st€s*s. ]no stDD sysldm h6
bcen in@poiar€d inro PTPECAR s a slare{r lhe.arl
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rrerarrarionTy"o a€dding

| 
9:m::-cl'1a: s :yl9ors- e. -esqd c€taoory r cb,s ro c4esory-rqor 6n p€ro1 ot as.6 seo Lb

so i | rhP@c 'oeddno | -au la 'ad |owe lsd . /o t r ' eep ld 'h ' '
onp:dms bemap-tvd ; .1 i,<

Sublr€nch€s

oo/3 fon l,t6 pim spri.gtine, shal be

rinished g€de by mo€ dran 0.1 H or, fe rcadwft. hs
bononolheFwnslba*mareji,r _

A sdbrerch ts eined 6. ibtuh w,rh iie iop b€t@
rop B ar an ereyation tMd ihan 0 3 m (t) bdfl be

" 
I5il$T:l#$i,",'"1'iffil redio,.dequaisspa@bananb.

33 r or .uor€rr es m|n m roimx ct$r, rr po.ro1o.h" t@. soe u ogn rhc sLotJ€nch wal shar bc dl€ae s-n? 6s a cqunalar $it otfeo b rhe o - oado ,rqui,flerts spec lod d, r\e tda. . ide en€
i,lflr.[ilh E"'{v"'*
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Conprhr sd s Mbos 'o 9s\CaLOory r. Btearc Carbso-y rsdtrddnatwir n,nmun slmoa,dr@, mmDacr on or es% sea taHe Lo, pq ,i,.r6n.nmi ft p;n ,a ss.

I"_:",r:l r"r il::1"" 1-"t b".te '
orernd md*dold o3h fl) bd@ r p bo[or ot lne Davdmpnl basB md6n4.

EI be comp-ded b ar 661LE sm

4. Ihc lrer.h wdl,l srttbe w{q tnan sr N irrequtrad ro.adadude 5pa6 ro ara r re sp€.,t ed @pod on,nirre h.ufth snd b€ddino z.ns

< rd re Eh ftt6 rhr ar Fhin t0 060@ ot vddi€', ln6 m npacron or rmr6$ ot tn" $ | rn fte re1.h wat.s

3. Fo Ler-l wal crrh g4rq d a1 t0 deqco stoFs t-.i (d rix o,emoa,rrn enl h6 M, rioe shal F ( mp4led

IE
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1..5 0.00 0.n 0.19 1.45 0.30 0,25

V-qf dd}lAr m yfij*tad forizo{at eh,.q racloc. rhso *fi}tenh cpr*rt rol dim.lsonat oEt
(PL) and (|�jlcFl X (PL), eEdvdr wfi.B pL is fiisn road.

PL, tla pfisn l@d, ls th€ wdqltoi rh. @tumn oi.adr cmr@r fi6 pipe 4lside diam.r.r dd b catcutated s:

- .  f /  ' .  (a.  ")  \ l  a"
t \  e 6  /  i 2

9:I::19_1:pt9!t l9eT*1 ni€ra1o honzdrbr@mpsanrsdr
p€sm oEotrsr. I h oe$r€s are asumed lo v.$ atrer parbdclly d I, E.dy, d ,h@n, u,ih uie nm.amNbnd mdsirtud6 at gMr'ns pdtu rep|enbd by h,. tu. Lhi, vrE, a sd b N@ dman$DtMdbtand reduar dmensims or .omponorr p,61€ €srfs m aen;en iy c. o

h1 is arc'iated * {1 sa1) / (c) (1*).
h2 is crcutatod e (1 sA2) / (d, 0*) + (26n



The sPtDA design runs with the srandard
Inslallalions ue€ made lnh nedium comFciion ot the
boddng underihe middleihnd otrh6 pim, and wfth se

rls m'ddre.rh 'd arca mder dre pp€; he sbnd;rd
hsbnatuns has been destsnared as toosty dacen.

ybrdrnq beddins unde. lie nidd e.drrd d' ie oh; s;

ehb€ rmp.N.d iGd d'jnbdon. c.mmdtrs;foc
in $e hiddre $nd ot th6 beddino wilh m*hanrcal
conpaftB is undestuble, ed @u
rrai sodae, which mutd resutr in hEhty.m@nfar6d
.res6 in fio pipe iNen slmit4 to mose 6bdorced
h ti\e rhree edge beains resr. rhe nosr'd6sr3bre
constudi{ soquen€ E ro p a€  ie bedd,no ro ddde:
rneafihe p po b E6d6: 6mper rhe bedd nq tunde oi
rhe middrerhr'n ot lh€ p pe andrhenplaco.ndcompact

e ot {re pipe Tns

comracrd prior io pl&ins he pipe.
As lndi€bd in FlquG 2 aid 3, {h6n rhe d6ion

incrurres$d4eteds,lheMffil mdtMrside,6;s
$durd be compacled as €qrired to suopon fte sutude
load. Wirh no surrac. toads or sudace .rmhtre
requtemenrs, rh6e aEas ned not be cmpacred

Ard'oush devetoped tor rhe di.ect dsion meL\od.
tE sbnda'd Indana$ons a€ rcadiry aodi;bb ro md
simpliJy the indned design mebod, rhhh is D6snbd
in dekllln rh€ comElB pipe H db.ok(6). rh. sLndad
insiarrallons are eci6r to onsfudr and oBid6 mo.e
Hrsrrc de's61hsn [€ h do,iFrB. c. 4ir o b€dd'ms
Ddeopmeni d beddns racroc ror ure siandj,d
rnsrarr€rion5, s pBonted in rhe tolowns paE!raphs,
bno* rhe concepis or renloJced.onoere desion
rh6ods. The balc dein iion d beddmO ,ado, s ulai ,r

resl ro iro mddmum momflr in the bu'ied;ndird:
whd lhe vedical lmds under €tuh @ndtoi &e e@al:

oondhion mu.r be equar, which occurs when tha
spinqrre diar nrrusls tor bodr condi
acco.dame w(h rh€ raws ot siatica and equtibridd,

MEr = t0313Nrc1x lr+ rl

MM= lMPt. p.3eNdl to.t2.NFtycl

NFs = 4hllhrust ar me sp'insrino under a ih€e.
edse b€adnq rsr load, NdMons per msbr

inl€mar pipe diamelei mm 0rches)
tp6 wrrr rhickEss, frm (indies)
moneni al lne inv6d onder liold tdadtns,
(NecmnYm (inch.poundsY,n
dial rhcr al 016 inwd under ,istd tcds.
NMns per meler {pohds per roor)
lhrc*ns ot coic€le eEr oer lhe inner

I3l

Subst'turinq equ*ms 2 dd 3 do €quion r :

t4l

Bl = b€ddins hctor
rt6r = haimum momenl in pipe warrund6r

hrce-edqe hains lesl toad, rich

MFEb = maimum nonenr in pipe wau und6r
rie d roads, irch.pounds

lMa) - to.3B al to. t25NF! xcl

Usins SjDD, b€ddins hdo6 we6 demined tor a
range d ptp6 dtdereG aid deplhs ot bun:at. rtrase
c.ldulalions wsb b6ed o one hch cover 06r th6
B mGnent a monenr m ot oa75d bertv€n th.
Esuhanl tensit€ and conp.essive torces, ond a
reinldcsmenr diam.iar or 0.0751. Evd@rns indi€led
Ihar for 4 B. .nd c pip. mn hiok 6s, $ee 6
negloible variaiid rn he beddins ierd du. b pipeva 
micknes dtEl@€lecrei c, *rm6 rcinto'Mar.
Tho resurfis bedding tacioG a€ prcsenled in rrbl6 4.

rhe s:t srep indiHl d6isn p@dure prer €d in
dre Clml€ Pip€ D6i9n Monual ror *le setedim ol
ploe stdnsrh h sflr appmpnde g).

1. O€r.mrMrion ol E rrh L@d
2, IleiefrlBnon ot Ltw Ldd
3i S.rectlon of sbnd.d rnst lt tbn
4 Dor€mr.airo. ot Beddins Factor
s, Appn€ q ol F.ctor ol Sarery
6, Sgr€did ot Prpe strengih

tlj



. 
:ff:.*Hf,:"?5:tr-* mpacrionspenseoinradhs,;nd3io,

Ihe !e or lh6 shnda! |mrJatuns Md bsddino
leioB pbseded in dris D6ion Dala.ihDri,jos rh;
ind@t dosion p@od!E. chanqs io trd !; d a.h
srep ol trro desisn pbcddurc arc d€sc.ib.d in th6

Delemlnallon of Ea.th Lo..l
rhe Desiqn rdaruar rasr€s md sEphs cd b3 6ed

lo doiamine the €ain |eds d a burtod D oe. ft6e
laH.s fd sGphs €lerlo$rd bymmon nmes, rhite
srDD soils aE 'erered to by s6edc $ittpos. Taue 5
prcsenls s€ Glalionship belw€€n he nro diffehnr
m€lhods ol soil desrqiatons.

On6 olrhe inimalj@ catculatjons cotpur bv SptoA
is ine abhins lacioi which Ir defined.s rhe Eto or *le
€ku|abd€nica||oadonlheppeloth.wghtddre
D| sm d earul drleciy abo€ he qis d€ djm6tor ot rtre
pipe. Eraluslron or fto dchtn! teIol lrom $€ sFtoA
studis shes thattE tacto app@oh6 a vat@ oi 1.45
6 e upperrimitforany ol$etours.laft hrd tNlanaljons.

Fof pGitive proj€ctid embdknenr insblalions,
sinco $e arching tadtor wil not exc€.d 1.45,1he
appbpnale €anh |@d cm bs obllinad fbm D3sion

Mduar smehs (Figurcs 1$, 1e, t6s and 166) ror
6mtuhenl edh load lor iho 'tuse ot rdp vatFs rrom

d p, pojdon atio, rs zem, rhe tuih rGd on rhe rtoe( equario m3 reishi oftrs pdq ot sditabore tlo DiF.
For posiw6 Bl@s ol rdp, rhe |ed on tle pi@ wil b€
scaid t1an lne reighi ot lne prjs or soit abm lhe
p ipe ' . nd lo lneg€ iM6 lu6o | l dp ' | hs ]oadon lh6
pipe win b6 r* tB th€ rstsH oJ rE Fsh d $irabore

For reroh insra alions, Dosign Manuat labtes
oaH6 13 hmgh 42) and sEphs (Fiou63l47, 143.
149, and 150) ror eanh r@d can bo usd d is lo
delemin6trE load olh. p{p€. IrEe rabr$ and sEphs
hke inlo aMunttE b.naficiat efre.4s ot urr"rdnidional
rorcee n fi€ r6nrh {alt h rcducins rhe t@d m tre pipe

o€lemlnarld oi Li@ L@d
D€rign Manuat-rabta 45 can be ussd as is lo

detormiie the liv6 toad tor borh th6 trenoh and

ord nary clay nd satubred chy

1. r]1e uscs sd MsHTo soil
InsIalafoN a€ peenled in

c &r'tuar 05 6qri6,en o $. geTdc .dt ryp€q dessnorcd h [1. sbt€d



Ser€cdon 6t Standard hda||ario
Th€ precron d a situdrd In*laion ror a prciecl

5noub De based on an eysrualon or rhe auat,lv or
cond.ucrion tud ln6pecron antic,oar€d A rvD; I
s,adard hralariq cqures rhe hshen @cr;don
quanlyanddeqEeolinsp.donR{u'redtNlfud]on
quarity is ftdu@d ror a Type 2 sraidrd ttuiauqron. and
r€dred fudher tor a Typ. 3 sbnd

mnnDdimdquarv EpKrion cGoqusr y a ivre
4 lrmard hbnalon *n equi,o a h oha. srrcndh om
md 3 ryp8 | sr.ndad rishlai on *in Kuire; i';e;
srenslh ptpe br nrs se depih ot hsrata[on.

D€reminaton of B€rrdin! F.ctor
Iab € 4 prcenrs enbsnkneni bedd nq racto6. L.

b' e6.n ot he srmdad hsnabns
For uen(h h*ndDns a d ssed,d c.p rnfo No

i2 and in he Deisn MMUd orpedm€ hdciss rd
adpe berar pre$uo inftoa*s as rerch ddlh
ftrc4+s b bs rtreifdn wdrh, p,oer,€d he deflr s
Fm@ted A stDD p€mds frdy d rhe sbd d
|nsbhilnghdi€iEsfreb.dding'ebts'6onslad
br an p|pe dranere^ under coturirons ot 6m tsh6l
pEssu€ on dre p'pe. Thes b€ddms ,ac1ae €^61 al dre
nredacd or h6 pipewal bd lh. s
ninimum b€dd,ns rado6 qb b dnercni,ate lhn rrom
rho rixed bedding tu.rou derer@ed bv Soanabr r:he
3 p'€sedslh. minmun beddig rado6

the mrnjmum b€ddins idd and {re beddms radoi rol
sh ch besm al irnsiim

q = oft'do hodzorar sean oi,,E mn et)
% = rEtrh *idnr at rop or p F, mm  edi
Bd l= lamf ionw{ l l h . t bpdpFmml jeoD
% = beddris lacb4 embnhenr
qo = hinimum beddinq rdor. rerch
Bfi? - hriaue b.ddins hcroi rench

_ rhE D* sn Manuar rabres (rabtes 13 lh,ouqh 42J

whicn aB sLffci.nrty @uEre ror os as vatuo. ror B-
in be pbedin! €q'orrbn.

Fd prpe n* ted rlih j.e5 m t6.s ru on6, ot o€mn
5n0 subJed b lru.r lGds, rhe.o
momed may be 6r rhe own Elhe. thai rhe i.ved.
cons€quedq the u$ ot m .adr t@d bedd nq tacro.
may prcduce un@nsryalive desions. CtoM ad inwd
mms'l! or pipe tor r Enoe or do
oaprns eubjded to Hs20 rucr Lv6 toadinos s.E
€varuared. Alro *atuahd, ks hr€ €flerol bedd,ro
ansre.nd ri€ l@d 4qte lwdh or oad no on tla oDei
wra Hs2o lir6 tcdhq, re woldeedlo a eonrt;;r
€ ta 'he l ve lddbed l ' nq ,ac lo t s 'B |Lo ' smhdD
Tabe 7A d B are saieb.rory tor a rype 4 Sr.ndrd

ryps 3, a 6nd i. unrbhG on BtLi ae d€e$ed in
rhe 3dio on s€l@!:on or pipe strenqrr

Apprr.dion of Facrd or sstot
fr. i4dn€d desisn nehod ,or concrere pip. is

onmf @rnq s4 merbd;r delr odfied to us. wh tF6 s,sdad |B|andoc, F. d6isn wnrf ofptor" a r.do; or e.6,v b€aRn v6d
snEss ,rt ti€ dasicd woddns slr€ss. In rhe indred

IBre Bbt{Bd- Bcl

hrmum a.ddhg Factor, Bto

1 Bedd nq i.doc are basd on ,ha sots be ia deed *r1h hr
u"oso *l suro"o mo"rr,r* 

padol sD*iled in nqr'es 2
2 Fo' pr6 insartod n h6mh6 q g 1 Feuorstv @$tiddd erDmrenl hp .oJd ard ue leddhg trb

:;1'ffi"":l:ff:'tflili-bn€n 6ndtm un'ess$€ bdt' p-'o m'ma prresoi'ass"'

IE



nehod, rho facror ot rareiy is defined s the ddlidshio
betuen flro utrmale sbnqrh rltoad Md rhe 03 hn
(o.orinoh) crek D.l@d.Ihis rcidtondrD is soecit€d in
rhe ASTM simdads c 76 and c 65,5 0 cqds oioe
Ihe relarioship b€rseen uriinale oled snd d i ;n
(o.orinoh) c'tuk Dr@d is l.stor0.3nh (o.o linchl
cracr Dloads o,2,000 dr e$ 1.2s tor 0.3 mm (o.oi

r€duclion rrcm l.s b 1.25 tor os mm t0.01-imhl c€ck

rhe'ero'e. . rturor of sarer or 1 o sh@rd b€ asied f
ire o 3 mm looJrrh)c@k dsdh rs 6er; lhe
&siqn.d€don €her rron ihe utlmara nHorh. rhe
03 mm {0.nrmhr c'd kdrh is an albinffichosn
r€i cfr6rion od not a c ada tor f.td Edomdse or

IhE Gqured b@edqo b*ms e6nsh ol ctmu|J
rcmDrd mcGro piF @r€sed s Dtmd:

wE = €ih road o piF.. (s/m (pendr pel tinear

wL = tive load m pip., kg/n (pounds per tiner

Bh = earm |@d Hdfts laclor
Br - rive road b€ddins iador
FS, = raftr ot s.rery
D = pipe diamdrel mm (t*tl

l$on d Hs20 rtuck t're tGdng s apd'6d ro he
p p€, uso rha rre r*d b€ddinq tafu, Bi i 6 rndiai€d
in EqDI m 6. ud*3 'he s'rh o.d bddihs fdo,, 86.
ts or r*.r faruo, in Eh ch cM, u* he l@r B- q|l;
in pra6 or Bi4 For eGmprd sirh ryp€ a sGndad
Insrarhrio oi a t20o nm (43jd) diam6,e, oiN dndd
0.3 m 0.0 r€60 or fil, ths radrots usad Mdd bo BG= 1.7
and€u=r.5 burunds 0.?s n (, s,ssr, q sre;ilr nn,
h. l@E usad MUrd b€ Bb= 1,7.nd & i . = 1.7 E|ne,
lhm 2.2 Fd imh instandioN wrh u€;; wiffi. rd<
han rlffiirjon widrh. Bu houtd be ompaed lo rhe
aiadskndboddinq,6fu''Bi'

n6 use or dr€ sir.slep 'ndrtod d4'sn hdhod E
ilust r€d by ee mptss on lho ro ei@ paq6.

*-"1#.+llrl t6t

1 FnpipediameleGolhstEntisiadinTabl6Ta,

t!l
Bu v"lue, en be obrahed by inlerpotafm.



Givan:A600mh (24,inch)dhm6rercircurdMcrete
pipe is Io be craled in a pGiiiE fiqedins ehbanknenl
condirion wirh 10.6 d (35 teeo or r,s22 koh3 (20
pounds per cubic Joo0 soit ovemn.

Fiid: rhe requi€d tpe srenslh in lems ot me o 3
mm (0.01.inch) cEck Droad ror each oi rre srmdad
|rclallalionTypAtor'4p!olo0ando'5'

1- osremln€ on or Eanh L6d {wE)

rhsh rdion, bur rcsufis tor a iyp6s re tabutared in rh6

roadbaed m r.600rq/nrlro0Doundi;@.cubr hdr
ored I is 1 3,422 ks per lind herer {9,000 p.unds p€;
rine4 r@0. rncr6F rha €air |ad m peEnr ror rhe

wE=1 2x 13,422=16,106ks/m

wE = 1.2 x 9,0co = 10,3t,0 pounds per tiner td

Deromrnarion or !w Led (wr)
Frcm rhe Desisn MaauatTabte 4s, tive toad is
n69nsiHe al a deprh o, 10.6 m (35 res0.

s4r€crion of srandad rnsral.rion
Calcu.tiois ror a Type 4 Standad tEla{arion win
beshM bd eulb iora  h6 sleda.d tnda arions

o.l.minarion ot aoddho Fsdor
Frcm labre 4 a beddins lacror idr fle embanknent

n{anaiim. sine rlve l@d i5 6nsi.,ered ndgirsib e
under 10.6 n (35 ree0 or orer ]t, a tiw ioad beddiis

appri@rrd ot Faoror ol sat ty (F.s.)
a tador orsarely ot 1.0 {irlb6 ced sin€ lho Dted
ror 0.3 nn (o.ol inch) da.* sl€ns'l is desi6d.

Equaton 6 is used io deiemine tl6 requned dd

PrP€ Diamont.r, Milimetorc

r . For pip€ d aneleB o|ner rha usred in Tab e 7a, Btu Etu6 can b€ oblained by inlerpdaiion.



Nore: The lactor of s.31 in rh6 abwe €quaton is
€quircd io .onven ko mss ro N toce.

in$an. on, and .es0rls lor al Types ot Srandad
Innanatuns arc rabutded in te Answsrs seclio or dr s
e:mpre. Frm Design ManuatTabre 244 rheearth toad
b6edonl 6mkq(l00poundspercubictod)over,jlor
sand and sraver marerar ts 3.175 ksrn (2,12e Fundsper rin@r roor). hc@€ rhe eadh toad by 20 pedenr
iortie equired 1,s2 ks/m3 020 peids perculic roo0

wE - 1.20x3,175:3,310&/m

2, Debmi.atd ot Lrre r@d (wL)
Fbn D6iqn Mmuar Tabt.45, lhe tive toad is 1.ar0o

k/m (670 pdnds ps r.6d tdr) ar a deBh or 1.s h (5

3. S.rsdion o, srandard tBt (.ton
al or rhe slandad Insralations d€ 4aruared and

hluratodrortris 6hpteio ilusrala ih€ efiecb oleeh.

4. D.lrminalion ol Beddlns Fdorot
Froh lable 4, d mbqnkmenr condirM b€ddinq

iacior, Bia, of 4.0 i. dbhined tor a sr
rype 1. Fron Desiqn Mauarrabr€ 24A, a rBnsjlion
nft. Bd, rs 1.7 m 15.6 r€d). Fs a em mm {36 inch)
d ameb' RaI B cmdele p p€, li6 dde d amoror B^
It Ll n (44'nctrs) Frcmrad€ 6, r hnch m n'mum
b€ddhs iacb4 qb, or2.3 iE obbined. Equaro 5 is used
b der€mh€ ire remh hdabte b€ddinq taclof, Be

l w "  w l  I  F . s . )
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Gi@n:as00 mm (3simh) dioolor, {€I s. w€io
pipe is ro be ingrared in a 1.5 m (5 rool) stde, Bi, rench
with 1.5 m (5 t@0 or 1,P kg/iF (l r0 pounds F cubic
f@0 of end and ohvel denir .

Find: The bqltred pjpe sirenslh in io.m6 of 0.3 mm
(0.01-inch)cEck Dtoad toi each of th6 srodad

1. r)€redrm on ot Eann L@d (wE)
caldldlions aE shNn to' lhe Typ6 I srandad



tBE-86 lx lBd-B, t

n 7  1 r t

Fion Tab 6 7, a tire tmd b€ddtns iacrq Ef j . or 2.2
isobkin€d since 2.2 is to$ lh 

 

Bs a BiLL di2.2 wd

5. Appri€r.n or Faclor or salery (F_s.)
A ia.rd o, saret ol 1 .0 w be usd since rh6 Dbd
tor 0.3 mn (0.01indn) c@ok sir€nsjh is d*iftd.

6. Seledion ol Pipe Stenqrh
Equaiion 6 is used to ddemine ih6 reqlired DlGd:

f w -  u  l  f F < r
D o h m = l ; ! + "  x l +  l i c s r )

L " t v  v u )  t e  l

- f3.3,0 l ooot fr o I
% t u = L  1 4  +  , , l x l , o o l ' ( ' � 3 1 ,

f r,s6o 670I f1.o I% r  = l  + 2 - r l x l T l

Ths Th.ory or E o.nat Lo.ds on ctosed
cddul! h dE tEm of me bbr &p.rihenrs.
A. Ma6ton, Bune[n s3, roM sbb coli{e, 1930.

The supporlhg shnsrh ot Flsld ptpe Curvotu,
M G. Splnqrdr, Burret n ltz, lowa shre couege,

Desiqn D.t 33, Beddtns F.cto6 - rr€n.h
h*llsrionq Ane'im ConcEle pip€Asseiariod,

cP Inrom.don N6. 1a L.i.Et preuEs.nd
B€ddrnq F.ct.rs, Ameica. concGte pipe

De.rsn efiod tor Reinrd6d concEb pipo and
Box Secrio.a, F.J. Heser and r.J. Mccralh,
Sinp$n, cump6d2 and Hesei Amgd6 concEto

Concr4 Pip. H.ndbootqAneien C.ncrcre pip€

cdmr€ Prp6 Design r|:n@L am€ddM comEre
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